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Report of the Review of the SRP Corrosion Program

by the Ad Hoc Corrosion Panel

SUMMARY

The Ad Hoc Corrosion Panel, acting by request of DOE, reviewed the
corrosion program of the SRP project. The conclusions of the Panel are
based on (1) materials prepared for the Panel by SRP, (2)'presentations by

SRP to the Panel, and (3) responses of SRP to inquiries by the Panel.
The principal conclusions of the Panel are:

1., The corrosion program is deficient in strong and knowledgeable
leadership, 1s subject to the debilitating effects of apparent neglect
by upper management, has been unable to focus on appropriate technical
goals, and is in jeopardy of not being able to meet DOE schedules with

data of acceptable quality.

2. A deficiency In the SRP management group is the absence of expertise
in the understanding of the behavjor of materials with respect to
metallurgical changes, the various failure modes due to environmental
exposures, and the technology avallable to improve the state of

knowledge.

3. The lack of detailed {nformation on repository environments {s
fnhibiting the generation of useful data and calls into question the

results of selection processes for candidate materials.



Though many corrosion mechanisms have been noted, SRP intends to
consider uniform corrosion as the container fallure mode and plans to
engineer around all other potential failure modes. SRP fails to
recognize the need to convincingly demonstrate the ability to avoid

these other failure modes,

A convincing demonstration of the absence of localized failures to
meet repository requirements may require expertise that {s not evident

in the SRP program participants.

The SRP program does not include extensive efrorts to {mprove the
mechanisti{c understanding of corrosion processes on which mode£}4ng Y

and extrapolation of long-term behavior i{s to be based.

The SRP position is that "key data for licensing" would recefve no
external review prior to submission to NRC. Reliance (s to be placed
on interal review. Project management has a negative attitude toward
the MCO review of test procedures and data, and has little or no
intention of usingvMCO on a broad scale. There {5 no substantial
evidence that SRP can develop key data that meet the duality and scope

requirements of the NRC and the EPA.

The overall corrosion effort was found to be parochial. Outside
Judgments relating to planning and interpretation of results were, on

balance, neither solicited nor welcomed.



A. Introduction

An Ad Hoc Panel initially established to review the corrosion program
of the Materials Characterization Center (MCC) was reconvened at the
request of DOE to review the parts of waste repository programs concerned
with the corrosion of metallic waste package components. This report

concerns the review of the corrosion program of the Salt Repository Project

(SRP).

The Ad Hoc Panel was initially established by the Chairman of the
Materfals Review Board (MRB) following a request by Joel C. Haugen, Manager
of the Materials Integration Office (MIO) of the Chicago Operations Office
of the U.S. Department of Energy (letter, J. C. Haugen to M. J. Steindler,
July 11, 1984), 1n January 1985, the MIO requested that the Ad Hoc Panel
also review the corrosion programs of the repository projects (letter,

J. C. Haugen to M. J. Steindler, January 11, 1985).

The Panel met in Columbus, Ohio, on July 1 and 2, 1985, with staff
members of the SRP project. The Panel also met in executive session on the
evening of July 1st and September 23 and 24. This report largely follows
the requests for speclific information contained in the letters from DOE

that served as the charter for the Panel. .

B. Scope of the Review

The MIO request stated that it "has been directed by the Office of

Geologic Repositories to examine the repository projects' corrosion
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programs using the same guidelines as for the ... (MCC) ... Review ... The
basis of the review will be the criteria documents of the NRC (10 CFR 60)
and the EPA (40 CFR 191). As for the MCC review, the repository programs

should be reviewed to the same standards as given in the letter Haugen to

Steindler, July 11, 1984.»
The Panel was requested to respond to the following three questions:

1. Are all the corrosion mechani{isms that are likely to be operative
in the repository environments being addressed, either by the SRP

or included among the "key data" to be reviewed by the MRB?;

2. Are the teats being developed by the MCC and those proposed by the
projects adequate to quantify the corrosion or penetration rates

associated with those mechanisms?; and

3. Are the quality of the SRP work and the MCC/project interactions
adequate to assure development and review of "key data" of

sufficient scope and quality to show compliance with NRC and EPA

criteria?

Though the principal focus of the review was the above three
questions, the review was not restricted solely to them. As in the MCC

review, ancillary issues related to the overall performance of the projects

arose, were discussed, and some are included in this report.



C. Results of the Review

The first part of the review responds to the three specific questions.
The second part addresses ancillary issues and provides further detailed

explanations considered germane to the review.

1. Responses to Questions

Qi. Are all the corrosion mechanisms that are likely to be operative
in the repository environments being addressed, either by the SRP

or included among the "key data" to be reviewed by the MRB?;
The two parts of the question are considered separately.

Part 1: Are all the corrosion mechanisms ... being addressed ...

by the SRP ...?

Many corrosion mechanisms have been noted by SRP, but
SRP intends to consider only uniform corrosion and plans to
engineer around all other potential failure modes. The
Panel concluded that the SRP fails to recognize the need to
demonstrate the ability to avoid these other failure modes,
As part of such a demonstration, SRP must define a credible
environment. The casual nature of the description of the
expected environment by SRP, particularly the presence of

significant liquid waters and hydrogen sulfide in solution

F
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or in the gas phase, led the Panel to the conclusion that
SRP management does not appreciate the impact of such

aspects of the environment on the corrosion processes.

The Panel concludes that the attempt to engineer around
all but uniform corrosion {s unlikely to be successful,
particularly for the choice of the back~up material and a

welded closure for the primary material.

2: Are all the corrosi{on mechanisms ... being addressed ...

included among the “"key data" to be reviewed by the MHB?

Based on the SRP response, the Panel concluded that the

anawer {8 NO.

It appears that little data will be submitted to the
MRB. SRP management does not consider the MRB to be an
appropriate review entity for either procedures or data, and
especially the latter. SRP questions the submission of
procedures to the MRB on two bases: f) MRB action is too
slow, and 2) rejection would be expected. The importance of
both factors, according to the SRP, is the delay of the
program. The Panel found the second point, above, to be

partlicularly telling.
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SRP makes the following distinction for "key data":
1) key data for licensing are those that will support the
conclusion that the waste package design meets the required
containment function, and 2) key data for submission to the
MRB are those selected by the SRP as being appropriate and
advisable for submission. Thus, SRP intends to be the sole
arbiter as to what, if any, key data would be submitted to
the MRB. The stated SRP position is that "key data" for
licensing would receive no external review. The Panel was
told that SRP will arrange for internal review or review in

an unspecified manner by DOE.

The Panel concludes that the submission of key data for
review by the MRB are not part of the processes or plans of
the SRP. This conclusion is refnforced by emphatic
statements from SRP management. Hence, review of key data
on the variety of corrosjion mechanisms likely to be

. operative is apparently not part of the SRP program.
Q2. Are the tests being developed by the MCC and those proposed by
the projects adequate to quantify the corrosion or penetration

rates assocjiated with those mechanisms?

This questions is also divided 1into two parts.

Part 1: Are the tests being developed by the MCC ...

adequate ...?
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The response to this question relating to the MCC is

not germane to the review of the cOrrdsion Programs of SRP.
Part 2: Are the tests ... proposed by the projects adequate ...?

The Panel concludes that the SRP test program is not
adequate to quantify corrosion rates and identify corrosion
mechanisms. Among the deficiencies are the following:
inadequate description of the environment (e.g., sulfur
compounds, water), inadequate demonstration of the avoidance
of localized attack, lack of a sound basis for materials
selection, and the omission of consideration of closure

effects and long-term changes.

The SRP has i{dentified a set of teats that {nclude u
broad range of mechanisms potentially operative in a salt
repository environment., Even in the absence of definitive
information on the repository environment, this set of tests
is deficient. Moreover, tests carried out to date appear to
the Panel to be largely of a screening type, not designed or
able to yleld sound data on mechanisms or for extrapolation
of long-term performance. Hence, a judgment on the adeguacy
of the proposed tests suffers from too little experience
within SRP and an absence of a clear target. The Panel
believes that on the basis of the on-goling program,

mechani{stic data and data needed to support predictive
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predictive models may not be available from the SRP program
or not in a timely manner. The Panel concludes that only
the uniform corrosion studies are likely to yleld data

adequate to quantify rates and mechanisms.

Are the quality of the SRP work and the MCC/project interactions
adequate to assure development and review of "key data" of
sufficient scope and quality to show compliance with NRC and EPA

criteria?

Part 1: Are the quality of the SRP work ... adequate to

assure ...?

A formalized SRP QA system is in effect. The SRP and
the Panel agree that conformance with the established QA
aystem {s necessary but not sufficlent to ensure the
usefulness, reliability, and relevancy of data. The Panel
believes that these {ssues related to licensing are not

being addressed by SRP.

Part 2: Are the quality of ... “he MCC/project interactions

adequate to assure ...?

The Panel concluded that SRP/MCC interactions are not
particularly productive. The maln use of the MCC seems to

be an edftorial one of rewriting and reformatting selected
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SRP procedures to meet MRB requirements. The MCC has
apparently not been {nvolved in the role of planning and
developing SRP tests, in assisting in the development of an
overall program, or in the generation of data.
g THE PARSEL'S  (MERESwIcn THAT THE

A SRP management conalders the MRB process as unnecessary
and appears to view the MRB with apprehension. The SRP
management describes the MRB proceéa as slow, likely to
result in rejection of SRP submissions and one that
Jeopardizes the timelineas of their program. SRP has no
plans to submit data to the MRB. The Panel notes that SRP
has no direct experience with the MRB approval process. The
SRP plans to evaluate their data by an internal review
process prior to submission to DOE and NRC. By this
procedure there will be no independent external review of

the SRP data prior to licensing.

The Panel observes that the SRP has no apparent plans
or procedures {n place that relate the corrosion prograr to
the process of showing compliance with regulatory
requirements. Tne effective rejection of the MCO system,
coupled with the self-determination of key data and their
quality, appears to lead to the consequence that SRP data
will be submitted by DOE to the licensing process wherc the
data will receive their first thorough external evaluation,

This procedure {s, in the judgment of the Panel, emplaced by

4
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SRP and implemented with the approval of the DUE field
office, Thus, the Panel has been provided with no
substantjal evidence that SRP, with or without interaction
with the MCO, can develop key data that meet the quality and

scope requirements of the NRC and EPA.

2. gther Issues and Observations

The Panel s aware thét the scope of its activities, defined by the
Haugen letter, could be narrowly interpreted as dealing only with answers
to the thrree questions. It 1s the unanimous conclusion of the Panel,
however, that the topic of corrosion is of major importance to the
repository performance and that this conclusion is shared by DOE. “he
Panel has, therefore, elected to provide ancillary comments that deal with
issues related to the corrosion program and about which Panel members have
great concern or strong feelings. Thesc {ssues were developed In response
Lo inquiries and discussions initiated by both the Panel and the project.
In some instances, the ancillary comments represent an extension of

observations summarized above.

a. Technical Issues

The following technical issues were identified by the Panel
as {ssues that either (1) are not currently belng adequately
addressed, or (2) are being adequately addressed but not properly

integrated into a thorough and self~consistent program.
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Definition of Failure Modes

The SRP believes that uniform corrosion {s the only
plausible failure mode that can be quantified. It {s,
therefore, the only failure moge that is being addressed.
This SRP approach is predicated on the materials selection
and design processes that eliminate the importance of
localized corrosion phenomena. The Panel does not bellieve

that this concept is viable.

The Panel found no support for the assumption that the
repository environment can be controlled sufficiently to
enaure that uniform corrosion remains the dominant corrosion
mechanism over the required time period., One candidate
alloy, Ti Code-12, {s already known to most likely fail by

—another—meehanism, AAYEEN AMIPITTE AT

Finally, the Panel notes that demonstration of the
absence or insignificance of localized failure modes to meet
repositery requirements is difficult uncer the best
circunstances and may well require talents that are not

evident in the SKRP program participants.

Characterization of the Environment

The SRP {s dealing with seven sftes, The Panel learned

that major variability of chemical environments can be

X
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expected within candidate formatinns and concluded that
these variaticns would negate extrapolation of corrosion
results, Thus, the Panel concludes that the lack of
detailed information on the reposl;ory environments inhibits
generation of useful data and calls into question thve

results of selection processes for candidate materials.

Materiala Selection

A low carbon steel, A-216, was chosen as the primary
reference material principally because of its cost,
fabricability, and the expectation that its only fallure
mode would be uniform corrosion at an acceptably low -ate.
Actual SRP test data showed that the corrosion resistance .f
A-216 steel w~as inferior to a numbér of other alloys tested,
including AISI 1020, a wrought materfal. It §s generally
known that heat-to-heat variations in cast steels of the
A-216 type can be fairly broad within specification iimits
(e.g., pearlite distribution), and corrosion behavior may
vary accordingly. Wrought products, on the other hand, are
{nherently more uniform, both from the point of view of
mechanical properties and corrosion performance, and have
narrower speciffcation limits, Therefore, it was not clear
to the Panel why A-216 is being retained as a reference
material. There was no indication that SRP was considering

a change.

in
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Ti-code 12 was sela2cted as the back-up material. SRP
is aware of the potential seriousness of hydrogen embrittle-
ment problems, and {s conducting tests to quantify hydrogen
pick-up. SRP appears to be generating this additional
information in order to justify disqualifying Ti Code-12.
The Panel noted that available data should be more than
suft'icient to displace Ti-code 12 on the basis of hydrogen
embrittlement and hydrogen pick-up but the selectfon of this
alloy by Sandia for the WIPP program posed institutional

problems that overshadowed the technical conclusions.

The Panel concluded that the sele?tion of A-216 that |s
apparently inferior to other materials {llustrates the
weakneas in the mater!al selection process. Further,
adherence to titanium alloys with a likely dismissal at a
later date endangers the abllity to provide a sound
alternate candidate on the basis of well-developed data.

The Panel believes these risks to be substantial and in need

of rectification.

Pitting and Crevice Corrosion

The propagation of pits {s being studied but pit
initiation is not. The Panel belleves that the initiating
mode should be included in parametric studies that reflect

sensitivity to the parameters of time, temperature, and
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environment. The Panel questioned whether the simulation of

pits by using small pre~drilled holes in specimens will

yield demonatrably useful results.

The Panel also noted that electrochemical polarization
methods were not being used for studying pitting and crevice
corrosion. The Panel was unable to discern application of
any other methods that yield data useful for supporting or
refuting the possibility of these corroajon types, The
Panel recogﬁlzes the experimental and statistical
difficulties in studies of the initfation of pitting and
crevice attack but believes that the absence of such studies
are detrimental to the characterization of metals,

especially oi' the carbon steels.,

Stress Corrosion

The Panel believes that relegation of SCC to a low

MAY BE
priority status incorrect.

SRP has set up a testing program that uses a variety of
loading configurations. The SRP test program does not
appear to be based on a thorough, consistent, and well
thought-out process grounded in mechanistic understanding.
The data obtained thus far exhibit considerable and expected

scatter, making extrapoiation to lifetime predictions

AFT
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questionable. The Panel believes that other test protocols

may be necessary to yield acceptable and useful results.

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. Also, it is not likely that two to
seven day slow-strain-rate tests will yield data useful to

extrapolating behavior to 300 to 1000 years.

Long-Term Metallurgical Change

The SRP has no apparent plan for evaluating whether or
not hydrogen attack in cast or low alloy steels is a problem
{e.g., CHu formation) and whether or not spontaneous strain-
aging occurs at low temperatures over long time perjods in
welds. Furthermore, phenomena such as temper embrittlement,
which are not normally considered to be of significance, may
occur as a result of the very long time ageing associated
with the repository. The SRP has not addressed how such
changes might affect overall degradation and/or interact

with other corrosion or embrittlement mechanisms.
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Radfation Effects and Hydrogen Process Damage

For low alloy steels, see comments under Long-Term

Metallurgical Changes.

Hydrogen pick-up by Ti code-12 (tested at PNL) suggests
that hydrogen embrittlement may be a problem for this
material. Yet, this corrosion mechanism does not appear to

have a high priority in the test program.

For Ti-code 12, SRP is conducting tests to determine
hydrogen absorption rates under irradiation conditjons.
Apparently, linear extrapolation of hydrogen absorption over
a three hundred year period in a numbef of environments
gives them confidence that Ti-code 12 is a good back-up
material. On the other hand, there were some indications by
some members of the SRP staff that Ti-code 12 should be

disqualified because of {ts problems with hydrogen.
Closure

The attention given to problems that may be caused by
closures involving welding was judged by the Panel to be
Inadequate. Metallurgical changes, such as the formation of
martensite in the low alloy metals, is known to increase the

susceptibility to hydrogen emdrittlement as well as to other




forms of localized attack. This will be aggravated by the
expected presence of HZS' that has been all but ignored in

the testing progranm.
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A9, Modeling and Extrapolation

The Panel found no indication that the SRP has
adequately addressed the difficult issue of long-term
reliablility and extrapolation of data. A mathematical model
has been developed in which the input data {(at least in
initial stagea) consists of the best educated guesses of a
group of experts. The effort is apparently led by a
statistician on the SRP staff. The activities of the group
appear to be restricted to uniform corrbsion, and no plans
were evident to the Panel that would extend the mocdel to
include localjzed corrosion effects. Although it appeared
that none of the corrosion data generated by the SRP program
has been used in the model directly, the best guesses of the
group likely reflected those data {n some measure, The
Panel observed that the SRP.program does not provide
significant efforts to improve the mechanistic understanding
of corrosion processes in the SRP environment. Hence, the
only means of incorporating corrosion mechanisms fnto the
modeling process {s the knowledge and experience of each
expert., Further, the modeling group has not provided (and

perhaps has not been asked to provide) gi.idance with respect
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to the quality of the data that is necded for use in

reliability assessments. The Panel was unable to determine
whether the consensus method, sometimes applied to business
decision making, has demonstrable merit for its present
application, whether the selection of key parameters by this
process will be complete, and whether SRP intends to use
these estimates based on, at best, short-term data for
extrapolation to repository times. The Panel obtained no
information on the results obtained by the modeling group
and thus was not able to evaluate elther the composition of

the group of experts or the quality of its output.

Data Qual{ity and Quality Control

Formallzed QA procedures are {n effect to assure
complete documentation and retention of records, proper
authorizations for plans and experiments, etc. These
formalized procedures do not address the important aspects
of program planning, i.e., what kind of data is needed, the
relevance and usefulness of data once obtained, or accuracy
and precision determinations. SRP has stated that they will
rely heavily on expert opinion for assesaments of the
quality of data and their underlying procedures. The Panel
is not aware how this will be accomplished and is concerned

about the efficacy of this process.
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The Panel has not examined the quality of the
experimental results on uniform corrosion. Most other
studies appear to represent screening efforts. The Panel
could not judge the qualiﬁy of data on localized corrosion
since none had yet been obtained. The Panel notes, however,
that the applicability and quality of corrosion data to be
used for predictions and modelling is likely to be closely
related to the extent of knowledgeable planning that
precedes the experiments. Such nlanning has not been

evident.

Leadership, Management, and Review Processes

The Panel noted that the central core of SRP management

does not provide strong technical leadership.

Tne Panel concludes that a deficiency in the SHP
management group is the abasence of expertise in the
understanding of the behavior of materials with respect to
metallurgical changes, the various failure modes due to
environmental exposures, and the technology available to
improve the state of knowledge. The experimental corrosion
program {s conducted entirely by external subcontractors
with reliance placed on the technical expertise of such
subcontractors, The Panel believes that this mode of

operation, to be successful, requires strong technical
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coordination at the policy-making level that is sensitive to
the technical contributions from competent subcontractors,
and a willingness to modify programs as additional
information (subcontractor and other) becomes available.

The Panel discerns that technical direction and coordination

are lacking in the SRP.

It was noted that the upper management levels of SRP
did not appear to consider the metal barrier portion of the
overall program a significant problem and hence did not
warrant more than four part-time pecple. The overall
corrosion effort of SRP was viewed by the Panel to be
parochial and outsaide judgments were, on balance, neither

s80licited nor welcomed.

The Panel found that there is no apparent external
review process of the experimental SRP corrosion effort in
place. The program management has a negative éttltude
toward the MCC/MRB review of test procedures and data, and
has little or no intention of using MCC/MRB on a broad
scale. Reliance is to be placed on internal review and the
ultimate acceptance (or rejection) of licensing information

by the NRC.

The Panel was informed that corrosion-related studies
applicable to a salt repository had been started in 1978 by

SRP/ONWI. 1t is not clear to the Panel why, after seven



s

. AF1

years, the SRP has not produced a coherent program plan and
substantive data pertinent to regulatory requirements. The
Panel has reservations concerning the applicability of the

consensus test matrix methodology to the corrosfon problems

attending the licensing of a repository,

The Panel concludes that the SRP corrosion program is
deficient in a strong and knowledyeable leadership, has been
subject to the debilitating effects of apparent neglect by
upper management, has been unable to focus on appropriate
technical goals, and i{s in serious jeopardy of not being

able to meet the DOE schedule with data of accep.able

quality.
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The Panel 1s concerned by the apparent lack of
communication between the designers and the materials
technologists. It apﬁeared to the Panel that designers have
not fully communicated clear definitions of stresses and
service conditions, and their requirements for materials
properties data. Similarly, the materials engineers have

failed to define and prioritize the potential failure modes.
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Report of the Review of the NNWS1 Corrosion Program

by the Ad Hoc Corrosion Panel

SUMMARY

The Ad Hoc Corrosion Panel, acting by request of DOE, reviewed the

corrosion program of the NNWSI project. The conclusions of the Panel are

based on (1) materials prepared for the Panel by NNWSI, (2) presentations

by NNWSI to the Panel, and (3) responses of NNWSI to inquiries by the

Panel.

2.

The principal conclusions of the Panel are:

The NNWSI corrosion program is led by an enthusiastic management, but
lacks focus. The program appears to suffer from some gaps in
expertise in the NNWST staff that are important to the achievement of

program goals.

Because much of the work 18 still performea in a scoping/screening

mode, the selection of reference and back-up materials has been made

on an inadequate data base. Fh‘lhﬁua\
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NNWSI has nog\considered the range of problems which stem from the . .«
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)
metastability of the 18Cr-8N{ types of stainless steels either in the
form of bulk metal or welded structures. Back~-up container closure

modes are not evident.



Type 304 L stainless steel is still being extensively studied and used
as the reference material even though (1) a'consultant has concluded
that it 1~ not a preferred material, (2) its metastability gives rise
to many different problems in demonstrating satisfactory performance,
and (3) alternative materials with potential superior qualities seem
to be available.

NNWS1 has recognized the pertinent corrosion mechanisms but have not

addressed them in a way that is relevant to regulatory criteria.

Many tests are being performed or planned but there is a lack of focus
on how the data are to be applied. Insufficient attention has been
given to test procedures and data as they relate to compliance

requirements.

Methods of extrapolating Short-term experimental results to long-term
performance are not in place, and plans for such extrapolation work

are not well developed.

There 1s 1{ttle on-going work that would lead to the improved
understanding of the mechanisms of pctential failure modes that are
needed for developing models and methods of extrapolation to long-term

performance.

Program management does not now avall ftself of technical reviews of

the program or external technical guidance for planning.



> DRAF

10. Interactions of the project with the MCC are minimal, strained, and
nonproductive, It appears unlikely that NNWSI will promote a change
in this relationship. The project believes that the MCC duplicates
what already is avallable via ASTM, NACE, etc., and that the latter

are appropriate and qualified review bodies.
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An Ad Hoc Panel initially established to review the corrosion program

A. Introduction

of the Materials Characterization Center (MCC) waé reconvened at the
request of DOE to review the parts of waste repository programs concerned
with the corrosion of metallic waste package components. This report
concerns the review of the corrosion program of the Nevada Nuclear Waste

Storage Investigations (NNWSI) project.

The Ad Hoc Panel was initially established by the Chairman of the
Materials Review Board (MRB) following a request'by Joel C. Haugen, Manager
of the Materials Integration Office (MIO) of the Chicago Operations Office
of the U.S. Department of Energy (letter, J. C. éaugen to M. J. Steindler,
July 11, 1984). In January 1985, the MIO requested that the Ad Hoc Panel
also review the corrosion programs of the repository projects (letter,

J. C Haugen to M., J. Steindler, January 11, 1985).

The Panel met in Livermore, California, on June 20 and 21, 1985, with
staff members of the NNWSI project. The Panel also met in executive
session on the evening of June 20th and on September 23 and 24. This
report largely follows the requests for specific information contained in

the letters from DOE that served as the Charter for the Panel.

B. Scope of the Review

The MIO requeat stated that it "has been directed by the Office of

Geologic Repositories to examine the repository projects' corrosion



programs using the same guidelines as for the ... (MCC) ... Review ... The
basis of the review will be the criteria documents of the NRC (10 CFR 60)
and the EPA (40 CFR 191). As for the MCC review, the repository programs

should be reviewed to the same standards as given in the letter Haugen to

Steindler, July 11, 1984 n
The Panel was requested to respond to the following three questions:

1. Are all the corrosion mechanisms that are likely to be operative
in the repository environments being addressed, either by the

NNWSI or included among the "key data™ to be reviewed by the MRB?;

2. Are the tests being developed by the MCC and those proposed by the
projects adequate to quantify the corrosion or penetration rates

associated with those mechanisms?; and

3. Are the quality of the MCC work and the MCC/project interactions
adequate to assure development and review of "key data" of
sufficient scdpe and quality to show compliance with NRC and EPA

criteria?

Though the principal focus of the review was the above three
questions, the review was not restricted to them. As in the MCC review,
ancillary issues related to the overall performance of the projects arose,

were discussed and some are included in this report.
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The first part of the review reaponds to the three specific questions.

cC. Results of the Review

The second part addresses ancillary issues and provides further detalled

explanations considered germane to the review.

1. Responses to Questions

Q1. Are all the corrosion mechanisms that are likely to be operative
in the repository environments being addressed, either by the
NNWSI or included among the "key data"™ to be reviewed by the

MRB?;
The two parts of the question are considered separately.

Part 1: Are all the corrosion mechanléms ... being addressed ...

by the NNWSI ...?

The Panel concluded that NNWSI has recognized the
pertinent corrosion mechanisms but have not addressed them
in a way that is relevant to the goals of the program.
NNWSI admits, and the Panel agrees, that the corrosion
program still pursues much of its work in the form of
scoping/screening studies. Hence, thé Panel feels that the
selection of reference and back~up materials has been made

on an inadequate data base. The Panel noted that the
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corrosion program does include consideration of the bdbehavior
of welds, believed to be the most critical part of the

canister assembly related to corrosion.

Several deficlencies in the present program were
identified by the Panel, These include lack of attention to
hydrogen~induced cracking from the inside out, the
sensitivity of martensitic structures to hydrogen
embrittlement, hydrogen effects in radiation fields, and an
adequate fracture mechanics testing program. The NNWSI
program has not paid sufficient attention to the variability
in the composition of the stainless steels. The allowed
range of compositions can affect the fajilure mode of these

alloys.

NNWSI has not consi{dered the range of problems which
stem from the metastability of the 18Cr-8Ni types of
stainless steels. These include possible long-term
transformation of the metastable gammé phase to the stable
alpha phase with the concomittant changes in sensitivity to

failure modes.

Part 2: Are all the corrosfon mechanisms ... being addressed ...

[or] included among the "key data™ to be reviewed by the MRB?
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It appears to the Panel that the question is, In part,
somewhat premature for NNWSI. There is an absence of
comprehensive planning that identifies the methods by which
the goala of the corrosion program can be achieved, The
consequent lack of focus of the corrosion program appeared
to the Panel to be a major deficiency. The NNWSI project
has not made an identification of key data. NNWSI
management stated that it expects'to be using standard ASTM,
NACE, or other test methods or review processes at later
stages, but expressed concern that the standards
organizations cannot meet the NNWSI time schedule.
Moreover, there is no plan to submit procedures or "key
data" through the MCO system. The Panel agrees with the
concern about schedules and also concludes that the lack of

standard review of test methods and data 1s a deficiency.

The relationship between the MCC and NNWSI appeared to
te limited and not satisfactory to NNWSI. The project has
participated in some of the ﬂCC workshops to which they were
invited, but the concept that the MCO system could be useful

in assuring data quality has appareﬁtly not been accepted,

Q2. Are the tests being develobeﬁ by the MCC and those proposed by
the projects adequate to quantify the corrosion or penetration

rates associated with those mechanisms?
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This questions is also divided into two parts.

Part 1: Are the tests being developed by the MCC ...

adequate ...?

The response to this question relating to the MCC is
not germane to the review of the corrosion programs of

NNWSI.

Part 2: Are the tests ... proposed by the projects adequate ...?

The Panel concluded that the response to the question
when viewed in terms of long-term performance is NO. The
Panel stated in the response to question 1 that most of the
corrosion mechanisms are recognized. However, it is not
clear that data from many of the tests currently being
performed will allow predicting long-term performance. The
Panel also noted that methods of extrapolating results to
long-term performance are not in place, and that the plans

for such extrapolation work are not well developed.

The Panel recognlzes that the corrosion program does
address many of the important issues. The Panel notes that
the project staff apparently does not have the high level of
expertise required In the area of metallurgical sciences to

design and evaluate critical tests. The difficulties are
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gasoclated principally with the materials chosen as prime
candidates, the 1B8Cr-BNi austenitic stainless steels. These
are complex alloys and are known to be metastable and

a) convert to martensitic structures upon cold work (or
other mechanical damage), &and b) afe known to precipitate
second phases (e.g., carbides, nitrides, sigma). Welding
may result in additional metallurgﬁcal changes that

aggravate the problem.

The absence of planning exacerbates the difficulties of
developing data on selected failure mechanisms (e.g., SCC
and HE from long-term metallurgical instabilities) by test
methods now employed. The Panel considers the approach,
stated by NNWSI, of conducting tests under the worst
plausible repository conditions and accepting materials that
show no fatlure as naive and unrealistic. This approach
does not recognize the fncubation time for initlation of a
crack or pit or long-term metallurgical changes. The Panel
noted that many tests are being performed or planned but
that there is a lack of a focus on how the data are to be
applied. Such focus is needed in the planning of a

pertinent corrosion program.

Are the quality of the NNWSI work and the MCC/project
interactions adequate to assure development and review or"key
data™ of sufficient scope and quality to show compliance with NRC

and EPA criteria?
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Part 1: Are the quality of the NNWSI work ... adequate to

assure ...?7

The Panel did not examine the matter of data quality in
depth. The Panel was much more concerned with the kind of
data being obtaiaed, and the compatibLility of those data
with a thorough and comprehensive program. As indicated
elsewhere, the Panel concluded that the program lacked
focus, i.e., NNWSI has not developed a rationale or basis
for conversion of corrosion data to those necessary for
licensing, nor did NNWSI present a rationale outlining what
data would be needed for licensing. It appeared that
insufficient attention has been given to test procedures and
data as they relate to compliance.requirements. The Panel
found no quantitative performance requirements, and,
particularly, no methodology for making reliable extrapo-
lations to long~ternm performance.b Thus, objective standards
on data quality and relevance are not apparent and

evaluation {s therefore not made.

The Panel observes that the extensive effort of data
collection has been in progress at NNWSI for about three
years, was in progress before that under the direction of
ONWl1, and that some work had been done at Sandia. The Panel
viewed with concern the lack of progress in defining the

performance of metal barriers compared with the project
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schedule, especially since operational plans to focus the
program are not yet formulated. Hence, the Panel concludes
that, based on a series of major deficiencies that
Jeopardize reaching the milestone‘goals of the program, the
quality and scope of the NNWSI corrosion program are
inadequate to show compliance witﬁ regulatory criteria on

the schedule set by DOE.

Part 2: Are the quality of ... the MCC/project interactions

adequate to assure ...,?

MCC/NNWSI interactions are minimal. NNWSI does not
appear to be clear on what role MCC is playing or should
play, and has not pursued the subject other than responding
to invitations to participate in MCC workshops. The MCC has
not been active in {nteractions and the MCC liaison to NNWSI

77 APPEARS To THE [RAvze THAT,
has not visited more.)\The NNWS1 has the impression X

that the MCC duplicates what already is available via ASTM
and NACE, and believes that ASTM/NACE are appropriate and
qualified review bodies. The Panel concludes that the
MCC/NNWSI interaction is minimal, strained, and not
productive, and that it {s unlikely that NNWSI will promote

a change in this relationship.
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The Panel is aware that the scope of its activities, defined by the

2. Other Issues and Observations

Haugen letter, could be narrowly interpreted as dealing only with answers
to the three questions. It is the unanimous conclusion of the Panel,
however, that the topic of corrosion is of major importaﬁce to the
repository performance and that this conclusion is shared by DOE. The
Panel has, therefore, elected to provide ancillary comments that deal with
issues related to the corrosion program and about which Panel members have
great concern or strong feelings. These {ssues were developed in response
to inquiries and discussions initiated by both the Panel and the project.

In some instances, the anclllary comments represent an extension of

observations summarized above,

a. Technical Issues

1. Definition of Fallure Modes

The ldentification of failure scenarios made by NNWSI
appears to be appropriate, recognizing that detailed ranking
cannot now be definitive because insufficient data have been
developed by the project. Changes may be expected as

additional data are obtained,

The Panel believes that the emphasis on localized

effects (intergranular attack, stress corrosion cracking,
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pitting, crevice corrosion, hydrogen embdrittlement) compared
to uniform corrosion ia appropriate, taking into account the
repository environment and the selection of 18Cr~-8Ni

austenitic stainless steels as prime and back-up materials.

The Panel views the inclusion of copper and copper
alloys as candidate metals to be less a technical decisfon
than a political one. The failure modes of copper and its
alloys can be substantially different than those for
stainless steels. The NNWSI progrém has no apparent

definition of failure modes for copper alloys.

Character{zation of the Environment

The KNWSl presentation suggested that the chemical
nature of the expected tuff environment was reasonably well
understood, and that the J-13 well water composition was
considered a reasonable approximation of the expected liquid
phases. Gas phase compositions e*pected in the repository
have not been defined. However, it was noted that an
exploratory shaft would not be constructed until 1986. The
composition of pore water expected for the repository is not
known and hence the J-~13 water composition may not be
representative. The Panel concluded that the ourrently used
range of environmental parameters may be {nadequate to bound
the actual repository conditions, especially in the early
period of emplacement when high temperatures and radlation

fields may coexist with 1liquid wvater.
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Materjals Selection

The NNWS1 basis for selection of austenitic stainless
steels was

- excellent corrosion resistance

~ excellent fracture toughness

- ready fabrication and welding.
On this basis, NNWSI selected 304 L as the reference grade,

and 316 L or 321 as back-ups.

The Panel notes, however, that the experience history
and the history of faflures of these alloys is relatively
short. The historical list of localized degradation
phenomena is long, and has grown with an increasing number
of new applications. Low temperaiure sensitization, for
example, has been recognized only within the history of the

Nuclear Reactor Program,

The Panel noted that a consultant to NNWSI investigated
Jjust one degradation mode--low temperature sensitization--
and stated that ™.., 304 L would not be the preferred alloy
of construction for nuclear waste storage canisters."* The
Panel observes that, in contrast with this récommendation.
304 L is still being extensively tested and used as the

reference grade.
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An advantage of these alloys is that they have low
uniform corrosion rates in the expécted repository
environments. NNWS] recognizes that these materials are
susceptible to localized corrosion attack and internal
metaliurgical changes (both short- aﬁd long-term, depending
on temperature), and that these are aggravated by welding.
The Panel believes that NNWSI has not appreciated the
aifficulty of demonstrating that certain of these phenomena
will not jeopardlze waste package integrity over the time
span of 300 to 1000 years. The Panel noted that the
approach, espoused by NINWSI, of testing alloy behavior under
worst plausible conditions is not sound "nd is likely to
fail. The Panel concludes that a program that adequately
demonstrates reasonable immunity to all of the potential
failure modes requires considerable planning and technical

effort that has not yet been expended by NNWSI.

The Panel is concerned that NNWSI management may become
wedded to the materials selected, even though the developing
data base may indicate a change in the course of the

program.

The basis for considering copper and copper alloys
appeared to the Panel to be less than clear. It appears
that these metals are to be extensively studied in the near

term. The Panel heard little that would allow the

®
Attachment T to letter (MRB-O418), L. B. Ballou and R. D. McCright tc
M. J. Steindler, 3/14/85,
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conclusion that expertise on behavior of copper exists {n
the NNwWS1 program or that careful planning of the program
for copper has been done. The Panel concludes that
inclusion of copper in the program is largely based on non-
technical considerations and resources may not be well
expended unless this area is treated more serjously and

technically than appears likely.

Pitting and Crevice Corrosion

These fajlure modes are among the main concerns of
NNWS1 and they are paying a great deal of attention to both.
The NNWSI effor~* on cyclic polarization is collecting
extensive data but lacks planning and a clear definition of
the application of these data to licensing. The Panel
believes that expert guidance to apecify test objectives is
needed. This guidance could be from internal sources, but
external sources may be required. Other mechanistic studies
could also benefit from assistance in planning. The Panel
believes that these comments apply particularly towards
establishing reliable values for the pitting potential in
relevant environments, how they change with time, and
whether assurance can be obtained that a metallic system
will not pit if the corrosion potential is less than the

measured pitting potential,
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The Panel concluded that while a significant
experimental effort is being expended in studies on
corrosion potentlals, the studies are not obviously directed
at a focused goal Jeading to answering of licensing
questionsa. The testing resembles a §creen1ng effort. The

Panel was unable to identify the application of results to

modeling or prediction of performance.

Stress Corrosion

The NNWSI is relying on U-bend, C-ring, and slow strain
rate tests to characterize stress corrosion. The program
includes the study of pre-cracked specimens to determine
crack propagation rates, but has not addressed the problem
of measuring the very low rates that may be relevant for a
thousand-year time period. The overall approach of NNWSI
towards environmentally sensitive fracture is based on the
presumed existence of a threshold stress intensity for

cracking.

The Panel considered the use of U-bend, C-ring, and
fracture mechanics testing redundant. The Panel belleves
that C~-ring and U-bend tests were sujtable for screening
purposes. Efforts on these and the planned fracture
mechanics-based testing require functional planning to
ensure that the application of the data is in concert with

their quality and also the licensing-related program goals.
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Long-Term Metallurgical Cﬁanges

The Panel noted that NNWSI is concerned about long-
term, low-temperature sensitization of austenitic stainless
steels., In addition, there are a lgrge number of problems
that may arise because these alloys are metastable. For
example, lowering the carbon content to decrease sensitiza-
tion reactions makes stainless steels even more susceptible
to martensitic transformation. It is not clear to the Panel
that these phenomena are beling properly addressed or that

their exictence 1s appreciated.

Radiation Effects and Hydrogen Damage

The Panel concluded that radiation effects are being
considered, but the resultant potential for hydrogen damage
is not. NNWSI has found that uniform corrosion {s not
affected by the presence of radiation. However, the effect
of hydrogen species obtained from both corrosion and
radiolysis reactions is not being addressed. This problem
may be further exacerbated by transformation to martensitic

structures.

FT
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Closure of the Container

The Panel concluded that this area is the least well-
addressed in the corrosion programs. The emphasis on
stainless steels makes it‘particularly important in light of
the metastabilities of such alloys. Currently the only
closure mode being addressed is welding. Welding may
introcuce either obvious or subtle changes in microstructure
in the weldment and in heat affected zones, and can lead to
sensitization, preferred corrosion of second phases in the
weldment or HAZ, hydrogen embrittiement, preferred SCC
paths, etc. The Panel believes the NNWSI program lacks
metallurgiats who are familiar with stainless steels and its

Joining problems.

The Panel notes the absence of planning for a back-up
method of closure should the problems associated with the
failur. modes of welds not be totally resolvable. 1In
addition, little planning for closure of alternative metal

candidates such as copper alloys was evident to the Panel.

Modeling and Extrapolation

The Panel did not find a well formulated plan by NNWSI
for the extrapolation of relatively short-term stress

corrosion cracking tests for the 1000-year repository
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period. The current effort is based on the assumption of
the existence of thresholds (principally critical potentials
for loca.ized corrosion and critical stress intensities for
environmentally sensitive fracture). Tpe Panel recognizes
that the modeling effort is not yet of broad scope,
principally because of the exploratory character of auch of
the current work. The Panel concludes that until a
systematic approach to modeling and accelerated testing s
developed, the experimental program will continue to lack

the focus needed to ensure that data from it are useful.

Modeling and extrapolation for life prediction requires
at least a minimal understanding of the mechanisms by which
degradation processes proceed. The Panel did not see much
evidence of work leading to the improvement of such
understanding, either from the point of view of mechanisms

or degradation modes,

Data Quality and Quality Control

The Panel noted that there appears to be little effort
at present on qQuality assurance or quality control. The
Panel concluded that this is understandable considering the

’ (.€. .S'c‘i'E-‘-'NrJu/Sr'oafO(. '
present etatg«or the technical programs; however, con-

siderations of more rigorous attention to such approaches

must come soon. Related to these issues are NNWSI views and
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perceptions of the potential roles in their program of the
MCO and standards organizations. Comments on these views

are provided elsewhere.

Leaderahip, Management, and Review Processes

The Panel perceives that this project is lead by an
enthusiastic management but lacks focus. Further, the Panel
notes that multiple assignments for managers may represent
an unwarranted extension of work load and skills. The
project appears to suffer from having some gaps in expertise
(metallurgy and corrosion). Depending on the area of
management, there appear to be some divergent views on the

overall approach to waste package problems.

Program management does not now avall itself of
technical reviews of the program or external technliecal
guldance for planning. While the Panel observed a
managerial attitude that seems to be aimed toward
acquisition of such external help, the Panel is puzzled by
the extensive time (three years or more) during which no
such cxpert help has been obtained or ldentifled. The Panel
does recognize that DOE priorities of the past have been in
part responsible for the lack of attention to the waste

package problems of NNWSI,
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Report of the Review of the BWIP Corrosion Program

SUMMARY

The Ad Hoc Corrosion Panel, acting by request of DOE, reviewed the
corrosion program of the BWIP project. The conclusions of the Panel are
bacs.d on (1) materials prepared for the Panel by BWIP, (2) presentations by

BWIP to the Panel, and (3) responses of BWIP to inquiries by the Panel.
The principal conclusions of the Panel are:

1. The BWIP management ‘is highly-focused, mission- and success-
oriented, and mflestone driven. However, the corrosion program {s
not firmly directed by attention to the need to meet regulatory

criteria.

2. Success of the corrosion program's emphasis on the uniform
corrosion of reference and back-up materials requires convincing
and coherent demonstrations that localized corrosion phenomena can
be excluded as failure modes In expected repository environments
in the 300- to 1000-year time frame. A plan for such a

demonstration was not evident.

3. Critical issues such as the identification of potential critical
failure modes, the extrapolation of short-term data to long-term
predictions, and the development of models based on well-

understood mechanisms have not been adequately addressed.
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The corrosion program includes consideration of most fallure

modes, but not In a comprehensive and integrated manner.

Inadequate attention has been given to the altered metallurgical
structures that will occur in the closure welds of the very thick
sectiona of container material, and the likely increased
susceptiblility to failure by localized corrosion. Plans for back-

up closure modes were not evident.

Decision-making processes appear to be held closely within the
EWIP corrosion program management. Expértise from the outside, or
from its contractors, are not generally utilized. The level of
expertise in corrosion and metallurgy on the internal management

staff appeared inadequate for the task.

EWIP corrosion management does not appear to seek, invite, or
welcome external reviews of program planning activities, or of
experimental results obtained under it. The attitude is generally
negative toward review panels, and the MCO system. Internal
reviews, as presently constituted and which BWIP considers to be

adequate and sufficient, are inerrective and not relevant.

There are no plans by BWIP for external review of data for

licensing prior to submission to the NRC.
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An Ad Hoc Panel initially established to review the corrosion program

A. Introduction

of the Materials Characterization Center (MCC) was reconvened at the
request of DOE to review the parts of waste repository programs concerned
with the corrosion of metallic waste package components, This report

concerns the review of the corrosion program of the Basalt Waste lsolation

Project (BWIP).

The Ad Hoc Panel was initially established by the Chairman of the
Materials Review Board (MRB) following a request by Joel C. Haugen, Manager
of the Materials Integration Office (MIO) of the Chicago Operations Office
of the U.S. Department of Energy (letter, J. C. Haugen to M. J. Steindler,
July 11, 1984). 1In January 1985, the MIO requested that the Ad Hoc Panel
also review the corrosion prograns of the repository projects (letter,

J. C. Haugen to M. J. Steindler, January 11, 1885).

The Panel met in Richland, Washington, on June 18 and 19, 1985, with
staff members of the BWIP project. The Panel also met in executive session
on the evening of June 18th and on September 23 and 24, This report
largely follows the requests for apecific information contained in the

letters from DOE that served as the charter for the Panel.

B. Scope of the Review

The MIO request stated that {t "has been directed by the Office of

Geologic Repositories to examine the repository projects' corrosion
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programs using the same guidelines as for the ... (MCC) ... Review ... The
basis of the review will be the criteria documents of the NRC (10 CFR 60)
and the EPA (40 CFR 191). As for the MCC review, the repository programs
should be revlgwed to the same standards as given {n the letter Haugen to

Steindler, July 11, 198&4."
The Panel was requested to respond to the following three questions:

1. Are all the corrosion mechanisms that are likely to be operative
in the repository environments being addressed, either by the BWIP

or included among the "key data™ to be reviewed by the MRB?;

2. Are the tests being developed by the MCC and those proposed by the
projects adequate to quantify the corrosion or penetration rates

associated with those mechanisma?; and

3. Are the quality of the BWIP work and the MCC/project interactions
adequate to assure development and review of "key data" of
sufficient scope and quality to show compliance with NRC and EPA

criteria?

Though the principal focus of the review was the above three
Questions, the review was not restricted solely to them, As {n the MCC
review, ancillary {ssues related to the overall performance of the projects

arose, were discussed and some are included in this report.
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The first part of the review responds to the three specific questions.

c. Results of the Review

The second part addresses ancillary issues and provides further detailed

explanations considered germane to the review.

1. Responses to Questions

Q1. Are all the corrosion mechanisms that are likely to be operative
in the repository environments being addressed. el ther by the

BWIP or included among the "key data" to be reviewed by the MRB?;
The two parts of the question are conaidered separately.

Part 1: Are all the corrosio. mechanisms ... being addressed ...

by the BWIP ...?

The Panel concluded that all corrosion mechanisms are
not being adequately addressed. While many corrosion
mechanisms ;re being considered, the major effort of the
program is almed at general/uniform corrosion and is
believed to be misdirected. BWIP is cognizant of other
corrosion mechanisms but is exploring only some of those
that they consider credible. The Panel concludes that the
adequacy and the focus of the overall program relative to

its objective 1s deficient.
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The project's current focus on general corrosion
appears to be motivated by two principal and related
factora: the anoxic environment of the repository, and the
selection of low carbon and low alloy steeln &s the
reference and dback-1p candidates for construction of the
metal components of the waste package. The key rationale
for these selections was the evidence, obtained in the
screening process, that localized corrosion might be avoided
for service in reducing environments. The evidence to
support the materjals selection decision was considered by
the Panel to be generally weak, and the Panel expected
considerable emphasis in current programs to generate data
that corroborated the decisions. This emphasis was

generally lacking.

The inadequacies of the program include, for example,
lack of attention to the following: stress corrosion
3_2, and

S-containing species; hydrogen embrittlement; long-term

cracking (SCC) in environments containing Cl , CO

metallurglical changes; crevice corrosion; intergranular

attack; welding effects.

The Panel believes that it is incumbent on BWIP to
demonstrate its presumption that low carbon steels do not
suffer any form of significant localized corrosion in the

basalt repository environment which BWIP judged to be
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reducing. The Panel found the plan for accomplishing this

demonstration not adequate. Some examples are as follows.

Studies of the effect of welding as related to
localized corrosion phenomena do not appear to be part of
the planned corrosion program even though thick metal
sections are part of the current design for the waste
package. Aggravating environmental factors that appear to
be inadequately considered in the program include the
presence of chlorides, carbonates, and sulfides. Stress
corrosion-cracking of ateels due to carbonates has been
observed at temperatures greater than 60°C; chlorides are
known to induce hydrogen evolution through various corrosion
reactions, and sulfur (in varifous forms) can have serious
impacts on all forms of corrosjon. Further, there is a
possibllity that the anoxic repository environment may be
altered locally by the accumulation of corrosfon products,
especially in crevice locations, thus giving rise to altered

local redox potentials.

Efforts are belng made in the BWIP program to address
the issues of env.ronmental crack growth and pitting, and
electrochemical measurements are being made to understand
pitting initiation, pitting propagation, and some corrosion

mechanisms.
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In summary, it {8 the conclusion of the Panel that
vwhile the BWiP corrosion program did address some of the
important corrosion mechanisms, the program was not based on
an evident thorough, comprehensive, or well-developed plan.
The presentations have not convinced the Panel that a sound
scientifically based philosophy exists with which to address
the difficult questions of material selection, development

of test methods, data extrapolation, and life prediction,

2: Are all the corrosion mechanisms ... being addressed ...

included among the "key data™ to be reviewed by the MRB?

The Panel concluded that little of the BWIP-related

"key data" are to be reviewed by the MRB.

In its presentation, BWIP presented three classifi-
cations of data: (1) "licensing déta" are all data
gen aﬁed for licensing purposes using BWIP-approved
procedures, (2) "key data™ are data generated on the most
probable corrosion mode, defined by BWIP to be general
corrosion for low carbon and low alloy steels, and (3) "MRB
Review™ data are data generated by the MCC in BWIP
"benchmark™ testing. Only those data designated by BWIP as
MRB review data (which is likely to include only uniform
corrosion data) will be submitted to the MRB. This includes

data to be generated by the following three test methods:
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MCC-105.1, Static Pressure Vessel Test; MCC-105.4, Flow-By
Autoclave Test; and MCC~105.5, Air-Steam Test. The
indicated test methods appear to be limited to uniform
corrosion although qualitative information on pitting may
also be obtained. Thus, most of the data that fall under
the BWIP categories of licensing data and key data (which {s
likely to include data on localized corrosion) would not be
reviewed by the MRB. The definitions provided bi BWIP are
contrary to the term "key data™ in the context of the

requests to the Panel by DOE.

Q2. Are the tests being developed by the MCC and those proposed by

the projects adequate to quantify the corrosion or penetration

rates assoclated with those mechanisms?
This questions is also divided into two parts.

Part 1: Are the tests being developed by the MCC ...

adequate ,..?

This part of the question, relating to the MCC, {s not

germane to the review of the Corrosion Programs of BWIP.

Part 2: Are the tests ... proposed by the project adequate ...?
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The response of the Panel to this question is NO. The
reaéonse is based on the observations that the issues such
as reproducibility, ability to make quantitative
extrapolations, the applicability and relevancy of the tests

have not been addressed.

Q3. Are the quality of the project (BWIP) work and the MCC/project
interactions adequate to assure development and review of "key
data" of sufficient scope and quality to show compliance with NRC

and EPA criteria?

Part 1: Are the quality of the project (BWIP) work ... adequate

to assure ...?

The Panel concluded that the data obtained on uniform
corrosion of the alloys selected for éandidate materials are
of reasonably high quality for short-term tests. Further,
some of the studies of pitting corrosion and crack growth
appear to be sound. The absence of significant work on
other localized corrosion phenomena and the lack of
attention to changes in metal properties near welds
prevented an evaluation of the quality of this part of the

program,

The Panel does not believe that the effort on modeling

and predictive studies is adequate. The bases of the models
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described by BWIP were derived from literature data that
were obtained under conditions not obvjously pertinent to
the repository. Further, the models seem to lack a
defensible mechanistic base and the Panel failed to find

appropriate appreciation by the BWIP for the necessity of

such & base.

The Panel noted that the BWIP program had, up to now,
no persons directly assigned who were expert in statistiecs.
Further, except for some of the contractors to BWIP, the
project staff was perceived to be weak in expertise in the

corrosion field.

Part 2: Are the quality of the ... MCC/project interactions

adequate to assure ...?

The Panel posed questions to BWIP management concerning
this point. The responses made it clear that the Panel
would not be provided with answers. In the opinion of BWIP,

the question was not part of the Panel's concerns.

The Panel, nevertheless, concluded that the MCC/BWIP
project interactions are not adequate for the purposes
stated in the question. The one significant interaction
between BWIP and the MCC is the generation by the MCC of

npbenchmark" data for test procedures principally involving
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uniform corroasion. Other procedures and test data from BWIP
will not be sent through the MCC/MRB system. In its current
role with BWIP, MCC appears to be serving principally in the
role of a contractor performing those services specifically
requested by BWIP. Demonstﬁation/or compliance with NRC and
EPA criteria did not appear to be a apecific target of the
program as evidenced by absence of sufficient attention to
localized corrosion effects, abseﬁce of clearly defined
performance targets, and absence of efforts at development

and testing of meaningful models,

The Panel further observed that BWIP management
(1) does not approve of the objectives and purposes of the
MCO system, (2) does not intend to utilize this system for
review of {ts procedures and data (with the possible
exception of "benchmark" data already described), and
(3) perceives no need for independent external review of

procedures and data prior to submission to the KNRC.

2. Other Issues and Observations

The Panel is aware that the scope of its activities, defined by the
Haugen letter, could be narrowly interpreted as dealing only with answers
to the three questions. It is the unanimous conclusion of the Panel,
however, that the topic of corrosion is of major importar.ce to the

repository performance and that this conclusion is shared by DOE. The
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Panel has, therefore, elected to provide ancillary comments that deal with
issues related to the corrosion program and about which Panel members have
great concern or strong feelings. These {ssues were developed in response
to inquiries and discussions initiated by both the Panel and the project.

In some instances, the ancillary comments represent an extension of

obaervations summarized above.

a. Technical Issues

The fellowing technical issues were identified by the Panel
as issues that either (1) are not currently being adequately
addressed, or (2) are being adequately addressed but not properly

integrated into a thorough and self~consistent program.

3. Definition of Failure Modes

In its presentations, BWIP ranked probable failure
modes in the following order of decreasing importance:
uniform corrosion, pitting corrosion, intergranular attack,
and environmentally assiaéed cracking (including stress
corrosfon cracking and hydrogen assisted effects). The
Panel concluded that BWIP has not adequately established {ts
basis for such a ranking, probably.because a fundamental
understanding of these fallure modes has not been developed

by BWIP.
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Major deficiencies in the current program include but
are not limited to inadequate attention to crevice effects
due to varying degrees of contact of metal surfaces with
packing material, the presence of hydrogen, particularly in
occluded regions (due both to radiolytic decomposition of
groundwaters and the corrosion process i{tself), and enhanced
degradation of weldments by various mechanisms previously

mentioned.

The Panel believes the much enhanced emphasis by BWIP
on general corrosion, compared to localized corrosion, is
misplaced. While general corrosion will undoudbtedly occur,
the likelihood of failure by localized corrosion seems to
the Panel to be greater than failure by general corrosion.
Selection of carbon steels and low alloy steels, and the
current corrosion program were based principally on the
percelived lack of susceptibility to localized phenomena.
The Panel believes that, for this approach to be credible,
the program must be focused clearly and unequivocally on an
adequate demonstration that failure by localized phenomena
can be avoided. Although BWIP is addressing some of the
forms of localized attack, the Panel concluded that the
effort is not integrated to ensure a design that meets the

objectives.
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The Panel noted that the reference design of the waste
package and its emplacement is relatively new and that the
design influences the bases and nature of the corrosion
program. The expected tenryear BWIP program for testing of
aome of the corrosion mechanisms obviously conflicts with
the stated schedule of submission of a license application
unless DOE does not expect to pro%idé adequate corrosion
data in such an application. This conflicting situation is
exacerbated by the lack of early attention to potentially
important fajlure mechanisms, including those that affect

the closures,

Characterization of the Environment

The Panel observed that BWIP has made a significant
effort to characterize the repository environment. However,
recognition should be made in plahning tests that the bulk
environment may no£ be representative of the environments
adjacent to regions of potential localized attack. The
local environments may not always be reducing since
corrosion products may accumulate, particularly in locations
such as crevices, and change the local redox potentials.
Thus, the Panel concluded that a safer and more conservative
approach would include in the testing the bounding of
expected conditions at somewhat higher oxidizing potentials

than anoxic conditions would indicate.
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The characterization has also revealed the presence of
several chemical apecies known to have potential dimaglng
effects to metallic components: some sulfur compounds,
arsenic, chlorides, and carbonates. The Panel failed to
find lncluslbn of these speclies {n the planning of the
corrosion testing program. The Panel notes that carbonates
are capable of inducing SCC and chlorides may induce
hydrogen evolution through corrosion reéctions. The
potential for producing hydrogen embrittlement may be
aggravated by the presence of araénlc énd some sulfur

compounds.

3a, Materials Selection

The BWIP basis for materials selection was corrosion
resistance, fabricability including container closure,
availability, and cost. The process of materials selection
included literature surveys, and early screening studies.

On thia basis, BWIP selected low carbon steel as the
reference material, and low alloy steel, OFHC copper, and
90Cu-10Ni cupronickel as the back-ups. BWIP stated that all
candidate materfials display acceptable corrosion resistance
under anoxic conditions. Further, the evidence avallable to
BWIP suggested that localized corrosfon could be avoided for

service in reducing environments.
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Higher alloys were considered by EWIP to have certain
drawbacks: e.g., nickel alloys were susceptible to pitting,
titanium to hydriding, and stainless steels to stress

corrosion cracking.

BWIP cited five principal references aa constituting
the basis for materials selection. Three of these are
publicly available through the National Technical
Information System (NTIS), and one was provided the Panel by
BWIP for this revlew.a The evidence contained in the four
avallable references to support the materials selection
decision was considered by the Panel to be generally weak,
and the Panel expected considerable emphasis in current
programs to generate data that corroborated the decisions.

This emphasis was generally lacking.

3b. Uniform Corrosion

The uniform corrosion program uses the conventional
approach of exposure of the material to be tested to a
relevant environment, followed by welght measurements after
different periods of exposure with a planned maximum period
of about ten years., It would be useful to include in situ

electrochemical polarization measurements as a check against

aAvailable from NTIS: PNL~2990 (1979), PNL-3198 (1980), PNL-3483 (1980).
provided by BWIP: RHO~BWI~ST-15 (1981).
Not publicly avajlable: BWIP SD-RE-TRP-011 (1982).
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corrosioﬁ weight-loss measurements and to detect possible
changes of mechanism with time and temperature. The most
significant gaps in the program are the lack of sound

advanced planning on determinations of mechaniams and the

development of adequate models.

Data obtained to date indicate marked changes in
corrosion rates of low carbon steel at differing
temperatures, These data imply a change of mechanism.
Development of a systematic methodology to understand the
mechanism(s) has not been undertaken. The Panel believes
that, lacking this fundamental basis, the data should not be

used to extrapolate performance to the repository and its

time scale.

Pitting and Crevice Corrosion

The work in the area of pitting corrosion using
electrochemical procedures was judged by the Panel to be one
of the better activities in the current corrosion program.
It was noted by the Panel that this was one area in which
there is mechanistics consideration. However, it i8 not
clear to the Panel how the information on pitting and/or
mechanisms determined in this activity is to be used for
design, modeling, and extrapolation, f.e., how it {8 to be

integrated into the corrosion program as a whole,
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The approach used in the work involves measurement of
the corrosion potential to determine whether excursions of
this potential above the critical pitting potential occur.
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 saystem exhibiting a
corrosion potential below the meashred pitting potentlial
will not pit. Also, the results of t!'is work show a
tendency toward pitting of low carbon and low alloy sateels
at relatively active potentials Lnat.seem to be at varlance
with the assessments (in the raterials screening process)
that the likelihood of pitting is low. It is not clear how

project management intends to use this information.

The Panel concluded that the attention given to crevice
corrosion is inadequate. The Panel felt that extensive
opportunities rbr crevice corrosion exist because of the
potential for uneven contact of packing material with
metallic components, BWIP stated that crevice corrosion is
being addressed by pitting corrosion experiments. The Panel
noted, however, that crevice initiation occurs by a
different mechanism than pit 1n1tiation and should be

addressed separately.
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Stress Corrosion

The Panel concluded that a reasonable start has been
pade in the area of stress corrosion, but the effort has not
been coordinated into a systematic and thorough corrosion
program. The effort is directed toward establishing whether
there exists a threshold of stress intensity below which the
rate of crack growth is acceptably low and, if so, how it
varies with changing environmental conditions. It {s not
clear at this time how the data obtained from this ‘effort

are to be used by program management.

Long~Term Metallurgical Changes

~Long-term metallurgical changes may be important during
the canister lifetime even in simple metallurgical
structures such as mild steel. Among these are solute
segregation to interfaces, moZification of the metallurgical
structure in the vicinity of the weld, and redistribution of
the hydrogen in solid solution in response to the residual
stress patterns in the vicinity of the closure and {n
response to the (modest) thermal gradlent which will exist
in the container walls, All of these point towards the
importance of the local failure modes, particularly in the

vicinity of the closure.
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It i{s not clear to the Panel that these phenomena are

being properly addressed.

Radiation Damage and Hydrogen Effects

BWIP recognizes the importance of potential effects of
the radiation field on corrosion mechanisms. BWIP is
relying on the radiation shielding effects of the very thick
walled container, While the thick shields may be effective
in essentially eliminating radiation effects on uniform
corroajon, it is likely that even the reduced radiation
levela will effect localized corrosion at the tips of
cracks, crevices, or pits fnitiated by other mechanisms.
Further, such radiation levels can produce species that lead
to hydrogen damage, especially in reducing environments that

have high hydrogen fugacities.

The Panel concludes that the BWIP program relating to

radiation damage is deficient in several of the above areas.

Closure

The Panel found 1little evidence that the corrosion
problems exacerbated by, for example, residual stresses,
changes in metallurgical structure, crevices associated with
velding or other closure modes, are being addressed or

considered.
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Because of the metallurgical properties and residual
stresses of the heat affected zone, this area is likely to
be the most susceptible region of the waste package to
fallure. The Panel found no evidence that the fusion and
heét affected zones are being tested for corrosion
resistance or other failure modes. The Panel observed that
other closure modes are not belng considered, even though
potential corrosion rates at welded closures may be

intoleradbly high.

Modeling and Extrapolation

The Panel concluded that the apparent models and
extrapolation methods currently being used by the BWIP
project for preliminary assessment are simplistic, not
defensible from a mechanistic point of view, and may yleld
misleading results, The Panel does not underestimate the
difficulty of extrapolating to the very long periods
associated with repository disposal by utilizing short-term
data. However, appreciation on the part of the BWIP project
for the difficulties assoclated with life prediction

appeared to be lacking.

Modeling and éxtrapolation for life prediction require
at least a minimal understanding of the mechaniams by which

degradation processes procerd. The Panel did not see much
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evidence that work leading to the improvement of such
understanding, either from the point of viey of mechanisms

or degradation modes, is in progreas or planned,

Data Quality and Quality Assurance

The Panel noted that preaeﬁtations in the area of
Quality Assurance (QA) were extensive. The QA system is
concerned with the details of methods, procedures, and
documentation of the data production process. The Panel
also noted that these elaborate and extensive quality
assurance measures do not address the question of
applicability, relevancy, and general utility of the data
being obtained. The Panel obaérved that there is a risk
that obsession with QA measures may result {n (1) an
unwarranted degree of comfort in data qQuality (and a
subsequent neglect of adequate program planning), and (2) a
stifling of ac;entific virtuosity and initiative.
Preoccupation with QA may be a factor in the judgments thaﬁ
the Panel has made relative to program management. The
Panel also concluded that the aignificant resources expended
on QA did not appear to be coammensurate with the modest
apparent benefits that could be expected from such

expenditures.
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The Panel concluded that BWIP management of the

Leadership, Management, and Revlew Processes

Corrosicn Program 1s decisive, albeit myopic, and exercises
a strong control. The management process is highly focused,
mission~ and success-oriented, and milestone driven. The
Pane)] bellieves that these attributes are not necessarily

synonymous with nuccess.

It appeared to the Panel that decision-making processes
related to program planning may be held too closely within
the Richland organization; corrosion expertise avallable
from the outside or even from within its own contractor
operations are not generally utilized. The level of
expertise of BWIP in corrosion appeared to be relatively
low, considering the importance of the topic to the success

of the repository program.

Further, it appears to the Panel that BWIP management
does not seek, invite, or welcome external independent
reviews of its program planning activities, or of the
experimental results obtained under {t. The Panel was told
that the project has been subjected to multiple external
reviews and that these reviews are generally perceived to be
an impediment to meeting milestones. 1n addition, a BWl?P

Review‘cOmmittee selected by DOE {8 to meet every six
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months, and among other things, reviews the Corrosion
Program and management decisions related to it. The Panel
learned that this Committee contains no persons recognized
as corrosion experts or material scientists and has never
reviewed the BWIP corrosion program. The Panel que.,tioned

the effectiveness of such a review process.

The Panel thus concluded that there is no acceptance by
BWIP management that external review is necessary. The
attitude is generally negative, even antagonistic, toward

review panels, and the MCO system,

The Fanel learned that the funds supporting the
corrosion program are believed adequate by BWIP management.
At the indicated level of funding, the Panel believes these
funds should have allowed BWIP to do much better at
developing plans, procedures, and a data base for the task

at hand.

The Panel views the intense adherence to milestones and
tie consequent success~driven program management as
potentially hazardous to the timely development of the high-
quality data and substantiation of models that will be
necded for licensing. This concern was amplified in the
discussions with BWIP management on the issues of examining

phenomena that arose during experiments but were not



described in the governing statement of work. The Panel

concludes that the subcontractors who are part of the BWIP
program should be provided with more extensive opportunities

to explore potentially pertinent phenomena and ideas that

may be important to the program.

The Panel concludes that the conseguences of the
management deficlencies are reflected in the absence of
coordinated program plans that guide the program with
technically significant principles. 1In addition, the
absence of outside review allows BWIP to feel satisfied with
the current technical activity and direction, even though it
appeared to the Panel that the major technical problems are
not being addressed. Thus, the expenditure of resources
appears to the Panel to be highly {nefficient and unlikely
to satisfy the technical requirements for demonstrating

compliance with regulatory criteria in a timely fashion.



