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Subject: Final Reports of the Ad Hoc Corrosion Panel's
Review of the Corrosion Programs of the
Repository Projects S

Reference: Letter, J. C. Haugen to M. J. Steindler,
Request for Review of the Corrosion Programs
of the Repository Projects, January 11, 1985

We transmit ten sets of the final reports (3) of the Ad Hoc Panel on
Corrosion. The reports are submitted in fulfillment of your request to me
of January 11, 1985 (reference 1).

The Panel reviewed the corrosion programs of the three repository

" projects (BWIP, NNWSI, and SRP) and of the MCC. The final report of the

MCC review was previously transmitted to you on April 18, 1985 (MRB-0432).

Initial drafts of the enclosed reports were assembled from individual
reports prepared by Panel members that were submitted to the OTC of the
MRB. The initial drafts were reviewed at a meeting of the Panel scheduled
solely for that purpose; final member comments on the resulting draft
versions were incorporated to prepare the final versions transmitted
—\ herewith. We assume that any further distribution of these reports are

the responsibility of the MIO.

The Ad Hoc Panel conducting the review consisted of two members of
the Materials Review Board who are expert in the area of corrosion
science, four expert consultants from universities, one expert consultant

& § from the U.S. Nuclear Regulatory Commission, plus myself as Chairman.
- Two of the academic consultants also have had experience in industry, and
0 another has had a history of noteworthy service with the National Bureau
© of Standards. The Panel members are:
§E§' H. Birnbaum U. of I11., MRB Member
P D. Duquette Rensselaer Polytechnic Institute
8o W. Gerberich U. of Minn., MRB Member
-l T. Jdungling U.S. Nuclear Regulatory Commission
S J. Kruger. Johns Hopkins - formerly NBS
R. Wei Lehigh University - formerly U.S. Steel
B. Wilde Ohio State University - formerly U.S. Steel
M. Steindler Argonne National Lab, Chairman
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We believe the transmittance of these reports discharges the respon-
sibilities of the Panel as described in the various letters to me from
your office. I commend to your attention the outstanding quality of the
Panel and the significant effort expended by the members in this review.
It is clear that the project participants in the review meeting were also
impressed by the depth of expertise and understanding of the subject
matter commanded by the Panel members.

Unless additional requests requiring the services of the Panel
members are received in the near future, it is our intent to let all
contracts and arrangements for service on the Panel lapse at the end of
their normal period.

Sincerely,

Martin J. Steindler, Chairman
Materials Review Board
Chemical Technology Division

MJS:rr

Enclosures: Final Reports (3) of the Review of the Corrosion Programs
of the Repository Projects by the Ad Hoc Corrosion Panel

1. BWIP
2. NNWSI
3. SRP

cc: (w/enclosures)
A. Schriesheim, OTD
S. Vogler, ANL/MIO

cc: (w/o enclosures)
bers of Ad Hoc Panel
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A. Introduction !//L

An Ad Hoc Panel initially eatablished to review the corrosion program
of the Materfals Characterization Center (MCC) was reconvened at the
request of DOE to review the parts of waste repository programs concerned
with the corroslon of metallic waste package components, This report
concerns the review of the corrosion program of the Basalt Waste Isolation
Project (BWIP).

The Ad Hoc Panel was {nitially 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)., 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 Richland, Washington, on June 18 and 19, 1985, with
staff members of the BWIP project. The Panel alao met in executi{ve session
on the evening of June 18th and on September 23 and 24. This report
largely follows the requesats for specific 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 pro~
grams 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 reapond to the following three questions:

1. Are all the corrosion mechanisms that are likely to be operative
in the repository environments belng addressed, elther 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 mechanisms?; and

3. Are the quality of the BWIP work and the MCC/project interactions
adequate to assure development and review of "key data" of suffi-
cient acope and quality to show compliance with NRC and EPA
eriteria?

Though the principal focus of the review was the above three ques-
tiona, the review was not restricted aolely to them. As in the MCC review,
anclllary fssues related to the overall performance of the project 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 questiona.
The second part addresses anclillary issues and provides further detailed
explanationa 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
BWIP 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 mechaniams ... being addressed ...
by the BWIP ...?

e T ————

The Panel concluded that all corrosion mechanisms are
not belng adequately addressed. While many corrosion
mechanisms are being considered, the major effort of the
program is aimed at general/uniform corrosion and is
believed to be misdirected. BWIP i{s cognizant of other
corrosion mechaniams 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 is deflcient,

The project's current focus on general corrosion
appears to be motivated by two principal and related
factors: the expected anoxlec environment of the repository,
and the selection of low carbon and low alloy steels as the
reference and back-up candidates for conatruction of the
metal components of the waste package. The Key rationale

. for these selections was the evidence, obtained in the

acreening process, that localized corrosion might be avoided
for service in reducing environments. The evidence to
support the materjals selection declialons was considered by
the Panel to be generally weak, and the Panel expected
considerable emphasis in current programs to generate data
that corroborated these decisions. This emphaais was
generally lacking.

The inadequacies of the program include, for example,
lack of attention to the following: atress gorrosign
cracking (SCC) In environments containing C1 , €O, , and
_Srcontaining apecles; hydrogen emdrittlement; long-term

metallurgical changes; crevice corrosion; intergranular
attack; welding effects.

The Panel belfeves that {t is fncumbent on BWIP to
demonstrate {ts presumption that low carbdbon steels do not
suffer any form of significant localized corrosion {in the
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basalt repository environment which BWIP Judgéd to be
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 local+
ized 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 inade-
quately 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 reac-
tions, and sulfur (in varjoua forms) can have serious
impacts on all forms of corrosion., Further, there is a
poasibility that the anoxic repository environment may be
altered locally by the accumulation of corrosion products,
jespecially in crevice locations, thus giving rise to altered
kocal redox potentiala.

i

Efforts are being made in the BWIP program to address
the {ssues of environmental crack growth and pitting, and
electrochemical measurements are being made to addreas
pitting initiation, pitting propagation, and some corrosion
mechanisms. .

In summary, it {s the conclusion of the Panel that
while 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 wvhich to address
the dffficult 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 classifica-
tions of data: (1) "licensing data" are all data generated
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 sateels, and (3) "MRB Review" data
are data generated by the MCC in BWIP "benchmark" teating.
Only those data designated by BWIP as MRB review data (which
{s likely to include only uniform corrosion data) will be
submitted to the MRB. This includes data to be generated by
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the following three test methods: MCC-105.1, Static Pres-
sure Vessel Test; MCC~105.4, Flow~By Autoclave Test; and
MCC~105.5, Alr-Steam Test. The {ndicated test methods
appear to be limited to uniform corrosion although qualita-
tive 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 is likely to include data
on localized corrosion) would not be reviewed by the MRB.
The definitiona provided by BWIP are contrary to the term
"key data" in the context of the requests to the Panel by
DOE.

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?

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, is not
germane to the review of the Corrosion Programs of BWIP.

Part 2: Are the tests .., proposed by the project ﬁdequate ses?

The response of the Panel to this question {8 NO. The
response is based on the observations that the issues such
as reproducibility, ability to make quantitative extrapola-
tiona, the applicabllity and relevancy of the teqta have not
been addressed.

Are the quality of the project (BWIP) work and the MCC/project
interactions adequate to assure development and review of "key
data" of sufficlient acope and quality to show compliance with NRC
and EPA criteria?

Part 1: Are the quality of the project (BWIP) work ... adequate
to assure ...7

The Panel concluded that the data obtained on uniform
corrosion of the alloys selected for candidate materials are
of reasonadbly high quality for short-term tests. However,
the quality may not be adequate for extrapolation to long-
term performance in the absence of an extrapolation model
based on mechanistic understanding. Further, some of the
studies of pitting corrosion and crack growth appear to be
sound. The absence of algniflcant work on other localized
corrosion phefighena amd tNE JAcK orattention to metallur-
gical changes {n and 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
described by BWIP were derived from literature data that
were obtained under conditions not obviously pertinent to
the repository. Further, the models seem to lack a defen-
sible mechanistic base and the Panel failed to find
appropriate appreciation by the BWIP for the necessity of
such a base.

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

Part 2: Are the quality of the ... MCC/project interactions
adequate to asaure ,..?

The Panel posed questions to EWIP management concerning
this point. The responses made it clear that the Panel
would not be provided with answera. 1In 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
atated in the question. The one significant interaction
between BWIP and the MCC is the generation by the MCC of
"benchmark® data for test procedures pringipally involving
uniform corrosion., 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 princlpally in the
role of a contractor performing those services specifically
requested by BWIP. Demonstration of compliance with NRC and
EPA criteria did not appear to be a specific target of the
program as evidenced by absence of sufficient attention to
localized corrosion effects, absence 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) doea not {ntend to utilize this system for
review of its procedures and data (with the poasible
exception of "benchmark" data already descridbed), and
(3) percefves no need for independent external review of
procedures and data prior to submission to the NRC.

2. Other Issues and Observations

The Panel {a aware that the scope of its activities, defined by the
Haugen letter, could be narrowly interpreted as dealing only with anawers
to the three questions. It {s the unanimous conclusion of the Panel,



however, that the topic of corrosion is of major importance to the reposi-
tory performance and that this conclusfon 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 atrong feelings. These issues were developed in response to
inquiries and discussions injitiated by both the Panel and the project. 1In
some instances, the anclllary comments represent an extension of obser-
vations summarized above.

a. Technlcal Issues

The following technical issues were identified by the Panel
as issues that either (1) are not currently being adequately
addressed, or (2) are being adaquately addressed but not properly
integrated into a thorough and self-~consistent program.

1. Definition of Faillure Modes '

In 1its presentations, BWIP ranked probable failure
modes in the following ordeér 3T decreasing importance:
uniform corrosion, pitting corrosion, intergranular attack,
and environmentally assisted cracking (including stress
corrosfon cracking and hydrogen assisted effects). The
Panel concluded that BWIP has not adequately established its
basis for such a ranking.

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 the presence _of hydrogen, partitularly in
occlided tegions (due both to radiolytic decomposition of
groundwaters and the corrosion process itself), and the
posaible degradation of weldments by various mechanisms
previously mentioned.

The Panel believes the much enhanced emphasis by BWIP

on general corrosion, compared to localized corrosion, {s
misplaced. While general corrosion will undoudbtedly occur,
the likelihood of fallure by localized corrosion seems to

\ the Panel to be greater than fallure by general corrosion.
Selection of carbon steels and low alloy steels, and the
current corrosion program were based principally on the
perceived 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 EWIP is addreasing some of the
forms of localized attack, the Panel concluded that the
effort is not integrated to ensure a design that meeta the
objectives.



The Panel noted that the reference design of the waste
package and its emplacement is relatlvely new and that the
design influences the basis and nature of the corrosion
program. The expected ten-year BWIP program for testing of
some of the corrosion mechanisms appears to conflict with
the stated schedule of submission of a license application
unless DOE does not expect to provide adequate corrosion
data in such an application. This conflicting situation is
exacerbated by the lack of early attention to potentially
fmportant failure mechanisms, including those that affect
the closures,

2. Characterization of the Environment

The Panel observed that BWIP has made a sfgnificant
effort to characterize the repository environment. However,
recognition should be made (n planning tests that the bulk

', environzent may not be representative of the environments

\adjacent to regions of potential localized attack. The
local environments may not always be reducing since corro-
aior products may accumulate, particularly in locations such
as crevices, and change the local redox potentials. Thus,
the Panel concluded that a safer and more conaervative
approach would include in the teating the bounding of
expected condit{onn at somewhat higher oxidizing potentials
than anoxic conaitions would indicate.

The characterization has also revealed the presence of

several chemlcal specles known to have potential damaging
| effects to metallic components: some sulfur compounds, J——
" araenic, chlorides, and carbonates. ‘The Panel falled to

rind fncluaion of these species in the planning of the

corrosion testing program. The Panel notes that capbonates

are capable of {nducing SCC and chlorides may induce hydro-

gen evolution through corrosion reactions. The potential

for producing hydrogen embrittlement may be aggravated by

the presence of arsenic and some sulfur compounds.

3a. Materfals Selection

The BWIP baais for materiala selection was corrosion
resistance, fabricabllity including contalner closaure,
availability, and coat. The process of materials selection
included literature surveys, and early screening studies.

! On this basis, BWIP selected low carbon steel as the
reference material, and low alloy steel, OFHC copper, and

. 90Cu~10N{ cupronickel as the back-upa. BWIP stated that all

! candidate materials display acceptable corrosion resistance

- under anoxic conditiona., Further, the evidence available to
BWIP suggested that localized corrosion could be avoided for
service In reducing environments,
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Higher alloys were considered by BWIP to have certain
drawbacka: e.g., nickel alloys were susceptidble to pitting,
titanium to hydriding, and stainless steels to stress
corrosion cracking. '

BWIP cited five principal references as constituting

.the basis for materials selection. Three of these are
pudblicly available through the National Technical Informa-
tion System (NTI1S), agd one was provided to the Panel by
BWIP for this review. The evidence contained in the four
availabdble references to support the materials selection
declsion was considered by the Panel to be generally weak,
and the Panel expected considerable emphasis in current
programs to generate data that corrodorated the decisions.
This emphasis was generally lacking.

3b. Uniform Corrosion

The uniform corrosion program uses the conventional
approach of exposure of the materlal to be tested to a
relevant environment, followed by wei{ght measurements after
different periods of exposure with a planned maximum period
of about ten years. It would be useful to include {n aitu
electrochemical polarfzation measurements as & check against
corrosion welight-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 mechanisms
and the development of adequaté models. For example, data -
ddbtalned 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 £o understand the mechanism has not been under-
taken, The Panei{gglievea that, lacking this fundamental

baais, the data ot adequate for use in extrapolating
performance to the repository and its time scale.

y, Pitting and Crevice Corrosion

The work in the area of pitting corrosion using elec-
trochenfcal procedures was judged by the Panel to be one of
the detter activities {n the current corrosion program. It
was noted by the Panel that this was one area in which there
is mechanistich consideration. However, it is not clear to
the Panel how the information on pitting and/or mechanisms

* Availadble from NTI1S: PNL~2990 (1979), PNL-3198 (1980), PNL=3483 (1980).
Provided by BWIP: RHO-BWI<ST~15 (1981).
Not pudblicly availadle: BWIP SD-RE-TRP-011 (1982).
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determined in this activity {s to be used for design,
modeling, and extrapolation, i.e., how it is to de
integrated into the corrosion program as a whole.

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 ascer-
tain, if possible, whether & system exhibiting a corrosion
potential below the measured pitting potential will not pit.
Al20, the resulta of this work ahow a tendency -toward
pitting of low-carbon and low~alloy steels at relatively
active potentials that seem to be at variance with the
assessments (in the materials acreening process) that the
likelihood of pitting is low. It {s not clear how project
management intends to use this information.

The Panel concluded that the attention gliven to crevice
corrosion {s inadequate, The Panel felt that extensive
opportunities for crevice corrosion exiat because of the
potentfal 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 initiation and should bde
&ddressed separately.

Streas Corroslion

The Panel concluded that a reasonable atart has been
made in the area of stress corrosion, but the effort has not
been coordinated into a systematic and thorough corrosion
program. The effort i1s directed toward establishing whether
there exists a threshold of satress intensity below which the
rate of crack growth is acceptably low and, 1f 20, 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 changea may be {mportant during
the canister lifetime even in 2imple metallurgical struc-
tures such as mild ateel. Among these are solute segrega-
tion to interfaces, modification of the metallurgical
structure in the vicinity of the weld, and redistridution of
the hydrogen in solid solution in response to the residual
stress patterns in the vicinity of the closure and in
response to the (modest) thermal gradient which will exist
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in the container walls. All of theue poi{nt towards the
importance of local fallure modes, particularly in the
vicinity of the closure,

It is not clear to the Panel that these phenomena are
being properly addressed,

Radjation Damage and Hydrogen Effects

BWIP recognizes the importance of potential effects of
the radiation field on corrosion mechanisms., BWIP is
relying on the shielding of the very thick-walled container
to reduce or eliminate radiation effects. While the thick
shields may be effective in essentially eliminating radia~
tion effects on uniform corrosion, it is_likely that even
the reduced radiation.levels will affect locaijzed corrosion
at the 'tips of cracks, crevices, or pits initiated by other
nechaniams. Further, such radiation levels can produce
species that lead to hydrogen damage, espectally {n reducing
environments that have high hydrogen fugacities,

The Panel concludes that the BWIP program relating to
radfat{ion damage {8 deficient In several of the above areas.

Closure of the Container

The Panel found little evidence that the corrosion
problems exacerbated by, for example, residual stresases,
changes {n metallurgical structure, crevices associated with
welding or other closure modes, are being addressed or
considered.

Because of the metallurgical properties and residual
atresses of the heat affected zone, this area {s likely to
be the most susceptible region of the waste package to
failure, The Panel found no evidence that the fusion and
heat affected zones are being tested for corrosion resfs-
tance or other fallure modes. The Panel observed that other
closure modes are not being considered, even though poten~
tial corrosion rates or hydrogen embrittlement suscepti-
bility at welded closures may be intoleradly high.

Modeling and Extrapolation

The _Panel concluded that several of the models and
extrapolation methods currently being used by the BWIP
project for preliminary assessment are aimplistic, not
defensible from a mechanistic point of view, and may yleld
misleading results. The Panel does not underestimate the
aifficulty of extrapolating to the very long perlods zsso~
ciated with repository disposal by utilizing short-term
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data., However, appreciation on the part of the BWIP project
for the difficulties associated with life prediction
appeared to be lacking.

Modeling and extrapolation for life prediction require
at least a minimal understanding of the mechanisms by which
degradation processes proceed. The Panel did not see much
evidence that work leading to the improvement of such under-
standing, either from the point of view of mechanisms or
degradation modes, Is in progress or planned..

Data Quality and Quality Assurance

The Panel noted that presentations 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 assur-~
ance measures do not address the question of applicabllity,
relevancy, and general utility of the data being obtained.
The Panel observed that there {s a risk that obsession with
QA measures may result in (1) an unwarranted degree of
comfort in data quality (and a subsequent neglect of ade-
quate program planning), and (2) a stifling of scientific
virtuosity and initlati{ve. Preoccupation with QA may be a
factor in the judgments that the Panel has made relative to
program management. The Panel also concluded that the
aignificant resources expended on QA did not appear to bde
commensurate with the modest apparent benefits that could be
expected from such expenditures,

Leadership, Management, and Review Processes

The Panel concluded that BWIP management of the Corro-
sion Program is decisive, albeit myoplc, and exercises a
strong control. The management process is highly focused,
mission- and success~oriented, and milestone driven. The
Panel believes that these attributes are not necessarily
synonymous with success,

It appeared to the Panel that decision-making processes
related to program planning may be held too closely within
the Richland organization; corrosion expertise available
from the outaide or even from within its own contractor
operations are not generally uti{lized. The level of exper-
tise of BWIP in corrosion appeared to be relatively low,
considering the importance of the toplc to the success of
the repository program,

Further, it sppeara to the Panel that BWIP management
does not seek or welcome external independent reviews of {ts
program planning activities, or of the experimental results
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obtained under {t. The Panel was told that the project has
been audbjected to multiple external reviews and that these
reviews are generally percelved to be an impediment to
meeting milestones. In addition, a BWIP Review Committee
selected by DOE is to meet every six months, and among other
things, reviews the Corrosfon Program and management deci-
sions related to it. The Panel learned that this Committee
contains no persons recognized as corrosfon experts or
material scientiats and has never reviewed the BWIP corro~
sion program. The Panel questioned the effectiveness of
such a review process,

The Panel thus concluded that there {s no acceptance by
EWIP management that external review is necessary.

The Panel learned that the funds supporting the corro-
slon program are belleved adequate by BWIP management. At
the indicated level of funding, the Panel bellieves these
funds should have allowed BWIP to do puch better at
developing plans, procedures, and a data base for the task
at hand.

.The Panel views the intense adherence to milestones and
the consequent successAdriven program management as poten~
tially hazardous to the timely development of the high-
quality data and substantiation of models that will be
needed for licensing. This concern was amplified in the
discussions with BWlP management on the issues of examining
phenomena that arose during experimenta but were not desr
cribed 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 consequences of the
management deficiencies are reflected in the absence of
coordinated program plans that guide the program with
technically significant principles. 1In addition, the
absence of outafde 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 inefficient and unlikely
to sati{sfy the technical requirements for demonstrating
compliance with regulatory criteria in a timely fashion.
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Report of the Review of the NNWSI Corrosion Program _,,/””f’//f

by the Ad Hoe¢ 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 Pan2l are
based on (1) materials prepared for the Panel by NNWSI, (2) presentations
by NNWSI to the Panel, and (3) responses of NNWSI to inquiriea by the

Panel. \\\\~'E;!-(

The principal conclusions of the Panel are:

The NNWSI corrosion program is led by an enthusiastic management, but
lacks focua. The program appears to suffer from some gaps in experr
tise Iin the NNWSI staff that are important to the achievement of
program goals,

Because much of the work is atill performed in a scoping/screening
mode, the selection of reference and back~up materials should be con-~
sidered tentative pending further accumulation of data.

NNWSI has not fully considered the range of problems which stem from
the metastability of the 18Cr-8Ni types of stainless steels either in
the form of bulk metal or welded structures. Back~up container
closure modes are not evident.

Type 30UL stainless steel is still being extensively studied and used
as the reference material even though (1) a consultant has concluded
that {t is not a preferred material, (2) its metastability gives rise
to many different problems in demonstrating satisfactory performance,
and (3) alternative materials with potentially superior qualities seem
to be available.

NNWS]I has recognized the pertinent corrosion mechaniams but has not
addressed them in ways that are relevant to regulatory criteria.

Many teats are being performed or planned but there is a lack of
clarity 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 i{n place, and plans for such extrapolation work
are not well developed. Therefore, there appears to be no firm basis
for assessing the necessary quality and relevance of data.

There is 1little on-going work that promises to lead to the improved
understanding of the mechanisms of potential failure modes that are
needed for developing models and methods of extrapolation to long~term
performpance.
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Program management does not now avail iftself of technical reviews of
the program or externzl technical guidance for planning.

Interactions of the project with the MCC are minimal, strained, and
nonproductive. It appears unlikely that KNWSI will promote & change
in this relationahi{p. The project appears to belleve that the MCC
duplicates what already {s available via ASTM, NACE, etc., and that
the latter are appropriate and qualified review bodies.




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 réview the parta of waate 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 (NNWS1) project.

The Ad Hoc Panel was initlally 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. Stelndler,
July 11, 1984), 1In 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 {n Livermore, California, on June 20 and 21, 1985, with
atafl members of the NNWSI project. The Panel also met in executi{ve
session on the evening of June 20th and on September 23 and 24. This
report largely follows the requests for specific {nformation contained {(n
the letters from DOE that served as the Charter for the Panel.

B. Scope of the Review

The MIO request atated that {t "has been directed by the 0Office of
Geologic Repositories to examine the repository projects' corrosion
programs using the same guldelines as for the ... (MCC) ... Review ... The
basi{s 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, 1684,"

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 MRE?;

2. Are the tests bdbeing developed by the MCC and those proposed by the
projects adequate to quantify the corroaion or penetration rates
associated with those mechanisma?; and

3. Are the quality of the MCC work and the MCC/project interactions
adequate to assure development and review of "key data" of suffi-
cient acope and quality to show compliance with NRC and EFA
criteria? ‘

Though the principal focus of the review was the above three ques-
tions, the review was not restricted to them. As {n the MCC review,
ancillary issues related to the overall performance of the project arose,
were discusaed and some are {ncluded {n thia report.



c. Resaults of the Review

The firsat part of the review responds to the three apecific questions.
The second part addresses ancillary issues and provides further detailed
explanationa considered germane to the review,

1. Responses to Questions

Q1. Are all the corrosion mechanisma 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 mechanisms ... being addressed ...
by the NNWSI ...?

- —— e ——

The Panel concluded that NNWSI has recognized the
pertinent corrosion mechanisms but has not addressed them in
ways that are 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 sacoping/
screening studies. Hence, the Panel feels that the selece
tion of reference and back~up materials has been made on an
inadequate data base and should be considered tentative,
The Panel noted that the corrosion program does {nclude
consideration of the behavior of welds, believed to be the
most critical part of the canister assembly related to
corroslion.

Several deficiencies in the present program were iden-
tifled by the Panel. These include lack of attenticn to
hydrogen-induced cracking from the insaide out, the sensiti-
vity of martenaitic structures to hydrogen embrittlement,
hydrogen effects in radiation fields, and a fracture
mechanics tesating 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 failure mode of these alloys.

NNWSI has not considered the range of prodlems which
stem from the metastabllity of the 18Cr~8N{ types of stain~
less steels. These include possible long-term transforma-
tion of the metastable austenite phase to satable martensite
with the concomittant changes in aensitivity to failure
modes.

Part 2: Are all the corrosfon mechanisms ... dbeing addressed ...
{or]) included among the "key data™ to be reviewed by the MRB?



It appears to the Pane)l that the qQuestion i{s, in part,
somewhat premature for NNWSI. There {s an absence of com-
prehensive planning that ldentifies the methods by which the
goals of the corrosion program can be achieved. The conse-
quent 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 {t 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 aschedules and also
concludes that the lack of standard review of test methods
and data is a serjious deficiency.

The relationship between the MCC and NNWSI appeared to
be limited and not satisfactory to NNWSI. The project has
participated in some of the MCC workshops to which they were
invited, but the concept that the MCO aystem could be useful
in aszuring data quality has apparently not been accepted.

Q2. Are the tests belng developed by the MCC and those proposed by
the projects adequate to quantify the corrosion or penetration
rates assoclated with those mechanisma?

This questions ia also divided into two parts,

pPart

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

adequate ,..?

Part

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

2: Are the teatas .., propoeep by the projects adequate ...?

The Panel concluded that the response to the question
when viewed in terma of long-<term performance {s NO. The
Panel stated in the response to question 1 that most of the
corrosion mechanisma are recognized. However, it is not
clear that data from many of the tests currently being
performed will allow a prediction of leng-term performance.
The Panel also noted that methods of extrapolating results
to long~term performance are not in place, and that the
plans for developing the understandi{ng necessary for such
extrapolation are not well ceveloped.

The Panel recognizes that the corrosion program does
address many of the important {ssues. The Panel notes that
the project ataff apparently doesa not have the high level of
expertise required in the area of metallurgical aciences to
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design and evaluate critical tests, The difficulties are
associated principally with the materials chosen as prige
candidates, the 18Cre8N{ austenitic stainleas steels. These
are complex alloys and are known to be metastadble and

a) convert to martensitic structures upon cold work (or
other mechanical damage), and b) are known to precipitate
second phases (e.g., carbides, nitrides, sigma)., Welding
may result in additional metallurglcal changes that aggra-
vate the problem.

The absence of planning exacerbates the difficulties of
developing data on selected faflure mechanisms (e.g., stress
corrosion cracking and hydrogen embrittlement from long-term
metallurgical instabilities) by test methods now employed.
The Panel considers the approach, stated by NNWSI, of
conducting tests under what appear to be the worst plausible
repository conditions and accepting materials that show no
fajlure as naive and unrealistic. Thi{s approach does not
recognize the incubation time for initiation of a crack or
pit or longrterm metallurglical changes, The Panel noted
that many testa 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 pertig
nent corrosion prograum.

Are the quality of the NNWSI work and the MCC/project inter-
actions 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 NNWSI work ... adequate to
assure ...?

The Panel did not examine the matter of data quality in
depth. The Panel was much more concerned with the kind of
data being obtained, and the compatibility 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 hasis
for converajon of corrosion data to those necessary for
licensing, nor did NNWSI present a rationale outlining what
data would be needed for licensing. It eappeared that {nsuf~
ficlent attention haa been given to teat procedures and data
as they relate to compliance requirements. The Panel found
no quantitative performance requirements, and, particularly,
no methodology for making reliable extrapolations to long-~
term performance, Thus, objective standards on data quality
and relevance are not apparent and evaluation is therefore
not made.



The Panel observes that the extensive effort of data
collection has been in progreas at NNWSI for about three
years, was in progress before that under the direction of
ONW1, and that some work had been done at Sandia. The Panel
viewved with concern the lack of progress in defining the
performance of metal barriers compared with the project
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 jeopar+
dize reaching the milestone goals of the program, the
quality and scope of the NNWSI corrosion program are inade-
quate to show compliance with regulatory criteria on the
schedule set by DOE.

Part 2: Are the quality of ... the MCC/project interactions
adequate to assure ,..?

MCC/NNASI 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 Interactions and the MCC liafson to NNWSI
haa not visited Livermore. It appears to the Panel that the
NNWS1 has the impression that the MCC duplicates what
already is availadble via ASTM and NACE, and believes that
ASTM/NACE are approprizte and qualified review bodles. The
Panel concludes that the MCC/NNWSI interaction is minimal,
strained, and not productive, anc that it is unlikely that
KNWSI will promote a change in thias relationship.

2. Other lssuea and Obeervatloni

The Panel {s aware that the scope of its activities, defined by the
Haugen letter, could be narrowly interpreted as dealing only with answers
to the three questiona. It is the unanimous conclusion of the Panel,
however, that the topic of corrosion is of major importance to the reposi-
tory performance and that this conclusion i{s shared by DOE. The Panel has,
therefore, elected to provide ancillary comments that deal with {ssues
related to the corrosion program and about which Panel members have great
concern or strong feelinga. These issues were developed {n response to
inquiries and discusaions initiated by both the Panel and the project. In
some instances, the ancillary comments represent an extension of obser~
vationa summarized above. '

a. Technical lasues

1. Definition of Failure Modes

The identification of failure scenarios mpade 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 obdbtained.
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The Panel believes that the emphasis on localized
effects (intergranular attack, atress corrosion cracking,
pitting, crevice corrosion, hydrogen emdbrittlement) compared
to uniform corrosion is appropriate, taking into account the
repos{tory environment and the selection of 18Cr~8Ni
austenitic stainless steels as reference materials.

The Panel views the inclusion of copper and copper
alloys as candidate metals to be less a technical decision
than one based on other factors. The failure modes of

copper and its alloys can be substantially different than ﬁh:w«

those for satainless ateels. The NNWSI program has no
apparent program for the definition of failure modes for
copper alloys.

Characterization of the Environment

The NNWSI presentation suggested that the chemical
nature of the expected tuff environment was reasonably well
understood, and that th5—3L13 well water composition was
considered a reasonable approximation of the expected liquid
phases. Gas phase compositions expected 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 currently used
range of environmental parameters may be inadequate to bound
the actual repository conditions, especially in the early
period of emplacement when high temperatures and radiation
fields may coexist with liquid water.

Materials Selection

The NNWSI basis for selection of austenitic stainless
steels was

~ excellent corrosaion resistance
= excellent fracture toughness
» readily fabricated and welded.

On this basis, NNWSI selected 30LL as the reference grade,
and 316L and 321 as alternatives.

The Panel notes, however, that the experience history
and the history of failures of these alloys is relatively
short. The hiatorical list of localized degradation
phenomena i{s long, and has grown with an increasing number
of new applicationa. Lowstemperature 2ensitization, for
example, has been recognized only within the hiatory of the
Nuclear Reactor Program.



The Panel noted that a consultant to NNWSI investigated
Just one degradation modef~low temperature sensitization=-
and satated that ",., 304f would not be the preferred alloy
of construction for nuclear waste storage canisters."* The
Panel observes that, in contraat with this recommendation,
304L is still being extensively tested and used as the
reference grade,

An advantage of these alloys {s that they have low
uniform corrosion rates in the expected repository environ-
ment&., NNWSI recognizes that these materials are suscepti-
ble to localized corrosion attack and internal metallurgical
changes (both short= and long-term, depending on tempera~
ture), and that these are aggravated by welding. The Panel
believes that NNWSI has not appreciated the difficulty of
demonstrating that certain of these phenomena will not
Jeopardize waste package integrity over the time span of 300
to 1000 years. The Panel noted that the approach, espoused
by NNWSI, of testing alloy behavior under worst plausidble

' repository conditiona is not sound and is likely to fail.
The Panel concludes that a program that adequately demon-~
strates 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 dbase 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 conclu-
sion that expertise on behavior of copper existes in the
NNWS1 program or that careful planning of the program for
copper has been done. The Panel concludes that resources
used in the study of copper in the program may not be well
expended unless this area is treated more seriously and
technically than appeared likely.

., Pitting and Crevice Corrosion

Theae failure modes are among the main concerns of
NNWSI and they are paying a great deal of attention to both.
The NNWSI effort on cyclic polarization is collecting exten~
si{ve data but lacks planning and a clear definition of the

"Attachzent 7 to letter (MRB-0418), L. B. Ballou and R. D. McCright to
M. J. Steindler, 3/1u/85. :
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application of these data to licensing. The Panel believes
that expert guidance to specify test objectives is needed.
This guldance could be from internal scurces, but external
sources may be required, Other mechanist{c 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 envi{ronments, 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
properly measured plitting potential.

The Panel concluded that while a significant experi~
mental effort i{s being expended in studies on corrosion
potentials, the atudies are not obvioualy directed at a
focused goal leading to answering of licensing questions.
The testing resembles a screening 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 teats to characterjze atress corrosion. The program
includes the study of pre-cracked speci{mens to determine
crack propagation rates,.but has not addressed the problem
of measuring the very low rates that may be relevant for a
thousandtyear time period. The overall approach of NNWSI
towards environmentally sensitive fracture is based on the
presumed existence of 2 long~term threshold stress intens{ty
for cracking.

The Panel considered the use of Usbend, Crring, and
fracture mechanics testing redundant. The Panel belleves
that Crring and U-bend tests were suitable for acreening
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.

Long~Terw Metallurgical Changes

The Fanel noted that KNWSI {s concerned about long~
term, low-temperature sensitization of austenitic stainless
steels. 1In addition, there are a large number of problems
that may arise because these alloys are metastabdle. For
example, lowering the carbon content to decrease sensitiza~
tion reactions makes some stainless sateels even wmore
susceptidble to martensitic transformation. It fs not clear
to the Panel that these phenomena are being properly
addreased or that their existence {3 appreciated.
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Radiation Effects and Hydrogen Damage

The Panel concluded that radiati{on effects are being
considered, but the resultant potential for hydrogen damage
is not. NNWSI has found that uniform corrosion {s not
affected by the preszence of radiation. However, the effect
of hydrogen apecles obtained from both corrosion and radio-
lyais reactions ia not being addressed. Thia problem may be
further exacerbated by transformation to martensitic
structures.

Closure of the Contalnér

The Panel concluded that this area i1s the least well~

addressed in the corrosion programs. The emphasis on

atalnless steels makes it particularly {mportant in light of
the metastabilities of such alloys. Currently the only
closure mode being addressed is welding. Welding may intro-
duce 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 embrittlement, preferred SCC
paths, etc. The Panel belleves the NNWSI program lacks
metallurgists who are sufficiently familiar with stainless
ateels and their joining problems.

The Panel notes the absence of planning for a back~up
method of closure should the problems associated with the
fallure modes of welds not be totally resolvable. In
addition, little planning for closure of alternative metal
candidates auch as copper alloys was evident to the Panel.

Modeling and Extrapolation

The Panel did not find a weéll formulated plan by NNWSI
for the extrapolation of relatively shortrterm stress corroz
sion cracking tests for the 1000-year repository period.
The current effort is based on the asaumption of the exis~
tence of thresholds (principally critical potentials for
localized corrosion and critical stress intensities for
environmentally senaitive fracture). The Panel recognizes
that the modeling effort is not yet of broad scope, princi~
pally because of the exploratory character of much of the
current work. The Panel concludes that until a systematic
approach to modeling and accelerated testing is developed,

" the experimental program will continue to lack the focus

needed to ensure that data froo it are useful.

Modeling and extrapolation for life prediction requires
at least a minimal understanding of the mechanisms by which
degradation procesaes proceed. The Panel did not see much
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evidence of work leading to the improvement of such under-~
standing, elther 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 quality assurance or quality control. The
Panel concluded that this 1s understandable considering the
present state of the technical programs ({.e., screening/
scoping stage): however, conslderations of more rigorous
attention to such approaches must come soon. HRelated to
these {asues are NNWSI views and perceptions of the potena
tial roles in their program of the MCO and standards
orzanizations. Comments on these views are provided
elsewhere. ’

Leadership, Management, and Review Processes

The Panel percelves that this project is ledd 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.

Prugram management does not now avall {tself of tech~-
nical reviews of the program or external technical guidance
for planning. While the Panel observed a managerial attir
tude that seems to be aimed toward acquisition of such
external help, the Panel {s puzzled by the extensive time
{(three years or more) during which no such expert help haa
been obtained or identiff{ed. The Panel does recognize that
DOE priorities of the past have been in part responsidble for
the lack of attention to the waste package problems of
NNWSI.

The Panel {s concerned by the apparent lack of com-
munication between the designers and the materials tech»
nologists. It appeared to the Panel that designers have not
fully communjicated clear definitions of stresses and service
conditions, and their requirements for materials propertiea
data. Similarly, the materials engineers have failed to
define and prioritize the potential fallure modes.



Report of the Review of the SRP Corrosion Program (—'f
by the Ad Hoc Corroaion Panel N

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) presentationa by
SRP to the Panel, and (3) responses of SRP to inquiries by the Panel.

The principal conclusfona of the Panel are:

1. The corrosion program is deficient in strong and knowledgeable leader-
ship, 1a subject to the debflitating effectsa-of apparent neglect by
upper management, has been unable to focus on appropriate technical
goals and reaults {n uncertainty that the DOE schedules can be met
with data of acceptable quality.

2. A defici{ency Iin the SRP management group Iz the absence of expertise
in the underatanding of the behavior of materials with respect to
metallurgical changes, the various failure modes due to environmental
exposures, and the experimental tools avallable to improve the state
of knowledge.

3. The lack of detailed information on repository environments i=a
inhibiting the generation of useful data and calls into queation the
results of selection procenses for candjidate materials,

4. Though many corrosion mechanisms have been noted, SRP intends to con=-
sider uniform corroaion as the principal container failure mode and
plans to engineer around all other potential fallure modes. SRP fails
to recognize the need to convincingly demonstrate the ability to avolid

e \ these other failure modes.

5. A convincing demonatration of the absence of localized fajilures to
meet repository requirements will require expertise that s not evi~
dent {n the SRP program participants.

6./ The SRP program does not {nclude extensive efforts to improve the
mechanistic understanding of corroaion processes on which modeling and
extrapolation of longrterm behavior is to be based. Therefore, there
appears to be no firm basis for aaseasing the necessary quality ang
relevance of data.

7. ‘The SRP position ia that "key data for licenaing" would receive no
external review prior to submission to NRC. Reliance is to be placed
on internal review, Project management has a negative attitude toward
the MCO review of test procedures and data, and has little or no in-
tentlion of uaing MCO on a broad acale. There is no aubstantial
evidence that SRP can develop key data that meet the quality and scope
requirements of the NRC and the EPA.



8. The overall corrosion effort was found to be parochial. Outside judg-
ments relating to planning and interpretation of results were 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
conc;rns the review of the corrosion program of the Salt Repository Projec
{SRP). =

- -~ .

The Ad Hoc Panel was {nitially established by the Chairman of the
Materials Review Board (MRB) following a request by Joel C. Haugen, Manager
of the Materlals Integration Office (MIO) of the Chicago Operations Office
of the U.S. Department of Energy (letter, J. C. Haugen to M. J. Steindler,
July 1%, 1984). 1In January 1985, the MIO requested that the Ad Hoc Panel
also review the corrosfon 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 staffr
members of the SRP project. The Panel also met in executive session on the
evening of July lat and September 23 and 24. This report largely follows
the requeats for specific information contained i{n the letters from DOE
that served as the charter for the Panel.

B. Scope of the Review

The MIO recquest atated that {t "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
basls of the review will be the criter{a 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 {n the letter Haugen to
Steindler, July 11, 1984,"

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, e{ther by the SRP
or {ncluded 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 qQquality to show compliance with NRC and EPA
criteria?

Though the principal focus of the review was the above three ques:
tions, the review waa not restricted solely to them. As in the MCC review,
ancillary iasues related to the overall performance of the project arose,
were discussed, and some are included in this report.



C. Reaults of the Review

The first part of the review responds to the three specific questions.
The second part addresses ancillary {ssues and provides further detailed
explanations considered germane to the review.

t. Responzes to Questions

Q1. Are all the corrosion mechanlsms that are likely to be operatlive
in the repository environments being addressed, either by the SRP
or lncluded 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 abllity to avoid these other fallure 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

{ afgnificant 1liquid waters and hydrogen sulflide in solution

' or in the gas phase, led the Panel to thé éonclusion that
SRP managemént does not appreciate the impact of such
aspects of the environment on corrosion processes,

The Panel concludes that the attempt to engineer around
all but uniform corrosion is unlikely to be successful,
particularly for the welded closure of the primary material,
and the selected back~up material.

Part 2: Are all the corrosion mechanisms ... being addreased ...
[or] included among the "key data®™ to be reviewed by the MRB?

Based on the SRP response, the Panel concluded that the
answer is 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 elther procedures or data
(especially the latter). SRP questions the submiss{on of
procedures to the MRB on two bases: 1) MRB action {s too
slow, and 2) rejection would be expected. The consequence
of both factors, according to the SRP, {8 delay of the
program. The Panel found the second point (rejection of
submissions) to be particularly telling.

SRP makes the following distinction ror:“key datam:
1) key data for licensaing 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
advisadble for sudmission. Thus, SRP intends to be the sole
arbiter as to what, if any, key data would be submitted to
the MAB. The stated SRP poaition 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 ia reinforced by emphatic atate~
ments from SRP management. Hence, review of key data on the
variety of corrosion 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 associated with those mechanisms?

This questions is also divided into two parts.

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

Part

The response to this question relating to the MCC is
not germane to the review of the Corrosion Programs of SRP.

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

The response of the Panel to this question is KO. The
Panel concludes that the SRP test program is not adequate to
quantify corrosjion rates and identify corrosion mechanisms.
Among the deficiencies are the following: 1inadequate des~
cription of the environment (e.g., sulfur compounds, water),
fnadequate demonstration of the avoidance of localized
attack, lack of & sound basis for materials selection, and
the omission of consideration of the metallurgical aspects
of closure and longrterm metallurgical changes.

The SRP has 1dentified a set of tests that include a
broad range of mechanisms potentially operative in a salt
repos{tory environment. Even in the absence of definitive
information on the repository environment, this set of tests
1s deflclent. Moreover, testa 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 longrternm performance. Hence, a judgment on the adequacy
of the proposed tesats suffers from too little experience
within SRP and an absence of a clear target. The Panel



Q3.

belfeves that, on the basis of the on-going program, mechan-
istic data and data needed to support predictive models may
not be available from the SRP program or, at least 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 suffi-
clent scope and quality to show compliance with NRC and EPA
criterla?

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

A formalized SKRP QA system {s {n effect. The SRP and
the Panel apree that conformance with the established QA
aystem {3 necessary but not sufficient to ensure the use-
fulneas, reliability, and relevance of data. The Panel
believes that these issues related to licensing are not
being addressed by SRP.

Part 2: Are the quality of ... the MCC/project interactions
sdequate to assure ..,? ‘

The Panel concluded that SRP/MCC interactf{ons are rot
particularly productive. The main use of the MCC seem= to
be an editorial one, {.e., rewriting and reformating
selected SRP procedures to meet MRB requirements. The MCC
has apparently not been involved in planning and developing
SRP tests, in assisting {n the development of .an overall
program, or in the generation of data. '

SRP management considers the MRB process as unnecessary
and appears to view the MRB with apprehension. The SRP
management describes the MRB process as slow, likely to
result in rejection of SRP submissions and one that jeopar-~
dizes the timeliness of thelir 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 In place that relate the corrosion program to
the process of showing compliance with regulatory
requirements, The effective rejection of the MCO aystem,
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 where the



data will receive their first thorough external evaluation,
This procedure {s, in the judgment of the Panel, accepted by
SRP and implemented with the approval of the DOE field
office. Thus, the Panel has been provided with no substan-
tial evidence that SRP, with or without interaction with the
MCO, can develop key data that meet the quality and sacope
requirements of the NRC and EPA.

2. Other Isaues and Observations

The Panel 18 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 {s the unanimous conclusion of the Panel,
however, that the topic of corrosion is of major importance to the repoai~
tory performance and that this conclusion is shared by DOE. The Panel has,
therefore, elected to provide ancillary comments that deal with {ssues
related to the corrosion program and about which Panel members have great
concern or strong feelings. These iasues were developed in response to
inquiries and df{scussions initiated by both the Panel and the project. In
some instances, the ancillary comments represent an extension of
observations summarized above.

a. Technical Ilasues

The following technical issues were {dentified 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 progran.

1. Definition of Failure Modes

The SRP believes that uniform corrosion is the only
plausible failure mode that can be quantified. It (s,
therefore, the only failure mode that {s 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
ensure that uniform corrosion remains the dominant corrosion
mechanism over the required time period., One candidate
alloy, Ti Code 12, is already known to most likely fail by
hydrogen embrittlement.

I

- -

Finally, the Panel notes that demonstration of the
absence or insignificance of localfzed fallure modes to meet
repository requirements {s difficult under the bdbest circum-
stances and will require talents that are not evident among
the SRP program participants. ‘



2.

Characterization of the Environment

The SRP {s dealing with seven sites. The Panel learned
that major variability of chemical environments can be
expected within candidate formations and concluded that
these variations would negate extrapolation of corrosion
results for a glven fixed environment. Thus, the Panel
concludes that the lack of detailed {nformation on the
repository environments inhibita generation of useful data
and calls into question the results of selection processes
for candidate materials.

Materjals Selection

A low cardbon ateel, A-216, was chosen as the primary
reference material principally because of its cost, fabdri-
cability, and the expectation that its only fallure mode
would be uniform corroaion at an acceptably low rate.

Actual SRP teat data showed that the corrosion resistance of
A=216 steel was inferior to a number of other alloys tested,
including A1SI 1020, a wrought material., 1t is generally
known that heatstosheat variations in cast ateels of the
A-216 type can be fairly broad within specification limits
(e.g., pearlite distribution), and corrosion dbehavior may
vary accordingly. Wrought products, on the other hand, are
inherently more uniform, both from the polint of view of
mechanical properties and corrosion performance, and have
narrover specification limits. Therefore, ft was not clear
to the Panel why A=216 {s being retained as a reference
mater{al. There was no indication that SRP was considering
a change.

Ti Code 12 was selected as the back-up material. SRP
is aware of the potential seriousness of hydrogen embrittle=
ment problems, and is conducting tests to quantify hydrogen
plckaup. SRP appears to be generating this additional
information in order to Jjustify disqualifying Ti Code 12.
The Panel noted that available data should be more than
sufficient to displace Ti Code 12 on the basis of hydrogen
emdbrittlement and hydrogen pick+up. However, the selection
of this alloy by Sandia for the WIPP program posed insti-
tutional prodblems that overshadowed the technical
considerationa,

The Panel concluded that the selection of A-216, a
steel which {s apparently inferior to other materfals tested
in the SRP program, illustrates the weakneas in the material
selection process. Further, adherence to titanium alloys
with a likely dismiasal 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 sudstantial and in need of rectification.



Pitting and Crevice Corroslion '

The propagation of pits is being studied but pit
initjation is not. The Panel believes that pit initiation
should be {ncluded in parametric studies that reflect sensi=
tivity to the parameters of time, temperature, and environ=
ment. The Panel qQuestioned whether the simulation of pits
by using amall pre-drilled holes in apecimens will yleld
demonstrably useful results.

The Panel also noted that electrochemical methods,
which are judged to be among the most suitabdle techniques,
were not being used for studying pitting and crevice corror
sion. The Panel was unable to discern the application of
any other test methods that could yleld data useful for
supporting or refuting the possibility of these corrosion
modes. The Panel recognizea the experimental and statis-
tical difficulties in atudies of the initiation of pitting
and crevice‘attack but believes that the absence of such
studies gr%/éetrlmental to the characterization of the
resistance of metals, especially carbon steels, to these
types of attack.

Stress Corroaion

The Panel belleves that relegation of scc to a lowe
priority atatus is {ncorrect.

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 {n mechanistic understanding.
The data obtalined thus far exhibit considerabdle and expected
acatter, making extrapolation to lifetime predictions ques-
tionable. The Panel bdelieves that other test protocols may
be necessary to yleld acceptadble 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-strainrrate tests will yleld data useful to
extrapolate 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 &lloy steels {s a probdlem
(e.g., CH, formation) and whether or not spontaneous strainh
aging occurs at low temperatures over long time periods in
or near welds. Furthermore, phenomena such as temper
emdbrittlement, which are not normally considered to be of
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significance for short time exposures, 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.

Radfation Effects and Hydrogen Process Damage

Hydrogen pick-up by Ti Code 12 (tested at PNL) suggests
that hydrogen embrittlement may be & problem for this
material. Yet, this corrosion mechanism does not appear to
have a high priority in the test program.

SRP is conducting tests to determine hydrdgen absorpr
tion rates of Ti Code 12 under {rradiation conditions.
Apparently, linear extrapolation of hydrogen absorption to
a threeshundredhbyear period in a number of environments
glves some of the SRP management confidence that Ti Code 12
is a good back~up material. On the other hand, there were
indications by some members of the SRP staff that Ti Code 12
should be disqualified because of its probdlems with
hydrogen.

For low alloy steels, see comments under Long-Term
Metallurgical Changes.

Closure of the Container

The attention given to problems that may be caused by
welded closures was judged by the Panel to be inadequate.
Metallurgical changes, such as the formation of martensite
in low alloy steels, are known to increase susceptibility to
hydrogen embrittlement as well as to other forms of local™
i1zed attack. This will be aggravated by the expected
presence of H,S, that has been all but ignored in the
testing program.

The Panel notes the absence of planning for a back-up
method of closure should the problems assoclated with the
failure modes of welds not be totally resolvable,

Modeling and Extrapolation

The Panel found no indication that the SRP has ade~
quately addressed the difficult issue of longkterm reliar
bility and extrapolation of data. A mathematical model for
selection of test parameters has been developed in which key
corrosion test parameters are i{nitially selected on the
basis of best educated guesses of expected corrosion rates
by a group of experimentera, The effort is apparently led
by a statistician on the SRP staff. The activities of the
group appear to be restricted to considerations of uniform
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corrosion, and no plans were evident to the Panel that would
extend the model to include localized corrosion effects.
Although it a2ppeared 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 in 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 corro-
sion mechanisms into the modeling process is the knowledge
and experience of each expert, Further, the modeling group
has not provided (and perhaps has not been asked to provide)
guidance with respect to the quality of the data that is
needed for use in reliability assesaments. 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 eatimates based on, at best, short-term
data for extrapolation to repository times. The Panel was
shown little informatfon on the results obtained dy the
modeling group and thus was not able to evaluate either the
coaoposition of the group of experts or the quality of its
output,

Data Quality and Quality Control

Formalized QA procedures are in effect to assure
complete documentation and retention of records, proper
authorizations for plans and experiments, etc. These
formali{zed procedures do not address the important aspects
of program planning, {.e., what kind of data is needed, the
relevance and usefulness of data once obtained, or accuracy
and precision determinations. SRP has atated that they will
rely heavily on expert opinion for assessments of the
quality of data and their underlying procedures, but they do
not have such a review procedure in place. The Panel {s not
aware how this will be accomplished and is concerned about
the efficacy of this process,

The Panel has not undertaken a detajled examination of
the quality of the experimental results on uniform corro-
sion. However, even a preliminary examination reveals that
the data quality is not adequate for longrterm extrapola-
tion, particularly in view of the unexpected changes {n
rates (and poasidbly mechanisms) already evident in their
data. Most other studies appear to represent screening
efforts. The Panel could not judge the quality 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 modeling are
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likely to be closely related to the extent of knowledgeable
planning that precedes the experiments., Such planning has
not deen evident.

Leadership, Management, and Review Processes

The Panel noted that the central core of SRP management
does not provide strong technical leadership.

The Panel concludes that a deficiency in the SRP
management group is the absence of expertise in the under-
atanding of the behavior of materjals with respect to
metallurgical changes, the various faflure modes due to
environmental exposures, and the experimental tools avail~
able to improve the state of knowledge, The experimental
corrosion program {s conducted entirely by external subconk
tractors with reliance placed on the technical expertise of
such subcontractors., The Panel belleves that this mode of
operation, to be successful, requires strong technical
coordination at the policy-making level that is sensitive to
the technical contributions from 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
di{d not appear to consider the metal darrier portion of the
overall program a significant prodblem and hence did not
warrant more than four partetime people. The overall corro-
sion effort of SRP was viewed by the Panel to be parochial
and outside judgments were nefther solicited nor welcomed.

The Panel found that there i{s no apparent external
review process of the experimental SRP corrosion effort in
place. The program management has a negative attitude
toward the MCC/MRB review of tesat procedures and data, and
has little or no intention of using MCC/MRB on a broad
acale. 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 corrosionerelated studies
applicable to a salt repository had been started {n 1978 by
SRP/ONWI. It is not clear to the Panel why, after seven
years, the SRP has not produced a coherent program plan and
substantive data pertinent to regulatory requirements. The
Panel has reservations concerning the applicadility of the
consensus test patrix methodology to the corrosion probdlems
attending the licensing of a repository.
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The Panel concludes that the SRP corrosion program {s
deficient in a strong and knowledgeable leadership, has been
subject to the debilitating effects of apparent neglect by
upper management, has been unable to focus on appropriate
technical goals, and results in serious uncertainty that the
DOE schedule can be met with d&ta of acceptable quality.
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AD Hoc CORROSION PANEL

GENERAL AND CoMMON FINDINGS - ALL REVIEWS

THE REQUIRED BROAD RANGE OF CORROSION STUDIES THAT ARE
NEEDED TO SATISFY NRC/EPA CRITERIA ARE ABSENT. ONLY
SELECTED CORROSION FAILURE MODES ARE BEING STUDIED.,
BASED ON WHAT IS EASY TO DO, WHAT CAN BE EASILY
EXTRAPOLATED, OR TESTING TECHNIQUES FAMILIAR TO STAFF.
THE NEED TO SHOW ABSENCE OR INSIGNIFICANCE OF OTHER
FAILURE MODES IS GENERALLY NOT APPRECIATED OR PART OF
PROGRAM PLANNING.

SOME IN-HOUSE EXPERTiSE IN CORROSION AND METALLURGY IS
ABSENT OR WEAK., RESULTING IN TECHNICALLY WEAK PROGRAM
LEADERSHIP., A MAJOR IN-HOUSE EXPERIMENTAL CORROSION
EFFORT 1S BEING PURSUED BY ONLY ONE PROJECT.



MATERIALS REVIEY BOARD

AD Hoc CORROSION PANEL

GENERAL AND CoMMON FINDINGS - ALL REVIEWS (CONT’D)

3, ALL PROJECTS HAVE REJECTED THE USE OF MCO SYSTEM AS
ORIGINALLY INSTITUTED BY MSC. N2 SIGNIFICANT USE OF
THE MCO SYSTEM AND THE HANLBOOK IS PLANNED BY ANY
PROJECT. INVOLVEMENT OF THE MCC IN PLANNING THE
OVERALL CORROSION PROGRAM FOR OCRWM IS NIL.

y, THERE 1S A GENERAL ABSENCE OF OPERATIONAL PLANNING FOR
THE UPCOMING LICENSING PRO&ESS. PROJECTS HAVE NOT
IDENTIFIED WHAT IS NEEDED FOR LICENSING. CONCERNS OVER
DATA QUALITY, VISIBILITY OF THE PROGRAM, AND LONG-TERM
EXTRAPOLATION AND MODELING OF ESTABLISHED FAILURE
MECHANISMS ARE NOT.PART OF THE NEAR-TERM PROGRAM
CONF IGURATION,
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PAATERIALS REVIEW BOARD

AD Hoc CORROSION PANEL

SUMMARY OF FINDINGS - MCC

1. MCC DOES NOT HAVE 1TS OWN CORROSION PROGRAM. ROLE OF MCC
IN CORROSION (NOW) SIMPLY PROVIDES LABORATORY SERVICES.

2, CORROSION MECHANISMS BEING ADDRESSED ARE UNIFORM CORROSION
AND A MODEST EFFORT ON STRESS-CORROSION CRACKING. LIKELY
FAILURE MODES ARE NOT BEING ADDRESSED BY THE MCC.

3. QUALITY OF WORK IS NOT ADEQUATE AND RESULTS MAY NOT BE
REPOSITORY RELEVANT, ACCELERATED TESTS ARE NOT BEING
DEVELOPED.

4, MCC-PROJECT INTERACTIONS ARE UNSATISFACTORY. A ONE-
DIRECTIONAL RELATIONSHIP WITH TWO OF THE PROJECTS EXISTS.

LITTLE OTHER TECHNICAL INTERACTIONS WITH PROJECTS WERE
EVIDENT.

5. MCC PROGRAM NEEDS FOCUS AND DIRECTION. ANTICIPATED
RESOURCES FOR MCC CORROSION WILL PROBABLY NOT OVERCOME
MALAISE OR UNSUITABILITY OF STAFF FOR THE FORMIDABLE
TASK OF DEVELOPING AND IMPLEMENTING A COMPREHENSIVE
PROGRAM,
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MATERIALS REVIEW BOARD

AD Hoc CORROSION PANEL

SUMMARY OF FINDINGS - BWIP

1. BWIP CORROSION;PROGRAM FOCUSED ON UNIFORM CORROSION.
INSUFFICIENT ATTENTION TO DEMONSTRATION THAT OTHER
MODES ARE NOT SIGNIFICANT. PLANS FOR THE LATTER ARE
NOT EVIDENT. INADEQUATE ATTENTION IS GIVEN TO CLOSURE
PROBLEMS THAT ARE EXACERBATED BY THICK CONTAINER WALLS.

2. WUANTIFICATION OF CORROSION RATES AND EXTRAPOLATION OF
THESE RATES ARE NOT ADEQUATELY CONSIDERED. MODELING
EFFORT IS INADEQUATE AND NOT REPOSITORY RELATED,

3. EXTERNAL REVIEW OF DATA FOR LICENSING PRIOR TO SUBMISSION
To NRC NOT PLANNED., OUTSIDE EXPERTISE NOT USED AND
EXTERNAL REVIEWS OF PROGRAM AND RESULTS ARE ACTIVELY
DISCOURAGED, IN-HOUSE EXPERTISE IN CORROSION 1S WEAK,

b4, CORROSION RESULTS NOT OBVIOUSLY RELATED TO REGULATORY
REQUIREMENTS.,




MIATERIALS REVIEW BOCARD

AD Hoc CORROSION PANEL

SUMMARY OF FINDINGS - NNWSI

1. INADEQUATE BASIS FOR MATERIAL SELECTION OF STAINLESS STEEL
AND AGAINST ASVICE OF CONSULTANT. MUCH OF CORROSION
PROGRAM STILL IN SCOPING/SCREENING STAGE. PROBLEMS
ASSOCIATED WITH CLOSURES NOT BEING ADDRESSED.

2. PROGRAM PLAN IDENTIFYING WAY TO REACH CORROSION GOALS
NOT AVAILABLE., MODEL DEVELOPMENT AND EXTRAPOLATION
ISSUES NOT BEING ADDRESSED. APPLICATION OF CURRENT
EXPERIMENTAL RESULTS NOT OBVIOUS.

3, NO EXTERNAL REVIEW OR GUIDANCE FOR PROGRAM IN PLACE.

y, INTERACTION WITH MCC MINIMAL AND STRAINED. PLANNED
SUBMISSIONS THROUGH MCO SYSTEM MINIMAL.
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MIATERIALS REVIEW BOARD

AD Hoc CORROSION PANEL

SUMMARY OF FINDINGS ~ SRP

1. ABSENCE OF PERTINENT REPOSITORY INFORMATION MAKES
MATERIALS SELECTION QUESTIONABLE AND INHIBITS COLLECTION

OF USEFUL DATA.

2, .UNIFORM CORROSION THE ONLY FAILURE MODE CONSIDERED.
SRP POLICY OF ENGINEERING AROUND ALL -OTHER (MORE LIKELY)
MODES BELIEVED TO BE UNWORKABLE. EFFORT TO SHOW
LOCALIZED CORROSION TO BE INSIGNIFICANT IS INADEQUATE.

3, MODELING AND MECHANISHM STUDIES TO SHOW COMPLIANCE WITH
REGULATIONS ARE NOT CORRELATED WITH EXPERIMENTAL PROGRAM
OR ARE ENTIRELY ABSENT.

y, NO INTENT TO SUBMIT TO EXTERNAL REVIEW BY MCO SYSTEM
WAS EVIDENT,

S. SRP STAFF LACKS EXPERTISE IN IMPORTANT METALLURGY AND
CORROSION AREAS. KNOWLEDGEABLE LEADERSHIP OF PROGRAM
NOT EVIDENT. ABILITY TO MEET OVERALL LICENSING
MILESTONES APPEARS ABSENT.
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