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NOTICE TO READERS

At the request of the Salt Repository Project Office (SRPQ), Argonne National

Laboratory carried out a review of two closely related repcrts entitled,
"Design of & Multifactor Life Test to Investigate Uniform Corrosfon of
Low-Carbon Cast Steel as a Nuclear Waste Package Overpack Material in a Salt
Repository Environment,” ONW] 0/TM-48.%* and "Methodology for Predictin? the
Life of Waste Packagg Materials and Components Using Multifactor Accelerated
Life Tests,” ONWI-501. The two documents provide the approaches {n designing
a test program to investigate uniform corrosion of low-carbon cast steel in a
salt repository environment. The results of the test will provide the
characteristics of the reference overpack material and the data base necessary
to support design, modeling, and licensing activities associated with the salt
repository project. .

Specific instructions were provided to the review panel to define the scope of
the review. The panel also reviewed the documents from the qverall point of
view, Valuahle comwents were provided that should contribute to the quality
of the documents and the improvement of the design of our test program.

NS N

R. C. Wunderlich
Deputy Project Manager
Salt Repository Project Office

SRPO:KKW:max:J32288 ST# 746-84

*A microfiche copy of this report {s attached to the inside back cover of
this report,
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FOREWORD

Documents are being submitted to the Salt Repository Project Office (SRPQ) of
the U.S. Department of Energy (DOE) by battelle Memocial Institute's Office of Nuclear
Waste [solation (ONWI) to satisfy milestones of the Salt Repository Project of the
Civilian Radioactive Waste Management Program. Some of these documents are being
reviewed by multidisciplinary groups of peers to ensure DOE of their sdequacy and
oredibility. Adequacy of documents refers to their ability to meet the standards of the
U.S. Nucierr Regulatory Commission, as erunciated in 10 CFR Part 60, and the reguire-
ments of the National Environmental Policy Act and the Nuclear Waste Poliny Act of
1982. Credibility of documents refers to the validity of the assumptions, methods, and
conclusions, as well as to the completeness of coverage.

Since late 1982, Argonne National Laboratory has been under contract to DOE to
conduct multidisciplinary peer reviews of program plans and reports covering research
and development activities related to siting and constructing a mined repository in sait
for high-level radivactive waste. This report summarizes Argonne's review of two ONW!
documents. The first report is an internal technical memorandum that treats the design
of a multifactor life test to investigate uniform corrosion of low-carbon cast steel. This
steel is being considered (or use as an overpack material for nuclear waste packages to

. be emplaced in & mined repository in salt. The second document is a published report
that covers the methodology used by ONWI to predict the life of waste package
materials, a methodology used, in part, by the authors of the internal technical
memorandum. .

Argonne was réquested by DOE to review these reports on May 14, 198¢ (see
App. A). The review procedure involved obtaining written comments on the reports from

four members of Argonne's core peer review staff and from two Argonne experts and one

extramural expert in related research areas. The peer review panel met at Argonne on
June 11, 1984, and reviewer comments were integrated into this report by the review
session chairman, with the assistance of Argonne's core peer review staff. All of the
peer review panelists concurred in the way in which their comments were represeated in
this report (see App. B). A draft of this report was sent to SRPO on June 21, 1984.
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RADIOACTIVE WASTE ISOLATION IN SALT:

PEER REVIEW OF THE OFFICE OF NUCLEAR WASTE ISOLATION'S
REPORTS ON MULTIFACTOR LIFE TESTING OF
' WASTE PACKAGE MATE:IALS

by

C.C. McPheeters, W. Harrison, J.D. Ditmars, A. Lerman,
D.M. Rote, D.E. Edgar, and D.F. Hambley

SUMMARY OF RECOMMENDATIONS

This Argonne report reviews two related documents prepared by Battelle
Memorial Institvte's Office of Nuclear Waste Isolation (ONWI): Design of a Multifactor
Life Test to Investigate Uniform Corrosion of Low-Carbon Cast Steel as a Nuclear Waste
Package Overpack Maternal in a Salt Repository Environment, O/TM-48, an ONW|
internai technical memorandum that is relatively preliminary in nature, and Methodology
for Predicting the Life of Waste-Package Materials and Components Using Multifactor
Acceterated Life Tests, ONWI-501, a previously reviewed and published report. The
following recommendations for impruving the two dovuments have been abstracted from

.the body of this review report. In general, the peer review panelists found serious )
deficiencies in O/TM-48. while UNW{-501 was judged to be generally understandable and
useful, aithough certain amplifications of the methodilogy were deemed desirabdle.

O/TM-48: DESIGN OF A MULTIFACTOR MATER!IAL-LIFE TEST

This report shouid be revised and sugmented to:

1. Explain the relationship between the methodology for scoelerated
material-life testing, as described in ONWI-501, and the long-term
test design being considered In O/TM-48.

Show how the proposed testing relates to other corrasion testing in
ONWI/'s national waste package program, with particular attention
to completed and ongoing testing.

Document the reasons for selecting uniform corrosion as the basis
of the test program and low-carbon steel as the test material.

Provide an adequate connection between the body of the report
and the recommended, but unsupported, test pian in Table 6.

Describe more completely the method of “pruning™ used to reduce
the complete factorial design shown in Table 2 to the experimental
matrix given in Table 6.




1.

Follow the guidelines of ONWI-501 more closely, particularly those
related to documentation of the essential aspects of test-plan
formulation.

Describe the types of data to be collected and discuss how these
data will be used in demonstrating compilance with U.S. Nuclear
Regulatory Commission eriteria and guidance.

The manner of presentation in O/TM-48 should be improved by:
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Providing at the beginaing of the report a sectlon on background,
cbjective (or purpose), and scope.

Defining upon first use the terms "overpack” and “reference over-
pack material.”

Including information on the theoretical or experimental areas
covered by the panelists and their duties and responsibilities as
participants in the test design group.

Giving examples of how the design team attempted to carry out
each step of t™2 method given in ONWI-501,

Providing complete definitions for each variable or parameter in
Table 1, together with the rationale for their selection.

Specifying the two types of brine studled by using a notation other
then "e” and "1/e.”

Explaining what is involved in modify .¢ the test matrix "as more
data become available from experiments currently underway.”

Informing the reader of the relationship of App. A to the réit of
the document and clarifying many of the bulleted items in that
appendix.

Relating information on drine composition to published references,
wherever possible.

ONWI-501: METHODOLOGY FOR PREDICTING MATERIAL LIFE

authors of this report should have:

Provided stronger and more specific links between two generic

~ concepts, performance degradation and time to failure, and the

objectives of uniform corrosion testing, the primary type of life
testing being addressed.



Expanded the discussions of the test stresses to include consicera-
tion of the stress charucteristics that may frustrate the
appropriate and successful application of the methodology.

Provided specific guidance on the method of predicting failure or _

- long-term performance once hypothetical or real test results are

available (or deleted the words "methodology for predicting” from
the title).

The understandabdility of ONWI-501 would be improved if it

Explained how the equation on page 42 Is related to the original
reaction rate model of Eyring. The. mathematical form alone s
not sufficient to call the equation “the Eyring model.”

Provided improved descriptions of the procedures given for
computing the values used in the factorial tables and hierarchical
trees.

Addressed the issue of variable uncertainty in the currosion rate
estimates and its potential effect on the analysis.




1 INTROUUCTION

(‘orrosion-resistant wasie package materials are important components of the
engineered barriers of a nuclear waste isclation system. A durable container (overpack)
for ti:e waste canister should prevent hydrothermal interactions between the canister and
the wasie torm it contains. Battelle Memorial Institute's Office of Nuclear Waste Isole-
tion (UNWI) Is under contract to the U.S. Department of Energy's (QOE's) Salt Repositoryr
Project Office (SRPU) to design an overpack to isolate commercial high-level radioa tive -
waste in & repository constructed in salt,’ '

Argonne National Laboratory conducted a peer review of ONWU's design of & test.
to investigate uniform corrosion of low-carbon cast steel overpack materials, as rep )rted
in an ONWI internal technical memorandum, O/TM-48: R. Cote and R. Thomas, Design
of a Multifactor Life Test to Investigate Uniform Corrosion of Low~Carbon Cast Steel as
a Nuclear Waste Package Overpack Material in a Salt Repository Environment (1984).
The Argonne review aiso considered cn ONY methodology for predicting the life of
waste package materials through use of a - 'factor accelerated corrosion tests, a
methodoiogy detailed in & published ONWI[ rep. .. ONWI-§01: R. Thomas and R. Cote,
Methodology for Predicting the Life of Waste-Pu. 1ge Materials and Components Using
Muitifactor Accelerated Life Tests (198)).

Argonne's peer review involved obtaining written critiques of both ONW!
documents from four members of Argonne's core peer review staff and from two Argonne
experts and one extramural expert in related research areas. The Argonae panelista then
reviewed all of the comments, and the review session chairman drafted the present
report, with the assistance of Argonne's core peer review staff. Panelists did not contact
ONWI personnel, and none of the panelists have been involved in any programs sponsored
by DOE or directed by OONWI| such that their participation in the review could be
construed a. a conflict of interest.

Although no specific guidance was provided to Argonne by DOE/SRPO on how the
review of the two reports was lo be conducted, a set of questions and requests for
comments were prepared by DOE/SRPO to assist in the review process (see App. A).
These questions and requests for comments form the basis of Sec. $ of this report. In
addition, Secs. I and 3 relate the test design report, O/TM-48, to regulatory
requirements and recommend improvements in the presentation of material in O/TM-48,
respectively. Section 4 considers & variety of technical issues related to both ONW!
reports, and Sec. 6 presents e page-by-page commentary.




2 REGULATORY ISSUKES ARD (/TM 48

B.tn the UN, Enviconmenta! Protection Agency (EPA) and the U.S. Nuclear
Reguln® oy Commission (NRC) have developed regulations pertinent to the performance
of repositories for high-level radivactive waste. Hecnuse tte EPA standards are not yet
in fingl form, only NRC reguiations are considered in the foliowing discussion.

Waste package performance 1s addressed by NRC in several sections of 10 CFR

Purt 60 (U.S. Nuclear Regulatury Commission, 1981). Package integrity is of concern
relative to See. 60.111{b), which requires that the ahility 1o *etrieve waste be maintained
fur up to 50 years after waste emplacement operations hegin. More specifically, Sec.
60,1 13(aNIXNKA) states that “containment of HLW [high-level waste] within the waste
prexages wiil be surstantially complete for & period to be determined by the Cumirvission
«. provided that such period shall be not less than 300 years nor more than 1000 years
sfter permanent closure of the geologic repository,” and Sec. 80.1)3(a) (1 H1i)(B) stipulates
tha! "the release rate of any rudionuclide from the engineered darrier system following
‘e countainment period shall not ecceed one part in 100,000 per year of the inventory of
tt radionuchide calculated to be present al 1000 years fullowing permanent closure.
..." Sectiun 60.135(aM1) further requires that "packnges for HLW shall be designed so
thut the in situ chemical, physiceal, and nuclear properties of the waste package and its
mieractions with the emplacement environment do not compromise the function of the
was'e packages or the performance of the underground fac lity or the geologic setting.”
Finally, Sce. 60.143 presents information on the monitoring and testing program required
to vvaluate waste package perfo. ...ance before repository closure.

The Nuclear fegulatory Commission has published a draft technicsl position on
waste package per’ormance after repository elosure (Davis and Schweitzer, 1983), which
presents the major issues and problems associated with eva,uating the ability of a waste
package to comply with the performance objectives and the c:iteria and design require-
ments stipuiated n 10 CFR Part €0 in general, and those in Sec. 60.113 in particular.
This document notes that scvera] alternatives are available 1o adaress the performance
criteria. 'n general, the objectives may be achieved by the whole waste package or b,
the individus) components (waste formis], container system, and packing). As stated in
Davis and Senweitzer (1983, p. 6-7), NRC's preferred approsches for ensuring compliance
ol 4 waste package with NRC criteria are, in decreasing order of acceptability:

Combinations of independent high-integrity components which, by
their individual behavior, can satisfy the “NRC ecriteria (i.e.,
redundant compliance),

A single component which, by itself, can satisfy the NRC criteria,
in combination with other barriers that may not individually meet
these criteria (single compliance).

Jomingtions of cuomponents that cuoperatively comply but indi-
vidustly do nut completely satisfy the propised NRC criteria.
These cumponents seting together cun be assigned, with some level




of -assurance, credit for complying with the performance objectives
(composite compliance). The package constructed from these
components shou.d satisfy the 300- to 1000-year containment
raquirement. '

el ol these aptivns involves different considerations in terms of demonstrating,

“ressonadle assurance” of the necessary compliance with the performance criteria.

Davis und Schweitzer 11983) identified a number of major, generic issues related
tu reducing the uneertainties in waste package performance after repository elosure (i.e.,
szues that are independent of material and design choices and specific repository site
vondition,).  These generie 1ssues sie (1) characterization of repository water and
vroundwater attributes, including chemistry and flow rates; (2) anticipated repository
lemperatures; (3) predictability of accelerated testing of waste puckage materials (i.e.,
meehanising responsible for aging and estimated rates of degradation identilied under
acrelerated conditions imay not be applicable to normal stress conditions); (4) radiation
effects; (5) total puekage testing, as opposed to testing of only individual components;
16) use of statistios to demonsteate compliance; and (7) use of modeling. Davis and
Scehweiteers publication should be consulted for the details of each of these issues and
e currespunding NRC positions,

it 1 difficalt 1o evaluate the test design presented in (/TM-48 in terms of NRC
roguirements because the testing effoet deseribed there is presumably only vne portion of
DOE'S waste packnge program and because NRC apparently wil! require that compliance
Le demonsteated fure the entire packege and engineered barrier systems. It was assumed

durig this review that complisnce would not be based sulely on the performance of this

low carbun cist steel overpack component of the package.

Fhe existing report would benefit from the addition of a section that describes
e relationsn p of this particular testing activity to the larger waste package program
uft) presects 'he eurrent thinking on how the program will address NRC licensing
requirements, This discussion should present the rationale for selectine low-carbon steel
#y the les! 'nnterin: and for evaluating unifoem corrosion rather than other modes of
vietiend foiuce (such as pitting coerosion, crevice corrosion, galvanic corrosion, stress
varsnsion, selective leaching, and hydrogen embrittlement) and shuuld provide informa-
Yiaf: un Whe othier malerigis amd degradation mechanisms that are being considered and
tested tor other package coinponents. The discussivn shouid also recognize that the
teatity progtam is to provide the information necessary for licensing and address the
pvues v ntitied by NRC, Although some information on completed tests is presented in
Anp. A of OfTM-4Y, it 4, difficult to determine how these test results are related to
WPnseserd teats, to enea uiher, or to the antire waste packuge program,

e o7 tie regulatory voncer |, presented by Davis and Schweitzer (1983) is that

e anticipated fegository envieonment of the package be accurately characterized and

al e teting prograun be cepresentative of these conditions. The two brines to be

cen e the peopeicd tests are dentified as Permian Basio Hrines 1 and 2, and their ionic

vt are presented in App. B oof /TM 38, e basis toe selecting these

Coees D aind the evidenes that sweh compositions e representative of anticipated
ety conditiens should be deseribed.
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Additional details shuuld be provided on the specifies of the experimental
methodology and the types of data to be coliected. Although an experimental matrix is
preserted, details on these two topics are lacking. Two fundamental issues raised by
Davis and Schweitzer (1983) are the detailed physical and chemical processes operative
at the metnl-fluid interface (e.g., do corrosion products semain on the metal or are they
removed to expose new material?) and the effect of the package and degradation
products on fluid chemistry. The existing discussion provides no information on whether
these topies will be evaluated curing the course of the experiments.

Some difficulties exist in evaluating the specific information needs for license
application. The exizting NRC criteria contgin terms such as "reasonable assurance” and
"substantially complete containment.,” Because these terms are unclear, additional
guidance and clarification by NRC will be required to ensure that information provided
by DOE is sppropriate. Duvis and Schweitzer (1983) correctly note that evalualing
whelher a wasle package romplies with regulatory criteria requires judgment. They also
nute that "reasonable assurance” is the concept to be used to determine whether the
data, models, and rationale submitted justify the performance claimed. Here, too,
reasonable assurance requires judgment.

In generai terms, it appeurs that the experimentai program described in O/TM-48
is intended to coilect some of the data required to support the application for a
repository .icense. However, because of the qualitative nature of the criteria and the
absence of specific guidelines for obtuining requisite information for their evalustion,
the ability of the propused experimental program to meet anticipated licensing require-
ments eannot be objectiveiy evaluated with any reasonable degree of certainty.



3 SUGGESTIONS TO IMPROVE PRESENTATION IN O/TM-48

As presently written, O/TM-48 is sometimes difficult to understand and lacking
in needed detail. The following suggestions should assist the authors in their next
revision, )

3.1 INTRODUCTORY MATERIAL

3.1.1 Need for & Section on Background, Objective, and Scope

Strong statements of background, objective, and scope are needed at the begin-
ring of O/TM-48. Although the first paragraph in the Intruduction (p. 1)* is a statement
of objective and scope, it is so brief as to be frustrating. At a minimum, it raises the
following important questions:

Is this the only corrosion test matrix under test by ONWI?

Has ONWI prepared a document describing a design-basis scenariv
hat specifies expected repository conditions as a function of time

. (e.g., oxygen potential, temperature, stress, radiation level, and
brine quality)?

Are the data from this test progrum expected to provide the entire
corrosion "data base necessary to support design, modeling. and
licensing activities ..."?

Anovther statement of objective is found on page 3: “... obtain a statistically
suund data base ont the performance of low-carbon cast steel in & salt repository
environment ..." This statement is too broad. Only one corrosion mechanism is
addressed in this document -- uaiform corros” a. The term "performance” implies an
entire speetrum, not just one performance measure,

Hetween the title, the introduction, the section un results, and App. A, one can
atmnast form o picture of the uverall corrosion program, where this test program fits in,
and the seope of the testing activity., However, a separate section that clearly describes
these things would be much mare helpful, as would s description of the relationship
~etween ovagaing and compieted tests and the test design.

A\ pape, tante, and figure numbers, ss well ds section headings, ure from (/TM-48
arpess otherwise speeified.




3.1.2 Definition of Overpack and Explanetion of its importance

N Inasmuch as the term averpack is used in the title, it should be defined clearly
upon s first use.  The following definition would appear adequate: secondary externsl .
cantainment for the waste canister, or the metallic container into which the canister is v
placed,

The authurs should slso explain why overpack materials, rather than camister
muterials, are being addressed. |f different lifetimes (corrosion properties) are being
g contemplated, the authors should explain why. The Introduction mentions "the reference

' overpack material,” but does not explain what is involved. Since the authors state
D that "the results of this work will be used to characterize the reference overpack
material ...," 1t is extremely important that said reference overpack material be delined.

3.1.3 Areusof Expertise, Roles, and Affiliations of Key Participants

The names and affiliations of 10 key participants of the test design group are v
given in the Introduction. The credibility of this group may be beyond question, but
renders unfumniliar with the individuals cannot make that judgment., At the very least,
the theoretical or experimentai areas of expertise of these individuals should be

. indicated. (An sppendix containing ane-puge resumés (or each participant would a.so be i
desirabie.) The roles of the panelists -- such as committee duties and responsibilities --
should also be spelled out. ' :

The compousitivn of the group is likely to raise guestions. Why are 9 of tae 10

Jarticipants affilisted with Battelle's Pacific Northwest Laboratory? Were so many of 7
the participanis selected (rom that laboratory because of travei considerations or for
case of interaetion?  Other national laboratories are studying the corrosion of waste
pucxage materieis and could have supplied team members who "represent the various
scientific disciplines that are associsted with the physies of the degradation prouess”
{ONWI 501, p. 5). Sandia National Laboratories, in particular, could have undoubtedly
supplied participants with extensive, us -ful experience in the corrosion of waste puckage
materials by repository brines.

To summarize, an adequate case must be made for the credibility of the test
design group. At present, critical readers would be unconvinced that the "responsibility
for the accelerated test designs (has been assigned] to a highly competent team of inde-
pendent scientists selected to represent an appropriate mix of scientific and statistical
disciplines™ ((INWI-501, p. 1)

3.2 TEST DESIUN METHODOLOGY

. fn the Test Design Methodology section of (1/7TM-48, examples should be given of o
avw the design teain sltempled to carry out each step of the niethod given in ONW,-
HY /RN o an approach would provide a needed lhogical strueture for Lhe subsequent

. . . K ' &
eapinnatiuon gader "Resaits.” tor example, under the first bullet un page 2, the naturs »
e mulhidiseiplinary team snd now it funetioned could be explained. Under the secunc
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bucet, an example could be given of how the team's test matrix reflected "both the

wtalistical) experimental design and the dauta analysis chacacteristies thut are required

to identify magnitudes of different stresses and theie interactions.” Uader the thied

bullet, details could be presented on huw 4 tean member made "quantitative predictions
of the experimental cutcomes associated with eac,, v ymbination of stresses."

in addition, the authors should expl:.. ihe relationship between the methodology
fur avcelerated life testing (ONWI-501) and the long-term test design being considered in
(O/TM-48. Such additional information, presented in a logical step-by-step fashion, would
Zreatly improve the understandability of ()/TM-48. ’

3.3 RESULTS

The first paragraph of the Results section (p. 3) deals with objectives and should
be moved to the Introduction or piaced under a new heading or subheading, such as
"Objestives and Scope.”

The sevond puragraph on the same page indicates that the five bullets that foliow
cover key results and conclusions from the initial meeting of the test design team.
{However, the second bullet on page 4 may be irrelevant to the present program.) [t is
not clear whether the text that follows the fifth bullet covers additional results of the
first meeting. If not, appropriatle subheadings are necessary, beginning at the top of page
5.

Also, in the second paragraph on page 3, "the dominant failure mechanism” is
identified us uniform corrosion, but no explanation is given for its selection. Because the
choice of a dominant failure mechanism is a eritical issue, the basis for the choice should
be described in detail.

The title of Table 1 (p. 5) is confusing. Are the words "associated with"
equivalent to "choseti by the test design team for"? How were values for tempecature,
radiation, dbrine cumposition, and SA/V selected? I[s the parameter SA/V a flow rate, as
nidicated in Table 1, or a surface-areu-to-volume ratio (and related flow rate), as defined
on page 157 What is implied by "Flowing, Static” opposite SA/V in Table 1? For the
docuirent to be understandable, complete definitions are needed for each variable or
parameter, as is & statement of the rationale for selecting the vajues for each.

Specification of the two types of study brines by means of the notation "l/e" and
“e" (p. 7} is completely meaningless as far as the chemical characteristics of the brines
are concerned. [t may be 8 matter of algebraic expedience, but no one can tell anything
atmut a brine that has been identified as "l/e.”

1.¢ SUMMARY

1re conclusion of the Summary (pp. 15-16) is unciene. A bettec explanation is
teentied of fow the test matrix will be modified “as more data become available from
caperiments currently underway.” The kinds of data that will be furthecoming should he




deseribed, as shouid the experiments that are underway.  The overall reiationstip
betwern OFTM-48 and the actual testing program should also be explained.

3.3 APPENDIX A

The title to App. A in ()/TM 48 does not make sense. What is meant by "matrix
of structural barriers tests™?  Also, what is the context for this matrix?  What
reintionship does it have to the rest of the document? Which inaividuals or what groups
vondueted each test? 1t is desirsble that the tests be related to published references, il
any are available,’

Muny of the bullets deseribing test conditions need clarification or amplification
to muke them understandable to readers unfamiliar with the jucgon used in the field of
currosten testing. For example, how does one interpret the following?

¢ Onientations = TL, LT [Test 3}
& Samples = corrosion coupons {Test 2¢)
e Urientations = through-thickness, paraiicl to surface [Test 6}

Finally, although the title of this appendix includes the words “tests completed,”
the status of Test 2b and parts of Tests 3 and 1 is given a3 “in progress™ and that of Test
6 us “initiated November 1983." This basie confusion shouild be resolved,

3.6 APPENDIX 8

It 1s generailvy desirable to relate brine compositions to published references
wherever pussibie.  For example, the stratigraphic positions from whence the brines
came may prove to be important to performance assessment considerations at some later
dute.  Also, une vould question the composition of Heine No. 3, whose listed chemical
compusition is not well balanced. The concentrations of the cations exveed those of the
aftions by about 8% (cations: 6.388 equivalents/liter; anions: §.957 equivalents/liter).
There is either tou much of something on the positive side or too little on the negative
side, «.r both.




4 TECHNICAL CONSIBERATIONS
4.1 O/TM 48: DESIGN OF A MULTIFACTOR MATERIAL LIPY TEST
¢.1.1 Specification, Description, and Application of Key Stresses

Speeification of Key Stresses. The (Y/TM- 48 repurt deals with the corrosion
effects of tour stresses:  temperature (70°, 150°, and 250°C), radiation (103 and 10°
rad/hart, e composition (intrusion and inclusion brines), and brine flows (static and
- flowing),

if the effects of pressure at the in situ conditions of waste package buriul are
maignifiennt ti.e,, if lithustatic or hydrostatic pressures do not affect the anticipated
veeronion fates, this should be stated clearly in the repurt. Also, it seems surprising that
SAV (flow) is convidered more important than air/no-air conditionz, Flow of beine will
oty seeur ginder aceident conditions (repository flouding), while air will certainly be
present nftee empiacement and for s significant fraction of the life of the containers. Is
ttus an experimental convenience or 8 belief on the part of the team that brine flow is
wore reatistie or 8 lugher stress than the presence of air? Consider that Basham 1984,
#2380 feund thet for cast steel, oxie conditions resulted in igher corrosion rates than
inunie eonditions,

Deseription sand Application of a Key Stress. Hrine compusition, one of the four
aey stresses, in not adequately descridbed in terins of the inain parameters thut can be
smomtored and those that ean affect the corrosion resetions. Appendian B gives tne
sompositions of theee brines.  Brines | and 2 are verv similar to eacn other und are
feterred to an the text as antrusion brines, while Hrine 3 15 the inclusion brine. The
htrunicn B s are eluse o saturstion with respect to NaCl [t is iikely that NaC'l wouid
ctrer preep tnte from the solution or dissolve from the host roek, dDul whether it did
PTNTH | d.-,wml o loegl changes in tempereature and brine composition,

Hrooes 1 oand 2 vontain caleium and suifate, sbout 4.5 grams (‘asu“ per liter in
Hrose 1 oandt 2.7 grams (.'ah'll_' per liter in Brine 2. Saolutilities of ('n:\‘(l‘ (solid phase
Sapan, Cant) 2,00 in pure water and in NaCloaquesus solations bescket the Caso,
“eneeateations o the subject Perctian brines:

Hatr, 652 100°%¢;

salubility 1.9 to LB grams CaSO, per liter

I Seidell’s solubititios
ol moreanie compoumis

50 320 grams NaCl per liter, 25°C: ‘

oibility 6.5 1o 5.7 grams CasOy per iiter

T abreve stsitatitly vahies, 1t iy coneeivable st gy pranh could precipitate loeaily.




teinperatoure, and
iR brine,

Farameters A through F csn be obtained statisticaily fiom the “consensus date” on the
voerrosion rate CR. Equation 1 can be simplified to:

¢l kT (2)

by making the futlowing substitutions:
KAk,
n(R) : r,
UKR) - b, and
a  Hoer!)ebl,

Although Eq. 2 does nut diatinguish between the effects of individual stress factors, it
Lives an dentical depeadence of the corrosion rute on temperature and other para-
meters.  lhus, if the eurrosion rata CR were determined at different temperatures,
keeping ml the uther parameters at their constant values (i.e., presumably independent of
temperature), then the geaphs of In(CR) plotied aguinst 1/T would be identical. The data
m Iables 3 and 5 give ronsensus est.mates of the corrosivn rales at three temperatures
foor Ywor i es and two levels of radistion, for a total of 3-2° : 17 courrusion rate values.
These dutn are shown plotted e Fig, | and consist of twu curves for a low-magnesium
hrine (e "1/e™ and two curves for a high-magnesium brine (brine "e”), for low and
nign Padtation levels, respectively,

it *ne Eyring model held for the results, the three data points (three tempera-
tures) fur eneti consensus experiment would fail on a straight line. As Fig. | shows,
Fawever, cotsiderable departures from linearity are clearly visibie to the eye, with no
need for statistical nnglysis of the data. Thus, a coneclusion that the Eyring model does
not apply o the duta should be drawn for the entire set of the consensus estimates, nat
only Yor tae high-lemperature portion of the set. :

T derermine whether the Eveing model is appropriute to corrosion of iron in a
bt flead in satine brines at elevated temperatures, the behavior of the individual
~Eean Detors and their interactions must be examined. ULLaMin a statistically good fit

Yot cuniset s estimates to the Eyring model cannot be meamngful if the individual
e~lrintes are Dused o differert corrosion meehunisim mudel..

For the three temperature data points (see Fig. 1), either the Eyring (or
Arrhenits) moaded does not f11 or the power exponents (i3, 1), F, and a) in Egs. | ang 2 ace
YerLenstare deperdent. Such g conelusion is obvious!y unsatisfactory.

e of the prablems seems to he an the dev:inition of the stress factors. Hemne
Cedpeatran o, not o sulficiently precise stress Vactor, as explained earlier, and the
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additional stresses originating from the irradiated host rock have aot been expiicitly
included in the model. To test the applicability of the Eyring model, one must know
wmure about the corrusion meshanism, which requires a better undersianding of the
chemical changes taking place in'a system comprised of #n iron allov, salt brine, and a
nost rock. A departure from the simple Arrhenius, ur Eyring, plot -- such as that shown
in Fig. 1 - .nay aisv indicate that the mechanism of the chemical reaction changes with
temperature. if this is the case, understanding the relevant mechanisms is indispensable
o auceesstul modeling.

. 4.2 ONWI 501: METHODOLOGY FOR PREDICTING MATERIAL LIFE

The teennical purpose of the ONWI ¢ cument s elear. Huwever, the scope and
abjective of the technical discussion and the deptn to which some tupics are covered are

LT




1)

not alwavs well defined. The report title, Methoanluyy for Predx’cti’ng the Life of Waste-
fuchaye Muterigls and Components Using Multifacior Accelerated Life Tests, is probably
the besl statement of objective in the dotument,

With a few specific exceptions, the technical aspects of the administrative
approach (Sec. 2) and the mechanical aspects of the technical approach (Sec. 3 and Apps.
A, B, and ) sare .reiatively clear and understandante. While the discussion of the
mechanices of factorial tables and hierarchical trees is quite complete, the discussion of
the two aspects of .nultifactor accelerated life tests that i vically follow that topic are
incomplete, or at leest confusing. These important aspects ¢ (1) techaical definition of
the objectives of the tests and related definitions of the stre.ses and (2) extrapolation of
test results to predict behavior, or time o failure, at end use conditions. Both items
receive somewhat scant attention, as in Secs. 4.2.1-4.2.3, yel appear to be essential to
successful application of the subject methodowgy to evalustion of waste package
materiais and components,

4.2.1 Test Objectives

The introductory sections of Sec. 3 {Technical Approach) should provide the
rationsale for the technical approach. However, the generic description of performance is
not well linked 1o the specific problem of uniform corrosion testing. The use of the term
"Jegradation cucve” leads to some confusion. For exampla, Sec. 3.1 is entitled "Degrada-
ticn Curves” and Sees. 3.1.1 and 3.1.2 ere entitle . "Hypatheticsl Degradation Curves”
and "Desired Graphical Output.” The lutter twu topics. are quite distinet and probably
stould not appear under the same heading unless the relationship between them is speiled
oul more clearly. As the heading implies, Sec. 3.1.1 uddresses the dependcnee of some
ineasure of performance P on the time t during which a sample is exposed to 8 constant
level of stress. The form '

vl )
F 1/n
TPV z 1] - (t’t(")'

is suggested as 4 way to express the deg, ee of aonlincercity of this relationsnip, where t
1s the time required for the sample to fail.

Section 3.1.2, on the other hand, addresses a type o’ graphicel display that can
serve as a guide to the analysts of accelerated material-li'e test programs. In this
display (Fig. 3-2), the corrosion rate reletive to a reference corrosion rate (center point
value) is piotted ageinst the time to failure divided by the reference time to failure
irenter poant value). This graph is coastructed so that ail of the points fall on a single
struight line with a slope of -1, This construction assumes that the time to failure (1) is
ryersely proportional tu the corrosion rate (CR). ln other woeds (CR/CR ) = (toll).

Ahat is the relationship between Secs. 3.1.1 and 3.1.27 In particular, what is the
retatiala g Detween perfurmance measure P and corroson cate CR? Or, is the lineacity
or ek thereof Detween P ana t celevant? What are "he iuptications of the relationship
setaeen @ and U with respect to the applicability of 1 corrosion cate model sueh as the




et roded, whieh doues niot have any expilent time dependence? The authors note that
fuivire of performance need not be defined initiaily. However, if there are critical
sidderlying rejationships Detween some measures of performance of the waste package
g the corresion rate, then pernaps the question deserves more attention. Furthermure,
A the selationship between P and t is to be determined experimentally, additional
requirements may be placed on the design of the accelerated life test, especially if
destructive testing is reuired.

4.2.1 Definition of Stresses

The introductory portions of Sec. 3 include (ittle discussion of the characteristics
of the stresses tnat may frustrate the sucecessful application of the methodology. Section
3.1.1 begins with these statements: “lt is assuined that the system (wastle packayge
inaterial or component) has a long life under the stress conditions associated with end-
use expusure ... Reduced lifetimes can sometimes be acnieved by operating the com-
punent under higher-than-normal stress.” However, no specific example is given to
dlustrate how oune takes the time-varying stress conditions expected in the repository
vavironment and arrives st 8 set of constant end-use stress conditions for use with this
mothodulogy.  Likewise, determination of "higher-than-normal stress” ‘values from
tracsicnal stress conditions of an actual repository needs fu.ier explanation,

It would seem that the nature of the stresses decimmed important for testing mavy
unpose iimitations on the methodology. A discussion uf such "theoretical” limitations
would be heipful. For example, simple quantilication to represent brine composition for
ise :n Lhe propused :nethodolugy can be a daunting problem, as demonstrated in the
speetfic application of the methudology given in O/TM-48. Yet, the limitations that such
stresses place on the methodology are not covered in ONWI-501. '

Arother fundemental problem associated with definition of the stress is that the
chuice of a low and 8 high value of a stress factor in each model test explicitly assumes
that the effects cdue to such a stress vary monotonicativ with the value of the stress
factor. However, in the case of the stress factor pH, it muy be that the effects on iron
ailoys (and possibly other materials as well) show a different type of behavior. For
eaample, the solubility of iron snd sluminum oxides and oxy -hydroxides in aqueous solu-
tiuns goes through ¢ minimum as the pH is allowed to vary from low to high. Such
*eaa/ior may be missed if too wide a range of pH values is chosen for the model. The
use of pH as 4 stress factor leads to strange results. Given the definition of pH (pH =

w age)s the outcome of a reactinn is determined in part by the activily of the
nydrogen or hydronium ton in solution. If the negative logarithm of the activity is used,
i1 pecomes difficult to understand the complicaled chemical inechanisms of the reaction,
‘Lot are INvolvea in corrosion processes and to prediet the long term «ffec s of corrusion
jimccesaes, Thus, the use of pH oraised 10 a power in Eq. 1 on page 27 looks like a com
p-tatineat convenenee divoreed from any chemicamly meaningtul reaction mechanisms.

whoe the purpose of ONWIE 501 is th deseripe 2 test methodiiogy, concrets:

cuanpiey of the relatonships between the strosses iinposed in the test situation anc

“loase vapeetedd 10 The repositoes sitaation would poistes arguments sappectisng the ut'iity
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4.2.3 HEzxwapolation to End-Use Conditions

fhe concept of extrapulatiun is introauced in Sec. 3.1 {pp. 16-17), which states
that the plot shown in Fig. 3.2, which includes the straight-line extrapolation, may be
heipful for wssessing final experimental design but is not to be construed as a method of
data anaivsis. The authors also note thut "more appropriate methods for analysis of
iceelerated aging data are considered later” (p. 17). Although references to specific

sections are nut given, App. C and gortions of Sec. 4 are probubly the most relevant.

tlawever, these later parts of the text still leave some questions unresolved.

First, how ure the times to failure and their mear values and, hence, the
correspond oy rates of corrosion or performance degradstion, Lo be experimentally
Jetermined? Second, given this information, how shouid the extrapolation to meaningful
real-wurld stress levels be carried out? Section 4.2 conveys how the test specimens
should be ailocated to naximize the extrapolation precisicn and concludes with a
aumericnl example that indicates that accelerated life testing may be undesirable.
Section 4.4.]1 addresses the problem of experimentally determining the times to failure,
Yut conclides that there are a number of serious prob *ms, not to mention possible non-
nneusrities. in the time dependence. The authors do sa «t # method is proposed in App.
C that aviids some of these problems. Finally, Sec. +.3.2 brielly summarizes several
currosion models, all of the same general expenential fuorm, that may be suitable for
'.‘.\l'.‘pula!iud ‘o the vnd-use stress levels.

Considering all of the above, no justification is given, other than previous
applications to electronic components, for the use of uny of these models in corrosion
testing.  In particubar, no reason is given fur not using a general multiple regression
andivsis. tirunted, the specific mudels do provide suggestions far particular functions of
the siresses 10 be used in a regression analysis.

As a resuit of trving to assimilate these related portions of the text, the reader
s given the distinct feeling that the methodology s not yet-complete and that more
sdecific guidance would be very helpful in answering the questivas raised above.

4.2.4 Use of the Eyring Model

Use of the Eyring model ‘or corrosion studies is discussed explicitly in See, 4.1.2
F ONWI 501 but is implicit in much of the earlier discussion. 1t is far from clear how
tre equation cited on page 42 is related to the uriginal reactiun rate model of Henry
Lveing unid his associates. [n general, the Eyring tneury of rat2 prucesses allows one to
-~ onpute the forwarc and backward reaction-rate purameters as funetions of the state of
11 aetvated eomplex. In o nutshell. the reaction ratle as applied in (/TM-48 depends on
13 coponenting factor of the form eaxpl{X » Y « ...i/RT|, where X, Y, ... are thermo-
Loewsmae funetivas, Rois the Jas constant, and T o5 the absowute lemperature.  The
vathemalicsl form gione is rol sufficient to call the model "the Evring model,” From
thee ten! o the two reparts, 1 is not clear whether the gmr:mi.-!urs X and Y can be
b nitied with o the theemoavimimie funetions. 1t ey that e authors of the two
seuorts treal parametess fike X ard Y as if they were (reey adiustabie, withoul any
ot eabhection o Eyring's reaction pale Movel, Whne the particaint name assuce:ated
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w s aearny defimed ctoeter may col e sigmifeant in practiee, the association . of
LAr ngs macle with the meder without noting modifications or Lmitauons leads o
wrfsion of e type indicated qbove, '

4.2.9 Use of Hierarehical Trees

Developiyg  dierarchical trees for presentiwy corrosiun data is a valuabie
tevhaque for evatuating interactions between pacureters important to the corrosion
process.  Furthermore. the exercise would be very heipful for a team responsible for
desiginitg 4 test matrix, However, the document doey not cleariy express how one goes
from the hierarchical tiee to tne life prediction. Several alteri-atives are suggested in
see, 4.3 of ONWLE-501, but the connection between the hierarchical tree process and the
[.fe-predicotion process is weuk or pourly explained. ’

4.2.6 Mechsanics of Computations

I'he explanations of the computations made .n developing a hierarchical iree
el App. AL 2p. $9-31) are cather mechanical, and they iack much expiieit generaiity to
ather factorial tavouts. Althougn tne specific numerical exaiap.e is very helpful, a mure
general deseeiption ol the procedure, or a more fundam:nal formuiation of the computa
tinns, shouid e added.

An example falows of the type of conlfusion that a "mechanicai™ explanatict wl a
computation can lead ‘o, Cowputation of values used in the factorial tabies ana
nierareticnl trees (Apps. A and B) is straightforward and makes uwe of simpie arithiretic
ur gewrietrie means. However, 1n g numerical exampie in App. B, the authors cu™pu'e
the curr:sior rate 4t the “center point™ stress conditions using the feomet.ic mean of *!.»
vorrusior e obtained from esch of the eight puissible combingtions of the i
itresses, *#ther than by simply evaluating the fitted Zvring mudel at the center puin’
slress congitive. The teat dees not mention the {act taat the two methads of computing
CR ) are equisuient under the assumed ‘orm of the Eyring muodel and the correspondg
sgecl definitiors of the mean temperature und stress. It might prove misiead:tg
AIMe gltertat:se miniel were used.

T oadeling the re.ationship between steess ieveis and corrosion rates W0 peruat
eatrapalati o, To tne ecorros.on rate under the noriia: stress condition, tpe aathors fouil
U thatl tne iy g Mudeci, of verious special cases of ity can Le coustdered a celdal
“odei when the dependencse uf Corrosion rate on the VARuLS stresaes 1s not KBuWn, i
el and s L is satisfuetorily desceribed by the au'tioes, Howeser, in one natnes-c,
exampie, 4 totsl o five pasameters in an Evriog inudel are fitted 1o eight points usite 1
“edresiion atalvs s. Mo estimatles of the standard errors of these five parameters are
slhefl, When otie has dlmosl 39 A1y POINtS as paraiieters, the guaity ol tne Tt

gty vers Doui,

Anstter asue telated to the miethadoloegy, wbies @i, esccie LLperiant o
conpatatoapid, Sefise, 1 the matter of Randang tne carabiety o e ubcertnnines
wntealed acth v thelien carresion rates. As the canpatateoer o procedures Do




Ucrarerical trees stand in App. A, all estimated corrosion rates would appear to have
identical levels of uncertainty.  However, one can imagine in practice that even
consentas estimates for corrosion rates might have varying degrees of uncertainty
assuciated with them because of the variability in the knowledge and predictive
capabilities available for the ranges of stress ronditions encountered. Shculd the levels
U uncertamty vary widely among the estimates, the hierarchical tree methodology could
icad 1o biased, and thus misleading, results. The issue of variable uncertainty in the
»stunates 4nd s potential effects on the anailysis should be addressed.

4.2.7 Other Technical Issues

Assessment of the confounding effects of "pruning” the hierarchical tree (Sec.
4.1) involves the straightforward use of aigebra tu sulve a system of simultaneous linear
equations and is quite satisfactory, The objective is to retain the ability to distinguish
the effect of eusch individual stress. However, the physics of the situation and
eaperience may indicate thet it is not worthwhile to separate out individual stress
effects. Allowance is made in the administrative structure for such a contingency, but it
might he reemphasized in the technical portion of buth reports.

Petermination of the average lifetime : under constant stress conditions (Sec.
4.3.1) is 2ne of the more interesting und challenging aspects of the accelerated material-
e test oroblem. 1t is clearly pointed out that one has to make compromises when the
procests of detesmning an aversge time to failure requires that one conduct tests leading
to 1 number of failures. (Some .onfusion exists between the topic of failure of some
derturtiateee weasure and the topie of corrusion rate. The two are never clearly
catiivet.- L) 1o particuiar, the ceport points out thal if 8 one-parameter exponential
distribution funetion is used to desceribe the distribution of the time-to-failure random
viarindie, the standard deviation and therefore the expected error of the mean lifetime -
aBversely proporttional to the square root of the number of failures. In other words, for
s fea failures, the expected error in © is unaceeptabiy large.

lre authors suggest an interesting and potentially very useful (bul untested) -

diternalive appronch that can be used with few or no failures (App. C). [t involves
asst ol tht the times to failure are distributed accoeding to 8 two-parameter Weibull
distribu? on Using the assumption that the Weibull puramelers are invariant under
vha wfes o stress level, they develop a relativnship between the number of samples
medgaired ghiier normal conditions and the aumber sequired ander vverstress conditions to
ke T saie stalistieal inferences regarding sampie survival,  This alternative
arocedure should De tnvestigated further and validated with test data,

‘teention of test samples (See, 4.2.1) involves the Tollowing probiem. Given a
tetnd o N otests, at which stress levels should the tests be condueted and what fraction of
P Teals shouia e conducted at each stress condition to masimisze the precision at the
calinpeisted eurrosion rate under normas stress conditions?  'is problem was solved, as
noted by the Lathors of ONWIE-§01, by Hoel and Levine (1964) for oniy one independent
Veleaie ey, utte stres:s) The wuthors of ONWI 501 assamed without furmal proot that
ol and Levime’s soiution could de genersiized o the ease ul several stresses. Although
e et zaliel was stragatloewadtd, iU is not ciear under what eoanditions Hool and

EOMAN

[




Levine's results remain valid. Of particular concern is the case wnere some of the
stresses may not be entirely independent of one snother. This problem needs to be
investiguted more fully, becnuse specifying the aumber of replications of tests at given
stress conditions and the spacing between stress Ievels is critical to the design of a
vorrosion test program.

>




3 ANSWERS TO DOE/SRPO QUESTIONS AND REQUESTS FOR COMMENTS

5.1 O/TM 48: DESIGN OF A MULTIFACTOR MATERIAL-LIFE TEST

Wil the resulting test matrix generate a statistically sound data base on the performance
of low-carbon cast steel in @ sall repository environment to support desiyn, modeling, and
hiwensing activifies?

The test matrix reported in O/TM-48 is not final. Although the final test matrix
developed using this approach may prove to be acceptable, the present test result
(Table 8) is not supported by the document, The statistical soundness of the
present form of the data base cannot be judged.

The offered test matrix does not provide g comnplete data base, Other corrosion
mechanisms must be, and apparently are being, addressed. The authors need to
explain how they selecied uniform corrosion as the dominant degradation
mechamism. The method of selection is not deseribed or referenced.

Are there other kev stresdiey, besides those mentioned in the report, that should be
considerad in the design of the test matrix (o meet the stated objectives?

The preciusure envirorment of the repository includes an air environment, which
is not addressed in (/TM-48. Lithostatic and induced pressure stresses are not
addressed, nor are sulfide and carbonate concentrations and chemical . esctive
stresses individunlly identified in the report. The reasons for excluding these
stresses ure ot given, Also, the chosen stresses are neither well referenced nor
well justified,

Are there hetter upproaches for the nominal variables?

Une eoudld argue that a better approach to the nominal variables wouid be to
arnlvze them mechanistically and not necessarily statistically. Guidance must
be given us 1o which variables will be used to accelerate the life tests. This
guidanee would sllow clearer identilication of the physically and chemically
meaningful variables within the artificially iumped category of & nominal
variable,

Comment on the dominant tvpe of degradation for the cverpack material.
Seloetion of the dominant degradation mechanism underlies the document, yet il
is neither deseribed noe referenced. Therefore, we cannot evaluate the selection
process, Actually, the assumption that uniform currosion dominates the degraca -
T proe s s ot adequately justified in eithee Q7T 48 or ONWE-30L.

tre the interpretation{s) of the resulls presented corrsct !

Uhae caniio! tell, because Tabie 8 has not been intespreted,




Comment on the Evring model used in the curve fitting. Are there other better models?

The Eyring model may be appropriate, but refer to the answer to the next
question. However, the report seems Lo conclude that the model is not adequate
"and states that a model presently under development to address the problem will
be retied upon. '

Whut happens when radiation approaches era?

Since zero radiation levels will not be achieved within the lifetime of the
package, this issue should not be of concern. The zero-radiation case may be an
important experimental link to existing data on low-carbon cast steel,

If this question refers to the fact that in O/TM-48 the radiation level (R) enters
the Eyring model in such a way that when R appruaches zero so does the
corrusion rate (CR), then the following answer applies: Since one does not
expect CR to go to zero when R does, it follows that the form of the Eyring

allow the corrosion rate to remain linite even when the radiation leve! is zero.
n general, if the corrosion rate remains (inite whén a particular stress is turned
off, that stress should be represemed by an additive term rather than a
multipticative factor.

5.2 ONWI-501: METHODOLOUCY FOR PREDICTING MATERIAL LIFE
Comment on the technical approaches for the designing of the test matrix.

The pasic approach seems good. [t highlights the important parameters and
allows the design team to visualize the interactions of the parumeters. However,
the method hus two weaknesses. First, the impertance of selecting the dominant
degradation mechanism is underemphasized. If the wrong mechanism is selected,

mecharastic model to make 8 meaningful extrapoiation.
- CComment on the 2 fuctor approaches.

The 2" factur approaches seem sppropriate and justifiable, although individual
stresses may be difficult to quantify and interactions between nonthermal
stresses are not accummodated. Some distinction should be made between the
variables thut are suitable for accelerating corrosion rates gnd those that are
not. la addition, using only a nigh and u low value of a4 variable may be helpful in
the preiiminary design phase, but such a limited chuice of values is not consistent

extrepoiation at normal stress conditions.

model being used is inacequate. A better choice of corrosion rate model would

the whoie process is worthless. Second, the method for extrapolating supporting -
dats to end-use conditions is not well defined. Each user must devise a

with the need to allocate test specimens to maximize the prec:slon of the .




Comment on the mathematical approaches ta the accelerated life testing.

See. 4.2 of this review report, especially Sees. 4.2.3-4.2.6.

See
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6 PAGE - BY PAGK COMMFENTARY

6.1 OO/TM-48: DESICGN OF A MULTIFACTOR MATERIAL: LIFE TEST

Page(s)

6

Line(s)

5

Comment

What were the bases (or the "predicted” corrosion rates? Were
they quantitative predictions? If so, how were these predictions.
made, given the "undefined" nature of the steel, specimen
orientation, salt solid phase, and oxide film thickness?

The right-hand column in Table 3 should be labeied "LOG(EST
CR),"” not "LOG(CR)."

The Eyring modei does not account for nonthermal stress
interactions. What the model is proposed lo quantitatively
describe is interactions between, say, brine composition and
radiation level. Is there any Juarantee that the mechanistic
modeis under development can account for these interactions?
Will this same type of anaivs.s be used to refine the test design
once those models are avaiiabiv? These conclusions should be
stated somewhere, as should plans for revising the test matrix.

"Rows | and 4" shouid be changed 1o "rows | and 3"

The right-hand columns in Tables 4 and 5 should be labeled
*"LOGEST CR)" not "LOG{C R)."

A bit of confusion has graduaily crept into the discussion. In the
second puragraph on page 7, it is clear that the corrosion rates are
"hypothetical predicted corrusion rates that represent Lhe
consensus of the members of the tesm.” (n page 8, these
hypothetical data are fitted to the Eyring madel. Then, on page
13, the hypothetical consensus values are called "data,” and the
fitted values are called "estimated corrosion rates." Now, on payge
14, we have "estimated CR" and "actual CR. The terminology
needs to be consistent througnout to make it clear that sctual
experimental data are not being introduced on pages 13 and 14.

In this discussion, "actual data” presumabiv means actual experi
mental data, and "hypotheticai data” means the "hypothetical
consensus values" referred to earlier. This distinction shoutd be
clarified through the use of uppropriste, cunsistent languaye
tnraughout.




Pagets) Line(s)

1y

Comment

In Table 86, only one test cundition involves high radiation.
Radiation is estimated (hypothetical consensus values) to be an
important splitting parameter, so ut least two or three high-stress
cases should be tested. Why is only one case being tested?

This concluding sentence should be in the Introduction. One has to
read the entire ducument before finding out that it does not
describe the entire ONWI corrosion testing program. .

6.2 ONWI-S01: METHODOLOGY FOR PREDICTING MATERIAL LIFE

Page(s) Line(s)

3 25-30

13-31; 1-9

Comment

The ideas expressed here shuuld be presented near the beginning
of Sec. 1, and the references especially should be cited there.
Also, 8 clearer statement of the scope und ubjectives of the
document would be helpful.

while identification of failure mechanisms and selection of the
domisant failure mechanism are discussed hLere, the importance
of these steps is not placed in proper perspective. At least haif
the effort should be plauced on this item, or it will be necessary
10 luke all reasonable fgilure mechanisms through the same
design procedure. ‘

The C(irst paragraph of See¢. 2.2,2 implies thut more than one
failure mechanism will be examined. The second bullet refers to
the "first iteration of the design procedure.,” However, the point
should be highlighted. Seleetion ol the dominant failure
mechanism is critical. Corrosion testing programs huve been
known to spend millions of dullars studying a particular
mechanism only to have the materia! fail in service as a result of
some other cause.

The importance of identifying all reasonable failure mechanisms
and selecting the dominant techanism cannot be overempha-
sized. ONWI-501 treats the issue entirely too lightly. The
reader is then lulled into a faise sense of security by the
mathematics and statistics in the rest ol the report. The idea of
iterating through several pussible failure mechanisms seems o
et lost in the mathematical details.




P gets Line(s) Comment

. -1 8 25 Further iterations on  other fallure meckanisms  are  not
mentioned.  Only one failure mechanism is analyzed. For the
case of metal corrosion, at least three mechanisms should be
examined by this procvess: uniforin corrosivit, stress corrosion
crucking or environmentally enhanced crack growth mechanisms,

and localized corrosion (pitting and ecrevice corrosion). In .

' addition, 4t least two environments should be evaluated: the .

preclosure environment, including air-saturated (perhaps steam)

dry or moist salt, and the postelosure environment, including

anoxic inclusion brine. The preclosure environment obtains over

a significant fraction of the total life requirement, that is, over

more than 50 years out of & toutal of 300 years.

4 15 The phrase "... first iteration ..." occurs again. What does this
refer to? It implies more than one iteration. Do the iterations
include the mechanism determination step?

36 23 "l.; = 0.5682" should he "Lg = 0.0568."

36 24 "L = 0.5682" should be "L, = 0.0568."

37 8 "ps = 0.001" should be "ps = 0.003."

e
©
-3

The citation for "Davies, 1977" 1s nat given in the references.

in the cuption to Table A-1, "rotation” scould be changed to
"radiation.”  Also, the mechanical descrigtion of the analysis
te.l., add successive pairs) is not very general or appeaiing.
Finally, the description of column (5) is very weak.
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Dapartment ot Energy

Ciucaygo Operations Office
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5056 King Avenue May 14, 1984
Cclumbus, Ohio 43201-2693 y 14, 1%

dyman Har-~ison

EES-362

Argonne National Laboratory
9700 South Cass Avenue
Argonne, I1linois 60439

Dear Dr. Harrison:

SUBJECT: REVIEW OF REPORTS ENTITLED, "DESIGN OF A MULTIFACTOR LIFE TEST TO
INVESTIGATE UNIFORM CORROSIGi OF LOW-CARBON CAST SJEEL AS A NUCLEAR
WASTE PACKAGE OVERPACK MATERIAL IN A SALT REPOSITORY ENVIRONMENT,®
ONWI 0/TM-48, AND “"METHODOLOGY FOR PREDICTING THE LIFE OF WASTE-
PACKAGE MAT%R;G%S AND COMPONENTS USING MULTIFACTOR ACCELERATED LIFE
TESTS," ONKI-

We would appreciate your forming a panel to review the attached subject
reports. Since these two reports are closely related, we feel it is
appropriate to review both reports simultaneously. The review should include,
but need not be limited to, the following points:
OMWI 0/TH-48

1. Will the resulting test matrix generate a statistically sound data

base on the performance of low-carbon cast steel in a salt repository
environment to support design, modeling, and licensing activities?

Ara there other key stresses, besides those mentioned in the report,
that should he considered in the design of the test matrix to meet the
stated objectives?

Are there better approaches for the nominal variables?

Comnent on the dominant type of degradation for the overpack material.

Are the interpretation of the results presented correct?

Comment on the Eyring model used in the curve fitting. Are there
other hetter models? v

What happens wiien radiation approaches zero?

-.4 Otner comnents.




ONWI-EM

1. Comment on the technicial appproaches for the'designing of the test
matrix,

2. Comment oan the 20 factor approaches.

3. Comment on the mathematical aporoaches to the accelerated life testing.

4, Nther comments.

Please complete the review and submit the fina! report to SRPO by June 18,
1284, If you have any questions, please contact Roger Wu at FTS 976-5916,

Sincerely,

4

- 2 ] ‘/". 7
-/( - A~' - !{ffh AR

./ﬁi Robert €. Wunderlich iy
{ Acting Chief
Engireering and Technology
Salt Repository Project Office

SRPO:KKW:23578 ‘ ST# §10.84

Enclosures: .
1. OMNI-501, “"Methodology for Predicting the Life of Waste-Package Materials
ang¢ Components using Multifactor Accelerated Life Tests” (September 1983)
7, ONWI 0-TN/48, “Design of a Multifactor Life Test ta lavestigate Uniform
Corrosion of Low-Carbon Cast Steel as a Huclear Waste Package Overpack
aterial in a Salt Repository Envircnment.” !{April 198%)

r~: T. Baillieul, SRPO
®. Wu, SRPO
J. Sherwin, SRPQ
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CONCURRENCE SHEET

1 concur that the Argonne National laboratory report on ONWI's internal
technical memorandum O/TM-48 and on ONWI-501 fairly represents my comments,
wtere incorporated, to the peer review panel,
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John ). Ditmars

Prineeton University: BS.E,, Civii Engineering (1963)
Caiifurnia (nstitute of Technology: M.S., Civil Engineering (1966)
talifernia Institute of Technology: Ph.D.. Civil Engineering (1971)

De. Ditmars s leader of the Geophysics and Engineering Section of the
tivoseience and btngineering Giroup of the Epergy and Environmental Systems Division at
Argaine National Laboratory. Measuring and modeling portions of the hydrosphere
impa-sted by ene'gy technologies ard natural resource development has been the main
research area of this section.  Particular attention has been given to evaluations of
madel perfurmance and to experimental designs for the acquisition of data at prototype
scales for performance evaluation, Dr. Ditmars has extensive experience in modeling
and measurement of teansport and mixing processes in the hvdrologic environment. He
wis for several years resoonsible for the annual literature review in Lhe arca of "Mixing
ard Transpors” for the Journal of the Water Pollution Control Federation and is presently
the Chairman of the Paper Awurds Committee of the lydraulies Division of the
Axer ean Society of Civil Engineers, He is also the Chairman of the Task Committee on
Verifieation of Models of Hydrulogice Transpur® and Iispersio.: foe the Hydraulics Division
o the same sociely and, 85 such, has been concerned with the generic aspects of
verification amnd vaiidation as well as with those aspects of particular models. )

Before joinin: Argonene in 1977, Dr. Ditmars was Assistant Professor of Civil
Fagineering at the University of Delaware. From 1970 to 1972 he was Visiting Assistart
Professor in the Water Resources and Hydrodynamics Division of the Civil Engineering
Department at MIT. His teaching and research activities at the University of Delaware
and MIT focused un hydraulic engineering and ?luid mechanical processes in the natural
nvarologic environment, and iavolved' snalytical and numerical modeling as well as
faboratory and field experiments. He is author of more than 45 technical pubiications in
th>se areas.
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Dorlund K. Kdgar

Central Missouri State University: B.S., Geoiogy (1968)
Colurady State University: M.S., Geology (1973)
I'wrdue University: Phd)., Geology (1976)

Dr. Edgar joined the Geoscience and Engineering Group of the Energy and
Eavironmental Systems Division of Argonne National Laboratory in 1978. Since that
time he has worked as a geologist and hydrologist on programs related to waste
nanagement -and energy -and mineral-resources development. Ferom 1981 through 1983,
he participated in studies of the geologic setting of crystalline rocks of the noctheastern
and Lake Superior regions of the United States for the purpose of assessing their
suitability as sites for a high-level radioactive waste repository. His primary areas of
responsibility  on this  project  were ' surface-water and groundwater hydrology,
geomorphology, and surficial geology.

From 1978 to 1981, Dr. Edgar was affiliated with Argonne's Land Reclamatiun
Program and Environmental Control Technology Program, where he studied the rela-
tionships between surface mining and reclamation activities, and geomorphic processes,
nydrology, water quality, and erosion and sedimentation. Dr. Edgar aliso served as a U.S.
Depurtment of Energy representative to an interagency group that reviewed comments
snd drafted revised regulatory guidelines for the U.S. Office of Surface Mining.

Befure coming to Argonne, Dr. Edgur was employed at ek Ridge National
Laboratury, where he conducted research on surface and subsurface hydrologic and
geolugic conditions, and their relationship to the shallow land disposal of low-level
radicactive waste, One project involved the study of the hydrologic and geomorphice
processes  involved in  transoorting radionuclides from burial sgites through an
instrumented watershed. Dre. Edgar's graduate research was directed primarily toward
ihe retationships between hydrolugy and the geomorphic processes operating within
attavinl stream ehannels and drainage basins.

r. Edgar has authored spproximutely 25 scientific and technicel publications,
aid 5 a member of two professional societies.




Douglas F. tHlambley

Queen's University at Kingston: M., Mining Engineering (1972)

Lewls Bmversity: MBA candidate

Registered Professional Engineer, Nu. 18026014, Province of l)ntm'm. and
No. 062 039201, State of Minois

~ Mr. Hambley has moce than |0 years experience in mining, tunneling, and
und-'r.;rnund consteuction.  He joined the staff of the Geoscience and Engineering Group
of the Energy and hnvironnental Systems Division of Argonne National! Laboratory in
1984, Privr lo woeking 3t Argonne, Mr. Hambley wax employed 43 a Senior Mining
Engineer for neaniv four years by Engineers [nternational, [nc., a mining/tunneling
consulting firm located in Westmont, lll. In addition to designing several iarge tunnels
fur various purpuses, he spent over two years as Project Engineer on U.S. Nuclear
Regulatory Commission cuntracts to assess retrievability from repositories for high-level
~addioactive waste and to provide technical assistance for repository design reviews.

Between 1972 and 1980, Mr. Hambley held various technical positions with inajor
Canwdian auning companies, ineluding Denison Mines Ltd. and Falconbridge Nickel Mines
i.tu. During his employment at Denison (1977-1980), he was responsible for several major
projects, including (1) a tripartite (Denison/Rio Algom/CANMET) regional stability study;
12} investigation, specification preparation, and tender evaluation for Stanrock Mine
dewntering and shaft renabilitation; (3) design ot the backfiil system for a pillar recovery
seneme;: and (4) design of the underground garage and supply stution for diese! fuel at
No. ! shaft.

Mr. Hambley has published on retrievability of high-level nuclear waste, dcsign
af shafts and tunnels, computer modeling of mine openings, and raise baring cost
estimation. He is active in several lechnical societies.




Wyman Harrison

L'niversity of Chicagu: 8.B., Geology (1953), after three years of
undergraduate work at Stanford University

University of Chicago: S.M.. Geology (1954)

L niversity of Chicagu: Ph.D.. Geology (1956)

Kegistered Geologist, No. 2476, State of California

Certified Professional Geolugist, No. 134, American Institute of .
Professional Geologists, and No. 487, State of Virginia

Dr. Hacrison is Associate Director for Geoscience and Engineering for Argonne
National Laboratory's Energy end Environmental Systems Division. He directs a 25-
serson group that performs analytical and experimental studies relsted to management
of energy and mineral resources and to development and deployment of related
technolegies.  Major activities of the group include (1) aecquisition of geophysical and
xeotechnical data bases, (2) analysis of the data of geoscience to support design and
deployment of energy technologies, and (3) development of physical and mathematical
models of geophysicai/geotechnical systems.

Dr. Harrison's Zroup recently compieted comprehensive surveys of the gevscience
datd pertaining to crystalline rock complexes in the northeastern and Lake Superior
rogions of the United States to help assess their potentisl as possible sites for
repositories for high-level radioactive waste. Dr. Harrison has conducted numerous other
Zeoingival and geotechnical studies at Argonne, ranging from estimating the petroleum
rascurves of selected basins in the Soviet Unin to determining neur-shore circulation in
Lake Michigan.

From 1971 to 1975, Dr. Harrison was Professor of Geography (Associate Depurt-
aent Chairman) at the University of Taronto, where he speciulized in geophysical studies
cefated to slope stability in sedimentary terrains and the siting of supertanker ports..
i'~;jor to that, he was Associate Director for Physical, Chemical, and Geological
Uceanography at the Virginia Institute of Marine Science and a Professor of Marine
Seience at the University of Virginia. Dr. Harrison was Director of Environmental/
Science Services Administration's (now National Ocesnic and Atmospheric Administra-
twen's) Land and Ses Interaction lLaboratory from 1964 to 1968. Befure that he was on
tne faculty of Durtmouth College's Department of Geology and a geologist with the
Indiana (eulugical Survey.

An author of uver ‘100 papers, reports, reviews, and books, Dr. Harrison was made
Seeniof Neientisl st Argonne in 1976,




\catimm Lerman

e Hebrew Universitv: Mohey, Geaology (1960)
Peavars Lanversitys PhD,, Geoiogy {(1964)

De. Lerman joined the Department of Geologieal Scienees at Northwester:
Coversity i 3] s Vvsoetate Prafessor and has been Professor sinee 1973, De. Leron
s eNTeNsve o vperiener N agueous Jeochemistey, geochemistry of  brines, isotune
coenemiistt, and eadaattoehde migeation, Hle is oa rescarce cunssltant 01 o wa e
st d ceacpteststey for the Hasalt | Waste sointion  Project  thvervies
Cosmittee, Durong 1950 D, Lerman was a memoer of the Hacktill Evaluation Panei 14
4 ettedie’s Pacifie Narihwest Laboratory,

Weile asscerated with Northwestern University, e, Lerman has served,
Scarons Lees, a1 asiting professor 4t several European universities.  Prior to joinge:s
sne Caeuty ot Nortnwestern, he was a Research Scientist in Chemical Limnology at the
Cnadi Certee Tor Iniand Waters (1369-1971), a Visiting Investigator and Senijue lutieet:

s tope wesearel 10 Weizman institute of Seience (1966-1969), an Assistant
S vt b the Usiversity of Pinois 4l Chicago Cirers Campus (1983 % 9o = Lo
Seeatigator tgeoetenastery) 4t Lainont Doberty  Geologica: Observatoey of Coidurre
Covers Oty ASGn s er, 1963y, and g Lecturer and Assistant Prafessor ol Geoiogy at the

P d pats b wersity LBl e,

Pes el oo s pubialiend extensiyesy i 1Ne afess of georhemiey. prodesies o
sedll ety Pote i OFires, chemivai limnology, geoste Toryeiay, 4
S e e et cectse He s aaeanber of five orofessinnag succene. nd a Fellow of

il iy, ety f \Neerea,




hartes o MePhesdses

o e U Missourn HUOSL Metadbae o ent Eogieeening (1963)
ooy ol New Mesieor S Ergineering Serenee of Materials (1968)

Moo Mer heeters goiied the Chemical Technology Division of Argonne Nat:oiod
Colesatons i IO pnd eursently provides techuiva support to the Materials Integrution
e o the U8 Department of Energy’s Clicago Operations (ffice. He has heined
doernte Yy developirent and review of test methods and data used to support nuciear
woste repoectary Heensiy? and cevepliiice of waste Tor disposal in reposttories.  in
garevious Lok al Asgonne, Mr. MePheeters develoged o computer model for a sodiem
CpaCily precipililion grocess, various sodigin processing systeams, and insteumentation
tr aeendorig? gnpurities. Other areas of researeh have inctuded  lithium/sutfue
satteries, Hgald metai fast breeder reactor safety eaperunents in TREAT, and detection
£ Lot svstems for failures of fuel elements,

Prior 1o joinitg Argonne, Mr. MePneeters was employed by Atomics iter
sationiie Koekwell Internationa:, where he designed cquipment for sodium purificstion
At removal of dissolved gases from sodiuin in Hquid metal fast breecer resctoes.
thetwees 1963 and 1968, ! Los Awamos Sceientific Laboratory, he develcped a wwided-
e M te etectrochemieni cell for determining oxygen aetivity in sodium ana stadied .
e eccmagiat of coatawmment materials in liquid Pu-Co Ce allovs. During this Tree e
oo unl opernted a meta'lography laburatory where the effeets of Pu wlioy
sartosos af sortatnment materinls were studied. : :

Siey

Moo MePoecterss s authored appreosimately 25 pubiicatiens and has oree
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Doaald M. Kote

Ctevenand State University: HUE.S, Engineerigg Setenee (1960)
Vase Westert Reserve: MUAL Theoretical I'hysies (1963)
sy Western Roeserve: Ph.D. Theoretical Nucelear Physics (1967)

bre. Rote is a geophysicist in the Geoscience and Engineering Group of the Energy
and Pavicoamental Svstems Division of Argonne Nativnal Laboratory. He has served as
gt gl peestigator sinee 1970 on numeruvus  projects sponsored by the U.S,
tnvieLnitental Protection Ageney, U.S. Air Foree, and Federal Avigtion Administration
cotcested with development, verification, varidadon, and documentation of modets used
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