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ABSTRACT

This report sunmarizes evaluations by the National Institute
of Standards and Technology (NIST) of Department of Enevgy
(DOE) activities on vaste packages designed for containment
of radioactive high-level nuclear waste (HLW) for the six
month period February 1988 through July 1986, Activities for
the DOE Materiale Characterization Center are revieved for
the period January 1988 through June 1968, A summary is
given of the Yucca Mountain, Neveda disposal site activities,
Short discussions are given relating to the publications
revieved and complete reviews and evaluations are included.
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EXECUTIVE SUMMARY

This is the fifth blannual progress report by the National
Institute of Standards and Technology (NIST), formerly the
National Bureau of Stendards (NBS), that deals with
assessments of the Department of Energy (DOE) activities
related to the waste package for disposal of radicactive
high-level waste (HLW).  This report contains NIST reviews
conducted over the pe.iod February 1988 to July 1968 on DOE
reports related to activities of the Nevada Nuclear Vaste
Storage Investigation (NKWS1). Status reports given here
highlight the NIST assessments of LOE activities relating
to nuclear vaste storage at Yucca Mountain, NV. 1In
sddition, & sunmary is given for the activities of the DOE.
sponsored Materials Characterization Center (MCC).

The environmental conditions at the Yucca Mountain site and
their pertinence in relations to technical issues are
revieved in this report. Six cendidate materials are being
considered for use in canisters. These materials are AlS]
304L stainless steel, 316L stainless steel, high-nickel
sustenitic alloy 825, oxygen-free copper, Copper
Developnen: Associatien (CDA) 102, copper-74 aluminum
bronze CDA 613 and 70-30 copper-nickel CDA 715. 1In this
report, & NIST review discusses each of these materials.

Each of these candidate materials has specific problems and
this is evident (n both the published reports and the
reviews. Ceneral concerns regarding these nmaterials are
(1) uncertainties, over time, associated with metastable
materials such as the stainless steels, (2) phase stability
and phase embrittiing effects in the 825 alloy and (3)
behavior of copper in oxic atmospheres, at temperatures of
270°C to 100°C, and in the presence of nitrogen compounds,
and (4) the effects of gawnma radiation on long-term
performance.

Eighteen reviews of technical reports are included in this
report. Six broad topics on materials are covered in these
revievs: 1) the effect of irradiation on the pitting
susceptibility of 316L, 2) the effect of long-term
frradiation on the phese stability of austenitic stainless
steels, 3) the susceptibility of 304L stainless steel to
stress corrosion cracking (SCC) in water vapor, 4) the
fractional release rates of the radionuclides and the
effect of cladding detevioration on this rate, 5) the
effect of localized condensation of nitric acid on the
canister, and 6) the effect of copper fons on the pitting




susceptibility of Zircaloy. Other topics covered in the
revievs include glass leaching, the processing of glass
nuclear waste, and the environment. These topics are
discussed in various revievws included here.
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1.0 INTRODUCTION

1.1 Background

This i{s the fifth bilannual progress report to the Nuclear
Regulatory Commission (NRC) from the National Insvitute for
standards and Technology (NIST), formeriy the National
Bureau of Standards (NBS). These reports deal with the
NIST assessments of the Department of Energy (DOE)
activities related to the waste package for disposal of
radioactive high-level waste (HLW).

The Nevada Nuclear Waste Storage Investigations (NNWSI)
deals with the storage site at Yucca Mountain, Nevada.

This site was selected in December 1987 as the primary site
in the United States for the first nuclear vaste
repository. Each of the five NIST reports contains a
section on the NNWSI and that section deals with NNWSI's
vaste package activities during a six-month period. This
report covers the period from February 1988 through July
1988 .

Approval of the Budget Reconciliation Act for Fiscal Year
1988 (Public Law 100-203) resulted in major changes in the
Nuclear Waste Policy Act of 1982 (NWPA), and the federal
nuclear waste disposal program took on new directions. The
DOE was directed to characterize only the site at Yucca
Mountain, NV, as the proposed site for the first
repository. Site-specific activities for the sites located
at Hanford, WA, and Deaf Smith County, TX were terminated.
The NWPA Amendments state that if the Yucca Mountain site
proves unsuitable as a repository, DOE is required to
terminate site-specific activities and report to Congress.

NIST activities under FIN A4171 henceforth will cover only
NNWS1 reports ¢r other material rertinent to dieposal of
high-level wasce at Yucca Mountain,

1.2 Reviews and Evaluations

The reviews and evaluations conducted by the NIST over the
period February 1988 to July 1988 are included as Appendix
B. Contributing reviewers for these reviews ere
scknowledged as & group on the cover page of this report,
Reviews are created using guidelines that are modified
periodically. The guidelines describe for revievers the
types of information to be contained in each section of a
review. The current version of the guidelines for
revievers is included in Appendix A (pp. A-1l to A-6).



In addition to considering ferrous alloys and the 825
nickel-base alloy, for use as container materials, copper
and copper alloys are also being evaluated tor the tuff
repository site. In all, six candidate materials are
discussed in Section 2.4 and in a review discussed on page
6. Eight other reports relating to canister materifals and
the environment are being considered by DOE and these
materials are discussed both in Sections 2.4 through 2.5.2.
The revievs are found on pages B-5 through B-96 of
Appendix B,

The DOE is actively engaged in programs for the
vitrification of high-level radicactive waste in
borosilicate glass. Both the West Valley Demonstration
Project (WVDP) at West Valley, NY, and the Defense Waste
Processing Facility (DWPF) located at the Savannah River
Plant in Savannah, GA, will socon be producing vitrified
high-level waste (HLW). NIST activities in this area
continue with five published reports and two chapters of
PNL-5157 being reviewed during this reporting period,
These reports are discussed in Section 3.0.1 and the
reviews are found in Appendix B, pages B-56 through B-90.

The NNWSI Draft Site Characterization Plan (SCP) was
reviewed at NIST and by others during this reporting
period. NIST comments on the portions of the SCP dealing
with the waste package are given in Appendix C.

Activities of the DOE-sponsored Materials Characterization
Center (MCC) sand the status of selected MCC test methods
are briefly discussed in Section 4.0. Details are
presented in Appendix D. The MCC monthly reports over the
past two years show considerable progress on test
development work for glass leaching.

1.3 Database Activities

Database activities focused on converting the NIST/NRC
Database for Reviews and Evaluations on High-Level VWaste to
a nev database management system (DBMS), Advanced
Revelation®, and this has been completed. This DBMS has
menu capabilities regarded to be superior to those
developed at NIST for use with Revelation®, Conversion of
the NIST/NRC files from the present DBMS, Revelation®, into
Advanced Revelation® has been completed. Advanced
Revelation® has improved eupport features for the user,
such as menus and popup screens, both of which permit
multiple choices in the retrieval of data.

In addition, Advanced Revelation® informs the user about
either what it is coing now or what the user should do
next. 1In addition to the DBMS conversion, during this




period the keyword checklist and keyword checklist tree
vere nodified to incorporate a nev key field which contains
a separate set of keywords for non-setallic waste forms.

1.4 Related Laboratory Testing

Studies involving laboratory testing at the NIST are
continuing in four areas . As the results of these studies
will be reported separately at appropriate stages of the
work, no reports on these studies are included in this
report. The objective of these laboratory tests is to
confirm the accuracy of DOE data and the validity of the
conclusions deduced from it. Topics of these four studies
are as follow: (1) Evaluation of Methods for Detection of
Stress Corrosion Crack Propagation in Fracture Mcchanics
Samples, (2) Effect of Resistivity and Transport wun
Corrosion of Waste Package Materials, (3) Pitting Corroeion
of Steel Used for Nuclear Waste Storage, and (4) Corrosion
Behavior of Zircaloy Nuclear Fuel Cladding. One of the
tasks under study &4 was & revievw of corrosion of Zircaloy.
This reviev vas released to the NRC in March 1988. The
results of studies 2 and 3 are to be presented at the
symposium on Corrosion of Nuclear Vaste Coutainers at the
174th Meeting of the Electrochemical Society, October 9-14,
1988. Results from the other laboratory testing will be

also published upon completion of selected parts of these
works.




2.0 DOE Activities

Yucca Mountain was selectied as the primary site in the
United States for the first Nuclear Waste Storage area.
“he DOE has overall jurisdiction over the development of
the Yucca Mountain site and works through the NNVSI and
various national laboratories such as Lawrence Livermore
(LLNL) .  The LLKNL addresses the areas »f design, testing
and analysis of the waste package performance in the tuff
environmwment.

The technical concerns of interest in this report are those
pertaining to the waste package. They stem principally
from the regulatory requirements for retrievability,
conteinment and release, as given in 10 CFR Part 60 and

40 CFR Part 191. NRC repulation 10CFR60 requires
substantially complete containment of radionuclides for
between 300 to 1000 y. The regulation also requires that
the nuclear waste must be retrievable for a period of 50 Y,
and requires that no more than one part in 10* of the
inventory of radionuclides expected to be present at 1000 y
after closure may be released annually. The environmental
context in which these concerns are studied is that of the
Yucca Mountain site.

2.1 Yucca Mountain .- Location and Environment

Briefly, the NNVWSI site is located in Nye County in
southern Nevada and is in the Topopah Spring Member of the
Paintbrush Tuff at Yucca Mountain., The tuff material is a
devitrified volcanic rock and contains approximately 12
percent porosity and five volume percent water [Soo et al.
1985; McCright et al. 1983). The waste package environment
during the containment period probably will be gemna
irradiated (10' rd/h for spent fuel and 10* rd/h for glass
waste) moist air and tuff rock.

The atmosphere at the Yucca Mountain storage site is oxic,
Initial temperatures resulting from the nuclear waste
storage will depend on design and a number of factors but
the peak temperature could range around 300°C and taper off
to about 100°C after 300 y. Temperatures will remain at
this level for many more years. The pressure is expected
to be one atmosphere.

The repository will be located above the water table, and
moisture will be present. At the present time, water flow
is limited, and has been estimated to be six to eight
milimeters per year, but this could change. The waste
packages will be above the boiling point of water for many
years and vater vapor will be present. When the cooling
period begins, small amounts of water will be present due
to condensation and infiltration. Other sources of water

4
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would he ground water from various sources and water which
could be formed as & result of other resctions. Conditions
of wetting and drying will exist, and the concentration of
salts will be & result of this vetting and drying process.

The pH of the water is expected to be buffered, with
naturally occurring sodium bicarbonate, to a near neutral
pH of 7.1, or it could become slightly alkaline. However,
it must be considered that the pH could shift to the acidic
range. Radiolysis of N,, 0,, H,0 mixtures could couse the
pH to shift downward into the acidic range. Another ssurce
of pH change is the alternate wetting and drying that can
cause concentration of soluble salis,

2.2 Waste Package Materials

The DOE is conducting studies on selection of materials for
the waste packages. The containers ave & key part of the
engineered barrier system. Under current study [McCright
et al. 1987, see the NIST review in Appendix B, p. 23) are
six candidate materials. Three are high alloy austenitic
naterfials: AISI 304L and 316L stainless steeis and the high
nickel Alloy 825, The other three are in the copper
family: Copper Development Association (CDA) 102, an
oxygen-free pure copper; CDA 713, & 7% copper/aluminum
bronze; and CDA 715, & 70-30 copper/nickel alloy.

Each of these candidate materials has specific problems, as
is evident in the published reports and the reviews, In
saddition to the effects of ganma radiation, there are
severa) concerns regarding these materials:

8. Uncertainties over time associated with metastable
matevials, such as steainless steels,.

b. Phase stability and phase embrittling effects in
Alloy 825,

¢. Behavior of copper in oxic atmospheres at
temperatures of 270 to 100°C and in the presence
of nitrogen compounds.



The folloving are some of the issues reloted to licensing:

4. Effect of irradiation on the pitting
susceptibility of 316L.

b. The conbined effects of long-term irradiation and
elevated temperatures on the phase stability of
austenitic stainless steoels.

€. Susceptibiidty of 304L to stress corrosion
cracking (S.C) on ‘ong-term exposure to water
vapor.

d. Effect of localized condensation of radiolytically
generated substances such as nitric acid on ihe
wvaste containers

¢ Effect of copper fons on the pitting
susceptibility of Zircaloy

f. Effect of cladding deterioration on the fractional
release rate of radionuclides.

Threugh reviev and evaluation of DOE documents, the NIST is
providing technical expertise to the NRC for the assessment
of DOE waste package designs and of DOE's ability to comply
with regulatory requirements.

2.3 Vitrification activities

The DOE has active programs related to the vitrification of
high-level radioactive vaste in borosilicate glass. Both
the West Valley Denonstration Project (WVDP) at West
Valley, KY, and the Defense Waste Processing Facility
(DPWF) at Savennah, GA will soon be in "hot" operations.
Several issues stand out:

6. The resistance of borosilicate glass to leaching
by environmental water.

b. The ability of the vitrification process to a
produce uniform product,.

€. The effects of radiolysis on the waste forms and
on the waste package environment.

Current expectations are that most of the high-level waste
initially placed in the repository will be spent fuel.
Nevertheless, the iwminence of hot operations at West
Valley and Savannah River confers an urgency on the need to
follovw technical developments in the glass area. The NIST
is providing technical expertise in this area partly
through in-house staff and partly through outside
consultants,




3.0 NIST Activities
3.1 Database Development

Conversion of the NIST/NRC Database for Reviews and
Evaluations on High-Level Waste from the original database
penagement system (DBMS), Revelation®, to a new DBNMS,
Advanced Revelation®, was completed. The nev system hac
fmproved features, such as menus and popup screens, both of
which permit multiple choices in the retrieval of data. It
also informs the user about either the operation that is
being conducted or the available choices for the next
operation,

The keyword checklist and the keyword checklist tree vere
podified to incorporate & nev field which contains a
separate set of keywords for non-metallic waste forms

Reviews are created using guidelines that describe the
types of information to be contained in each section of a
review, The current version of the guidelines is iIn
Appendix A.

3.2 Reviews and Sumnmaries

Technical reviews corpleted durirng the reporting period are
presented in Appendix B. All revievs presented there have
been approved by the NIST Vashington Editorial Reviewv Board
(WERB) .

3.3:1 Candidate Canister Materials

The nuclear waste container will be exposed to constant
irradiation by its highly rediocactive contents, and 1t is
imperative that & clear understanding of the effects of
ganma radiation on the metal container be developed. The
first study [Glass et al. 1986, see Appendix B, p. 18] in a
series of seven reports evaluates the effects of ganna
radiation on AISI type 316L stainless steel in J-13 water
at 30°C. The results indicate that irradiation increases
the oxidation potential of the agqueous environment through
the production of OH" and H'. The open-circuit potential
of 316L becomes more positive (noble) in the presence of
{rradiation, probably due to these oxidizing species. The
authors make the {mportant conclusion that irradiation does
not increase pitting susceptibility of 316L. This very
tmportant issue of the effect of radiation on pitting
susceptibility will require an in-depth study.

Another report reviews the literature on phase stebilicy
and its effect on corrosion susceptibility of austenitic
stainless steels [Bullen et al. 1987, see Appendix B,

p. 5). The reviev in this report, documents the metastable
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nature of the sustenitic phase In 304L and 316L. However,
carbide precipitation, and the potential for sensitization,
was found in all austenitic alloys considered, including
the high-nickel 825 alloy. The data indicate that
sensitization occurs very slowly &t temperatures below
650°C, but in vievw of the extremely long containment time
(300 to 10,000 y) required for service in the repository,
these alloys might sensitize sufficiently to permit
premature failure by stress corrosion cracking. An
inportant i{ssve not mentiored in this report is the effect
of irradiation on phase stability.

The third report reviewed in this section deals with a
study of the stress corrosion susceptibility of 304 and
304L stainless steelc at elevoted tenmperatures in the
presence of irradiation and serated vate:r vapor [VWesterman
et al. 1987, see Appendix B, p. 38). e vesults indicate
that 304L, in its most corrosior resistant condition
(solution annealed), failed by transgrenular SCC in water
vapor. This result is significant because ‘t reveals
Stress corrosion susceptibility of a candidate alloy in
sinulated repository conditions. This {s an fmportant
issue that requires further study.

The last report in this section [McCright et al. 1987, see
Appendix B, p. 23] provides & very good description of the
results of a compilation and reviev of testing barrier
materials for the radicactive vaste container as performed
by the Lavwrence Livermore National Laboratory and its
subcontractors. This report lists six candidate waste
canister materials and discusses associated problems as
indicated in Section 2.4 of this report,

The authors state that austenite 304L and 316L stainless
steels are metastable and subject to transformation to
martensite, ferrite, sigma or other phases, thereby
producing an increased tendency toward mechanical failure.
The final closure vwelded joint could be a limiting point,
and this question should be resolved. The authors indicate
that concentration of fonic species could cause a problem
with localized corrosion. Accelerated tests on 304L and
J16L stainless steels in gamna radiation and an aqueous
environment resulted i{n transgranular stress corrvsion
cracking (TGSCC), and this needs further study. Corrosion
data on stainless steel obtained in an environment at a
temperature near room temperature (28°C) over a period of
one year, and other corrosion data, were used to
extrapolate corrosion rates and to determine that a
canister made of this material will not perforate in 1000 y
(Meright et al. 1987). More corrosion dats are needed to
support this analysis and to study effects of spalling,
changing environment, and other factors



3.2.2 Zircaloy Cladding

In boiling water reactors (BWR), plant corrosion products
(erud) deposit on the fuel rods. Crud with high copper
concentrations tends to form as & scale instead of as the
usual fluffy fron-oxide crud Crud-induced localized
corrosion (CILC) of Zircaloy has been associated with the
presence of copper, and copper has also been observed to
accelerate zirconium alloy corrosion in acid environments.
These observations, prompted & study to investigate the
effect of copper on the corrosion of Zircaloy in &
sinulated repository environment [(Smith 1987, see Appendix
B, p. 91). Under the sinulated repository conditions,
attack on zirconium alloys observed under other conditions
(52°C and 1500 psi) could not be duplicated over a five:
month period of exposure. The potential for localized
corrosion in Zircaloy-clad fuel rods does exist, and these
experiments should be repested for a longer tine at
radiation levels simulating those in the tuff repository
and with test conditions more conducive to CILC., The
possibility of nodular corrosion and (CILC) of Zirvcaloy
requires further study.

3:8:9 Vaste Form

The vitrified waste studies include reviews of Chapters 2
and 5 from PNL-5157, which cover (1) rurface layers in
leached borosilicate glasses and (2) rediolysis effects on
the waste form and local environment of the waste package.
Four reviews relevant to waste handling at the Savannah
River Plant (SRP) are included. These reports are
overviews of strategies for (1) permanent storage of
transuranic vaste currently stored on the SRP site, (2)
reduction of the volume of radioactive waste by removal of
non-radioactive salt and sludge components for permanent
storage as low level wvaste, (3) an overview of the planned
vitrification process. A review of the strategy planned by
the West Valley Demonstration Project (WVDP) to show
compliance with high-level vaste specifications 1is also
included. The modelirg paper involves tuff related
modifications to & geochemical code (EQ3/6) for glass
dissolution,

The other two revievs are on spent fuel and Zircaloy.
Approximately 90 percent of all U.§. nuclear wvastes are
expected to be spent fuel. Thus, the integrity «nd
durability of Zircaloy cladding and the various oxidation
states (and their solubilities) of the spent fuel may be
important in the velease of radionuclides from the waste
package. These two reviews deal with (1) crud-induced
local failure corrosion of Zircaloy clad of BWR fuels and
(2) redionuclide releare from degraded LWR cladding.




3.2.3.1 Spent Fuel

The rate of dissolution of spent fuel is affected by the
condition of the fuel. As the fuel oxidizes, its
solability in repository water increases. Further, the
svelling of the fuel assoclated with oxidation can lead to
splitting of the fuel-rvod cladding; this exposes the spent
fuel to further dissolution. A study by Wilson considers
the effect of cladding degradation on the rate of
radionuclide dissolution using LWR spent fuel, but no dats
are yet avallable [Wilson et al. 1985, see Appendix B,

p. 95]. Previous studies using spent fuels taken from
pressurized water reactors (PWR) indicate that (1)
actinides are released congruently, (2) **7Cs and **T¢ are
released preferentially when compared with release of the
actinides, and (3) the fractional release rate of actinicdes
was greater for the fue, without cladding when compared
with that from the fuel with defective cladding. Due to
both the importance of this issue on dissolution of spent
fuel and the fact that spent fuel will be the major
component of the buried waste (appronimately ninety
percent), wore attention must be focused on understanding
spent fuel dissolution and the factors that affect it.

3.2.3.2 Vitrified Vaste

As part of a continuing effort to review the contents of
PNL-5157, "Final Report of the Defense High Level Waste
Leaching Mechanisms Program," reviews are given here for
Chapters 2 and 5. Reviews of Chapters 1 and 7 have alreacy
been published in Volume & of NUREG/CR-4735. Chapters 3
and 6 are to be reviewed in Volume 6. Current plans
include the review of Chapter 4 in Volume 7, and that will
complete the set and invite the prepartation of a summary
of the contents of these saven revievs,

Chapter 2, "Surface Layers in Leached Bornsilicate Glass
High-Level Defense Nuclear Waste Forms [Mendel 1984; see
Appendix B, v, 76) {s an extensive rvevievw of data on
alteration layers formed on the surface of leached
borosilicate glass high level defense nuclear waste forms.
The leaching process apparently hegins with replacement of
the more soluble cations (boron, lithium, sodium) with ions
from the leachant. Nonuniformities, such as cracks and
surface roughness, accelerate the process by as wuch as an
order of magnitude. Pit formation on the altered surface
is common,

The interface between the altered glass and the bulk glass
is physically and chemically well defined except for a
resction zone, generally less than 1 micron thick, which
exhibits extensive pitting and depletion of the more
soluble elements. The properties of the altered layer are
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influenced by the resactions with the agueous environment
and are not due to diffusion eifects. Dilute leachants
produce thick lov-density surfece layers, vhereas

concentrated leachants produce thin high-density layers.

Reactive solids, such as canister metal or ductile iron,
plus saturated defonized water result in significant
acceleration of the removal of silica from the glass. This
leads to the formatior of colloidal complexes and well
defined crystalline precipitates on the surface of the
glass. In deoxygenated water, less reaction is observed.

This is an excellent review pertinent to understanding the
altered layer but it does not discuss the implications of
how the alteration layer is related to the problem of long-
term lesch modeling. Currently, some believe that the
altered layer will act as & barrier and decrease the leach
rate but others argue that the formation of crystalline
deposits on the altured layer surface will increase the
leach rate because the removal of silica from the leachate
will increase the concentration gradient between the glass
and the saturated leachate solution.

The reviev of Chapter 5, "Radiation Effects" [Mendel 1984
see Appendix B, p. 86), includes information pertaining to
radiolysis effects relevant to salt or basalt repository
sites and is not germane to radiolysis in & tuff site.
Chapter 5 is an excellent review of the meager information
on the effects of alpha, beta, and geanmnma radiation on
nuclear vaste forms. Measurable structural damage to the
heet glass by radiation regquires a cumulative dose of about
10%¢ and saturates at 5 x 10%* glpha decays/m*®. These
doses .oughly correspond to 10,000 y exposure. There is ¢
rough co-relation between structural danage, which is
indicated Yy an increase in volume, and leach rate for
irradisted “wuclear wvaste forms. Camme radiation passing
through the (anister is known to interact with air and
water to form nitric acid and hydrogen peroxide. More
information corcerning the concentrations and the effect of
these oxidizing ipecies on the corrosion of the canister
during the initial 300 y isolation period needs to be
obtained,

*Solidification of Saveunah River Plant High-Level Waste"
is a report that presents & general overview of DWPF
history, design, development and operations The major
enphasis of this report is the reduction in volume of high-
level waste to be dealt with in the higher cost glass
forming process and & significant increase in the amount to
be mixed with cement and disposed of as low-level waste
[Maher et al. 1983, see Appendix B, p. 73]
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A brief reviev of "Frocessing of Transuranic Waste &t the
Savannah River Plant." This report gives & revievw of the
plan for retrieval, reprocessing and final disposal at
Carlsbad, Nev Mexico, of transuranic wvaste presently stored
on the Savannah River Plant site [Daugherty et al. 1987,
see Appendix b, p. 66).

An overvievw of the "Process Technology for Vitrification of
Defense High-Level Waste at Savannah River Plant," was
completed. The SRP waste exists in three forms: sludge,
saltcake, and saturated salt solution. Decontamination
procedures of the bulk of the salt solution for disposal as
low-level chemical disposal are desailed. Concentration of
the remaining redionuclides for vitrification is also
described as are preparation of intermediate process by-
products, for example Hg. This NISI reviev does not
contain critical commentary by the reviewer but it will be
included for reference purposes in the "Database for
Revievws and Evaluations on High-Level Waste (HLW) Data®
[Boersma 1984, see Appendix B, p. 56).

"Glass Making Technology for High Level Nuclear Waste, "

was & talk gesred tovard chemical engineers. It .s & good
general paper covering the wvell known problems of SRP high
level waste such as removal of mercury from the sludge, the
task of removing large amounts of salts, and non-
radioactive sludge components from \he radiosctive waste
for disposal as low-level wvaste, and the vitrification of
the remaining high-level wvaste [Boersma et al. 1986, see
Appendix B, p. 60),

A reviev of vas conducted of a paper entitled, "A Method
for Showing Compliance with Kigh-Level Waste Acceptance
Specifications.” This report that discusses the methods
that the West Valley Demonstration Project (WVDP) will use
to prepare the waste form and show that it will meet DOE
specitications. The techniques being developed to meet the
specifications will be detailed in the waste compliance
plan. Additional documentation of glass composition
control and durability of glasses which are off reference
composition are needed [Eisenstatt et al. 1986, see
Appendix B, p. 69).

In an effort to develop accurate laboratory data on glass
vaste leaching for use in modeling effurts, & test plan has
been developed [Aines 1987, see Appendix B, p. 52).
Information in the following areas is being sought:
radionuclide degradation rates, release rates, and solution
compositions in contact with the glass. This work is {u
the planning stage and no data are available at this time.
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3.2.3.3 Modeling the Dissolution of Glass WVaste

Once the nuclear vaste container is breached, dissolution
of radionuclides will commence as water or steam contacts
the vitrified waste. A geochemical modeling code, EQ3/6,
on the dissolution behavior of glass in an aqueous
environment is used to evaluate the long-term effects of
exposure of glass to & tuff repository environaent [Aines
1986, see Appendix B, p. 49). The model is designed to
allovw experimental verification at varifous stages of
development, Modifications to EQ3/6 that tailor the
existing model to the needs of NNVWSI are described in this
report. One result of this model is fts ability to
generate possible scenarios for the dissolution of
radionuclides. Presently, EQ3/6 can deal with sinmple
scenarios, but it {s not able to generate complex,
realistic scenarios because of the lack of sufficient
experimental data.

3.2.4 Water Chemistry

A report on water chemistry [Reed and Van Konyenburg 1987)
sumnarizes data given in & literature review on the effect
of fontzing radiation on dry and wet nitrogen/oxygen
systems. One important reaction product is the nitric avid
that is & product of nitrogen fixation It is expected
that the amount of nitric acid that forms will be small
relative to the mass of the contalner. Howvever, as the
suthor points out, condensation in the form of droplets on
the metal container may localize the formation of acid.

ihe confinement of the acid to these droplets would lead to
a4 higher concentration of acid than would othervise be
expected. A less likely reaction, the formation of
anmonia, requires a reducing environment. It {is well known
that amnonia can be detrimental for copper-based alloys.
Further experimental work is needed in this area. The
possible localization of nitric acid condensation is an
issue that must be investigated further, since it may lead
to localized degradation of the canister.

A second report in this section reviews and evaluates the
data on the release of carbon-14 from spent fuel into the
environment by gaseous transport [Van Konynenburg et al.
1986). The review discusses the possible modes of release
of '*C from the repository and puts it in the context of
concentrations of natural occurring '*C. However, because
of o lack of measured data, it is difficult to predict the
rate of oxidation and release of **C from a repository
environment
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4.0 MCC .- Materials Chara:terization Center

The Materials Charvacterization Center (MCC) is & Department
of Energy (DOE) laboratory which was organized for the
purpose of ensuring that qualified materials data are
available on nuclear vaste materials. The MCC is located
in the state of Vashington and cperated by the Pacific
Northwest Laboratories (PNL) of the Battelle Memorial
Research Institute.

Originally, objectives were to (1) develop standard test
methods and have them approved, (2) test nuclear waste
materials using approved test methods and (3) publish test
procedures and data in the Nuclear Vaste Materials
Handbook. Approved test materisls (ATM) and reference
materials would be developed and held by the MCC and
provided for use as needed. The Materials Reviewv Board
(MRB), which was to review and approve the test methods and
data, has been abolished. The plan nov s to have the test
methods and data undergo peer review, Changes may oceur in
the objectives of the MCC,

The MCC is supported at a level of approximately 60 percent
4s direct support from the DOE, and the remainder of the
funding comes frum DOE offices that deal with nuclear waste
materials and nuclear waste storage and have work for the
MCC to do. The MCC prepares monthly reports in addition to
other project reports which are submitted to the supporting
offices.

The sections of the monthiy reports for January through
June, 1988 were #s follows. The MCC work in each of these
sections will be summarized. See Appendix D for the
details.

A. Program Administration

B. Quality Assurance

C. Support to the Office of Geologic Repositories, through
April, 1988

Support to the Office of Facilities Siting and
Development, beginning May 1, 1988,

Support to the Salt Repository Project

Support to the Basalt Waste Isolation Project
Support to the Defense HLW "echnology Progran
Defense Waste Processing Facility

Support to the West Valley Demonstration Project

TO"MmoO
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Appendix A

Waste Package Data Review Form Guidelines

RATA SQURCE
Ful! document reference. This section may be completed for
the reviewer before he/she receives the document. 1f

completing this section yourself, use the following format:
TECHNICAL REPORT:

Pitman, §. G., "Slow-Strain-Rate Testing of Steel,"
Rockwell Hanford Operations, SD-BWI-TS-008, August 1984,

CONFERENCE FAPER:

Abrajano, T. A., Jr. and Bates, J. L., "Transport and
Reaction Kinetics at the Glass: Solution Interface
Region: Results of Repository-Oriented Leaching
Experiments," in Materials Research Society, 1983
Symposia Proceedings, Vol. 26, :

, McVay, G. L. (editor), North-
Holland, 1984, p. 533-.542.

RATE REVIEWED

Give the date the document review was completed, Add an
additional date each time that the review is revised, e.g.
11/25/86; Revised 12/01/86.

PURFOSE

If the author states the purpose, give that; if not, give
your perception of what the purpose muest have been.

CONTENTS

List the number of pages, figures and tables, and some
breakdown (as appropriate) of subsections, e.g. literature
survey 15 p, test methods 2 p, discussion 1 p.

(1) Scope of the Report, e.g. Experimental,
Theoretical, Literature Review, Data Analysis,

(2) Failure Mode or Phenomenon Studied, e.g.
Corrosion, Creep, Fatigue, Leaching, Pitting,
Hydrogen Embrittlement, Debonding, Dealloying
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MATERIALS /COMPONENTS

Description of the material gtudied, e.g., 304L stainless
steel, brass, zircaloy cladding, welds in 316 stainless
steel, packing material, basalt., Also describe, 1if
specifically addressed, component parts, e.g. the screv-
type cap on & waste cylinder.

IEST CONDITIONS

(1) State of the material being tested -- cold
worked or annealed 304L stainless steel,
thermo-mechanical history of the material (or
compounent) studied.

(2) Specimen Preparation -- prestressed,
precracked, size, type of specimen.

(3) Environment, pressures, and other test
parameters of the material being tested, e.g.
aqueous environment, radicactive surrounding,
electrolytes or corrosive agents present,
temperature and pressure (externally applied
or not) during the test.

MEIHODS OF DATA COLLECTION/ANALYSIS

This section includes data measurement methods and types of
data measured, as well as data analysis techniques, e.g.
electron microscopy, weight loss vs time, slow strain rate
tensile test, x-ray diffraction, differential thermal
analysis, A.C. electrical resistivity using & Wheatstone
bridge, mass spectroscopic chemical analysis of the
corrosive environment, Latin Hypercube method, Monte Carlo
techniques

AMOUNT OF DATA

This section includes the number of tables and graphs
together with their titles and axes (including the range in
values) If a listing of figure and table titles is
provided, the reviewer should add the limits given on each
axis, 1.e., for temperature, or other explanatory
information as appropriate.

Sometimes a synthesis {s preferable to a listing of table
and figure titles:




Five tables of temperature ard time data for five molten-
glass pouring operations, each table including the data
from ten sensor locations. The temperatures ranged from
1100°C Lo 0°C over a time period of 24 hours.

UNCERTAINTIES IN DATA

Included here are error Lars and uncertainties in the data
as stated by the author. This also includes qualitative
statements by the author on the reliability of the data:

The author states that, "Temperatures carry an accuracy of
+5°C while the times are reported to within +15 sec. It
was felt that under real glass pouring operations ‘without
well controlled crucible cooling) the temperature-time
curves will be shifted to somewhat higher temperatures than
shown here."

REFICIENCIES /LIMITATIONS IN DATABASE
Statements by the author on the applisability of the datu

are given here:

The author states "Extrapolation of the temperature-time
(time « 24 hrs) data presented here to times in excess of
100 years should not be performed." The data presented
here is useful only for indicating trends and qualitative
parameter relationships, not for the purpose of presenting
absolute values.

KEX WORDS

These are to be checked off on the key word checklist. In
general, these keywords should reflect the information
given in the above categories discussed above. Additional
keywords, which are truly different from terms on this
list, should be added to the list under the category
"other" whic! appears at the end of each key word list,.

CONCLUSIONS

Put the conclusions of the author in quotes whenever the
author's words are used without interpretation or

paraphrasing.

GENERAL COMMENTS OF REVIEWER

The reviewer's general comments on the document. This
category 1is wide open as far as content, It contains
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information the reviewer d‘d not enter into any of the
above categories, but which is considered important for the
reader to know., It is also in this section that the
reviewer would put any of his/her comments on the
deficiencies and uncertainties in the data and analysis:

This s a very comprehensive review of the literature on
the temperature sensitization of stainless steels. Even
though it neglects the definitive work of certain workers
in this area, this review still considers a sufficiently
large number of other investigations to provide a good
understanding of the present status of the field. The
principal deficiency, however, is the cmission of stainless
steel types, 301, 303, 304, and 316 and studies at 440°C,

Statements such as, "Further tests in this area are
needed," or "More data is required," require an
explanation. To state the nesd is valuable; such
statements, however, do not provide enough information.

Abstracts taken frowm the document to be reviewed will be
attached to the review., The abstract is also available in
the database. Therefore, references to the abstract may be
made .

RECOMMENDATIONS

Especially list what additional tests should be conducted
or what types of additional data are needed to resolve
selected issues or questions. Any newly identified
problems will be used to update a list of NBS identified
materials problems that includes statements on the types of
additional data, models, etc. that are needed to answer
outstanding questions.

RELATED HLW REPORIS

The report number(s) of any report(s) known tov be directly
related to the report being reviewed should be entered here
s0o that these reports may be cross-referenced in the
database .

The reviewer might alsc indicate any other reports taken
from the reference list (in the report being reviewed) that
should be acquired and incluced in the database.




ARELICARILLIIY OF DRATA IO LICENSING -- FEAD, BUT DO NOT
COMPLETE THKIS SECTION, NOT TO BE FILLED IN BY THE REVIEVWER

Indicated here ie¢ the licensing ilssue addressed by this
paper. It is either (&) a specific Listed licensing lssue
in an NRC Site Characterization Plan (ISTP) or (b) a new
fssue not yet identified in an ISTP.

The ranking oL the paper is determined as follows: The
"Key Data" box is marked if the paper contains data that is
of sufficient quality that it must be considered by NRC in
an evaluation of a license application. Such a paper must
mee*. at least one of the fellowing criteria: (1) it is an
in-depth review of the pertinent literature, (2) {t
contains data that is found to be especially significant
after being assessed for scientific werit and quality, or
(3) it contains data with such a snall uncertainty that {t
must be considered in a performance evaluation of a license
application. If the paper does not meet any of the above
three criteria, it is indicated as "Supporting Data",

Reviewer's comments on the listing of the document may be

included with the appropriate Jssue Listing in subcategory
(a) or (b).

AUIHOR'S ABSIRACT

The author's abstract is given whenever available,
Usually, it presents key numerical data. Whenever it does
not, the reviewer is acked to furnish key numerical data
within the review. These key cata may be placed in any
appropriate section of the review,



Appendix B. NIST Reviews of Documentr Concerning the
Parability of Proposed "ackages for High-
Level Radiocactive Waste



Appendix B

NIST Reviews of Documents Concerning the Durability of
Proposed Packages for High-Level Radiosctive Vaste

Aines, R, D., "Applicartion of EQ3/6 to Modeling
of Nuclear Waste Glacs Behavior in A Tuff
Repository," UCID-20695, May 1986 . . . & M N B-49

Alnes, R. D., "Plan for Glass Waste Form Testing
for NNWSI," UCID-21190, September 1987 . . . . . . B-52

Doersma, M. D., “"Process Technology for

Vitrification of Defense High-Level Waste

at the Savannah River Plant," DP-M§-83-135,
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Boersma, M. D. and Mahoney, J. L., "Glass
Making Technology for High Level Nuclear Waste,"
DP-MS-86-75, August 24-27, 1986 . . . . . WA B-60

Bullen, D. B., Gdowski, G. E., and McCright, R. D,
"Impact of Phase Stability on the Corrosion
Behavicr of the Austenitic Cardidate Materials
for NNWSI," UCRL-97562, October 1987 . . . . . . ., B-5

Daugherty, B, A., Salizzoni, L. M., and
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Eisenstatt, L. R., Chapman, C. C., and
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Waste Management '86, University of Arizona,
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Glass, R. §., Overturf, 6. E ,

Van Konynenburg, R. A., and McCright, R. D,
"*Camma Radiation Effects on Corrosion: 1 -
Electrochemical Mechanisms for the Aqueous
Corrosion Processes of Austenitic

Stainless Steels," UCRL-92311, February 198%

Maher, R., Shafranek, L. F., and Stevens, W. R, ,

"Solidification of Savannah River Plant
High-Level Waste," DP-MS-83-110, November 1383

MeCright, R. D., Haisey, W. G,, and

Van Konynenburg, R. A., "Progress Report on
the Results of Testing Advanced Conceptual
Design Metal Barvier Materjals Under Relevant

Environmental Conditions for a Tuff Repository,"

UCID-21044, December 1987,

Mencel, J. E., "Final Report of the Defense
High-Level Waste Leaching Mechanisms Program,"

Chapter 2, Surface Layers in Leached Borosilicate

Glass High-Level Defense Nuclear Waste Forms,
PNL-5157, August 1984

Mendel, J. E., "Final Report of the Defense
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Chapter 5, Radiation Effects, FNL-5157,
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Zircaloy Spent Fuel Cladding Degrsdation Under
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UCRL-15993, SANL 622024, March 1987
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Culham, H. W., and Smith, H. D., "Carbon-14
in Waste Packages for Spent Fuel in a Tuff
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WASTE PACKAGE DATA REVIEWV

RATA SOURCE

(a) Organization Producing Data

Work performed under the auspices of the U. §., Department
of Energy by the Lawrence Livermore National Laboratory
under Contract No. W-7405-Eng-48.

(b) Author(s), Reference, Refererce Availability

Bullen, D. B., Gdowski, G. E., and McCright, R, D.,
"Impact of Phase Stability on the Corrosion Behavior of
the Austenitic Candidate Materials for NNWSI,K *
UCRL-97562, October 1987, Available from NTIS.

RATE REVIEWED: 4/18/88; Revised 6/30/88.

EURPOSE

To review the technical literature regarding bhn-o stability
of 304L, 316L and the Alldy 825 and to summarize the role of

phase stability on the degradsetion of these materials in the
repository environment,

Comment: In reality, it appears that phase metastability {s
reviewved,

CONTENIS
10 pages with one table, six figures 32 references.

IXPE OF DATA

A review article.

MATERIALS (COMPONENTS

304L stainless steel, 316L stainless steel and Alloy 825

IEST CONDITIONS

No tests were conducted. 7Test conditions in the literature
reviewed included high temperature studies and phase
transformations. Conditions of composition, temperature of
exposure, temperature at quenching and previous history of
mechanical or thermomechanical treetment are identified as
important to the austenite to martensite transformation and to
other transformations.




METHODS OF DATA COLLECTION/ANALYSIS

Light microscopy, electron microscopy, and x-ray diffraction
were used in articles surveyed for this review.

AMOUNT OF DATA

One table gives compositions of 304, 304L, 316 and 316L
stainless steels and Alloy 825, Six figures present the Fe-
Cr-Ni ternary phase diagram at 650°C, two metastable phase
diagrams for quenched Fe-Cr-Ni{ alloys, the effect of carbide
precipitation on intergranular corrosion, the effect of signma
phase formation on room-temperature impact strength, a time-
temperature precipitation diagram for 316 §S, and cross-
sections of the Fe-Cr-Ni ternary phase diagram.

Iron melts at 1539°C. From 1539°C to 1390°C, iron har a body-
centered cubic (bee) structure, § ferrite, and a face-centered
cubic (fee) structure, austenitic y iron, from 1390°C to
910°C. Below 910°C, iron exists as becc a ferrite. Above 13%
Cr, ferrite is stable at all temperatures. Mo, $1i, Al, Ti and
Nb, like Cr, reduce the austenite area on the phase diagram,
whereas Ni, Mn, Cu and Co increase carbon and nitrogen
solubility and austenite stability,

Austentic steels all contain more than 16% Cr, and therefore
304L and 316L SS should centain a ferrite phase in equilibrium
with austenite at 200°C. 1Its precipitation is hindered by the
slowness of the diffusion processes required to create it.
Thus, the austenite phase is stable for 10 to 40 years, but
may not be over much longer time. Austenite can also
transform to martensite upon cold working.

Martensite can exist as o' (bece) or ¢ (hexagonal close
packed). The latter appears to be an intermediate phase in
the formation of a', Low-alloy fcc austenites transform to a'
wartensite at or below room temperature. Martensitce is harder
and more brittle than austenite, and is more susceptible to
hydrogen embrittlement.

Carbide precipitation is possible even for low carbon
austenite iron alloys. Some elements, such as Ti, are strong
carbide formers. Carbides such as M;,C, also can form in
equilibrium with the carbides of the strong carbide formers
and carbon is ubiquitous in their absence. The carbide
precipitation initially occurs at grain boundaries. Stickler
and Vinckier found that M,,Cy precipitates initially at
austente-ferrite interfaces and is followed by carbide

precipitation at grain boundaries. Civen sufficient carbon,
M;3C¢ can form at temperatures as low as 400°C after 1500
hours, or within a minute at 900°C. Intergranular corrosion

following M,,Cy precipitation occurs below 750°C.
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Austentic steels can also form intermediate phases (over
the temperature range 600-1150°C) whose composition may be
stoichiometric or may exhibit a range. The tetragonal
sigma phase may range from A, B to AB,. The chi phase has a
bee-aMn stivucture with a formula (FeNi),,Cr,,Mo,,. The
hexagonal Laves phase has the formula Fey;Mo. Less than 2%
sigma phase reduces the fracture toughness by half.
Overall, the studies outlined show that 304L and 316L
steels can undergo significant microstructural evolution at
temperatures less than 650°C in less than 1000 hours.

Alloy 825 is a stable ausienite over the entire range from
the solidus temperature to room temperature. Also, the
precipitation of sigma, chi, or Laves phases has not been
noted in the literature However, a wide variation in
resistance to sensitization has been observed that is
attributed to differences in process history,

UNCERTAINTIES IN DATA

The uncertainties discussed are paraphrased from the
authors by the reviewer. The metastable austenitic phase
should be in equilibrium with the ferritic phase at 200°C,
the austenitic phase is metastable. This austenitic
microstructure is known to be stable for up to 40 y at
amount temperatures of 0 to 40°C but its stability is not
known for 1000 y under repository conditions.
Transformation of austenite to martensite due to effects of
temperature, strain, or composition can occur with 304L and
316L stainless steel. This transformation could adversely
affect mechanical properties. The precipitation of
carbides, predominately M,,C,, at grain boundaries could
occur after long periods of time, and this would affect the
corrosion and mechanical properties. The formation of
intermediate phases such as the sigma phase can result in
reduced fracture toughness., Long hold times, at repository
temperatures or even during the time period for container
retrieval, could cause precipitation of these phases or
carbides, and all low-temperature phase transformations
should be considered when selecting the material.

Speculation r-garding the possible existence of
submicroscopic sigma phase in the Alloy 825 was noted but
not substantiated with data,

REFICIENCIES /LIMITATIONS IN DATARASE

Daeta are needed on long-term, low-temperature (below 650°C)
phase transformations for all of the phases.



KEX WORDS

Literature review, supporting data, microscopy, X-ray
diffraction, electron microscopy. ambient temperature, high
temperature, stainless steel, sustenitic alloys, 304L
stainless steel, 2161 stainless steel, Alloy 875, snnealed
(austenitized and transformed), sensitized, impact
strength, corrosion (galvanic), corrosion (intergranular),
corrosion (stress cracking), cracking, cracking
environmentally assisted, hydrogen embrittlement, sigma
phases, chi phase, Laves phase, intermetallic phase,
carbides.

CONCLUSIONS

"Types 304L and 316L stainless steels were identified as
potentially metastable materials at repository relevant
conditions "

This is not a new conclusion, however. Diffusion processes
needed for precipitation reactious, occur slowly at
temperatures below 650°C, and the predicted maximum
repository temperature of 250°C is significantly lower.

"Carbide precipitation was identified in all of the
austenitic candidate alloys."

Carbide precipitation may lead to sensitization in 3041 and
316L and the potential for intergranular stress corrosion
cracking.

Intermetallic phases such as sigma, chi and Laves, were
noted to occur in 316L. These phases result in brittleness
and reduce the impact strength. However, "No intermetallic
phases formation was documented in Alloy 825," and "Very
few phase instability data were identified for Alloy 825."

Limited data were available on M,,Cy carbide precipitation
in the Alloy 825 and varying compositions of the carbide ' 0
the Alloy 825 were reported.

CGENERAL COMMENTS OF REVIEWER

Thie document is an excellent review of phase stabllity in
austenitic candidate meterials, covering & number of topics
relevant to the NNWS1 Project studied. However, none of
the material in the review addresses the role of phase
stability in the degradation of the materials discussed in
a repository environment. Attention should be given to
items mentiocned in the sections of this review entitled
comments, uncertainties in data, and conclusions.



The phase stability of 304L and 316L stainlers steels at
repository _semperatures is questionable end must be resolved,
Although diffusion reactions would be slower at 250°C than at
650°C, the time of exposure is long for repository conditions,
and ferritic phase would precipitate at the lower
temperatures. More data on effects of composition,
temperature, time and deformation on phase stability of these
materials are needed. It is not clear whether the forty year
successful use of these materials could furnish useful data
for repository conditions or if it does, whether this time
period could be greatly extended. This stability question may
not lend itself to a resolution, and the question that must be
raised is should metastable materials be used in the
engineered barrier.

The reviev indicates that Alloy 825 is more promising than the
stainless steels, but much more data are needed on carbide and
other possible phase formations in this material. These data
should be correlated with mechanical properties and assessed
in relation to temperature, time and repository conditions.
The review relates phase instability to intergranular stress
corrosion cracking. There are additional coxrosion problems,
such as pitting or galvanic corrosion, which could occur.

Recommendations related to this work include:

1. Evaluate the generic question whether metastable materials
should be used in the waste packages.

2. Make additional studies of phase stability of asustenitic
materials.

3. Study carbide precipitation in 304L, 316L and the Alloyv 825
under temperatures involved In preparing the canister for
storage and temperatures that will exist in the repository.
Consider effects of long-time exposures.

4., Study effects of carbon content and the total alloy
composition on carbide precipitation in candidate
austenitic materials at temperatures of preparation and
storage in the repository waste pa:kages,

5. Study intermetallic phase formation and effects of
temperature, time and composition for 304L, 316L and Alloy
825.

6. Analyze combined effects of gamma radiation and repository
temperatures on phase stability of austenitic materials.

7. Correlate measurements of mechanical properties and
corrosion behavior with phase change data.




RELATED HLW REPORTS

McCright, R. D. Halsey, W. G., Van Konynenburg, R. A,
"Progress Report on the Results of Testing Advanced Conceptual
Design Metal Barrier Materials Under Relevant Environmental
Conditions for a Tuff Repository"

UCID-21044, December, 1987.

APPLICABILITY OF DATA TO LICENSING
(Ranking: key data (X), supporting ( ))

(a) Relationship to Waste Package Performance lssues Already

ldentified

2.2.:3 Possible mechanical failure modes for waste
package

2.8.8 Potential correosion failure modes for the waste
package.

(b) New Licensing Issues

Sensitization and/or phase stability of austenitic
materials

(¢) Comments Related to licensing

Effects of phase metastabilities on mechanical
properties, corrosion behavior and overall durabilirty of
saustenitic materials need to be deteimined. A material
should be used only if it can be established that phase
transformation and their effects do not limit the

integrity of the container in the repository environment
over the needed containment time.



WASTE PACKAGE DATA REVIEW

RAIA SOURCE

(a) Organization Producing Report

Work performed under the auspices of the U. §. Department
of Energy by the Lawrence Livermore National Laboratory
under Contract No. W-740I-Eng-48.

(b) Author(s), Reference, Reference Availability

Delany, J. M., "Reaction of Topopah Spring Tuff with J-13
Vater: A Geochemical Modeling Approach Using the EQ3/6
Feaction Path Code," UCRL-53631, November 25, 1985,

RAIE REVIEWED: 5/21/88; Revised 6/13/88; 7/17/88.
RURFQSE

To investigate the usefulness of the EQ3/6 geochemical
modeling code as a tool to reproduce theoretically the
physical/chemical environments of the NNWSI waste package.

CONTENIS

The report consists of 46 pages.: four tables, six figures,
three appendices, and a bibliography of 54 references. There
are a general cdescription of the EQ3/6 softtware, the code
input parameters, discussion of four different computer
simulations and the results. Experimental data characterizing
the J-13 well water and the bulk mineralogy of the Topopah
Spring Tuff are discussed.

IXPE OF DATA

(1) Scope of the Report

Description of EQ3/6 Reaction Path Code; a comparison of
specific experimental data (taken from UCRL-53630 &nd UCRL-
$3645) with the results of computer modeling of the reaction
of Topopah Spring tuff with J-13 groundwater.

(2) Failure Mode or Phenomenon Studied

Dissolution of Tupopah Spring Tuff in J-13 groundwater over
time (computer simulation).



gk e GRS R

MATERIALS ZCOMPONENTS
Topopah Spring Tuff from Drill hole USW G-1 ac 1232 feet.

J-13 groundwater from USGS Test Well 6 1963,
IEST CONDITIONS

(1) State of the Material being Tested
In the quoted experimental work:
Tuff was tested in both crushed and wafer forms.

J-13 groundwater from USGS Test Well 6 1963, stored in a
plastic-lined drua filled directly at the well. Storage
conditions do not significantly affect overall composition,
dut tests indicated that the storage tank beceme saturated
with oxygen and the pH rose from 7.1 to 7.6 during stcrage.

(2) Specimen Preparation
In the quoted experimental work:

1. Crushed sauples of tuff were dry-sieved to a size range of
75 to 150 um. The samples were unwashed and probably
contained fine particulate material.

2. Core-wafer samples were cut, polished, washed thoroughly
in distilled water, and cleaned in an ultrasonic bath to
remove all fine particles from the surfaces: effective
porosity 6.58, measured bulk density 2.335 g/cm?, grain
density 2.522 g/cm® .

(3) Environment of the Material being Tested

In the experimental work quoted, the tests of tuff reacting
with J-13 water were run at 150 and 250°C.

METHODS OF DATA COLLECTION/ANALYSIS

The laboratory data were gathered by other workers at Lawrence
Livermore National Laboratory. Details are not given in this
report except that the experiments were run at 150 and 250°C
for 66 days on the samples described above.



Geochemical modeling was done using the EQ3/6 reaction path
code to model the complex chemical interactions between
groundwater and repository host rock. Tre EQ3/6 code consists
of two large FORTRAN codes which are supported by a comuwon
thermodynamic database. One code is & speciation-solubility
code that cemputes a model of the state of an aqueous
solution. The program produces the distribution of aqueous
species, their thermodynamic activities and saturation indices
for various solids. The second program cen be used to compute
models of cthe evolution of aqueous geochemical systems (the
reaction path). Changes in rock/water systems are calculated
as the reactions proceed toward a state of overall chemical
equilibrium. The thermodynamic data are processed through a
code which checks for thermodynamic consistency, extrapolates
heat capacity functions with temperature, and generates data
for insertion into the master thermodynamic data file. The
internal database contains free energlies and enthalpies of
formation, third law entropies, and heat capacities of
reactions commonly used in geochemical calculations. The
program also checks for mass and charge balance, fits all data
to & predetermined temperature grid.

This report describes the application of the codes to help
evaluate chemical reactions occurring in closed-system high-
temperature experiments. The interaction between tuff and
J-13 water is modeled as the reaction of an aqueous sclution
{n contact with a specific mineral assemblage. The bulk-rock
mineralogy was represented as an assemblage of cristobalite,
alkali feldspar, and quartz with minor amounts of biotite,
plagioclass, ani montmorillonite. Analyses of natural J-13
water served as direct input for the composition of the
{nitial fluid. The EQ6 code precicts the reactions of the
rock and water compositions at the experimental temperatures
for the designated time intervals. The reaction products
produced by the EQ6 code were compared with experimental data.

AMOUNT OF DATA

There are four tables and six figures in the main body of the
test and three appendixes.

Table 1.: “Average J-13 fluid analysis for LLNL laboratory
supply,” lists the pH, and the concentration in
milligram/liter for 14 ions in the water.

Table 2.: "Composition of Topopah Spring tuff," lists six
mineral phases by name, by mineral composition, and the volume
percent of each mineral in the tuff.



Table 3a.: "EQ6 rock recipe for crushed Topopah Spring Tuff, k"
lists for six mineral species, the welight percent, the moles
of reactant in moles/gram, the initial number of moles of
reactant, the specific surtace area in square
centimeters/gram, and the total surface area in square
centimeters.

Table 3b.: "“EQ6 rock recipe for G-1 Topopah Spring Tuff core
wafer ," lists for six mineral species, the weight percent, the
moles of reactant in moles/gram, the initial number of moles
of reactant, the specific surface area in square
centimeters/ ram, and the total surface area in square
centimeters.

Table 4.: “"Steady state J-13 composition (open system 150°C,
100 years; see text)," lists the pH and the concentration in
milligrams/liter for 11 ionic components.

Figure 1.: "Log activity plot of potassium vse aqueous silica
at 25°C (see text). The open squares represent J-13
compositions from various literature sources. The crosses
represent concentrations of the LLNL laboratory supply." Log
activity ay,/ag, (from 0 to 6) is plotted against log activity
85,02 (from -6 to 0) with five mineral areas identified in the
plot,

Figure 2.: “"Log activity plot of sodium vs aqueous silica at
150°C. See Figure 1 for symbol explanation." Log activity
8yos /8y, (from 2 to B) is plotted against log activity ag,q,
(from -6 to 0) with six mineral ereas identified in the plot,

Figure 3a.: “Concentration of $i and Na vs time for 150°C
Topopah Spring Tuff (Tpt) core-wafer simulation. Symbols
represent analytical values from Knauss et al., (1985b)." The
concentration in ppm (from O to 140) is plotted against the
time in days (from 0 to 70).

Figure 3b.: " Concentration of Ca, K, Al, and Mg vs time for
150°C Tpt core-wafer simulation." The concentration in ppm
(from O to 12) is plotted against the time Iin days (from 0 to
70).

Figure 4a.: “Concentration of S$i and Na vs time for 250°C Tpt
core-wafer simulation. Symbols represent anaiytical values
from Knauss et al. (1985b)." The concentration in ppre (from

0 to 400) is plotted against the time in days (from 0 to 70).

Figure 4b.: " Concentration of Ca, K, Al, and Mg ve time for
250°C Tpt core-wafer simulation.” The concentration in ppm
(from 0 to 14) is plotted against the time in days (from 0 to
70) .




Figure 5a.: "Concentration of §i and Na vs time for 150°C Tpt
Crushed -tuff simulation. Symbols represent analytical values
from Knauss et al. (1985a)." The concentration in ppm (from
20 to 160) is plotted against the time in days (from 0 to 70).

Figure 5b.: " Concentration of Ca, K, Al, and Mg vs time for
150°C Tpt crushed-tuff simulation.” The concentration in ppm
(from O to 1l4) is plotted against the time in days (from 0 to
70) .

Figure 6.: "Concentration vs time plot for 150°C Tpt core-
wafer 100-year simulation." Concentrations in ppm (from 0 to
200) of S1, Na, Al, and Ca are plotted against time in years
(from 0 to 100).

Appendix A.: "Constants used to construct theoretical rock
recipes,” lists the numerical values of the densities and
molecular weights for six mineral species.

Appendix B.: "Sample EQ3NR Input File of J-13 Water," lists
the parameters &and the values used in the computer
simulations.

Appendix C.: “"Sample EQ6 Input File for Core-Water
Experiment," lists the data used in the run at 150°C.

UNCERTAINTIES IN DATA

Uncertainties in the experimental data are not given in this
report.

REFICIENCIES /LIMITATIONS IN DATABASE

It is not possible to analyze the alteration products of the
crushed-tuff experiments in the same detall possible in the
core-wafer experiments, In the core-wafer experiments only a
negligible amount of the solids appear to have reacted aud so
the concentrations of major cations in solution are a
sensitive measure of the course of the reaction., Only if good
agreement is found between the progressive changes in the
theoretical and analytical solution compositions can the EQ6
results be interpreted to predict the secondary alteration
that may form in these experiments.

"There is a lack of complete thermodynamic data and also a
lack of some of the specific data for species disscolution, for
instance, data un the dissolution of smectite phases. "




KEX WORDS

Data Analysis, computer modeling, solubility, EQ3/6,
laboratory, J-13 water, tuff composition, tuff, dissolution.

CONCLUSIONS

*The dissolution of Topopah Spring tuff in J-13 water may be
reasonably approximated" [Ed. reasonable approximation is not
defined) in a closed-system environment at 150°C can be
simulated with a minimum number of constraints in code
parameters but the simulation does not work equally well at
250°C. [Ed. This gives rise to two implications: (1) the
actual reaction taking place at 250°C may differ from that of
150°C. (2) The method of numerical analysis used at 150°C may
not apply at 250°C). Future work must include more data on
various mineral compositions. The addition of several rate
lavs for precipitation kinetics will be made to the EQ3/6
software."

CRNERAL COMMENTS
The validity of the original data being used in modeling must
always be a weak point. For instance, the rate constants for

dissolution of an individual mineral component, determined
experimentally for that component by itself, may not be valid
for the component in association with other mineral phases.
Also, the assumptions concerning the identity of all mnineral
species in the tuff rock may nct be inclusive enough. The
uncertainty of the data is difficult to estimate. The
dependence of the results of modeling on the validity of the
assunptions made about any complex system is another weakness.

The autior herself states that although the date for
experiments at 150°C agree well with the modeling results, the
results at 250°C indicate that the database cannot adequately
model the system at the higher temperature. The modeling
results validate the modeling procedures but the database
needs expansion. Too much of the database must consist of
estimated thermodynamic values and better data must be
inserted in the database.

RELATED LW REFPORIS

1. Aines, R. D., "Application of EQ3/6 to Modeling of Nuclear
Waste Glass Behavior in a Tuff Repository," UCID-20895, May
1986 .



Ranking: key data ( ), supporting data (X)

(a) Relationship to Waste Package Performance Issues Already
Identified

This report relates to NNWSI ISTP issue 2.3.2.1.2, the
rates of dissolution associated with the potential waste
form dissolution mechanisme.

(b) New Licensing Issues

(¢) General Comments



WASTE PACKAGE DATA REVIEW
RATA SQURCE

(a) Organization Producing Data

Work performed under the auspices of the U. §. Dopartment
of Energy by the Lawrence Livermore National Laboratory
under Contract No. W-7405-Eng-48,

(b) Author(s), Reference, Reference Availability

Glass, R. §., Overturf, G. E., Van Konynenburg, R. A.,
and McCright, R. D., "Gamma Radiation Effects on
Corrosion: 1 - Electrochemical Mechanisms for the
Aqueous Corrosion Processes of Austenitic Stainless
Steels," UCRL-92311, February 1986. Available from NTIS.

RATE REVIEWEDR. 3/16/88; Revised 6/8/88.
EUREQSE
Determine the effects of gamma irradtation with the addition

of H,0;, on the electrochemical behavior of austentic stainless
steels.

IXPE OF DATA
Experimental .

MATERIALS /COMPONENTS
304L and 316L SS, annealed.
IEST CONDITIONS

J-13 and concentrated J-13 groundwater, with and without +-
radiation, T = 30°C,

METHODS OF DATA COLLECTION/ANALYSIS

Open circuit potentials and polarization curve,.
AMOUNT OF DATA

Tables

1. Composition of the metal.

2. Composition of the J-13 water.
3. Possible redox reactions in vy-irradiation solution.



Figures

o

10.

Schematic of the elvctrochemical cell used.

Corrosion potential behavior of 316L stainless steel in
10x concencrated J-13 well water under gamma irradiation.
The solution was not exposed to irradiation prior to
initiation of the first "on/off" irvadiation cycle.

As for Figure 2, only for a 100x concentrated J-13
electrolyte.

Open circuit potential of 316L as a function of time (up
to 600 min), showing the effect of y-radiation and of
H,O, addition.

Response of the corrosion potential for 316l stainless
steel in J-13 well water to which successive additions of
Hy0, were made. In this figure, one drop of H,0, (from a
30% solution) represents & resulting solution
concentration of 0.49 mM. The solution was continuously
stirred by a magnetic stirrer throughout the experiment,
Open-circuit potential behavior for platinum irradiated
J-13 well water,

Same as Figure 6, only with continuous purging of the
solution by argon throughout the experiment,

Response of the open-circuit potential for platinum
unirradiated J-13 well water to successive additions of
Hy, H;0,, and 0, . The points of introduction of these
species into solution ere indicated on the figure. In
this figure, twe drops of H,0, (from a 30% solutfon)
results in a solution concentration of 0.98 mM. Purging
of the solution with H, and 0, resulted in successive
saturated solutions of these gases. The solution was
continuously stirred by a& magnetic stiirer during the
experiment,

Response of the corrosion potential for 316L stainless
steel in J-13 well water to successive addivions of H;0,
and H,. The points of introduction of these species into
solution are indicated on the figure. In this experiment
the addition of two drops of H,0, (from a 308 solution)
results in a solution concentration of 0.98 mM. Purging
of the solution with solution with H;. The solution vas
continuously stirred with & magnetic stirrer in this
experiment.

Response of the corrosion potential for 316L stainless
steel in argon-purged J-13 well water to gamma
{rradiation. 1Initiaticn of argon deaeration and gamma
{irradiation are indicated on the figure. Once initiated,
argon purging was continued throughout the remainder of
the experiment,



11.

Comparison of the potentiostatic anodic polarization
behavior for 316L stainless steel {n 650 ppm Cl° solution
in deionized water with and without gamma irrcdiation,
The polarization curves were scanned anodically starting
from the corrosion potential Iin each case. Upon reaching
the anodic limic, the scans wers reversed to more
negative potentials. In this figure, E and E
represent values of the corrosion potonit‘{ and p!tttn;
potential, respectively, for the unirradiated case. The
corresponding values for the irradiated experiment are

-
indicated on the figure as 'Ecorr and *E_.

UNCERTAINTIES IN DATA

None given. Results of single experiments.
REFICIENCIES ZLIMITATIONS IN DATABASE

Considered preliminary results by the authors.

KEX _WORDS

3161, 86, J-13 water, y-irradiaticn, corrosion.

CONCLUSIONS

: g "Gamma irradiation increases the oxidizing nature of the

aqueous solutions used in this study through production
of eOH and H,0,. These species probably account for the
observed pcsitive corrosion potential shifts. Such
shifts may be generic for austenitic stainless steels in
J+13 well water and in similar environments."

"By analogy to previous work on Pt in aqueous H, 0, medis,
the electrochemical equilibrium between adsorbed hydroxyl
species and hydroxide ions may be important in
determining the corrosion potentials of stainless steel
in irradiated aqueous solutions. Also a cyclical
catalytic scheme for the decomposition of H; 0, involving
adsorbed species (e.g., eOH, HO;, or 0,) participating in
anodic and cathodic piocesses may also be important,
However, a stainless steel surface certainly forms & more
complex electrochemical interface than does a Pt surface,
and other reactions also serve to establish a mixed
corrosion potential, as discussed in the text."

"The generation of oxidizing species in the solution
layers adjacent to the stainless steel surface is
responsioble for the rapid potential shifts observed upon
imposition of the gamma field. Upon continued



radiolyais, a rise in concentration of oxidizing species
(particularly H;0,) in the bulk solution also gradually
increases the steady-state corrosion potential of the
stuinless steel. "

4. *The corrosion potential of 316L stainless steel, while
sensitive to the presence of H,0,, does not appear to be
sensitive to the presence of H; under our experimental
conditions. While the corrosion potential is not
sensitive to molecular H,, it may be sensitive to atomic
hydrogen, which is also produced under radiolysis.
Molecular hydrogen may only play a role in helping to
establish steady-state bulk H,0, concentrations. "

| "Preliminary results suggest that the susceptibility of
316L stainless steel to pitting is not increased under
gamma irradiation. It appears that both the corrosion
and pitting potentials are shifted positively by
approximately the same amount. The more positive pitting
potentials observed under gamma irradiation may be
related to reaction of radiolytic products with defects
(e.g., oxygen vacancies) in the oxide film, .or to film-
repair reactions. Further work is needed to understand
the effect of gamma irradiation over wide ranges of the
polarization curves. "

SENERAL COMMENTIS OF REVIEWER

Although data are very limited and preliminary, they are in
general agreement with the expected effect. of y-irradiation.
The discussion concerning the reactions and mechanisms that
alter the corrosion potential of stainless steel under v-
{rradiation, is reasonable, but it must be emphasized that it
is highly speculative. Finally, the results of a single
potentiodynamic scan are interpreted as indicating no
detrimental effect of y-radiation on pitting. However, the
fact that the repassivation potential seems to be below the
open circuit potential under irradiation could very well mean
that 1f pitting were initiated for whatever reason, no
spontaneous repassivation and pit death (plt deactivation)
would be expected.

RECOMMENDATIONS

None.

RELATED HLW REFCRID

Reed, D. T. and Van Konynenburg, R, A., "Effect of lonizing
Radiation on Moist Air Systems," UCRL-97936, December 1987.




[Ranking: key data ( ), supporting (X))

(a) Relationship to Waste Package Performance Issues Already
Identified

Related to NNWSI ISTP issue, 2.2.4.2., what are the
effects of radiation on the corrosion failure modes and
associated corrosion rates for the waste package
container?

(b) New Licensing Issues

(e) General Comments on Licensing
AUTHOR'S ABSTRACT

The Nuclear Regulatory Commission regulations for geologic
disposal of high level nuclear wastes require multibarriered
packages for waste containment that are environmentally stable
for time periods of 300 to 1000 years. 1In addition to
examining the usual corrosion failure modes which must be
evaluated in choosing a corrosion resistant material for waste
containment (e.g., resistant to pitting, crevice attack, end
stress-corrosion cracking), the effects of gamma rudiation on
the chemical environment surrcunding the waste container must
also be considered. Austenitic stainless steels have been
proposed for use as weste container materials for a potential
nuclear repository to be located at Yucca Mountain in Nye
County, Nevada. This study focuses on the effects of gamnma
radiation on the corrosion mechanisms of 316L stainiess steel
in groundwater regional to this site. When gamma irradiation
is initiated, corrosion potential shifts in the positive
direction are observed for 316L in groundwater regfonal to the
repository site. These potential shifts, as well as the
subsequent effect on pitting resistarce are considered.



WASTE PACKAGE DATA REVIEW

RATA _SQURCE

(a) Organization Producing Data

Work performed under the suspices of the U, §. Department
of Energy by the Lawrence Livermore National Laboratory
under Contract No. W-7405-Eng-48.

(b) Author(s), Reference, Reference Availability

McCright, R. D., Halsey, W. G., and Van Konynanburg, R.
A., "Progress Report on the Results of Testing Advanced
Conceptual Design Metal Barrier Materials Under Relevant
Environmental Conditions for & Tuff Repository," UCID-
21044, December 1987,

DAIE REVIEWED: 3/31/88; Revised 4/28/88.
EURRQOSE

“This report discusses potential degradation modes for
candidate materials being considered for use in waste package
containers, and summarizes the results of metal barrier
testing activities conducted at LLNL and subcontractor
facilities."

CONTENTS

Thie report consists of 105 pages which include an executive
summary, &n introduction, 16 Tables, 17 Figures, and the
following number of pages covering each topic listed,.

Tepic
Pages

Candidate Materials 5
Degradation Mcdes of Austenitic

Materials Under Repository Conditio.s 11
General Corrosion and Oxidation

of Austenitic Materials 6
Intergranular Corrosion

and Intergranular Stress 19
Corrosion Cracking of Austenitic Materials

Pitting Corrosion, Crevice Corrosion,

and Transgranular Corrosion Cracking of

Austenitic Materials 21
Phase Stability and Embrittlement

of Austenitic Materials 5
Projections of Containment Lifetimes

Using Austenitic Materials 6



lopic

Lages
Copper Base Materials 17
Borehole Liner Materials b}
References 7
INEE OF RAIA

Experimental., This is & rveview of repository conditions,
enplacement considerations and potential degradation modes
of six materlals and sunmarizes test data from LLNL and
other DOE contractor facilities. Tables and figures of
some referenced experimental test data are given,

MATERIALS /COMPONENTS

$ix candidate moterials for the waste packege are
discunrsed. The putevials are A'S! 304L and 31€L rtainless
steels, high nicke! sustenitic alloy 825, oxygen-free
copper CDA 102, 7% criumi,ua byenze CDA 6195, and 70.-%0
copper-nickel, Cha 7158

TRSL CCNDITIGNS

Topepah Spring tufl zep-sitory conditiors were used in the
various tests. Thase condivions {r2luded J:13 weall water
With » near neutrai pH end tooperatures of 20°C o 157%C,
Some teste ver  conducted in the preseancy vl gerne
radiation et »pprovimately 10* to 10® raus per hour.

METVQRE QFE DRATA ~QLIECTION/ANALYSIS

Weight loss measurements were used to determine corrosion
rates and effects of conmposition ana other variables.
Slow-strain-rate tests were conducted to obtain data on
changes in mechanical properties brought about by the
environment. U-bend SCC tests were conducted,
Metallographic techniques, using light microscopy, were
used to analyze microstructures for cracking and other
effects.

AMOUNT QF DATA

There are 16 tables and 17 figures.

UNCERTAINTIES IN DATA

It is not certain whether sensitization would occur during
the tens to Lhundreds of years at 100°C to 250°C in the
repository.




In the transgranular SCC deternminations, tuff material was
taken from surface outcroppings and vas not representative
of the tuff at the level of the repository. Total volumes
of water were not kept constant throughout the test and
resulted in varying chloride concentration. Temperatures
vere not controlled satisfactorily at 90'C for the first
month which resulted in & nmore concentrated solution., A
peak value of chloride vas measured after seven months.

REFICIENCIES JLIMITATIONS IN DATARASE

Partial sensitization might occur and needs to be
quantified. Additional slow-stra'n-rate tests are being
conducted. A model to predict sensitization is being
developed. Detrimental effects of hydrogen on Alloy 825
need to be addressed, Additional work is needed to study
phase instability and enbrittiement., More developmental
work is needed with Alloy 825 to assure its good
veldability. More research {4 needed 1o Geternine whether
picroorganisms carn survivae the hot, dry per.od avd later
revive, Nore fntcrmation {s reeded on roadfint. on nffects on
corrosion ane oxiduit'or of copper rrd coprer alloys
Interecetion of borehole watverials and the container will
need to be experinentally determined.

EEX WORDS

Experimental, literatuic review, supporting dats, genevai
corrosion, pitting, corrosion, electrochemical,
frrediation-corrosion test, microscopy, slow-straln-rate
test, weight change, x-ray diffraction, laboratory,
sinulated field test, Yucca Mountain, air, J-13 water, tuff
composition, concentrated (20X) J-13 water,tuff gamma
radiation field high temperature, carbon steel, copper
base, nickel base, stainless steel, weld, 304L stainless
steel, 216L stainless steel, Alloy 825, CDA 102 copper, CDA
613 7% Al-Cu bronze, CDA 715 70-30 Cu:-N{ alloy,annealed,
sensitized, welded, wrought, slovw strain rate, C-ring SCC,
J+13 steam, chloride (low ilonic content), chloride (high
fonic content), tuff, cracking, hydrogen embrittlement,
sensitization,

CONCLUSIONS

There is no Conclusions section in this report. Some of the
authors’' summary statements are discussed in the general
comments section of this review. Some assumptions and
comments, mostly from the executive summary, follow.

1. Austenite in 304L and 316L stainless steels 1is
metastable and might transform to martensite, ferrite,
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sigma or to other phases causing a reduction in fracture
toughness and an increased tendency toward mechanical
fellure.

2. All velded joints except the final closure will be
annealed to relieve stress. The final closure could be a
point of limitation and this should be resolved.

3. The maximum temperature after closing the repository
will be 250°C. The repository will cool eventually and
allov condensation or flov of water. Water near the site
is lov in lonic cuntent and nas a neutral pH. The
ataosphere will be warm air, steam and cool agqueous air.
Cawna rediation will be present and will «lter the local
envirenwent auring the early perind,

4, Candidate meierialy appear to be resiviant te corrosive
attack to meet parformeancy tequiremants, hut tests {ndisate
*hat coucentration of {onie spocing cou'd cavve more severe
pleving atvexk,

S. Tests on 1046 and 304L stainless steel rovealed
traasprenuler s'ress corrosion crecking (1630C) under
dccelerace? cenditions of scress, pemne flux and waver
cheutistry. Tests sve belng conducted to quantify crivtical
veluiss and to Jeterwing when thig covvosion mode becowes
liniting.

6. Indications are that phase stability and embrittlement
effects will not be performance limiting, but little
testing has been done, and further study in being pursued,

7. Testing of the waste package materials is directed
tovard determining which potential degradation modes are
performance-limiting and which degradation modes do not
appear to be limiting.

CGENERAL COMMENTS OF REVIEWER

This report contains much useful information and addresses
many of the scientific questions associated with repository
metal barrier systems. However, there are not sufficient
data and the data matrices are not developed well enough to
make valid conclusions regarding the long term durability
of the metal barrier. The data presented serve as a
beginning for needed investigations. Some of the points
made in this report are discussed in the following
paragraphs.

The authors' summary of general corrosion and oxidation
testing for candidate stainless steels states that a
conservative corrosion rate of 0.2 um/y can be extrapolated
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to shov that a l-em-thick wall would not be penetrated by
general corrosion for over 1000 years. These data are not
compleve enough in terms of times and temperatures tested
to make this ascsunption. Also, it may not be appropriate
to extrapolate one year data at 28°C to 1000 years at
repository temperatures since changes in temperatures and
the environment could cause the film to thicken and scale
off, leaving conditions favorable for the higher corrosion
rates exhibited after tvo months. The tests that ran for
one year were conducted at 28°C, and the tests that ran for
two months vere conducted at 150°C. Experimental weight.
loss date Iin the paper shov the corrosion rates to be of

C 242 to 0.285 um/y in non-{rradiatod J-13 water at 28°C
aftar one year and vates of 9 .31 tn 0. 5% um/y after two
menths at 150°C. Corrosion rates vased en electiockenmical
technigues. using Tafel evirapolation end linear
polerization {n rhaorter laboratory tests, were statad ‘o he
kighev tur numbers ware not given,

It 18 {nappropriate to conclude cthere are no effects from
¢iflerences An coupesition of the auvstonitic slioys basand
on wiight loss wmeasurements, These conposirional ¢ifexts
wvould be svident aaing electrochemical seasurements.

Strens cerrosicen crack ng (SCC) of austenitic materials
pecurs incergranularly (IGSCC) in sensitized materials and
tzensgrarularly (TG8CC) in chloride environments, and
often, failures can have both transgranular and
intergranular components. Examples of both SCC failure
nodes have been observed in AISI 304 used in the cooling
system of BWR reactors.

Some studies on pitting, crevice corrosion and TGHCC were
reported, and authors of this report indicated stainless
steels to be sufficiently resistant to these modes of
failure, but indicated that failure could cccur under
severe environmental conditions. Test data indicated that
the stainless steels are not {fmmune to pitting, crevice
corrosion or SCC. Anodic polarization data showed
hysteresis effects, which indicate a susceptibilicy to
pitting. Additional tests are needed to determine if the
protection potential moves in the direction of more
negative voltage to make the material more subject to
pitting. Alternately wet and dry SCC AISI 304 specimens
that vere tested for one year showed I1GSCC, and some
specimens are expected to show TGSCC., TGSCC occurs in more
chloride concentrated electrolytes and nonsensitized
materials., Conditions in the repository could become
severe If ionic concentrations in the wate: increase due to

evaporation,.



Cumma vadiation caused the corrosion potential to rise for
the stainless steel and for both the copper and copper
alloys, and removal of the radiation caused the potential
te wioop. Care in welding and specific welding compositions
and parameters for given materials, stainless steel or
Alloy 825, are needed. If materials are used in the "as
welded" condition, the chemical and mechanical properties
and the microstructural stability of the veldments should
be investigated to determine the suitability of materials
for canister use.

There has been limited testing of copper reteriels over a
two year perioa, but test rewulrts aud reviev irformation
fndicate that copver and ropper alloye wa;, be feonlible
candidste poterfale "or wse as the wae®:» can.ster. T1G6SCC
hus Leen founda da M vireite solutions a-d a.trite could
form frow sad'olysls o7 8 cupsle niteate su.-faze film on
the copper. Studies involving thermodynamic &nalysis and
assuiing « stable Cu(N0y), . Cu(fK); film, indlcated no
cherge at room tenpevature due to radiation but other
studies {dentified Cu, (OK) NO, scales. Clariticatlion is
needed regarcdivg rhe conposition and structure of the
surface filluw, Auodic polarizat.on tz2ite shoved
susceptibilicy te plecing din 0.V & PaNOy; at 95°C wiih pure
copper buing avre reslstant than “he teo slioys. A suvfave
layer of nicke)! is found under the oxide of one copper
alloy and a surface layer of aluminue is found under the
oxide of another copper alloy. More data are needed on
most aspects of corrosion of copper materials in the tuff
repository environment and especially of the effects of

oxygen, increased temperatures, radiation and in the area
of SCC.

Corrosion test results on carbon steel indicate that a 1-
fnch-thick liner would last for fifty years. Maximunm
corrosion rates occur in high oxygen conditions and surface
roughening occurs with the widths of selected areas
exceeding the depths. More work is needed on this material
in terms of effects of oxygen, temperature, pH and
{irradiation.

BECOMMENDATIONS

More work is needed in most of the major areas discussed in
the report, and this need was indicated in the report for a
number of cases. Some of the needed work is listed here.

1. Conduct corrosion tests for longer times in simulated

repository environments and use electrochemical techniques
to obtain data.
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2. Conduct studies in the areas of effects of austenitic
alloy composition, phase stability and enbrittlement on
corrosion and durability.

3. Conduct studies of effects of Increased concentration of
fonic species on pitting, crevice corrosion and stress
covrosion cracking.

4. Determine the extent of the effects of gamma radiation
of the corrosion and durability of austenitic alloys and
copper materials.

5. Determine the structure, conposition and stability of
the surface film forming on copper materiales in the
repository environment and 1elate findiugs to localized and
genaral corrosion.

6. Conduct corresion and mechanical property studiecs on
copper materfals to show effects of onygen, increased
temperatures and radiestion.

7. Conduct tests tu determine susceptibility of copper
materials to stress corvorion cracking in the repository
environuwent, using detncds including slow strain rate
tests, U-berd tests, C-ring tests and others &s needed,

8. If it is decided to use a Lorehole liner, galvanic
effects and effects of corrosion or degradation products on
the remaining vaste package materials should be
investigated.

[Ranking: key data ( ), supporting (X))

(a) Relationship to Waste Package Performance Issues
Already ldentifled

Related to NNWSI ISTP issues

8.8 Mechanical failure modes for the waste
package container

2.2.4 Potential cosrosion failure modes for the
waste package container

2.2.4.1 Corrosion rates as a function of time

2:2.4%4.2 Effects of radiation on corrosion failure

modes and rates

2.2.4,.2.2 Effects of generation of hydrogen, oxygen
and other species on corrosion

2.3.1 Physical, chemical and mechanical
properties of the waste package and how
these properties will change with time




(b)

(¢)

New Licensing .ssues

Effects of sensitization on corrosion behavior of
austenitic materials

Effects of welding on microstructures, residual stress
levele, chemical homogeneity and ultimately on
mechanical integrity, corrosion and hydrogen:induced
failures.

Effects of microstructural instability
Comments Relating to licensing
This report sddresses & nunber of jertinert

degradataion le:ues which reed %o bs wetvled prvicr to
licenaing.



WASTE PACKAGE DATA REVIEW
RATA SQURCE
(a) Organigation Producing Duta
Work performed under the suspices of the U, §.
Department of Energy by the Lawrence Livermore
National Laboratory under Contract No. W-7405-Eng-48.
(b) Author(s), Reference, Reference Aveiijability
Reed, D. T. and Van Konynenburg, K. A., “"Effect of

‘onleing Rudiation on Moiot Afr Systemy " UCRL-§7913%,
December 1787, Available frow NTI$

RQALE REVIERED: 3/17/88, Reviwad 4/4/88.
YILEOS K

Yhe purpose 16 to sunmarize and review the radiation
chemistry of the H, /0, /H,0 systens.

IXPE QF DAIA

Literature review.

MATERIALS /COMPONENTS

None given.

IEST CONDITIONS
None given.
None given.
AMOUNT OF DATA
Two Tables

Table 1. Partial pressures of Gases after {irradiation of
N;/0; mixtures.

Table 11, Summary of experiments on radiation chemistry of
moist air,

None given.




EEX _WORDS

Radiation chemistry, nitrogen, air nitrogen oxides.

CONCLUSIONS

"There remain a significant nunber of apparent
discrepancies and gaps in the experimental results just
revieved, Scome of these discrepancies can be resolved by
considering the differences in the experimental conditions
of the studies performed. Many of these diccrepancies,
particulariy in the heterogeneous experiments that have
been perforwed, cen ealy be resolved by further
experinentation.

CENEBAL SONNENTS QF RENIENER

A falrly comprehensive licersture survay, which gives some
general ipdicerlions on the sxtent of nitric seid tormation
to be expected undey repository conditions. The survey
sleo highlighes the need for further experimental vork in
order tv obrain rel.eble quantitative data on the effects
of radiation on the corrocion of tae metal contaiuers.

EECOMMENDAZIUNS

Further experimental work, possibly under conditions more
similar to those expected in the repository, is
recommended. A radiation chemist could give detailed
reconmendations on how to proceed,

RELATED HLW EEPORIS

Ebert, W. L., Bates, J. K., Gerding, T. J., and Van
Konynendburg, R. A., "The Ef{ects of Gamma Radiation on
Croundwater Chemistry and Glass Reaction in & Saturated
Tuff Environment," UCRL-95884, December 1986.

APPLICABILITY OF DATA 1O LICENSIUC
[Ranking: key data ( )., supporting (X)

() Rilationship to Waste Package Performance Issues
Already "7 stifled

Related to NNWS1 ISTP issue, 3.2.1.3, vhat are the

changes Iin the . +ochemical conditions of the

groundwater due to increased temperature and

radiolysis within the saturated/unsaturated zone?
(b) New Licensing Issues

(e¢) GCeneral Comments on Licensing
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AVIHOR'S ARSTRACT

The radiation chemistry of nitrogen/oxygen/water systems is
revieved. General radiolytic effects in dry
nttr.toa/ouy.on systems are relatively well characterized.
Irradiacion results in the formation of steady state
concentrations of ozone, nitrous oxide and nitrogen
dioxide. In closed systems, the concentration observed
depends on the total dose, temperature and initial gas
composition. Only three studies have been published that
forus on the radiation chemistry of nitrogen/oxygen/vater
homogeneous gas systems. Mixed phase work that {e¢ relevant
to the gaseous system is also sunmerized. The presence of
vater vaper results in the formution of nitric acid and
significantly changes the chemistry cbserved ir dry air
systens. Mechanistic evidence from the studies revieved
arxe sumwarfied erny discussed ‘n veiation to characterizing
the gae phese Jucing the containment perfod of a repository
in teff,




WASTE PACKAGE DATA REVIEW

RATA SOURCE

(a) Organization Producing Report

Work performed under the suspices of tho U. §.
Department of Energy by the Lavrence Livermore
Nationai Lsboratory under Contract No. W-7L05-Eng-48,

(b) Author(s), Refurence, Reference Aveilladbilicy

Vau Xrnynerburg, R, A, fwith, ¢ F., Culhan, ¥ #.,
and Smith, H. D., “Carbon-14 in Vasts Packages fou
fpent Fuel in & Tulf Reposilory,* UCRL-94708, Octrber,
1986,

RAZY KEYIIZMER: 7/28/88
ENAEQSE

To review available data in order to assess the behavior of
the '‘C isotope in & tuff repository environment and
vhether possible **C release will be within limits set by
the EPA and NRC,

CONTENTS

There is one table in the twelve-page report. Two of these
pages list 56 references. The report reviews the followiag
topics in about one page each: (1) the occurrence of *‘C
naturally, in reactor releases, and health effects, (2)
production of '‘C in light-water reactors, (3)physical
distribution and chemical forms of '*C in spent fuel, (&)
the release of '‘C from spent fuel i{n aqueous solutions, in
eir, in nitrogen, and helium, (5) projected release
behavior of **C from spent fuel vaste packages Iin a tuff
repository.

IXPE OF DATA
(1) Scope of the Report

The report is a review and discussion of measurements and
salculations of the **C inventory in spent fuel, the
physical distribution and chemical forms of the '*C, and a
description of projected '*‘C behavior in the unsaturated
conditions of the tuff repository.



(2) Faillure Mode or Phenomenon Studied

The release of the '“C f{sotope from spent fuel into

moist air,
MATERIALS JCOMPONERTS
‘40 teotope; tuff; Zircaloy-clad fuel.
LEST CONDITIONS

1) State of the Matorial boing Tested

Details of the testing vrocedures for which the data ave
summarized are not jiven.

(2) Specimen Preparation

Detalls of the testing procaduvus for which the dats are
sunnaricred sre not given.

(3) Environment of the Material being Tested

The rveviev sunmmarizes data for '*C releases from spent fuel
in aqueous solutions, and in air, nitrogen, and helium
gases.

METHODS OF DATA COLLECTION/ANALYSLS

Details of the testing procedures for which the data are
sunmarized are not given.

AMQUNT OF DATA
There is one table.

Table 1: " Calculated and Measured Carbon-14 in U. 8§,
Commercial Spent Fuel . "

UNCERTAINTIES 1IN DATA
Not applicable.
REFICIENCIES ZLIMITATIONS IN DATABASE

The deficlencles In the data reviewed ars given by the
authors in their "Summary and Conclusions" section which {8

summarized under CONCLUSIONS below.
EEX WORDS

Literature review, air, nitrogen, helium, J-13 water,
deionized, Zircaloy, spent fuel (PWR), '*C, '%C release.
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CONCLU S JONS

The authors give the follovwing set of conclusions dravn
from the review of available data:

1.

Published measurements of '‘C in U.§. spent fuel are
fev ind deal postly with Zircaloy-clad fuel
(Westinghouse PWR fuel). "

In Zrcaloy-clad fuel, the uranium oxide contains more
14C than the clad, snd the fuel -rod gas contains only
a snil] amount, probably as CO or CH,. The chemical
forncf the fsgotope in the fuel i# not known. The
carbon probably exists as interstitial carbon or
girconjum carbide in the cladding. [(Ed. It s also
observed that €O, s present inside fule rods.)

A negligible pmount of **C {4 released from heated,
fotact gpent fuel. This is dJue to the presence of N,
e, vhich are charged into spent fule containers to
exclude 05, which is needed to react vwith cardon
before '*C can be released.

On heating an intact PWR fuel assenmbly,'*C on the
external surface was oxidized to CO, and released.
The lsotope nay have originated from N in the cladding
(precursors to '*C are N, C, and 0), or it may have
been adsorbed from the reactor cooling water.

In less than one year, »10°° of the '*C inventory can
be released from spent fuel in agqueous solution.

1%C released by pressurized gas escaping when fuel-rod
¢ ladding ruptures, may be about 10°‘ of the calculated

totsl rod inventory., Cladding lifetimes will vary in
t ime.

Deternination of satisfactory **C release (the 10CFR60
l1init) {n an unsaturated tuff repository will depend
on the results of measurements of oxidation and
release from the spent-fuel rod surface and interior
in noigt air at temperatures above and below the
boiling peint of water in the repository.

Detalled transport modeling is needed to determine the
releise limit (according to 40CFR191) for release of
14C from &an unsaturated tuff repository. The
transport modeling must include factors for dilution
of the naturally-occurring carbon which is less
abundant relative to the esrth’'s atmosphere.



9. Measurements should be made of the '*C content in (a)
the structural components of Wesiinghouse Zircaloy-
clad PWR fuel which do not faclude Zircaloy, (b) all
fuel components from other sources, especially BWR
fuel, and (v) fuel clad with stainless steel.

The authors state, "Our current estimates of the '*C

inventory are based largely on calculations, which nsed to
be tested against mesasurements . *

GENERAL COMMENTS OF REVIEWER

This report apparently covers the data known at the time of
its publication., The authors comment about the need for
experimental data, in order to test their calculetions, is
importart. As many specinens of spent fuel as possible
should be analysed to previde accurate inventory estimates
in order to undevstand and estimate the potential for
release of *‘C from a repository.

AFLLACARILITY O DATA TQ LICENSING
Ranking: key dats ( ), supporting data (X)

(&) Relationship to Waste Package Performance lssues
Already ldentified

Related to ISTP issue 2.3, when, how, and at what rate
will radionuclides be released from the wvaste form.

(b) New Licensing Issues

(¢) General Comments



WASTE PACKAGE DATA RIVIEW

RATA SOURCE

(a) Organization Producing Data

Lawrence Livermore National Laboratory for the
Pacific Northwes: Laboratory, Richland, Washington
99352,

(b) Author(s), Reference, Feferonce Availability

Westerman, R, E., Pitnan, §. G., and Haberman, J. H,
"Corrosion Testing of Type 304L Stainless Steel in Tuft
Groundweter Enviroumente . " UCRL-21005, S$ANL 616-007,
Noveaker 1987,

RATF _REVIEWED: //26/88
EURPOSE

"The purpose of this study was to evaluate the stress
corrosion cracking resistance of solution treated and
sensitized 304 and 304L steinless steel at elevated
temperatures in tuff rock and tuff groundwater under
irradiated and unirradiated conditions by U-bend and slow
strain rate tests. "

CONTENTS

69 pages: B8 pgs. Title page, table of contents, etc., & pgs.
Introduction, 2 pgs. Description of Technical Approach, & pgs.
Materials (3 tables), 5 pgs. Results and Discussion (27

Figures and 9 tables), 2 pgs. Conclusions, 2 pgs. References.

IXPE QOF DATA

(1) Scope of the Report: This report covers the results of
experiments designed to evaluate 304 and 304L stainless steel
as a container alloy.

(2) Fallure Mode Studied: Stress Corrosion Cracking,
Corrosion

MATERIALS /COMPONENTS
This report focusses on the behavior of 304 and 304L stainless
steel. However, samples from the following six different

alloys or heats were used for these experiments:
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Material

Wrought
Wrought
Wrought
Wrought

J04L 8§
304
304L
3041
304

sheet
$§S sheet,
§S§ plate
§5 plate

1.952
1.9%
heat

heat

wm
mwm
A,
B,

thick

thick
6.35 mm thick
6.35 mm thick

The chemical
materials are

Wrought
Wrought

$S plat
316L S8 pla
compositions

included

and
Ain this

6.3
6

e,
te,

the mechanical
report

as

S mm
35 mm

thick and
thick

properties
tables 3.1.1

of
and 3.1

these

11

respectively 1
report,
review

o

distinguish
the authors use the

between
material

these materials
code numbers in

in this
this

TEST CONDITIONS

(1) The

Svate of the Material

Being Tested

The alloys vere

tested in

two different

trestmentc (1
sensitized

) solution
The

annealed a
intention was to

nd (2)

conditions of
solution

heat
annealed and

possible

heat-treatment

represent

the best

and wvorst

conditions of th

(3

to integranular
However, variou

stress
§ heat

corrosion
treatments

cracking suscept
vere used to

container with respect
ibilicy

achieve these two
conditions and the authors do not make a clear pressntation of

the specific heat treatments used for all samples The
following table is an attempt to assemble heat-treatment

information taiken from various parts of the report and may

be
incomplete or contain errors

1 1050°C,
1050°C,,
1030°C,
1050°C,
1(")‘:;.(: ’
1050°C,
1050°C,
1080°C.
Mill ann
1000°C,
1000°C ,

5 m? 600°*C,
' 550°C,
700°C

¢ ! 700°C

24 h,
24 h,
, 24 h,
v Wi
5 m 600°C, 24 h!?
vq 600°C, 10 h!
600°C, 24 n!
600°C, 10 h!
600°C, 24 h?
250°C, 1 day,
7 days,

air

ac

vater
wq

cool (ac)

quench (wq)

5 m, wq
ale

S wq
vq

1
1
1
1
1
1§
1
1
e
l
1

wvq

5 wq

1760 °

m, o\

Cooling method not
Authors specified

specif
304L

fed

but did not specify the heat




(2) Specimen Preparation

Two different types of samples were used for these
experiments. First, U-bend samples were made from the flat
sheet moterials (Code No. 1 and 2) in the solution annealed
and the solution annealed and sensitized conditions. These
sanples were made by cutting strips 12.7 nm wide and 102 o
long from the 1.5 mm thick sheets and bending them to form a U
wvhich {s loaded by & bolt. The composition of the bolt, the
isolation of the sample from the bolt and the radius of
curvature of the bend are not discussed in the report. The U-
bend samvles were held in place with alumina (Al;04) spacers
and rods. The surface treatment, if any, is not specified by
the authors. The second typy of samples used were tensile
sanpies of square cross section. These samples wvere cut from
the plate naterials (Code No. 3-6) and the gage sections of
these samples were 25 .4 om long and 6.4 mn wide. The gage
sections of these sanples were ground (with 220 grit wat/dry
paper to remove 0.08 to 0.13 mm) and tested in the as-ground
csondition,

(3) Environuent of the Test

Three different types of tests were used: the irradiation:
corrosion test, the boildown test and the slow-strain-rate
test. The environmental! conditions used with each of these
are described bLelow,

For the irradiation-cerrosion
tests, U-bend specimens were placed into alloy two 600
autoclaves at 50°C and 90°C and exposed to gamma irradiation
(*%Co) at intensities of 5x10® and 3x10* rd/h (maximum),
respectively. Each autoclave was divided into three zones and
duplicate 304 and 204L samples (in the solution-annealed and
the solution-sennealed-and-sensitized conditions) were mounted
horizontally on alumina rods in each zone. The lower zone
environment was crushed tuff rock (Topopah Spring tuff rock)
and J-13 water., The middle zone environment was crushed tuff
rock and air/vapor while the upper zone environment was
air/vapor only. The autoclaves were sparged with =240 wl of
air daily to insure the presence of atmospheric gases. The
autoclaves were periodically opened and the rock and water
replaced after examination of the samples (the rock was not
replaced after the 10 months examination). For the 50°C test,
these examinations were conducted ot 1, 3, 5, 7, 10, 16, and
24 month, and at the test conclusion (25 months). For the
90°C test, these examinations were conducted at 1, 3, 5, 7,
10, and 14 months, and at the conclusion of the test (23
months) .



For the boildown tests, U-bend specimens were
enbedded in vater-saturated tuff rock fragments and the
concentrations of the various dissolved speclies were increased
by periodically boiling off the water present in the
autoclave. All of the sanples used in these tests vere
sensitized (heat treatment codes 1 and 2(a-¢c) above). The
autoclave was normally operated at 200°C and 1077 "efg, and
once every 7 days the back pressure was reduced and the “ater
alloved to boil dry. After 24 h of operation in the “"dry"
condition, the autoclave was refilled with fresh air-sparged
J.13 vater. The autoclaves were opened and the sanples
examined at 3 and 6 months, and testing was halted afte: 10
months and 50 boildowns.

: For the slow-strain rate tests,
square-cross-section tensile samples wvere pulled at slow
strain rates (1x10°% and 2x10°7 m/m+s) in an sutoclave
environment containing crushed tuff rock through which J-13
well water passed at & slow rate (=35ml/h) at 95°C and 150°C,
The authors refer to an earlier report for a more complete
description of this system (Westerman et al. 1982).

MEIHODS OF DATA COLLECTION AND ANALYSLS

For the irradiation corrosion tests, the autoclaves vere
periodically opened and the sanmples examined. Any *obvious"
evidence of cracking was considered to be failure and an
indicetion of susceptibility to stress corrosion cracking
($CC). After examining the samples, vater samples wvere taken
and analyzed for pH, conductivity and lonic content, Failed
sanples were examined metallographically. One unfailed
specimen from each of the three environmental regions of each
of the autoclaves was examined by X-ray photoelectron
spectroscopy (XPS) to determine the surface chemistry of this
alloy in these environments,

For the boildown tests, the autorlaves were periodically
opened and the samples examined. Any *obvious" evidence of
cracking was considered to be fallure and an indication of
susceptibility to S$CC. Failed samples wvere examined
metallographically. Water samples were taken under both hot
and cold conditions and analyzed for fonic content.

For the slow-strain-rate tests, load and strain wvere
continuously monitored during the test and the fracture
surfeaces were examined optically, metallographically and in
the scanning electron microscope. The reduction in area at
fracture, the elongation to fracture, the ultimate tensile
strength, the yleld strength and the failure mode (ductile,
intergranular etc.) were determined for each test. The
suthors used three indicators to evaluate the relative
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susceptibility to SCC. These are: (1) & reduction in the
ductility as compared to an inert environment, (2) a
diminution of Juctility at & particular strain rate as
compared to other strain rates and (3) fractographic evidence
of & brittle fracture,

To correlate microstructural changes with SCC susceptibility
metallurgical examinations and electrochenical experiments
vere performed on samples after various sensitizing heat
treatments, The wmetallurgica, exanminaticns consisted of
standard metallography and trarsmission electron microrcopy
(TEM) . The electrochemical examinations consisied of
electrochenmical potentiokinecic rvactivation (IPR)
measurenents. For this techniqie, the total charge per unit
surface ares required to ropassivate the surface of & senple
was measured., Since & sensitized structure will require more
charge per unit surface ares to repassivate, the mognitude of
this messurement is & mesasure of the sensitization. The exasct
technigque used for these measurements {s nu. discussed (n this
report.

AMOUNT OF RAIA

There are 27 figures and 9 tables.

UNCERTAINTIES AN DALL

The irradiation corrosion experiments at %0°C had a number of
operational problems. The autoclave was removed four times
from the irradiation sccess tube and dismantled because of
blocking of the air refresh line, and each time the autoclave
was opened it was dry due to local overheating and boiling.
Repositioning of the control thermocouple corrected this
problem, and the tests operated as intended thereafter., This
moderate overheating should not alter the metallurgical
conditions of the sanples so0 the tests were resumed,

The water analyses showed a great deal of scatter and some
relatively high ionic strengths, The solutions showing high
fonic strengths of key ingredients were reanalyzed with the
results confirming the earlier analyses. This effect was
attributed to the "fresh" rock which was added after each
examination and so the procedure was altered so that the rock
was not replaced vhen the autoclave wvas opened for the 10.
month and later examinations.

The purpose of the XPS experiments was to evaluate the
possibility of surface contamination of the U-bend samples
located in the rock/vapor and the vapor only regions of the
autoclaves (especially for the 90°C tests) That is, the



authors were concerned that wicking of vater with aggressive
fons or transport of water droplets during boiling and/or air
sparging could bs responsible for the high failure rate in the
*dry" reglons.

In the sixth month of the boildown experiment, the asutoclave
boiled dry and the temperature rose to 290°C for & 41 h
period,

Uuring the sensitization studies, annealing & 304L senple at
600°C for 10 % resulted in & sensitized microstructure vhile
snnealing & sewple of the ssce alloy at the same tenperature
for 24 h resulted in an " asensitized atructure. TEN
examination shovwsd that a continuous layer of grair boundary
precipitate was presvnt in the 10 h sanple while no grain
boundary precipitates were observed in the ranple nnnealed for
24 h. The authors attributed this result to the fact that the
senples used for this study were from different heats (code
no. 3 and &) and that sowe irregularity in the proceseing of
the steel must be vesponsible for this difference.

REFICIENCIES ZLIMITATIONS AN DATALASE

The causes and the mechanisms of rtress corrosion cracking in
the vapor regions of the irradiction corrosion autoclave are

unknown. It is likely that the chloride ion caused cracking

and that the gemma flux accelerated this process as no SCC of
304L was observed in the absence of gamma irradiation.

The authors concluded that the test conditions differed from
the repository conditions because (1) the temperature wai not
vell controlled at the beginning of the 90°C test and boildown
occurred, (2) the rock used was surface outcropping containing
soluble salts, (3) the method of air sparging might have
caused transfer and concentration of chlorides on the specimen
surfaces, (4) the gamma irradiation levels were higher than
expected in the repository, and (5) the stresses vere quite
high.

KEX WORDS

Experimental deta, corrosion, electrochemical, irradiation-
corrosion test, slow-strain-rate test (SSR), spectroscopy,
visual examination, U-bend, air plus water vapor, J-13 wvater,
tuff composition, Cl, tuff, cobalt 60, ganma radiation field,
anbient pressure, dynamic (flow rate given), high pressure,
high temperature, stainless steel, 304 steinless steel, 304L
stainless steel, 316L stainless steel, sensitized, solution-
treated, slow strain rate, J-13 steam, chloride (low ionic
content), corrosion (stress cracking) SCC, cracking, cracking
(environmentally assisted).



CQUCLUSIONS

(1) "It vas found that solution treated 304L can exhibit
transgranular stress corrosion cracking.®

(2) *It is likely that the cracking vas chloride induced and
accelerated by additional oxidizing power resulting from the
gonma irradiation.*

(3) “"Most of the failures observed in the ganma flux test
occurred in the vapor phass region of the 90°C autoclavs® énd
“test cunditions differ from the anticipated repository
conditions. . *

(&) "Type 304 stainless steel is more susceptible to stress
corrosion cracking than 304L, . . *

(5) “When ganwma flux was not present, the sensitized 304
exhibited intergranular stress corrosion cracking while the
sensitized 304L d41d not.*

(6) "The 304 stainless steel wvas found to be susceptible to
intergranular $CC in SSR tests performed in 150°C J-13 vell
vater after sensitization at 600° for 24 h."

(7) “The susceptibility of 304 £8 to SCC in SSR tests vas
correlated with the formation of grain boundary precipitates.
Cracking was intergranular in all cases."”

(B) “"Neither 304L nor 316L stainless steel was found to be
susceptible to SCC in SSR tests using J-13 well water test
environment . "

GENERAL COMMENTS OF REVIEWER

(1) TIrradistion Corrosion Experiments

General (uniform) corrosion damage was greatest in the
rock/vapor and vapor only regions of the autoclave. No
obvious evidence of general corrosion was observed on any of
the specimens in the rock/water region of the autoclaves. No
evidence of pitting vas reported by the authors for any of the
sapples in any of the regions of the autoclaves. A total of
48 U-bend samples wvere tested (2 alloys, (304 and 304L) x 2
heat treatments (solution treated and sensitized) x 2
replicates x 3 zones in each autoclave x 2 autoclaves) and 15
of these sanmples failed by stress corrosion cracking (ScCC).

In the 50°C test, five of the six sensitized 304 sanmples
failed by iIntergranular SCC. For the 90°C test, 10 of the 24
samples failed by SCC and most of the failures - curred in the



vapor-only region (six). In the vapor-only region, faillure
occurred in both alloys and heat treatments (sensitized 304 at
3 morths and 5 months, selution annealed 304 at 23 months and
one no fallure, sensitized 304L at 10 months and 14 months and
solution annealed 304L at 23 months and one no fallure). In
this environment, the sensitized 304 failed by intergranular
$CC but the other alloy and heat treatments failed by
treansgranular SCC. In the rock/vapor reglon of this
autoclave, sensitized 304 sanple falled by intorgranular SCC
(at 3 months) and & sensitizeld 304L sample falled by
trensgranvliar SCC (&t 14 months). In the rvock/groundvater
reglon of this auteocleve, beth of the sersitized 304 somples
friled by intergranuliar SCC in the “frst month, No other
fallures occurred In this region,

1t is important to note that thess results indicete that
neither 304 nor 304L is completely resistant to SCC in the
irradiated tuff/groundvater environment of this teat. That
is, failed sanpies were produced for each alloy in each heat
treatmant studied. In fact, one of the two candidare
container alley (304L) samples in its most corrosion resistant
condition (solution aunesled) lailed by traasgranulay %CC in
the vapor only region of this test. While the authors point
out five alfferen:er between the frradiatior corrosion test
environment and the expected repository conditions, they do
not puint out that the environmental conditions of this
experiment are closer to the expected environmental conditions
of the repository than those of any other experiment reported
to date. This reviewer does not feel that the five factors
given by these authors are unrepresentative of the repository
conditions for the following reasons:

(1) Temperature: The authors reported that the
temperature in the experiment was nct properly
maintained and boildown resulted. The temperature of a
vaste container in a repository will not be constant and
it will vary from point to point on the container. As a
result, local boiling may occur and this condition is
not unrepresentative of a possible repository condition.

(2) Rock: The authors report that use of fresh
outcropping rock resulted in higher concentrations of
soluble species then representative of repository
conditions. This reviewer does not agree with this
point because while the container temperature is above
the boiling point, soluble species will concentrate in
the rock around the container. Then, when the container
temperature drops to the boiling point, water will
migrate through these regions redissolving these
species. As a result, the first groundwater that



roaches the container will have anomalously high
concentrations of soluble species. Therefore, the
experimental conditions of this experiment are not
unrepresentative of a possible repository coadition.

(3) Adr-sparging: The method of alr sparging might have
caused transfer and concentration of chlorides on the
specimen surfaces However, vetting of the container in the
repository will not always be uniform and permeation of air
thorough the rock to the container should maintain aerated
conditions. Therefore, tnis is not unrepresentative of &
possilble repositery condition,

(4) ‘“rradiation Lovels: The irradiation leveis were

far above those expected for the repository but this was
intended to be a severe short-tarm test., While this is
4 severe test, it is logical for &« conservatively "safe"
experiment to use higher tha:u expected racdiation levels.

(5) Stress: The suplied stresses vere well above those
expected for the repository. btowever, this cxperiment
did no* evaluate the winimum stress required for 5CC,
and the exteinsive secondary cracking or branching shown
in the wicrographs (e.g. fig. 5.3, 5.5 and 5.6)
indicates that mase transpourt and not stress wes
limicting propagation. In fact, it appears from the
fipures that relatively low stresses may be sufficient
for c¢rack propagation,.

The role of the vapor region is unclear but it is clear that
it promoted failure and that it did so by promoting
transgranular crack propagation. No transgranular cracking
was observed in the 50°C autoclave nor in the rock/groundwater
region of the 90°C autoclave. Also, no intergranular S$CC was
observed on unsensitized samples, but 5 samples failed by
transgranular SCC during exposure to air and water vapor at
90°C. Since sensitization promotes integranular S$CC and
solution annealing is done to improve resistance to
intergranular SCC, one would not expect these heat treatments
nor reducing the carbon content to significantly improve
resistance to this transgranular failure process and indeed
both solution annealed and sensitized samples of 304L failed
by transgranular SCC. It appears that there may be two
different mechanisms of SCC occurring in these samples. The
first is intergranular SCC of sensitized 304. This probably
proceeds by stress assisted preferential dissolution of the
material in the chromium depleted regions adjacent to the
grain boundaries. It is unclear how this process can proceed
in the absence of an agqueous phase unless water droplet
transport or condensation occurred but 5 of the 6 sensitized
304 samples in each autoclave (50°C and 90°C) failed by
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intergrenular $CC. The second SCC mechanism was that observed
in the vapor containing ro:ion. of the 90*C autoclave which
resulted in transgrenviar failure. The mechanism and
important factors contributing to this type of fallure in thie
environment are unknown and the results reported by these
suthors are preliminary. Clearly, more research is needed so
that we can understand how this type of environment can cause
t.ancgranular S$CC of solution annealed 304L and so ve can
avoid failure of 304L, or any other container material, by
this process.

(2) Boildown Tests

All ten of the 304 VU-berd samples used in this test tailed
while none of the 304L sanpies failed. These results appear
contradictory to thoss repurted above unless ganmma irrsdiation
is required by the _reunsgranular S$CC mechanisv Hoewever, the
boildown tests werv run for only 12 months and 50 boildowns.
Fallure by transgranular SCC was not observed until the 10
month irspection and #ll of the transgranular SCC failure
occurtred in regions whiich were nominally dry for the entire 10
to 23 months., For tte boildown tests, the autoclaves were dry
for onlv ove day & week urd testing was halted with only 50
days of "dry* operation. Since 50 days is considerably less
than 10 months, tune results of the boildown tests do not
contradict the results of the irradiation corrosion tests nor
do they indicate that gamma irradistion is required. Also,
the concentrations of salts at the base of a dried out water
droplet will be greater than those in an autoclave which is
refilled with J13 water after even 50 boildowns.

(3) Slow-Strain-Rate Experiments

The sensitized 304 samples exhibited intergranular SCC while
no $CC was observed for the other alloys and heat treatments,
While these results may seem contradictory to the irradiation
corrosion test results unless gamma irradiation is required
for transgranular $CC, that is not really the case. First,
the samples were completely immersed in J13 water and no vapor
phiase was present. Second, no attempt was made to concentrate
the solution, Since all of the transgranular SCC failures
occurred in the vapor regions of the autoclave and no
transgranular SCC failures were observed in the regions where
the sanples were in contact with J13 water, one would not
expect the same type of failure to occur in these tests.

(4) Sensitization Studies
The sensitization study is rather preliminary. The TEM

diffraction conditions are not given for the micrographs and
the reviewer cannot evaluate the micrographs from xerographic
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copies. The authors attribute the observed difference in the
sensitization behavior of the 304 to precipitate morphology
and for the 3040 to chemical differences in the cauples.
Further studies will be required to verify these assunptions,

BRELATED HLW REPORIS

Westerman, R. E., Pitwan, §. G., and Nelson, J. L., "General
Corrosion, Irradisation-Corrosion, and Environmental -Mechanical
Evaluation of Nuclear Waste Package Structurel Barrisr
Materials " PNL-4364, Pacific Northvest Laboratory. Richlend,
Washington, 1982,

IAENSING
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() Relationship te Waste Packege Performance ‘suues Alreudy
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This report relates to NNWSEI ISTP iscue 2.2.4, the
potential fallure modes for thy waste fackage container
form dissolution mechanisus.

(b) NMew Licensing lssues

(¢) Gensral Conments



WASTE PACKAGE DATA REVIEW

RATA SQURCE

(a) Organization Producing Data

Work performed under the auspices of the U. §,
Department of Energy by the Lawrence Livermore
National Laboratory under Contract No. W-7405-Eng-48,

(b) Author (s), Reference, Reference Availability, Date
Alner, R. D., "Application of E03,6 to Modeling of

knelea: Waste Glasw Behavior in 4 Tuff Repository,"
UCID-2)895, May, 19R6., Avellable from NT1S

RATE REVIEJED: 10/8/87 Revired 2/2/88.
IJRE.QE _DATA
Presiminary development of ylese degradation medeling

canabilities tor repository performance ssrsessnent
modeling, using the geochesical modeling code EQ3/6.

MATERIALS /COMFONLINIS
None given,

IEST CONDITIONS

None given.

MEIHODS OF DATA COLLECTION/ANALYSIS

Development of computer geochemical code.

AMOUNT OF DATA
3 Tables

1. Species and hydration reactions of the hypothetical
oxide and silicate components of glasrs (Grambow, 1984)

2. Phases reported to form on nuclear waste glass.

3. Additional precipitates on nuclear waste glass.

UNCERTAINTIES IN DATA

None given.



REFICIENCIES /LIMITATIONS IN DATABASE

None given,

EEX _WORDS

Computer program, planned work, geological wmodeling code,
defense high level waste (DHLW).

CONCLUSIONS

"Modeling of glass degradation based on sound geochemical
principles appears to be possible with revisions to EQ3/6.
Realistic source terms for several repository scenarios may
be generated with such & wodel, One scenario vhich appears
very likely and vhich is aiso am¢nable to modeling using
EQ3/6 is that in rhich an intact but perforated canister
holds water in ciotact with waste glass. 1The water
overflows continususly or periedically, alloving
radionaciides to come in contact with vepository recks,.
This isolzted-type scenario will be the first realistic
nodeling effort because it limits complex {futeractions
between rock and glass. Xowever, EQ3/6 modeling should ba
possible ever for very complicated scenarios {f sufficiant
experimental data are avallable on rateées and themodynanics.
This will be .he liaiting factor in progress toward
mcdeling the complece system. "

GENERAL COMMENTIS OF REVIEWER

EQ3/6 1is a geochemical modeling code which can be used for
repository performance assessment modeling. This report
describes preliminary development of glass degradation
modeling capabilities using this code. The authors believe
that our current understanding of glass leaching mechanisms
and the interaction of glass with an aqueous environment
has sdvanced to the point where it is now feasible to begin
designing models for long-term behavior of waste glass
under repository conditions. The report outlines the
principles to be used in design such a model. A staged
development {s outlined that would take a number of years
to complete., Milestones of this staged development are
listed in the report and at each stage the modeling effort
would be verified with experimental work.

Because the model is only in its initial planning stage,
sufficient detail i{s given to judge the validity of the
firsl product in assessing radionuclide release under
realistic repository conditions, Even when completed and
checked against experiment, it is aifficult to see how the
model could be sufficiently comprehensive and accurate to

B-50



predict exactly the performance of the vaste package.
However, when the final model is checked against
experiment, it could probably be used to predict the
effects of changes in verious parameters. Judgment of the
effectivensss of the model for long-term performance
prediction must at the least await its experimental
verification in the short-term.

More specific comments are given below regarding the
suthor's plan to adopt the EQ3/6 method in essessing the
long-term performance of waste form.

(1) The author does not provide us with any directions on
how we can modify the exisiting models of chemical
reactions in the EQ3/6 in the additional presence of wvaste-
gless components, which is, the reviever believes, the key
to the proposed work by the author. The preseace of
metastable glass componencs or radiation fleld may make the
existing ms hods inappropristce baceuse of their
wetarcability and of the unknown radiatioen eftfects.
Conzomitantly, this may iesd to lavelidate the numerical
methods developed in the EC3I/6.

(2) The author is recommended (o propose some ways to
estima’« these new interacvions among glass coaponentr
rediati 1. fleld and geolcglicel euvironme ', The reviewer
balisves that he does .t have to walyr fiy 'he compiote
experiwental dete, “hiclk may be praciically iapossible.
Thove might be indfirect ways to prove ray propored modals.
For instance, the thermodynamic model nf glais dissolution
used the free energy of hydration as an indirect or even
enpirical parameter and the results have turned out to be
very useful.

(3) Short-term kinetics do not appear to be an important
{ssue to be considered in the proposed work by the author,
since the time frawe under consideration is very long

compared with that for diffusion-limited or non-congruent
dissolution.

ARRLICABILIIY OF DATA 10 LICENSING
[Ranking: key data ( ), supporting data (X))

(a) Relationship to Waste Package Performance Issues
Already ldentified

This report relates to NNWSI ISTP issue 2.3.2.1.2, the
rates of dissolution associated with the potential
vaste form dissolution mechanisms.

(b) New Licensing Issues

(¢) General Comments on Licensing
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WASTE PACKAGE DATA REVIEW

RATA SOVRCE
(a) Organization Producing Data

Work performed u.der the auspices of the U, §.
Department of Energy by the Lawrence Livermore
National Laboratory under Contract No. W-7405-Eng-48,

(b) Author(s), Reference, Reference Availability

Aines, R. D., "Plan for Glass Waste Form Testing for
NNWSI," UCID-21190, September 1987, Available from
NT1S.

RATE REVIEWED: 5/23/88; Rev. 6/28/88,
EURPOSE

The purpose of the glass vwaste form testing plan is to
provide accurate data und models concerning glass leaching
in the repository and to ascertain that there is adequate
information to assess the importance of all release
mechanisms,

IYPE OF DATA

(1) Collection and integration of existing glass wvaste
form information.

(2) New glass waste form leach data to determine overall
degradation rates, radionuclide release rates, solution
compositions in contact with glass and mechanism of
degradation.

(3) Glass release modeling using existing glass waste form
information and computer code EQ3/6.

MATERIALS ZCOMPORENTS

GClasses identified in the producer’'s Waste Compliance Plans
and Waste Qualification Reports will be tested. These
presently include West Valley Demonstration Project (WVDP)
and Defense Waste Processing Facility (DWPF) glasses.

Other components will include materials likely to be found
in the repository such as stainless steel and tuff.



JEST CONDITIONS

Parametric studies based on the unsaturated test and static
leaching methods will be mads. The unsaturated test method
will be based on thset developed by Bates and co-workers
while the static methods will be based on MCC-1 and the
pulsed flow method developed at the Vitreous State
Laboratory, Catholic University of America.

Tests will be conducted at 90°C with J-13 water previously
equilibrated with tuff rock at the test temperature. Some
data will be o* ained at 60°C to determine temperature
dependence of tne leach rates and some date will be
obtained using deionized water for comparison with data
currently available. Testing will be conducted on both
simulated and radioactive samples of glass from both
producers (Savannah River Plant {(SRP) and WVDP).

METHODS OF DATA COLLECTION/ANALYSIS

These subjects are not addressed in this document but may
be found in the related High Level Waste (HLW) documents
cited below., These documents are included in the data
base.

CONTENTS

29 pager; 1 figure cited below; purpose and objectives, 3
pgs; rationale for selected studies and quality assurance 3
pes; description of tests and analysis, and previous work,
9 pgs; glass release modeling 3 pgs; application of results
1 pg; schedule and milestones, 3 pgs ; list of test plans
to support this study plan, 1 pg; references 2 pgs.

AMOUNT OF DATA

1. Glass Waste Form Testing Information Flow.

UNCERTAINTIES IN DATA

None given.

REFICIENCIES/LIMITATIONS IN DATABASE
None given.
KEY WORDS

Planned work, leaching, EQ3/6, laboratory, J-13 water,
deionized, tuff compositicn, tuff, basic (alkaline)



D et A RS R A s

solution (pH >7), high temperature, glass (West Valley
reference glass), glass (defense wast. reference glass),
matrix dissolution (glass).

CONCLUSIONS

There are no conclusions.

CENERAL COMMENTS OF REVIEWER

The basic organization of the plan is excellent. The
functions described in the plan will be carried out by many
organizations so that careful and diligent overview of the
effort will be required.

Three main efforts in the plan are compilation and
selection of existing data for preliminary modeling tests,
obtaining new leaching data on waste glasses supplied by
SRP and WVDP, and development of a long-range medeling
program based on tho EQ3/6 program.

The author states that elucidation of the glass leaching
mechanism is paramount to the success of the modeling
effort, The leach mechanism may be extremely difficult {if
not impossible to define so that validation of a
geochemical model is a formidable challenge.

The coupling of kinetic and thermodynamic modeling in the
EQ3/6 model needs to be subjected to much thought. The
basic assumption appears to be that glass will be leached
by a kinetic process and that leach componernts will
crystallize out on the glass surface by a thermodynamic
process. However, in this coupled process either the
thermodynamic or kinetic process could be rate controlling.
For example, crystallization of $10, in the form of a
complex silicate will decrease the concentcation of
dissolved silica in the reaction zone and may lead to an
increased leach rate.

Many reports have dealt with the formation of crystalline
deposits on leached glass surfaces. An often unstated
assumption concerning this phenomena is that the
crystalline deposit protects the glass from further
leaching. Because of the coupled kinetic leaching and
theimodynamic recrystallization equilibria, leach rates
could actually increase rather than decrease due to this
effect. An important data need is the fate of radivactive
nuclides in the host glass The fraction of radionuclides
captured in the recrystallized glass needs to be known.



BELATED HLW REPORIS

Bates, J. K., and T, CGerding (i?S3,. One-Year Results of
the NNWSI1 Unsaturated Test Procedure: SRL-165 Glass
Application, ANL-85-41, Argonne National Laboratory,
Argonne, IL.

Mendel, J. E. (compiler) (1984). Finel Report of the

Defense High-Level Leaching Mechanisms Program, PNL-5157,
Ch. 1, Pacific Northwest Laboratories, Richland, WA.

APPLICABILITY OF DATA 10O LICENSINC
[Ranking: key data ( ), supporting data (X)

(a) Relationship to Waste Package Performance Issues
Already Identified

Related to issue 2.3 concerning when, how, and at what
rate will radionuclides be released from the wvaste
form.

(b) New Licensing Issues

(c¢) Comments Related to Licensing
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WASTE PACKAGE DATA REVIEW

RATA SQURCE

(a) Organization Producing Data

E.1I. duPont de Nemours & Co., Savannah River
Laboratory, Aiken, South Carolina 29808.

(b) Author(s), Reference, Reference Availability, Date

Boersma, M. D., "Process Technology for Vitrification
of Defense High-Level Waste at the Savannah River
Plant," DP-MS-83-135. Paper prepared for proceedings
of the American Nuclear Society Meeting, Fuel
Reprocessing and Waste Management, Jackson Hole,
Wyoming. August 26-29, 1984, Available from NTIS.

RATE REVIEWED: 8/17/87; Revised 4/4/B8,
IYPE QF DATA
(1) Scope of the Report:

The descriptive paper preserts a process overview, & review
of the characteristics of the high-level radiacactive waste
to be processed, descriptions c¢f unit process operations,
and process parameters used to vitrify high-level
radioactive waste,.

(2) Failure Mode or Phenomenon Studied:

Description of DWPF high-level radwaste vitrification
process.

MATERIALS /COMPONENTS

Detailed in paper are high-level, liquid sludge and slurry
radioactive waste forms and volumes, chemical compositions
of the radwaste sludge and salte resulting frem initial

vaste treatment, and calculated inventories of wastes on a
"design basis" (Table 1IV).

TEST CONDITIONS

(1) State of the Material being Tested:

Physical, chemical, and radiological characteristics of
anticipated alkaline Jiquid sludge, saltcake, and saturated
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saltv solution waste are detailed for the Savannah River
Plant (SRP).

(2) Specimen Preparation:

Processing of SRP waste to remove salts, precipitates, and
sludge is described. Decontamination procudures of the bulk
of the salt solution for disnosal as low-level chemical
waste disposal are detailed. Concentration processing of
the remaining radionuclides for vitrification is also
described, as are preparation of intermediate process
by-products.

(3) Environment of the Material being Tested:

Radwaste processing conducted mainly in a liquid aand
radiocactive environment., Salt separation and solids
pretreatment uses specially-designed equipment within
existing, sealed waste tanks outside the DWPF building.
Decontaminated salt solutions will be blended with Portland
cement in a separate facility for earthen trench subsurface
burial. Radionuclide separation and processing will occur
in the DWPF building. Radwaste sludge will be further
processed within the DWPF building to adjust physical
slurry properties, and to remove gases and mercury
compounds to prepare slurry feed stock for vitrification.
Vitrification, canister filling, and canister
decontamination will also be carried cut within the DWFF,

METHODS OF DATA COLLECTION/ANALYSIS

Parameters shaping the scope of the radwaste disposal
program are based both on existing calculated radwaste
inventories and DWPF goal to reduce inventories i{n next
10-15 years. Composition of material to be prccessed and
vitrified in that time period i{s based on anticipated
"desi n basis" of radionuclide inventory.

AMOUNT OF DATA
Figures

« B Defense High-Level Waste Treatment at the Savannah
River Plant (process flow chart)

2. Sludge Receipt and Adjustment Tank (cutaway schematic)
3. DWPF Melter (cutaway schematic)
4, Off-Gas Film Cooler with Brush Reamer (cutaway

schematic)
. 8 Welding Process (cutaway schematic)
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Tablies

I. SRP High Level Waste Volume, lists Column 1 - volumes
(cubic meters) of sludge, salt cake, and salt solution
in current inventory and Column 2 - respective rates
of Iincrease (cubic meters per year).

11. Chemical Ingredients of SRP Waste Sludge (Dry Basis),
Column 1 - 12 sludge ingredients, Column 2 - as
received weight percentage range, and Columr 3 -
expected DWPF feed range weight percentage.

I11. Composition of SRP Salt Wacte, Column 1 - 12 SRP salt
waste compounds, and Column 2 - weight percentage of
each on a dry hasis,

IV, Aged SRP Waste Radionuclides, Column 1 - 22 isotopes
in ages SRP waste, Column 2 - half-)ife in years,
Cloumn 3 - Ci/L in 5 year old sludge, Column 4 - mg/L
of 5 year old sludge, Column 5 - Ci/L of 15 year old
supernate, and Column 6 - mg/L of 15 year old
supernate.

V. Typical DWPF Glass Frit, lists cloumn 1 - 5 frit
compounds, and Column 2 - weight percentage of each.

UNCERTAINTIES IN DATA

None given.

REEICIENCIES /LIMITATIONS IN DATABASE
None given.

KEX _WORDS

Design, simulated field, Savannah River Plant, air, ambient
temperature, basic solution, defense high level waste
(DHLW), vitrification, borosilicate glass, high-level
redioactive waste, low-power alkaline waste, glass melting,
off-gas treatment, slurry, sludge, salt solution, frit,
melter, stainless steel canister, canister decontamination,
upset resistance weld.

CGENERAL COMMENTS OF REVIEWER

This paper is & good, detailed overview of the
vitrification processing of defense high-level waste at the
Savannah River Plant. This NBS review contains only a
summary of the contents of the technical report. It
contains neither critical commentary nor analyses by NBS
staff and it will be included in the "Database for Reviews
and Evaluations on High-Level Waste (HLW) Data."
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ARFLICARILITY OF DATA 10 LICENSING
Ranking: key data ( ), supporting data (X)

(a) Relationship to Waste Package Performance lssues
Already ldentified

Related to ISTP issue 2.3.2, concerning the physical,
chemical and mechanical properties of the waste form.

(b) New Licensing lssues

(¢) General Comments on Licensing




WASTE PACKAGE DATA REVIEW

RATA SQURCE

(a) Organizetion Producing Data

E. 1. duPont de Nemours and Company, Savannah River
Plant, Aiken, South Carolina 29808,

(b) Author(s), Reference, Reference Availability

Boersma, M. D. and Mahoney, J. L. . "Glass Making
Technology for High Level Nuclear Waste." Paper
proposed for presentation at the American Institute of
Chemical Engineers Meeting, Boston, MA, DP-MS-86-75,
August 24-27, 1986,

RAIE REVIEWED: 8/17/87; Revised 4/2/88.

IXPE OF DATA
(1) Scope of the Report:

Descriptive paper discusses principles and design of an
air-tight DWPF melter and associated unit processes in
detail. Unit operations of batching, melting, and forming
involved in the DWPF are discussed, with emphasis (in
decreasing order of priority) on batching and melting.

(2) Fatlure Mode or Phenomenon Studied:

Wet batch processing and production of vitrified nuclear
waste materials is described with particular emphasis on
details and advantages of wet \s. dry batch processing and
melting.

MATERIALS /COMPONENTS

Materials described are high-level nuclear waste sludge is
treated to yield soluble nonradiocactive salts, soluble
radioactive specles, mercury, gases, and high-level
radiocactive metal hydroxide sludge precipitates.
Radioactive waste materials are combined with glass frit
for melting and nucl'de immobilization.

IEST CONDITIONS
(1) State of the Material being Tested:

Sludge precipitates containing nonradioactive salts and
radiocactive metal hydroxide precipitates.
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(2) Specimen Preparation:

Soluble, nonvadiosctive salts are separated from sludge and
disposed of in solid low-level waste forms. The remaining
raffinate sludge is further processed for incorporation in
vitrified borosilicate glass waste forms, Glass matrix
formed from carefully sized, premelted, crushed or ground
frit mixed with treated sludge., Melting combines slurried
glass matrix frit with slurried high level waste sludge.
Gaseous melting byproducts &nd melting particulates are
concentrated in the off-gas system and recirculated bach
through the melting process or filtered and discharged to
the atmosphere following dilution,

(3) Environment of the Material being Tested:

Sludge resulting from neutralization 1s stored in an
agqueous environment in selected DWPF steel underground
liquid waste-storage tanks. Immobilizing glass is melted
in a special air-tight melter in the DWPF facility. The
melter is designed to channel off-gases either back into
melting process or to post-melting treatment, incinerate
residual waste stream organics, pyrolize nonvolatile
crganics in waste stream and other melting remnants,
Molten glass package is poured into and contained within
metal canisters in DWPF for long-term repository storage.

METHODS OF DATA COLLECTION/ANALYSIS

Prior testing of melter models and research scale melters
used to accumulate operating and design data for present
operational DWPF melter -(see present article reference
5.), K. R. Routt, "Modeling Principles Applied to the
Simulation of a Joule-Heated Glass Melter", DP-1540, E. 1.
duPont, Savannah River Laboratory, 1980.

AMOUNT OF DATA

Figures

DWPF Slurry Processor (cutaway schematic)

B Stzam Stripping Efficiency vs. Mercury Concentration
y-axis Water/Mercury Mass Boilup Ratio, 250 - 4250
(linear)

x-axis Hg Concentration in Sludge, Wt Dry Basis, 0
2.4% (linear)

- 18 DWPF Melter Feed System (cutaway schematic)
4 . Mercury Displacement Pump (schematic)
5 DWPF Melter (cutaway schematic)

B-61



6. Riser and Pour Spout Heaters, Conceptual Cutaway View
(cutaway schematic)

UNCERTAINTIES IN DATA

Uncertainties in existing data and performance parameters
will, in the words of the authors on pages 15-16 of the
reviewed report, "provide challenges to chemical engineers
for years to come as performance i{s optimized and design
improvements are made in replacement melters".

REFICIENCIES/LIMITATIONS IN DATABASE

None given.

EEY WORDS

Radioactive waste fixation, vitrification, glass melter,
vet slurry batching, slurry feeding, borosilicate glass
frit, fused-cast chrome-alumina refractory.

CONCLUSIONS

This report addresses specific and unique chemical
engineering aspects of the Defense Waste Processing
Facility at the Savannah River Plant. Besides conventional
three unit operations: batching, melting and forming,
nuclear waste vitrification als» requires a major
sidestream process, off-gas decontamination. Whi'le the
forming is a trivial process, the rest three operations are
based on unique concepts with various rationales. To
obtain (1) good quality assurance in products and

rocesses, (2) safe operation and safe storage, and (3)
simple packaging, various chemical adjustments and new
process devices are used. More details of these concepts
are described in the section entitled CENERAL COMMENTS OF
REVIEWER. The developed process is very efficient for most
compounds with typically >958 yield of waste solids ending
up in the glass.

GENERAL COMMENTS OF REVIEWER

Concepts in article detailed and well thought-out,
Rationale for various unit operations within overall
immobilization process consistent with good glass melting
practice. Operating details draw on existing waste
disposal and glass technology, or rely on data and
operational practices derived from modeling and pilot scale
studies.



Unit Operation: Formirg

Concept: Merely pouring the molten glass from the melt into
a large mold with uncontrolled natural cooling.
Rationale: Trivial step in nuclear waste glass.

Unit Operation: Batching

Concept: Unusual dilute aqueous solutions and slurries.
Rationrale: Superior quality assurance in chemical accuracy,
homogeneity and sampling. No radioactive dust,

Concept: Chemical Adjustment: removal of nonradiocactive
salt and leaching of sludge solid.
Rationale: To reduce inert volume, to remove troublesome

species and to improve melter performance,

Concept: Glass formers: particle size, angularity, melting
behavior, direct cost are controlling facctors.

Rationale: To simplify storage and delivery systems, and
minimize batching erros.

Concept: Pumping: feeding of the melter at two points and
special desing (figure 3).

Rationale: To ensure good distribution on the melter surface,
and to be radiation resistant, reasonably long-
lived and remotely replaceable.

Unit Operation: Melting

Concept: High Density, fused-cast, chrome alumina
refractory liner.

Rationale: To prevent the attack of metals and refractories
by the molten glass.

Concept: Plenum Heater

Rationale: To achieve the glass production rates desired and
to ensure combustion of vitrification gases to
burn organics.

Concept: Silicon controlled rectifiers for temperature
control.

Rationale: To eliminate the potential for sending a DC
current rather than an AC current through the

melt.

Concept: Replaceable thermowell.
Rationale: Not to allow the current flow to the grounded
melter shell.



Conceprt:

Rationale:

Concept:

Rationale!

Concept:

Rationale:

Concept:

Rationale:

Unit Operation:

Concept:

Rationale:

Concept:

Rationale:

Concept:

Rationale!

Concept:

Rationale:

Concept:

Type B thermocouple.
For the long-term resistance to drift or failure
at elevated temperatures.

TV canera.
Direct determination of the amount of feed pile
coverage to prevent the unwanted pressure surges.

Water system.

Toe provide passageways that carry the molten glass
from the main chamber and discharge it into the
product canister.

Motive System,
Starting aad stopping glass flovw from the melt
fnto the product canister.

Off-gas treatment

Film cooler
To prevent glass deposits from sticking to the
valls of the exit pipe.

Injected gas: the line at above dew pcint of
water, HCl, H,80, and etc.

To cool the bulk off-gas for the condensation of
some salts.

Jet Ejector.

To remove most of large entrainment particles frem
the off-gas.

Knock-out system.
To reduce cesium concentraticn and to avoid
frequent change-out of filters.

Collapeing wake steam jet atomized scrubber, pipe
upstream of a centrifugal seperator, and other
atomized scrubbes and filters.



GEPLICARBILITY OF DATA 1O LICENSING
Ranking: key data ( ), supporting data (X)

(a)

(b)
(e)

Relationship to Waste Package Performance Issues Already
Identified

Ralated to ISTP issues 2.7.2, how will the waste package
design ensure that the radicactive wastes will be in
sol!d form {in a sealvd container and 2.7.3, how will the
wasty package design ensure that particulate waste forms
will ve consolidated (for example, by incorporation into
an encopsulating matrix) to limit the availability and
generation of particulates?

New Licensing Issues

General Comments on Licensing



WASTE PACKAGE DATA REVIEW

RATA SOURCE

(a) Organization Producing Data

E.1. du Pont de Nemours & Co., Savannah River Laboratory,
Aiken, South Carolina 29808.

(b) Author/s), Reference, Reference Availability
Daugherty, B. A., Salizzoni, L. M., and Mentrup, §. J.,
"Processing of Iransuranic Waste at the Savannah River
Plant ," paper proposed for presentation at the Waste

Management '87 meeting, Tucson, AZ, DP-MS-86-48, March
1987.

RAIE REVIEWED: 8/17/87; Revised 3/30/88.

TXPE OF DATA

(1) Scope of the Report:

General background and review of the design of the transuranic
(TRU) waste processing facility (TRWF) at the Savannah River
Plant.

(2) Failure Mode or Phenomenon Studied:

TRU waste processing and immobilization,

MATERIALS JCOMPONENTS

Transuranic waste containing both combustible and

non-combustible materials in sludge and resin form contained
within 55-gallon drums and carbon steel boxes.

TEST CONDITIONS
(1) State of the Material being Tested:

Transuranic waste containing both combustible and
non-combustible materials in solid, sludge and resin form.

(2) Specimen Preparation:
(3) Environment of the Material being Tested:
Air, earthen burial, waste preparation area (WPA), deep

geological repository.
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METHODRS OF DATA COLLECTION/ANALYSIS

General design information.

AMOUNT OF DATA

Figures

1. The Process Flow, (schematic)
2, Vaste Preparation Cell, (schematic)

UNCERTAINTIES IN DATA

None given.

REFICIENCIES /LIMITATIONS IN DATARBASE

None given.

KEY_WORDS

Design, Savannah River Plant, field, air, earth, ambient
temperature, ambient pressure, transuranic waste (TRU), Waste
Isolation Pilot Plant (WIPP), deep geological repository, TRU
Waste Facility (TWF), remote operation, hydrogen explosion,
sand filters, high-efficiency particulate air (HEPA) filters,
verification, solidification, Waste Certification Facillity
(WCF) .

CENERAL COMMENTS OF REVIEWER

Good general overview of transuranic waste facility (TRWF)
planned for the Savannah River Plant,

Ranking: key data ( ), supporting data (X)

(a) Relationship to Waste Package Performance Issues Already
Identifled

Related to ISTP issues Z2.7.2, how will the waste package
design ensure that the radioactive wastes will be in
solid form in a sealed container?, 2.7.3, how will the
waste package design ensure that particulate waste forms
will bs consolidated (for exampie, by incorporating into
an encapsulating matrix) to limit the availability and
generation of parrticulates?

(b) New Licensing Issues

(¢) General Comments on Licensing
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AUTHOR'S ABSIRACT

The Department of Energy (DOE) has instituted a national
program to isolate defense TRU waste in a deep geological
repository, the Waste Isolation Pilot Plant (WIPP), in
Calsoad, New Mexico. Since 1972, the highly toxic and long
half-life transuranic (TRU) waste at the Savannah River Plant
(SRP) has been stored on above-grade concrete pads in 55-
gallon drums, large carbon steel boxes, and concrete culverts.
As part of the national program, a major project is planned at
SRP to retrieve anu process this waste. This project, the TRU
Weste Facility (TWF), will provide equiprent and processes to
retrieve TRU waste from 20-year retrievabl: storage and
prepare it for permanent disposal at the WIPP., This project
is an integral part of the SRP Long Range TRU Waste Management
Program to reduce the amount of TRU waste stored at SRP. The
TWF is designed to process 15,000 cubic feet of retrieved
vaste and 6,200 cubic feet of newly generated vaste each year
of operation. This facility is designed to minimize direct
personnel contacti with the waste using state-of-the-art,
remotely operated equipment. In support of the TWF, a remote
size-reduction and material handling process 's being cold-
tested at the Savannah River Laboratory. The process consists
of a large, low-speed shredder and material handling system, a
remote worktable, bagless transfer system, and a robotically
controlled manipulator.



WASTE PACKAGE DATA REVIEWV

RAIA SQURCE

(a) Organization Producing Data

West Valley Nuclear Services Company, Inc., West Valley,
NY.

(b) Author (s), Reference, Reference Availability, Date
Eisenstatt, L. R., Chapman, C. C., and Bogart, R. L., "A
Method for Showing Compliance with High-Level Waste
Acceptance Specifications,"” Waste Management '86,
Proceedings of Symposium on Waste Management, Tucson, AZ,

March 1986, R. G. Post, editor, Volume 2, pgs. 513-519,
1986 .

RATE REVIEWED: 5/12/87; Revised 9/23/87; 4/20/88,
IXPE OF DATA
(1) Scope of the Report:
Analysis.
(2) Fallure Mode or Phenomenon Studied:
Methods, including process analysis, that the WVDP will
be using to construct the waste form, and to show that

the waste form will meet the preliminary specification of
DOE.

MATERIALS ZCOMPONENTS

WV-205, Defense Waste Reference Glass (DWRG), Stainless steel
ASTM A240, UNS Designation 830400/ Canister, Purex C-Sampler,

TEST CONDITIONS

None given.

METHODRS OF DATA COLLECTION/ANALYSIS
None given.

AMOUNT OF DATA

Tables

1. Composition of WV-205 (the standard glass that was recently
selected,.)
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2. Variations on WV-205 that will be studied for radionuclide
release rate.

Figures

1. West Valley vitrification flow diagram. Feed sample
locations during nonradioactive grocess model testing are
designated (in the flow sheet.)

2. West Valley glass variability approach. (The acceptable
glass area and the test boundary are shown within a
triangular diagram.)

3. Purex C-Sempler. (The sampling system that is now being
tested,

4. Leach rates versus residence time results from the rartial
exchange interactive flow test for WV-205 and DWRG glarses .
The normalized leach rate and the annual fractional loss
per year is snhown. Time scale: 0.001 - 1 (y), Leach rate:
10°% - 1 (g.m 24" ?),

5. West Valley canister. (Schematic of the preliminary design
for the West valley canister is shown.)

6. West Valley canister grapple. (Conceptual design of the
grapple being tested at West Valley is shown.)

UNCERTAINTIES IN DATA

None given.

REFICIENCIES /LIMITATIONS IN DATABASE

None given.

EKEX WORDS

Planned work, prccess analysisc, stainless steel, defense high-
level waste (DHIW), West Valley, vitrification, canister,
sampling.

CENERAL COMMLNTS OF REVIEWER

This paper deals with the approaches that will be used by the
West Valley Demonstration Project (WVDP) to show that the West
Valley HLW glass waste form product will meet the preliminary
specifications of D.O.E. for waste disposal.

The glass that will be generated will be characterized for
chemical composition, crystallinity, and radionuclide release.
During the process the characteristics of the glass will be
monitored by measurements of the viscosity and conductivity at
the melting temperature., Initial testing will take place with
nonradiocactive simulated waste glass. The WVDP will attempt
to prove that it is not necessary to sample the radiocactive
end- product (i.e., the actual waste glass) and that the
composition of the product can be obtained from sampling the
Concentration Feed Makeup Tank (CFMUT).
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The most important issue in deciding whether such testing 1is
acceptable is the degree of homogenization of the sludge in
the melter. One of the important parameters in our
understanding of the homogenization process is the Residence
Time Distribution (RTD) in the melter. This function depends
on the viscosity, temperature, density, and feed rate. 1t is
possible to measure the RTD as a function of the ?rocot-
parameters using & radioactive tracer technique'?

These measurements, together with other measurements discussed
in this report, and, most important, occasional sampling of
the glass form, would be acceptable. It is our understanding
that WVDP has now agreed to undertake spot sampling of the
glass waste form,

RELATED HLW REPORIS

1. Volf, D. and White, D., "Experimental Study of the
Residence Time Distribution in Plasticizing Screw
Extruder," AIChE Journal 22, 122-131, (1976).

(Ranking: key data ( ), supporting data (X))

(a) Relationship to Waste Package Performance Issuos Already
Identified

Related to ISTP issue 2.3.1., what are the physical,
chemical and mechanical properties of the waste furm?

(b) New Licensing Issues

(¢c) General Comments

AUTHOR'S ABSTRACT

The West Valley Demonstration Project is in the process of
showing that the West Valley high-level waste product will be
acceptable for disposal. The methods that are being
considered emphasize testing nonradiocactive components and
relating them to the radioactive production product. Glass
and canisters processed at the Component Test Stand at West
Valley will be studied to provide the basis for showing that
the tested components are similar to those that will be
produced during production., This testing will include
defining and testing glass compositions that may be generated,
process model development and verification, and canister
design and testing. Administrative controls will



need to be instituted to ensure that restricted materials are
not included in the canistered wvaste form and to ensure that

the proper materials are procured. During production accurate
recsrds will need to be kept.



WASTE PACKAGE DATA REVIEW

RATA SOURCE

Organization Producing Data

E.1. du Pont de Nemours & Co., Savannah River Laboratory,
Alken, South Carolina 29808,

Author(s), Reference, Reference Availability

Maher, R., Shafranek, L. F., and Stevens, W. R.,
"Solidification of Savannah River Plant High-Level
waste," paper presented to a meeting of the American
Institute of Chemical Engineers, Washington, DC,
DP-MS-83-110, November 1983,

DATE REVIEWED: 8/17/87; Revised 3/30/88.
IXRE OF DATA

(1) Sccpe of the Report:

Review paper describing technology and engineering to "convert
the 30 million gallons of sludge, salt, and liquid presently

in the waste tanks into approximately 1 million gallons of
glass” in a vitrification operation.

(2) Failure Mode or Phenomenon Studied:
High-level defense waste immobilization.
MATERIALS /COMPONENTS

Defense radioactive waste materials,

borosilicate glass waste
{fmmebilization form, stainless steel

containment canisters.

TEST CONDITIONS
(1) State of the Material being Tested:

High-level defense waste radionuclide materials, present as
metal oxide and salts, present as a liquid sludge.

(2) Specimen Preparation:

Radwaste will be physically and chemically treated to separate
various nuclide forms and fractions, then combined either with

cementious materials or with glass foruing frit and melted for
immobilization




(3) Environment of the Material being Tested:

Sludge is stored in a sealed liquid radiocactive environment.
Processing will take place within the sludge containment
environment. Further sludge processing, melting, canister
filling, and canister decontamination will occur in the DWPF
facility. Long-term canister storage will be in deep mine
repositories.

METHODS OF DATA COLLECTION/ANALYSIS

Data in paper is of a general design nature, collected from
referenced sources.

AMOUNT OF DATA

Twenty one figures listed, consisting of process flow charts,
process materials, or photographs of DWPF facilities or
equipment:

Figure 1. Source of Radiocactive Wastes at Savannah River,
(flow chart)

Figure 2. Radioactive Liquid Waste, (photographs)

Figure 3. Actual Waste Sludge, (photograph)

Figure 4. Salt in Waste Tank, photograph)

Figure 5. New Waste Storage Tank, (cutaway schematic)
Figure 6. Waste Tank Farm, (aerial photograph)

Figure 7. Defense Waste Processing Facility, (flow chart)
Figure 8. Shielded Cells, (photograph)

Figure 9. Large Slurry-Fed Melter, (photographs)

Figure 10. Inside Sludge Removal Demonstration Tank Before

Sludge Removed, (photograph)

Figure 11. Inside Sludge Removal Demonstration Tank Most
Sludge Removed, (photograph)

Figure 12. Inside Sludge Removal Demonstration Tank After
S$ludge Removal, (photograph)

Figure 13, Glass Waste Canister, (photograph)

Figure 14. Defense Waste Processing Facility, (artists
drawing)

Figure 15. DWPF Building 221-s - Level 1, (schematic)

Figure 16. DUIF Melter Off-Cas System, (photograph)

Figure 17. Off-Gas Line Cooler, (photograph)

Figure 18. DWPF Building 221-S - Section C, (schematic)

Figure 19. Interim Storage Building, (artists drawing)

Figure 20. Glass Storage Building Section B - B, (schematic)

Figure 21. Saltstone Monolith Cross Section, (schematic)

UNCERTAINTIES IN DATA

Only general process design data presented.



REFJICIENCIES/LIMITATIONS IN DATABASE

None given.

KEY WORDS

Process design, facility design, Savannah River Plant, alr,
ambient temperature, ambient pressure, basic (alkaline)
solution, stainless steel, cefense high level waste (DHLW),
solidification, high-level waste, waste form, sludge, slurry,
salt, liquid, saltcake, waste tank, borosilicate glass, DWPF,
repository, joule heating, stainless steel canister, off-gas,
decontamination.

GENERAL COMMENTS OF REVIEWER

Paper presents general overview of DWPF history, design,
development, and operations,.

ARRLICABILITY OF DATA IQ LICENSING
Ranking: key data ( ), supporting data (X)

(a) Relationship to Waste Package Performance Issues Already
Identified

Related to ISTP issues 2.7.2, how will the waste package
design ensure that the radiocactive wastes will be in
solid form in a sealed container?, 2.7.3, how will the
waste package design ensure that particulate waste forms
will be consolidated (for example, by incorporating into
an encapsulating matrix) to limit the availability and
generation of particulates?

(b) New Licensing Issues

(¢) GCeneral Comments on Licensing



WASTE PACKAGE DATA REVIEW

RATA SQURCE

(a) Organization Producing Report

Pacific Northwest Laboratory Operated for the Department
of Energy by the Battelle Memorial Institute, Columbus,
OH.

(b) Author(s), Reference, Reference Availability

Mendel, J. E., "Final Report of the Defense High-Level

Waste Leaching Mechanisms Program," Chapter 2, Surface

Layers in Leached Borosilicate Glass High-Level Defense
Nuclear Waste Forms, PNL-5157, August 1984. Available

from NTIS.

RATE REVIEWED: 8/17/87; Revised 2/29/88.
IXPE OF DATA
(1) Scope of the Report

Extensive review of experimental data and data analyses
relating to the chemical composition, morphology, and
crystallinity of leached surface layers formed on borosilicate
waste glasses by various types of leachants. Data obtained
from contracting laboratories reports and other literature,.

(2) Failure Mode or Phenomenon Studied

Growth of alteration layers in glass subject to leaching.
Alteration leyer growth mechanism.

Alteration layer thickness and morphology.

Composition of alteration layers and other solid productes.
Elemental leach depths.

Crowth rates of leached surface films.

MATERIALS /COMPONENTS

Defense Waste Reference Glass (DWRG)
TDS-131 Glass
PNL-76-68

IEST CONDITIONS

(1) State of the Material being Tested

Class monoliths and powders.



(2) Specimen Preparation

DWRG and TDS-131 glass surfaces were leach tested as-cast,
polished with 3.4 diamond grit, thermally fractured, 600-grit
polished, 360-grit polished, 400-grit polished, and with 600-
grit scratches on 3-u4 polish,

(3) Environment of the Material being Tested

IAEA Vater Replacement Testing.
MCC-1 Static Leaching Testing.
Flowing Leechant Testing.

Water Exchange Testing.

Test Pressures: ambient and hydrothermal conditions.
Test Temperatures (°C): 20, 70, 90, 138, 160, 201, 225, 220,
247, and 250,

Exposed Suriace Area to Solution Volume Ratio (SA/V, (m~2)):
10 to 20, 20 to 50, 0.1, 10, 1.2 x 10°%, 2300, 7, 360.
Test Time: 209 days, 14 days, 28 to 400 days, 6 months, 143

days, 1 to 2 yeaxrs, 1800 h, 158 h, 102 h, 361 h.
Leachant Type: Highly Dilute Deionizad Water, Crande
Ronde-type Silicate Water, IAEA Deionized Water, Brine.
Leachant Flow Rate (cm®/h), 0.5, 50,
Water Exchange Rates (volume %): 25% over 1 to 30 days.
Solution pH: 5.5, 11.4, 9.6, 10.6, 9.9, 12.4, 10.3 to 10.7.
Solution Eh: -3 mV.

Additional materials in the test environments: basalt,
ductile iron, canister metal.

METHODS OF DATA COLLECTION/ANALYSIS

Scanning electron microscopy (SEM), energy dispersive x-ray
spectroscopy (EDXS), secondary ion mass spectrometry (SIMS),
x-ray photoelectron spectroscopy (XPS), chemical solution
concentration analyses, sputter-induced photon-induced
spectroscopy (SIPS), Auger electron spectroscopy (AES),
scanning Auger spectroscopy (SAM), powder x-ray diffraction
(XRD), optical microscopy.

AMOUNT OF DATA

There are seven tables.

Table 2.1--"Comparison of Calculated Elemental Leach Depths,
from Solution and Gel Layer (EDXS) Concentration Data, with
Those Observed by SEM/EDXS in a DWRC Alteration Region
Produced in 183 Days of IAEA-76 Type Testing in




Deionized V_ter at 920°C." Calculated Layer Thickness and
SEM/EDXS-Based Layer Thickness, both in microns, are given for
nine elements.

Table 2.2--"SEM/EDXS Comparison of Alteration Layer Thickness
and Chemical Composition on 600-Grit-Polished DWRG Monoliths
Exposed to Different Static Leuching Environments at the
University of Florida. Atomic ratios were determined by
quantitative EDXS using DWRC and pure phase nepheline
reference standards, with the experimental uncertainty
estimated at 10%." Composition data for six elements are
given normalized with respect to Si for four different test
cases .

Table 2.3--"Elemental Ratios observed by Quantitative EDXS in
Alteration Layers Produced by 270 Days of Static Deionized
Water MCC-1 Leach Testing at 90°C on Two Samples of the DWRG
(estimated uncertainty 10%). Composition data for seven
elements are given normalized with respect to Si for two
different test cases.

Table 2.4--"Elemental Distributions Determined by EDXS in a
l1-Micron Alteration Layer Separated from a Thermally Fractured
Sample of the DWRG (Figure 2.2). MCC-1 leach conditions: 209
days in static deionized water at 90°C. Uncertainty of
determinations estimated at 108." The elemental composition
for seven elements is given normalized to Si content for three
layers: 0.0-0.5 micron, 0.5-1.0 micron, and the bulk glass.

Table 2.5--"Solid Reaction Products Observed ‘n Dissolution
Testing of the DWRG and TDS-131 Glass at 90°C (GND =
groundwater, DI = deionized water)." The mineral phases and
their nominal stoichiometry are given.

Table 2.6--"Crystalline Products Identified in Reaction of
Glass and Water Under Hydrothermal Conditions." The
temperature, time, grams of water, and crystalline phases are
listed for 23 runs.

Table 2.7--"Disposition of elements in DWRG Upon Reaction with
Water . "

There are 34 figures.

Figure 2.1--"SEM Micrographs of the Alteration Layers Formed
on 3-Micron-Grit-Polished DWRG in 28 Days of Deionized Water
leaching at 90°C Under MCC-1 Conditions." Three micrographs
are given, at 200x, 2000x, and 5000x magnification.



Figure 2.2--"Seven SEM Views of Two Alteration Layers Formed
on a4 Sample of the As Cast DWRG with a Thermal Fracture
Surface. Leach conditions: 209 days, deionized water, 90°C,
SA/V = 10 to 20 m *." The micrograephs show Alteration Layers
at 2000x, Outer Surface at 5000x, Bottom Surface of Outer
Layer at 5000x, Upper Surface of Inner Alteration Layer at
5000x, Bottom Surface of Inner Alteration Layer at 2000x,
Bottom Surface of luner Alteration Layer at 5000x, and Leached
Glass Surface Magnification at 2000x.

Figure 2.3--"Six Alteration Layers Formed on a Sample of TDS-
131 Glass During Flow Test Leaching at the University of
Florida. conditions: 50 cm®/h, deionized water, 90°C, 600
grit surface polish." The magnification {s 2000x.

Figure 2.4--"Three SEM Micrographs of the 30-Micron-Thick
Alteration Zone Formed on a 360-CGrit-Polished DWRG Sample in
183 Days of Water Exchange Testing at Catholic University,
conditions: delonized water, 25% volume water exchange at
intervals from 1 to 30 days, 90°C, SA/V = 7 m"}'." The
micrographs show Outer Surface at 300x, Edge View at 1000x,
and Inner Surface at 300x.

Figure 2.5--"Plot of Calculated Alteration Layer Densities on
Leach~a DWRG Surfaces as a Function of Flow Rate of Delonized
and Simulated Groundwaters. The data were taken firom water
replacecent test at Catholic University with effective flow
rate calculated at a normalized SA/V x t value." Surface
Layer Density in g/cm® ranging from 0.5 to 2.5 1is plotted
versus Flow Rate in m/yr from O to 100. Data are given for
deionized water at both 70°C and 90°C and for silicate water
at 70°C,.

Figure 2.6--"SEM Micrographs of the Alteration Layers Produced
on Samples of the DWRG in 28 Days of MCC-1 Type Testing in
Deionized Water at 90°C as a Function of Surface Finish."
Three micrographs all at 2000x magnification show the effects
of the use of 3 u diamond, 600 grit powder, and 400 grit
paper.

Figure 2.7--"SEM Micrographs Showing Pitting of the DWRGC
Beneath the Alteration Layer, Produced During Static Leaching
Under Various Conditions." Four micrographs are shown all at
200x magnification: Deionized Water, 28 days, 3 micron pulish;
Deionized Water, 28 days, 600 grit polish; Deionized Water,
143 days; NDelonized Water + Canister Metal, 7 days.

Figure 2.8--"SEM Micrographs Demonstrating the Effects of
precipitate Deposition on the Extent of Pitting of the DWRC
Surface During Leaching. conditions: 7 days MCC-1



lzaching at 90°C in dedonized vater with an equal surface ares
of the reference canister metal and DWRG " Four micrographs
are given: Top Surface of DWRG at 2000x; Bottom Surface of
DWRG at 2000x; Top Leached Glass Surface »t 200x; Bottom
Leached Glass Surface at 200x.

Figure 2.9.--"SEM Comparison of Surface Precipitate Formation
on the DWRC in Deionized Water at 90°C With and Without the
Reference canister Metal Present After 143 Days of Statie
Leaching Under MCC-1 Conditions.* Two micrographs are given.

Figure 2.10--"SEM Micrographs of the Pre-‘pitates Formed on
the Reference Canister Metal in Delonizeo Water Leaching with
the DVRG at 90°C After 143 Days." Two micrographs are given,
one at 2000x and the other at 5000x magnification.

Figure 2.11.-"Growth of the Alteration Zone on Samples of the
DVWRG as & Function of Time of Exposure to Delonized Water at
90°C Under MCC-1 Conditions (except where noted). Several
conditions and surface finishes are represented. Open circles
= TDS-131, 0.5 en®/k flow DI water; closed circles = 3-micron
poiished sanmples of DWRG (MCC-1); squares = DWRG with 600.grit
polish (MCC-1); diamonds = DWRG with 3.umicron polish + an
equal surface area of RCM (MCC-1); triangles = thermally
cracked sample of as-cast DWRG (MCC+1). The arrows indicate
that portions of the layers were significantiy thicker; the
dashed lines shov the regions bound by the uncertainty in the
reasurements." Alteration layer thickness (microns) from 0 to
% 48 plotted against days leached from 0 to 200,

Figure . 12.--"SIPS Depth Profiles for Polished DWRG After 100
H in Delonized Vater at 90°C at SA/V = 0.1 m"'. At the
earliest stages, congruent dissolution of the DWRG depletes
all elements except S1 and B in the surface film." The
intensity in photon counts per second from 10 to 10% i
plotted versus depth in um from 0 to 0.3 for eight elements.

Figure 2.13.-"SIPS Depth Profiles for Polished DWRG After 28
Days in Deionized Water at 90°C at SA/V = 0.1 "', At this
stage of dissolution the surface film shows the formation of &
layer of hydrated Fe formed either by adsorption or
precipitation,” The intensity in photon counts per second
frow 10 to 10° !s ploetted versus depth in um from 0 to 0.4 for
eight elements.

Figure 2.14--"S1PS Depth Profiles fur Polished DWRG After 100
K in Deionized Water at 90°C at SA/V = 10 m"'., Later in the
dissolution process an outer layer is formed in the alteration
zone as hydrated Mg and Mn precipitate or absorb at the
vater-glass interface." The intensity in photon counts per
secoud from 10 to 10%° is plotted versus depth in um from 0 to
0.6 for {ive clements.



Figure 2.15 A and B--"SIMS Depth Profiles for Polished TDS-
131 Glass AFter 28 Days at 90°C in Deionized Vater at SA/V =
10 w° %, The profiles show the multiple layer structure of the
elemental distribution in the alteration zone., Ca and Sr are
enriched in the inner layer.* In both figures intensity in
counts per second frem 1 to 100000 are plotted versus depth in
um from O to 4. Profiles for four elements are given in A and
profiles for four other elements are given in B,

Figure 2.17--"EDX§ Depth Profiles of the IAEA Leach-Tested
Sample Shown in Figure 2.4." For eight elements, welght
percent is plotted versus depth in microns (0 te 150.0).
Veight percent scales vary for elements: 0 to 8 for Ca, Mi,
and Al; O to 12 for Na; 0 to 16 for Mn and U; 0 to 40 for §i
and Fe.

Figure 2. 18..XPS Spectra of the Fe 2p Electron Levels in the
Bulk DWRG and in the Alteration La,ers. The spectra show the
Fe to be more oxidizoed iun the leached layers." The spectra
for the surface of tne gel layer, the bottowm of the gel layer,
and the glass surface beneath the gel layer are given as
amplitude plotted versus the binding energy (eV) from 750.0 to
700.0.

Figure 2.19--"XPS Spectra of the V 4f Electron Levels in the
DWRG and VUO,. The comparison shows the DWRG to have U in the
U0, , chemical state." The spectrs for the bulk glass and the
VO, sre given as counts/100 (from 0 to 75.00) plotted versus
the binding energy in eV (from 415.0 to 3065.0).

Figure 2.20--"XPS Spectra of & Clean DWRG Surface and a Sample
“hat Has Been Exposed to & High-SA/V Leach Solution for 2
Veeks at 90°C. The short exposure under near steady-state
soaditions has produced both leaching and precipitation
reactions.* The spectra are given in counts/100 (from 0 to 32
foi the original surface and from 0 to 20 for the specimen
after leaching) plotted versus the binding energy (eV) frowm
1095 to 95.

Figure 2.21--"SEM Micrograph of the Alteration Products Formed
on & Sample of the DWRG After 6 Months of Static Leaching at
90*C in Deionized Water at a High SA/V. "

Figure 2.22--"SEM Micrographs and EDXS Spectrum of Analcime
Formed in the 90°'C Deionized Water Leaching of the DWRG at
High SA/V. A similar analcime type formed in TDS-131 glass
lesching has a factor of 10 higher Cs content." The spectrum
has no units but does give the stoichiometry of the analcime;
there are tvo micrographs.



Figure 2.23--"SEM Micrographs and EDLXS Svectrum of & Wesksite-
Type [(Na, (V0,;)(81,0,,, H;0) Uranivw-Containing Crystalline
Phase formed in Both silicate and Delonized Water Lesching of
the LWRG and TDS-13)1.°

Figure 2. .24.-"SEM Micrographs and EDXS Spectrum of a
Tobermorite -Type Product [Ca (OH),81,0,,.8H,0) Formed in
Leaching of the DWRG and TDS-131 Glasses at 90°C at High
SAa/V."

Figure 2 .25--"SEM Micrograph and EDX3 Spectrum of & Hydrated
Aluminum Containing Product Formed in Near-Steady-State
Delonized Water Leaching of the DWRG at 90°C and High SA/V (as
in Figure 2.20)."

Figure 2.26--"SEM Micrograph and EDXS Spectrum of a Hydrated
Silica Precipitate Observed in S{licate Water Leaching of the
DWRG at 90°C and an SA/V of 360 m™ 1

Figure 2.27.-"SEM Micrograph, EDXS Spectrum, and XRD Pattern
of the Mixed Magnesium Oxychloride [Mg, (OH),Cl . 4H,0-

Mg, (OH),¢Cl; H,;0) Preferentially Formed on the Surface of the
DWRG in MCC-1 Static Leaching in Brine at 90°C for 28 Days.*

Figure 2 .28--"Plot of the Experimental Runs and the REsction
REsults as Sketches of the Surface of the Glass Samples,
Approximately as Vieved at 50x. In the lower portion of the
figure, no crystalline phases were observed;, scratches were
enhanced by the reaction. In the upper portion of the figure,
crystalline reaction products are common and their abundance
and morphology are indicated." Temperature is plotted both as
‘C (from 50 to 250) and as 1000/T in kelvins (from 2.75 to
2.00) versus the log t in h (from 1.25 to 3.5),

Figure 2.29.-"EDXS Trace and SEM Micrographs of Analcime
Crystals. Upper right, analcime crystals with calcium
silicate spheres, run 3.C (201°C, 1800 h). Scale bars 50
microns. )"

Figure 2 .30--"EDXS Trace and SEM Micrographks of Veeksite
Clusters. Left, tapered weeksite crystals over an analcime
crystal, calcium silicate sphere (see Figure 2.34) to top
right, run 3.C (201°C, 158 h). Right, (rum 20-F, 230°C, 1800
h) bluntly terminated blades of weeksite; in the background
are analcime, calcium silicate (Figure 2.31) and two forms of
silica. (See Figure 2.34 right top and bottom). Scale¢ bars
100 microns."



Figure 2.31--"EDXS Trace and SEM Micrographs of Ca'clum
Silicete Crystals from run 20.F (230°'C, 1800 h). Additional
phase (n right-hand panel is silica. Scale bars 25 microns.”

Figure 2 .32.--"EDXS Trace and SEM Micrographs of Fibrous
Caledum si'icaty Phase (rum 21D, 225°C, 361 h). The shorter,
brightsr, feathery phase is wveeksite. The disks are analcime
er stals which were trapped between the glass slice and gold
capsule when they grew. Scale bars 50 microns."

Figure 2.3)--"SEM Micrographs of Crystalline Calcium
#ilicates. The EDXS trace would be the same as Figure 2. 32
except for the lack of SR. (A), runm 21-D (225°C, 361 h). 1Im
(B) theve are two morphologies present which give the same
EDXS treace (rem 3:D, 247°C, 102 h)."

Figure 2 .34 -"EDXS Trace eand SEM Micrographs of "Silica"
Phases. Stout prisws (left): this morphology resenmbles that
of quartz (S10,) although DCP/AES analysis shows the presence
of LY and B in addition to $1i, run 20.C (230°C, 1800 h).

Laths (bottom right): the individual crystals resemble those
figured by Savage (1981), although the organization in the
cluster is different (rum 20.-F, 230°C, 1800 h). Ragged
cluster (top right): sphere in background is calcium silicate
(see Figure 2.33 A), run 21D (2255°C, 361 h). Scale bars 25
microns . "

UNCERIACNIIES IN DATA
The uncertainties in the data are not discucsed in the review

and the original references must oe applied to for that
information.

REFICIENCIES /LIMITATION IN DATABASE
None given.

KEX _WORDS

Data analyeis, literature review, microscopy, spectroscopy,
visual examination, x-ray diffraction, laboratory, air, brine,
deionized, simulated groundwater, ambient pressure, high
pressure, high temperature, static (no flow), glass (defense
vaste reference glass), TDS-131, PAL 76-68, defense high-level
waste (DHLW), matrix dissolution (glass), formation of
alteration layers in glass.



GENERAL COMMENTS OF REVIEVER

This report provides information on the physical and chenical
properties of leached glasses. A physical pleture of the
alteration layers produced by ‘eaching of the glass vaste form
is as follows. The contact of vater with the glass surface
initiates the formation of the a.teration layer. This occurs
by leaching avay the soluble cations, leaving a skeletal
structure of the original form which retains the initial
geometrical dimensions. The growth of the alteration layer
proceeds into the glass with cracks and wmicroscale roughness
sccelerating the vrocess #s wmuch &8 an order of magnitude.

Pit formation in the aitered glass surface is common with pits
preferentially appesaring o.. stress lines and in areas of
surface disruption. Polished or smooth fractured surfaces
produce alteration layers with distinct layering; roughened or
poorly polished surfaces form alteration layers that are
highly convoluted. In wl’ cases (except when they slough off)
the altersation layers have good integrity and & well-defined
boundary with the bulk glass.

Surface layers on the leached glass include orystalline
deposits imbedded in an amorphous precipitate. This material
is In contact with the generally amorphous altered layer. The
interface between the altered layer and the bulk glass 1
physically and chemically well defined except for & reaction
tone, generally less than | micrometer thick, which exhibits
extensive pitting and is depleted in the more soluble elements
(B, Li, Na). The properties of the altered layer are
influenced by reactions with the wqueous envirunment and are
not due to diffusion effects. Dilute leachants produce thick
low-density layers while concentrated leachants produce thin
high-density surface layers,

Additional leaching experiments conducted under hydrothermal
conditions at temperatures &s high as 250°C accelerated the
dissolution-crystallization process but produced products
identical to those formed at lower temperctures. This
incidcates that the precipitation reactions do not change
significantly over this temperature range .

The presence of reactive solids such as canister metal or
ductile iron in the leach system with inftially air-saturated
deionized water, significantly accelerates the removal of
silica from the glass and leads to the formation of colloidal
couplexes and well-defined crystalline precipitates on the
surface. Small node-like and floccuisnt precipitates are
common In all systems where water flow is lov enough for
saturation to occur. This nay indicate that crystallization
on the altered layer is occuring. However, in deoxygenated
deionized water the reaction is much less agressive which
indicates the importance of the Eh in this case.
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In summary, the report has provided & great deal of
information concerning the physical and chemical nature of the
altered layer including its chemical composition, the
distribution of elements within {2, the composition and nature
of crystalline deposits formed on the surface and its rate of
formation under several specific leaching conditions.

In spite of this valuable information, the most important
aspect of the leach mechanism s that the alteration layer is
more & product of the leachate concentration than of any
property of the glass. Might not the fact that thick
alteration layers are found in high leach rate, dilute
leachate environ~ents and thin alteration layers are found in
lov leach rate, concentrated leachate environments suggest
that it plays only & minor role in glass leaching?

ryew

Y OF DATA 10 LICENSIKNG
Ranking: key data ( ), supporting data (X)

(a) Relationship to Waste Package Performance lssues Already
Identified

Related to ISTP fssue, 2.3.2.1.1, vhich vaste form
dissolution mechanism or mechanisms are most likely?

(b) New Licensing Issues

(e) Ceneval Comments on Licensing



WASTE PACKAGE DATA REVIEW

RALA SOQUKCE

(a) Organization Producing Data

Pacific Northwest Laboratory Operated for the Department
of Energy by the Battelle Memorial Institute, Columbus,
OM .

(b) Author (s), Reference, Reference Avai.sability, Date

Mendel, J. E., “"Final Report of the Defense High Level
Vaste Leaching Mechanisms Program," Chapter 5, Radiation
Effects, PNL-5157, Auguet 1984. Available from NTI1S.

RATE REVIEWED: 9/30/87; Revised 4/26/88.
IXRE QF DATA

Literature reviev includes data on the effects of alpha, beta
and gamwa radiation on structural damage to nuclear waste
forms, and subsequent leaching performance of such irradiated
waste form, are meager. Measurable structural damage begine
4t a cumulative dose of about 1 x 10*" alpha decays/m® anga
"saturates” at a dose of approximataly 5 x 10%¢ alpha
decays/m’. These doses correspond to cumulative doses
expected for commercial glasves within the first 10,000 y of
disposal In a geologic repository. A rough correlation
between degree of structural damage, as measured by percent
increase in solid volume, and enhancement of initial leach
rate has been established for frradiated nuclear waste forms.
Ground wvaters exposed to radiation from nurlear waste forms
will form free radicals, fonic, and molecular species that can
significantly alter the geochemical environment in
repositories. Gamma radiolysis effects, alpha radiolysis
effects, resctions betvween radiolytically produced species and
dissolved chemical species, presence of dissolved pases and
interactive effects of solids including waste forms, metallie
barriers, and host rocks. Study on the effect of radiation
damage on potential repositories have focused on salt. Two
aspects of radiation damage in NaCl were discussed: collotd
sodiun formation and stored energy. The status of the
computer codes that have been developed, to predict
concentration of radiolytically produced species in simple
ground water system was discussed briefly.
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MATERIALS /COMPONENIS

Borosilicate glasse, NaCl, Na,80,, salt brine, tuff, basalt,
granite, groundvater, synroc-e¢

IEST CONDITIONS
None given,.
METLODS OF DATA COLLECTION/ANALYS1S

Avtinide-Doping technique, external heavy-ion and neutron
irradiations

AMOUNT OF DATA
Tables

5.1 Primary radiolytic species G values for Camwa and 5MeV
alpha rvadiation,

5.2 Gauma radiolysis of basalt ground water with methane,

5.3 Genma radiolysis of basalt ground water without disscolved
methane .

5.4 Results of alpha radiolysis on & cycle & synthetic
Permian brine using **‘Cnm.

5.5 Summary of total Pu release in MCC DWRG at 40°C in DI
water .,

5.6 Summary of pH change in MCC DWRG at 40°C in DI water.
5.7 Summary of $1i release in MCC DRWG 40°C in DI water.
5.8 Reaction scheme for irradiated salt,

Figures

5.1 Expected volume changes as a function of dose and
correlated to the wvaste storage times of both defense and
commercial high-level waste forms. Dose range: 1081 .
1027 alpha decays/m?, swelling range: (-1)-(+6)%,

5.2 Increase in relative leaching L/L, versus volume change,
for percent volume change from 0 to 40% and increasing
leaching factor from 0 to 80,

5.3 Total gas pressures generated by salt solutions in a t0¢Co
irradiation field. Normalized dose range: 0-25 Grd,
pressure range: 0-100 atm.



5.4 The effect of S0,% on the total gas pressures generated
by *PCo irradiated field. Normalized dose range: 0.2%
Grd, Pressure Range: 0-100 atm.

5.5 Total gas pressures generated by brine and solid vaste
package components in a *“Co irradiated field,
Normalized dose range: 0:25 Grd, Pressure Range: 0:100
ATM.

5.6 Iucrease in elemental leach rates of MCC 76-68 waste
gless &5 & function of gamma-dose rate at 70°C. Dore
Tate range: 0:-2 MR/h elemental leach rates: 0.4 gr./m* h
(x10%) .,

5.7 1Increase in pH due to dissolved {rradiated salt as a
function of integrated gamma dose to the salt. pH range:
0-26, pe range: (-12)-(+24), dose range: 5.7 x 10* .2.3 x
10°R.

5.8 Effect of gamma radiolysis in acidirty (pH) and oxidation
potential (pe) on salt brine.

5.9 Plot of the concentrations of raediolytically produced
species versus time as predicted by RADIOL at & dose rate
of 3.5 MRads/hr and initial oxygen concentration of 1.5
ppm. Time scale: 10°%.10%, concentration scale: 10°%.
10 micromolar.

UNCERTAINTIES 1IN DATA

Uncertainties in many rate constants for radiation yields used
in the computer modeling of radiolysis calculations and the
lack of many appropriate rate constants are major limitations
to the current computational efforts at modeling radiolysis of
complex ground water.

REFICIENCIES /LIMITATIONS IN DATABASE
None given,

EEX _WORDS

Literature reviev, brins, basalt composition, granite
composition, tuff composition, salt, Cl, Br", §0,,", basalt,
granite, tuff, alpha radiation field, gamma radiation field,
redox condition, commercial high level waste (CHLW), defense
high level waste (DHLW), #*FfpPyu, groundvater, corrosion
(general), leaching (radiation enhancement), radiation
effects.



GENERAL COMMENTS OF REVIEVER

The effect of radiation on the structural damage of nuclear
vaste forms is very important Most studies on lesching of
nuclear vaste forms have been conducted with water in the

absence of both & radiation field and other waste package
barrier materials.

In this report there is information about the radiation damage
of the vaste form and the host rock and about the radiolysis
of ground wvater solution, The section on the radiation danage
reviews the current literature on these effects. The section
on radiolysie presents and discusses new experimental data

generated for ground weter and ground water plus borosilicate
glass

Measurable structural damage begins at & cumulative dose of
sabout 1 x 10%? alpha decays/m’ and "saturates” at a dose of
approximately 5 X 10¥* alphea decays/m’ These doses
correspond to cumulative doses expected for commercial glasses
within the first 10,000 years of disposal in & geologic
repository A rough correlation between degree of structural
damage, &s measured by percent increase in solid volume, &and

enhancement of initial leach rate has been established for
{rradiated nuclear waste forms,

The studies on the effect of radiation damage on potential
repositories have focused on salt Two aspects of radiation
damage in NaCl that have received the most attention are
colloid Sodium formation and stored energy.

Computer

codes have been develuped, and are being continually
improved, to predict concentration of radiolytical produced
species in simple ground water systems.

This excellent work is only the beginning in the understanding
of the actual repository condition, More work is needed to
understand the effects of radiation on radionuclide release

rate from the waste form in the present of radiation fileld and
appropriate barrier materials

APPLICABILITY OF DAIA 10 LICENSING
[Ranking key data ( ), supporting data (X))

(a) Relationship to Waste Package

Performance lssues Already
ldentified

Related to ISTP issues, 2.2.4.2, concerning the effects
of rediation on the corrosion fallure modes and
associated corrosion rates for the wvaste package




(b)
(e)

container and 2.2.4.2.1., concerning the predicted rate
of rediolytic generation of hydrogen, oxygen and other
species due to ganmms radiation in the vicinity of the

waste package container.

New Licensing Issues

General Comments on Licensing



WASTE PACKAGE DATA REVIEW

RAIA SQURCE
Organization Producing Data

Work performed under the auspices of the U, §. Department

of Enargy by the VWestinghouse Hanford Company, Richland,
Vashington under Contract No.

W-7408-Eng-48

Author(s), Reference, Reference Availlabilicy

Smith, D. H., "The Influecnce of Copper on Zircaloy Spent
Fuei Cladding Degradation Under a Potential Tuff

Repository Condition," UCRL-15993, SANL 622024, Lawronco

Livermore National Laboratory, HMarch 1987, Available
from NTI1S.

RATE REVIEWER: 2/7/88.
IXEE QF RATA
Exparimental .

MATERIALS /COMPONENTS

Materials Characterization Center’'s Approved Testing Meterial,
ATM-10]1 spent fuel rods were wrapped in copper foil of 99.999
wt. percent purity to make a bundle and placed in a 0.1H
Cu(NOy); solution in o« fused silica jar with a Pyrex li4.

Some areas of spent fuel rods were polished to permit
observation of a nevwly formed oxide film.

IEST CONRITIONS

Each bundle centained approximately 400 g of spent fuel, and
the gannma radiation dose rate at the bundle surface wvas about
1000 Rd/h. The Cu(NOy), solution was held at a temperatura of
90°C, and the solution pH was approximately 4.5, Testas were
conducted for periods of two and five months., Lost liquid due
to esampling vas replaced with an equal amount of astock

solution., Solution lost due to evaporation was replaced with
an @oqual volume of deionized wvater.




METHODS OF DATA COLLECTION/ANALYS1S

Inductively coupled plasma optical emission spectroscople
analysis vas used to detect Zr. Specimens vere photographed
at the end of the test. X-Ray diffraction was used to
fdentify Cu, (OM),NO, deposits and the partially oxidized
copper wrap. Specimens were sectioned for microscople
observation, Metaliographic techniques were used to view the
cladding with the original oxide and cross sections showing
the metal/oxide interface. Electron probe analysis, with a
profile line sensitivity of 0.1 & of 1 &, was conducted on the
oxide filwm cross section, and no Cu was detected. Scanning
electron Microscopy (SEM) was used to evaluate polished and
unpolished areas of the specimens and also the oxide/ netal
interface. Energy dispersive x-ray analysis (EDX) showed the
presence of Fe and §1 but Cu was found in only one of eighteen
specimens studied. Auger electron spectroscopy was coupled
with fon willing to produce elemental concentration prefiles
through the oxide film and into the Zircaloy as & function of
time. The observation of copper was considered as a
coentaminant on the surface.

AMOUNT QOF DRATA
There are two tables and six figures,

Tables

Table 1. A Conmparison of Some Expected Tuff Repository
Environmental Conditions with Those in Which Copper
has been Observed to have Influenced Zircaloy
Corrosion,

Table 11. Average Observed lon Milling Time to Achieve a 908
Decrease in Surface Oxygen Concentration and an
Equivalent Increase in Surface Zirconium
Concentration.

Figures

B Schematic of Corrosion Cell Used for the 2-Month and 5-
Month Experiments. Copper foll wrap with a copper wire
tie holds the bundle together. Zircaloy plugs are press
fit to mechanically seal each cladding section.

- Before and After Photographs of the Cladding Bundle Used
in the 2-Month Experiment. Discontinuity in texture of
deposits about half way up on the copper wrap indicates
the water level during the experiment., Note that the
polished cladding is still shiny after two months,
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3. Sectioning Diagram for Each Ring Specimen (see figure 2).
Ring segnents were evaluated via SEM, Auger/ion milling,
electron microprobe and metallogrephy.

4. Example of Thick Films on H. B. Robinson Spent fuel
Cladding From the 5-Month Experiment.

. Scanning Electron Micrographs of Cladding Seunples With
Thin Oxide From the 2-Month Experiment: a) Total specimen
with well defined boundary between polished (right) and
unpolished (left) areas, b) High magnification SENM
micrograph of boundary showing oxide (dark) and motal
(light) areas. Notice that the oxide-metal interfact
shows no topographical expression,

6. Auger Electron Spectrum for Specimen P2 from the 2-Month
Experiment, Copper, sodium, and calcium seem to be
present on the undisturbed surface and are quickly
renoved by sputtering, {.e., the surface after 30 seconds
of sputtering (Post-sputter surface) doesn’'t show these
elements. All 12 specimens from 2- and $-month
experiments exhibited very similar spectra.

UNCERTAINITIES IN DATA

Calculated oxide film thicknesses on the Zircaloy were 115 A
after two months and 145 A after five months. Experimental
values were similar to these but the scatter in the data was
greater thet the difference in the thickness values.

REFICIENCIES /LIMITATIONS IN DATABASE

None given.

KEX _WORDS

Experimental data, supporting data, microscopy, spectroscopy,
surface film, x-ray diffraction , laboratory test, Yucca
Mountain, 0.1 M Cu(NOy;),; solution, Cu, acidic solution, 90°'C
tenmpereture, copper, spent fuel(BWR), Zircaloy, spent fuel
cladding, degradation, oxidation, corrosion.

CENERAL COMMENTS OF REVIEWER

These tests vere conducted to investigate whether copper fons
accelerate zirconium alloy corrosion in acid environments and
wvhether crud induced local corrosion (CILC) would occur in a
repository environment. Neither accelersated corroslion nor
crud-induced localized corrosion were observed after these
tests. The testing conditions used are not representative of
those in the repository or of the conditions under which
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accelerated corrosion and crud-induced localized cerrosion
vould occur. Nodular corrosion, the precursor to CILC in
Zircaloy was produced by other workers at & temperature of
510°C and & pressure of 1500 pseig, and it would not have been
expected wunder conditions of the testing describea in this
report. Additional tests designed to accelerate local
corrcsion of Zircaloy should be conducted bafore conclusions

are made regarding effects of copper on Zircaloy's corrosion
behavior in the repository environment,

ARRLICABILITIY OF DATA TO LICENSING
[Ranking: key data ( ), supporting (X))

(a) Relationship to Waste Package Performance Issues Already
ldentified

This report velates to NNWSI ISTP issue, 2.3.6, regarding

potential damage and failure mechanisms for the fuel rod
cladding.

(b) New Liconsing lssues

(e) Generel Comments on Licensing




WASTE PACKAGE DATA REVIEW

RATA SQVURCE

(a)

(b)

Organization Producing Data

Work performed under the auspices of the U, §. Department
of Energy by the Lawrence Livermore National Laboratory
under Contract No.

W-7405-Eng-48,

Author(s), Soference, Reference Availability

Vilson, C. N., Einziger, R. E., Woodley, R. E., and
Oversby, V. M., "LWR Spent Fuel Characteristics Relevant
to Performance as a VWasteform in & Potential Tuff
Repository", UCRL-92891, June 1985, Available from NTIS.

Rs [E REVIEWED: 12/14/87; Revised 3/2/88.
13 LK OF DAIA

Literature review of leach studies from PWR spent fuels and
oxidation of spent fuel.

MATERIALS /COMPONENTS

None given.

IEST CONDITIONS

None given,

MEIHODS OF DATA COLLECTION/ANALYSIS

None given.

AMOUNT OF DATA

None given.

UNCERTAINTIES IN DATA

None given.

REFICIENCIES ZLIMITATIONS IN DATABASE

None given.




EEX WORDRS

Literature reviev, spent fuel leaching, laboratory, air, J.13
water, deionized, high temperature, basic (alkaline) solution
(pH >7), neutral solution (pH = 7), spent fuel, spent fuel
oxidation, #¥'Np, ¥30p,

GENERAL COMMENIS OF REVIEWER

This report is essentially a review of the related HLVW reports
cited below which have been previously reviewed and are
included in the NBS data bank. In addition, new observations,
not described, state that examination of partially oxidized
spent fuel particles and fon microprobe dats on spent fuel,
which was pertially oxidized using '*0,, support previous date
suggesting grain boundary oxidation as the initial stage in
the oxidation process. No dats are given.

BELATED HLW REPORIS

Wilson, C. N., and Oversby, V. M., "Radionuclide Release fronm
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Appendix C

The NIST Comments on the Yucca Mountain CDSCP

Section 7.4.5.6 Corrosion Model

Connent

Corrosion models should be specific and/or be adaptahle to
given metals, environmental conditions, and forms of
corrosion,

Bacis

¢ The electrode potential of a wetal or &« phase within
an alloy and the vepository environment will contrel
infitiation or absence of corrosion. Electrode
potentiale should be known for varying conditions and
times of exposure.

¢ Changes in water chemistry such as pH and/or fonic
content will affect the electrode potential of the
exposed metal.

¢ Surface film formation on a given metal as related to
composition, electrode potential and corrosion rate
must be established.

¢ Localized stresses, brittle phases, precipitates,
different phases and other microstructural variations
will result in variations in electrode potential and
coriosion processes.

¢ Corrosion processes expected should be correlated with
the material and environment.

Recommendations

¢ Use standard testing methods to determine and verify
corrosion behavior of candidate repository materials
in repository environments,

¢ Measure electrode potentials associated with given
corrosion reactions in the repository environment,

¢ Set up corrosion data base for each material,
environment, temperature and condition,

¢ Set up corrosion data base for previously determined
corrosion data that will be used as a basis for
projecting corrosion rates or behavior, (Note: There
is a lot of scatter in some corrosion data, and this
must be dealt with for modeling or predicting.)
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Section 8.3.4.2.1.3 Composition of Vadose Vater from the
Waste Package Environment

Cemment

Evaporation of vadose water will be responsible for salt
transport to the canister orea during the period in which
the temperature exceeds about 95°C. The composition of
vadose vater may differ from the reference J-13
groundvater,

Basis

¢ Corrosion of the canister and dissolution of the waste
form may be strongly dependent on groundvater
chemistry.

Reconmendations

¢ Theoretical wodels for comparison of vadose water
composition should be described.

¢ Criteria indicating "contaminated vater" should be
explained,

* Plans for characterization of currosivity of the
vadose water ip relation to the candidate canister
material must be wmade.




Section 8.3.5. 9.1 Information Need 1.4.1: VWaste Package
Design Features that Affect the Performance of the
Container.

Semment

There 1o no description of the development and use of
standardized test methods which have undergone peer review,

Dasia

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

The tests must be acceptable in terms of reliabilicy
and reproducibility.

Beconmendations

Make use of the Materials Characterization Center
(MCC), which vas established by the DOE In 1980, to
ensure that qualified materials data are available on
nuclear waste and waste package nmaterisals. Meeting
this goal must Iinclude development of acceptable
standardized test methods.

Use MCC test method development and approval
procedures as a first step in obtaining acceptable
compliance data.

The site characterizetion plan should contain a
section describing test method development and test

method approval, and data reliadbility, precision and
accuracy.



Section 8.3.5.¢.1.1.2 Microstructural Characterization

Semment

Metallographic and microscople characterization techniques
given in this section for copper, copper-based alloys, and
austanitic stainless steels are inadequate.

Basis

Chemical etchants are selected to show a specific
festure of & microstructure, but may not show other
eritical characteristics,

Some microstructures cannot be observed using
conventional metallographic techniques.

Grain boundary structure, precipitate formation, and
dislocation structures affect material properties and
stability, and these features should be vieved at high
magnifications of transmission elsctron microscopy.

Chemical analysis, x-ray analysis, hardness
measurements and other technigues would be needed to
analvee for oxygen, hydrogen, or other elemental
diffusion into metals.

Reconmendations

Eetablish sntandsrd procedures fur studying
wicrostructures «f muteriels bein, considered for use
'n nuclear wvaste storage.

Establish necessary spacific methods for
chareacterizing wicrostructures of a given material.

Methode should be specified for the material and
microstructural considerations Iin question.



Section 8.3.5.9.1.1.2 Phase stability in austenitic
stainless steels

Comment

Microstructures of austenitic stainless steels are unstable
in terms of transformation to martensite, precipitation of
sigma or other embrittling phases and sensitization, and
data are not available to show effects of prolonged
exposure to 100 te 400°C temperatures expected in the
repository.

Basis

¢ Small amounts of martensite Iincrease the steel's
susceptibility to stress corrosion cracking.

¢ Enmbrittling phases provide initiation sites for
cracking and increase susceptibility to cracking.

¢ Sensitization or carbide formation may be enhanced by
initial high temperatures &nd by extended elevated
tenmperatures of the repository. Beneficial effects of
cavbide forming alloying elements such as titanium and
of specified cooling rates during manufacture could be
negated by the extended time at tempevature after
emplacement .

¢ Phase precipitation causes chemical changes in the
microstructure which will result in decreased
resistance to localized corrosion such as pitting and
stress corrosion cracking.

Beconmendations

¢ The microstructure and associated properties should be
established to be stable in given repository
conditions before selecting the material for use in
the repository. Any metastability should be
characterized and demonstrated to not adversely affect
predicted performance.

¢ Data should be collected under simulated repository
conditions to show microstructural changes which will
and will not occur,

¢ Effects on rensitization of alloy composition and time
at repository temperatures should be studied,



Section 8.3.5.9.1.1. 4 Subactivity 1.4.11.4. State of
Stress in the Container

Comment

The analyses of the state of stress at various locations
should include analyses of fabrication and handling flaws
which will not be detected by non-destructive evaluation
(NDE) and inspection procedures.

Basis

¢ This section states that changes in the state of
stress with time and temperature will be evaluated at
a number of locatiors, but {t does not specifically
state that fabrication and handling flaws are
considered in these analysis.

¢ Pores, inclusions, stringers, etc. can occurv during
fabrication of the container and the presence of these
can alter the stress state.

¢ Mishandling of the container can result in alterations
in the residual stress pattern and the size and shape
of surface flavs.

Recommendations

* The evaluation should take into account fabrication
and handling flaws, and should {dentify limiting flaw
sizes for different geometries,

¢ The limiting flaw sizes and geometries should then be
used as design parameters for the development of
fabrication procedures and the establishment of non-
destructive testing techniques and practices to be
used at the site,.



Section 8.3.5.9.1.1.4 Subactivity 1.4.11. 4. State of
Stress Iin the Container

Comment

The plan should take inte account temporal changes in the
state of stress due to corrosion of the container.

Basis

¢ This section states that changes in the state of
stress with time and temperature will be evaluated at
4 number of locations, but it does not specifically
state that corrosion damage is included in this
evaluation,

¢ WVall thinning due to corrnsion processes with alter
the stress state.

¢ If localized corrosion (pitting, crevice corrosion,
ete.) occurs, it will result in the formation and
grovth of flaws which act as stress concentrators,

Reconmendations

¢ Analysis of the state of strass at various locations
in the container and changes in the state of stress
with time should account for the ‘nfluence of
corrosion as well as temperature.

¢ Corrosion processes can alter the geometry of the wall
by reducing the wall thickness and by promoting the
forma:ion and growth of stress concentrating flaws.

¢ The probability of formation of stress concentrating
flaws and the expected rate of growth of these flaws
should be accounted for in the analyses.



Section 8.3.5.9.1.1.5 Weld Inspection

Conment

Metallurgical characterization of prototype welds should be
made to characterize microstructures and chemistry and to
determinate their effects on weld integrity,

Basis

¢ Welds are areas of chemical inhomogeneity, and effacts
¢f this inhomogeneity under repository conditions
should be established.

¢ Welds of austenitic stainless steels are areas subject
to sensitization that may lead to failure.

¢ WVWeld solidification shrinkage can result in localized
increases in stress that can promote stress corrosion
cracking and other cracking.

¢ Weldments have the potential for contamination and
local segregation, either of which may promote
premature failure.

¢ WVelded areas are potential sites for galvanie
corrosion and localized corrosion.

Reconmendations

¢ Establish for each material considered for repository
storage, the wmetallurgical and microstructural
properties which result after welding.

¢ Conduct studies, of the metallurgical aspects of
veldments, that involve exposure of weldments to
sinulated repository conditions.

¢ Evaluate data in terms of long term stability and
durability.

¢ Conduct tests to determine effects of welded
microstructures and weldment chemistry on corrosion
behavior.

¢ Effects of composition, welding conditions and
repository environment should be established.




Section 8.3.5.9.2.2.1 Assessment of Degradation Modes
Affecting Candidate Copper-Based Container Materials

Cemment

The scientific basis for degradation modes of copper-base
alloys in the CDSCP is not in agreement with scientific
literature. This causes concern that future plans may be
improperly drawn.

Basis

Only 7-8CC (trangranular stress corrosion cracking) is
being considered. MHowvever, 1-8SCC (intergranular SCC)
is known to occur for many copper-base alloys, in
particular a-brass in the presence of an oxide film,
in aqueous NH, solutions.

The role of NH; in the electrolyte is assumed to be
that of dissolvi' 4 a protective film. However, T-SCC
in pure coppes, .oOr instance, requires the presence of
a film,

Since T-8CC in some copper-base alloys has been
observed in conditions where copper was not being
dissclved, the existence for critical electrical
potentials for SCC prevention seems rather doubtful.

There is no convincing evidence that selective
leaching (dealloying) occurs exclusively through a
dissolution-precipitation mechanisn

Recommendations

The section (p. 59-79) should be revwritten so as to
reflect a better understanding of the scientific
literature.




Section 8.3.5.9.2.2 Degradation Modes Affecting Candidate
Copper-Based Contalner Materials

Somment

There is no indication of the reasons for choosing three

specific copper-base alloys as candicdate container
materials.

Basis

¢ 3 materials CDA 102, CDA 613, and CDA 715 are going to
be tested

Other copper-based alloys could perform as well or
better than the three listed,

Except for these 3 materials, no tests, not even
scoping tests, have been performed ou other potential,
or candidate copper-base alloys,

Recommendations

» A program for preliminary testing of other copper-base
alloys should be initiated, and

® A more Jetailed and convincing argument should be made

to justify the selection of certain copper-base alloys
as candidate materials.




Section 8.3.5.9.2.3.2 Subactivities 1.4.2.3.2, -
1.4.2.3.9. Laboratory Test Plan for Austenitic Materials

Comment

The experimental approach for each possible degradation
mode should be designed and evaluated prior to testing.
How will "more severe" environments be identified and
proven to be "more severe" for a given failure mode?

Basis

¢ The design of an experiment can determine the outcome.
Therefore, it is important that 2ach experiment be
thoroughly evaluated as to its appropriateness to test
& possible failure mode or to yield information for
use in a given nodel.

¢ Verious investigators will disagree as tc the value of
experimental designs, and their differences need to be
considered and then resolved or accommod. ted,

¢ The relative severities of environments can Ye
difficult to evaluate¢ and quantify. Proving that a
given environment i{s “"more severe" may become
difficult.

Recommendations

¢ A procedure should be established to evaluate the
appropriateness, so as to establish whether it can be
used Iin (1) evaluation of a possible failure mode, or
(2) providing information to be used in a model.



Section 8.3.5.9.2.3.2 Subactivities 1.4.2.3. 2.
1.4.2.3.9. Laboratory Test Plan for Austenitic Materials

Comment

The possibility that the container may come into contact
with dissimilar metals is not addressed in this section,.

Basis

¢ The container may come into contact with various
alloys in the repository (spacers and bare plates,
etc.) or with the fuel rods inside the container.

Recommerdations

e The possibility of galvanic coupling should be
{dentified as an area of concern,

Potential couples and procedures to avoid galvanic
coupling should be identified.

Where galvanic coupling cannot be avoided,
experimental and modeling progra s should be
established to address this possibility and the
expected results of the various conceivable couplings.




Scetion 8.3.5.9.2.3.2 Subactivities 1.4.2.3.2. -
1.4.2.3.9, Laboratory Test Plan for Austenitic Materials

femment

The effects, on the corrosion behavior of the containers,
that may result from any metallurgical changes associated
with fadbrication in large sections is not identified as a
specific topic of a test program.

Basis

Metallurgical conditions ascociated with large
sections can differ considerably from those of small
laboratory samples. As a result, the corrosion
behavior can be considerably different.

The size of the section and the welding procedures
govern metallurgical conditions and, thus, they alter
the corrosion behavior.

Other fabrication processes and procedures (such as
shot peenig [1)) may alter the surface and
metallurgical condition of the container and thereby
alter the corrosion behavior of the container.

Recommendations

The impact of fabrication procedures on the corrosion
behavior of full size containers should be evaluated.

References

CDSCP Section 8.3.5.9.1.1.4 State of Stress in the
Container



section 8.3.5.9.3.2.1 Subactivities 1.4.3.2.1
Metallurgical Aging and Phase Transformaticns

fonment

The resistance of an alloy to corrosion, intergranular
corrosion, and stress-corrosion cracking is a function of
the combined effects of radiation, temperature, stress, and
time on the metallurgical stability of the alloy

Basis

Changes in the metallurgical condition of austenitic

materials can have cdramatic effects on the resistance
of these materials to degradation by chemical as well
as mechanical processes.

Reconmendations

This section should address the c¢ffect of
metastability of austenitic materials on the
resistance of these materials to degradation by
chemical (corrosion), and combined chemical and
mechanical (stress-corrosion) processes, as vell as
purely mechanical processes.



Seztion 8.3.5.10 Corrosion of Zircaloy
fomment

Corrosion of Zircaloy depends on the repository
environment, composition and metallurgical condition, and
the previous history in service and storage.

Basis

The type of reactor exposure, the composition of the
residue that collects on the fuel rods, and the manner
in which the fuel rods were cleaned will affect
corrosion of Zircaloy.

Residue deposits that contain copper have especlally
destructive effects on Zircaloy's protective oxide
film, and local corrosion or pitting may result,

Zirculoy, in reactor service, is subject to stress
corrosion cracking from the fuel side of the cladding
due to fission products such as iodides.

Liquid metal embrittlement has been reported for
Zircaloy in contact with molten cesium, liquid sodium
or cadmium.

Examples of hydrogen embrittisment fallures in
Zircaloy cladding have been reported.

Zircaloy 1s not immune to pitting corrosion and
pitting can occur in hydrochloric acid which contains
ferric or cupric fons and in the presence of all the
halogens either in liqulid or gaseous form.

Recommendations

Conduct corrosion studies to measure electrode
potentials for Zircaloy in the repository environment,
and to determine effects of varying tempereture, ions
present, water and oxygen.

Use standardized tests to determine the susceptibility
of Zircaloy to stress corrosion cracking in the
repository environment.

Study structural formation of the oxide film, and

determine effects of wetting, drying and other
conditions of the repository.
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Use standard tests to determine susceptibility to
hydrogen embrittlement and cracking.

Conduct standard tests to determine pitting
susceptibilicy of Zircaloy.

Study effects of welding on the ccrresion behavior of
Zircaloy,

O
1
—
~



Section 8.3.5.10 Issue Resolution Strategy for lusue 1.5,
Will the Waste Package and Repository Engineered Barrier
Systems Meet the Performance Objective for Radionuclide
Release Rates as Required by 10 CFR 60.1137

Comment

The leaching of spent fuel may be an important factor in
meeting the performance objective for radionuclide release.

Basis

¢ The solubility or leechability of spent fuel will be
enhanced if {t is oxidized in the repository
environment,

Recommendations

¢ Define an alternate strategy for prediction of spent
fuel oxidation and dissolution,.
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Appendix D
MCC -+ Materials Characterization Center
A. Program Administration

The MCC Program Manager met with DOE officials in
Washington, DC in January to discuss the MCC FY 1988
Technical Program Plan, and in February, J. C. Haugen,
Materials Integration Office, discussed revisions to the FY
1988 Technical Program Plan with members of the MCC. A new
Hardware Sampling Task, sponsored by the Systems
Integration Program at PNL, was authorized for the MCC.
This new task is aimed at acquiring and characterizing
activated metals, such as materials used in the disassenbly
of spent fuel and in associated bearing reactor components.
The MCC should locate and evaluate sources of hardware
samples and determine what analytical facilities and
procedures are needed and whether these facilities are in
place or need to be added to conduct hardware analyses
under NQA-1/PNL MA-60 Level 1 conditions. The MCC
contacted thirty-five electrical utilities, and got
generally favorable response. Three types of non-fuel
bearing reactor components (NFBC) will be obtained. These
are (1) a cruciform control rod (CCR) that has been in
service in a General Electrdc Boiling Water Reactor (BWR),
(2) a burnable poison rod assembly (BPRA) and (3) a full-
length rod cluster control assembly (RCCA) that has been in
service in a Westinghouse Pressurized Water Reactor (PWR) .
The cost of acquiring these components will be in the range
of §159K to $179K. 1If suitable cask liners are not
available and have to be acquired, there will be an
additional $50K to $100K cost. Reactor components of
particular interest are those which were exposed in the
low-flux regions at or near the ends of the fuel
assemblies. All analytical procedures necessary to
determirne compositions of irrsdiated components are
approved or in process. The actual meterials acquisition
for this task is proposed for FY 1989. Hardware from
assemblies of ATMs-103, -104, -105 and from subsequent ATMs
will be analyzed.

B. Quality Assurance

Corrective actions were taken pertaining to the West Valley
audit EA-87-5 and were acknowledged as complete by West
Valley. Minor problews relating to test material related
activities were corrected. Audit EA-8801 was performed and
a draft report given on February 26, 1988. Three concerns
were identified for the MCC were technical aspects of spent
fuel operation procedures, conflicts between the Nuclear
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., PNL-3990 and MCC technicael procedures and
lack of evidence that an independent technical review of
the ORIGEN2/VAX software requirements form was completed.

Five surveillance reports, KSW-B8:-004-A, -005-a, -007:A,
CO0B-A and -009-A vere completed, It was reported that the
Commission of European Communities (CEC) leach tests were
conducted in compliance with the test procedure. Both
static and flow-through tests are included in the "CEC
Repository Simulation Testing Round Robin", West Valley
lJeach tests were conducted according to procedure MCC-TP-5,
Rev. 2 and Test Instruction MCC-TP-5-TR-7, fission gas
sampling per MCC-TP-10 was properly documented, pulsed flow
leachate data were well managed and there was verification
for compliance with MCC-TP-8 and fuel rod identification
and ergon purgiug of a storage container. Surveillance
reports, KSW-88-010-A, -006-A und -012-A regarding
repackaging of spent fuel samples, macrophotography of
spent fuel specimens and performance of length measurements
of three impact test canisters, respectively, were
completed. The Statement of Work (SOW) for the post-
irradiation testing laboratory (PITL) had to be changed
since PITL was not able to do some photography and Boeing
Computer Services Richland (BCSR) was requested to do the
work.,

A surveillance, KSW-88-003-A, resulted in a deficiency
report involving the ceramography and metallography of
spent fuel specimens, and problems were identified with
document control, calibration, laboratory record books and
data reporting.

FY 87 impact teet records and samples of test materials
were sent to Sandia National laboratories. The final
Basalt Waste lIsolation Project record turnover was
completed. The final Salt Repository Project records were
transferred in June, 1988, closing out the MCC portion of
this project. ATM-10 fabrication records, requested by
Lawrence Livermore National Laboratory, were turned over to
them.

One new staff member was trained in the MCC project scope,
organization and QA plan.

West Valley advised that their MCC work should be performed
at PNL Quality Level 2. A memo was written describing
Quality Levels 1 and 2, It was requested that Quality
Level 3 be applied to the Comprehensive Data Base.



Support to the Office of Geologic Repositories, through
April, 1988 - New name as of May, 1988 is Support to
the Office of Siting and Development

Waste Glass Round Robin

The MCC Waste Glass Analytical Round Robin Workshop was
held in February 9-10, 1988 in Chicago, Illinois with
nineteen participants from seven different laboratories
and the MCC. Laboratories represented included Vitreous
State Laboratory, Catholic University of America, Ames
Laboratory, lowa State University, Lawrence Liveimore
National Laboratory, Westinghouse Hanford Company,
Savannah River Laboratory, West Valley Nuclear Services
and Pacific Northwest Laboratory. Results of the
analytical round robin completed in October, 1987 are
given in Table 1 (reference, MCC April, 1988 monthly
report). These results show that most participants
analyzed the glass samples successfully but some
individual laboratories had single element
discrepancies, Figure 1 (reference, MCC April, 1988
monthly report) shows a comparison of round robin
duplicate specimens, 1 and 2, for the different
laboratories. Preparation of sample solutions, for
inductively coupled plasma (ICP) instruments, continues
to be a concern in achieving analytical accuracy and
precision. ICP- MS(mass spectroscopy) methods appear to
be the principal procedures for determining elements in
low concentration. Preparations have begun for the next
round robin in the continuing series conducted by the
MCC among nuclear waste glass producers and repository
developers.

Spent Fuel Operations

Spent fuel rods are gamma scanned and this data is
accepted, and then fission gas sampled. Four ATM-105
(BWR) fuel rods were retrieved and gamma scanned. Two of
the four have been fission gas sampled and segmented,
The ATM-104 fuel rod to be characterized this year was
gamma scanned and is ready for fission gas sampling.

The remaining inventory of ATM-106 rods were gamua
scanned and fission gas sampled, and a rod that has a
high fission gas release, (147° cm® of fission gas), was
selected for characterization in FY 88. An ATM-106 rod
was fission gas sampled, and there were no indications
of any gas present. This result had occurred once
before with a BWR rod., This same result occurred with
two out of twelve rods, end it is disconcerting since
less than 1 percent of all fuel rods havr been predicted
to have leaks., Revision of the gamma scanning system
software has been completed and MCC-TP-9 was revised,
MCC-TP-10 for fission gas sampling was revised.
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There was & QA audit zconcern, regarding the fact that no
maximum time limit was set for exposure of cut rod exposure
to air before being placed in an inert stmosphere. This
question was reviewed and indications were tha. fuel
oxidation would not be as much a concern as fission product
reaction. Other individuals will be consulted regarding
recommended time limits for limiting fission product
exposure to air., Following this QA audit, specimens of
ATM-106 which were sectioned for tests and archiving, were
inserted into sample containers or vials which were filled
with argon.

Measurements of '*C in the fuel, cladding, crud and gas are
being made and evaluated. It was determined that earlier
measurements of '*C were reasonable taking into account the
uncertainty in the value for the nitrogen content
(Activation of '*N produces '*C). Some measurements of the
nitrogen content in the fuel and cladding will be made in
the future to check the variation in the measured and
assumed values.

Analytical transmission electron microscopy (AEM) is being
conducted on fuel-rod specimens. Gas bubble (xenon) and
five-metal-particle pairs are observed. The five metals
are molybdenum, ruthenium, technetium, palladium and
rhodium, Some ceramographic and metallographic results
show that migration of fission products is consistent with
release of fission gas. Gamma scans indicate that some
ATM-106 rods have extensive cesium migration and a moderate
to high fission gas is expected,

Proximity sensors used in measuring fuel rod length
sometimes fail, due to radiation damage of the wire.
Alternative methods of measurement vhich are accurate to
1/4 inch, should be acceptable when failure of proximity
sensor occurs.

A meeting was held and it was agreed that spent-fuel
characteristics and ATM selection criteria will appear in a
revised PNL-4686, "LWR Spent Fuel Approved Testing
Materials for Radionuclide Release Studies" to be issued by
the MCC.

Several other areas which fall under Support to the Office
of Geologic Reposituries are included in this paragraph. A
new fuel-rod storage container was fabricated and
{installed. The ATM-103 characterization report was
reviewed, approved by DOE-RL, printed and distributed,

Work continues on grain boundary gap inventory and assay
methods. A draft report on ATM-105 BWR fuel was completed
and sent off site for comments. A draft of procedures for
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shipping spent-fuel ATM samples to Oak Ridge National
Laboratory (ORNL) for spark source mass spectrometric
analyses was received for review, and a set of samples frem
fuel rod 104-MKP-109 was shipped to ORNL. There vas a
spent fuel working group and a borosilicate glass working
group. Activities that were to be handled by the
borosilicate glass group will be handled by the Waste
Acceptance Committee (WAC). The CEC inter-laboratory test
is proceeding on schedule and testing should be completed
by August 1988. A progress meeting for all participants
was held at the Fraunhofer Institute, Wurtzburg, FRG in
April, 1988. Three papers were submitted for presentation
at the Materials Research Society Meeting in West Berlin in
October, 1988. The ASTM version of MCC-1 was revised in
response to two negative votes.

Preparation for acquisition of ATM-107, stainless steel
clad spent fuel, was started, Criteria for selection are
that the fuel be as representative as possible as the
entire stainless fuel population and that the fuel
acquisition should be reasonable practical. Four potential
sources of ATM-107 were identified.

Microprobe analysis of spent fuel gave concentrations of
6.5 percent and 5.5 percent for U and Pu, respectively, and
this was higher than the concentration of these elements
predicted by ORIGEN., The average composition of Xe was
0.33 wt. percent which was 22 percent lower than the
concentration predicted by ORIGEN., This could be due to
surface release of Xe during preparation or a contribution
of Xe at the fuel edge which was not included in the
result, The average Cs concentration was 0.32 percent
which is 60 percent above the ORIGEN predicted value, and
the reason for this is not known.

D. Support to the Salt Repository Project

Work had been conducted earlier to develop a pH sensing
electrode, and pH and Eh reference electrodes for use in

higli-temperature brine. There were no experimental
activities, and a report, "Electrodes Development and
Experimental Results," was completed, Closeout work was

completed,
E. Support to the Basalt Waste Isolation Project

Tests were completed on ATM-11, & simulated Savannah River
production glass was completed, and samples are being
analyzed., All further activities on this project have
ceased. Closeout work is proceeding, and activities are
underway for dismantling, decontamination and cleaning of
the laboratory.



F. Support to the Defense HLW Technology Program

The MCC program manager participated in a defense waste
technology management (DWTM) meeting, where an approach for
QA strategy for DWTM was developed. The MCC proposed to
conduct experimental confirmation of certain key data
necessary for obtaining approval for start-up of the
Defense Waste Processing Facility. Data entry in the
Comprehensive Data Base is continuing and additional data
from the Catholic University of America, the Savannah River
Laboratory, and the Hanford Waste Vitriflication Project.
The outline for the hard copy of this data base was given
in a previous report (NUREG/CR-4735, Vol.3, p. 22, 1987).

¢. Support to the Defense Waste Processing Facility
a. Product Consistency Test Round Robin

The eight laboratories that participated in this test
are Argonne National Laboratory, Penn State, Corning
Glass Works, Pacific Northwest Laboratory, Catholice
University of America, University of Florida, Savannah
River Laboratory and the MCC. The test matrix included
in the protocol calls for triplicate tests, conducted
over three weeks instead of at the same time of four
different specimens; two supplied by Savannah River, one
supplied by NIST, and ARM-1. Replicate analyses of
leachate samples also are specified. The test protocol
specifies the tests to be conducted, the method of
performing the tests, and the method of reporting the
data to the MCC., Test kits include all materials except
the deionized wa*er, and these kits were sent to the
participants in April.

b. DWPF Canister Impact Testing.

Test plans vere developed for DWPF impact tests and
include pre-impact dimension measurements, strain circle
application and analysis, the impacting of canisters,
preparation for helium leak testing and helium and dye-
penetrant testing. Formulation of these test plans will
permit testing to proceed without delay when the
canisters are received from Savannah River, Seven
canisters were received from Savannah River in April and
helium leak testing of each canister was completed,

This test provides data regarding the leak tightness of
the closure weld and also serves to show {f a leak
existed prior to impact testing. The initial set of
impact cests, done at 7-meters (23-feet) vertical drop,
was carried out in mid May, The second set of impact




tests on the same canisters (7-meter drop on the top
corney) was conducted in late June. After the second
test, canister necks were pushed into the hollow plenum,
but visual examination revealed no failure of any of the
canisters. Canisters are undergoing farther examination
and analysis after the second test,

Analysis of the canisters after the initial set of tests
showed that bottoms of the caniiters were flattened, there

were slight diameter increases, but no gross deformation
was observed.

The strain was less than 5 percent, the minimum amount
measurable by the strain circle method. All canisters weie
leak tight based on a tightness criterion of 1 x 10°% atm-
ce/s. Dye-penetrant tests showed no evidence of cracking
in the welds. Dimensional changes in the canisters after
testing were given as follow.

Distance from Canister Diameter, Canister Diameter,
bottom. ca .. = Incxeass. em . lncramss. 8
51 1.24 2.1
10.2 0.79 1.3
15.% 0.30 0.48
25 .4 0.1 0.19
45.7 0.09 0.15

Canister height decrease in inches was 0.86 and percent of
canister height decrease was 0.29.

¢, Quality Control CGuidelines.

A draft of "QA/QC Guidelines for Analytical Laboratory
Practices for Application in the Nuclear Waste Repository
Program" was completed and presented for discussion at the
Analytical Methods Workshop. There were diverse opinions
and additional review and submission of comments 1is
expected,

d. The Comprehensive Data hase.

The data base covers a number of tasks but is described
under this activity. As mentioned ear iler, the hard
copy of the data base was given in a previous report
(ref. 1), and three major blocks of data for entering
have been received from Catholic University of America
(CUA), the Hanford Vitrification I'roject and Savannah
River. Literature searching for individual papers was
stopped due to funding limitations,
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Support to West Valley Demonstration Project
Reference Glass Chemical Durability Testing.

Thirteen 28-day partial leachant exchange periods with
ATM-10 have been completed. Boron releases were
constant within 5 percent for periods 9 through 12 but
the 13th period had an 8 percent decrease in boron
indicating that steady state leaching of this materiail
has not occurred. Eight 28-day partial leachant
exchange tests have been conducted with the CUA glass
(WVCM 50), and boron releases are rising at & rate of 5
percent per period. These pulsed-flow tests will
continue until approximately twenty 28-day leachant
exchange periods have been completed for each glass.
Some of the data from the MCC-3 pulsed-flow tests are
nearly identical with data from the MCC-1 static leach
tests for tne ATM-10 and the CUA glasses. MCC-1 tests
of ATM-10, CUA (WVCM 50) and CTS (SF-6) glass show that
the ATM-10 and the CUA glass were more durable that the
CTS (SF-6).

Fabrication, Characterization and Leach Testing of a
Glass Containing West Valley Waste.

Plans, preparation and the first melting of a synthetic
West Valley sludge glass have been done. This glass
contains sludge, Thorex and loaded zeolite. This glass
will be leach tested using MCC-1 and MCC-3 and will be
characterized in terms of composition, homogeneity,
microstructure and redox state., Foaming of the sludge
mixture could be a problem, and further tests are
planned to determine ways that foaming can be
controlled.
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TABLE 1. Analytical Results Reported for MCC Waste Glass Interiaboratory Comparison - Fall 1987

Average and (Standard Deviation) Weight Perce.® Reported

I Nominal Hahn- ~Catholic PNL PRL PNL Overall
Oxide Composition Meitner University 1A 18 2 SRL BWIP WVNS Mean
A1,0, 6.285 5.849 6.180 6.183 6.219 6.347 5.078 5.770 6.141 6.096

(0.015) (0.c24)  (0.104) (0.023) {0.122) (0.346) (0.358) (0.030) (0.149) (0.065)
B,0, 10.326 10.212  10.001 10.303 10.432  ----- 10451 = eaes 10.781  10.363
{0.022) {(0.160)  (0.051) (0.040) (0.222) (----- } 0.3 fossee ) (0.338) (0.102)
Ba0 0.295 0.292 0.287 0.296 0.286 0.245 0.298 | ... 0.293 0.285
{0.000) (0.007) (0.009) {(0.002) (0.006) (0.003) (0.008) (----- ) (0.031) (0.006)
Ca0 1.275 1.172 0.803 1.174 1.335 1.183 1.494 1.250 1.145 1.195
(0.006) (0.029) (0.097) (0.015) (0.04a) (0.051) (0.067) (0.030) (0.040) (0.066)
Ce0, .78 . s 0.474 0.716 0.685 0.642 - 0.480 0.645 0.507
(0.002) {-----) (0.021) (0.016) (0.058) (0.008) (----- ) (0.000) (0.115) (0.038)
€r,0, 0.157 0.172 0.162 0.166 0.171  -ecea 0.159  --aee 0.154 0.164
{(0.001) (0.007) (0.002) (0.008) (0.007) (----- ) (0.003) (----- ) (0.c22) (0.003)
Cs,0 0.482 - 0.487 0.306 0.306 0.441 0.378 | eaues 0.483 0.400

2 ' S ) [ (— )  (0.008) (0.023) (0.023) (0.002) (0.023) (----- ) (0.026) (0.038)
Fe,0, 7.009 6.984 7.002 7.002 6.685 6.985 6.829 7.160 7.073 6.976

- (0.042) (0.160) (0.023) (0.040) (0.144) (0.198) (0.298) (0.040) (0.041) (0.058)
K,0 2.156 2.083 2.299 1.919 1.483 2.112 1.809 2.040 2.184 1.991

{0.030) (0.024) (0.032) (0.021) (0.096) (0.049) (0.222) (0.000) (0.069) {0.098)
La,0, sl e 0.024 6.017 0.016 0.008 @ ----- mmmmm mmeee 0.016

e (0.000) (---—--) [(0.001) (0.001) (0.001) (0.001) (----- ) (eee=- | B - }  (0.004)
Li,0 3.7 3.597 3.768 3.598 3.662 2 ----- IR ¢ S p—— 3.791 3.650

Z (0.018)  (0.076) (0.081)  (0.061) (0.070) (-----) (0.145) (-----) (0.086) (0.047)



TABLE 1. (Continued)

Nominal Hahn- Catholic PNL PNL PNL Overall

Oxide Composition Meitner University 1A 1B 2 SRL BHIP WVNS Mean
Mg0 0.713 0.695 0.744 0.663 0.7i11 —-ee- 0.679 6.780 0.750 0.717
(G.004) {0.010) (0.010) (0.014) (0.018) (----- ) (0.051) {0.000) .({0.007) (0.015)

HnO2 0.747 0.677 0.745 0.774 0.769  --ee- 0.712 0.750 0.608 0.719
(0.005) (0.032) (0.005) (0.004) (0.017) (----- ) (0.020) (0.030) (0.007) (0.026)

Mo0, 0.753 0.730 0.792 0.740 0.728 0.72% 0.784 ———— 0.718 0.745
{0.005) (0.031) (0.013) (0.010) (0.019) (0.002) {0.043) (----=) (0.025) {0.010)

Na,0 10.081 9.868 11.283 9.177 9.963 W ----- 10.023 9.630 10.594 10.064
(0.030) (0.153) (0.046) (0.056) (0.380) (----- ) (0.275) (0.070) (0.256) {0.245)

S Nd,0, 2.440 2.275 1.343 2.324 Y A T e—— 2.268 2.113
a (0.009) (0.044) (0.018) (0.012) (0.071) (----- ) I N ) (0.228) (0.170)
NiD 0.190 0.192 0.194 0.197 0.199 0.196 0.551 0.240 0.223 0.249
(0.002) (0.007) (0.006) (0.008) (0.005) (0.006) (0.137) (0.000) (0.016) (0.052)

P205 1.662 1.600  ----- 2.140 1.246  --m-- 1.700 1.700 1.762 1.691
(0.010) (0.000) (----- ) (0.522) (0.278) (----- ) (0.134) (c.040) (0.121) (0.138)

Rho2 0.006 =ee==  scsee cceee | eeeea 0.005 ————— ————- —eee- 0.005
(0.000)  (--=-=) (=====)  (=====) (====2) (0.001) (w--=z) (====z) (e==md)  (-omr)

Ruo2 0.0484  -eeee 0.019 -eee- ———— 0.040 0.071  --ee- 0.075 0.051
(0.000) (-=--- ) (0.001) (-=--- ) (----- ) (0.001) (0.005) (----- )} (o0.010) (0.014)

so3 0.138 0.172  =eeee emeea e 0.183 0.177
(0.002)  (0.016) (--==-)  (=====) (=====) (====-) (=--=-) (-===-) (0.041) {0.007)

Si0 47.213 47.405 48.986 47.952 46.728 46.487 44,650 47.700 47.203 47.139

z (0.235) (0.419) (0.075) (0.723) (1.221) (0.802) (1.658) (0.000) (0.295) (0.127)



tl=-d

TABLE 1. (Continued)

Nominal Hahn- Catholic PNL PNL PNL Uverall

Oxide Composition Meitner University 1A 18 2 SRL BWIP __WVNS Mean
Sr0 0.204 0.197 0.185 0.210 0.195 9.101 '0.203 ——— 0.191 0.196
{0.000) {(0.010) (0.009) (0.001) (0.002) (0.002) (0.007) {----- ) {(0.00%} ({0.003)

Tio2 1.888 1.848 2.007 1.916 1.878 1.583 1.923 1.890 1.953 1.875
(0.006) (0.037) (0.023) (0.019) (0.040) (0.059) (0.105) (0.030) (0.019) (0.042)

Y203 0.01} e-ee- 0.011 «ee-a 0.014 0.012 i 0.012
(0.000) (s==-- ) (0.000) (----- } (0.001) (0.001) (----- ) (e-- N ) (0.001)

Zn0d 0.608 0.553  ----- 0.591 0.586 0.551 0.658 2 <eee- 0.594 0.589
{0.002) {(0.016) (----- ) (0.005) (0.008) {0.020) (0.032) (----- ) (0.013) (0.016)

r0, 1.626 1.435 1.548 0.567 0.537 1.588 1.545 1.680 1.511 1.301
- (0.006) (0.005) (0.042) (0.223) (0.223) (0.007) (0.075) (0.020) (0.018) (0.185)
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