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ABBREVIATIONS AND ACRONYMS

ASM  American Society of Metals

ASTM American Society for Testing and Materials
BSW basic saturated water

CSNF commercial spent nuclear fuel

DHLW DOE-owned high-level radioactive waste
DTN data tracking number

FEP feature, event, or procéss

GC general corrosion:

HLW high-level waste

LA License Application

LC localized corrosion

LLNL ‘ Lawrence Livermore National Laboratory
LTCTF Long Term Corrosion Test Facility

Q quality data or data qualified for use

QA quality assurance

RH relative humidity

SAW simulated acidic concentrated water

SCE saturated calomel electrode

SCW simulated concentrated water

SDW simulated dilute water

SNF spent nuclear fuel

SSw simulated saturated water ’

TER technical error report

TSPA total system performance assessment
UNS unified numbering system

Uz unsaturated zone

WAPDEG waste package degradation code
WL weight loss

YMP Yucca Mountain Project
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Doxide
D

E,
Ecorr
Ecrilical
E, P
Ecrevice
Ep
E200

Ex
Ep
Erepass
Eprot
Eyp
ErCreV
Erzo
Erio
Er;

J0)
F

NOMENCLATURE

dimension of weight-loss sample

constant in integrated form of logarlthmlc law for dry oxidation model
change ina

area of specimen

dimension of weight-loss sample
change in b

coefficient in regression equatlon
coefficient in regression equation
coefficient in regression equation

dimension of weight-loss sample
change in ¢

molar concentration

the change in molar concentration

constant determined from fitting Equation 38

constant determined from fitting Equation 38

constant determined from fitting Equation 38

constant determined from fitting Equation 38
diffusivity of reacting species through protective oxide
density

Arrhenius activation energy

corrosion potential

critical potential — threshold for localized attack

pitting potential

crevice corrosion potential

passive film breakdown potential

the potential in the forward scan of a cyclic polarization curve where the
current density first reaches 200 pA/cm?

potential at which the forward scan current density reaches 20 pA/cm
potential at which the forward scan current dens1ty reaches 10 pA/cm?®
repassivation potential

protection potential

repassivation potential for pitting

repassivation potential for crevice corrosion

potential at which the reverse scan current density reaches 20 pA/cm?
potential at which the reverse scan current density reaches 10 pA/cm?
potential at which the reverse scan current density reaches 10 pA/cm?

probability density function
Faraday’s constant
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icorr corrosion current density
Ipass passive current density
Joxide flux of reacting species through protective oxide
kp rate constant in parabolic dry oxidation model
ko rate constant pre-exponent in parabolic dry oxidation model
ky rate constant in logarithmic dry oxidation model
ki constant in Arrhenius equation for logarithmic model for dry oxidation
kic100) rate constant in logarithmic dry oxidation model at 100°C
ki(200) rate constant in logarithmic dry oxidation model at 200°C
kiz00) rate constant in logarithmic dry oxidation model at 300°C
- kigo0) rate constant in logarithmic dry oxidation model at 400°C
kicso0) rate constant in logarithmic dry oxidation model at 500°C
kis00) rate constant in logarithmic dry oxidation model at 600°C
K constant in calculation of corrosion rate from weight loss
K temperature in Kelvin
4 wall penetration due to corrosive attack
R universal gas constant
R’ coefficient of determination
RH relative humidity
RH iicar threshold RH for humid-air corrosion and aqueous-phase corrosion
t exposure time during weight-loss measurement
t exposure time in dry oxidation model
T temperature (degrees Celsius or Kelvin)
Tetad ™ maximum cladding temperature
Tow™ hostclosure maximum drift wall temperature after closure
w(or W) measured weight loss
Aw change in w
Woxide formula weight of oxide formed during dry oxidation
x independent variable in regression equation
x oxide film thickness in parabolic dry oxidation model
X0 initial oxide thickness in parabolic dry oxidation model
Xi measured parameter in sensitivity (error) analysis
X oxide thickness in logarithmic dry oxidation model,
X400°C oxide thickness at 400°C
Xsp0°C oxide thickness at S00°C
Xs00°C oxide thickness at 600°C
y dependent variable in regression equation
y computed value in sensitivity (error) analysis
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valence (charge) of the i" ion

Zj

c standard deviation

Y7, mean

P density of Ti Grade 7

Ap change in p

£ the error term in localized corrosion model
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General and Localized Corrosion of the Drip Shield

1. PURPOSE

The repository design includes a drip shield (BSC 2004 [DIRS 168489]) that provides protection
for the waste package both as a barrier to seepage water contact and a physical barrier to
potential rockfall. .

The purpose of the process-level models developed in this report is to model dry oxidation,
general corrosion, and localized corrosion of the drip shield plate material, which is made of
Ti Grade 7. This document is prepared according to Technical Work Plan For: Regulatory
Integration Modeling and Analysis of the Waste Form and Waste Package (BSC 2004
[DIRS 171583]).

The models developed in this report are used by the waste package degradation analyses for
TSPA-LA and serve as a basis to determine the performance of the drip shield. The drip shield
may suffer from other forms of failure such as the hydrogen induced cracking (HIC) or stress
corrosion cracking (SCC), or both. Stress corrosion cracking of the drip shield material is
discussed in Stress Corrosion Cracking of the Drip Shield, the Waste Package Outer Barrier,
and the Stainless Steel Structural Material (BSC 2004 [DIRS 169985]). Hydrogen induced
cracking of the drip shield material is discussed in Hydrogen Induced Cracking of Drip Shield
(BSC 2004 [DIRS 169847)).

1.1 BACKGROUND ON TITANIUM GRADE 7

Alloy 22 is used as the corrosion-resistant waste package outer barrier. Stainless Steel Type 316 -
is used for construction of the structural support underneath the waste package outer barrier. The

Stainless Steel Type 316 inner cylinder increases the overall strength of the waste package. Drip

shields will be installed over the waste packages prior to repository closure. The drip shields

divert any moisture that seeps from the drift walls around the waste packages to the drift floor.

The drip shields also reduce any damage to waste packages in the event of rockfalls as

emplacement drifts degrade over time. The drip shields will be made of titanium to provides

corrosion resistance and structural strength. Titanium alloys are considered for construction of
the drip shield because of their excellent corrosion resistance under nuclear waste repository

environment conditions. The drip shield design uses Ti Grade 7 (UNS R52400) for the drip

shield plates. The chemical compositions of Ti Grades 7 and 16 (UNS R52402) are shown in

Table 1. The materials for the repository drip shield design were selected after the testing

program for the Long-Term Corrosion Test Facilities (LTCTF) was initiated.

When the LTCTF became operational in 1996, Ti Grade 16 was a potential candidate material
for the corrosion-resistant barrier. In 1998-99, the Project progressed to the license application
(LA) design, in which the titanium drip shield is considered an engineered barrier. The drip
shield has water diversion plates made from Ti Grade 7, a very corrosion-resistant alloy because
of its high palladium (Pd) content (Schutz 2003 [DIRS 168772]; Hua et al. 2004
[DIRS 167022]). Ti Grade 7 was added to the testing program and specimens were added to the
LTCTF in 2000. Their exposure anniversaries, therefore, differ from Ti Grade 16. These two
materials have almost identical chemical compositions, except that Ti Grade 7 contains 0.12 to
0.25 wt % Pd while Ti Grade 16 contains 0.04 to 0.08 wt % palladium (Table 1) and a slightly
lower carbon content. Ti Grade 16 was used as an analog of Ti Grade 7 at the LTCTF for the
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1-year and S-year weight-loss tests due to its compositional similarity to Ti Grade 7. In this
report, the Ti Grade 16 1-year corrosion rate data are used for model development, while the
Ti Grade 16 S-year data are used for model validation. The LTCTF has also obtained two and
half-year corrosion rate data for Ti Grade 7 under the same test conditions. The 2.5-year
Ti Grade 7 corrosion rate data are also used for model validation. The corrosion performance of
Ti Grade 7, because of its higher palladium content, is superior to that of Ti Grade 16. This is
further discussed in Section 5.1 and validated in Section 7.4.

Table 1. Chemical Composition (wt %) of Ti Grade 7 (UNS R52400) and Ti Grade 16 (UNS R52402)

' Residual | Residual
N C H (o] Fe Pd (each) (total) Titanium
. 0.03 0.10 0.015 0.25 0.30 0.12-to .
Ti Grade 7 (max) (max) (max) (max) (max) 0.25 0.1 (max) | 0.4 (max) | Remainder
. 0.03 0.08 0.015 0.25 0.30 0.04 -to
Ti Grade 16 (max) (max) (max) (max) (max) 0.08 0.1 (max) | 0.4 (max) | Remainder

Source: DTN: MOOO003RIB00073.000 [DIRS 152926].

The properties and performance of titanium and its alloys are reviewed in detail elsewhere
(CRWMS M&O 1999 [DIRS 102933]; CRWMS M&O 2000 [DIRS 154666]). The excellent
corrosion resistance of titanium alloys results from the formation of a stable continuous, highly
adherent, and protective oxide passive film (primarily TiO,) on the metal surface. The passive
films on titanium and its alloys are stable over a wide range of potentials and pH values
(Pourbaix 1974 [DIRS 100817], pp. 213 to 222). Also, due to its extremely high affinity for
oxygen, a damaged oxide can generally reheal itself instantaneously, even when just traces of
oxygen (e.g., at the order of ppm) or water (moisture) are present (Schutz and Thomas 1987
[DIRS 112147]). Oxygen or water vapor, or both, will be present in the repository environment.

1.2 RANGES OF MODEL APPLICATION

Although the corrosion models in this repbrt were developed using information from a wide
range of titanium alloys, the models are primarily intended to apply to the corrosion of titanium-
palladium alloys, in particular, the Ti Grade 7 used for the drip shield.

Due to the limited availability of long-term low-temperature oxidation data, the dry oxidation of
titanium alloys is modeled based on scientifically well-established rate laws and limited short-
term high temperature laboratory data. The diffusion coefficient for oxygen in o titanium is very
low (Section 6.4). In addition, significant oxidation of titanium alloys will not occur below
about 300°C (Schutz and Thomas 1987 [DIRS 112147]). The oxidation of titanium and its
alloys obeys a parabolic law at temperatures below about 600°C and a logarithmic law at
temperatures below about 200°C (Schutz and Thomas 1987 [DIRS 112147]). Therefore, the dry
oxidation model, although derived using short-term (~2 hr) oxidation data taken at temperatures
up to 700°C, can be regarded as applicable to the exposure times (~10,000 years) and
temperatures (below 300°C, see Section 6.1) relevant to the drip shield service exposure
conditions.

The drip shield will be exposed to a wide range of configurations and environmental conditions
during its service life. Initially, the underlying waste packages will be relatively hot due to the
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heat generated from radioactive decay. As a result, the drip shield surface will remain dry
initially, and under these conditions dry oxidation would be the primary corrosion scenario. The
temperature will eventually drop to levels where both humid-air corrosion (Section 6.3.2) and
aqueous-phase corrosion (Section 6.3.3) are possible. Crevices will form between the drip shield
and its invert support structure. Crevices may also form between the drip shield and mineral
precipitates, corrosion products, dust, rocks, and biofilms on the outer surfaces. The relevance of
the corrosion testing conditions to the in-drift environments is discussed in Section 6.2. A
complete discussion of the repository environmental conditions can be found in Engineered
Barrier System: Physical and Chemical Environment Model (BSC 2004 [DIRS 169860]).

The crevice environment is more severe than the near-field environment. The hydrolysis of
dissolved metal leads to the accumulation of H' ions and a corresponding decrease in pH. Field-
driven electromigration of various anions into the crevice will occur to balance cationic charge
associated with H' ions (Gartland 1997 [DIRS 105020]; Walton et al. 1996 [DIRS 105114];
Shoesmith et al. 1995 [DIRS 117892]; BSC 2004 [DIRS 169847]). These severe conditions set
.the stage for subsequent attack of this corrosion-resistant material by general corrosion, localized
corrosion (including crevice corrosion and pitting), hydrogen-induced cracking, stress corrosion
cracking, or other modes of degradation. This report investigates the potential for dry oxidation,
general corrosion, and localized corrosion of the drip shield barrier. Stress corrosion cracking of
the drip shield material is discussed in Stress Corrosion Cracking of the Drip Shield, the Waste
Package Outer Barrier, and the Stainless Steel Structural Material (BSC 2004 [DIRS 169985])).
Hydrogen induced cracking of the drip shield material is discussed in Hydrogen Induced
Cracking of Drip Shield (BSC 2004 [DIRS 169847]).

1.3 BARRIER CAPABILITIES

10 CFR 63 [DIRS 156605] defines a barrier as “any material, structure, or feature that, for a
period to be determined by NRC, prevents or substantially reduces the rate of movement of water
or radionuclides from the Yucca Mountain repository to the accessible environment, or prevents
the release or substantially reduces the release rate of radionuclides from the waste.”
10 CFR 63.102 (h) and 10 CFR 63.113 (a) [DIRS 156605] requires the repository system to
include multiple natural and engineered barriers.

The capability of a barrier is defined by its ability to achieve one or more of the functions
described above (i.e., the extent to which it can prevent or delay the movement of water or
radionuclides, or prevent or reduce the release rate from the waste). In this report, the drip shield
is considered as the barrier to prevent or reduce water flow that could contact the waste package,
and in the event of a waste package breach prevents or reduces water flow from contacting the
waste form. The drip shields divert any moisture that might seep from the drift walls, including
condensed water vapor, around the waste packages to the drift floor for thousands of years.
Because of the low corrosion rates of titanium (Section 6.5.4.2), the initial breaches of the drip
shields due to corrosion degradation processes will not occur until approximately 35,000 years
(obtained by dividing the 15 mm drip shield thickness by the sum of the maximum values in
Table 16 and Table 17). Therefore, even in the event of a breach of a waste package before its
corresponding drip shield, advective transport of radionuclides cannot occur until after
approximately 35,000 years. The ability of the drip shield to prevent or reduce water flow is the
property that makes the drip shield a part of the engineered barrier system.
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1.4 OVERVIEW OF MODEL

The conceptual model for degradation of the Ti Grade 7 drip shield includes several degradation
modes (e.g., dry oxidation, general corrosion, and localized corrosion) and is illustrated in
Figure 1. A threshold RH, RH e, 15 first used to determine whether or not dry oxidation will
oceur. If dry oxidation is determined to occur (RH < RH,, ), & parabolic growth law is used to
calculate the corrosion rate as a function of temperature. This model is discussed in greater
detail in Sections 6.3.1 and Section 6.4. If the exposure R/ is greater than or equal to the
RH iticat, humid-air corrosion will occur in the absence of dripping water (Section 6.3.2), and
aqueous-phase corrosion will occur in the presence of dripping water (Section 6.3.3). Humid-air
corrosion and aqueous-phase corrosion are treated as general corrosion only if E.., < Eo i
(Section 6.5) or general corrosion and localized corrosion if £, 2 Eicar (Section 6.6).

The corrosion of the inner surface of the drip shield is more likely to be dry oxidation and
humid-air corrosion, while the outer surface of the drip shield is more likely to undergo dry
oxidation, humid-air corrosion, and aqueous-phase corrosion. Therefore, from the point of view
of modeling drip shield corrosion, it is reasonable to model the corrosion of the inner and outer
surfaces of the drip shicld separately (Section 6.3). The model developed in this report does not
a priori exclude the possibility of localized corrosion under the “no-drip™ condition, as localized
corrosion can occur in the presence or absence of dripping water. Localized corrosion can oceur
if the right “dust deliquescence” chemistry is reached at RH values equal to or greater than the
RH iicar. The localized corrosion model does not require differentiation between the “drip™ and
“no-drip” situations because in either case the same criterion for localized corrosion initiation
will be used to predict whether or not localized corrosion will initiate (Section 6.6).

T, pH, Water Chomistry_, RH, Drip/No-Drip Inputs

RH = RH;jjical =

no
no yes
Ecorr = Ecritical

Yy

General Corrosion of Drip Shield General Corrosion +
Inner Surface (Humid Air Corrosion) Localized Corrosion

h 4 General Corrosion of Drip Shield |3
Dry Quter Surface (Humid Air Corrosion
Oxidation and/or Aqueous Phase Corrosion)

Figure 1. Schematic Representation of Corrosion Model for Ti Grade 7 Drip Shield
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The corrosion of the inner surface of the drip shield is modeled based on a cumulative
distribution function developed from the measured weight loss of specimens with the “weight-
loss” geometry (i.e., without a creviced area) exposed for one year in the LTCTF and validated
by using the LTCTF 2.5- and 5-year exposure test data and literature information. The corrosion
of the outer surface of the drip shield is modeled based on a cumulative distribution function
developed from the measured weight loss of specimens with both the “weight-loss” and
“crevice” geometry exposed for one year in the LTCTF and validated by using the LTCTF 2.5-
and S5-year exposure test data and literature information. General corrosion is discussed further
in Section 6.5.

The corrosion potential (Ec.,) and critical potential (E,yiiicor) are used to determine whether the
mode of attack is general corrosion only or both general and localized corrosion. If E 2
Eyiicar, both general corrosion and localized corrosion occur. The localized corrosion initiation
model developed in this report predicts whether localized corrosion will initiate. This is
discussed in more detail in Section 6.6. As will be seen in Section 6.6, localized corrosion is not
likely to occur under exposure conditions expected in the repository.

Other factors that may influence the corrosion of the drip. shield material in repository
environments are also considered. The effects of calcium chloride on localized corrosion and
general corrosion of titanium alloys are discussed in Sections 6.6.5 and 6.5.8, respectively. The
effects of fluoride on corrosion of Ti Grade 7 are discussed in Section 6.5.7. The effects of
‘radiolysis (Section 6.7.1), microbially influenced corrosion (Section 6.7.2) and aging and phase
instability (Section 6.7.3) are also addressed in this report. Section 6.9 contains a discussion of
~ model implementation.
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2. QUALITY ASSURANCE

The Quality Assurance (QA) program applies to the development of this technical product. The
technical work plan associated with this activity (BSC 2004 [DIRS 171583]), was prepared per .
AP-2.27Q, Planning for Science Activities. The drip shields have been determined to be
important to waste isolation in accordance with AP-2.22Q and, therefore, are classified as Safety
Category (SC) on Q-List (BSC 2004 [DIRS 168361]) and by Safety Classification of SSCs and
Barriers (BSC 2004 [DIRS 170992]). The methods used to control the electronic management
of data as required by AP-SV.1Q, Control of the Electronic Management of Information, were
accomplished in accordance with the technical work plan.

This document is prepared in accordance with AP-SIII.10Q, Models, and reviewed in accordance
with AP-2.14Q, Document Review. '

2.1 INTEGRITY OF TRANSFER OF DATA

The methods used to control the electronic management of data as required by AP-SV.1Q,
Control of the Electronic Management of Information, were accomplished in accordance with
Technical Work Plan For: Regulatory Integration Modeling and Analysis of the Waste Form
and Waste Package (BSC 2004 [DIRS 171583]). The inputs to this report are documented
according to the AP-3.15Q, Managing Technical Product Inputs procedure. The methods used
to control the electronic management of data as required by AP-SV.1Q, Control of the Electronic
Management of Information, were accomplished in accordance with the technical work plan.
The process for control of the electronic management of information on evaluation of work
activities/processes/process functions, outlined in Section 5.0 of AP-SV.1Q, is followed to
ensure accuracy, completeness, and security of information and data used in preparation of this
report. Examples of process controls mentioned in AP-SV.1Q are (a) access to the information
contained on personal computer is password protected; (b) secured backup copies are
appropriately labeled and stored before changes are. made and kept until the changes are
confirmed and correct; (c) physical electronic media (tape, diskette, CD-ROM, etc.) are
appropriately labeled; and (d) for nonphysical electronic media, transport mechanisms can be
e-mail, TCP/IP, Netbios, etc. and methods of receipt verification may include visual inspection,
transmission verification settings, check sums, application information integrity check, etc.
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3. COMPUTER SOFTWARE AND MODEL USAGE

Excel 97 SR-2 is a commercial off-the-shelf software program used in this report. The
computations performed in this report using Excel use only standard functions and are
documented in sufficient detail to allow an independent technical reviewer to reproduce or verify
the results by visual inspection or hand calculation without recourse to the originator. Therefore,
this software is exempt from LP-SI.11Q-BSC, Software Management. Excel 97 SR-2 is
appropriate for its intended use because it offers the mathematical and graphical functionality
necessary to perform and document the numerical manipulations used in this analysis. Excel 97
SR-2 was executed on an Optiplex GX260 Workstation (CRWMS M&O tag 501481, located in
the Summerlin Offices, Las Vegas, Nevada) with the Windows 2000 operating system.

Mathcad 20011 is a commercial off-the-shelf software program used in this report. The
computations performed in this report using Mathcad 2001i use only standard functions and are
documented in sufficient detail to allow an independent technical reviewer to reproduce or verify
the results by visual inspection or hand calculation without recourse to the originator. Therefore
this software is exempt from LP-SI.11Q-BSC, Software Management. Mathcad 2001i is
appropriate for its intended use because it offers the mathematical and graphical functionality
necessary to perform and document the numerical manipulations used in this analysis
Mathcad 20011 was executed on an Optiplex GX260 Workstation (CRWMS M&O tag 152849,
located in the Summerlin Offices, Las Vegas, Nevada) with the Windows 2000 operating system.
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4. INPUTS
4,1 DIRECT INPUTS
4.1.1 Definition of Parameters

The parameters used in this report are defined in the nomenclature section of this document.

Table 2. Input Data

Data Description Data Origin DTN Data Use in this Model
Report
Universal gas Lide 1991 [DIRS 131202] | N/A Sections 6.4.1 and 6.4.2
constant
Titanium alloy dry Schutz and Thomas 1987 | N/A Development of dry oxidation
oxidation oxide layer | [DIRS 112147] model in Section 6.4, Figure 7,
thickness Figure 8, Figure 9, Table 8,
Table 9, and Table 10

Cyclic polarization LLNL ] LL010105512251.011 Analysis of localized corrosion
curves for Ti Grade 7 [DIRS 155623] of the drip shield in Section

6.6, Figure 14 through
Figure 18, Table 19, and
Table 20_, Appendix A

Electrochemical test | LLNL LLO30409412251.050 Analysis of effects of calcium
results of titanium [DIRS 163647} chloride on drip shield
alloy (Grade 7) : corrosion in Section 6.5.8 and
exposed to high ) Section 6.6.5
chloride and high
temperature
conditions.
Target compositions | || NI LL040803112251.117 Analysis of localized corrosion
of aqueous solutions [DIRS 171362) of the drip shield in Section
used for corrosion 6.6, Figure 19 and Figure 20,
testing Appendix A.
1-year general Estill 1998 [DIRS 117697], | LL990610605924.079 General corrosion rate test
corrosion rates for . | Section 2.2 [DIRS 104994] data for developing the
Ti Grade 16 aqueous-phase corrosion
model analysis of Section 6.5

Value of K ASTM G 1-90 N/A Equation 22

[DIRS 103515]
Atomic weight of Sargent-Welch Scientific N/A Appendix A
chlorine Company 1979

[DIRS 110056]

4.1.2 Identification of Input Data

The data used for dry oxidation modeling were obtained from ASM Metals Handbook (Schutz
and Thomas 1987 [DIRS 112147], Figure 25) and accepted as established fact per AP-SIIL.2Q,
Qualification of Unqualified Data.

The data available for aqueous general corrosion modeling were obtained by the YMP program

at the Long Term Corrosion Test Facility (LTCTF) for Ti Grade 16 (the 1-year data). These data
consist of long-term corrosion weight change measurements per ASTM G 1-90 ([DIRS 103515])
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of samples of Ti Grade 16 (as a surrogate for Ti Grade 7 with lower palladium content) in humid
or aqueous environments at 60°C and 90°C for one year. The 1-year data are used for model
development (Section 6.5). The experimental data supporting the localized corrosion model
consisted of cyclic polarization, corrosion potential versus temperature, and electrochemical
measurements on Ti Grade 7 conducted at the LLNL per ASTM G 5-94 ([DIRS 117479))
methodology. '

Input source data directly used in developing the titanium alloy oxidation and corrosion models
of this report were obtained from the sources shown in Table 2.

The treatment of uncertainties in input data and parameters is discussed in Section 6.
4.1.3 Description of Direct Input Parameters

Titanium alloy aqueous corrosion rate information and data from the scientific and technical
literature, the project-sponsored LTCTF weight-loss experiments, and cyclic polarization
measurements were used as a basis for this process-level model. The literature data used in the
development of the dry oxidation model is accepted as established fact (Schutz and Thomas 1987
[DIRS 112147]). The Project’s experimental data used in the development of the general
corrosion and localized corrosion models are compliant with the requirements from Quality
Assurance Requirements and Description (DOE 2004 [DIRS 171539]) and are, therefore,
qualified (Estill 1998 [DIRS 117697]; DTN: LL990610605924.079 [DIRS 104994]). The test
media in the LTCTF are discussed in Section 6.2, along with the relevance of in-drift chemical
model results to the corrosion testing media. Determination of the listed parameters is discussed
in more detail in Section 6.

4.2 CRITERIA

The drip shield is designed to protect the waste package, thereby, prolonging waste package life.
Therefore, the drip shield must help meet criteria specific to the waste package. Table 3-1 of
Technical Work Plan For: Regulatory Integration Modeling and Analysis of the Waste Form
and Waste Package (BSC 2004 [DIRS 171583]) identifies the following Acceptance Criteria
based on the requirements mentioned in Project Requirements Document (Canori and
Leitner 2003 [DIRS 166275]) and Yucca Mountain Review Plan, Final Report (NRC 2003
[DIRS 163274]):

(1) System Description and Demonstration of Multiple Barriers (NRC 2003
[DIRS 163274], Section 2.2.1.1.3; Canori and Leitner 2003 [DIRS 166275],
PRD-002/T-014, PRD-002/T-016)

Specific requirements involve identifying multiple barriers (natural and engineered),
describing the capabilities of these barriers to isolate waste, and providing technical
bases for capabilities descriptions consistent with the postclosure performance
objectives. To comply with these requirements, the following acceptance criteria are
identified in Table 3-1 of Technical Work Plan For: Regulatory Integration Modeling
and Analysis of the Waste Form and Waste Package (BSC 2004 [DIRS 171583)):

ACI: Identification of Barriers is Adequate
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AC2: Description of the Capability of Identified Barriers is Acceptable
AC3: Technical Basis for Barrier Capability is Adequately Presented

(2) Degradation of Engineered Barriers (NRC 2003 [DIRS 163274], Section 2.2.1.3.1.3;
Canori and Leitner 2003 [DIRS 166275], PRD-002/T-015).

Specific requirements include describing deterioration or degradation of engineered
barriers and modeling degradation processes using data for performance assessment,
including total system performance assessment (TSPA).  Consideration of
uncertainties and variabilities in model parameters and alternative conceptual models
are also required. To fulfill these requirements, the following acceptance criteria are
identified in Table 3-1 of Technical Work Plan For: Regulatory Integration Modeling
and Analysis of the Waste Form and Waste Package (BSC 2004 [DIRS 171583]):

AC1: System Description and Model Integration are Adequate
AC2: Data are Sufficient for Model Justification

AC3: Data Uncertainty is Characterized and Propagated Through the Model
Abstraction

AC4: Model Uncertainty is Characterized and Propagated Through the Model
Abstraction

ACS: Model Abstraction Output is Supported by Objective Comparisons

Acceptance Criteria from Yucca Mountain Review Plan, Final Report (NRC 2003 [DIRS
163274]) are discussed further in Section 8.6.

4.3 CODES AND STANDARDS

One general standard used in this document is ASTM C 1174-97 [DIRS 105725], Standard
Practice for Prediction of the Long-Term Behavior of Materials, Including Waste Forms, Used
in Engineered Barrier Systems (EBS) for Geological Disposal of High-Level Radioactive Waste.

4.3.1 Standards for Test Media
The following test media standards are used in this report:

e UCRL-ID-132285 [DIRS 110868], Formulation and Make-Up of Simulated Dilute
Water, Low lonic Content Aqueous Solution.

e UCRL-ID-132286 [DIRS 110890], Formulation and Make-Up of Simulated
Concentrated Water (SCW), High lonic Content Aqueous Solution.

e UCRL-ID-132287 [DIRS 110867], Formulation and Make-Up of Simulated Acidic
Concentrated Water (SAW), High Ionic Content Aqueous Solution.
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4.3.2 Cyclic Polarization Measurements
The following cyclic polarization standards are used in this report:

e ASTM G 3-89 [DIRS 138911], Standard Practice for Conventions Applicable to
Electrochemical Measurements in Corrosion Testing (Section 3, Vol. 3.02, pp. 36 to 44)

e ASTM G 5-94 [DIRS 117479], Standard Reference Test Method for Making
Potentiostatic and Potentiodynamic Anodic Polarization Measurements (Section 3,
Vol. 3.02, pp. 54 to 57)

e ASTM G 48-99a [DIRS 138917], Standard Test Methods for Pitting and Crevice
Corrosion Resistance of Stainless Steels and Related Alloys by Use of Ferric Chloride
Solution (Section 3, Vol. 3.02, pp. 181 to 186)

e ASTM G 61-86 [DIRS 127897], Standard Test Method for Conducting Cyclic
Potentiodynamic Polarization Measurements for Localized Corrosion Susceptibility of
Iron-, Nickel-, or Cobalt-Based Alloys (Section 3, Vol. 3.02, pp. 231 to 235).

4.3.3 General Corrosion Measurements
The following general corrosion standards are used in this report:

e ASTM G 1-90 [DIRS 103515], Standard Practice for Preparing, Cleaning, and
Evaluating Corrosion Test Specimens (Section 3, Vol. 3.02, pp. 15 to 21)

e ASTM G 48-99a [DIRS 138917], Standard Test Methods for Pitting and Crevice
Corrosion Resistance of Stainless Steels and Related Alloys by Use of Ferric Chloride
Solution (Section 3, Vol. 3.02, pp. 181 to 186).
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5. ASSUMPTIONS
5.1 TITANIUM GRADE 7 VERSUS TITANIUM GRADE 16

It is assumed that, due to the higher palladium (Pd) content, the resistance of Ti Grade 7 to
general and localized corrosion is superior or at least equivalent to that of Ti Grade 16.

The mechanical properties and corrosion resistance of materials largely rely on their
microstructure and chemical composition. The chemical compositions and mechanical
properties, per ASTM B 265-02 (2002 [DIRS 162726]), of the relevant titanium alloys, are

shown in Table 3 and Table 4. In Table 3 and Table 4, Ti Grades 2, 12, 16, and 7 are a-alloys
- while Ti Grades 5 and 24 are a- alloys. Ti Grade 7 contains slightly higher wt% of palladium
(0.12 to 0.25 wt%) as compared to Ti Grade 16 (0.04 to 0.08 wt%) and slightly more carbon.
The mechanical properties specified by ASTM B 265-02 [DIRS 162726] are identical for
Ti Grades 2, 16, and 7. They are also identical for Ti Grades 5 and 24 and for Ti Grades 9 and
18 (Table 4) (ASTM B 265-02 [DIRS 162726]).
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Table 3. ASTM B 265-02 Specifications for Chemical Composition Requirements (wt %) of Relevant Titanium Alloys in This Report

70 AT ¥00000-AN-SHT-INV

UNS Residual Residual

Material Designation N C H o) Fe Al v Pd {each) (total) Titanium
Ti Grade 12 | R93400 003 | 008 | 0015 | 025 | 030 - - ; °'2|\tﬂ°o°'4 06109 | balance
TiGrade 2 | R50400 003 | 008 | 0015 | 025 | 030 } ! ] 0.1 04 | balance
Ti Grade 16 | 192402 003 | 008 | 0015 | 025 | 030 - - °§gg° 0.1 04 | balance
Ti Grade 17 | R92252 003 | 008 | 0015 | 0.18 | 0.320 - : 0 e 0.1 04 | balance
TiGrade7 | X92400 003 | 010 | 0015 | 025 | 030 - - 01250 0.1 04 | balance
Ti Grade 11 | R92250 003 | 010 | 0015 | 018 | 020 - - , °3§;° 01 04 balance
TiGrade 5 | R96406 005 | 0.08 | 0015 | 020 | 040 5657t5° 3'45;° - 0.1 0.4 balance

. R56405 55t | 35t0 | 0.04to
Ti Grade 24 0.05 0.08 0.015 0