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1. PURPOSE
1.1 ANALYSES AND MODELS REPORT

As described in the License Application Design Selection Report, the recommended waste
package design is Engineering Design Alternative II (CRWMS M&O 1999a). This design
includes a double-wall waste package (WP) underneath a protective drip shield (DS). The
purpose and scope of the process-level model is to account for both general and localized
corrosion of the waste package outer barrier (WPOB), which is assumed to be Alloy 22 (UNS
N06022-21Cr-13Mo-4Fe-3W-2C-Ni [American Society for Testing and Materials (ASTM)
1997a}). This model will include several sub-models, which will account for dry oxidation
(DOX), humid air corrosion (HAC), general corrosion (GC) in the aqueous phase, and localized:
corrosion (LC) in the aqueous phase. This analyses and models report (AMR) serves as a feed to
the waste package degradation code (WAPDEG) analyses. It also serves as a basis for the WP
process model report (PMR) and model abstraction for WAPDEG (CRWMS M&O 1999b).
Lists of Data Tracking Numbers (DTNs) and their Q-status is included in the Document Input
Reference System database and are also included in the Technical Data Management System
database and are not in this document.

1.2 BACKGROUND ON ALLOY 22

Alloy 22 (UNS N06022) is now being considered for construction of the outer barrier of the WP.
This alloy consists of 20.0-22.5% Cr, 12.5-14.5% Mo, 2.0-6.0% Fe, 2.5-3.5% W, 2.5% (max.)
Co, and balance Ni (ASTM 1997a). Other impurity elements include P, Si, S, Mn, Cb, and V
(CRWMS M&O 1999¢; Treseder et al. 1991). Alloy 22 is less susceptible to LC in
environments that contain CI” than Alloys 825 and 625, materials of choice in earlier designs.
The unusual LC resistance of Alloy 22 is apparently due to the additions of Mo and W, both of
which are believed to stabilize the passive film at very low pH (Hack 1983). The oxides of these
elements are very insoluble at low pH. Consequently, Alloy 22 exhibits relatively high
thresholds for localized attack. Very high repassivation potentials have been observed by some
(Gruss et al. 1998), while others have found very low corrosion rates in simulated crevice
solutions containing 10 wt% FeCl; (Gdowski 1991; Haynes 1987, 1988). Furthermore, no
significant localized attack of Alloy 22 has been seen in crevices exposed to water compositions '
representative of those expected in the repository. Such tests have been conducted in the Yucca
Mountain Project’s (YMP’s) Long Term Corrosion Test Facility (LTCTF) (Estill 1998). Test
media used in this facility include simulated acidic concentrated water (SAW), which is about
one-thousand times more concentrated than the ground water at Yucca Mountain (J-13 well
water) and which has been acidified with H;SO, (Gdowski 1997¢c). The measured pH of SAW is
approximately 2.7.

1.3 ENVIRONMENT

The WP will experience a wide range of conditions during its service life. Initially, the high-
level waste containers will be hot and dry due to the heat generated by radioactive decay.
However, the temperature will eventually drop to levels where both HAC and aqueous phase
corrosion (APC) will be possible. Crevices will be formed between the WP and supports;
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beneath mineral precipitates, corrosion products, dust, rocks, cement, and biofilms; and between
layers of the containers. There has been concem that the crevice environment may be more
severe than the near field environment. The hydrolysis of dissolved metal can lead to the
accumulation of H" and a corresponding decrease in pH. Electromigration of CI' (and other
anions) into the crevice must occur to balance cationic charge associated with H" ions (Gartland
1997; Walton et al. 1996). These exacerbated conditions can set the stage for subsequent attack
of the corrosion resistant material by passive corrosion, pitting (initiation and propagation), stress
corrosion cracking (SCC), or other mechanisms. ’

14 RELATIONSHIP TO PRINCIPAL FACTORS

Degradation of the WP is key to understanding one of the most important principal factors in
repository performance. This principal factor is the amount of water transmitted into and the rate
of release of radionuclides out of the WP. Once water contacts (touches) the surface of the WP,
its fate becomes intertwined with that of the WP. The models and supporting experimental data
to account for WP degradation, as well as the evolution of water involved in the various
degradation processes, have been sponsored by the YMP. These models and supporting
experimental data are reported in two companion PMRs, one for the WP and another for the
waste form. This AMR addresses the development of the models to account for the degradation
of the outer barrier of the WP, based upon data generated by the YMP, and an integral part of the
WP PMR. ' '

1.5 ACTIVITY PLANS

Approved activity plans and technical development plans were used in the performance of the
work described in this document. Any necessary deviations from these activity plans are
documented in the corresponding scientific notebooks (SNs). These procedures are compliant to
the Office of Civilian Radioactive Waste Management (OCRWM) quality assurance (QA)
requirements.

1.6 SUMMARY OF MODEL

The model for the GC and LC of Alloy 22 is summarized in Figure 1. The threshold relative
humidity (RH) is first used to determine whether or not DOX will take place. If DOX is
determined to occur, the parabolic growth law represented by Equations 11 and 13 is then used
to calculate the corrosion rate as a function of temperature. If the threshold RH is exceeded,
HAC will occur in the absence of dripping water, and APC will occur in the presence of dripping
water. If APC is assumed to occur, the corrosion and critical potentials are used to determine
whether the mode of attack is general or localized. The correlation represented by Equation 17
and Table 5 can be used as the basis for estimating these potentials at the 50" percentile. Since

the material specifications will be based partly on the measured corrosion and critical potentials,

it is assumed that these potentials will be uniformly distributed about the 50™ percentile values
determined from the correlation. For example, the 0™ and 100™ percentile values of E,, are
assumed to be at E o (50th percentile) £ 75 mV. This acceptable margin was determined by
splitting the differences shown in Table 6. Acceptability is defined as a condition where no LC
occurs. Similarly, the 0™ and 100™ percentile values of Eriicar are assumed to be at Ecriicar (so™
percentile) + 75 mV. Material falling outside of these specified ranges will not be accepted. If
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the comparison of Ecorr 10 Ecpinicar indicates GC, the distribution of rates determirred from the
LTCTF will be used as the basis of the GC rate. If the comparison indicates LC, the distribution
of rates presented in Table 22 will be used. This model does not yet account for the effects of
aging on corrosion rates. However, such enhancements of the corrosion rate will be accounted

for in the future. Other correlations of Ecor and E et data given here may also be used, if
deemed appropriate. :

T,RH , Dripping

no yes -
dp . Dripping?
dt | pox

yes
SCW SSW
E . = H{T) E e = 1o(T)
E i = [2(T) E iica = fs(T)
L pass = J3(T) pass = J&(T)

yes

dp
dt Effective

Figure 1. Schematic Representation of Corrosion Model for Alloy 22 Outer Barrier
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1.7 UNCERTAINTY AND VARIABILITY -

The primary uncertainty in the threshold RH for HAC and APC is due to the presence of nitrate.
Values of the equilibrium RH as a function of temperature for a saturated solution of NaNO; are
given in Table 9 and Figure 8 of the AMR on WP surface environment (CRWMS M&O 2000a).
Despite significant experimental work at Lawrence Livermore National Laboratory (LLNL),
there continues to be significant uncertainty in the threshold RH for HAC and APC. :

In an ideal case, the crevice corrosion temperature ¢an be éstimated from the intersection of the
lines representing the corrosion and threshold potentials at elevated temperature. To force
crevice corrosion to occur in the model, E . and E e can simply be equated over temperature
ranges of uncertainty (90-120°C). It is assumed that the crevice corrosion temperature is
uniformly distributed over this range of uncertainty. Additional data is needed to fill this void.

From experimental measurements presented in Section 6.5.2, the maximum uncertainty in the
GC rate is estimated to be approximately 6 to 20 nm y! in the case of samples with the generic
crevice geometry and 11 to 38 nm in the case of samples with the generic weight-loss geometry.
These estimates of error are believed to correspond to about one standard deviation (15). From
the formal error analysis given in Section 6.5.3, it is concluded that the typical uncertainty
observed in weight loss and dimensional measurements prevent determination of GC rates less
than 38 nm y"' (~40 nm y)). Therefore, any measured corrosion rate greater than 160 nm y’l
(40) should be easily distinguishable from measurement error. Any rate less than 160 nm y’l
guarantees that the WP outer barrier (wall thickness of 2 em) will not fail by GC.

It is assumed that no scale formation occurs, so all negative rates are eliminated and the entire
distribution is assumed to be due to uncertainty. As shown in Section 6.5.2, the rate at the 5o
percentile is approximately 50 nm y'!, the rate at the go™ percentile is approximately 100 nm yl,
and the maximum rate is 731 nm y"'. About 10% of the values fall between 100 and 750 nm vyl

1.8 MODEL VALIDATION

The validation process is discussed in Attachment 1, Item 6, of the OCRWM Procedure,
AP-3.10Q. Model validation is accomplished in part by comparing experimental measurements
of key model parameters to corroborative data that has been published in the open scientific
literature. For example, GC rates, corrosion potentials, threshold potentials, and assumed crevice
pH values are compared to those published for Alloy 22 and similar alloys in somewhat similar
environments (NaCl solutions, sea water, etc.). Validation of the overall model will require
extensive review of calculations performed with the abstracted model based upon this process-
level model. That abstracted model is addressed in a companion AMR. Calculated corrosion

rates will be compared to experimental measurements to make sure that those rates are ‘

reasonable. Absolute validation of a model intended for the prediction of a service life of 10,000
years may not be possible. These models are based upon the best knowledge and insight into
these materials and systems available at the present time. As our state of understanding
improves, predictions will inevitably be updated to reflect such advancement. Through the
implementation of probabilistic calculations that embody the integrated corrosion models
provided here, an attempt is made to compensate for our uncertainty as human beings.
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1.9 RESOLUTION OF COMMENTS IN ISSUE RESOLUTION STATUS REPORT

The Issue Resolution Status Report (IRSR) recently issued by the Nuclear Regulatory
Commission (NRC) provides guidance for the development of process-level models (NRC
1999). The primary consideration in the key technical issues (KTIs) is the container life and
source term (CLST). There must be a high degree of confidence in the adequacy of the
engineered barrier system (EBS) design, thereby providing assurance that containers will be
adequately long-lived, and radionuclide release from the EBS will be sufficiently controlled.
The container design and the packaging of spent nuclear fuel and high-level waste glass are
expected to make a significant contribution to the overall repository performance. The IRSR
defines the physical boundary of the EBS by the walls of the WP emplacement drifts. The IRSR
deems six sub-issues to be important to the resolution of the relevant KTL. The first sub-issue is
specifically relevant to this AMR, the effects of corrosion processes on the lifetime of the
containers.

The following are the acceptance criteria for the first sub-issue:

1. The Department of Energy (DOE) has identified and considered likely modes of corrosion
for container materials including dry-air oxidation, humid-air corrosion, and aqueous
corrosion processes, such as GC, LC, microbial influenced corrosion, SCC, and hydrogen
embrittlement as well as the effect of galvanic coupling.

Response: This AMR includes process-level models for dry-air oxidation, humid-air
corrosion, and aqueous corrosion processes, such as GC, LC, and microbial influenced
corrosion. Galvanic coupling effects have been minimized to the extent possible and will be
accounted for in greater detail in future revisions. Both SCC and hydrogen embrittlement are
dealt with in companion AMRs.

2. DOE has identified the broad range of environmental conditions within the WP emplacement
drifts that may promote the corrosion processes listed previously, taking into account the
possibility of irregular wet and dry cycles that may enhance the rate of container degradation.

Response: This AMR includes environmental thresholds that can be used to switch between
dominant modes of corrosion. For example, as the WP temperature drops and the RH
increases, the mode of attack changes from dry-air oxidation to humid-air or aqueous-phase
corrosion. A comparison of the corrosion and threshold potentials is used to determine
whether or not localized corrosion will occur.

3. DOE has demonstrated that the numerical corrosion models used are adequate

representations, taking into consideration associated uncertainties of the expected long-term ..~

behaviors and are not likely to underestimate the actual degradation of the containers as a
result of corrosion in the repository environment. ' ’

Response: Uncertainties are accounted for in corrosion rates. As shown in Section 6.5.2, the
rate at the 50" percentile is approximately 50 nm y", the rate at the 90™ percentile is
approximately 100 nm y'l, and the maximum rate is 731'nm y"'. About 10% of the values
fall between 100 and 750 nm y™!. The effects of thermal aging over extended periods of time
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(10,000 years) is being accounted for in the overall corrosion model for the WPOB. This is
discussed in detail in Section 6.7 entitled “The Effect of Aging and Phase Instability on
Corrosion.”

DOE has considered the compatibility of container materials, the range of material
conditions, and the variability in container fabrication processes, including welding, in
assessing the performance expected in the containers intended waste isolation.

Response: The effects of welding and thermal aging on the corrosion resistance of the WP
materials will be accounted for as discussed in Sections 5.9 and 6.7 entitled “The Effect of
Aging and Phase Instability on Corrosion.” A fully aged sample of Alloy 22 appears to
exhibit a less noble corrosion potential, shifted in the cathodic direction by approximately 63
mV in the case of SAW at 90°C, 109 mV in the case of simulated concentrated water (SCW)
at 90°C, and by more than 100 mV in the case of basic saturated water (BSW) at 100°C. Itis
assumed that E,, is corrected to account for fully aged material by subtracting
approximately 100 mV from values calculated for the base metal. The shift In Egiica
(threshold potential 1) also appears to be approximately 100 mV in most cases. Thus, the
difference E iicar-Ecorr appears to be virtually unchanged. The effect of thermal aging on the
corrosion rate is accounted for in the enhancement factor, G,geq, and is based upon a ratio of
the non-equilibrium current densities for base metal and aged material. The value of Gaged
for base metal is approximately one (Gages ~ 1), whereas the value of G,gs for fully aged
material is larger (Ggges ~ 2.5). -Material with less precipitation than the fully aged material
would have an intermediate value of Ggeq (1 < Goages £ 2.5).

DOE has justified the use of data collected in corrosion tests not specifically designed or
performed for the Yucca Mountain repository program for the environmental conditions
expected to prevail at the Yucca Mountain site.

Response: The threshold RH used to determine whether vapor phase attack is by DOX or
HAC is based upon the deliquescence point of salt deposits that could form on the WP
surface due to aerosol transport. Measurements of GC rates in the vapor and aqueous phases,
electrochemical potentials, and other relevant performance data were in test media that can
be directly related to water chemistry expected on the WP surface during the service life of
Alloy 22. These water chemistries are based upon evaporative concentrations of the standard
J-13 well-water chemistry. Crevice chemistry is being measured in situ, with and without the
presence of buffer ions. In the aqueous phase, a range of temperature extending from room
temperature to 120°C is being investigated. The high-temperature limit is based upon the
boiling point of a near-saturation water chemistry without buffer. The expected boiling point
of the aqueous phase on the WP surface is expected to be lower.

DOE has conducted a consistent, sufficient, and suitable corrosion testing program at the
time of the License Application submittal. In addition, DOE has identified specific plans for
further testing to reduce any significant area(s) of uncertainty as part of the performance
confirmation program.
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Response: The DOE has established a corrosion test program that addresses all anticipated
modes of corrosive attack of the WP. Studies include exposure of over 18,000 samples of
candidate WP material in the LTCTF. A large number of pre- and post-exposure
measurements of dimension and weight allow establishment of distribution functions for
representation of the GC rate. Microscopic examination of samples from the LTCTF and
other corrosion tests is done with AFM, scanning electron microscopy, X-ray diffraction, X-
ray photoelectron spectroscopy, secondary ion mass spectrometry, and other state-of-the-art
surface analytical techniques. Potentiodynamic and potentiostatic electrochemical tests are
conducted with base metal, thermally aged material, and simulated welds. Thermally aged
material is fully characterized with the transmission electron microscope (CRWMS M&O
2000b).

7. DOE has established a defensible program of corrosion ‘monitoring and testing of the
engineered subsystems components during the performance confirmation period to assure
they are functioning as intended and anticipated.

Response: The DOE has established a corrosion test program that addresses all anticipated
modes of corrosive attack of the WP. There is a clear linkage between the experimental data
being collected and modules in the predictive WAPDEG code that serves as the heart of the
Total System Performance Assessment. Data and modules have been developed for each key '
element of the Engineered Design Alternative II design: the WPOB (Alloy 22), the inner
structural support (stainless steel 316NG), and the protective DS (Ti Gr 7). Companion
AMRs provide data and modules for the stainless steel 316NG and the Ti Gr 7 alloy.
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2. QUALITY ASSURANCE
2.1 PROCEDURE FOR ANALYSES AND MODELS (AP-3.10Q)

The QA program applies to this analysis. All types of waste packages were classified (per QAP-
2-3 REV 10) as Quality Level-1 in Classification of the MGR Uncanistered Spent Nuclear Fuel
Disposal Container System (CRWMS M&O 1999¢c, p. 7). This analysis applies to all of the
waste package designs included in the MGR Classification Analyses. Reference CRWMS M&O
(1999¢) is cited as an example. The development of this analysis is conducted under activity
evaluation Long Term Materials Testing and Modeling (CRWMS M&O 1999d) which was
prepared per QAP-2-0 REV 5. The results of that evaluation were that the activity is subject to
the Quality Assurance Requirements and Description (DOE 1998) requirements.
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3. COMPUTER SOFTWARE AND MODEL USAGE
3.1 SOFTWARE APPROVED FOR QUALITY ASSURANCE WORK

As per AP-E-20-81, raw data for determining the local environment within WP crevices was
obtained with a data acquisition system operating with a macro created with LabView Full
Development System for Windows 95/NT/3.1 (Serial Number # G10X71724). LabView is
considered “industry standard software™ and is, therefore, exempt from the OCRWM procedure
entitled Software Configuration Management (AP-S1.1Q, Revision 2, ICN 0). The specific
application was written and documented by Mr. Richard Green of LLNL in accordance with the
first version of the relevant OCRWM procedure (AP-SI.1Q, Revision 0, ICN 0) and is consistent
with the later revision of that procedure (AP-SL.1Q, Revision 2, ICN 0). That document is also
included in the list of references (Green 1999).

Data acquisition software was checked by measuring known quantities. For example, in the case .
of analog-to-digital converters, known voltage waveforms were measured. Software used with
potentiostats to collect CP data was used to measure the voltage-current characteristics across
known resistances. Validation was accomplished by ensuring that the application of a given
voltage across a known resistance caused a current flow consistent with Ohm’s law.

3.2 SOFTWARE ROUTINES

The electronic notebook discussed in AP-E-20-81 was kept with Microsoft Excel 97.
Calculations used to manipulate raw data were performed electronically in spreadsheets created
with Microsoft Excel 97. The Microsoft Excel 97 that was used was bundled with Microsoft
Office 97 Professional Edition for Windows 95/NT or Workstation 4.0 (Serial Number # 269-
056-174). Excel is considered “industry standard software” and is, therefore, exempt from the
OCRWM procedure entitled Software Configuration Management (AP-S1.1Q, Revision 2, ICN
0). All spreadsheets have been assigned DTNs, which are listed in the data inventory sheet.
Electronic copies of the data inventory sheet and the supporting data are found on the compact
disc (CD) read only memory (ROM) and discussed in Section 10.

The correlation equations presented in this document were created within Excel spreadsheets.
Those correlation equations were checked by hand calculation, using a Hewlett-Packard 20S
scientific calculator. All correlation equations were found to be reasonable predictors of the
represented data. Many of the tabulated calculations were also checked by hand calculation. For
example, the junction potential corrections given in Tables 7 through 11 were checked in this
manner and revised as necessary to reflect changes in assumed water chemistry. The error
analyses represented by Tables 16 through 20 were also checked by hand calculation. No other
significant computational routines are involved in the process level model described here.
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3.3 INTEGRITY OF TRANSFER OF DATA -

The integrity of electronic data transfer has been verified as required by OCRWM Procedure
YAP-SV.1Q. The comparison method was used to ensure the accuracy of the transferred data.
A sampling of ~5% of the data in the source file was visually compared to the corresponding
data in the transferred file. The data selected was at the reviewer’s discretion. Reviewers
included the originator, as well as the document editor and QA staff.
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4. INPUTS

4.1 DATA AND PARAMETERS

4.1.1 Definition of Parameters

a dimension of weight loss sample

b dimension of weight loss sample

c dimension of weight loss sample

bo coefficient in regression equation

b; coefficient in regression equation

b; coefficient in regression equation
o) probability density function

lcorr corrosion current density

ipass passive current density

k parabolic rate constant in DOX model

)4 wall penetration due to corrosive attack

t exposure time during weight loss measurement

t time in DOX model

u; mobility of the i ion

w measured weight loss

Woxide formula weight of oxide formed during DOX

x independent variable in regression equation

x oxide thickness in DOX model

Xi measured parameter in sensitivity (error) analysis

Xo initial oxide thickness in DOX model

y dependent variable in regression equation

y computed value in sensitivity (error) analysis

zZ; valence (charge) of the i® ion

Ci(a) molar concentration of the i ion in alpha phase

Ci(p molar concentration of the i™ ion in the beta phase

Doxide . diffusivity of reacting species through protective oxide

Ecorr corrosion potential

Eritical critical potential — threshold for localized attack

E; junction potential — correction for reference electrode junction
F Faraday’s constant '

Gaged enhancement factor for corrosion rate to account for thermal aging of Alloy 22
Guic enhancement factor for corrosion rate to account for microbial influenced corrosion
Joxide flux of reacting species through protective oxide

R universal gas constant

R regression coefficient

RH RH

RH et threshold RH for HAC

T temperature
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fo standard deviation

H mean

P density of Alloy 22

Poxide density of oxide formed during DOX

Coxide stoichiometric coefficient for DOX reaction

4.1.2 Determination of Input Parameters

Input for this AMR includes bounding conditions for the local environment on the WP surface,
which include temperature, RH, presence of liquid-phase water, liquid-phase electrolyte
concentration (chloride, buffer, and pH), and oxidant level. . The detailed evolution of the
environment on the WP and DS surface is defined by a companion AMR entitled Environment
on the Surface of Drip Shield and Waste Package Outer Barrier (CRWMS M&O 200C.  This
work has been used to define the threshold RH for HAC and APC, as well as a me = .m for
testing WP materials under what is now believed to be a worst-case scenario. This tes: .::edium
is presented here as simulated saturated water (SSW) and has a boiling point of approximately
120°C.

As discussed in the AMR on WP and DS surface environment (CRWMS M&O 2000a),
hygroscopic salts may be deposited by aerosols and dust introduced with the backfill and
ventilation air. They will be contained in seepage water that enters the drifts and the episodic
water that flows through the drifts. Such hygroscopic salts enable aqueous solutions to exist as
thin surface films at relative humidities below 100%. The threshold RH (RH_iicar) at which an
aqueous solution can exist is defined as the deliquescence point (CRWMS M&O 2000a). This
threshold defines the condition necessary for aqueous electrochemical corrosion processes of a
metal with salt deposits to occur at a given temperature. The deliquescence point of NaCl is
relatively constant with temperature and varies from 72-75%. In contrast, the deliquescence
point of NaNOs has a strong dependence on temperature, ranging from an RH of 75.36% at 20°C
to 65% at 90°C. The implied equilibrium RH is 50.1% at 120.6°C, the boiling point of a
saturated NaNOs solution at sea level. The primary uncertainty in the threshold RH for HAC
and APC is due to the presence of nitrate. Values of the equilibrium RH as a function of
temperature for a saturated solution of NaNO; are given in the' AMR on WP and DS surface
environment (CRWMS M&O 2000a). It is expected that any other salts with lower
deliquescence points (RHiuc.s) are precipitated in surrounding rock before they reach the WP
surface. This threshold obeys the following polynomial in temperature which 1s a fit of the data
deliquescence point data for NaNOj:

[4

RH ..., =-3.5932x107° x T(°C)’ +5.9649 x 10 x T(°Cy* - 0.45377 x T(°C)+81.701(Eq. 1)
R’ =0.9854,

where R’ is the coefficient of determination and where R is the coefficient of correlation. This
correlation is compared to the data in Figure 2.
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Figure 2. Deliquescence Point for Sodium Nitrate Solutions

As discussed in the AMR on WP and DS surface environment (CRWMS M&O 2000a), the
evaporative concentration of J-13 well water results in the concentration of Na", K*, CI', and
NO;5". J-13 well water has a typical water chemistry for saturated zone and perched waters at
Yucca Mountain and a mean composition that was reported by Harrar et al. (1990). During
evaporative concentration HCOs", Ca**, and Mg®" are removed from solution due to carbonate
precipitation. The concentration of HCOj;™ reaches a constant level, while the concentrations of
F and SO4* initially increase but eventually fall due to precipitation. Ultimately, the F~ reaches
a low steady state value. The SSW used for testing is an abstract embodiment of this
observation. The SSW formulation is based upon the assumption that evaporation of J-13
eventually leads to a sodium-potassium-chloride-nitrate solution. The absence of sulfate and
carbonate in this test medium is believed to be conservative, in that carbonate would help buffer
pH in any occluded geometry such as a crevice. It is well known that polyprotic acids serve as
buffers.

Experimental data from the scientific and technical literature, the LTCTF and CP measurements,
and crevice corrosion experiments at LLNL are used as a basis for this process-level model. The
rationale for the test media in the LTCTF is discussed in Section 6.4.2 and by Gdowski (19974,
1997b, 1997¢c). Determination of many of the listed parameters is not found specifically in this
section but is discussed in detail in Section 6.0, “Analysis/Model.” Specific input parameters
from the LTCTF are GC rates from the various test media. CP measurements provide corrosion
and threshold potentials necessary for switching from one corrosion mode to another (GC to
LC). The crevice corrosion experiments enable the crevice pH to be reasonably bounded.
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Inputs are handled as per OCRWM procedures AP-3.10Q and AP-3.15Q. Data is submitted to
the Technical Data Management System and is listed in the associated Data Input Reference
Sheet.

42 CRITERIA

The following criterion applies to general corrosion and localized corrosion of the WPOR of all
WP designs (CRWMS M&O 19991).

The disposal container/WP shall be designed, in conjunction with the Emplacement Drift System
and the natural barrier, such that the expected annual dose to the average member of the critical
group shall not exceed 25 mrem total effective dose equivalent at any time during the first
10,000 years after permanent closure, as a result of radioactive materials released from the
geologic repository (CRWMS M&O 19991) (Section 1.2.1.3).

4.3 CODES AND STANDARDS
43.1 Standard Test Media

G. E. Gdowski, Formulation and Make-up of Simulated Dilute Water (SDW), Low Ionic Content
Aqueous Solution, Yucca Mountain Project, Lawrence Livermore National Laboratory,
Livermore, CA, TIP-CM-06, Revision CN TIP-CM-06-0-2, April 4, 1997, Table 1, p. 3.
(Gdowski 1997a)

G. E. Gdowski, Formulation and Make-up of Simulated Concentrated Water (SCW), High Ionic
Content Aqueous Solution, Yucca Mountain Project, Lawrence Livermore National Laboratory,
Livermore, CA, TIP-CM-07, Revision CN TIP-CM-07-0-2, April 4, 1997, Table 1, pp. 3-4.
(Gdowski 1997b)

G. E. Gdowski, Formulation and Make-up of Simulated Acidic Concentrated Water (SAW), High
lonic Content Aqueous Solution, Yucca Mountain Project, Lawrence Livermore National
Laboratory, Livermore, CA, TIP-CM-08, Revision CN TIP-CM-08-0-2, April 4, 1997, Table 1,
p- 3. (Gdowski 1997c¢)

4.3.2 Cyclic Polarization Measurements

Standard Reference Test Method Jor Malking Potentiostatic and Potentiodynamic Anodic
Polarization Measurements, Designation G 5-94, 1997 Annual Book of ASTM Standards,
Section 3, Vol. 3.02, pp. 54-57. (ASTM 1997d)

Standard Reference Test Method Jor Malking Potentiostatic and Potentiodynamic Anodic

Polarization Measurements, Designation G 5-87, 1989 Annual Book of ASTM Standards,
Section 3, Vol. 3.02, pp. 79-85. (ASTM 1989)
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4.3.3 General Corrosion Measurements

Standard Practice for Preparing, Cleaning, and Evaluating Corrosion Test Specimens,
Designation G 1-90, 1997 Annual Book of American Society for Testing and Materials (ASTM)
Standards, Section 3, Vol. 3.02, pp. 15-21. (ASTM 1997¢)

Standard Practice for Preparing, Cleaning, and Evaluating Corrosion Test Specimens,
Designation G 1-81, 1987 Annual Book of ASTM. Standards, Section 3, Vol. 3.02, pp. 89-94,
‘Subsection 8 - Calculation of Corrosion Rate, Appendix X1 — Densities for a Variety of Metals
and Alloys. (ASTM 1987)

4.3.4 Comparative Density of Alloy 22
Standard Specification for Low-Carbon Nickel-Molybdenum-Chromium, Low-Carbon Nickel-
Chromium-Molybdenum, Low-Carbon Nickel-Chromium-Molybdenum-Copper, and Low-

Carbon Nickel-Chromium-Molybdenum-Tungsten Alloy Plate, Sheet, and Strip, Designation B
575-97, 1997. (ASTM 1997a)
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5. ASSUMPTIONS
51 DRY OXIDATION

DOX occurs at any RH below the threshold for HAC:
R'H < RH critical . R (Eq 2)

This threshold RH for HAC (RH_riricat) i assumed to obey Equation 1, which is based upon the
AMR entitled Environment on the Surface of Drip Shield and Waste Package Outer (CRWMS
M&O 2000a). This process is assumed to result in the formation of an adherent, protective oxide
film of uniform thickness. The rate of DOX will be limited by mass transport through the
growing metal oxide film. Consequently, the oxide thickness is assumed to obey a parabolic
growth law (film thickness proportional to the square root of time). Reasonable values of the
parabolic rate constant are assumed as discussed in Section 6.1. DOX is assumed to occur
uniformly over each WAPDEG patch, which is comparable in size to that of a LTCTF sample
with generic weight-loss geometry. Welding is assumed to have no significant effect on the
DOX threshold and rate. Backfill is also assumed to have no significant effect on the DOX
threshold and rate. These assumptions are relevant to the analysis presented in Section 6.1.

As pointed out in CRWMS M&O (2000a), the deliquescence point can cover a broad range. For
example, the deliquescence point of NaOH is 1.63% at 75°C. The deliquescence point of K2SO4
is 97.59% at 20°C. It is assumed that the uncertainty in RH,.iica can be represented by a
triangular distribution (Section 6.5.4). The value at the 50" percentile is represented by Equation
1. Values at the 0¥ and 100" percentiles are assumed to be 1.63 and 97.59%, respectively. The
specified bounds represent possible binary combinations of anions and cations in J-13 well

water. This range addresses concerns regarding a possible lack of conservatism raised during
auditing of this AMR.

5.2 HUMID AIR CORROSION

HAC occurs at any RH above the threshold:
RH >2RH ;i (Eq. 3)

This threshold RH for HAC (RH rirical) is assumed to obey Equation 1, which is based upon the
AMR entitled Environment on the Surface of Drip Shield and Waste Package Outer Barrier
(CRWMS M&O 2000a). The measured distributions of general corrosion rates for HAC and
APC are indistinguishable. Actual rates were below the level of detection. Therefore, the
combined distributions presented here are based upon the combined data for the vapor and
aqueous phases and are assumed to represent HAC and APC equally well. It is also assumed that
the corrosion rate is constant and does not decay with time. Less conservative corrosion models
assume that the rate decays with time. HAC is assumed to occur uniformly over each WAPDEG
patch, which is comparable in size to that of a LTCTF sample with generic weight-loss
geometry. Welding is assumed to have no significant effect on the HAC threshold and rate.
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Backfill is also assumed to have no significant effect on the HAC threshold and rate. These
assumptions are relevant to the analysis presented in Section 6.2.

5.3 AQUEOUS PHASE CORROSION

At a given surface temperature, the existence of liquid-phase water on the WP depends upon the
presence of a salt and mineral deposit. In the presence of such a deposit, a liquid-phase can be
established at a higher temperature and lower RH than otherwise possible. In the model
discussed here, two conditions must be met for APC, (1) dripping water and (2) RH above the
deliquescence point of the deposit at the temperature of the WP surface. While dripping can
occur without this condition being met, it is assumed that both conditions are necessary for APC.
Without this level of RH, it is assumed that no aqueous phase could be sustained on the surface.

RH 2 RH 0 (Eq. 4)

This threshold RH for APC (RH,,uicar) 1s assumed to obey Equation 1, which is based upon the
AMR entitled Environment on the Surface of Drip Shield and Waste Package Quter Barrier
{(CRWMS M&O 2000a). For the time being, the composition of the electrolyte formed on the
WP surface is assumed to be that of SCW below 100°C and that of SSW above 100°C. It is
assumed that the corrosion rate is constant and does not decay with time. Less conservative
corrosion models assume that the rate decays with time. General APC is assumed to occur
uniformly over each WAPDEG patch, which is comparable in size to that of a LTCTF sample
with generic weight-loss geometry. Welding is assumed to have no significant effect on the APC
threshold and rate. Backfill is also assumed to have no significant effect on the APC threshold
and rate. These assumptions are relevant to the analysis presented in Section 6.3.

5.4 DRIPPING CONDENSATE FROM INNER SURFACE OF THE DRIP SHIELD

Once the temperature of the DS drops below the dew point, condensation can occur on the inner
surface. This condensate can then form droplets that fall through the intervening vapor space
and impinge the underlying WP surface, provided that the droplets are sufficiently large so that
they can fall through the temperature gradient towards the WP without complete evaporation.
After impingement, instantaneous thermodynamic equilibrium is assumed to exist between the
condensate and surface deposit. The assumption of instantaneous equilibrium is based on a
conservative approach. While much additional work is needed to determine the actual
electrolyte composition in this scenario, SCW is assumed below 100°C, while SSW is assumed
above 100°C. This assumption is based on the data from CRWMS M&O (2000a), which shows
an increase in boiling point as the concentration increases from SCW to SSW. It is assumed that
the corrosion rate is constant and does not decay with time. Less conservative corrosion models
assume that the rate decays with time. This assumption is relevant to the analysis presented in
Section 6.3.

5.5 FLOW THROUGH OPENINGS BETWEEN DRIP SHIELD

Section 5.5 is included in this report to show the relationship between water penetrating the
protective DS and the water actually contacting the WPOB. Potential ground movement due to
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seismic activity may cause displacement of adjacent DSs along the drift axis, thereby opening
pathways that enable dripping water to reach the WP. For a given mass flow of water contacting
the outer surface of the DS, the fraction passing through an opening to the WP is assumed to be
proportional to the following multiplication factor (© .01 ):

A
opening (E q. 5)

Ashiefd' .

® shield =

where Aopening is the projected area of the opening on the floor of the drift and Agew is the ‘
projected area of the DS on the floor of the drift. If the DS fails due to SCC, a multiplication
factor of one is assumed. This assumption is relevant to the analysis presented in Section 6.3.

5.6 THRESHOLD FOR LOCALIZED CORROSION

If the open circuit corrosion potential (Ecor) iS less than the threshold potential for localized
corrosion (E.riical), DO localized corrosion occurs:

Ecorr < E critical V (Eq 6)

Threshold values have been determined for various representative environments, as discussed in
Section 6.4. This assumption is relevant to the analysis presented in Section 6.4.

As an example, in an ideal case the crevice corrosion temperature can be estimated from the
intersection of the lines representing the corrosion and threshold potentials at an elevated
temperature. To force crevice corrosion to occur in the model, Ecorr and Ecrisicat €an simply be
equated over temperature ranges of uncertainty (90-120°C). It is assumed that the crevice
corrosion temperature is uniformly distributed over this range of uncertainty. This assumption is
relevant to the analysis presented in Section 6.4.3 and is based on a conservative approach for
crevice corrosion temperature. ‘

57 EFFECT OF GAMMA RADIOLYSIS ON CORROSION POTENTIAL

Effects of oxidant can be accounted for through the open circuit corrosion potential (Ecorr)-
Based upon published data described in Section 6.5.2, as well as new experimental data shown in
this AMR, it is believed that the shift in corrosion potential due to gamma radiolysis will be
much less than 200 mV. It is believed that this shift is insufficient to cause LC. This assumption
is relevant to the analyses presented in Section 6.4 and 6.5.2.

5.8 EFFECT OF MICROBIAL GROWTH ON CORROSION POTENTIAL

The effect of microbial growth on E,,, and GC rates for Alloy 22 have been studied by Lian et
al. (1999) and Horn et al. (1998). End-point measurements of E..r» in both inoculated and sterile
media indicate that microbial growth does not have any large impact on this parameter. The GC
rate appears to be doubled in the presence of microbes. More work is needed to help resolve this
issue in the future. This assumption is relevant to the analyses presented in Sections 6.4, 6.5, and
6.8 and will be further developed in the future.
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5.9 EFFECT OF AGING AND PHASE INSTABILITY ON CORROSION

The WP surface temperature will always be below 350°C, a limit determined by the spent
nuclear fuel cladding. By further constraining the WP surface temperature, making sure that it is
always below 300°C, the effects of aging and phase instability on the corrosion performance of
Alloy 22 can be assumed to be insignificant. An extrapolation of the curves given in the
companion AMR on aging and phase stability does not indicate that the phase stability of Alloy
22 base metal will be a problem at less than about 300°C (CRWMS M&O 2000b). 'However, it
must be emphasized that such estimates are preliminary and uncertain. Much additional work is
needed in this area. Rebak et al. have investigated the effects of high-temperature aging on the
corrosion resistance of Alloy 22 in concentrated hydrochloric acid. However, due to the
temperature used to age the samples (922-1033 K) and the extreme test media used (boiling 2.5%
HCl and 1 M HCI at 339 K), these data are not considered relevant to performance assessment
for the repository. This data will soon be published by R. B. Rebak, N. E. Koon, and P. Crook in
an article entitled “Effect of High Temperature Aging on the Electrochemical Behavior of C-22
Alloy.” This paper will appear in the Proceedings of the 50™ Meeting of the International Society
of Electrochemistry, which documents a conference held in Pavia, Italy, in September 1999.
This assumption is relevant to Section 6.4 and 6.5 and will be further developed in the future.

5.10 FLOW THROUGH COINCIDENT PENETRATION IN WASTE PACKAGE

It is assumed that the entire mass flow of water passing through the opening in the DS is
distributed uniformly on the underlying WP. The fraction of this water that enters a failed WP is

assumed to be proportional to the following multiplication factor (@ ... ):
A,
Jailed
®paclcage = A (Eq 7)
package

where Agieq 1s the projected area of all failed (completely corroded) WAPDEG patches on the
floor of the drift and Apsckage is projected area of the WP on the floor of the drift. This
assumption is used throughout the analysis. This assumption is based on a conservative approach
to allow for maximum water flow.

5.11 ASSUMPTIONS PERTAINING TO INNER BARRIER

Section 5.11 is included in this report to emphasize that all corrosion performance is allocated to
the WPOB even though the WP is a double-wall container. It is assumed that the stainless steel
316NG inner barrier of the WP provides structural integrity for the WP until the outer barrier
fails. No credit is claimed for the corrosion resistance of this stainless steel layer. This
assumption is used throughout the analysis and is based on a conservative approach even though
the inner barrier is expected to be a barrier for water ingress and radionuclide release.

After penetration of the WPOB, the formation of.a crevice between the Alloy 22 and 316NG is
possible. The formation of a low-pH crevice environment in this interfacial region is possible as
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discussed in Section 6.6.5. Crevice corrosion of the Alloy 22 due to the local chemistry
established through hydrolysis of dissolved metal from the 316NG could be severe. While such

inside-out attack is not accounted for in the present model, it may be desirable to account for itin
the future, especially in crevice regions with welds that might be susceptible to SCC. This
assumption is used throughout the analysis.

5.12 QUALIFICATION STATUS OF ASSUMPTIONS

The validity of assumptions, and hence the qualification, will be determined through future
confirmatory tests. This document and its conclusions may be affected by technical product input
information that requires confirmation. Any changes to the document or its conclusions that may
occur as a result of completing the confirmation activities will be reflected in subsequent
revisions. The status of the input information quality may be confirmed by review of the
Document Input Reference System database.
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6. ANALYSIS

6.1 DRY OXIDATION

DOX of Alloy 22 is assumed to occur at any RH < RH_jiicat, thereby forming an adherent,
protective oxide film of uniform thickness. Tt is assumed that the protective oxide film is
primarily Cr,03. The oxidation reaction is given as (Welsch et al. 1996): :

4/3 Cr+0, ——2/3 Cr,0; | (Eq. 8)

The rate of DOX is assumed to be limited by mass transport through this growing metal oxide
film. Fick’s first law is applied, assuming a linear concentration gradient across the oxide film of
thickness x:
oC AC
Jnxide =-D oxide -D oxde — _ (Eq 9)
Ox b i

where Joxize is the molar flux of the reacting species in the oxide, Doyiz. is the diffusivity of the
reacting species in the oxide, AC is the corresponding differential molar concentration. Oxide
growth is related to the flux by:

E. — goxlde X Woride X Joxide (Eq 10)
dt p oxide

where Coxide 1S the stoichiometric coefficient (moles of oxide per mole of diffusing species), Woxide
is the formula weight of the oxide, and poxice is the density of the oxide. Integration shows that
the oxide thickness should obey the following parabolic growth law (Wagner’s Law [Welsch et
al. 1996]), where the film thickness is proportional to the square root of time. This is represented

by Equation 11.
x=Jx§+kxt (Eq. 11)

where x, is the initial oxide thickness, x is the oxide thickness at time ¢, and £ is a temperature-
dependent parabolic rate constant. More specifically, k is defined as follows:

k = 2 xgoxidexwox:de X D oxide X AC
p oxide

(Eq. 12)

To facilitate an approximate calculation, published values of k can be used (Welsch et al. 1996).
From Figure 18 of this reference, it is concluded that all observed values of & fall below a line
defined by:

"2 -1 10°
logfk (m*s™ )] = —12.5(?(—[{—)] -35 (Eq. 13)
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where T is defined as the absolute temperature. The highest temperature is expected to be
approximately 350°C (623 K), which corresponds to the limit for the fuel cladding. The value of
k corresponding to this upper limit is 2.73x10% m? s (8. 61x10° square pm per year). After one
year, this corresponds to a growth of 0.0093 pm (about 9.3 nm y ). As will be seen in a
subsequent discussion (Section 6.5.3), this estimated rate is comparable to that expected for APC
at lower temperatures. It is, therefore, assumed that DOX of the Alloy 22 can be accounted for
through application of the parabolic law. The above expression represents a conservative upper
bound, based upon the published literature.

As discussed in the AMR for corrosion of the titanium DS (CRWMS M&O 2000c), logarithmic
growth laws may be more appropriate at relatively lower temperature than parabolic laws.
However, such logarithmic expressions. predict that the .oxide thickness (penetration)
asymptotically approaches a small maximum level. In contrast, the parabolic law predicts
continuous growth of the oxide, which is much more conservative. Since such conservative
estimates of the rate of DOX do not appear to be life limiting and since reliable data for
determining the maximum oxide thickness for Alloy 22 do not appear to be available, the
parabolic growth law will be used for the WPOB.

The DOX model presented here assumes uniform oxidation of the WPOB surface. In the future,
the possibility of preferential DOX along grain boundaries in the Alloy 22 should be considered.
Such preferential attack would ultimately be diffusion controlled, with the diffusion path being
equivalent to the length of oxidized grain boundary.

6.2 HUMID AIR CORROSION

HAC is assumed to occur above a threshold RH, provided that there are no impinging drips.

RH 2 RH (Eq. 14)

critical

This t}_lreshold RH for HAC (RH_.isicar) 1s assumed to obey Equation 1. The existence of this
threshold is due to the dependence of water adsorption on RH.

Despite significant experimental work at LLNL, there continues to be significant uncertainty in
the threshold RH for HAC and APC. Furthermore, data published by Leygraf (1995) indicates
that it may be reasonable to consider HAC at a RH below that predicted with Equation 1 at 20°C.
The approximate number of water monolayers on typical metal surfaces as a function of RH is
given by Leygraf (1995) and repeated in Table 1. -

Table 1.  Coverage of Metal Surfaces by Water

Relative Humidity (%) Number of Water Monolayers
20 1
40 1.5-2
60 2-5
80 510

Based upon this data, it might be reasonable to consider the possibility of HAC at only 40% RH
This is the point at which it may be possible for two monolayers of water to exist on the WP
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surface. However, under these conditions there are no electrolytes to facilitate the
electrochemical corrosion.

As pointed out in CRWMS M&O (2000a), observed deliquescence points cover a very broad
range of RH. The deliquescence point of NaOH is 1.63% RH at 75°C, while that of K;SOj is
97.59% RH at 20°C. It is assumed that the uncertainty in RHciricar €20 be represented by a
triangular distribution. The triangular distribution is described in Section 6.5.4. The value at the
50" percentile is represented by Equation 1. Values at the O™ and 100™ percentiles are assumed
to be 1.63 and 97.59%, respectively. The specified bounds represent possible binary
combinations of anions and cations in J-13 well water. '

It is assumed that HAC can be treated as uniform GC. The measured distributions of general
corrosion rates for HAC and APC are indistinguishable. Actual rates were below the level of
detection. Therefore, the combined distributions presented here are based upon the combined
data for the vapor and aqueous phases and are assumed to represent HAC and APC equally well.
It is also assumed that the corrosion rate is constant and does not decay with time.

6.3 AQUEOUS PHASE CORROSION

At a given surface temperature, the existence of liquid-phase water on the WP depends upon the
presence of a salt deposit. In the presence of such a deposit, a thin-film liquid phase can be
established at a higher temperature and lower RH than otherwise possible. In the model
discussed here, it is assumed that two conditions must be met for APC—RH above the
deliquescence point of the deposit at the temperature of the WP surface and impinging drips:

RH >RH_,, (Eq. 15)
critical

This threshold RH for APC (RH_iicat) is assumed to obey Equation 1, which is based upon the
AMR entitled Environment on the Surface of Drip Shield and Waste Package Outer Barrier
(CRWMS M&O 2000a). Drips may be due to liquid-phase ground water that flows through
openings in the DS or condensate on the underside of the DS. For the time being, the
composition of the electrolyte formed on the WP surface is assumed to be that of SCW below
100°C and that of SSW above 100°C. It is assumed that the corrosion rate is constant and does
not decay with time. Less conservative corrosion models assume that the rate decays with time.

6.4 LOCALIZED CORROSION
6.4.1 Threshold Potential of Alloy 22

The localized corrosion model for Alloy 22 assumes that localized attack occurs if the open
circuit corrosion potential (E.,) exceeds the threshold potential for breakdown of the passive
ﬁlm (Ecritical):

E,.,2 E

corr critical

(Eq. 16)

The repassivation potential is the level at which a failed passive film repassivates, or heals,
thereby protecting the surface. Compared to materials proposed for use in earlier WP designs, -

ANL-EBS-MD-000003 REV 00 . ’ 39 January 2000



Alloy 22 has superior resistance to localized corrosion. Gruss et al. (1998) have shown that the
repassivation potential of Alloy C-22 is far greater than that of Alloy 625, which substantiates
this claim (Table 2):

Table 2. Repassivation Potentials of Alloys 625 and C-22

Specimen No. Chloride (M) Temperature {°C) Repassivation Potential (V vs. SCE)
625-1 4 95 -0.183
625-2 4 60 -0.167
625-3 1 95 . -0.367
6254 1 95 -0.166
625-5 1 95 -0.153
625-6 1 60 . 1.001
625-7 0.028 60 0.857
625-8 0.028 60 0.873
c22-1 4 95 0.916
C22-2 4 95 0.911
C22-3 4 95 0.900
C22-4 4 60 0.911
C22-5 1 95 0.828
C22-6 1 60 0.986
c22-7 0.028 95 0.854

NOTE: Gruss et al. (1998)
6.4.2 Cyclic Polarization in Synthetic Concentrated J-13 Well Waters

The YMP has used CP to determine threshold potentials for Alloy 22 in test media relevant to
the environment expected in the repository. Relevant test environments are assumed to include
simulated dilute water (SDW), SCW, and SAW at 30, 60, and 90°C as well as SSW at 100 and
120°C. The compositions of all of the environments are given in Table 3. The compositions of
these test media are based upon the work of Gdowski (1997a, 1997b, 1997c). The SSW
composition has been recently developed and is being documented in a revision of a companion
AMR on the subject of WP and DS surface environment (CRWMS M&O 2000a). The revision
1s in preparation. In general, anions such as chloride promote LC, whereas other anions such as
nitrate tend to act as corrosion inhibitors. Thus there is a very complex synergism of corrosion
effects in the test media.

CP measurements have been based on a procedure similar to ASTM G 5-87 (ASTM 1989).
Necessary deviations have been noted in the corresponding controlled SNs. Copies of these SNs
are maintained by the Management and Operating Contractor (M&O) in Las Vegas. For
example, ASTM G 5-87 calls for an electrolyte of 1N H,SO4, whereas SDW, SCW, SAW, and
SSW are used here. Furthermore, aerated solutions were used here, unlike the procedure that
calls for de-aerated solutions. Representative CP curves are shown in Figures 3 through 9. The
shape of these CP curves is categorized as type 1, 2, or 3.
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Table 3. Composition of Standard Test Media Based upon J-13 Well Water
lon SDW SCW SAW SSW
(mg/L") (mg/L™") (mg/L™") (mgiL™)

K" 3.400E+01 3.400E+03 3.400E+03 1.416E+05
Na*' 4.090E+02 4.090E+04 4.090E+04 4.870E+04
Mg*™ 1.000E+00 1.000E+00 1.000E+03 0.000E+00
Ca"™ 5.000E-01 1.000E+00 1.000E+03 0.000E+00
F! 1.400E+01 1.400E+03 " 0.000E+00 0.000E+00
cr 6.700E+01 6.700E+03 6.700E+03 1.284E+05
NOs;™” 6.400E+01 6.400E+03 6.400E+03 1.310E+06
S04* 1.670E+02 1.670E+04 1.670E+04 0.000E+00
HCOs™ 9.470E+02 7.000E+04 0.000E+00 0.000E+00
Si 27 (60°C), 49 (90°C) | 27 (60°C), 49 (90°C) | 27 (60°C), 49 (90°C) 0.000E+00
pH 8.100E+00 8.100E+00 2.700E+00 7.000E+00

NOTE: CRWMS M&O (2000a)

A generic type 1 curve exhibits complete passivity (no passive film breakdown) between the
corrosion potential and the point defined as threshold potential 1. This interpretation was
verified by visual inspection of samples after potential scans and photographic documentation of
some of those samples (all samples are held in the archives at LLNL). Threshold potential 1 is in
the range where the onset of oxygen evolution is expected and is defined by a large excursion in
anodic current. This particular definition of threshold potential 1 is specific to type 1 curves.
Type 1 behavior has only been observed with Alloy 22 and is illustrated by Figures 3 and 4. The
interpretation of type 1 curves as exhibiting no passive film breakdown is consistent with the
appropriate ASTM procedure.

A generic type 2 curve exhibits a well-defined oxidation peak at the point defined as threshold
potential 1. Threshold potential 2 is in the range where the onset of oxygen evolution is expected
and is defined by a large increase in anodic current. These particular definitions of the threshold
potentials are specific to type 2. Repassivation potentials 1 and 2 are defined as the points where
the hysteresis loop passes through current levels of 4.27x10® and 107 amps, respectively (not
shown). Repassivation potential 3 is determined from the first intersection of the hysteresis loop
(reverse scan) with the forward scan. Type 2 is observed with both Alloy 22 and 316L and is
illustrated by Figures 5 through 7. Definitions of the threshold and repassivation potentials are
somewhat subjective and may vary from investigator to investigator. Scully et al. (1999) define
the threshold potential for crevice corrosion of Alloy 22 as the point during the scan of
electrochemical potential in the forward direction where the current density increases to a level
of 10 to 10° A cm™. Gruss et al. (1998) define the repassivation potential as the point where
the current density drops to 10 to 107 A cm?, which is comparable to the definition of
repassivation potential 3. ‘

A generic type 3 curve exhibits a complete breakdown of the passive film and active pitting at
potentials relatively close to the Corrosion Potential (E.»). In this case, threshold potential 1
corresponds to the critical pitting potential. Type 3 behavior has only been observed with 316L
and is illustrated by Figure 8.
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A representative curve for platinum in SCW at 90°C is shown in Figure 9. CP measurements of
Pt were made to serve as a basis of comparison for similar measurements with Alloy 22 and
other materials of interest. From such comparisons, it is concluded that the anodic oxidation
peak observed in type 2 curves (between 200 and 600 mV) is due to an anodic reaction of the
Alloy 22 passive film. No anodic oxidation peak is observed in the measurement of Pt.

SSW is a saturated sodium-potassium-chloride-nitrate electrolyte, formulated to represent the
type of concentrated electrolyte that might evolve on a hot WP surface. This formulation has a
boiling point of approximately 120°C at ambient pressure. It is evident in Figure 3 that Alloy 22
maintains passivity at potentials up to the reversal potential (1200 mV versus Ag/AgCl), even
under these relatively hostile conditions.

In regard to type 2 polarization curves for Alloy 22 in SCW, the electrochemical process leading
to the anodic oxidation peak (leading edge at approximately 200 mV versus Ag/AgCl) cannot be
determined from the CP data alone. This peak is probably due to some change in the oxidation
state of the passive film and probably has very little to do with any loss of passivity. To augment
these potentiodynamic measurements, potentiostatic polarization tests have been performed.
Figure 10 shows the observed transient current when an Alloy 22 sample is polarized at 200 mV
versus Ag/AgCl in SCW at 90°C, close to the potential where the leading edge of the anodic
oxidation peak is located. The current initially increases to a maximum of approximately 25
microamps per square centimeter (the sample size is approximately 0.96 cm?) at 9 hours. This
corresponds to a typical non-equilibrium passive current density measured for Alloy 22 at this
potential in the absence of the anodic oxidation peak. For example, see a type 1 polarization
curve for Alloy 22 in SAW. Therefore, in regard to type 2 polarization curves, the anodic
oxidation peak does not define any localized corrosion or loss in passivity. Furthermore,
threshold potential 1 (leading edge of the anodic oxidation peak at approximately 200 mV versus
Ag/AgCl) should not be used as the basis for switching on localized corrosion of Alloy 22.
Here, it is also assumed that threshold potential 2 represents the lower bound for breakdown of
the passive film.

A composite of the CP data is shown in Figure 11. The initial portions of these curves show that
passivity is maintained at potentials at least as high as 400 mV versus Ag/AgCl in all cases. The
lowest potential at which any electrochemical reactivity of the passive film is observed at
approximately 200 mV versus Ag/AgCl. Based upon data presented here, it is concluded that a
pitting attack of Alloy 22 should not occur under conditions expected in the repository. To
further substantiate this conclusion, it is noted that no pitting of Alloy 22 has yet been observed
in samples removed from LTCTF. These data include one-year exposures to SDW, SCW, and
SAW at 60 and 90°C. DTN are associated with Figures 24 through 26.

The CP data given in this AMR are for test media believed to be representative of the expected
repository environment. In such test media and at plausible electrochemical potentials, it does
not appear that there will be significant localized breakdown of the passive film. Furthermore,
relatively wide crevices (110 to 540 microns) formed from passive Alloy 22 do not appear to
undergo significant increases in hydrogen ion concentration (pH suppression) at reasonable
electrochemical potentials. These potentials are generally below the thresholds determined by
CP. Finally, Alloy 22 crevices exposed in the LTCTF do not indicate significant crevice
corrosion.
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However, it should be noted that the University of Virginia has very recently generated some CP
data with very tight crevices and concentrated electrolytes consisting of 5 M LiCl, 0.24 to 0.024
M NaNQO3, 0.026 to 0.26 M Na,SO,, and HCI (Scully et al. 1999). Testing was conducted at two
temperature levels, 80 and 95°C. The crevices were formed with a multiple crevice former,
PTFE tape, and an applied torque of 70 inch pounds. Under these circumstances, some
electrochemical activity indicative of crevice corrosion was observed at potentials ranging from
71 to 397 mV versus Ag/AgCl, depending upon the composition of the electrolyte. Using a
current density criterion for repassivation of 10° A cm¥, repassivation potentials were
determined to be slightly above, but relatively close to, the open-circuit corrosion potential.

While these concentrated lithium-chloride based electrolytes are not believed to be directly
relevant to those conditions anticipated in the repository, the University of Virginia data point
out that no attitude of complacency should be adopted in regard to conducting furtherresearch in
the area of localized corrosion of Alloy 22. Unlike compositions based upon J-13 well water,
these electrolytes have no buffer ions per se. Clearly, additional work is needed to better
understand the passivity and resistance to localized attack of all WP materials. In the future,
similar measurements with test media believed to be relevant to the repository should be
conducted. Specifically, testing with the tight-crevice geometry used by the University of
Virginia and standard electrolytes such as SDW, SCW, SAW, and SSW should be conducted.
As more data become available, the correlations for the corrosion and threshold potentials should
be updated, expressing these quantities in terms of temperature, pH, and the concentrations of
various ions. The effect of welding and aging should also be accounted for. This AMR should
be viewed as works in progress, with each new version reflecting an evolving level of
understanding.
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6.4.3 Correlation of Potential Versus Temperature Data for Various Test Media

Values of corrosion and threshold potentials are shown in Table 4 and have been correlated as a
function of temperature for the conditions of interest. These correlated data are shown in Fj gures

12 through 15. In general, it has been found that these potential verses temperature data can be
represented by the following simple regression equation:

y=by+bx (Eq. 17)

where y is either the corrosion or threshold potential (mV versus Ag/AgCl), and x is the
temperature (°C). The linear curves were derived from regression analysis. All correlations are
summarized in Table 5, with the correlation for Er and the most conservative correlation for
Ecriticar labeled.  While calculated values of y are believed to have only three significant figures,
coefficients in those regression equations used to calculate values of y are given with more
figures. By carrying the extra figures during the calculation, round-off error in the final values
can be minimized. In the case of type 2 CP curves, the selected threshold potential 1 is

determined by the position of the observed anodic oxidation peak and may not result in any
actual loss of passivity and localized corrosion.

The specifications for the WP material must include allowable values for Eeorr and Egrivicar.
Acceptance of a material requires that (1) the measured value of E,,,, in a particular environment
cannot exceed the value calculated with the corresponding correlation in Table 5 by more than
75 mV, and (2) the measured value of Ecriicar in a particular environment cannot be less than the
value calculated with the corresponding correlation in Table 5 by more than 75 mV.

cix
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The correlations given in Table 5 were used to calculate the values at 10°C intervals of £, and
E_iicat Shown in Table 6 for SDW, SCW, and SAW. The correlation for E . iicqs iIn SSW was not
used since it is based upon relatively few data points and indicates that the threshold increases
with temperature, which is counter intuitive. A constant bounding value of 150 mV is assumed
in this case. Table 6 shows the difference between E yiicas and Ec,, (column heading Diff") and is
never less than 150 mV between 20 and 150°C. Therefore, implementation of the potential-
based specification will prevent the use of heats of material that would be prone to passive film
instability or localized corrosion. The cost of such performance would be associated with the
quantity of rejected material (assumed to be approximately 20%). The specification can be
changed to allow more material to be accepted but with greater risk of localized corrosion.

There are precedents for using electrochemical measurements as the basis of water chemistry and
materials specifications in the nuclear industry. For example, measurements of corrosion
potential are indicative of dissolved oxygen and can be used to assure adequate de-aeration in
various regions of the steam cycle. The role of electrochemical potential on SCC has been well
documented by Andresen (1987).

The critical potentials are specified as threshold potential 1 or 2. However, it must be
emphasized that localized corrosion may not occur, even if these potential levels are reached. It
is doubtful that localized corrosion will occur in any of these solutions, at any potential above
E o and below the thermodynamic limit of water. Long-term potential control experiments
should be performed to determine actual values of E e for Alloy 22. Clearly, more work
needs to be done.

In an ideal case, the crevice corrosion temperature can be estimated from the intersection of the
lines representing the corrosion and threshold potentials at elevated temperature. Better
correlations of Egor and Eguic With material history, water chemistry, and temperature may
ultimately allow precise prediction of the crevice corrosion temperature. Improved correlations
would provide rigorous statistical estimates of uncertainty and variability in Eo and Egryical
The precise determination of uncertainty and variability in E.or and Egrieqr Would enable
designers to determine the impact of accepting 100% of the supplied WP material on repository
performance. In the mean time, crevice corrosion can be forced to occur in the model by
equating Eqorr and Eepiicar OVeEr temperature ranges of uncertainty (90-120°C). This assumption
would provide a conservative estimate of the crevice corrosion temperature. Improved LC
models with accurate temperature dependence will allow a precise sensitivity study, assessing
the impact of various WP design changes on the radiological dose at the site boundary.
Additional work and data is needed to fill this void.
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Table 4. Compilation of Electrochemical Potentials Determined from CP Curves
Sample | Medium | Temp. | Reversal | Corrosion | Threshold Threshold Repass- Repass- Repass- | CP Curve
iD Potential | Potential Potential 1 Potential 2 ivation ivation ivation Type
Potential 1 | Potential 2 | Potential 3
°C mV mV mV mV mV mV mvV
DEAQ25| SDW 30 1200 -55 466 688 524 577 619 Type 1-2
DEAQ026] SDW 60 1200 -137 317 874 438 495 506 Type 2
DEAQ27] SDwW 90 1200 -191 192 757 283 338 387 Type 2
DEAQ23| SDW 30 1200 -65 436 900 511 555 564 Type 2
DEAQ22| SDW 60 1200 -174 282 800 464 508 501 Type 2
DEAQO24| SDW 90 1190 -162 185 739 270 308 422 Type 2
DEAO19| SDW 30 1190 -93 420 900 516 556 579 Type 2
DEAQ21| SDW 60 1190 -161 290 809 445 491 509 Type 2
DEAQ20| SDW 0 1200 -158 169 724 268 335 390392 Type 2
DEA009] SCw 30 795 -57 169 421 none none none Type 2
DEA011}] SCW 60 797 -240 234 777 292 319 680 Type 2
DEA010] SCw 90 798 -136 206 719 16 46 663 Type 2
DEAO12|] SCwW 30 1200 -173 338 910 490 530 699 Type 2
DEAO14| SCW 60 1190 -231 226 771 319 344 572 - Type 2
DEAO13}] SCW 20 1190 -173 336 910 490 532 699 Type 2
DEAO15] SCWwW 30 1190 -188 341 907 538 572 742 Type 2
DEA017] SCw 60 1200 -226 238 789 323 353 595 Type 2
DEAQ16] SCW 90 1190 -237 199 704 609 609 622 Type 2
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Table 4. Compilation of Electrochemical Potentials Determined from CP Curves (Continued)
Sample | Medium | Temp. | Reversal | Corrosion | Threshold Threshold Repass- Repass- Repass- | CP Curve
D Potential | Potential | Potential1 | Potential 2 ivation ivation ivation Type
Potential 1 | Potential 2 { Potential 3
°C mv mV mv mV mv mV mV
DEACO7] SAW 30 1020 -42 663 750 none none none Type 1
DEAQO4| SAW 60 1050 -118 575 774 none none none Type 1
DEA0O2] SAW 90 1040 -176 555 642 none none none Type 1
DEA0O03} SAW 30 1100 -66 650 775 none none none Type 1
DEAQOB] SAW 60 1040 -115 613 783 none none none Type 1
DEA029{ SAW 90 1200 -171 595 652 646 671 849 Type 1
DEAQOO5] SAW 30 1820 -84 664 867 none none none Type 1
DEAO08| SAW 60 1070 -102 605 708 none none none Type 1
DEAO31} SAW 90 1200 -1560 600 650 none none none Type 1
DEAD32)] SSW 100 1200 234 234 768 none none none Type 2
DEA033] SSW 120 1200 -253 664 715 none none none Type 1
DEAQ35) SSW 100 1200 216 526 none none none. Type 1
DEA034| SSwW 120 1200 -320 171 471 none none none Type 2

DTN LL990610205924.075

Note: ‘The term “none” indicates no detected breakdown in passive film up to the specified reversal potential; no determination of repassivation
potential was possible. All potentials were measured with an Ag/AgCl reference electrode. One should subtract 197 mV from measured
values to convert to the Normal Hydrogen Electrode potential scale.
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Figure 13. Potentials Versus Temperature: Alloy 22 in SCW
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Table 5. Summary of Correlated Corrosion and Threshold Potential Data, Alloy 22

Figure Medium Curve Potential Parameter bo b4 R*
12 SDW Type 2 Coerrosion Ecor -33.556 -1.6556 0.7544
12 SDw Type 2 Threshold 1 565 -4.3111 0.9758
12 SDW Type 2 Threshold 2 Ecritical 888.33 -1.4889 0.2421
12 SDw Type 2 Repassivation 1 656.56 -4.0556 0.9334
12 SDwW Type 2 Repassivation 2 698.22 -3.9278 0.9259
12 SDW Type 2 Repassivation 3 680.92 -3.0231 0.943
13 SCw Type 2 Corrosion Ecor -123.86 -1.0667 0.1449
13 SCwW Type 2 Threshold 1 282.93 -0.875 0.156
13 SCwW Type 2 Threshold 2 Eeritical 679.36 0.7917 0.0167
13 SCw Type 2 Repassivation 1 550.24 -3.0882 0.111
13 SCw Type 2 Repassivation 2 596.24 -3.4216 0.1447
13 SCwW Type 2 Repassivation 3 724,18 -1.2078 0.1926
14 SAW Type 1 Corrosion Ecor 12 -1.9958 0.9522
14 SAW Type 1 Threshold 1a Ecriticel 677.33 -1.1153 0.5617
14 - | SAW Type 1 Threshold 1b 857 -2.1667 0.641
15 SSw Type 1 Corrosion Ecor 285 -2.625 0.4501
15 SSw Type 1 Threshold 1a Ecriticer -683.5 9.175 0.1859
15 | ssw Type 1 Threshold 1b 1643 -8.75 0.4068

NOTE: RZisthe regression coefficient.

Table 8.  Values of £,,, and E.rices Based on Correlated CP Data, Alloy 22

SDw SDwW SDW | SCw SCw SCw SAW SAW SAW SSw SSW sSsw
T | Ecor | Ectca | Diff. | Ecor | Ecritcar | Diff. | Ecom | Ecrteat | Diff. | Eom | Eonsew | Diff.
(°C) | (mV) | (mV) | (mV) | (mV) | (mV) | (mV) | (mV) | (mV) | (mV) | (mV) | (mV) {(mV)
20 -67 479 545 -145 265 411 -28 655 683 -24 150 174
30 -83 436 519 | -156 257 413 -48 644 692 -50 150 200
40 -100 393 492 -167 248 414 -68 633 701 -77 150 227
50 -116 349 466 | -177 239 416 -88 622 709 -103 150 253
80 -133 306 439 | -188 230 418 -108 610 718 -129 150 279
70 -149 263 413 -199 222 420 -128 599 727 -155 150 305
80 -166 220 386 | -209 213 422 -148 588 736 -182 150 332
80 -183 177 360 | -220 204 424 -168 577 745 -208 150 358

100 | -199 134 333 | -231 195 426 -188 566 753 -234 150 384
110 | -216 91 306 | -241 187 428 -208 555 762 -260 150 410
120 | -232 48 280 | -252 178 430 -227 543 771 -287 150 437
130 | -249 5 253 | -283 169 432 -247 532 780 -313 150 463
140 | -265 -39 227 | -273 160 434 -267 521 789 -339 150 489
150 | -282 -82 200 | -284 152 436 -287 510 797 -365 160 515
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6.4.4 Effect of Gamma Radiolysis on Corrosion Potential

Anodic shifts in the open circuit corrosion potential of stainless steel have been experimentally
observed (Glass et al. 1986; Kim 1987, 1988, 1999a, 1999b). Glass et al. (1986) performed
amblent-temperature CP of 316L samples in 0.018 M NacCl solution during exposure to 3.5 Mrad
h'! gamma radiation. He found that the corrosion current shifted in the anodic direction by
approximately 200 mV. From inspection of the graphical data in this article, it is concluded that
there is very little increase in the corresponding corrosion current density. However, the
separation between the corrosion potential and the threshold for localized attack decreased
slightly. This shift in corrosion potential was shown to be due to the formation of hydrogen
peroxide. This finding was subsequently confirmed by Kim (1988). In this case, ambient-
temperature CP of 316 stainless steel in acidic (pH~2) 1.5 M NaCl during exposure to 0.15 Mrad
n! gamma radiation showed a 100 mV anodic shift in the corrosion potential, with very little
effect on the corrosion current. Note that Glass et al. (1986) and Kim (1988) worked on stainless
steels, not Alloy 22.

Additional studies of the corrosion and threshold potentials of Alloy 22 in the presence of
gamma radiation, as done by Glass et al. in the early 1980’s, is beyond the YMP’s current work
scope. To determine the maximum impact that gamma radiolysis could have on the corrosion
potential, hydrogen peroxide was added to electrolytes used for testing Alloy 22. Experiments at
25°C are illustrated by Figures 16 and 17. As the concentration of hydrogen peroxide in SAW
approaches 72 ppm (calculated from number of added drops of H,O,), the corrosion potential
asymptotically approaches 150 mV versus Ag/AgCl, well below any threshold where localized
attach would be expected in SAW. Similarly, as the concentration of hydrogen peroxide in SCW
approaches 72 ppm, the corrosion potential asymptotically approaches -25 mV versus Ag/AgCl,
well below any threshold where localized attach would be expected in SCW. This change in
corrosion potential is also below any level where a change in oxidation state would be expected.
Since extremely high radiation levels would be required to achieve such shifts in corrosion
potential and since even the maximum shifts in potential would be less than those required for
breakdown of the passive film, it seems unlikely that gamma radiolysis will lead to catastrophic
failure of Alloy 22 due to LC. However, as more resources become available, actual tests with a
gamma source should be performed.
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6.4.5 Correction of Measured Potential for Junction Potential

It is important to understand the magnitude of the error in the potential measurements due to the
junction potential. A correction has been performed based upon the Henderson Equation (Bard

and Faulkner 1980).
zil u, C,(@)

1% e (5)-c (@)
E, Z Z__ ___RT Z (Eq. 18)

SR -C@I F YR )

i i

where E; is the potential across the junction connecting the & and B phases, z; is the valence of
the i ion, u; is the mobility of the i ion, C,-(a)is the concentration of the i ion in the « phase,
Ci(p) is the concentration of the i jon in the g phase, R is the universal gas constant, 7T is the
absolute temperature, and F is Faraday’s constant. Calculated values of Ej for the isothermal

junction are summarized in Table 7 and required the summation of various products such as

|Zi u,C, (a), zil uici(lB)’ zil ui[ci(ﬁ)—ci(a)] and IZil ui[Ci(ﬂ)_Ci(a)]/zi .
Table 7. Summary of Junction Potential Corrections for CP (volts)
T (°C) SDW SCw SAW SSwW
30 2.716E-03 1.188E-03 6.019E-03 -7.649E-03
60 2.984E-03 1.306E-03 6.615E-03 -8.406E-03
90 3.253E-03 1.423E-03 7.210E-03 -9.164E-03

A positive value indicates that the electrochemical potential on the KCI side of the junction
(B phase) is greater than the electrochemical potential in the test medium (« phase), in close
proximity to the Luggin probe. The potential in the test medium can be calculated from the
measured value by subtracting E;.

The calculated junction potentials in Table 7 are supported by the data in Tables 8 through 11.
Ionic properties used in the calculation were taken from Bard and Faulkner (1980). These
corrections are not very large, with the largest being less than 9 mV. This value corresponds to
the junction potential for SSW at 90°C. It is concluded that insignificant error results from
neglecting to correct for the junction potential.

ANL-EBS-MD-000003 REV 00 . 57 January 2000



Table 8.

Junction Potential Correction for CP with SDW

FW, Ci(a) Zi ‘zil U, Izil uiCi(a) |Zi| uici(ﬁ) Izil ui[Ci(ﬁ)_Ci(a)] || u[C.(8)- C.(@))/z,
(mol/L) (cm*sec” V') | (molem™ s V') | (molem™ s V') (molecm™ s V) (molcm™ s v*)
K 39.0983 8.696E-04 1 1 7.62E-04 6.626E-07 3.048E-03 3.047E-03 3.047E-03
Na*' 22.9898 1.779E-02 1 1 5.19E-04 9.239E-06 0 -9.239E-06 -9.239E-06
Mg*z 24.3050 4.114E-05 2 2 5.00E-04 4.114E-08 0 -4.114E-08 -2.057E-08
Ca® 40.0780 1.248E-05 2 2 6.17E-04 1.538E-08 0 -1.538E-08 -7.692E-09
F 18.9984 7.369E-04 | -1 1 5.00E-04 3.685E-07 0 -3.685E-07 3.685E-07
cr' 35.4527 1.890E-03 | -1 1 7.91E-04 1.495E-06 3.165E-03 3.163E-03 -3.163E-03
NO:{.l 62.0049 1.032E-03 | -1 1 7.40E-04 7.642E-07 0 -7.642E-07 7.642E-07
S047 96.0636 1.738E-03 | -2 2 8.27E-04 2.875E-06 0 -2.875E-06 1.438E-06
HCO3" 61.0171 1.552E-02 | -t 1 4.61E-04 7.155E-06 0 -7.155E-06 7.155E-06
SiOs™ 76.0837 9.614E-04 | -2 2 5.00E-04 9.614E-07 0 -9.614E-07 4.807E-07
H! 1.0079 7.943E-09 1 1 3.63E-03 2.879E-11 0 -2.879E-11 -2.879E-11
pH 8.100E+00 Summation 2.358E-05 6.212E-03 6.189E-03 -1.154E-04
E. 2.716E-03 Volts at 30°C Beta - Alpha
j
E 2.984E-03 Volts at 60°C Beta - Alpha
J
E. 3.253E-03 . Volts at 90°C Beta - Alpha
J
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Table 9. Junction Potential Correction for CP with SCW
W, Cla) |z |Z,-| U Izil u,C; (a) Izil u,C,(B) |zi‘ ui[Ci(ﬁ)_ ¢ (a)] |z u[c.(8)-C, @)z,
mot/L! (em*sec V') | (motem™ s V') | (molem™ s V) (molem™ s V) (molem™ s V")
K™ 39.0983 | 8.696E-02 | 1 1 7.62E-04 6.626E-05 3.048E-03 2.981E-03 2.981E-03
Na*' 229898 | 1.779E+00 | 1 1 5.19E-04 9.239E-04 0 -9.239E-04 -9.239E-04
Mg** 243050 | 4.114E-05 ) 2 | 2 5.00E-04 4.114E-08 0 -4.114E-08 -2.057E-08
Ca™ 40.0780 | 2.495E-05| 2 | 2 6.17E-04 3.077E-08 0 -3.077E-08 -1.538E-08
Fr 18.9984 | 7.369E-02 | -1 1 5.00E-04 3.685E-05 0 -3.685E-05 3.685E-05
cr' 354527 | 1.890E-01 | 1 1 7.91E-04 1.495E-04 3.165E-03 3.015E-03 -3.015E-03
NO3" 62.0049 | 1.032E-01 | -1 1 7.40E-04 7.642E-05 0 -7.642E-05 7.642E-05
S04 96.0636 | 1.738E-01{ -2 | 2 8.27E-04 2.875E-04 0 -2.875E-04 1.438E-04
HCO3" 61.0171 | 1.147E+00 | -1 1 4.61E-04 5.289E-04 0 -5.289E-04 5.289E-04
Si03” 76.0837 | 9.614E-04 | -2 | 2 5.00E-04 9.614E-07 0 -9.614E-07 4 807E-07
H” 1.0079 | 7.943E-09 | 1 1 3.63E-03 2.879E-11 0 -2.879E-11 -2.879E-11
pH 8.100E+00 Summation 2.070E-03 6.212E-03 4.142E-03 -1.714E-04
E. 1.188E-03 Volts at 30°C Beta - Alpha
J
E. 1.306E-03 Voits at 60°C Beta - Alpha
J
E. 1.423E-03 Volts at 90°C Beta - Alpha
J
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Table 10. Junction Potential Correction for CP with SAW

FW, ¢ (a) 2 lzil U; |Zi| u,C (a) |Zil uiCi(/B) |Zi| ui[Ci(ﬂ)— ¢ (a)] |2i| u[C.(8)-C, (a)]/z,.
mol L (cm? sec™ V") (motcm™s™ V") | (molem™ s V) (molem™s™ v (mol cm™ s” v?)
K 39.0983 | 8.696E-02 | 1 1 7.62E-04 6.626E-05 3.048E-03 2.981E-03 2.981E-03
Na"’ 22.9898 | 1.779E+00 | 1 1 5.19E-04 9.239E-04 0 -9.239E-04 -9.239E-04
Mg** 24.3050 | 4.114E-02 | 2 2 5.00E-04 4.114E-05 0 -4.114E-05 -2.057E-05
Ca™ 40.0780 | 2.495E-02 | 2 2 6.17E-04 3.077E-05 0 -3.077E-05 -1.538E-05
F' 18.9984 | 0.000E+00 | -1 1 5.00E-04 0.000E+00 0 0.000E+00 0.000E+00
cr’ 35.4527 | 1.890E-01 | -1 1 7.91E-04 1.495E-04 3.165E-03 3.015E-03 -3.015E-03
NO;™ 62.0049 | 1.032E-01 | -1 1 7.40E-04 7.642E-05 0 -7.642E-05 7.642E-05
S0O4* 96.0636 | 1.738E-01 | -2 | 2 8.27E-04 2.875E-04 0 -2.875E-04 1.438E-04
HCO3™ 61.0171 | 0.000E+00 | -1 1 4.61E-04 0.000E+00 0 0.000E+00 0.000E+00
Si03” 76.0837 | 9.614E-04 | -2 2 5.00E-04 9.614E-07 0 -9.614E-07 4.807E-07
H™ 1.0079 | 1.995E-03 | 1 1 3.63E-03 7.233E-06 0 -7.233E-06 -7.233E-06
pH 2.700E+00 Summation 1.584E-03 6.212E-03 4.629E-03 -7.803E-04
E 6.019E-03 Volts at 30°C Beta - Alpha
J
E. 6.615E-03 Volts at 60°C Beta - Alpha
J
E 7.210E-03 Volts at 90°C Beta - Alpha
J
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Table 11. Junction Potential Correction for CP with SSW

Fw, C (a) Z |zi! U; lzi| u,C, (a) Izil uiCi(/B) IZiI U; [Ci(ﬂ)— ¢ (a)] lzi] u,[C(8)-C, (a)]/z,
mol L™ (cm®sec™ V') | (mol em? s V) | (mol em? st vY) (mol emtstvY) {mol cms? V")
K" 39.0983 | 3.622E+00 | 1 1 7.62E-04 2.759E-03 3.048E-03 2.882E-04 2.882E-04
Na* 22,9898 | 2.118E+01 | 1 1 5.19E-04 1.100E-02 0 -1.100E-02 -1.100E-02
Mg*? 24.3050 | 0.000E+00 § 2 2 5.00E-C4 0.000E+00 0 0.000E+00 0.000E+00
Ca™ 40.0780 | 0.000E+00 | 2 2 6.17E-04 0.000E+00 0 0.000E+00 0.000E+00
Fr 18.9984 | 0.000E+00 | -1 1 5.00E-04 0.000E+00 0 0.000E+00 0.000E+00
cr 35.4527 | 3.622E+00 | -1 1 7.91E-04 2.865E-03 3.165E-03 2.993E-04 -2.993E-04
NO;™ 62.0049 | 2.113E+01 | -1 1 7.40E-04 1.564E-02 0 -1.564E-02 1.564E-02
S0s° 06.0636 | 0.000E+00 | -2 2 8.27E-04 0.000E+00 0 0.000E+00 0.000E+00
HCOs" 61.0171 | 0.000E+00 | -1 1 4.61E-04 0.000E+00 o 0.000E+00 0.000E+00
Si0x* 76.0837 | 0.000E+00 | -2 2 5.00E-04 0.000E+00 ] 0.000E+00 0.000E+00
H 1.0079 1.000E-07 | 1 1 3.63E-03 3.625E-10 0 -3.625E-10 -3.625E-10
pH 7.000E+00 Summation 3.227E-02 6.212E-03 -2.606E-02 4.631E-03
E -7.649E-03 Volts at 30°C Beta - Alpha
J
E -8.406E-03 Volts at 60°C Beta - Alpha
J
E -9.164E-03 Volts at 90°C Beta - Alpha
J .
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6.5 RATES OF GENERAL AQUEOUS-PHASE CORROSION

GC rates are assumed if the threshold potential (Ecriicar) is not exceeded. GC rates have been
estimated with weight-loss data from the LTCTF (Estill 1998). LC rates and failure mode
characteristics (e.g., number failure sites and opening size) will have to be estimated from other
published data. Only estimates of LC rates are given in this report. Since pitting has not been
observed in LTCF experiments at LLNL, it is assumed that the primary mode of LC is crevice
corrosion. This aqueous phase general and localized corrosion model will be applied to each
element (patch) in the WAPDEG simulation. To the extent possible, uncertainty will be
estimated from available data.

6.5.1 Corrosion Rates Based Upon Electrochemical Measurements

The corrosion (or penetration) rate of an alloy can be calculated from the corrosion current
density with the following formula derived from Jones (1996):

W lm ' (Eq. 19)
dt p alloy n alloy F

where p is the penetration depth, ¢ is time, i, is the corrosmn current densxty, Pailoy 18 the density
of the alloy, assumed to be approximately 8.69 g cm™ for Alloy 22, ailoy, 1S the number of gram
equivalents per gram of alloy, and F is Faraday’s constant. The value of Nailoy Can be calculated
with the following formula:

n‘alloy = Z(ﬂ) (Eq 20)

J aj.

where £ is the mass fraction of the j™ alloying element in the material, n; 1s the number of
electrons involved in the anochc dissolution process, which is assumed to be congruent, and g; is
the atomic we1ght of the j™® alloymg element. Congruent dissolution means that the dissolution
rate of a given alloy element is proportional to its concentration in the bulk alloy. These
equations have been used to calculate the penetration rate for Alloy 22 as a function of corrosion
current density. The results of these calculations are shown in Tables 12 and 13. Values of
(fini/a;)/100 must be summed to calculate dp/dt. While calculated values of dp/dt are believed to
have only three significant figures, values of (fin/a)/100 are given with more figures. By
carrying the extra figures during calculation (and checking), round-off errors in final results can
be minimized. In subsequent versions of the AMR, fewer significant figures will be reported.

The penetration rate for Alloy 22 is linearly progortlonal to current density and is estimated to be
between 9.39 and 9.73 um per year at 1 pA cm

Usually, the corrosion current density, ico., 1S determined from the intersection of the anodic and
cathodic Tafel lines at E,,. (Jones 1996; Bard and Faulkner 1980). However, this assumes that
Butler-Volmer kinetics apply at the interface. Since the Alloy 22 surface is passivated with a
protective oxide film, this may not be true. In fact, the cathodic curves from E.,,, have limited
Tafel linearity in Figures 3 through 9. Nevertheless, approximate Tafel extrapolations generally
yield i, values around 1x10° A cm 2, which are about one hundred times higher than the
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equivalent i, from LTCTF weight loss data. Tafel extrapolations should give much lower icorr
when the specimen electrodes are pre-exposed for times much greater than the one hour specified |
by ASTM G 5-87 (ASTM 1989) because the passive corrosion rate decreases logarithmically
with time. Given these non-idealities, the local minima in current observed at E,,,, (circled in
Figure 11) has been interpreted as a lower bound for the corrosion current density, icor, NOt a8 the
corrosion current density per se. The non-equilibrium passive current density, ipass, serves as the
upper bound of the corrosion current density. It is believed that the local minima (circled) are
relatively close to the corrosion current density, the point at which the anodic and cathodic
processes are balanced. Note that current (A) and current density (A cm'z) are gractically, the
same since the exposed area of the sample is about one square centimeter (0.96 cm”).

In principle, electrochemically determined rates should be consistent with those observed in the
LTCTF. To a first order approximation, such consistency appears to exist between most of the
circled current densitiés (lower bound of the corrosion current densities) and the LTCTF results.
GC rates from the LTCTF appear to be normally distributed around a mean value. The median
GC rate based upon all Alloy 22 weight loss samples is approximately 16.51 nm y' (0.01651 pm
per year). See Section 6.5.3. Assuming a penetration rate of 9.73 um y! at a corrosion current
density of 1 pA em™, the median corrosion rate in the LTCTF corresponds to an apparent
corrosion current density of approximately 1.70x10° A cm™. As can be seen in Figure 11, this
value lies within the range of observed lower bounds of the density, which covers a range
extending from 6x107'0 to 2x10® A cm? Since the instrument appeared to have difficulty
measuring extremely low current levels, values of 10" A cm™are ignored.

The lower bounds of the corrosion currents and the non-equilibrium passive currents from CP
measurements in SDW, SCW, SAW, and SSW are summarized in Figures 18 through 21. In
general, it has been found that the current verses temperature data can be represented by the
following linear regression equation:

Iny=1Inb, +51nx (Eq. 21)
where y is the current (A) and x is the temperature (°C). This can be rewritten as follows:

y =byx(x)" (Eq. 22)

Since the exposed area in these measurements is approximately 0.96 cm’, the current density is
approximately equal to the current. The coefficients based upon the correlation of data for SDW,
SCW, SAW, and SSW are summarized in Table 14. These coefficients were used to calculate
the bounding values given in Table 15. The ranges of current density are converted to ranges of
- corrosion rate based upon the information in Tables 12 and 13.
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Table 12. Conversion of Current Density to Corrosion (Penetration) Rate — Result

Units Value at Low Value at High f
Faraday Constant C equiv-1 9.648460E+04 9.648460E+04
Assumed Current Density Acm? 1.000000E-08 1.000000E-06
Assumed Mass Density gcm® 8.690000E+00 8.690000E+00
Total (fin/a;))/100 3.864793E-02 4.005512E-02
dp/dt cm sec” 3.086000E-11 2.977585E-11
dp/dt Hm per year 9.732010E+00 9.390113E+00
Table 13. Conversion of Current Density to Corrosion (Penetration) Rate — Calculation
a; n n; n; fj f; (finjfa;)/100 (finy/a;)/100
wt% wt%
Low | High | Calc. Low High Low High
c 12.011 2 4 4 0.015 0.015 4.995421E-05 4.995421E-05
Ni 58.69 2 3 2 62.365 | 49.535 2.125234E-02 1.688022E-02
Cr 51.9969 3 6 3 20.000 | 22.500 1.153915E-02 1.298154E-02
Mo 95.94 3 6 3 12.500 | 14.500 3.908693E-03 4.534084E-03
Fe 55.847 2 3 2 2.000 6.000 7.162426E-04 2.148728E-03
Cu 63.546 1 2 2 0.000 0.000 0.000000E+00 0.000000E+00
P 30.973762 3 5 5 0.020 0.020 3.22B539E-05 3.228539E-05
Si 28.0855 4 4 4 0.080 0.080 1.139378E-04 1.139378E-04
S 32.066 2 6 6 0.020 0.500 3.742282E-05 9.355704E-04
Mn 54.93805 2 2 2 0.500 0.500 1.820232E-04 1.820232E-04
w 183.85 2 6 6 2.500 3.500 8.158825E-04 1.142236E-03
Co 58.9332 2 3 2 0.000 2.500 0.000000E+00 8.484182E-04
\ 50.9415 2 3 3 0.000 0.350 0.000000E+00 2.061188E-04
Ti 47.88 2 3 3 0.000 0.000 0.000000E+00 0.000000E+00
Pd 105.42 2 2 2 0.000 0.000 0.000000E+00 0.000000E+00
Other 1 0 0} 0 0.000 0.000 0.000000E+00 0.000000E+00
Total 100.000 | 100.000 3.864793E-02 4.005512E-02
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Table 14. Coefficients for Regression Equations Used to Represent Lower Bounds of Corrosion Current
and Non-Equilibrium Passive Current

Figure Medium Curve Current Corresponding bo b4 R®
Potential

18 SDwW Type 2 Corrosion Eecorr 1.0E-16 3.7402 0.8288
18 SDW Type 2 Passive Ecrtical 2.0E-05 -0.5453 0.2869
19 SCw Type 2 Corrosion Ecor 1.0E-30 11.866 .0.853
19 SCw Type 2 Passive Eeritical 6.0E-07 0.6935 0.2258
20 SAW Type 1 Corrosion Ecorr 2.0E-19 5.5868 0.6506
20 SAW Type 1 Passive Ecritical 5.0E-07 0.549 0.5907
21 SsSw Type 1 Corrosion Ecor

21 SSwW Type 1 Passive Elcritical 2.0E-17 5.6236 0.2341

DTN: LLS90610205924.075

Table 15. Rates Based Upon of Correlations of Lower Bounds of Corrosion Current and Non-Equilibrium
Passive Current

Figure Medium Curve Basis of Estimate Current Current Corrosion
Current - Temp. Density Rate
(A) (pA cm®) (emy”)
18 SDwW Type 2 Corrosion — 90°C 2.04E-03 2.12E-03 1.99E-02
18 SDW Type 2 Passive — 90°C 1.72 1.79 16.8
19 SCW Type 2 Corrosion — 90°C 0.155 0.161 1.51
19 SCw Type 2 Passive — 90°C 13.6 14.2 133.0
20 SAW Type 1 Corrosion — 90°C 1.66E-02 1.73E-02 0.162
20 SAW Type 1 Passive — 90°C 1.18 1.23 11.6
21 SSwW Type 1 Corrosion — 90°C
21 SSwW Type 1 Passive — 90°C 9.82 10.3 96.4

DTN: LL990610205924.075

6.5.2 Corrosion Rates Based Upon Weight Loss Measurements

The LTCTF provides a complete source of corrosion data for Alloy 22 in environments relevant
to the proposed high-level waste repository at Yucca Mountain. The LTCTF and results from
that facility are described in detail in previous publications by the YMP (Estill 1998). The GC
rates of Alloy 22 measured in the LTCTF should be representative of those expected in the
repository. Testing includes a wide range of plausible generic test media, including SDW, SCW,
Simulated Cement-Modified Water, and SAW. The SCW test medium is three orders-of-
magnitude (1000x) more concentrated than J-13 well water and is slightly alkaline (pH~8). The
SAW test medium is three orders-of-magnitude (1000x) more concentrated than J-13 well water
and is acidic (pH~2.7) to mimic the evaporative concentration of electrolytes on the hot WP
surface. Concentrated solutions are intended to mimic the evaporative concentration of the
electrolytes on the hot WP surface. Two temperature levels (60 and 90°C) are included. The
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maximum observed rate, which is much less than 1 pm per year, clearly indicates that the life of
the Alloy 22 outer barrier will not be limited by GC. It is also assumed that the corrosion rate is
constant and does not decay with time. Less conservative corrosion models assume that the rate
decays with time.

This facility is equipped with an array of fiberglass tanks. Each tank has a total volume of
~2000 L and is filled with ~1000 L of aqueous test solution. The solution in a particular tank is
controlled at either 60 or 90°C, covered with a blanket of air flowing at approximately 150 cm®
min’, and agitated. The descriptions and compositions of ‘three of these solutions are
summarized in Table 3. Four generic types of samples, U-bends, crevices, weight loss samples,
and galvanic couples, are mounted on insulating racks and placed in the tanks. Approximately
half of the samples are submersed, half are in the saturated vapor above the aqueous phase, and a
limited number are at the water line. It is important to note that condensed water is present on
_specimens located in the saturated vapor.

After racks of samples were removed from the tank, samples were first rinsed with deionized
water to remove salt solutions. Samples discussed have generic weight-loss or crevice geometry.
Generic weight-loss samples were rectangular in shape (1 inch wide, 2 inches long, 1/8 inch
thick). Generic crevice samples were square with a hole in the center (2 inches on each side, 1/8
inch thick, with a 0.312 inch diameter hole). Next, samples were removed from the rack by
loosening fixture mounts with standard wrenches. The crevice assemblies described by Estill
(1998) required further disassembly, which was also done with standard wrenches. After
dismounting and disassembly, the metal samples of Alloy 22 were cleaned with the solution
designated C.7.5 for stainless steels given in Table Al of ASTM G 1-90 (ASTM 1997¢). This
solution consists of 100 ml HNO; (specific gravity ~ 1.42) and 20 ml HF (specific gravity ~
1.198) in enough water to give a total volume of 1000 ml. Note that alternative solutions for
nickel and nickel-based alloys, designated C.6.1 and C.6.2, could have also been used. These
cleaner formulations are based upon aqueous solutions of HCI and H,SOs, respectively.

The crevice samples were configured in such a way as to reveal crevice corrosion if it occurred.
Since no crevice attack was observed with the samples represented by these figures, it is assumed
that all weight loss in the crevice samples was due to GC outside of the crevice region (area
underneath washer). This is consistent with other ex sifu examinations. '

As previously discussed, GC measurements are based upon ASTM G 1-81 (ASTM 1987) or the
more recent ASTM G 1-90 (ASTM 1997¢). The GC (or penetration) rate of an alloy can be
calculated from weight loss data as follows with the following general formula:

(Kxw)

Corrosion Rate = —————
(4xT x D)

- (Eq.23)

where X is a constant, 7 is the time of exposure in hours, 4 is the exposed area of the sample in
square centimeters, /¥ is the mass loss in grams, and D is the density in grams per cubic
centimeter. The value of K used for the LTCTF data was 8.76x10’ pm per year. This formula
for corrosion rate can be rewritten in the following form:
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dp _ w 1
dt  pxt [2(axb)+2(bxc)+2(axc)]

(Eq. 24)

where dp/dt is the corrosion rate, w is the mass loss in grams, p is the density in grams per cubic
centimeter, ¢ is the time of exposure in years, and the quantity in square brackets represents the
exposed area of the sample in square centimeters. Without application of any conversion factor,
the corrosion rate calculated with this formula has the units of centimeters per year.
Multiplication of dp/dt by 10* um cm™! yields a corrosion rate with the units of pm per year. The
weight loss and dimensional change were measured with electronic instruments calibrated to
traceable standards. All data was digitally transferred to computer, minimizing the possibility of
human typographical error.

Comparative sample calculations are used to compare the two formulae. With specific values
assumed for the purpose of comparison, the first formula yields:

K=876x10"gn y'hem™

W = 0.0001 gm
A=10cm?
T =4320h

D=8.69gmcm™

(8.76 x 107 am yr~'hcm™}0.0001 gm)
(1.0cm * Y4320 h)(8.69 gm cm™)

Corrosion Rate = =023 ymy”

The density for Alloy 22 used in this sample calculation was taken from Section 7.1 of ASTM B
575-94 (ASTM 1997a). A calculation with the second formula and the same assumed values
gives an identical result:

k=10% pmem™
w =0.0001 gm
2(axb)+2(bxc)+2(@xc)=10cm?
t=05y
p=8.69 gm cm™
dp (10° o cm™ Y0.0001 gm)

" (.0 cm )05 yr)(3.69 gm cm)

=023 gm y*

“The second formula is used as the basis of a formal error analysis of GC rates determined from
LTCTF data.

All GC rates for Alloy 22 based on LTCTF weight loss samples are shown in Figure 22. It

appears that these measurements are independent of temperature between 60 and 90°C.
Furthermore, the composition of the test medium (SDW, SCW, or SAW) appeared to have little
impact on the measurements. Since the maximum observed rate is only 160 nm vyl it is
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concluded that the actual corrosion rate is below the detectable level. When all of the measured
corrosion rates based upon the weight loss samples are ranked together, regardless of the test
medium or temperature, the data appear to be normally distributed around a median value. This
is illustrated by Figure 23.

All GC rates for Alloy 22 based on LTCTF crevice samples are shown.in Figure 24 (rates based
on areas outside of crevice). In this case, it also appears that the measurements are independent
of temperature and test medium. When all of the measured corrosion rates based upon the weight
loss samples are ranked together as shown in Figure 25, most of the data points fall below 160
nm y" and appear to be normally distributed around a median value. However, there are four
data points that appear to lie above the detection limit (between 200 and 750 nm, per year).
Since no crevice attack of these four samples is evident with microscopic examination, it is
believed that these points are due to the accidental removal of material during mechanical
assembly of the crevice sample (Section 6.5.5). The largest measured rate shown in Figure 25
will not lead to failure of the WP during the 10,000 year service life. Based upon these data, it
does not appear that the life of the.-WP will be limited to less than 10,000 years by the GC of
Alloy 22 at temperatures less than those involved in the test (90°C).

The mean and standard deviation are also determined through calculatlon (Buir 1974). The
average corrosmn rate based upon all weight loss samples is 20 nm y ! with a standard deviation
of 40 nm y'. This compares reasonably well with the values obtained by inspection of the
plotted data in Figure 23. The average corrosmn rate based upon all crevice samples is 71 nm
y"! with a standard deviation of 89 nm y". If the four highest rates are omltted the average rate
is then calculated to be 57 nm y! with a standard deviation of 40 nm y'. This is consistent with
the plotted data in Figure 25.

It should be noted that the distribution of corrosion rates includes some negative values. The
negative corrosion rates correspond to cases where the samples actually appear to have gained
weight during exposure, due to oxide growth or the formation of silicate deposits. To
substantiate these interpretations, AFM has been used to inspect a number of samples removed
from the LTCTF. Results are given in Section 6.5.6 and in Attachment I.
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Figure 22. GC of Alioy 22, 6, and 12 Month Weight Loss Samples from LTCTF, Corrosion Rate Versus
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6.5.3 Error Analysis for Weight Loss Measurements

The general method used in the formal error analysis is now presented and is important since it
enables sound interpretation of the data shown in Figures 23 and 25. Consider the dependent
variable y defined by the following generic function:

y =f(x1’xzsx3ax4 "'xn) (Eq25)

where x; is the i independent variable. The total derivative of y is then defined as follows:

dy—aydx+aydx+aydx+aydx+ + (Eq. 26)
Ox, ox, 0x, Ox, Ox :

n

_ Based upon this definition, the maximum error in y can then be defined as:

oy
Ox

Oy

X3

+I Oy Ax,|+

_|a»
ay= ax 'Exz

Iax

where Ax; is the error in the i independent variable. Let the dependent variable y be the GC rate
measured in the LTCTF:

+ —a—y-Ax4
Ox

4

Ax

n

oot (Eq.27)

X3

n

dp w 1
= = .28
7 dt pxt[2(axb)+2(bxc)+2(axc)] (Eq-28)
The total derivative of the corrosion rate is:
dy=aw+ 2245+ 329 35,92 gy . 87 4o (Eq. 29)
ow op ot Oa ob dc
The maximum error in the corrosion rate is:
Ay =22 A+ A pl+ ayAt 9 pa|+(%2 ab|+ |92 Ac (Eq. 30)
w 6 Y7, Oa ob oc
The partial derivatives are:
Jy 1 1
A .31
ow pxt[2(axb)+2(bxc)+2(axc)] (Ba- 31
Oy w 1
9y _ .32
dp pixt|2axb)+2(bxc)+2(axc) (Eq-32)
Iy _ v ! (Eq. 33)

ot pxt’ [(axb)+2(bxc)+2(axc)]
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Ay _ w [26+2¢] y
ba pxt [2(a><b)-4-2(b><c)-i-2(a><c)]2 (Eq. 34)
oy __w [2a+2c]
ob  pxt2(axb)+2(bxc)+2(axc)f (Eq. 35)
8y __w [2a +2b]
dc pxt 2(axb)+2(xc)+2(axc) (Eq. 36)

The maximum error in the corrosion rate is estimated by calculating numeric values of the partial
derivatives from expected values of the independent variables, multiplication of each partial
derivative by the corresponding error in independent variable (4w, 4p, 4, 4a, 4b, and 4c), and
summation of the resulting products. The error based upon this method is shown in Table 16.

Table 16. Summary of Error Analysis for Corrosion Rates Based Upon Weight Loss Measurements

Assumed Weight Loss 0.0001 g 0.0010 g 0.0100 g
Ay Ay Ay
Case Sample Configuration Exposure Time nmy” nmy” nmy"
1 Crevice 6 month 12.25 12.95 19.86
2 Weight Loss 6 month 23.27 24.64 38.33
3 Crevice 12 month 6.00 6.29 9.17
4 Weight Loss 12 month 11.40 11.98 17.72

From the estimated errors given in Table 16 that are based on Tables 17 through 20, it is
concluded that the typical uncertainty observed in weight loss and d1mensmnal measurements
prevent determination of corrosion rates less than approx1mately 38 nm y The maximum
uncertamty is estimated to be approximately 6 to 20 nm y! in the case of crevice samples and 11
to 38 nm in the case of weight loss samples. These estimates of probable error are believed to
correspond to about one standard deviation (16). Therefore, any measured corrosion rate greater
than 160 nm vy (40) should be easily distinguishable from measurement error. Any rate less
than 160 nm y" guarantees that the WP outer barrier (wall thickness of 2 cm) will not fail by GC.
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Table 17. Error Analysis for LTCTF Corrosion Rates — Definitions

Parameter Parameter Definition Units
w Weight loss g
p Density gcm™
t Exposure time hr
a Length in.
b Width in.
c Thickness in.
a Length cm
b Width cm
c Thickness cm
dylow Partial derivative or rate with respect to weight loss emg h’
dyldp Partial derivative of rate with respect to density em*g’ h’
dy/lot Partial derivative of rate with respect to exposure time cmh®
dyloa Partial derivative of rate with respect to length h’
oy/db Partial derivative of rate with respect to width h'
dyldc Partial derivative of rate with respect to thickness h'
Aw Error in weight loss g
Ap Error in density gem®
At Error in exposure time hr
Aa Error in length cm
Ab Error in width cm
Ac Error in thickness cm
(Oy/ow) x (Aw) Weight loss product cm
(Oy/0p) x (Ap) Density product cm
(By/at) x (At) Exposure time product cm
(dylda) x (Aa) Length product cm
{8y/db) x (Ab) Width product cm
(dyldc) x (Ac) Thickness product cm
Ay Sum of all products cmh’
Ay Sum of all products umy”
Ay Sum of all products nmy”

January 2000
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Table 18. Error Analysis for LTCTF Corrosion Rates — Assume Weight Loss of 0.0001 Grams

Parameter Crevice 6 month | Weight Loss 6 month | Crevice 12 month | Weight Loss 12 month
w 0.0001 0.0001 0.0001 0.0001
p 8.68 8.68 8.69 8.68
t 4296 4296 8760 8760
a 2.0000 2.0000 2.0000 2.0000
b 2.0000 1.0000 2.0000 1.0000
c 0.1200 0.1200 0.1200 0.1200
a 5.0800 5.0800 © 5.0800 5.0800
b 5.0800 2.5400 5.0800 2.5400
c 0.3048 0.3048 0.3048] - 0.3048
oylow 4 .6338E-07 8.7964E-07 2.2725E-07 4.3139E-07
Byldp 5.3324E-12 1.0122E-11 2.6151E-12 4.9642E-12
dylot 1.0786E-14 2.0476E-14 2.5942E-15 4.9245E-15
oylda - 8.6331E-12 1.6435E-11 4.2337E-12 8.0601E-12
oy/db 8.6331E-12 3.1110E-11 4.2337E-12 1.5257E-11
ayloc 1.6289E-11 4.4023E-11 7.9882E-12 2.1589E-11
Aw 0.0003 0.0003 0.0003 0.0003
Ap 0.1 0.1 0.1 0.1
At 24 24 24 24
Aa 0.00254 0.00254 0.00254 0.00254
Ab 0.00254 0.00254 0.00254 0.00254
Ac 0.00254 0.00254 0.00254 0.00254
(Oy/ow) x (AW) 1.3902E-10 2.6389E-10 6.8174E-11 1.2942E-10
(By/dp) x (Ap) 5.3324E-13 1.0122E-12 2.6151E-13 4.9642E-13
(By/t) x (Af) 2.5887E-13 4.9142E-13 6.2260E-14 1.1819E-13
(dyloa) x (Aa) 2.1928E-14 4.1746E-14 1.0754E-14 2.0473E-14
(3y/db) x (Ab) 2.1928E-14 7.9018E-14 1.0754E-14 3.8752E-14
(Byfoc) = (Ac) 4.1374E-14 1.1182E-13 2.0290E-14 5.4837E-14
Ay 1.3989E-10 2.6563E-10 6.8540E-11 1.3014E-10
Ay 1.2255E-02 2.3269E-02 6.0041E-03 1.1401E-02
Ay 1.2255E+01 2.3269E+01 6.0041E+00 1.1401E+01
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Table 18.

Error Analysis for LTCTF Corrosion Rates — Assume Weight Loss of 0.001 Grams

Parameter Crevice 6 month | Weight Loss 6 month [ Crevice 12 month | Weight Loss 12 month

w 0.0010 0.0010 0.0010 0.0010
P 8.69 8.69 8.68 8.69
t 4296 4296 8760 8760
a 2.0000 2.0000 2.0000 2.0000
b 2.0000 1.0000 2.0000 1.0000
c 0.1200 0.1200 © 0.1200 0.1200
a 5.0800 5.0800 5.0800 5.0800
b 5.0800 2.5400 5.0800 2.5400
c 0.3048 0.3048 0.3048 0.3048
oy/ow 4.6338E-07 8.7964E-07 2.2725E-07 4.3139E-07
oylop 5.3324E-11 1.0122E-10 2.6151E-11 4.9642E-11

oylét 1.0786E-13 2.0476E-13 2.5942E-14 '4.9245E-14
dyloa 8.6331E-11 1.6435E-10 4.2337E-11 8.0601E-11

oy/db 8.6331E-11 3.1110E-10 4.2337E-11 1.5257E-10
dylec 1.6289E-10 4.4023E-10 7.9882E-11 2.1589E-10
AwW 0.0003 0.0003 0.0003 0.0003
Ap 0.1 0.1 0.1 0.1

At 24 24 24 24
Aa 0.00254 0.00254 0.00254 0.00254
Ab 0.00254 0.00254 0.00254 0.00254
Ac 0.00254 0.00254 0.00254 0.00254
(oy/ow) x (Aw) 1.3802E-10 2.6389E-10 6.8174E-11 1.2942E-10
(8y/3p) x (Ap) 5.3324E-12 1.0122E-11 2.6151E-12 4.9642E-12
(oy/at) x (At) 2.5887E-12 4.9142E-12 6.2260E-13 1.1818E-12
(0y/oa) x (Aa) 2.1928E-13 4.1746E-13 1.0754E-13 2.0473E-13
(0y/db) x (Ab) 2.1928E-13 7.9019E-13 1.0754E-13 3.8752E-13
{oylac) x (Ac) 4.1374E-13 1.1182E-12 2.0290E-13 5.4837E-13
Ay 1.4779E-10 2.8126E-10 7.1830E-11 1.3670E-10
Ay 1.2946E-02 2.4638E-02 6.2923E-03 1.1975E-02
Ay 1.2946E+01 2.4638E+01 6.2923E+00 1.1975E+01
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Table 20. Error Analysis for LTCTF Corrosion Rates — Assume Weight Loss of 0.01 Grams

Parameter Crevice 6 month | Weight Loss 6 month | Crevice 12 month | Weight Loss 12 month

w 0.0100 0.0100 0.0100 0.0010

p 8.69 8.69 8.69 8.68
t 4296 4296 8760 8760
a 2.0000 2.0000 2.0000 2.0000

b 2.0000 1.0000 2.0000 1.0000
c 0.1200 0.1200 0.1200 0.1200
a 5.0800 5.0800 5.0800 5.0800

b 5.0800 2.5400 5.0800 2.5400
c 0.3048 0.3048 0.3048 0.3048

oylow 4.6338E-07 8.7964E-07 2.2725E-07 4.3139E-07
ayldp 5.3324E-10 1.0122E-09 2.6151E-10 4.9642E-10
dylot 1.0786E-12 2.0476E-12 2.5942E-13 4.9245E-13
oyfoa 8.6331E-10 1.6435E-09 4,2337E-10 8.0601E-10
dyldb 8.6331E-10 3.1110E-09 4,2337E-10 1.5257E-09
dyléc 1.6289E-09 4.4023E-09 7.8882E-10 2.1589E-09
AW 0.0003 0.0003 0.0003 0.0003
Ap 0.1 0.1 0.1 0.1

At 24 24 24 24
Aa 0.00254 0.00254 0.00254 0.00254
Ab 0.00254 0.00254 0.00254 0.00254
Ac 0.00254 0.00254 0.00254 0.00254
(By/ow) x (AwW) 1.3902E-10 2.6389E-10 6.8174E-11 1.2942E-10
(8y/dp) x (Ap) 5 3324E-11 1.0122E-10 2.6151E-11 4.96842E-11

(Oylat) x (AY) 2.5887E-11 4.9142E-11 6.2260E-12 1.1819E-11

(0y/oa) x (Aa) 2 1928E-12 4.17458E-12 1.0754E-12 2.0473E-12
{oy/db} x (Ab) 2 1928E-12 7.9019E-12 1.0754E-12 3.8752E-12
(8y/oc) x (Ac) 4 1374E-12 1.1182E-11 2.0290E-12 5.4837E-12
Ay 2.2675E-10 4.3752E-10 1.0473E-10 2.0228E-10
Ay 1.9863E-02 3.8327E-02 9.1744E-03 1.7720E-02
Ay 1.9863E+01 3.8327E+01 9.1744E+00 1.7720E+01
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6.5.4 Summary of General Corrosion Model

Based upon these data and the associated error analysis presented in the following sections, a
simple and defensible representation of the observed corrosion rates is proposed. This approach
involves combining the distributions of rates calculated from weight loss and shown in Figures
23 and 25. These data are for “Weight Loss” and “Crevice” samples, respectively. It is assumed
that no scale formation occurs. Therefore, all negative rates are eliminated, and the entire
distribution can be assumed to be due to uncertainty. As shown in the resultant Figure 26, the
rate at the 50" percentile is approximately 50 nm y'; the rate at the 90® percentile is

approximately 100 nm y'; and the maximum rate is 731 nm y". About 10% of the values fall
between 100 and 750 nm y™..
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Figure 26. GC Rates of Alioy 22 with Combined Data and Negative Values Negiected
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It would appear that the maximum value in the distribution of variability would be no greater
than the maximum value in the distribution of uncertainty. Therefore, a conservative assumption
would be to assume that the variability obeys a triangular distribution between zero and the
maximum observed rate of 750 nm y". According to the literature (Evans et al. 1993) the
distribution function is either

__ (x=a)? |
F('x)—(b—a)(c—a) as<x<b. .(Eq. 37)
or
(b-x)*
Fl)=1-—2"5" _ <x<p
== -0 g (Eq. 38)

where ¢ is the mode. The peak in the probability density function is about 2.0 and can be
represented by either: .

f(x)=—?—(—§_—a—)——— as<x<b
(b-a)c—a) (Eq. 39)
or
f(x)=___2,(b__3f>___ <x<bh
(b-a)b-c) (Eq. 40)
The mean and variance are given by:
_(a+b+c)
3 (Eq. 41)
and
O__a2 +b*+ct—ab-ac-bc
18 (Eq. 42)

If the probability density function is skewed to the lower values (as observed here), the following
expression for ¢ can be used:

c=a(b-a) (Eq. 43)

where the adjustable parameter alpha (o) 1s less than 0.5.
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6.5.5 Atomic Force Microscopy

The AFM has been used to characterize the surface topographies of weight-loss coupons of
Alloy 22 that had been exposed to various environments in the YMP’s LTCTF for one year.
Having sub-nm vertical resolution, the AFM is an ideal tool for detecting extremely small
penetrations in corrosion-resistant materials such as Alloy 22. As shown in Attachment I,
Bedrossian and Fix have applied this technique to five Alloy 22 samples used for weight loss
measurements (Bedrossian 1999). These samples include an unexposed control sample
(DWA163), a sample exposed to aqueous phase SAW (DWAO051), a sample exposed to vapor-
phase SAW (DWAO048), a sample exposed to aqueous-phase SCW (DWA120), and a sample
exposed to vapor-phase SCW (DWA117). The sample pumbers are official designations of the
YMP. After the samples were removed from the LTCTF, they were ultrasonically agitated in
deionized water, acetone, and methanol for ten minutes each. The digital instruments DM3100
AFM was then used for imaging. Each set of data consists of a large-area scan (25 pm x 25 pm),
followed by smaller-area details of the region displayed in the large-area scan. '

The gross surface topography is dominated by the machining grooves, with typical heights of
several hundred nm and typical lateral periodicities of several pm features plainly visible on
images of the control sample (DWA163, Figure 27). Samples removed from the LTCTF exhibit
varying degrees of coverage by a deposit on top of this gross topography. The AFM images
show that the most extensive deposit formation occurred on the sample exposed to aqueous-
phase SAW (DWAO51, Figure 28). The next, most-extensive deposit formation occurred on the
sample exposed to vapor-phase SAW (DWAO048). X-ray Diffraction scans of all five coupons
show that the deposit is predominantly a silicate or SiO,, with some NaCl appearing on the two
samples which were in the SAW tank (Figure 29). Based upon both AFM and X-ray diffraction
data, the two samples exposed to SCW showed lesser degrees of coverage by the silicate deposit.
In some cases, depressions can be seen in the silicate deposit. However, it is not believed that
any of these penetrate to the underlying metal.

At the present time, there is insufficient data to quantitatively determine the extent of silicate
removal from exposed Alloy 22 samples by acid cleaning. In the future, an effort will be made
to collect sufficient quantitative information to quantitatively determine how much silicate
remains on the surface after the acid cleaning procedure. In the mean time, a worst-case estimate
of the impact of SiO, on measured corrosion rates will be used.

The formation of SiO; deposits on the surface of the Alloy 22 could bias the distributions of GC
rate shown in Sections 6.5.2 and 6.5.4. From various AFM images of Alloy 22 samples removed
from the LTCTF, it appears that a typical deposit can have a thickness as great as 0.25 microns
after 12 months of exposure. The resultant bias is then estimated. It is assumed that the deposit
has the density of lechatelierite (amorphous SiO5), which is approximately 2.19 g cm™ (Weast
1978, p. B-161). It is further assumed that the surface is completely and uniformly covered by
this deposit. The estimated surface areas of the weight-loss and crevice samples are 30.65 and
57.08 cm?, respectively (4.75 and 8.85 in’, respectively). Consequently, the deposit thickness
translates into a mass change of 1.678 and 3.125 mg for weight-loss and crevice samples,
respectively, after 12 months of exposure. Equation 24 is then applied to determine the impact
of such a positive mass change on the calculated GC rate. In the case of the weight loss sample,
the estimated bias is 0.063 microns per year (63 nm y™):
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1

k=10* pnem~

Aw=1.678x10" gm

area = 30.645cm *

t=10y

p=8.69 gm cm™

(dp) (10* pm cm™ Y(1.678 x107° gm)
dt/ "~ (30.645 cm *)(1.0 yr)(8.69 gm cm

In the case of the crevice sample, the result is the same:

1

k=10 pnem™

Aw=3.125x 107 gm

area =57.078 cm ?

t=10y

p=8.69 gm cm™

A(@-) _ (10 pm cm™ )Y3.125x 107 gm)
dt/ "~ (57.078 cm *Y1.0 yrX8.69 gm cm™

ok 0.063 wm y™'

) =0.063 ym y™

The distributions of GC rate shown in Sections 6.5.2 and 6.5.4 can be corrected for the maximum
bias due to SiO; deposit formation by adding a constant value of 63 nm y-1 to each estimated
value of the GC rate. This is equivalent to shifting the curves shown in Figures 23, 25, and 26 to

the right by 63 nm y.
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NOTE: Bedrossian (1999)

Figure 27. AFM Image of Alloy 22 Control Sample

NOTE: Bedrossian (1999) _
Figure 28. AFM Image of Alloy 22 Sample Removed from LTCTF
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Figure 29. X-ray Diffraction Pattern of Silicate Deposit on-Sample Exposed to LTCTF

The AFM has been used to examine areas inside and outside of Alloy 22 crevices exposed for 12
months to SCW at 90°C. Though the images were obtained with a welded sample (DCB100),
the unwelded area was imaged with the AFM. Figure 30 shows two optical micrographs of the
sample surface near the hole (0.312 inch diameter). The bottom image is a 10x magnification of
the top image. There is some discoloration underneath the crevice, but no evidence of
penetration. Figure 31 shows AFM data for an area 1.5 mm outside the crevice, plotted in the
form of a probability density function for vertical distance. This distribution peaks at 597 nm.
The corresponding three-dimensional image is shown in Figure 32. For comparison, Figure 33
shows AFM data for an area 1.5 mm inside the crevice, plotted in the form of a probability
density function for vertical distance. This distribution peaks at 549 nm, very close to that
determined for the area outside of the crevice. The corresponding three-dimensional image is
shown in Figure 34. AFM line scans perpendicular to the edge, along the outside area, along the
inside area, and along an area on an unexposed control sample are compared in Figure 35. There
appears to be no significant difference between the roughness of the four areas that were
examined. Because it has been observed that corrosion tends to roughen the surface, it is
concluded that there is no more attack inside the crevice than outside.
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NOTE: The top image has a relative magnification factor of 1X. The bottom image has a relative magnification
factor of 10X,

Figure 30. Photographs of Alloy 22 Crevice Area after 12-month Exposure to SCW Aqueous Phase at
80°C (DCA101).
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Figure 31. Histogram of AFM Measurements of Vertical Distance made 1.5 mm outside of Crevice
(DCB100_4)
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NOTE: Bedrossian (1999)

Figure 32. Three-dimensional AFM Image taken 1.5 mm outside of Crevice (DCB100_4)
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Figure 33. Histogram of AFM Measurements of Vertical Distance made 1.5 mm inside of Crevice

(DCB100_5)

NOTE: Bedrossian (1999)

Figure 34. Three-dimensional AFM Image taken 1.5 mm inside of Crevice (DCB100_5)
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Figure 35. A Comparison of AFM Line Scans across Different Regions of Exposed Crevice Sample, with
Comparison to Line Scan on Surface of Unexposed Control Sample
ANL-EBS-MD-000003 REV 00 88 January 2000




A study of four test coupons of Alloy 22 removed from the LTCTF after one year showed
varying degrees of coverage by silicate deposits but no evidence of localized corrosion by
pitting. The distributions of GC rate shown in Sections 6.5.2 and 6.5.4 can be corrected for the
maximum bias due to SiO, deposit formation by adding a constant value of 63 nm y”' to each
estimated value of the GC rate. This is equivalent to shifting the curves shown in Figures 23, 25,
and 26 to the right by 63 nm y'. The AFM has been used to examine areas inside and outside of
Alloy 22 crevices exposed to SCW at 90°C for 12 months. AFM line scans perpendicular to the
edge, along the outside area, along the inside area, and along an area on an unexposed control
sample are compared in this AMR. There appears to be no significant difference between the
roughness of the four areas that were examined. Since it has been observed that corrosion tends
to roughen the surface, it is concluded that there is no more attack inside the crevice than outside.

6.5.6 Dissolved Oxygen in the Long Term Corrosion Test Facility

Corrosion rates in the LTCTF may depend upon the concentration of dissolved oxygen because
the cathodic reduction of oxygen may be required to depolarize anodic dissolution reactions.
The anodic dissolution of a metal requires a corresponding amount of cathodic reduction.
Typically, dissolved oxygen or hydrogen ion is reduced. However, as previously discussed,
other reactants such as hydrogen peroxide (due to gamma radiolysis) can also be reduced. F igure
36 shows a comparison of dissolved oxygen measurements in LTCTF to published data for
synthetic geothermal brine (Cramer 1974). The published data spans the range of temperature
from 20 to 300°C, and spans the range of oxygen partial pressures from 1 to 30 psi. Note that
the partial pressure of oxygen in the atmosphere is about 3 psi. The points representing
measurements from the LTCTF tanks are superimposed upon the published data. Clearly, the
SDW, SCW, and SAW appear to be saturated (4-10 ppm dissolved oxygen).
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Figure 36. Comparison of Dissolved Oxygen Measurements in LTCTF to Data for Synthetic Geothermal
Brine

Y

ANL-EBS-MD-000003 REV 00 89 January 2000




6.6 CREVICE CORROSION
6.6.1 Scenarios Leading to Crevice Formation

At points of contact between the WP and other solid objects, crevices form occluded geometries,
which lead to differential aeration of the crevice solution (electrolyte). Dissolved oxygen can
become depleted deep within the crevice, while the oxXygen concentration near the crevice mouth
remains relatively high. Cathodic reduction of dissolved oxygen at the crevice mouth may create
a sufficiently high electrochemical potential to drive anodic processes inside the crevice, thereby
causing an anodic current to flow along the crevice towards the crevice mouth. Under realistic
repository conditions, it is believed that the walls of the Alloy 22 crevice will remain passive.
The potential at the mouth of a crevice is expected to be well below the threshold for localized
attack, as determined with CP measurements. Anodic processes inside the crevice are, therefore,
expected to occur at a rate that corresponds to the local passive current density. Two primary
electrochemical processes can lead to acidification of the solution in a passive crevice, (1) the
preferential transport of anions into the crevice from the mouth, driven by the electric field that
accompanies the crevice current and (2) hydrolysis reactions of dissolved metal cations. Based
upon experimental work with passive crevices without buffer, it is believed that the applied
potentials required for significant acidification (pH<S5) are not plausible. A minimum crevice pH
of approximately 5 is assumed. Additional experimental work of the type discussed here is
required to further substantiate this preliminary conclusion.

6.6.2 Crevice Chemistry and Lowering of Local pH

The hydrolysis of dissolved metal in crevices can lead to the accumulation of H' and the
corresponding suppression of pH. For example, pH < 2 has been observed in crevices made of
stainless steel, as discussed by Sedriks (1996). Metal ions produced by anodic dissolution are

assumed to undergo the following hydrolysis reactions, as discussed by Oldfield and Sutton
(1978):

Fe** + HO «—Fe(OH)" + H' (Eq. 44)
Fe* + H,0 ¢« Fe(OH)™ + H* (Eq. 45)
Ni** + H,0 < Ni(OH)* + H* (Eqg. 46)
Cr* + H,0<—Cr(OH)* + H* (Eq. 47)
Cr(OH)* + H, 0‘<—a Cr(OH): +H* (Eq. 48)

If the dissolved metals exceed the solubility limits, precipitation will occur:

Fe(OH),(s)«—> Fe™ +20H" (Eq. 49)

Ni(OH), (s)«— Ni* + 20H" (Eq. 50)
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Cr(OH),(s) «—> Cr* +30H" (Eq. 51)

Precipitation of hydroxides are favored at more alkaline pH levels. In the case of Alloy 22, the
hydrolysis of other dissolved metals such as molybdenum and tungsten ions may be important.
The Oldfield-Sutton model does not account for the role of HCI in the crevice on destabilization
of the passive film.

6.6.3 Chloride Transport by Electromigration

Chloride anion will be driven into the crevice by the potential gradient, as discussed in the
literature (Pickering and Frankenthal 1972; Galvele 1976). The corresponding concentration in
the crevice is: :

[crl=[cr] exp[—.EF—'T- q:(x)} (Eq. 52)

where [CT)o is the concentration at the crevice mouth, ®(x) is the potential in the crevice relative
to that at the mouth, and (x) is the distance from the crevice mouth. Field-driven
electromigration of Cl” (and other anions) into crevice must occur to balance cationic charge
associated with H' ions, as well as the charge associated with Fe*, Ni**, Cr**, and other cations.
If such conditions do develop inside Alloy 22 crevices, the stage might be set for an accelerated
attack of this material by localized corrosion or SCC.

6.6.4 Deterministic Models of the Crevice

A detailed deterministic model has been developed to calculate the spatial distributions of
electrochemical potential and current density in WP crevices, as well as transient concentration
profiles of dissolved metals and ions (Farmer and McCright 1998; Farmer et al. 1998). These
quantities are calculated with the transport equations, which govern electromigration, diffusion,
and convective transport. In cases with strong supporting electrolyte, electromigration can be
ignored (Newman 1991). First, the axial current density along the length of the crevice is
calculated by integrating the wall current density. The electrode potential along the length of the
crevice can then be calculated from the axial current density. This technique is similar to that
employed in other models (Nystrom et al. 1994). Such models show that the electrochemical
potential decreases with increasing distance into the crevice. Therefore, the potential should
never be more severe (closer to the threshold for LC) than at the crevice mouth. The partial
differential equations that define transient concentrations in the crevice require determination of
the potential gradient, as well as the local generation rates for dissolved species. The
concentrations of dissolved metals at the crevice mouth are assumed to be zero. Computations
are facilitated by assuming that the crevices are symmetric about a mirror plane where the flux is
zero. This model has been used to estimate the extent of pH suppression in WP crevices due to
the simultaneous hydrolysis and transport of dissolved Fe, Ni, Cr, Mo, and W.

6.6.5 Experimental Determinations of Crevice pH and Current

The local crevice environments for Alloy 22 and other relevant materials are being determined
experimentally. This procedure is described in AP-E-20-81, Revision 1. Crevices have been
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constructed from square metallic samples, 2 inches on each side and 1/8 inch thick (same size as
crevice samples used in the LTCTF). The samples are masked with plastic tape, thereby forming
an exposed square area, 1.7 inches on each side. The exposed area is placed underneath a clear
plastic window with an access port for a pH sensor in the center. In this case, the sensor is a
miniature reference electrode separated from the crevice solution with a thin glass membrane. A
second pH sensor is located at the mouth of the crevice, in close proximity to a saturated calomel
reference electrode (SCE). The use of in situ sensors to determine crevice pH has also been
described by Sridhar and Dunn (1994). In parallel experiments by Farmer et al. (1998), paper
strips with a pH-sensitive dye (pH paper) have been sandwiched between the clear plastic
window and photographed with a digital electronic camera in a time-lapse mode to add
confidence to the measurements made with pH sensors. Spectroscopic-grade graphite counter
electrodes are also placed in the electrolyte lying outside the mouth of the crevice. A
potentiostat is then used to control the electrochemical potential at the mouth of the crevice.
Temperature, potential, current, and pH is then recorded electronically during the course of the
experiment.

Measurements of pH inside a crevice formed from 316L stainless steel are shown in Figure 37.
The electrolyte was 4M NaCl and was maintained at ambient temperature. Since this electrolyte
contains no buffer ions, it is considered to be a far more severe medium than those representative
of various concentrations of J-13 well water. The electrochemical potential at the mouth was
maintained at 200 mV versus Ag/AgCl. Crevice corrosion could be seen initiating near the
crevice mouth and propagating towards the pH sensor, which was located about 0.5 c¢m inside
the crevice mouth. When the corrosion front reached the pH sensor, the pH dropped from the

initial value (pH~7) to a very low value (pH~1). The fixed one-liter volume of electrolyte

outside of the crevice became slightly alkaline. The pH of this solution reached a maximum
(pH~10) and then fell to a slightly lower steady-state value (pH~9). Active corrosion inside the
crevice is evident since the color of the crevice solution becomes emerald green. In similar
experiments with 316L exposed to SCW, no significant lowering of the pH was observed.

Measurements of pH inside crevices formed with Alloy 22 surfaces are shown in Figures 38
through 42. Figure 39 shows the evolution of pH in a crevice with a potential of 800 mV versus
Ag/AgCl applied at the mouth. The electrolyte was 4M NaCl and was maintained at ambient
temperature. The Alloy 22 surface remained passive underneath the window, with no visible
signs of localized attack. However, the passive current flow from within the crevice was
sufficient to cause the pH to be immediately lowered from the initial value (pH~6.5) to a
minimum value (pH~3.3), after which the pH gradually increased over several hours (pH~4.5).
The fixed one-liter volume of electrolyte outside of the crevice became slightly alkaline
(pH~8.3) before the data acquisition was started and dropped gradually over several hours
(pH~7). The lowering of pH inside of passive Alloy 22 crevices with high-applied potential has
been verified by independent technique-development tests with indicator paper, as discussed in
AP-E-20-81 Rev. 1. Figures 38 through 41 illustrate the effect of increasing the applied potential
above the threshold required for localized breakdown of the passive film. As shown in Figure
39, an applied potential of 1100 mV can drive the pH to extremely low levels (pH~0.2) in Alloy
22 crevices. Figures 40 and 41 show the effect of incremental changes in applied potential on
both crevice pH and crevice current. At an applied potential of 400 mV, the steady-state crevice
pH remained close to neutrality (pH~6.1). As the potential was stepped to 1000 mV, which is
slightly above the repassivation potential measured by Gruss et al. (1998), the crevice current
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increased dramatically and the pH dropped below one. At an applied potential of 1100 mV,
extreme localized attack of the Alloy 22 was observed at the crevice mouth, with a crevice pH
slightly less than zero. At the end of the experiment, the crevice sensor was immediately
submersed in a buffer solution (pH 7) and shown to be in good calibration (virtually no drift
during test). Figure 42 shows the effect of buffer ions on crevice chemistry. In this case, SCW
was used as the electrolyte. Even at an applied potential of 800 mV, no significant lowering of
the pH was observed. The Alloy 22 inside the crevice appeared to be unchanged from its initial
state, with no evidence of localized attack.

Figure 43 is' a summary of several experiments where crevice pH was determined in situ as a
function of applied potential. These data are represented by the following polynomial:

y = by +bx +b,x’ (Eq. 53)
where x is the potential applied at the crevice mouth (mV versus Ag/AgCl) and y fs the steady-
state pH inside the crevice. Coefficients for the above equation are summarized in Table 21,
representing both Alloy 22 and 316L in under a broad range of conditions. The correlations for

4M NaCl and SCW should be used to bound the crevice pH, using linear interpolation between
the two limits, based upon the concentration of buffer ion.

Table 21. Coefficients for the Correlation of Crevice pH with Applied Potential

Material Medium Crevice Spacer bo b4 b R*
(um)
Alloy 22 4M NacCl 110 7.2716 -0.0012 -5.0E-06 0.9782
Alloy 22 4M NacCl 540 7.0227 -0.0015 -4.0E-06 ~1
Alioy 22 SCwW 540 8.276 0.0003 0.9646
316L 4M NaCl 540 1.035 -0.00001 0.0005
3186L SCw 540 8.1175 -0.00006 ~1

DTN: LL991208605924.100

In summary, there was no visible evidence of localized corrosion of the metal inside the crevice
at applied potentials less than the threshold. However, even though the crevice remained
passive, the passive current density and imposed electric field within the crevice was sufficient to
cause significant acidification. In many of the experiments described here, both the applied
potential and the test medium are more severe than those expected in the repository. However,
the temperature of aqueous solutions on the WP surface may be significantly higher (120°C).
Work is in progress to obtain comparable data at higher temperature. The experimental data
support published numerical simulations (Farmer et al. 1998; Farmer et al. 1999).
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Figure 37. Stainless Steel 316L, 4M NaCl, 200 mV and 23 °C, Crevice pH Versus Time
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Figure 38. Alloy 22, 4M NaCl, 800 mV. and 23 °C, Crevice pH Versus Time
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Figure 41. Alloy 22, 4M NaCl at 23 °C, Crevice Current Versus Time
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Figure 42. Alloy 22, SCW at 23 °C, Crevice pH Versus Time
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Figure 43, Determination of Crevice pH for WP Materials
6.6.6 [Estimated Rate of Localized Corrosion

If the threshold potential for localized attack is exceeded, a corrosion rate representative of LC
must be assumed. Due to the outstanding corrosion resistance of Alloy 22, very little data exists
for such localized corrosion under plausible conditions. Work originally published by
Asphahani (1980) and later reviewed by Gdowski (1991) indicates that the corrosion rate of
Alloy 22 in 10 wt% FeCls at 75°C might be as high as 12.7 um per year. This rate is
significantly higher than those measured in the LTCTF and may be representative of the types of
rates expected for LC, including crevice corrosion. In a solution composed of 7 vol% H,SO., 3
vol% HCI, 1 wt% FeCls, and 1 wt% CuCl,, a penetration rate of 610 um per year was observed
at 102°C. From 9.12 (Sedriks 1996), the corrosion rate of Alloy C-276 in dilute HCI at the
boiling point is somewhere between 5 and 50 mils per year (127 and 1270 pum per year).
Comparable rates would be expected for Alloy 22. The highest passive current density found in
Figures 15 through 18 is approximately 10 uA cm™, which corresponds to a corrosion rate of
approximately 100 pm per year. For the time being, it is expected that the logarithm of the
localized corrosion rate of Alloy 22 is normally distributed, as shown in Table 22. This
distribution reasonably bounds those extreme penetration rates found in the literature and is
centered around the rate corresponding to the passive current density.

Table 22. Distribution of LC Rates for Alloy 22

Percentile (%) Localized Corrosion Rate (um per year)
o™ 12.7
50" 127
100" 1270

NOTE: Asphahani (1980), Gdowski (1991); Sedriks (1996)
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6.7 EFFECT OF AGING AND PHASE INSTABILITY ON CORROSION

The WP surface temperature is always below 300°C. With this constraint, the impact of aging
and phase instability on the corrosion of Alloy 22 will be insignificant. An extrapolation of the
curves given in the companion AMR on aging and phase stability does not indicate that the phase
stability of Alloy 22 base metal will be a problem at less than about 300°C (CRWMS M&O
2000b). However, it must be emphasized that such estimates are preliminary and uncertain.
Much additional work is needed in this area. Rebak et al. have investigated the effects of high-
temperature aging on the corrosion resistance of Alloy 22 in concentrated hydrochloric acid.
However, due to the temperature used to age the samples (922-1033 K) and the extreme test
media used (boiling 2.5% HCl and 1 M HCI at 339 K0, these data are not considered relevant to
performance assessment for the repository. This data will soon be published by R. B. Rebak, N.
E. Koon, and P. Crook in an article entitled “Effect of High Temperature Aging on the
Electrochemical Behavior of C-22 Alloy.” This paper will appear in the Proceedings of the 50t
Meeting of the International Society of Electrochemistry, which documents a conference held in
Pavia, Italy, in September 1999. -

6.7.1 Corrosion Testing of Aged Samples in Standard Simulated Acidic Concentrated
Water and Simulated Concentrated Water Test Media

Samples of Alloy 22 were aged at 700°C for either 10 or 173 hours. The corrosion resistance of
these aged samples is compared to that of base metal in various standardized test media. Figure
44 shows a comparison of CP curves for base metal and thermally aged material in SAW at
90°C. Both curves exhibit generic type 1 behavior. In this case, aging appears to shift the
corrosion potential to less noble values from -176 to -239 mV verses a standard Ag/AgCl
reference electrode. The passive current density may be increased slightly, which would be
indicative of a slight increase in corrosion rate, The highest non-equilibrium passive current
observed for the base metal is approximately 4 pA cm™ compared to approximately 10 pA cm™
for fully aged material. The effect of thermal aging on the corrosion rate is accounted for in the
enhancement factor, Gaged, and is based upon a ratio of the non-equilibrium current densities for
base metal and aged material.

dp

= (Eq. 54)

effective effective

The value of Gaged for base metal is approximately one (Gaged ~ 1), whereas the value of Gaged for
fully aged material is larger (Gaged ~ 2.5). Material with less precipitation than the fully aged
material would have an intermediate value of Gaged (1 < Gagea < 2.5).

Figure 45 shows a comparison of CP curves for base metal and thermally aged material in SCW
2t 90°C. In this case, aging also appears to shift the corrosion potential to less noble values from
-237 to somewhere between -328 and -346 mV verses a standard Ag/AgCl reference electrode.

In all three cases, the anodic oxidation peak that is characteristic of generic type 2 behavior is
observed. :
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6.7.2 Worst-case Test for Aged Samples

CP curves for base metal and thermally aged material in a new test medium of interest, BSW-13
at 110°C, are also compared. These data represent a worst-case test for Alloy 22, a combination
of extreme thermal aging, extreme water chemistry, and a temperature approaching the boiling
point. The BSW composition was established on the basis of results from a distillation
experiment (CRWMS M&O 2000a). The total concentration of dissolved salts in the starting
liquid was approximately five times more concentrated than that in the standard SCW solution.
It was prepared by using five times the amount of each chemical that is specified for the
preparation of SCW. After evaporation of ~90% of the water from the starting solution, the
residual solutions reaches the highest chloride concentration and has a boiling point of ~111°C.
The resultant BSW solution contains (sampled at 111°C) 9% chloride, 9% nitrate, 0.6% sulfate,
0.1% fluoride, 0.1% metasilicate, 1% TIC (total inorganic carbon from carbonate and
bicarbonate), 5% potassium ion, and 11% sodium ion. A recipe for preparing synthetic BSW is
shown below in Table 23.

Table 23. Initial BSW Solution Recipe

Chemical Quantity (g)

Na,COj3 (anhydrous) 10.6
.KClI 9.7

NaCl 8.8

NaF 0.2

NaNO; 13.6

Na,SO, (anhydrous) 1.4

H,0 557

pH 11.3 (measured at room temperature)

DTN: LL991213805924.110

The synthetic BSW solution represented by Table 23 has been slightly modified for these and
other corrosion tests, yielding BSW-11, BSW-12, and BSW-13. The three solutions have pH
values of approximately 13, 12, and 11 respectively.  All BSW-type solutions contain 9%
chloride, 9% nitrate, 0.6% sulfate, and 0.1% fluoride. Sodium and potassium ions are used to
balance the charge. More specifically, each testing solution contains 8.7 g KCl, 7.9 g NaCl, 0.2
g NaF, 13.6 g NaNOs, and 1.4 g Na,SO, (anhydrous). The pH 13 solution (BSW-13) was
prepared by adding 65 mL of water and 2.0 mL of the 10 N NaOH to the chemicals (total weight
=100 g). The measured pH was 13.13. The pH 12 solution (BSW-12) was prepared by adding
66 mL of water and 2.0 mL of the I N NaOH to the chemicals. The measured pH was 12.25.
The pH 11 solution (BSW-11) was prepared by adding 66 mL of water and 2.0 mL of the 0.] N
NaOH to the chemjcals. The measured pH was 11.11. These recipes are summarized below in
Table 24. It should be pointed that the modified BSW solutions are not buffered.

ANL-EBS-MD-000003 REV 00 100 January 2000

(&



Table 24. Modified BSW Solution Recipes

BSW-13 BSW-12 BSW-11
Chemical Quantity Quantity (q) Quantity (g)
KCI 874 87¢9 8749
NaCl ) 794 7949 79g
NaF 02g 0.2g 02¢g
NaNO; 13.0g¢g 13.0g 13.0g
Na,S0, (anhydrous) 144 144 149
H,0 (deionized) 66 ml 66 ml 66 mi
10N NaOH 2ml
1N NaOH 2ml
0.1N NaOH ' 2ml
CO, partial pressure 0] 0 0 -
pH (measured at room temperature) 13.13 12.25 11. 11

DTN: LL891213805924.110
NOTE: The CO2 partial pressure can be minimized by either scrubbing laboratory air or purchasing CO; free air,

In order to add some soluble silica to the solution, the BSW solution recipe was later revised to
contain 4.0 g (~1% metasilicate) by adding sodium metasilicate (Na;S1039H,0). With the
addition of the metasilicate, the pH was increased from 11.3 to 13 as measured at room
temperature.

It has been noted that the pH of aqueous solutions is dependent on the partial pressure of gaseous
CO,. The implication of this is that unless many constraints are taken to control the pH of the
BSW solution, the pH may vary with test conditions. It is not known with what partial pressure
of CO; that the revised BSW solution is in equilibrium. In order to conduct a long time testing
(few months to a year), the testing environments should be stable. It was decided that to make
stable testing solutions, carbonate and silicates should not be added to the test solution as both
species can affect solution pH. Instead, sodium hydroxide will be used to maintain the higher pH
values of solution. Gaseous CO, must be also removed from the air passing above the solution
because, as noted above, it will affect the solution pH. With no gaseous CO; in contact with the
solution and no carbonate/bicarbonate and silicates in solution, the testing environments should
be stable.

In tests with BSW-13 (Figure 46), aging also appears to shift the corrosion potential to less noble
values. A sample aged for only 10 hours has a corrosion potential of only -227 mV verses a
standard Ag/AgCl reference electrode, whereas a sample aged for 173 hours has a corrosion
potential of -372 mV relative to the same reference. The difference E  iicar-Ecorr 18 about 800 mV
for an aged sample in either SAW and BSW. The non-equilibrium current densities (corrosion
rates) at 0 mV are also similar. However, more quantitative test are required for any definitive
statements regarding corrosion rate.
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Figure 46. Effect of Thermal Aging at 700°C on the Corrosion Resistance of Alloy 22 in BSW-13 at
110°C (DEA159 and DEA209) :

6.7.3 Accounting for Overall Effect of Thermal Aging on Corresion

A fully aged sample of Alloy 22 appears to exhibit a less noble corrosion potential, shifted in the
cathodic direction by approximately: 63 mV in the case of SAW at 90°C; 109 mV in the case of
SCW at 90°C; and by more than 100 mV in the case of BSW at 110°C. It is assumed that Ecorr
can be corrected to account for fully aged material by subtracting approximately 100 mV from
values calculated for the base metal. The shift in E,,jiqr (threshold potential 1) also appears to be
approximately 100 mV in most cases. Thus, the difference E.iicq-Evorr appears to be virtually
unchanged.

The effect of thermal aging on the corrosion rate is accounted for in the enhancement factor,
Glagea, and is based upon a ratio of the non-equilibrium current densities for base metal and aged
material. The value of Gaged for base metal is approximately one (Goges ~ 1) Whereas the value of
Gagea for fully aged material is larger (Gagea ~ 2.5). Material with less precipitation than the fully
aged material would have an intermediate value of Gaged (1 < Gaged £ 2.5). Assume that Gaged 18
uniformly distributed between these limits and that this distribution is half uncertainty and half
variability.
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6.8 MICROBIAL INFLUENCED CORROSION

It has been observed that nickel-based alloys such as Alloy 22 are relatively resistant to
microbial influenced corrosion (Lian et al. 1999). Furthermore, it is believed that microbial
growth in the repository will be limited by the availability of nutrients. For example, H' is
known to be generated by bacterial isolates from Yucca Mountain. Furthermore, thiobaccilus
ferro-oxidans oxidize Fe**, while geobacter metallireducens reduce Fe**. Other microbes can
reduce SO4" and produce $*: Ultimately, the impact of MIC will be accounted for by adjusting
Ecorrs Ecritical, PH, and the sulfide concentration. The possible acceleration of abiotic corrosion
processes by microbial growth is addressed here. Horn (1999) has shown that MIC can enhance
corrosion rates of Alloy 22 by a factor of at least two. Measurements for Alloy 22 and other
similar materials are shown in Table 25. Figure 47 is a schematic representation of the corrosion
model for the Alloy 22 outer barrier. The augmentation of corrosion rates due to MIC are
accounted for in the model as shown in Figure 48; here Gy is the enhancement factor.

dp
= o —
Mic 7

@

Eqg. 55
% (Eq. 55)

effective effective

This factor is calculated as the ratio of corrosion rates (microbes to sterile) and from Table 25.
The value of Gy for Alloy 22 in sterile media is approximately one (Gauc ~ 1), whereas the
value of Guge for Alloy 22 in inoculated media is larger (Guic ~ 2). Assume that Gagc 1s
uniformly distributed between these limits and that this distribution is half uncertainty and half
variability. A patch experiencing both thermal aging an MIC would have a corrosion rate
enhanced by the factor Gages X Gurc.

The principal nutrient-limiting factor to microbial growth in situ at Yucca Mountain has been
determined to be low levels of phosphate. There is virtually no phosphate contained in J-13
groundwater. Yucca Mountain bacteria grown in the presence of Yucca Mountain tuff are
apparently able to solubilize phosphate contained in the tuff to support growth to levels of 108
cells ml™! of groundwater. When exogenous phosphate is added (10 mM), the levels of bacterial
growth increase to 107 to 10® cells ml”'. The one to two orders-of-magnitude difference in
bacterial growth with and without the presence of exogenous phosphate is almost certainly not
significant with respect to effects on corrosion rates. Therefore, nutrient limitation, at least at a
first approximation, was not factored into the overall MIC model. It may be noted, however, that
the two-fold Gy included in the model was in the presence of sufficient phosphate to sustain
higher levels of bacterial growth (in an effort to achieve accelerated conditions).

Other environmental factors that could effect levels of bacterial growth include temperature and
radiation. These factors, however, are closely coupled to RH; as temperature and radiation
decrease in the repository, RH is predicted to increase. At the same time, while there are some
types of microorganisms that can survive elevated temperatures (< 120°C) and high radiation
doses if there is no available water, then bacterial activity is completely prevented. Thus, because
water availability is the primary limiting factor and this factor is coupled to other less critical
limiting factors, water availability (as expressed by RH) was used as the primary gauge of
microbial activity.
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Determination of a critical mass of total bacteria required to cause MIC is not an issue that needs
to be addressed in the MIC model. Bacterial densities in Yucca Mountain rock have been
determined to be on the order of 10* to 10° cells gm™ of rock. In absolute terms, this is almost
certainly above the threshold required to cause MIC. Further, bacterial densities were shown to
increase one to two orders-of-magnitude when water is available (above). A more germane
concern is the #ypes of bacteria present, their abundance, and how their relative numbers are
affected when water is available for growth. Corrosion rates will be affected (at least on some
WP materials) for example, if organic acid producers out compete sulfate reducers or inorganic
acid producers for available nutrients when water is sufficient to support growth. No data is
currently available regarding the composition of the bacterial community over the changing
environmental conditions anticipated during repository evolution. Instead, this issue has béen
addressed in the current model by determining overall corrosion rates under a standardized set of
conditions, in the presence and absence of a defined set of characterized Yucca Mountain
bacteria. Clearly, more data is required to better predict MIC on any given material with respect
to this concern. Corrosion rates are currently being determined in the presence of Yucca
Mountain rock containing the complete complement of Yucca Mountain bacteria and under
conditions more representative of the repository. -

MIC is defined as a localized effect; thus, not all areas are equivalent on any given waste
package with respect to bacterial colonization. It is well documented that bacteria preferentially
colonize weldments, heat-affected zones, and charged regions (Borenstein and White 1989;
Walsh 1989; Enos and Taylor 1996). However, the current model is based on data collected
using unwelded specimens. In order to account for preferential areas of colonization in the
model, it might be assumed that Gyc is uniformly distributed with respect to a real distribution.

Table 25. Alterations in Corrosion Potentials Associated with Microbial Degradation

Tested Sample Initial Average Corrosion Rate Corrosion Potential Eco/r (V vs. SCE)
Condition (um/yr)
Initial Endpoint
CS1020 + YM Microbes 8.8 -0.660 -0.685
Sterile CS 1020 1.4 -0.500 -0.550
M400 + YM Microbes 1.02 -0.415 -0.315
Sterile M400 0.005 -0.135 -0.070
C-22 + YM Microbes 0.022 -0.440 -0.252
Sterile C-22 0.011 -0.260 -0.200
1625 + YM Microbes 0.013 -0.440 -0.285
Sterile 1625 0.003 -0.160 -0.130
304SS + YM Microbes 0.035 -0.540 -0.280
Sterile 304SS 0.003 -0.145 -0.065

DTN: LL991203505924.094
NOTE: Horn (1989)
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6.9 RECENTLY GENERATED DATA FOR ABSTRACTION AMRS
6.9.1 Two-Year LTCTF Data

Rates of GC based upon 6- and 12-month exposures are discussed in Section 6.5.2. Very
recently, data representing 24 months of exposure has become available. Those data are
included in this section so that it can also be included in Abstraction AMRs and WAPDEG
analyses.

As previously discussed, tests in the LTCTF represent three generic water chemistries. SDW has
10x the ionic content of J-13 well water, while SCW has 1000x the ionic content. The measured
pH levels of the 10x and 1000x J-13 well waters are 9.5 to 10. SAW is an acidified water that is
around 4000x the ionic content of J-13 well water with a pH of approximately 2.7. Not all salts
in the water will concentrate to these levels because of their limited solubilities, but the more
soluble anions such as chloride, sulfate, and nitrate (which have the biggest effects on corrosion)
will concentrate to these levels.

Specimens are tested at two temperatures (60 and 90°C) for each of the three water chemistries.
Half of the numbers of specimens are fully immersed in the water while the remaining half are
exposed to the wet vapor above the water. A few specimens are also placed right at the water
line so that their exposed area is half in the vapor, half in the water. Half of the numbers of test
specimens contain welds. There were at least 144 test specimens measured during each exposure
period.

These general corrosion rates are obtained gravimetrically by the weight loss experienced during
the exposure périods. The variation in measured general corrosion rates on Alloy 22 is
decreasing with increased exposure time. The ranges of general corrosion rates measured at
three time intervals (6-, 12-, and 24-months of exposure) are:

6-month exposure:  range -0.06 to +0.73 pm y'l, mean 0.05 pm y”’
12-month exposure: range -.0.04 to +0.10 um y', mean 0.03 um y!
24-month exposure: range -0.03 to +0.07 um y'l, mean 0.01 pm y'1

Measurements on the order of 0.01 um y! are around the experimental accuracy of this method.
By far, the greatest variation in corrosion rates was measured in the first 6 months of exposure.

The mean value of the corrosion rate after 24 months of exposure is 0.01 pm y"'. The corrosion
rates do not appear to depend much at all on the temperature and chemical composition of the
water tested thus far. Extrapolation of this mean value to 10,000 years would mean an average
consumption of only 0.1 mm out of a thickness of 2 cm proposed for the Alloy 22 outer barrier
of the waste package. Even at the highest rate measured in this data set, the maximum
consumption would be less than 1 mm over the 10,000 year time period. Negative corrosion
rates indicate a weight gain by the specimen even after all corrosion products and oxides from
the surface have been thoroughly cleaned off.
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Cumulative distribution functions generated with 24-month data alone are shown in Figures 47
through 50. Cumulative distribution functions generated with a combined data set representing
6, 12- and 24-month data are shown in Figures 51 and 52. The curve shown in Figure 51
includes apparent negative rates, while those negative values have been eliminated from the
curve shown in Figure 52. The curve shown in Figure 52 is summarized in Table 26. The
distributions based upon the 24-month data are more narrow than comparable distributions based
upon 6- and 12-month data. Since rates are calculated by dividing exposure time into the weight
loss, a doubling of exposure time reduces the estimated error by a factor of two. While outliers
were observed in the 6- and 12-month data, none were observed in the 24-month (two-year) data.
It is believed that these more recent data will greatly alleviate the range of predicted failure times
to times well beyond the period sought for compliance with the requirement of substantially
complete containment. '

In observing the surfaces of the exposed specimens for all three time-periods, no evidence of LC
has been observed. Specimens are mounted to the supporting test racks by Teflon® coated
fasteners and washers. These washers create an intentional crevice to provide a surface area
where crevice effects (electrolyte more concentrated than base solution). In addition, one type of
specimen uses a special Teflon crevice former that is spring loaded to ensure that the contact is
maintained between washer and specimen (crevice effects are more severe in tight crevices).
Teflon has a tendency to creep at these test temperatures resulting in a looser crevice with the
passage of time.

Examination of plastically strained U-bend specimens, again for all three time periods, indicates
no initiation of SCC in both the base material and in the welded material. Half the number of
these U-bend specimens contained welds. '

The significance of the observations indicating no localized corrosion (that is no pits, no crevice
attack, no intergranular attack) and no stress corrosion crack initiation, as well as a very low
general corrosion rate, assures that Alloy 22 will provide an extremely long lived waste package.
The longer these corrosion tests operate, the greater will be our assurance of the performance of
this material. In the coming year, we plan to add another test environment in the long term
corrosion test facility, an environment corresponding to ‘saturated’ conditions of water dripping,
evaporating, and ionic salt concentrating on a hot metal surface. This environment will be more
concentrated in chloride and nitrate (most soluble of the ionic species) and somewhat higher in
pH than the solutions already under test. Short-term electrochemical tests already indicate that
Alloy 22 does not corrode appreciably in this environment, but the longer term exposure test will
be needed for confirmation of these results.

Thus, the results from the two-year exposure period are very encouraging for Alloy 22.

Compared to data generated from earlier exposure time periods, the most recent data set provides
greater confidence of the projected corrosion performance of this material.
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Table 26. Summary of the Distribution Shown in Figure 52

Percentile (%) Penetration Rate (nm y-1)
0.00 0
5.20 2.07
10.00 4.21
50.40 26.64
90.00 97.99
95.20 112.54
97.60 143.08
99.20 250.56
99.60 467.28
100.00 730.77

DTN: LLO00112205924.112

6.9.2 Additional CP Data for BSW Test Media

Several CP measurements have now been made with BSW electrolytes and are summarized in
Table 27. The corresponding curves are shown in Figures 53 through 56. As previously
discussed, extreme aging of Alloy 22 can shift the corrosion potential in a less noble (cathodic)
direction by approximately 100 mV. This is accompanied by a slight increase in non-equilibrium
passive current densities. There is some evidence of an anodic oxidation peak, characteristic of
type 2 curves. For the present time, we will classify these CP curves as type 1-2.

Table 27. Electrochemical Potentials Determined from CP Curves

Sample | Aging Aging | Medium | Temp. | Reversal Corrosio | Threshold [CP Curve
ID Time Temp. Potential n Potential 1| Type
Potential
hours °C . °C mV mv mV
DEA158 10 700 BSW 110°C 1200 -233 418 Type 1-2
DEA159 10 700 BSW 110°C 1200 -257 419 Type 1-2
DEA208 173 700 BSW 110°C 1200 -345 394 Type 1-2
DEA209 173 700 BSW 110°C 1200 -372 361 Type 1-2

DTN: LL000112105924, 111
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Figure 53. CP Curve for Thermally Alloy 22 in 110°C BSW — Aged at 700°C for 10 Hours (DEA158)
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Figure 54. CP Curve for Thermally Alloy 22 in 110°C BSW —Aged at 700°C for 10 Hours (DEA159)

ANL-EBS-MD-000003 REV 00 111 January 2000



1200

1000 ) al

800

800

400

200

0

Potential (mV va AglAgCl)

«200

o
{DEA208)
s00 |11 11y | | . . . !

1.E-09 1.E-08 1.8-07 1.E-06 1.E-05 1.E04 1.E-03 1.E-02 1.E-01 1.E+00
Current {A) -

400

DTN: LLO00112105924.911

Figure 55. CP Curve for Thermally Alloy 22 in 110°C BSW —Aged at 700°C for 173 Hours (DEA208)
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Figure 56. CP Curve for Thermally Alloy 22 in 110°C BSW — Aged at 700°C for 173 Hours (DEA209)
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6.10 SUMMARY OF MODEL

The model for the general and localized corrosion of Alloy 22 is summarized in Figures 57 and
58. The threshold RH is first used to determine whether or not DOX will take place. If DOX is
determined to occur, the parabolic growth law represented by Equations 11 and 13 is then used
to calculate the corrosion rate as a function of temperature. If the threshold RH is exceeded,
HAC will occur in the absence of dripping water, and APC will occur in the presence of dripping
water. If APC is assumed to occur, the corrosion and critical potentials are used to determine
whether the mode of attack is general or localized. The correlations represented by Equation 17
and Table S can be used as the basis for estimating these potentials at the 5ot percentile. Since
the material specifications can be based partly on the measured corrosion and critical potentlals

it can be assumed that these potentials will be uniformly d1stnbuted about the 50™ percentile
values determined from the correlatlon For example, the 0™ and 100%™ percentile values of E,,,,
can be assumed to be at E,,, (50 percentlle) + 75 mV. This acceptable margin was determined
by splitting the differences shown in Table 6. Similarly, the 0™ and 100" percentile values of
Ecriticar can be assumed to be at Egpiicar (50 percentile) + 75 mV. In principle, material falling
outside of these specified ranges would not be accepted. Other equivalent correlations of E,,,
and Ecriicar, based upon data relevant to the repository, can also be used. If the comparison of
E on 10 Eriicas indicates GC, the distribution of rates determined from the LTCTF will be used as
the basis of the GC rate. A study of four test coupons of Alloy 22 removed from the LTCTF after
‘one year showed varying degrees of coverage by silicate deposits but no evidence of localized
corrosion by pitting. The distributions of GC rate shown in Sections 6.5.2 and 6.5.4 can be
corrected for the maximum bias due to SiO; deposit formation by adding a constant value of 63
nm y™ to each estimated value of the GC rate. Th1s 1s equivalent to shifting the curves shown in
Figures 23, 25 and 26 to the right by 63 nm y™'. If the comparison indicates localized corrosion,

the dlstrxbu'uon of rates presented in Table 22 will be used. Corrosion rates will be enhanced to
account for MIC above 90% RH. The effect of thermal aging on the corrosion rate is accounted
for in the enhancement factor, Gages, and is based upon a ratio of the non-equilibrium current
densities for base metal and aged material. The value of G, for base metal is approximately
one (Gages ~ 1), whereas the value of Gugs for fully aged material is larger (Gages ~ 2.5).
Material with less precipitation than the fully aged material would have an intermediate value of
Gaged (1< Gaged < 2.5).
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Figure 57. Schematic Representation of Corrosion Model for Alloy 22 Outer Barrier
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Figure 58. Schematic Representation Showing Augmentation of Model to Account for MIC
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7. CONCLUSIONS

Alloy 22 is an extremely Corrosion Resistant Material, with a very stable passive film. Based
upon exposures in the LTCTF, the GC rates of Alloy 22 are typically below the level of
detection, with four outliers having reported rates up to 0.75 um per year. In any event, over the
10,000 year life of the repository, GC of the Alloy 22 (assumed to be 2 cm thick) should not be
life limiting. Because measured corrosion potentials are far below threshold potentials, localized
breakdown of the passive film is unlikely under plausible conditions, even in SSW at 120°C.
The pH in ambient-temperature crevices formed from Alloy 22 have been determined
‘experimentally, with only modest lowering of the crevice pH observed under plausible
conditions. Extreme lowering of the crevice pH was only observed under situations where the
applied potential at the crevice mouth was sufficient to result in catastrophic breakdown of the
passive film above the threshold potential in non-buffered conditions not characteristic of the
Yucca Mountain environment. In cases where naturally occurring buffers are present in the
crevice solution, little or no lowering of the pH was observed, even with significant applied
potential. With exposures of twelve months, no evidence of crevice corrosion has been observed
in SDW, SCW, and SAW at temperatures up to 90°C. An abstracted model has been presented,
with parameters determined experimentally, that should enable performance assessment to
account for the general and localized corrosion of this material. A feature of this model is the
use of the materials specification to limit the range of corrosion and threshold potentials, thereby
making sure that substandard materials prone to localized attack are avoided. Model validation
will be covered in part by a companion AMR on abstraction of this model.

This document and its conclusions may be affected by technical product input information that
requires confirmation. Any changes to the document or its conclusions that may occur as a result
of completing the confirmation activities will be reflected in subsequent revisions. The status of
the input information quality may be confirmed by review of the Document Input Reference
System database. As examples, the status of AFM results shown here will have little impact on
quantitative results, as the data is only corroborative and any MIC or. aging results could impact
GC rates by a factor of four.
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ATTACHMENTS

Attachments to this document are listed below. The CD Rom includes a data inventory in the
form of an Excel spreadsheet. '

Attachment Title
I Report on AFM Study

I Data Inventory Sheet
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Surface Topographies
: of
One-Year Weight-Loss Coupons of Alloy €C-22™
from
Long-Term Corrosion Testing

Peter J. Bedrossian

Division of Materials Science & Technology
Lawrence Livermore National Laboratory, Livermore CA 94551

11 June 1999

1. ABSTRACT

An atomic force microscope (AFM) to characterize the surface topographies of weight-loss
coupons of Alloy C-22™ which had been exposed to two different environments in the Long-
Term Corrosion Test Facility (LTCTF) at LLNL has been used for one year. A silicate deposit
on these coupons, with the most extensive coverage occurring on the coupon immersed in an
acidified bath has been observed. Localized corrosion on these coupons has not been detected.

2. INTRODUCTION

The LTCTF at LLNL is an array of tanks holding various aqueous baths with controlied
electrolyte concentrations at 60 or 90°C, in which coupons of candidate materials for the Waste
Package are held in either aqueous (below the water line) or vapor (above the water line) phase
conditions and removed periodically for analysis. Although the LTCTF coupons have primarily

been used for analysis of general corrosion via weight loss, the objective of the present study has

been the search for signs of localized corrosion, if any. The “weight loss” coupons are 2 inches
long, 1 inch wide, and 1/8 inch thick. Descriptions of the LTCTF and its uses, along with the
detailed composition of the aqueous environments, are contained in Reference [1].

The AFM, with sub-nanometer vertical resolution, is an ideal tool for detecting pit initiation in
localized areas. We have applied AFM to five “weight loss” coupons of Alloy C-22™: one
control coupon that was never in any bath (DWA163), one aqueous phase sample from a
simulated acidified well water SAW (DWAO0S51), one vapor .phase sample from SAW
(DWAO048), one aqueous phase sample from a simulated alkaline concentrated water SCW
(DWA120) and one vapor phase sample from SCW (DWA117).
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3. RESULTS AND DISCUSSION

Representative AFM data are collected and displayed below. Each set of data consists of a large-
area scan of at least 25x25 um followed by smaller-area details of the region displayed in the
large-area scan. We have used a Digital Instruments DM3100 AFM. After the coupons were
removed from the LTCTF, they were ultrasonically agitated in deionized water, acetone, and
methanol for ten minutes each.

In general, the gross surface topography of the weight-loss -coupons is dominated by the
machining grooves, with typical heights of several hundred nanometers and typical lateral
periodicities of several microns. The machining features on a bare surface are plainly visible on
the images of coupon DWA163. Those samples which were removed from the LTCTF exhibit
varying degrees of coverage by a deposit on top of this gross topography.

X-ray diffraction scans of all five coupons show that the deposit is predominantly a silicate or
Si0,, with some NaCl appearing on the two samples which were exposed in the SAW tank. The
AFM images show that the most extensive coverage of the deposit occurred on test coupon
DWAO51, which was immersed in the SAW bath. The next most extensive coverage occurred
on test coupon DWAO048, which was held above the water line in the SAW bath. The two test
coupons removed from the SCW bath showed lesser degrees of coverage by the silicate deposit
in both the AFM images and the X-ray diffraction scans.

Incomplete surface coverage by the silicate deposit often results in the appearance of surface
depressions, particularly on the DWAO51 coupon. Data collected to date do not show any of
these depressions extending below the metal surface, because the bottoms of the holes are
typically flat. One illustration of the analysis leading to this conclusion is shown below in the
profile measured along the line trace marked in the image pb990607.023, which spans two such
holes. As shown in the profile, the bottoms of the holes are flat, as would be expected for an
interruption that occurs only in the silicate deposit.

The following data are presented in this attachment, with page numbers listed.

ANL-EBS-MD-000003 REV 00 I-4 of 38 January 2000



Wbk W=

W W RN NN RKND NN ND et et ot et et e et
~OORAIFARURNESOPINNARBN O

ANL-EBS-MD-000003 REV 00 . I-50f38 January 2000

FIGURES

Control Coupon DWA163 pb990607.019 AFM Image.........ocormeerereeeeeee 1.7
Control Coupon DWA163 pb990607.020 AFM Image........oovmerememeieeveneeee I-8
Control Coupon DWA163 pb990607.021 AFM Image.......coooveeieeioeiniieeeecneee I-9
Control Coupon DWA163 pb990607.022 AFM Image........oomvureemeniienieienens I-10
SAW Test Coupons: X-Ray Spectra of scales on SAW Coupons...........cceunee..n.. 11
SAW, 90°C, Aqueous DWAO51 pb990607.023 AFM Image ......cocovememeennnnnene. I-12 -
SAW, 90°C, Aqueous DWAO051 pb990607.023 AFM Image, top view ............... I-13
SAW, 90°C, Aqueous DWAUO051 Line Profile in pb990607.023 AFM Image....... I-14
SAW, 90°C, Aqueous DWAO51 pb990607.024 AFM Image .......coceemeuneurcncncannecs I-15
SAW, 90°C, Aqueous DWAO051 pb990607.033 AFM Image ......ccccevvveereeevrnvennnne. I-16
. SAW, 90°C, Aqueous DWAOS51 pb990607.033 AFM Image. .......ccovevereerrrnnnee. I-17
SAW, 90°C, Aqueous DWAO51 pb990607.029 AFM Image ......ccoceoeeermvevincnnnnns I-18
. SAW, 90°C, Aqueous DWAO051 pb990607.030 AFM Image .......ccooeeemrvmenreneennns I-19
SAW, 90°C, Aqueous DWAOS51 pb990607.031 AFM Image .......ccooeerivrenennnne. I-20
SAW, 90°C, Aqueous DWAOQS51 pb990607.032 AFM Image. .......coeveircnnnnnnnnnnns 1-21
SAW, 90°C, Aqueous DWAO51 pb990607.032 AFM Image .......cccocevencnrnnneenn. 1-22
SAW, 90°C, Vapor DWA048 pb990607.046 AFM Image.......ccccevevveneerneciennnene I-23
SAW, 90°C, Vapor DWA048 pb990607.045 AFM Image.........ccovvvverennnennnne. 1-24
SAW, 90°C, Vapor DWA048 pb990607.048 AFM Image........ccooervirvenrnennnnne. 1-25
SAW, 90°C, Vapor DWA048 pb990607.050 AFM Image.......ccccovvvvnvennrennnnnne. 1-26
. SAW, 90°C, Vapor DWA048 pb990607.054 AFM Image.......ccceovurmrrrcrcrrerercernns 1-27
SCW Test Coupons: X-Ray Spectra of Scales on SCW Test Coupons................. 1-28
. SCW, 90°C, Aqueous DWA 120 pb990607.001 AFM Image.......ccocevvmeimerercnacs 1-29
SCW, 90°C, Aqueous DWA 120 pb990607.005 AFM Image......cccccevvveneenrnennnn. I-30
. SCW, 90°C, Aqueous DWA 120 pb990607.015 AFM Image.......cccoovrvenrinnnn. I-31
. SCW, 90°C, Vapor DWA117 pb990607.039 AFM Image.......ccceceeiveenrcnvuncnncnnns 1-32
. SCW, 90°C, Vapor DWA117 pb990607.035 AFM Image.......cccovvmmirnnnninninnnns 1-33
. SCW, 90°C, Vapor DWA117 pb990607.037 AFM Image.......cccovereervemnnannnnnen. 1-34
. SCW, 90°C, Vapor DWA117 pb990607.044 AFM Image........cccovieeririrncrrunnnne 1-35
SCW, 90°C, Vapor DWA117 pb990607.041 AFM Image......cc.ccoevrvvimininrininnnne I-36
. SCW, 90°C, Vapor DWA117 pb990607.042 AFM Image......ccccccvnvirnrncnnnne I-37

Page



4. SUMMARY

A study of four test coupons of Alloy C-22™ removed from the LTCTF after one year showed
varying degrees of coverage by silicate deposits but no evidence of localized corrosion by
pitting.
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Figure 3.  Control Coupon DWA163 pb990607.021 AFM Image
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Figure 4. Control Coupon DWA163 pb990607.022 AFM Image
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Figure 5. SAW Test Coupons: X-Ray Spectra of scales on SAW Coﬁpons
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Figure 6. SAW, 90°C, Aqueous DWAOS51 pb990607.023 AFM Image
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Figure 7. SAW, 90°C, Aqueous DWAOQ051 pb990607.023 AFM Image, top view
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Figure 8. SAW, 90°C, Aqueous DWAO051 Line Profile in pb990607.023 AFM Image
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Figure 9. SAW, 90°C, Aqueous DWAOQ51 pb990607.024 AFM Image
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Figure 10. SAW, 90°C, Aqueous DWAO51 pb990607.033 AFM Image
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Figure 11. SAW, 90°C, Aqueous DWAO51 pb990607.033 AFM Image
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Figure 12.

SAW, 90°C, Aqueous DWAOS51 pb990607.029 AFM Image
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Figure 13. SAW, 90°C, Aqueous DWAO51 pb990607.030 AFM Image
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Figure 14. SAW, 90°C, Aqueous DWAO051 pb990607.031 AFM Image
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Figure 15. SAW, 90°C, Aqueous DWAO051 pb990607.032 AFM Image
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Figure 16. SAW, 90°C, Aqueous DWAOS51 pb990607.032 AFM Image
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Figure 17. SAW, 90°C, Vapor DWA048 pb990607.046 AFM Image
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Figure 18. SAW, 90°C, Vapor DWA048 pb990607.045 AFM Image
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Figure 19. SAW, 90°C, Vapor DWA048 pb990607.048 AFM Image
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Figure 20. SAW, 90°C, Vapor DWA048 pb990607.050 AFM Image
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Figure 21.

SAW, 90°C, Vapor DWA048 pb990607.054 AFM Image
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Figure 22. SCW Test Coupons: X-Ray Spectra of Scales on SCW Test Coupons
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Figure 23. SCW, 90°C, Aqueous DWA 120 pb990607.001 AFM Image
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Figure 24. SCW, 90°C, Aqueous DWA 120 pb990607.005 AFM Image
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Figure 25. SCW, 90°C, Aqueous DWA 120 pb990607.015 AFM Image
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Figure 26. SCW, 90°C, Vapor DWA117 pb990607.039 AFM Image
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Figure 27. SCW, 90°C, Vapor DWA117 pb990607.035 AFM Image
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Figure 28. SCW, 90°C, Vapor DWA117 pb990_607.037 AFM Image

ANL-EBS-MD-000003 REV 00 I-34 of 38

January 2000



nm
959 3
0

25

Figure 29. SCW, 90°C, Vapor DWA117 pb990607.044 AFM Image
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Figure 30. SCW, 90°C, Vapor DWA117 pb990607.041 AFM Image
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Figure 31. SCW, 90°C, Vapor DWA117 pb990607.042 AFM Image
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"INVENTORY OF METAL SAMPLES WITH TRACEABILITY
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0CBOBS |  Alloy 22 wisz7 | 1227703264 | Noso22 BS7S ASF(’:Z:):;Q; P Ke28 | 1227743263 | AS.14 ER NiCiMo-10 mw?g:;o;om:;ml. potoet
DCBOSY |  Alloy22 mis7 | 1227700264 | NoB022 B575" As':gg;;’; Ty kozs 1227743263 | AS.14 ER NiCiMo-10 mw‘:g:::;°:"‘:';’“2‘- ot
DcBO70 |  Alloy22 wisz? | 1227700288 | ..06022 BS75 Asr;ggg;e:g'e;;c)nse Kg26 1227743263 | AS.14 ER NICiMo-10 T"W‘(’::::f:l*:;’““ pooCt .,
pceoTt | Alloy22 H187 1227703264 | NOBO22 8575 As'::g:f;‘gf;;‘)"“ K926 1227743283 | AS.14 ER NICMo-10 "‘W‘(’,‘if;,'i,’;":i':fm p0s Gor3ase
oceor2 |  Atoy22 H157 1227703264 | NoB022 BS75 Asv(’gg;:;-g:s;;c))tse K926 1227743263 | AS.14 ER NICtMo-10 mwc(ypo:;‘o.o;om:uu Po-sgg;;m
pcBost | Amoy2z | sz | 1221700284 | NoB022 8575 ‘s':gg:f;ff;;‘)”“ Kozs | 1227743263 | AS.14 ER NiCiMo-10 T“W‘:g::’.’:’:'ﬂiﬂit o2t
pCBOs2 |  Atoy22 wis? | 1227703264 | Nogoz2 BS75 As:gg:;’;ff;;‘;'“ Ke26 | 1227743263 | AS.14 ERNICiMo-10 ‘“‘”‘{25;".’?3;‘52‘“ pow 831308
ocBoss | Awyzz | sz | t2zrr0szee | wosozz 875 Aoy Koo | 1227743263 | As.4 ERNCIMoto| TRWIDZOBGACRRIL ) RO e
Dcooss |  Aoy22 mis? | 1227703264 | Noso22 BS75 ‘sm:f;ff;;‘)"“ Kezs | 1227743269 | AS.14 ERNCIMo-10 T"W‘()g':’;”?;(’:'*:fi"i't Pofg;:'-;w
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speimni] A | Tt | B Ao | ettt | P | v statn 49 LETEI T Gy
Number Number A
DCBO9S |  Aloy 22 wis7 | 1227703264 | wo0BO22 BS75 Asfgg;f;'gf;;‘)"“ Ko26 | 1227743263 | AS.14 ER NICiMo-10 ‘“W‘(’ﬁi',’ff:ﬁ?w OR Ba120S4
oceoss | Aoyz2 | wis7 | 1zz7iodzes | Nosozz 8575 A a7 e Ke26 | 1227743263 | AS.14 ER NICIMo-10 "‘w}’.‘lﬁf.'?fﬂfzm PO B310054
DCBOSB |  Alloy22 HisT | 1227703284 | mosO22 Bs75 A aa o1y K926 | 1227743263 | AS.14 ERNICrMo-10 an?g:;:?:):'{:r;um. por e e
DCBO9Y |  Atoy 22 H157 1227703264 | NOG022 Bs7s A ot gf‘;‘,’ 16 K926 1227743263 | AS.14 ER NICMo-10 '"W‘(’ﬂig",’?:ﬂ?m PN 8313034
DCB 101 Atioy 22 H157 1227703264 |  NDB022 Bs?S ‘Smgf; gf;;()nss K926 1227743263 | AS.14 ER NiCrMo-10 mw‘(’g':"::;‘?:ﬁ’;?‘?'- Pofgac;;nu
ocB102 | Aloy 22 157 1227700264 | NoORO22 Bs?s ‘S':g:’:f; '3'6;;‘)"56 K926 1227743263 | AS.14 ER NICrMo-10 mw?g:;??:ﬂ?zam_ Pofg:;;su
oce 121 | Aloy22 Mis? | 1227703264 | NogO22 Bs?5 A page 7 oy Ko28 | 1227743263 | AS.14 ER NICiMo-10 anz()g:.::.‘o:'-o‘z;zm POr o084
ocB 122 |  Aoy22 Mis? | 1227703284 | NoGO22 BS75 Ass(’ggg;s; P Ko28 1227743263 | AS.14 ER NiCiMo-10 T"w‘(’g::’.’f’:'*:;’“""- oot
pcei2a | Awoy22 wis? | 1227703284 | Noso22 BS?5 A rane Ty Ko26 1227743263 | AS.14 ER NICiMo-10 mw?::;o:):ﬁ:zm_ pos o s
ocB124 | Aty 2 H1ST 1227703264 | N0BO22 B575 As'::::f; '3,6;;‘)”56 K928 1227743263 | AS.14 ER NIC1Mo-10 an?::::s?:'«:?zau Poasgsct.;osi
DCB 125 |  Atoy 22 wis? | 1221703280 | Nos022 BS75 A e ? oy Kezs | 1227743263 | As.14 EANICMo-10 mw‘(’g:::;°3"‘:";"“ pon e e
DCB126 |  Alloy 22 His7 | 1227700264 | NOGO22 8575 Asm:-:; ::5;13(,)156 Logs 1227743142 | A5.14 ER NICiMo-1D Asmt:’:g%"“ SOC1 8 00 1A
0CB128 | Atoy22 Wis? | 1227703264 | Noso22 BS75 ‘s':g;’:;’;ff;:)"“ K926 1227743263 | AS.14 ER NICiMo-10 mw«:::::‘o:"‘:-;’“?‘- POW BataesA
ocB129 | Atoy22 Wisz | 1227703264 | 08022 Bs75 - Asr(:g::;oz ot Koz * | 1227743263 | AS.14 ERNICiMo-10 mw?::.&sme:mt PN 83054
0CB 130 | Alloy22 wis? | 1227703284 | Nos022 8575 ‘sm:f;fm‘)"“ Ke2s | 1227743203 | As.14 ERNICMo-10 T“W“’gf::’?:'-‘::iﬂt poSoer
oce1az | Aloy22 mist | 1227703264 | Nosoz2 Bs7s A oaga? e Ko28 | 1227743263 | AS.14 ER NICIMo-10 mw«::‘:’;??jﬁ?""— PN 8313954
DCB1S7T | Atoy22 Hist | 1227703264 | Noso22 Bs7s A ave? et Ke28 | 1227743263 | AS.14 ERNICIMo-10 mw?gme-'o:mmzt Pon B31304
oceiss | Anoy22 H1S7? 1227703264 | No6022 BS7S As':gg:;’;ff;;‘)"“ K026 - | 1227743283 | AS.14 ER NiCiMo-10 mwc()g::.s;om:mt_ ros o e
DCB 1S9 | Aloy22 wist | 1227703264 | nogO22 BS75 ASI(’::):-:; ff;;‘,"“ Lo98 1221743142 | AS.14 ER NICiMo-10 ‘s"(‘:,".’o' O 64 | SOC-1 8 80C A
DCB160 | Aloy22 | HiS7T | 1227703264 | NOB022 BS75 Asm::;g:s;;()nse Ko | 1227749260 | AS.14 ERNICIMo-10 mw‘(’gf;’:’:"':’:’m oo
pca et |  Avoy22 wist | 1227703284 | Noso22 Bs75 "5'(’22:;9; 'gf;'a‘)’m L098 1227743142 | AS.14 ER NIC:Mo-10 ‘s"(;”“::"gff;"“ S0C.1 8 50C-1A
pcatez | Aoy22 wist | 1227703284 | Nogoz2 Bs7s Asm:f;ff;;?m Kozs | 1227743263 | As.14 ER NICiMo-10 '"w‘(’,‘if',’.’f’;*ﬁm bor gsc;;osq
ocetes | T 2 wisz | 1227703284 | Nosoz2 BS7S Asm;f;feﬂm K926 1227743263 | AS.14 ER NICMo-10 mwx(’g':»;g.'om?m’_ gofg:(!:t';w
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Number Number
DCB 165 | Atoy 22 Hi1s7 | 1227703264 | N06022 8575 Asfgg;:’; et K926 1227743263 | A5.14 ER NiCrMo-10 TRW‘:gi::f’:ﬁ?"zL pon e et
ocB 167 | Alloy 22 His? | 1227703264 | NoBOZ2 8575 A Page? Pt Koz | 1227743263 | A5.14 ER NICiMo-10 T“W“)g:::fmfﬂi’t oS
DCB 168 |  Aloy 22 Wis? | 1227703264 | NOGO22 BS75 AS'(’:,’:::’; > ;‘)"55 LogB 1227743142 | AS.14 ER NICIMo-10 As”&ig?g?'e‘ S0C-1 8 S0C-1A
DEADO2 | Alloy 22 K992 1227783200 | N06022 B575 ASPOO(:':;:;;O:)— 10156 NIA NIA NiA NIA b0
DEAOGO3 | Atoy22 K932 1227783203 | N06022 Bs7s Aszgz:f;'gf"'a‘;' 58 NIA NIA NIA NIA poocd
DEACOA |  Aloy22 o3z | 1227783203 | Nog022 Bs75 As’zg‘;:f;'gf’g;‘ 56 N/A N/A NIA NIA bon e 7
DEACOS | Alloy22 Kkes2 | 1227783203 | NOGO22 8575 "S’:‘;‘;;f;'gf'g;'ss NIA NIA NIA NIA 00 A
OEAOOS |  Alloy22 Ke32 | 1221783200 | Noso22 8575 Asr:g(::;f;-g:s-‘gws NIA NIA NIA N/A oL 7
DEAOD? | Aloy22 K932 1227783203 | Nog022 Bs75 As':g‘;‘;f;'gf"g' 56 N/A N/A N/A NIA dor O o
DEA 008 Alloy 22 K932 1227763203 N06022 8575 “S';g‘f;f;'g?"g' 56 NIA N/A NIA NIA Pof::o‘;m
DEA 009 Alloy 22 K932 1227783203 | Nog022 575 As'ig‘:z‘:;'gf"';;' 56 NIA N/A N/A NIA ﬁofmar.
DEAOI0 | Aloy22 K932 1227783203 | NoB022 Bs75 “s’:gzzf;'gf"g' s6 NIA NIA NIA NIA oo fgg;m
DEAON |  Aloy22 kesz | 1227783203 | Nogoz2 BS75 As'ig‘f;f:gf"g;' 58 NIA NIA NIA N/A potoc
DEA 012 Afloy 22 " K932 1227783203 NDB022 8575 Asr;gzzfz-gf;grsa N/A N/A N/A N/A Pofg:;‘ “
DEA 013 Alloy 22 K932 1227783203 | N0BO22 8575 ASI:g(;:;-:;-g:!-‘;(;ISB N/A NIA N/A NIA p ofgcy;;‘ “
DEAO14 Alloy 22 K932 1227783203 | N0B022 8575 As':?,g:f;’gf"g' 56 N/A N/A NIA N/A ro 52;;4 o
DEAOIS | Aloy22 K932 1227783203 | NoG022 ps7s As':g‘::f;'gf;g;' 56 NA N/A NIA NA' pofgg;a o
oEAOIS | ANloy22 Koz | 1227783203 | N0BO22 BS75 Asv:gg:;f;ﬁ:s-g;ws NIA NIA N/A NIA oS04
DEAOIT | Alloy22 K932 1227783203 | N0B022 8575 Asp(gg:;f;-g:s-‘g'ss NIA NIA NIA NIA Pofgg(;m
penote | Amoy22 | Kesz | 1227783203 | Nogo22 8575 - A e ool 13 NIA NIA NIA NIA b0 O
DEAO20 | Atoy22 K932 1227783203 | N0G022 B575 Asm:;f;g?-‘ga 56 NIA NIA NIA NIA oo .sgg;m
DEAO2! | Aoy22 K932 1227783203 | Noso22 8575 Asm:f:'g?"';' 56 NIA NIA NIA NA Po-sgg;m
DEAG22 | Atoy22 Ke32 | 1227783200 | Wosoz2 BS7S ‘Smag':;ﬂ?";‘;' 56 NIA NIA NIA NIA Pmsg;;""
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DEA023 | Alioy22 Keaz | 1221783200 | NoGo22 Bs75 As;:ggz-:;.g'e-'uar;'se NIA N/A N/A N/A s
DEAG24 | Aloy22 K932 1227783203 | Nosoz2 8575 Asr;g(::;-:);-g:s.‘gtss N/A NIA " A NIA o ofgcsi;;q a
DEAD2S | Alloy22 Kes2 | 1221783203 | NoG022 Bs75 Asrzgg:;:;-gf-g;nss NIA NIA NIA NIA bOs owae?
DEAO26 | ANoy22 K932 1227783203 | NoG022 8575 Asigng;'gf"g;' 56 N/A NIA NIA NIA pofgcsé:u o
DEAO27 |  Atioy22 K932 1227783203 | NoGO22 Bs75 As;:gg:;f;-g:s-gzt 56 N/A N/A /A NIA POS oot a7
DEA029 | Atoy22 K932 1227783203 | N06022 8575 “s':g‘:;fz'gf"g;'” NIA NIA NIA NIA Pofgg;m
DEAC31 | Aloy22 K932 1227783203 | No6022 B575 ASF;(;(;:;:!;&B-‘;(;ISB NIA NIA NIA N/A o oigg;m
DEAC32 | Atoy22 K932 1227783203 | NOS022 B575 “s':g‘:;f;'gf"'a‘;' %6 NIA NIA NIA NIA " ofg:o';m
DEA0) | Awoy22 K932 1227783200 | NoB022 8575 As':gg;f;'gf"'a‘;'“ NiA NIA WA N/A o ofgg;m
DEAOM | Atoy22 K932 1221783203 | No8022 0575 As':g:;‘x’gf"';'“ NIA NIA T NIA NIA p ousgcs;a o
DEAOS | Atoy22 K932 1227783203 | woso22 8575 Asigzag-:;-gf-‘gass NIA N/A NIA NIA , Ofgsco’;m
DEA 1S9 | Atoy22 K932 1227783203 | N06022 Bs7s 'Ass:g::;-:z-g:s-'gtss NIA NIA na | NIA POS mvsoe
——Sowgie? |
DEAZ01 | Awoy22 Ke32 | 1227783200 | N0GO22 BS75 “S‘:g‘f;f;'gf"';;'“ N/A NIA NIA N/A PON A15382YS08
— bl T —
DEA202 | Aoy22 K932 1221783200 | Noe022 Bs573 “s':g‘:;f;'gf"‘a‘;‘“ NIA NIA NIA MIA PR ArSaavSDn
DEA203 | Atoy22 ko2 | rezr7en203 | Nosoz2 Bs7s “S':g‘::’:;'gf"g;' 58 NIA N/A N/A . NIA Po;mv’soa
peaz09 | awoy22 K932 1227783203 | NoBoz2 8575 Ass;gg:;f;-gf-‘c;ssa NIA NIA NIA NIA | rorar $362v598
OWACO! |  Atloy 22 Mis7 | 1227703264 | Noso22 Bs75 As?gg:f; Pt NIA NIA A NIA oS
owa0o2 | Avoy22 wis7 | 1227703284 | Nosoz Bs7s Ao 1) N/A NA NIA NIA po o e
DWA003 | Afoy22 H1S7 1227703264 | NOB022 8575 Asm::; g'e;;;nse N/A NIA NIA NIA P ofg:?;;m
DWA 004 Alloy 22 H157 1227703264 N06022 0575 Ass;g(.):-:; :'e' ;()"58 N/A N/A N/A ' NIA PO 'Sgac' ;9 "
OWA00S | Alloy22 His7 | 1227703284 | NogO22 BS75 ‘5722:?; Ty N/A NIA NA N/A por o
DWA 006 |  Alloy 22 HiS7 1227703264 | Noso22 |  BS?S As':g:’:;’; f,e, :‘,?'56 N/A NIA NIA . NA PO fg:";w
pwaost | w22 | sz | 1227703264 | wogo22 Bs75 A oaoar e o158 NIA NIA NIA NIA oo
— , i
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OWA038 | Alloy22 wis? | 1227700264 | Noso22 B575 Asmgf; 'gf;;‘)" 56 N/A NIA NIA NIA POr D394
owAodt | Alloy22 H1S? 1227703264 | NO6022 BS7S "S’(’gggj’; pod ;‘;'56 NIA NIA NIA NIA A
pwaos2 | amoy22. | ws? | 1227703264 | NoG022 Bs75 As':gg:f; o N/A NIA NIA N/A POn Drost
owAo4s | Awoy22 H157 1227703264 | N0G022 Bs75 As’:g::f; oy /A NIA N7A N/A POs oaase
DWA 44 |  Alloy22 H157 1227703268 | N06022 8575 Asr(’gg:-:; o ;‘)"56 N/A NIA NIA NIA Ponsgsc;;nsi
DWAOG4s |  Afloy22 H1S7 1227703264 | NOBO22 8575 AS':SS:‘:; P 56 NIA NIA NIA NIA o
DWAO4S |  Alloy 22 nis? | 1221703264 | N0GO22 Bs75 A e T o e NIA NIA NIA NA Pofg:?;;su
DWA 071 Alloy 22 H157 1227703264 N06022 8575 Asiggg;s;; '3'6; ;‘)"56 NIA NIA N/A N/A Pofgsc;;ou
owa072 |  Afloy 22 H1S? 1221700264 | N0G022 8575 As&;gg:;s; -g:s;;()nse NIA NIA NIA NIA Pofgsc;:')m
owao?a | Alloy 22 H157 1227703284 | N06022 Bs75 As?gg;-:; -2:5;;())156 NIA NA NIA NIA oo
OWA 074 Alloy 22 H157 1227703264 NoB022 8575 Asigg:-:; '2'6; ;‘;'56 N/A N/A N/A N/A Porgac;::ou
pWAOTS |  Alloy 22 wis? | 1227703264 | Noso22 Bs7S Ass(’g:;;sz-gf;;?sse NIA NIA N/A NIA POs bora0s4
DWAO76 |  Alloy 22 H18? 1227703264 | NOBO22 8575 ASF(’:::-.Q;I por ;()"56 NIA NIA NIA NIA , o.sgg;;w
DWAO?? | Aoy 22 H1s7 1227703264 | NoG022 8575 As':::::"; poi ;‘)"56 N/A NIA NIA NIA pom e s
OWAO78 |  Alloy 22 wis? | 1227703264 | NoGO22 Bs75 A age 1 Ty NA N/A NiA N/A poloCt
DWA 079 Alloy 22 H157 1227703264 | N0B022 B575 As?gg:-’sz-:'o; ;‘)"56 N/A N/A NA NIA Pom.;o .
OWA0B0 |  Aloy 22 H1s? 12271703284 | N0GO22 B575 "s'(’::;f; gf' ;‘)"53 NIA A NIA NIA Po?gg;;w
pwaost | Aoy 22 wis? | 1227703264 | Nogo22 8575 A et e N/A NIA NIA NIA posoe !
DWACBZ | Alloy 22 His? | 1221700264 | NoBO22 Bs75 Asrzggg;sz-g:s; o NIA NIA NIA NIA w05
DWA 101 |  Alloy 22 H1S7 1227703264 | N0G022 8575 Asv(’gggf; pod ;‘;'56 NIA NIA NIA NIA . Ofg;’;;m
oWA 102 |  Aloy22 mis? | 1227r0ae8e | Nosoz 8575 A oaant ol 1 e NIA NIA NA /A oo oG
OWA 108 |  Atoy 22 misr | 1zzrroazed | Nosozz Bs7s ASF:(;(::—:; T NIA NIA NIA NIA oS
OWA 111 |  Atloy22 wis? | 1227703284 | N0GO22 BS75 Asm:;s;-g:;; ;()"56 NIA N/A A N/A ro st
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DWA 112 |  Alloy 22 His7 | 1227703284 | NOGO22 Bs75 As':gg:f; hos ;‘))'56 NIA N/A N/A NIA o ofgsc;:‘;su
DWA 113 Alloy 22 H157 1227703264 N0B022 8575 As':gg;f; 'gf; ;‘)" 56 NIA N/A N/A NIA p ofg:?;:‘;s "
DWA 114 Alloy 22 H157 1227703264 N0B022 8575 AST:,’:;’:’; 'gf; ;?'56 N/A N/A N/A NIA Pofgg{;w
owa11s | Aloy 22 H157 1227703268 | NOG022 8575 AS‘:S:;‘:; pod ;‘)"56 NIA NIA NIA NIA o of:g";”‘
DWA 116 |  Alloy 22 H1S? 1227703264 | NOG022 BS7S Asv(’g:g.:; f.e; ;‘; 156 NIA NIA NIA N/A p ofg:?;:;ou
owA 118 | Alloy22 H187 1227703264 | NOBO22 B575 AS':gg;f; ‘gf; ;‘)"55 NIA N/A N/A NIA Pofgg;su
owa 119 | Aoy 22 His7 | 1227703264 | NOGO22 Bs75 A a7 ol y NIA NIA NIA NIA POs B84
DWA 121 Alloy 22 H157 1227703264 NOE022 8575 ASF::(::;Q;&G;;(;&G N/A NIA N/A N/A P ofg";’“
OWA122 |  Alloy 22 H18? 1227703264 | NoBO22 Bs75 As':;’g::’; 'gf;;‘;'“ NIA NA /A NIA POn Dr3984
DWA 141 |  Alloy22 H187 1227703264 | NoBO22 8575 Asr;g::-:;-g:s; ;‘;'55 NIA NIA NA NIA POn aas0s4
owAtaz | Anoy22 ms? | 1227703264 | NoGO22 Bs75 As‘:gg:f; by ;‘)""’6 NIA NA N/A NA pOr Dara0se
DWA 143 Alloy 22 H157 1227703264 N06022 8575 As'(’g:’:f; ':f;;‘;'“ N/A N/A N/A N/A P Ofﬁi‘:‘mﬂ
DWA 144 Alioy 22 H157 1227703264 | NOB022 B575 Astg::f;’:f;;‘;m N/A N/A N/A NIA mnsgg;gsc
owa 15y | Atoy22 Mis? | 1227703264 | noBO22 BS75 A o 13) N/A NIA NIA NIA o 54
owats2 | Aloy22 H157 1227703264 | NoG022 8575 Ass;ggg-:; -2:3;;?156 NIA N/A NIA NIA Pofg:":‘”“
DWA 164 |  Aloy22 K932 1227783203 | N08022 B575. Aszg:zx?-'gi 58 A NIA NIA NIA pos O
OwA 165 | Aoy 22 K932 1227783203 | NOB022 8575 Asr;gg:;:;-gf-’g;n 56 NIA NIA NIA NIA por o
DWA169 | Atloy22 Ke32 1227783203 | N0g022 BS75 As';g‘:‘;f;ﬂf'g;' %6 N/A "NIA NIA NIA POs oo
DWA 170 Alloy 22 K932 1227783203 | NO8022 8575 Asm:;f;-g?-‘g;l 56 N/A NIA N/A NIA POnsg::;:eso
oWAITY | Alloy22 K932 1227783200 | Noe022 8575 Asm:f;-g?-'gws NIA NIA NIA NIA . O?g::;:o "
DWB 001 Atloy 22 His7 1227703264 |  N0GO22 8575 Asm:‘:; ff;;?'“ - Ke26 1227743263 | A5.14 ER NICMo-10 "‘”{ﬁ;’.’f’g{‘ﬁm Pms :;‘;osa
OWBO002 |  Atloy 22 wis? | 1227703284 | Noso22 8575 Asm:f;ff;;?m Ko28 | 1227743263 | AS.14 ERNICMo-10 m“"(’g:::‘":"::z‘zl ol
owsoos | w22 | WSz | t22mioasee | Nosoz2 8575 S seidarivi ks | tazrmasess | asraennicaoo| TRWOR2O030R242L s
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Number Number
owBo04 | Alloy22 Hi57 1227703264 | NO6022 B575 AS';:,’:::; ‘3,61' ';)”56 K926 1227743263 | AS.14 ER NiCrMo-10 mw‘(’g:;’?:ﬂf”ﬂ Ponsgg;;su
OWBO00S |  Aloy 22 is? | 1227703284 | NoB022 8575 gateid o ;‘)’.‘ %6 Ko26 | 1227743263 | A5.14 ER NiCrMo-10 mwc()g:;sa;o:'-(:?zm pop e a4
pwBOOB | Aoy 22 wis? | 1227703264 | NosO22 Bs7s Asr;gg:-:;-gf; ;?'56 K926 1227743263 | AS.14 ER NiCrMo-10 mwr()g:;s-‘o:'.(:iz.m A
DWB 031 |  Atloy 22 mst | 1227700264 | noso22 BS7S AS';Sg;f; o '3‘;'56 K926 1227743263 | A5.14 ER NICrMo-10 T“W?gi;;!"'og'*ﬁ?‘?t 0S5
DWBO03 | Afoy 22 H157 1227700264 | NOG022 8575 As;:g:g:;; -::s;;()nss K926 1227743263 | A5.14 ER NIC:Mo-10 mw«()g:;s;o:ms;zm_ Pofg;"’;w
owaoar | Aoy 22 H157 1227703264 | NOB022 8575 As;;gg:-:; 'gf;;‘)"“ K926 1227743263 | AS.14 ER NICiMo-10 Yﬂw?gi;sas-‘o:'vt:?nzl. ofoe
OWBO042 |  Alloy 22 H157 1227703264 | NOGO22 Bs75 As;:ggg.:; > ;?'56 K926 1227743263 | AS.14 ER NICiMo-10 mwc:g::?:;:mzm o O
OWB 043 | Alloy 22 wisz | 1227703264 | nNoG022 BS75 A a7 ot K926 1227741263 | A5.14 ER NICIMo-10 mw‘(’gix;";“:’:"“ pomOC
DWBO044. |  Alloy 22 H157 1227703264 | NO6022 8575 Asiggg':; '2'6; ;‘)"56 K926 1227743263 | A5.14 ER NICrMo-10 Tth()g:-::?:’-(::an oo f:;;’ “
OWBO4S |  Alloy 22 H1S7 1227703264 | N0B022 8575 Asr;g::;gz o ;‘;"56 Koze | 1227743263 | AS.14 ERNICMo-10 Tawggizo:):ﬂ?un pon oG
OWB 046 |  Alloy 22 wis7 | 1227703264 | N0GO22 8575 A page 1 ot e K926 1227743263 | AS5.14 ER NiCrMo-10 T“w?g':’;,’."f:"‘::""“ otoet
owB o7z | Alloy 22 His? | 1227703284 | NOBO22 B575 Asr(’gg;:; by ;‘)"55 K926 1227743263 | AS.14 ER NICtMo-10 TRW(():,Y:’-“?-’O:'-(::ZQL polost
owB 073 |  Alloy 22 wis? | 1227703264 | NoBO22 Bs75 A et &6;;())!56 K928 1227743263 | AS.14 ER NICiMo-10 '“‘"‘(’35;,’,’?3{‘32"'“ PoR B313I84
OWBO74 |  Alloy 22 mis7 | 1227703264 | NoBO22 Bs75 As;(’ggg;sz Pt Kezs | 1227743269 AS.14 ER NCiMo-10 mw‘:g:;’f:;‘:‘;*f"- ot
owaors | Awy22 | wisz | 1221703264 | NogO22 8575 Ass:gg:-os; Pt kozs | 1azrmaazes | siaEmncMoro| TRMERIBOSTIZAL o8 8313054
DWB 076 Alloy 22 H157 1227703264 | N0B022 8575 As'zgg:f; -:'6;13())156 K926 1227743263 | AS.14 ER NICrMo-10 "‘W‘(’L":';,’,’f’fﬂfm Po.s g:;::m
pwBor? | Aloy22 H157 1227703264 | NO6022 8575 As';:g:f;'gf; ;‘;'ss K926 1227743263 | AS.14 ER NICiMo-10 "‘w‘(’,‘if:.’f’ffﬁm ' Po: %1.;954
owBo78 |  Atoy 22 Mis? | 1227703284 | NoG022 Bs75 “smgfsz;;?‘” Ko26 | 1227743263 | AS.14 ERNICIMo-10 "‘W‘(’,‘!f;,i’?:i'ﬁm pon Ba130s4
owB 079 |  Alloy 22 Mis7 | 1227703264 | Nogo22 8575 Asv:g::;sz-:f;;?'se : Ko26 1227743263 | AS.14 ER NICIMo-10 an?gz-gsas-‘o:'-(:r;ua_ o oC
owB080 | Aoy 22 st | t12zrronees | wosoze BS75 Asr:g:)::; 3:3;;())156 K926 1221743263 | A5.14 ER NICiMo-10 mw«()::;o;o:ﬁ:un b0 00t e
owBosl | Aloy22 wis? | 1227703284 | Nosoz2 Bs75 AS';:,’:::'; Ty K928 1227743263 | AS.14 ER NICiMo-10 T“W‘(’g::’:?;g-;’?ﬂ'- a5
owsos2 | Amyz2 | mis7 | 122r70a2ee | noeoz2 8575 A Pua? of 1 g Kozs | 122743263 | Asa4ERNCAMor0|  TRWIDRORGSCIReEL POR 8313054
ows 101 | Atoy22 wis? | 1227703284 | Nogo22 8578 As’:g::f;ff;;‘;'” Ke2s | 1227743283 | AS.14 ER NICIMo-10 "‘“"{ﬁ;’.’f o ‘::i.’m * por 312054




ns

122 128
Specimen Composition Summary Page {
ailos @4
spnan ] Aoy | TSt | et g g | ot | ot | TSI v spatetan |1 oy
Number Number
ows 102 | Aoy 22 Hi57 | 1227703284 | NoBO22 8575 "S’(’ggg':; oy Ko26 | 1227743263 | AS.14 ER NiCiMo-10 mw((,g:.:.g.'o:'-(::ﬂl’l. PO 8313884
OWB 106 |  Afloy 22 Hi15? | 1227703264 | NoGO22 Bs75 AS’(’:,’;’;’:’; et ke2e | 1227743263 | AS.14 ER NiCIMo-10 T“W?g::?:):'*:f;“?'- oSoe
ows 111 | Anoy22 His7 | 1227703264 | Nos022 8575 Asr(’gg:f; 'gf;g)"“ Ko26 | 1227743263 | A5.14 ER NiCrMo-10 mw?g:;;s-‘omr;zm b oo e
pwe 112 |  Aloy 22 H157 1227703264 | NOG022 B575 "5':3::;9; 'gf;;"“ K926 1227743263 | AS.14 ER NICtMo-10 T“W‘(’g:;""o:ﬂf;a‘ﬂ Ponsgg:'nu
owB 113 |  Atioy 22 st | 1221703284 | Nog022 8575 e koo | 1zermaaes | assaeRncaoro| TRWIRRIBDSCREL Por g:;;osg
pwB 14 | Aloy22 H157 1227703264 | NOGO22 8575 As'(’g::‘:; .3:;;;(’)155 K926 1227743263 | AS.14 ER NICMo-10 mwc()g':»:.s?m.r;zm pos 00 e
ows 115 | Aoy 22 H1ST 1227703264 | NoGO22 8575 “5':22:;9;'3.3;;?'” K926 1227743263 | AS.14 ER NICiMo-10 T"W‘(’g::.’:’:"‘:‘;’“""- . o.s‘?c”";’“
owB 116 |  Atoy22 Wis? | 1227700284 | Noso22 BS75 el oy Koze | 1227743263 | AS.14 ER NICiMo-10 ‘“w‘(’gﬁ;"f? :ﬁ?‘u i~ :30;;9“
owa 118 | Atoy22 H1S7 1227703264 | NoG022 BS7S As?g::;s;l-g:s;;nsa K928 1227743263 | A5.14 ER NICiMo-10 "‘""(’Sf;’.’f:fﬁm PR 8313054
ows 119 |  Atoy22 HisT | 1227703264 | NOSO22 8575 bt Kozs | 1227743263 | AS.14 ER NICiMo-10 e o B312084
ows 121 | Aoy 22 H157 1227700264 | NoB022 BS7S As'::::f; Pt Ko26 1227743263 | AS.14 ER NICMo-10 an?::;zo;ozmmn, nop e e
ows 122 | Aioy22 H157 1227703264 | NoGo22 B575 AS!(’:,)::;Q; -;)'e;;()nss K926 1227743263 | AS.14 ER NIC:Mo-1D T"w?g:’;’:’:ﬁ:"ﬂ PO e
owB 141 | Alloy22 His7 | 1227703264 | NoBOZ2 Bs75 gaond o ;()"53 Ke26 1227743263 | AS.14 ER NICiMo-10 T"W‘(’:f:?"o:'*:?‘ﬂ oS30t
ows 142 | Aoy 22 wis7 | 1227703268 | Noso22 Bs75 Asr:gg::; ff;;‘;'“ K026 1227743263 | AS.14 ER NICMo-10 T"W‘(’g:;?‘ﬂ:::??‘ﬂ oo 5001 “'
owB 144 | Aloy22 wis? | 1221703084 | Nos022 BS75 A pege? Ty Ko28 | 1227743263 | A5.14 ERNICiMo-10 mw‘(’:':'::’;":":‘;z‘“ b0 oS e
oWB 151 | Aloy22 wis7 | 1227703264 | Noso22 8575 A et o1y Ko2s | 1227743263 | AS.14 ER NICiMo-10 mw?::;??:ﬂ:zm e Brases
ows 164 | Aloy22 K932 1227783203 | NoGo22 8575 Asm:;‘:;’;f“‘a‘;'” Lose 1227743142 | AS.14 ER NICrMo-10 Asm::%g!:'gsm o083
pwB 168 |  Alloy 22 K932 1227703203 | NoBo22 BS?5 “s’:g‘:;‘:;*;f"'a‘;'“ Log8 1227743142 | AS.14 ER NICiMo-10 ‘9"&0.1::7'4;!:%"64 woloes
ows 169 | Aloy22 K932 1227783203 | NOBO22 8575 As':gg:’:;ﬁf"'a';' 8 Lo%8 1227743142 | AS.14 ER NICMo-10 ‘sm‘:’.’:ﬁm"“ Pofgg:%’
ECA00Y | TiGrade12 |  Kos7 BN2066 | RS3400 B265 A s ool 1) NIA N/A NA NIA N
ECA002 | TiGrade12 |  KeS7 BN2068 | RS3400 8265 A rane o 13 /A NIA NIA NIA por e
ECA003 | TiGrade 12 Kes7? _BN2968 AS3400 8285 Asm’:;’gf"';' s N/A N/A N/A N/A . fg;:‘-:m
ECAQD4 | T — 12 Ko57 BN2966 R53400 B265 Asm:;-:;?eﬂss NIA N/A NIA NIA n Pofg:?;gw
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Base Metal Weld Filler
o] e s Tttt 5t o] T [t s s [T | S
ECAC05 | TiGrade12 |  Kos? BN2966 R53400 8265 AS':‘F),::;’:;":?"L‘;‘ 58 NIA N/A NIA NIA POn o sth
ECA0S | TiGradet2 | Kos? BN2966 R53400 p265 Asr’(gngggf;g;tss NA NIA NIA NIA PO et
ECA031 | TiGrade12 | K957 BN2966 R53400 B265 AS';‘:};Z’:;?;‘;' 56 NA NIA NIA NIA , ofgg;gm
ECA032 | TiGrade 12 |  Kos7 BN2966 R53400 8265 AS*;gg;j;-gfg;ws N/A N/A N/A /A POn oo
ECA033 | TiGrade 12 | K957 on2oss | 53400 B265 As':gg;f;‘gf"';;' 56 N/A N/A /A A poro
ECAOM | TiGrade12 |  Kos? BN2966 RS53400 B265 ASF;?,‘:Z:’;‘:?"';;' 5 NIA N/A NIA NIA pOn o084
ECA03S | TiGrade 12 |  Kes? BN2066 P53400 8265 "s':g‘f;f;'gf"g:‘ 56 N/A A NIA NIA o ofg:gm
ECA036 | TGrade12 |  Kas? BN2966 RS53400 8265 Asigng;'gf“g;'“ NIA NIA N/A NIA ot
ECA0S1 | TiGrade 12 |  Kos7 BN2968 R53400 8265 AS’:‘;‘;Z’:’;?‘Q;'“ NIA NA NIA NIA por o
ECA082 | TiGrade12 | K957 BN2988 R53400 8265 “ﬂg‘::f:gf;’;;'“ NA NIA NIA NIA Pofgacgou
ECA083 | TiGrade12 |  Kes? BN2066 RS3400 8265 "s"(gzzfg'gf"g;'“ NIA NIA NIA NIA Pofg:;;m
ECAOG4 | TiGradet12 |  Kos? BN2966 R53400 8265 As”(‘;‘;‘;':;'gf"’a‘;'” NIA A NIA N/A pos 2
ECA08S | TiGade12 |  K9s7 BN2986 R53400 B2ss AS':?,'::;' :;'gf"';;' % NIA NIA N/A NIA pop o
ECAO88 | TiGmde 12 |  Kos7 BN2066 A53400 B265 “S';gﬁf;'gf"g;'” NIA NIA NIA NIA , ofgsc;gm
ECA06? | TiGrade12 |  Kos7 BN2966 R53400 B265 Asm:f;-g?-‘gtse NA NIA NIA - NIA Poosgsc;gsu
ECA06S | TiGrade12 | K957 BN2966 | R53400 8265 A o1 NIA NIA NIA NIA ot02
ECA06) | TiGrade 12 | K957 BN2068 R53400 B265 As';g‘:‘;f;'gf;;‘;'” NrA NIA NI NIA po e
ECAO?0 | TiGrade12 | K957 BN2966 R53400 B265 "s':?,‘::;f;'gf"g;' 56 NIA NIA NIA NIA Ponsg:?;:w
ECAOT | TiGrmdet12 |  KoS7 BN2966 R53400 8265 Asmz:’;'gf"g;' 56 NIA NIA NIA NIA Pofg;:"gw
Ecaorz | TiGnoet2 | K957 BN2966 RS3400 B265 "sm‘;':;'gf"g'“ NA N/A NIA NIA poloc2
ECA091 | TIGrade 12 K957 BN2986 R53400 8265 Asmf;gf;g;m NA NIA NA NA Pofgacy'gm
gcAo2 | Tamde1z | Kkesz |  enases | RS0 8265 it et /A NIA NIA NIA porCt
ECA093 | TiGradet2 |  Kes? BN2066 | RS3400 8265 ‘smfnf"g;'” NIA NIA NIA " NA ez
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ECA034 | TiGrade12 | K957 BN2968 R53400 B265 Asigg:;j;g:s.‘g:m N/A NA NIA N/A PO e 4
€CA096 | TiGrade12 | K957 BN2966 R53400 B265 Aszgng;gf'g;'“ N/A N/A /A NIA A
ECAO98 | TiGrade12 | K957 BN2966 R53400 B265 Asigzsgf;-g?-‘gt > NIA NIA NIA NIA ' Po;sg:;gosa
ECA099 | TiGrade12 |  Kes7 BN2966 R53400 8265 Ass;g(;z ‘:;'gf“'a‘;' 56 N/A NIA NrA NIA on e 4
ECA101 | TiGrage12 |  Kos? BN2966 A53400 B265 As’:g‘f;f;gf;g' 5 NIA NIA NIA NIA Ponsgac;:ou
ECA102 | TiGrage12 |  Kes? BN2966 R53400 B265 Aszgg;f;’gf;g'“ NIA NIA NIA _ NIA oloez
ECA121 | TiGrade 12 |  Kes? BN2986 R53400 8265 Asigzz:;'gf";‘;'“ NIA NIA N/A N/A por e e
ECA122 | TiGrade12 | K957 |  BN2966 A53400 B265 As';g::’:;'gf"g;' 56 N/A NIA NIA N/A pofgacguu
ECA123 | TiGrade12 | K57 8N2966 R53400 B265 Asrzgzzf;-g?-'gtse N/A NIA NIA NIA pon oo
ECA124 | TiGrade12 | Ko7 BN2966 R53400 B265 ‘s':gng;g?"‘;;' 56 /A /A NIA NIA pos e e
gCA125 | TiGrade12 |  Kes? BN2066 R53400 B265 ASP((’),(;Z;GQ;-(:?"!;;ISG A NIA na | /A s
ECA126 | TiGrage12 | K957 BN2966 R53400 8265 Ass:gg:;f;-g:s-‘;(;tse . NA NIA NA NIA Pofgac;:osa
ECA128 | TiGrade 12 | K957 BN2966 R53400 B265 Asm:f;gf"';'“ NIA NIA NIA NIA " ofgac;;u
ECA120 | TiGrde12 |  Kes? BN2966 | R53400 B265 A a0 13 NIA NIA NIA o o222
ECA130 | TiGradet2 |  Kos7 BN2966 R53400 B26s Asr;gg:;f;-:?-‘g;m NIA NIA o | NIA o222
ECA 132 | TiGrade12 |  K9S7 BN2966 R53400 8265 Aszgng;-gﬁgm NIA NIA NIA NIA Pofgsc;;m
EcA1s? | TiGmgetz | ket |  Bweses R53400 B26s Asmzf;ff;g;'“ NIA NIA A NA o2
ECA158 | TiGrade12 |  Kos7 BN2966 RE3400 8285 Asmf;'g?"g;'“ NIA NIA . N NIA o
ECA 159 | TiGade12 | Ko7 BN2968 A53400 B265 ‘smﬁ?"g'“ © A N/A NIA N/A b0 2
ECA160 | TiGrads 12 |  Kes7 B8N2966 RS3400 8265 Asr;gt::f;-g?gm NIA NIA A NIA poloc2
ECA181 | TiGraet2 | Kos? BN2966 R53400 B26s ‘s':g‘f;f;ﬁ:”'g"’“ NIA NIA NA. A 5%
ECA 162 | TiGade12 |  Kos? BN2066 Rs3400 B265 Asm:;-:;g?;g;m NIA "N NIA NA Pofgac{:ssq
EcAted | Dotz | Kes? | ewzees R53400 B26s fsmzf;'g?_'.'ﬂ'“ N/A NIA NIA N o202

e
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ECA165 | TiGradet12 |  Kas7 BN2966 R53400 B265 ' “s';g‘::f;‘;f“'a‘;'“ NIA NIA NIA NIA o ofgg{gm
ECA167 | TiGrade12 |  Kos7 BN2966 R53400 B265 As;:g(::;-:;-gf-‘g;tss NIA NIA NIA NIA Pofggt':osq
ECA160 | TiGrade12 | K957 BN2966 R53400 8265 "sp("’,(;zf;’gf"g' 56 A NIA A NIA or o
ECDOOY | TiGrade12 | X957 BN2966 R53400 B265 As’:g‘:if;gf"g:' 58 1025 AT7879 AS.16 5001.023F PO a8
ECD 002 | TiGrade12 | K957 BN2966 AS3400 8265 As?ggz-:;-gf-‘gtse Lo2s AT7879 A5.16 5001.023F POn o a4
ECDO003 | TiGrade12 | K957 BN2966 R53400 8265 AS':‘;‘;Z‘:;'(;?“::'“ 1025 AT7879 A5.18 5001,023F or o
€COO004 | TiGrade12 |  Kos? BN2966 R53400 8265 “5"(‘:,2:':;'2?“2;'56 L025 AT7870 AS.16 ER TI-12 5001.023F or oo
€CD005 | TiGrade12 |  Kos7 BN2966 R53400 8265 “5'12‘:‘,‘,;‘,’3'2?}'3‘;'” L025 AT7678 AS.18 ER T1-12 5001.023F p ofgac{gw
ECDO008 | TiGrade 12 Kas? 8N2066 R53400 8265 ASP((;(::;-:‘;—:):;;(;! 58 L02s AT7879 AS.10 EATI2 5001.023F Pofgl':w
ECD032 | TiGrade 12 | K957 BN2966 R53400 8265 Asr;gg::);-g?-‘glsa 1025 ATT879 AS.16 ER T1-12 5001.029F '; Ofg"gm
ECDOS! | TiGrads 12 | Ko7 BN2966 R53400 8265. ‘sm:':;'gf"g;' 56 L025 AT7879 AS5.16 ER TI-12 5001.029F ot
ECDO082 | TiGrade12 | Kes? BN2966 R53400 8265 Asv:gt::;f;-gf-‘gtss Lo2s AT7879 ASIBERTI12 5001.023F Pos o e
€CD063 | TiGrade12 |  Kos7 BN2966 RS3400 8265 “s’:g‘:‘;f;'gf'g'“ L025 AT7879 A5.16 ER TI-12 5001.023F bos oo
ECDOG4 | TiGradet2 | K987 BN2966 RS§3400 8265 As;:gng;g?-‘g;tsa L025 AT7879 AS.16 ERTL12 £001.023F ofoo2
€cooss | TiGrade12 |  K9S7 BN2966 A53400 B265 Asv:gng;-gf-'gtsa L025 ATI679 AS.16 ER T1-12 5001.02F oS
ECDOGE | TiGrade12 | K957 BN2966 A53400 B265 Asigzzfnf-g;tss L025 AT7679 ASGERTINZ_ 5001.020F oo
ECDO6? | TiGrade12 |  Ko57 BN2066 RS3400 B265 As;:gng;-g?-'gasa Lo2s AT7879 AS.16 ER T1-12 5001.02F oS00
ECD 0S8 | TiGrade 12 K957 BN2966 R53400 8265 Asm:f;-gf-'g;sss L025 AT7879 " AS.16 ER TI-12 5001.023F Pofgsc{:w
ECD069 | TiGrade12 | K957 BN2966 AS3400 8265 Asg:gc::;f;-g:s-'gtse L025 AT7679 AS18ERTI-12 5001.023F ool
ECDO70 | TiGrade 12 K957 BN2868 R53400 8265 Asr:gc::;ﬁ-gf-‘tat;tss 1025 AT7879 ASABERTLIZ §001.023F ro .sg;:‘-;w
€CD071 | TiGrade 12 Kos? BN2088 R53400 8265 ASP(('),(::-:;-(:-‘;? 58 1025 AT7879 ASASER TI12 5001.023F Po-sgg{:m
ECOO72 | TiGrade12 |  Kos? BN2966 R53400 8265 Asr;g(::;f;g?-‘gise L025 AT7879 AS.16 ER TI-12 5001.029F pon o
E€CD 091 TiGrade 12 K957 BN2986 R53400 . B265 ASP((;(::;?‘;—(;'G-‘;(;ISQ L0285 AT7879 AS.16 ER T1-12 ' 5001.023F ‘ Pleg;:;:gsq
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ECD092 | TiGrade12 |  K9s7 BN2966 R53400 B265 As?g::;f;g?-‘g;ws L025 AT7879 A5.16 ER T1-12 £001.023F pofgga':w

ECD09) | TiGrade 12 | koS BN2966 | RS53400 B265 A a1 1025 AT7679 AS.16 ER TI-12 " 5001.023F woSoe2
ECDO094 | TiGrade12 |  Kos7 BN2966 R53400 8265 "S”(g‘:;f;'gf"'a‘;‘s“ 1025 - i ASIBERTI-12 5001.020F POS oora954
ECO095 | TiGrade 12 | K957 BN2966 R53400 8265 ‘s‘;g‘;zf;‘gf"‘a‘;’ 56 1025 AT7078 AS.16 ER T1-12 5001.023F o2
ECO0% | TiGrade12 |  Kos? BN2966 R53400 B26s A oasat o1 13) %6 L025 AT7879 AS.16 ER 112 5001.023F oo

ECDO098 | TiGmde 12 |  Kes? BN2968 R53400 B265 Asmzf;'gf;g;' 56 L025 AT7870 AS.AGERTI-12 5001.023F po0se

€CD099 | TiGrager2 |  Kos? BN2966 RS3400 B265 A a9l 13 %8 Lo2s AT7870 ASBERTI12 5001.023F POS D884
€co101 | TiGmde12 | Ko7 BN2966 RS53400 8265 A e ool 13 58 1025 AT?879 A5.16 ER T1-12 £001.023F oS82
€C0 102 | TiGiade12 |  kes? BN2966 RS3400 B265 Asm:f;’gf"‘;;'“ L025 ATI879 AS.16 ER TI-12 5001.023F POn oo 2054
ECD 121 | TiGrade12 |  Kes7 BN2968 R53400 8265 As':gg:;f;-gf-'gass Lo2s AT7870 AS.16 ER TI-12 $001.020F o082
ECD122 | TiGrade 12 | K957 BN2966 A53400 B265 ‘s"(g‘:‘;f;'gf"'a‘;' 56 1025 AT7879 AS.16 ER Th12 5001.023F Po?gsctlgw
€c0123 | TiGrade12 | - Kes? BN2966 R53400 8265 AS':gg:;f;'gf"",g' 58 1025 AT7879 ASAGERTIIZ 5001.023F poroe?
ECO124 | TiGrade 12 |  Kos? BN2966 RS3400 8265 A e oot 131 Lo2s AT7879 A5.16 R T-12 5001.023F Pt
ECD 125 | TiGrade12 |  Kas? BN2966 RS3400 B265 Asm:fz-g?-‘g;isé Lo25 AT7679 ASABERT-12 5001.023F pocoe2
ECD 128 | TiGrade12 |  Kos7 BN2966 R53400 B265 As’;‘,’,‘:;f;ﬂf'g;'“ L025 AT7879 AS.16 ER TH-12 © §001.029F poroe
EcD128 | TiGrade12 |  Kes? eN206s | Rs3400 8265 A s 0o 0] Lozs AT7879 AS.IGERTIIZ | 8001.023F s
ECD129 | TiGrade12 | K57 BN2966 A53400 8265 ‘s‘zg‘:‘;f;gf"g;'“ L025 AT7879 £5.16 ER TI-12 5001.023F ool
ECD130 | TiGrade 12 |  Kos? BN2066 A53400 B26s A raaat s L025 AT7879 ASABERTI12 5001.029F ooloct
ECD 132 | TiGrade12 |  Kes? BN2086 RS3400 8265 “s'::‘::f;gf"'s‘;‘ s Lo25 AT7879 AS.16 ER TH12 5001.023F poloo2
ECD 157 | TiGradat2 |  Kes? BN2968 RS3400 8265 ‘smf;gf“;‘;'“ L025 AT7879 ASIBERTIZ 2001.023F oSz
ECO158 | TiGmdetz |  Kes? BN206s | RS3400 8265 ‘sm’:;‘:f'g;'” Lo2s AT7879 A5.16 ER T1-12 5001.023F oS
ECD 150 | TiGrade 12 K957 BN2866 A83400 8265 Asmﬂ?"gm 1025 AT7879 "AS.16 EA T1-12 5001.023F Pofgac;:su
ecpteo | T— 12| wosr | enesss | msaeco 8265 ‘s':gz;f;'g;ﬂ" Lo2s AT7679 ASAGERTLIZ | ooz L, o 54

|

)
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Number Number
ECD 161 | TiGrade 12 | K957 BN2966 RS53400 B265 As':gng;gf’g;'ss L025 * aT7879 AS.16 ER T2 5001.020F woSoc2
ECO 162 | TiGrade12 |  Kas7 BN2966 R53400 B265 As;:gg:;f;-gf-g;tss L025 AT7879 AS16ER TI-12 5001.023F POs Draast
gco 164 | TiGrage12 | kos? BN2966 R53400 B265 Asigzz':;'gf"g' %6 Lo25 AT7879 AS.16 ER T1-12 5001.023F PON D204
ECD 165 | TiGrade12 | K957 BN2966 ns3400 0265 “S';?,:;f;'gf'l':)' s 1025 AT7879 A5.16 ER TI-12 5001.023F - oL e
ECD 167 | TiGrade12 | K957 PN2966 RS 1400 n26s ‘q'm;:; T L02s AT7879 AS.16 ER TI-12 5001.020F POr oo ss
ECD 168 | TiGrade12 | K957 BN2966 Rs400 D265 ‘5':‘;‘:;:; 2?'1'3‘;'55 1025 AT7879 ASABERTHIZ 5001.023F ooz
ewa001 | TiGrade12 | K957 BN2966 R53400 8265 Asﬁﬁﬂf,f;‘gf;g;' % N/A NIA N/A N/A Pofgac{gsu
EWAC02 | TiGrade12 |  K9s? BN2966 R53400 8265 As’:gg:':’;'g?“'a‘;' 56 NIA NIA NIA N/A Pofg:":m
EwA003 | TiGrade 12 |  Kes7 BN2086 R53400 p265 Aszgng;g?-'g!ss NIA NA /A NIA ol
EWACO4 | TiGradet2 |  K9s7 BN2966 53400 B265 ASl:g(::‘;—:;-(o):i-‘g;ISB NIA NIA NIA NIA p ofgac“gg“
EwWA00S | TiGrade12 |  Kos7 BN2966 A53400 8265 As':g‘::f;‘gf"g;'“ NIA NIA NIA NIA Po.sgac";w
EWAC0 | TiGrade 12 | K957 BN2966 A53400 8265 Asm:;':;‘gf"';;' 56 N/A NIA A NIA pob 2
EWAO3! | TiGrade 12 | Kos7 BN2966 RS53400 6265 Ass;gc:z-:;g?-&gass NIA NIA NIA NIA poroe
ewa035 | TiGrage12 |  Kes? BN2966 R53400 8265 Asqgg:;f;-gf-'g;css NIA NA N/A NIA ot e
EwWA 041 | TiGrade 12 Kas? BN2966 R53400 8265 Aszgt::;f;g:s-'tst;vse N/A NIA N/A NIA Pofgsct'gssa
EWAC4Z | TiGmde12 | Kos? BN2966 A53400 B265° As’;gg‘;f;ﬂ?’,';;'“ N/A NIA NIA NIA Ponsgac;;a .
EWAQ43 | TiGrade12 |  Kes? BN2968 R53400 8265 Asr:gg:f;gf;g;m NIA NIA NIA /A ole2
" ewAoss | TiGde12 | ke BN2968 | RS3400 B26s “S'::‘::f;gf"'a‘;'“ NIA NIA NIA NIA oS0z
EWAOMS | TiGrade12 | Kos7 BN2066 R53400 B26s ‘s';gg:;f;':"g;' 58 NIA NIA NIA NIA Pofgsc{:m
EwAO4s | TiGradet2 | Kos? BN2966 RS3400 p26s ‘smzf;ff"g;'“ NA NIA NIA NIA o2
gwaort | TiGradet2 | xes? BN2968 R53400 8265 ‘sm:fm’;g;'“ NIA NA NIA N/A poloo
EWAO72 | TiGrade12 |  Kes7  enzses R53400 B26s ‘Sm:;fzgf"';;' 56 NIA NIA NIA NA Pofg:"gw
EWAO73 | TiGrade 12 K57 BN2088 R53400 8265 Asmfma-‘gm N/A NIA NIA NIA °o fgg'-:w
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Specimen ID All:‘y.:‘v:do 8:";;{0;: ' 8}:::&::::;::!! UNS Numborl Spo::;?:llon Base M';:;';:d’:::::m Test ‘3“5‘:;:2:' V’V:.I:l'l::l’:t: "" AWS Speciiication Weld F:?;::“;S::’:'m ‘"{ Sé::::;::;t
. Number Number .
EWAO?4 | TiGrade12 |  K9s7 BN2966 R53400 B265 As’:gf;f;‘gf"‘;;' 58 NIA N/A NIA NIA Pofg:;gw.
EWAO?S | TiGmde 12 |  Kos? BN2966 R53400 p265 “S';ggzg;‘gf"g;'“ NIA NIA NIA NIA PON oA
EWAO78 | TiGrade12 | K987 BN2966 R53400 8265 Asiggsgf;-::s-‘gtss NTA NIA NIA NIA Pon S
EWAO7?7 | TiGrade12 |  Kos? BN2966 R53400 8265 ‘S‘;:’,ZZ':’;"O’?"';;' 56 NIA NIA NIA N/A oo
ewaors | TiGrader2 | Kos7 BN2966 | RS53400 8265 A st 1) /A /A NIA NIA pon oo
EWAO?9 | TiGrade12 |  Kos7 BN2966 R53400 8265 Ass:ggsgf;g?-‘gi 58 NIA NIA N/A NIA oroo?
EWA080 | TiGrade12 |  KoS? BN2966 AS3400 8265 Ass:gt::;f;g?-‘g;'se NIA NIA N/A NIA POn a5
EWA08! | TiGrado12 | K957 BN2966 RS3400 B265 Asr;g(::;f;-g:s-g;'ss N/A NIA NIA NIA Poigac:;:ssq
Ewa082 | TiGrade12 |  Kes7 BN2966 R53400 8265 Asm:f;'gf"";'“ NIA NIA NIA NIA pon o
EWA 101 | TiGrade12 |  Kos? BN2966 RS3400 8265 ‘s"(gzz':;gf"';;'“ NIA NIA NIA NIA . éfgg";su
© EWA102 | TiGrade12 | K957 BN2966 53400 B265 ASP((;(:!;-:;(;'G-‘!S(;HB N/A NIA NIA NIA b ofg;"':o“
EWA106 | TiGrade12 |  Kes? BN2966 R53400 B265 “Sm;f;'gf'i':g'” N/A NIA N/A N/A " por ot
EWA107 | TiGrade 12 |  KoS? BN2986 R53400 B285 Asmzx'gf"';;'“ NIA NIA NIA N/A Porae
gwA 111 | TiGradet2 | Kos? BN2966 RS3400 8265 Asm:f;'gf";‘;' 56 NIA NA NIA N/A ot
EWA112 | TiGrade12 |  Kes? BN2956 R53400 8265 Asm:;f;-g?.‘g;‘ 58 N/A NA NIA NIA por o2
EWA 113 | TiGrade 12 K957 BN2966 RA53400 B265 Asr:g(:zf;-g?-‘g;tss N/A NIA N/A NIA PO f&'fé. -
EWA 114 | TiGrade 12 K957 BN2966 AS3400 B265 As;:gz:;f;-g's-g;ass N/A N/A N/A N/A p ofgg:m
gEWA115 | TiGrade 12 Kas? BN2966 RS3400 B265 Asm:f;'gf"g'“ N/A NIA NIA NIA p o.sg:":' ”
EWA118 | TiGrade12 |  Kos7 BN2966 | RS3400 8265 A s 0l 13} NIA NIA NIA NIA oltoe2
ewA117 | TiGradet12 |  Kes? BN2966 R53400 8265 ‘s':‘,’,‘:;f:gf"g;'“ NIA NA NIA NA " of:f:w
EWA118 | TiGrade12 | K57 BN2068 R53400 B265 Asm:;-:ms-g;m NIA NA NIA NA . ofgaci';m
EWA11S | TGmdet12 |  Kos? BN2066 RS3400 B26s As’:g‘::f;':f"g:'“ NA NA NIA NA sodocz
EWA120 | T—— 12 |  Kes? BN2968 RS3400 B265 ‘s':‘:::;f;?’ﬂ“ NIA NA N N/A s oS0
a o
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specimento] Moy Trsde | Sy | ase Mty g g KSTH ] e Mt nsipancant T WSCLor | el MO L catan (W1 Flrndapandan T Satement o
Number . : Number :
EWA121 | TiGrade 12 |  Kes? BN2966 R53400 8265 “s':g‘;zf;'gf"g;'” NA /A NIA NIA POs oo aosd
EWA 122 | TiGrade 12 |  Kos7 BN2966 R53400 B265 Asr:g::;-:;-gf-g;asa NIA NIA NIA NIA Poroo2
EWA 141 | TiGrade 12 |  Kas7 BN2966 R53400 8265 AS':?,‘::‘:;‘?:;‘;'% NIA “NIA NIA NIA pon G
EWA 142 | TiGrade 12 | K57 BN2966 A53400 B265 Asr;g(;:;f;-g?-'ta(;tse NIA NA NIA NIA o Ofg;:;:ou
EWA 143 | TiGrade 12 | K987 BN2966 A53400 B265 As':g‘::f;gf'g;' 58 NIA NIA NIA NIA roroo2
EWA 144 | TiGrade12 | K957 BN2966 R53400 B265 Ass:gt;:;f;-g'e;gase NA NA NIA NIA o o.sg;:";w
gwA 151 | TiGrade12 |  Kos7 BN2066 A53400 B265 Asv:g(:zf;-g:;-'g;v s NIA NIA NIA NIA , Ofg;’;;w
EWA152 | TiGrade12 |  Kes7 BN2966 AS3400 8265 ‘s':g‘;:f;‘gf"’a‘:'ss NIA NIA N/A NIA posoe2
EWA 164 | TiGrade12 |  Ha2? 1.6465 R53400 B265 Asr;gt;:;f;-g?-'gtse NIA NA NIA NIA Po.sgg:”'
EWA 165 | TiGrade12 |  Haz7 15465 A53400 8265 Asm:;f;-gf-‘gass NIA NIA . NIA NIA o o-sgg:oso
EWA 168 | TiGrade12 |  H427 T.5465 R53400 B265 As’;gg:f:gf;g;'“ NIA A NIA NIA PO o
EWA 169 | TiGade12 |  Ha27 1.5465 A53400 B265 “Sm:f;'gf;g'“ NIA NIA NIA NIA ) of?l:f:;:sss
EWA 170 | TiGrade 12 H427 T-5465 RS3400 8265 As':?,‘::f;’gf"g;'“ N/A NIA N/A N/A P o.s?c.a:;:’“
EWA171 | TiGrade 12 |  H427 1.5465 RS3400 8265 A st ol 1) NIA N/A NIA N/A ot
EWD 001 | TiGrade12 | K87 BN2068 | RS3400 8265 A oot 1) 1025 ATT879 AS.16 ER T1-12 5001.020F ol 2
EWDO002 | TiGrade 12 | K957 BN29g6 | Rs3400 8265 A s oot 1) Lo2s AT7879 AS.16 ER TI-12 5001.023F pooce |
EWD003. | TiGrade12 | K957 BN2966 | R53400 8265 R he iy Lo25 AT7879 ASIBER Th12 5001.0239F ooloe2
EWDOM | TiGrade12 |  K9s7 BN2986 | R53400 8265 A s 0ol 1) Lo25 AT7879 A5.16 ER T1-12 5001.029F woloo2
EWD00S | TiGrade12 |  Kos7 BN2966 R53400 8265 Asm:;f;gf-‘tat:m L025 AT7879 ASIBERTIIZ 5001.020F por o
EWDO006 | TiGrade12 |  Kes7 BN2066 R53400 B265 : Asm:f;g?-‘gise es | amer ASABERTHZ 5001.023F osoe
EWD031 | TiGade12 |  Kes7 BN208s R53400 B265 Asmﬁ?-‘gm Lo2s AT7879 AS.16 ER Ti-12 5001.020F n of::{gw
EWD038 | MGmdet12 |  Kes? BN2966 AS3400 8265 Asmzf;-gg-‘g;ise L025 AT7879 AS.18 ER T1-12 5001.023F or2
EWDO41 | TiGmdet2 |  Kes? BN2966 | RS3400 8265 A a3 Los AT7879 AS.16 ER T-12 5001.020F oSE
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Number Number
EWDO042 | TiGrade12 |  Kos? BN2966 R53400 8265 "S';g‘;:f;'gf"g;‘“ L025 AT7879 A5.16 ER TI-12 5001.023F POr aca
EWD 043 | TiGrade 12 | K957 BN2966 R53400 B265 Asigng;'gf"'a‘:'“ L025 ATI879 AS5.16 ER TI-12 5001 029F POr Smase
EWDO44 | TiGrade 12 | K957 BN2966 R53400 8265 Ass;ggagf;-gf-'gvss 1025 AT7879 AS.16 ER TI-12 5001.023F . ofgaci'gs »
EWD 045 | TiGrade 12 | K957 BN2966 R53400 p265 “Sigg:;f;'gf}'s‘;' 56 L025 ATI679 AS.16 ER T1-12 5001.029F oo
EWDO46 | TiGrade 12 | K957 BN2966 51400 0263 A age s i Lo2s AT7879 AS.16 ERTI-12 5001.023F pOs Doiaas4
EWDO?t | TiGrade12 | K957 BN2966 ns1400 0265 ‘Sm;:;gf"g'“ L025 AT7879 ASABERTI-12 5001.023F oroo?
Ewpo072 | TiGmde 12 | Kos7 BN2966 RS3400 B265 As::gg:;f;-g?-'g;me L025 AT7879 ASABERTI12 5001.023F POr Bra984
EWDO073 | TiGrade12 | K957 BN2966 RS3400 8265 “Szg:zf;gﬁg'“ 1025 AT7879 A5.18 ER T1-12 5001.023F Pofgggou
Ewpor4 | TiGrade 12 |  Kos7 BN2966 R53400 B26s : Asp(gg:;f;-g?-'g;i 58 L025 AT7879 AS.18 ER T1-12 5001.023F oL s
EWDO7S | TiGrade 12 |  Kos7 BN2358 R53400 B265 Asv:ggz-:;?-‘gm Lo26 AT7878 AS.16 ER T-12 5001.023F soloes
EWD076 | TiGrade12 | K957 BN2066 R53400 B26s A a9 0l 13) % L025 AT7879 AS.16 ERTI12 5001.023F pOn Dragse
Ewoo077 | TiGrade12 |  Kos7 BN2966 R53400 B265 Asr;g::;f;-gf-‘g;m L025 AT7879 AS.ABERTH12 s001.020F Pofgac;;m
EWD078 | TiGade12 |  Kes? BN2968 R53400 B26s A e ot 1) L025 AT7879 AS.16ER T1-12 5001.020F por e e
EWD079 | TiGrade12 |  Kos? BN2968 R53400 B265 ‘s‘;gz:f;'gf"'a‘;' 58 Lo2s AT7879 AS.A8 ER TI-12 5001.023F ol
EWDO0BO | TiGrade 12 Kos7 BN2966 A53400 D265 Asm:;f;'gf"‘;;'“ Lo25 AT7879 ASABER 112 5001.023F . ofgg":’ "
EWD 081 | TiGrade 12 K957 BN2966 RS53400 B265 Asm::;gf;‘;;'“ L025 AT7879 A5.18 EA TI-12 $001.023F ro 'sg;:a“
EWDO082 | TiGrade12 |  Kos7 BN2986 | R53400 A265 A a0l 13) Lo2s AT7e79 | AsasERTII2 5001.020F pofo02
EWD 101 | TiGrmde 12 |  KS? BN2066 RE3400 B26s Ao 1 Lo2s AT7670 ASABERTI12 5001.029F posOC?
EWD 102 | TiGrade12 |  Kes? BN2968 R53400 8265 Asr;gt::;x—g'e-'g;m Lo25 AT7879 AS.18 ER TI-12 5001.029F ool
EWD 108 | TiGade12 |  Kos7 BN2968 A53400 8265 Asm:;f:-:?-‘t:gtss L025 AT7879 ASABERTH2 ' 5001.023F mfg{:m
EwD 111 | TiGrmde12 |  Kos7 BN206s | Rs3400 8285 A s ot 1] Lozs atrere | AstsERTLIZ. 5001.023F oS
ewp 112 | TiGmaet2 | wesz | enaes | Rssco 8265 A et 131 Lo2s ATIe70 | ASAGEATINZ 5001020 poioc2
Ewon3 | T 2} Kes? BN206e R53400 6265 Asmﬁ?{'ﬂu 1025 ATIB79 | AS1GERTIN2 sootozF 1, or oois0s4
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Base Metal
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o] e e ot ] oo T T s anon [ i S
’ Number Number

EWD 114 | TiGade12 |  Kos? BN2966 R53400 B265 As’?gg;f;‘gf"g;' 56 L025 AT7079 A5.16 ER T1-12 5001.023F Ponsgacs'gou
EWD 115 | TiGrade 12 |  Kos7 BN2966 R53400 B265 Asqg::;‘:;'gf"‘s‘;‘“ L025 AT7879 AS.16 ER TI-12 5001.029F o2
EWD 116 | TiGrade12 |  Ks? on2ges | Rs3400 B265 Rfuahavas L025 AT7879 AS.16 ER T1-12 5001.023F PO8 Horase
ewp 118 | TiGrade12 | K987 BN2966 R53400 8265 Asig;f;'gf“g;'“ L025 AT7879 AS.16 ER TI-12 5001.023F Pofg;‘-"-:m
EWo e | TiGasetz | Kes? BN2966 R53400 B26s ‘Asr:?,zzf;-g:s;gtsa Lo2s AT7879 ’ﬂr ERTI12 5001.023F poroo?
EWD 121 | TiGrade12 |  Kos? BN2966 R53400 B265 As‘:g‘f;f;'gf"g;'“ 1025 AT7879 AS1B ER TI-12 5001.023F POs Drasse
EwD 122 | TiGrade 12.|  K9S7 BN2966 A53400 B265 As&;gg:;:;;-g?-‘gt 58 L0258 AT7879 AS.16 ER TI-12 5001.023F PO :igg'-:‘“
EWD 141 | TiGrade 12 | K9S7 BN2968 R53400 8265 ‘s"(‘l’,‘f;':;gf"‘s‘;'ss L025 AT7879 AS.16 ER T1-12 5001.020F oroe?
EwD 142 | TiGrade 12 |  Kos7 BN2966 R53400 8265 As':?,:’;:;gf"g'“ Lo25 AT7879 AS.16 ER T112 2001.029F ol
EWD 151 | TiGrade 12 Kos7 BN2966 RS53400 8265 AS’:‘;:Z’:;";?";‘;' 56 1025 AT7879 A58 ER TI-12 5001.023F Pofgg{gsu :
EWD 164 | TiGrade 12 |  Haz7 1.5465 R53400 B265 Asr;gngz-g?-'tsc;s 58 L025 AT?7879 AS.16 ER TI12 5001 029F p ofgg:;:oss
EWD 160 | TiGrade12 | a2z T-5465 A53400 B265 Asr:g(::;-:;-g:s-‘g;sss L025 ATT879 ASAGERTI2 ° 5001.023F POs o5
EWD 169 | TiGrade 12 | 427 1-5465 A53400 B265 AS’:‘;’,‘;:‘:;‘:’:";(;'SG Lo25 AT7679 AS.16 ER T1-12 5001.023F " ofgg:’“
PCA 003 areL N83s 1923461 $31603 A240 ":"',‘f;‘:":‘:g:g o NIA N/A NIA /A o oﬁ‘;co;"
PCA 004 6L NB35 1923461 531603 A240 w:x(;o:g‘sr;ogg‘s:?e NIA * NIA N NIA Pos.%"
PCA 005 6L NB35 L923461 531603 A240 Tix‘;‘:‘:ﬁoggs:)” NIA N/A NIA NIA e
PCA 008 3sL NB3S 1923461 $316023 A240 TF::\:O;Z:?Q;O: '3f:;’° N/A N/A N/A NIA Po?nmn
PCA 007 6L NB35 L923461 531603 A240 ":‘;‘:;0:29:: ‘3'5:)98 NIA NIA NIA NIA Pogosg;n
PCA 008 6L N835 L923461 531603 A240 T':x‘;‘:":ﬂ”:’:&s:)” NIA NIA NIA N/A s
PCA 009 6L NB35 L923461 $31603 A240 ":‘,’,V.".f’;‘:ﬁ":’g ff:)‘”’ NIA NIA NIA NA o oi%n
PCA 010 atsL NB35 L9236t | 531603 A240 ":m":ﬂgfgf's;)” NIA N/A /A NIA el
PCAO11 L NB35 1923461 531603 A240 n:mo's;o:aszsfo NIA NIA NIA /A po04
PCA 012 316L NB3S L923481 531603 A240 ":m":‘?:’gff:;’“ NIA NIA NIA NI S0C-4

POR 500447
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Base Metal Independent Test Resuils P? ey of
Il

sweemenol %) | %) | o | mlolom|®mlom|o|l&H]@]m]| & ) o | oo | T {1040 einguton
DCACO1 | 0004 | 032 0.01 <001 | 007 223 Rem 138 49 3.0 1.4 023 | 12144 | 6242 50.1
pcao02 | 0004 | 032 00! <001 | o007 223 Rem 138 49 30 14 023 | 12144 | ‘6242 50.1
ocacos | ooos | o032 0.01 <001 | o007 223 Rem 138 49 30 1.4 023 | 12144 | 6242 59.1
OCA 004 0.004 032 001 <0 01 007 221 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1
DCA 005 0.004 0.32 0.01 <0 01t 0.07 223 Rem 138 49 3.0 14 0.23 121,44 62.42 59.1
DCAGOS | 0004 | 032 0.01 <001 | o007 223 Rem 138 49 3.0 14 023 | 12144 | 6242 59.1
DCA 031 0.004 0.32 0.0 <D.01 0.07 223 Rem '13.8 4.9 3.0 1.4 0.23 121,44 62.42 59.1.
ocaoa2 | oood | o032 0.01 <00t | 007 223 Aem 12.8 49 30 14 020 | 12144 | 6242 50.1
DCA 033 0.004 0.32 0.0 <0.01 0.07 223 Rem 138 49 30 14 0.23 121.44 62.42 59.1
DCA 034 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 1.4 0.23 121.44 62.42 9.4
DCA03S | 0004 | o032 0.01 001 | 007 223 Rem 13.8 49 30 14 023 | 12144 | 6242 0.1
DCA 036 0.004 0.32 0.0? <0.01 0.07 . 223 .Ram 3.0 49 3.0 14 0.23 121.44 62.42 59.¢
D(_:A 08t 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 . 4.9 3.0 14 0.23 121.44 6242 50.1
pcaos2 | 0004 | o032 0.01 <001 | o007 |- 223 Rem 138 49 30 14 023 | 12144 | 6242 0.1

- DCA08] 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 5.0 1.4 0.23 121.44 62.42 59.1
DCA 064 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 1.4 0.23 121.44 62.42 59.1
DCA065 | o004 | 032 0.0t <001 | o007 223 Aem 138 49 30 14 023 | 12144 | 6242 9.1
DCA 066 0.004 0.32 . 0.01 «<0.01 0.07 22.3 Rem 138 49 3.0 1.4 0.23 121.44 62.42 59.4
DCA 087 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 30 14 0.23 121.44 62.42 59.9
DCA0S8 | 0004 | 032 0.01 001 | 007 223 Rem 138 a9 a0 14 023 | 12144 | 6242 59.1
ocAoes | 0004 | 032 0.01 <00t | 007 223 Rem 138 49 30 14 023 | 12144 | 6242 9.1
DCA 070 0.004 0.32 0.01 <0.01 0.07 223 Rem 13.8 4.9 30 1.4 0.23 121.44 62.42 59.1
pcAort | o | 032 001 | <001 | 007 223 Rem 128 J 49 30 1.4 023 | 12144 | 6242 | 591

|
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spacimeno| (51| () | oo K MR [P R oo | oo e | oo oo | on oo | G | ew jriniall LELTEED RS
DCA 072 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 30 1.4 0.23 121.44 62.42 59.1
DCA 091 0.004 0.32 0.01 <0.01 0.07 223 Aem 138 4.9 3.0 1.4 0.23 121.44 682.42 59 1
DCA 092 0.004 0.32 0.01 <0.01t 0.07 223 Rem 138 49 3.0 14 0.23 121.44 62.42 59.t
DCA 093 0004 0.32 0.0 <0.01 0.07 223 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1
DCA 094 0.004 0.32 0.0t <0.01 0.07 223 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1
DCA 095 0.004 0.32 0.01 <0.01 0.07 223 ) Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1
DCA 098 0.004 0.22 0.01 <0.01 0.07 223 Rem 138 4.9 3.0 1.4 0.23 121.44 82.42 59.1 -
DCA 098 0.004 0.32 0.00 <001 0.07 22.3 Rem 138 4.9 3.0 1.4 0.2 121.44 62.42 9.t
DCA 099 0.004 0.22 0.01 <0.01 0.07 223 Rem 138 4‘.9 3.0 1.4 0.23 121.44 62.42 59.1
OCA 101 . 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 30 1..4 0.23 121.44 62.42 0.1
DCA 102 0.004 0.32 0.01 <0.01% 0.07 223 Rem 13.8 49 3.0 1.4 0.23 121.44 62.42 399
DCA 121 0.004 0.32 001 <0.01 0.07 223 Rem 13.8 4.9 3.0 1.4 0.23 121.44 82.42 80.1
OCA 122 0.004 0.32 0.01 <0.01 0.07 223 Ram 138 4.9 3.0 14 0.23 121.44 62.42 591
DCA 123 0.004 0.32 0.01 <0.01 0.07 223 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1
pcatze | oooe | o032 | o001 | <00 joo007 | 223 | Rem 128 a9 30 14 028 | 12144 | 6242 80:1-
DCA 125 0.004 0.32 0.01 «<0.01 0.07 223 Rem 138 49 3.0 1.4 0.23 121.44 62.42 59.1
DCA 1268 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 89.1
pcA128 | 0004 | 032 001 | <00t | 007 223 | FRem 1.0 49 30 1.4 023 | 12144 | 6242 50.1
OCA 129 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 30 1.4 0.23 121.44 62.42 59.1
OCA 130 0.00‘_ 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 89.1
DCA' 132 | 0.004 0.32 0.01 <0.01 0.07 223 fRem 138 4.9 3.0 1.4 0.23 121,44 62.42 590.1
OCA157 | 0004 | 032 vo.o: 00t | 007 | 223 | Rem | 138 a9 3.0 14 | 023 | 12144 | 6242 59.1
ocA s | ooos | 032 | oor | <00t | o007 223 | mem | 138 49 30 14 023 | 12144 | 6242 |  so
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SpecimentD) : ) (I:‘n, { : I : I :l ) (E‘r) ( ':: ) (‘:to) ( :. y | o -'/‘. ) (::) ( : y |« :" v | :’v ) (sff) ( 3. ) T:::ol)'. Yietd (ko Elon:lllon
oca1ss | oooe | 032 | oor | <001 | 007 | 223 | Rem | 138 49 30 14 | o023 | 12144 | 6242 59.1
DCA 160 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1
DCA 161 0.004 0.32 0.01 <0.01 0.07 223 ' Rem 130 49 3.0 1.4 0.23 121.44 62.42 59.1
ocate2 | 0004 | 032 | oor | <00t | o007 | 223 | mem | 138 . a9 3.0 14 | o023 | 12144 | 6242 |  s0
ocates | oooe | 032 | oor | <001 | 007 | 223 | Rem | 138 49 3.0 14 | o023 | 12144 | 6242 59,1
DCA. 165 0.004 0.32 001 <0.01 0.07 223 RAem 138 4.9 30 1.4 0.23 121.44 82.42 59.1
ocater | ooos | 032 | oo | <0or | oo | 223 | Rem | 138 49 30 14 | 023 | 12144 | 6242 59.1
DCA 168 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 490 3.0 1.4 0.23 121.44 62,42 9.1
bcazes | ooos | o022 | oo | «wor [ oos | 220 | mem | 135 44 30 23 | o019 | 11948 | soe2 620
DCA 245 | 0.005 0.22 0.01 <0.01 0.05 220 Rem 13.5 4.4 30 2.3 0.19 119.46 59.62 620
oca2e6 | ooos | o022 | oot | 0ot | o005 | 220 | Rem | 135 y 30 23 | o019 | 11048 | sos2 620
DCA 247 0.005 0.22 0.0t <0.01 0.05 220 Rem 125 4.4 30 2.3 0.19 119.48 59.82 620
DCA 248 0.005 0.22 0.01 <0.01 0.05 220 Rem 135 4.4 3.0 23 0.19 119.48 59.82 620
ocaz4s | ooos | 022 | oo | <ot | oos | 220 | mem | 135 a4 30 23 | o019 | 11048 | soe2 620
ocazso | ooos | 022 | oo | <001 | oos | 220 | mem | 135 a4 320 23 | o190 | 11048 | see2 620
DCA 251 0.005 0.22 0.0t <0.01 0.05 220 Rem 13.5 4.4 3.0 23 0.19 1190.46 59.82 62,0
pcazs2 | ooos | o022 | o0or | 0ot | o0o0s | 220 | mem | 135 44 30 20 | 019 | 11048 | soe2 620
DCA 253 0.005 0.22 0.01 <0.01 0.05 220 Rem 13.5 4.4 3.0 2.3 ’ 0.19 119.46 $9.02 a20
ocBeor | ooo¢ | 032 | 001 | <001 | 007 | 223 | mem | 138 49 3.0 14 | o2 | 12144 | 6242 591
oceoo2 | o004 | 032 | 0o | w0t | 007 | 223 | Rem | 138 a9 3.0 14 | 023 | 12144 | 6242 80.1
0CB 003 | oood | 032 | o0ov | <001 | 007 | 223 | Rem | 138 a9 2.0 14 | o023 | 12144 | 6242 89.1
ocBoos | ooo4 | 032 | 001 | <001 | 002 | 223 | Rem | 130 49 3.0 14 | o2 | 12140 | 6242 89.1
ocBoos | o~u | 032 | oot | <«0v | oor | 223 | mem | 130 ' a9 a0 14 | o023 | 12144 | 6242 59.1
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Specimen ID c Mn P S Si . Cr Ni Mo . N H Fe 0 n w Co vV | Tenalte Yietd (et
o) | o | e o oy | Lo by poesy |oes) sy | b (%) (%) g (%) (%) ] (ke Elongation
pcBoos | o0oo4 | o032 | o001 | <000 | o007 | 223 | Rem 138 49 30 14 023 | 12144 | 62.42 50.1
pcBo31 | 0004 | 032 | 001 | <001 | 007 223 | Rem 138 49 3.0 1.4 023 | 12144 | 82.42 9.1
pcBo32 | 0004 | o032 | o001 | <00t | 007 223 | Rem 138 49 30 1.4 023 | 12144 | 62.42 59.1
0CB 033 0.004 032 oo <0.01 007 223 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1
DCBO034 | 0004 | 032 0.0 <001 | 007 223 Rem 13.8 4.9 30 14 023 | 12144 | 6242 59.1
ocBo3s | o004 | 032 001 | <001 | 007 223 | Rem 138 49 30 1.4 023 | 12144 | e2.42 59,9
pcBO38 | 0004 | 032 00y | <«cor | oo7 223 | Rem 138 4.9 30 14 023 | 12142 | 6242 50.¢
ocBo6t | 0004 | 032 oot | <00y | o007 223 | Rem | 138 49 3.0 14 023 | 12144 | 6242 59.1
DCBO62 | 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 128 49 3.0 1.4 0.23 | 12144 | 6242 9.1
0CB063 | 0004 | 032 001 | <001 | 007 223 | Rem 128 49 3.0 14 023 | 12144 | 6242 59.4
oceoss | ooosa | o032 | oot | <001 | 007 223 | Rem 13.8 49 30 1a | o023 | 12144 | 6242 50.1
oceoss | ooos | 032 001 | <001 | 007 223 | Rem 138 49 30 14 023 | 12144 | 6242 59.1
ocBoss | o004 | 032 | o001 | <001 ) 007 223 | Rem 13.8 49 30 14 023 | 12144 | 6242 501
DCcBOS?T | 0004 | 032 0ot | <00t | o007 223 | Rem 138 49 30 1.4 023 | 12144 | 6242 s9.1
Dceoss | 0004 | 032 001 | <00t | o007 223 | Rem 13.8 49 X 14 023 | 12144 | 6242 59.1
0cBO6Y | 0004 | 032 0ot | <001 | o007 223 | Rem 138 49 30 14 023 | 12144 | 6242 9.1
ocBoro | ooos | 032 | oo | ot | oor | 223 | mem | 130 49 a0 14 023 | 12144 | 6202 5.1
pocBort | oooe | 032 | oot | <001 | 007 223 | Rem 138 49 30 14 023 | 12144 | 6242 0.4
ocsor2 | ooos | 032 | o001 | <001 | o007 | 223 | Rem 138 49 30 14 023 | 12144 | 6242 - 891
oceost | 0004 | 032 00t | <001 | 007 | 223 | Rem 13.8 a9 30 14 023 | 12144 | 6242 59.1
DCB 082 | o004 | 032 | 001 | <00t | 007 223 | Rem 138 49 30 1.4 023 | 12144 | 6242 0.1
oceosd | ooos | o032 | o001 | <001 | 007 223 | Rem 12.8 49 30 14 023 | 12144 | 6242 59.1
ocBost | 0004 | 032 | 001 | «wor | oor | 223 | Rem 138 49 30 14 023 | 12144 | 6242 59.9
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pceoss | ooo4 | o022 001 | <001 | o007 223 Rem 13.8 49 ao 14 023 | 12144 | 6242 59.1
DCB 096 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 138 49 3.0 14 0.23 121.44 62.42 59.1
ocBoge | 0004 | 032 00y | <001 | o007 223 Rem | 138 49 3.0 14 023 | 12144 | 6242 59.1
DCB 099 0.004 032 00! <00t 0.07 223 Rem 138 49 3.0 14 0.23 121.44 62.42 59.1
DCB 101 0.004 0.32 0.0t <0.01 0.07 223 Rem 138 49 3.0 14 0.23 121.44 62.42 59.1
0CB 102 0.004 0.32 0.01 <0.0! 0.07 223 Rem 138 49 3.0 14 . 0.23 121.44 62.42 59.1
ocB 121 | 0004 | 032 001 | <001 | o007 223 Rem 1380 49 30 14 023 | 12144 | 62.42 59.1
6CB 122 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 1.4 0.23 121.44 82.42 59.1
DCB 123 0.604 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 1.4 0.23 121.44 62.42 59.1
0CB 124 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 3.0 14 0.23 121.44 62.42 59.1
0CH 128 0.004 0.22 OI.OI <0.01 0.07 223 Rem 138 4.9 3.0 {.4 ] 0.23 121.44 62.42 89.1
0CB 1268 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 1.4 0.23 121.44 62.42 59.1
0CB 128 0004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 1.4 023 121.44 62.42 59.1
DCB129 | 0004 | 032 oot | <001 | o007 223 Rem 13.0 49 30 14 023 | 12144 | o242 59.1
0cs8 120 0.004 0.2 0.01 <0.01 0.07 223 Rem 138 4.9 :s'.o 14 0.23 121.44 62.42 59.1
0CB 132 0.004 0.32 0.0 <0.01 0.07 223 Aem 138 49 3.0 1.4 0.23 121.44 62.42 59.1
DCB1ST | 0004 | 032 001 | <001 | o007 223 Rem 138 49 30 1.4 023 | 12144 | 6242 89.1
DcB158 | 0004 | 032 00t | <001 | 007 223 Rem 138 49 30 1.4 023 | 12144 | 6242 59.1
oce1se | ooo¢ | o292 001 | <001 | o007 223 Rem 138 4.9 30 1.4 023 | 12144 | 6242 9.0
oce160 | oo« | o032 00i | <«0or | o007 223 Rem 138 49 30 14 023 | 12144 | 6242 59.1
ocaier | oood | o022 001 | <001 | oo07 223 Rem 13.0 49 30 14 023 | 12144 | 6242 59.1
oces2 | oond | o032 001 | «01 | oo07 223 | Rem 138 4.9 3.0 14 023 | 12144 | 6242 59.1
oceiss | or~-_| o032 | 001 ] <«00v | 007 223 | Rem 138 | 49 30 1.4 023 | 12144 | 6242 0.1

\
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DCB165 | 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 128 49 30 1.4 023 | 12144 | e2.42 59.1
0CB 167 | 0.004 0.32 0.01 <0.01 0.07 223 Aem 138 49 3.0 1.4 023 | 12144 | 6242 59.1
0CB 168 | 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 a9 3.0 1.4 023 | 12144 | 62.42 59.1
DEAO02 | 0.005 0.22 0.01 <0.01 005 220 Aem 135 a4 30 23 019 | 11946 | s9e2 620
DEA003 | 0005 0.22 0.01 <001 0.05 220 Aem 135 44 a0 23 019 | 11948 | 59.82 62.0
DEAO04 | 0.005 022 001 <001 0.05 220 Rem 13.5 44 30 23 019 | 11946 | 5982 620
pEAODS | 0.005 022 001 <0.01 005 220 Rem 135 44 3.0 23 019 | 11948 | 5982 62.0
pEAOOS | 0005 | 0.22 001 <001 0.05 220 Aem 135 44 3.0 23 019 | 11946 | s59.82 620
oEA007T | 0.005 022 001 <0.01 0.05 22,0 Aem 135 44 30 23 019 | 11948 | 59.82 620
DEAOOB | 0005 0.22 001 <0.01 0.05 220 Rem 135 a4 20 23 | o019 | 1946 | s082 620
DEAO09 | 0005 0.22 0.01 <0.01 0.05 220 Rem 135 44 30 23 019 | 11948 | 59.82 62,0
pea0w0 | 0005 0.22 0.01 <0.01 0.05 220 Aem 135 44 30 23 -} 019 | 11948 | 5982 620
DEAOIt | 0.005 0.22 0.01 <0.01 0.05 220 Rem 135 44 30 23 | o019 | 11948 | s982 620
peao12 | oo00s | 022 0.01 <0.01 0.05 220 Aem 135 44 20 23 019 | 11948 | 5902 820
DEA013 | 0.005 0.22 0.0t <0.01 0.05 220 | Rem 13.5 44 30 23 0.19- | 11948 | 5982 620
DEAOI4 | 0.005 0.22 0.01 <0.01 0.05 220 Rem 135 44 20 23 | o019 | 11948 | s082 620
DEAOIS | 0.005 0.22 0.01 <0.01 0.05 220 flem 135 44 3.0 23 019 | 11048 | s9.82 620
DEAO1E | 0.005 0.22 0.01 <0.01 0.05 220 Rem 135 44 30 23 019 | 119468 | 5982 620
peaot? | 0.005 0.22 0.01 <0.01 0.05 220 Rem 135 a4 30 23 019 | 11048 | s9.82 620
DEAC19 | 0.005 0.22 0.01 <0.01 0.05 220 fem 135 44 30 23 019 | 11048 | 50.82 62.0
DEA020 | 0.005 0.22 0.01 <0.01 0.05 220 Rem 138 44 30 2.3 019 | 11046 | 5002 820
DEA 021 0.005 0.22 0.01 <0.01 0.05 220 Rem - 13.5 4.4 3.0 23 0.19 119.48 5982 62.0
DEAO22 | 0008 | 022 00V | <001 0.05 220 Rem 135 44 30 23 019 | 11948 | s0.2 620
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DEA 023 0.005 0.22 0.01 <0.01 0.05 220 Rem 13.5 44 3.0 23 0.19 119.46 59.82 620
DEA 024 0.005 0.22 0.0t <0.01 0.05 22.0 Rem 13.5 4.4 3.0 23 0.19. 119.48 59.82 620
DEA 025 0.005 0.22 0.0t <0.01 0.05 220 Rem 13.5 44 3.0 23 0.19 119.46 59.82 62.0
DEA 028 0.005 0.22 0.01 <0.01 0.05 220 Rem 135 4.'4 3.0 23 0.19 119.46 59.82 62.0
DEA 027 0.005 0.22 0.01 «<0.01 0.0 220 Rem 135 4.4 3.0 23 0.19 119.48 59.82 620
DEA 029 0.005 0.22 0.01 <0.0t 0.05 220 Rem 135 4.4 3.0 23 0.19 119.46 59.82 62,0
DEA 031 0.005 0.22 : 0.01 <0.01 0.05 220 Rem 13.5 4.4 3.0 23 0.19 119.46 59.82 620
DEA 032 0.005 ) 0.22 0.01 <0.01 0.05 220 Rem 135 44 3..0 23 0.19 119.46 59.82 620
DEA 033 0.005 0.22 0.01 <0.01 0.05 220 Aem 13.5 44 3.0 23 0.19 119.46 59.82 820
DEA 034- 0.005 0.22 0.01 <0.01 0.05 22.0 Aem 13.5 44 30 23 0.19 119.46 §9.82 - 820 ¢
PEA 035 0.005 0.22 0.01 <0.01 0.05 220 Rem 135 4.4 3.0 23 0.19 119.46 59.82 62.0
DEA 159 0.005 0.22 0.01 <0.0t 0.05 22.0 Rem 135 4.4 3.0 23 0.19 119.46 59.82 620
DEA 201 0.005 0.22 0.0t <0.0t 0.05 220 Rem 13.5 44 3.0 23 0.19 119.48 $9.82 6820
DEA 202 0.005 0.22 0.01 <0.01 0.05 220 Rem 135 44 . 3.0 | 23 0.19 119.46 59.82 620
DEA 203 0.005 0.22 0.01 <0.01 0.05 220 Rem 13.5 4.4 é.O 23 0.19 . 119.46 59.82 ’ 620
DEA 209 0.005 0.22 0.0t <0.01 0.05 220 Rem 135 44 3.0 23 0.19 119.46 59.82 620
OWA 001 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 30 14 023 121.44 62.42 59.1
OWA 002 0.004 0.22 0.01 <0.01 0.07 223 Rem 138 49 3.0 14 0.23 121.44 82.42 59.1
OWA 003 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 30 1.4 0.23 121.44 82.42 59.1
owAoos | ooot | o032 | oot | <ot | o007 | 223 | Rem | 138 49 30 14 023 | 12144 | 6242 50.1
owaoos | 0.004 | 032 | 00t | «wor | oo | 223 | Rem | 138 49 3.0 1.4 023 | 12144 | 6242 59.1
bWA 008 0.004 0.32 0.1 <0.01 0.07 223 Rem 138 49 30 1.4 0.23 121.44 682.42 9.1
owaost | ] o032 | o001 | <00t | 007 223 | Rem 129 (— 49 a0 1.4 02 | 12048 | et oy
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DWA 036 0.004 0.32 0.01 <0.01 0.07 223 Asm 138 49 ) 3.0 14 0.23 121.44 62.42 59.1
DWA 041 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 ° 4.9 3.0 1.4 0.23 121.44 82.42 59.9
- OWA 042 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 1.4 0.23 121.44 62.42 - 591
DWA 043 0.004 0.32 om <001 oo 2213 Nem t1a 49 3.0 1.4 0.23 121.44 62.42 9.1
OWA 044 0.004 032 oo «0 01 o007 2213 Ram 18 49 3.0 1.4 0.23 121.44 62,42 59.1
DWA 045 0.004 0.32 00t «0 0! [1 X34 221 fem 8 49 3.0 1.4 . 0.23 121.44 82.42 59.1
OWA 048 0.004 0.32 0.0t <001 oor . 223 Rem 138 49 3.0 t.4 0.23 121.44 62.42 29.1
DWA 071 0.004 032 0.0 <0.01 0.07 223 Rem 138 49 3.0 14 0.23 121.44 62.42 $9.1
DWA 072 0.004 032 0.0t <0.01 0.07 22.3 Rem 138 49 30 1.4 023 121.44 82.42 59.1
OWA 0713 0.004 0.32 ' 0.01 <0.,01 0.07 223 Rem 138 4.9 3.0 t4 0.23 121.44 682.42 [{R]
DWA 074 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 1.4 0.23 121,44 62.42 801
DWA 075 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 3.0 14 0.23 121.44 82.42 ' 59.1
DWA 078 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 ‘ 30 14 0.23 121.44 62.42 9.1
OWA 077 0.004 0.32 0.01 <0.0t ) 0.07 223 Rem 138 49 30 1.4 4 0.2 121.44 82.42 59.1
DWA 078 0.004 0.32 0.01 <0.01 007 223 Rem 13.8 49 5‘0 1.4 0.23 121.44 682.42 $9.1
owaore | ooos | o032 0.01 <0.01 0.07 223 Rem 138 49 3.0 14 023 | 12144 | 6242 59,1
DWA 080 0.004 0.32 0.01 <0.01 0.67 223 Rem 138 49 3.0 1.4 0.23 121,44 62.42 581
DWA 081 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 02.42 59.1
owaos2 | oood | o032 | oor | «wor.| oor | 223 | Rem | 138 49 30 14 023 | 12144 | 0242 59.1
owatot | ooo4a | o032 | oot | <ot | oor | 223 | Rem | 138 | | 49 30 14 023 | 12144 | 6242 50.1
owa102 | oooe | 032 | o0or | <001t | 007 | 223 | Rem | 138 49 : 3.0 14 | o023 | 12144 | 6242 50.1
owa108 | ooos | 032 | oot | <ot | o007 | 223 | Rem | 138 49 30 |- 14 023 | 12144 | 62.42 59.1
owa1tt | ooo4 | o032 | 001 | w01 | 00" | 223 | Rem | 138 49 30 | 14 | 023 | 12144 | 6242 59.1
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DWA 112 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 14 0.23 121.44 62.42 59.1

DWA 113 0.004 032 0.01 <0.0t 0.07 223 Rem 130 4.9 3.0 1.4 0.23 12144 | 06242 59.1

DWA 114 0.004 0.32 0.0t <0.01 0.07 223 Rem 13.8 49 3.0 14 0.23 121.44 62.42 59.1
OWA t18 0.004 0.32 0.01 <0.0t 0.07 223 Rem 138 49 3.0 14 0.23 121.44 82.42 59.1
DWA 118 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 14 0.23 121.44 62.42 59.1
OWA 118 0.004 0.32 0.0t <0.01 0.07 223 Rem 138 49 3.0 1.4 A 0.22 121.44 82.42 59.1

OWA 119 0.004 0.32 0.01 <0.01 0.07 223 Rem 1328 49 3.0 1.4 0.23 121.44 62.42 59.1
DWA 121 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 3.0 1.4 0.23 121.44 82.42 59.1
DWA 122 0.004 0.32 0.01 <0.01 0.07 223 Rem 13.8 4.9 30 14 0.23 121.44 62.42 59.1
DWA 141 0.004 032 0.01 <0.01t 0.07 223 Rem 138 49 3.0 1.4 0.23 121.44 62‘4‘2 59.1
DWA ."2 0.004 0.32 0.01 <0.01 0.07 223 Rem 13.8 4.9 3.0 14 0.23 121.44 62.42 59.1
OWA 143 0.004 - 0.32 0.01 <0.0t 0.07 223 Rem 138 49 3.0 t4 0.23 121.44 62.42 59.1
DWA 144 0.004 0.32 0.01 <0.01 0.07 223 Rem 13.8 4.9 30 1.4 0.23 121,44 62.42 59.4
6WA 151 0.004 0.32 0.0t <0.0t 0.07 223 "Rem 13.8 49 3.0 1.4 0.23 121.44 62.42 59.1
DWA 152 0.004 0.32 0.01 <0.01 [ X5 223 Rem 13.8 49 540 14 0.23 121.44 682.42 59.1
OWA 184 0.005 0.22 0.01 <0.01 0.05 220 * Rem 13.5 4.4 3.0 23 0.19 119.46 59.62 620
DWA 185 0.005 0.22 0.0t <0.01 0.05 220 Ram 135 4.4 3.0 2.3 0.19 118.48 59.82 a20
DWA 169 0.008 0.22 0.0¢ <0.01 0.05 220 Remv’ 13.5 44 3.0 23 0.19 119.46 59.62 820
owa170 | ooos | o022 | oot | <01 | oos | 220 | Rem 12.5 ' 4. 3.0 23 018 | 11046 | soe2 020
OWA 1T 0.008 0.22 0.01 «0.01 0.05 220 Rem 13.5 44 30 . 2.3 0.19 119.40 50.82 620
owsoot | ooo4 | 032 | oo | <«00i | oor | 223 | Rem | 138 a9 30 14 023 | 12144 | 8242 59.1
owsooz | ooos | o032 | oot | o | oor | 223 | Rem | 138 49 3.0 1.4 023 | 12144 | 6242 59.1
owsoos | — | 032 | oot | @0t | oor | 223 | Rem | 138 | 49 30 | 14 023 | 12144 | 6242 | 504
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DWB 004 0.004 0.32 0.0I. <0.01 0.07 223 ‘ Rem 138 49 3.0 1.4 0.23 121.44 62.42 59.1
DWB 005 0.004 0.32 0.01 <0.0t 0.07 22.3 Rem 138 49 30 1.4 0.23 121.44 62.42 59.1
OWB 006 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1
DW8 031 0.004 0.32 0.0t <0.01 0.07 223 Rem 13.8 49 3.0 1.4 0.23 121.44 62.42 59.1
DWB 036 0.004 0.32 0.01 <0.01 0.07 223 " Rem 138 4.9 ’ 3.0 1.4 0.23 121.44 62.42 59.1
OwWB 041 0.004 032 0.0t <0.01 0.07 223 Rem 13.8 4.9 30 1.4 0.23 121.44 62.42 591
DwB 042 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 138 4.9 - 30 14 0.23 121.44 62.42 59.1
owBo043 | 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 20 1.4 023 | 12148 | 6242 59.1
OWB 044 0.004 0.32 0.01 <0.01 0.07 223 Rem 13.8 ' 49 3.0 t.4 0.23 121.44 62.42 59.1
owe 045 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 3.0 1.4 0.23 121.44 - 82.42 59.1
DWB 048 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 30 14 0.23 121.44 62.42 591
bowe 072 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 14 0.23 121.44 62.42 9.1
owWB 073 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 1.4 0.23 121.44 62.42 591
owB 074 0.004 . 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 30 1.4 0.23 123,4‘4 62.42 59.1
OWB 075 0.004 0.2 0.01 <0.01 0.07 22.3 Rem 138 49 .3‘0 1.4 0.23 121.44 62.42 591
owB 076 0.004 0.32 0.0 <0.01 0.07 22.3 Rem 138 49 3.0 1.4 0.23 121.44 82.42 59.1
owB 077 0.004 0.32 0.0 <0.01 0.07 223 v Ram 138 : 49 3.0 1.4 0.23 121.44 62.42 591
owsore | ooos | 032 | 0o | <00t | o007 | 223 | Rem 128 49 30 1.4 023 | 12144 | 6242 50.1
owdorg | ooos | 032 001 | <00t | 007 223 | Rem 1.0 49 30 1.4 023 | 12144 | 6242 59,1
owsoso | oooe | 032 | oot | <001 | 007 | 223 | Rem | 138 49 : 3.0 14 | 023 | 12144 | e242 89.1
pwaoer | ooos | 032 | oo1 | <wor | oor | 223 | Rem | 138 s 3.0 14 023 | 12144 | e242 ] 509
owsosz | oooa | 032 | oot | <001t | oor | 223 | Rem | 138 49 3.0 1.4 023 | 12144 | 6242 59.1
owsto1 | oooa | 032 | oor | <«wor | oor | 223 | Rem | 138 49 39 14 023 | 12144 | 6242 59.1
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pwB102 | ooosa | 032 | o001 | o1 | oor | 223 | Rem | 138 " a9 © 30 14 023 | 12144 | 6242 59.1

ows106 | 0004 | 032 | oor | wor | oor | 223 | Rem 138 49 30 14 023 | 12144 | 6242 59.1.
pwsi1t | ooo4a | 032 | o001 | o0t | oor | 223 | Rem 138 49 30 14 023 | 12144 | 6242 59.1

ows12 | 000a | 032 | oot | <or [ oor | 223 | Rem 178 ' 4.9 30 14 023 | 12144 | 6242 59.1
ows113 | 0ooa | 032 | oot | «wor | 0or | 223 | Rem 18 a9 30 14 020 | 12144 | 6242 59.1

OWB 114 0.004 032‘ 00! «0 01 00? 229 Aem e 49 30 14 023 12144 | 62.42 $0.1

owa 115 0.004 0.32 001t <001 007 2213 Aem 138 a9 30 t4 0.23 121.44 62.42 §9.1
ows116 | 0004 | 03z | o001 | <001 | 007 | 223 | Rem | 138 49 3.0 14 023 | 12144 | 62.42 59.1
owWB 118 0.004 0.2 0.0 <001 0.07 223 Rem 13.8 4.9 30 14 0.23 121.44 ez.h 1 59

ows11s | oooa | 032 | 000 | <001 | o007 | 223 | Rem | 138 49 30 14 023 | 12144 | 6242 59.1
owa 121 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 14 0.23 121.44 62.42 59.1
pwe122 | oooa | o032 | oor | <ot | 007 | 223 | Rem | 138 49 30 14 ] 023 | 12144 | 6242 59.1
owst41 | ooos | 032 | oot | <001t | 007 | 223 | Rem | 138 49 30 14 023 | 12144 | 6242 59.1
ows142 | 0004 | 032 | oot | wor | 007 | 223 | Rem | 138 Y ) 3.0 14 023 | 12144 | 6242 9.1
owbta | 0004 | 032 | oor | <001 | 007 | 223 | Rem | 138 49 30 14 | 023 | 12144 | 6242 89.1
owsist | ooos | 032 | oot | <001 | o007 | 223 | Rem | 138 49 3.0 14 023 | 12144 | 242 59.1
owsies | 000s | o022 | oor | <001 | 005 | 220 | Rem | 135 44 30 23 019 | 11948 | sge2 620
ows1es | 0ooos | 022 | oor | <00 | oos | 220 | mem | s a4 30 23 019 | 11648 | s9.82 620
owb1es | oocos | 022 | o001 | <001 | 005 | 220 | Rem | 135 a4 a0 23 019 | 119.48 | s0.82 620
ECA001 | 002 08 03 002 | 0002 | 005 | 018 | Aem o8 | 679 218
ecaoo2 | o002 08 03 002 | 0002 { o005 | 018 | Rem | ere | ere 218
ECA003 | 002 08 03 002 | 0002 | 005 | 018 | Rem 878 | 679 218
€CAO04 | o — ' 08 03 002 | _"002 | 005 | 018 | Rem ‘ g7 | 679 ! 215
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ECA 005 0.02 08 03 0.02 0.002 0.05 0.18 Rem 87.8 67.9 2158
E£CA 006 0.02 08 03 0.02 0.002 0.05 0.18 Rem e78 | - 679 215
ECA 031 0.02 08 0.3 0.02 0002 | 005 0.16 Rem 87.8 67.9 218
ECA 032 002 o8 03 002 0.002 0.05 0.16 Rem 878 67.9 215
ECA 033 0.02 08 03 002 | 0002 0.05 0.16 Rem 87.8 67.9 25
ECA 034 0.02 08 03 002 | 0002 | o005 0.16 Rem 87.8 67.9 2185
€CA035 | 0.02 0.8 03 0.02 0.002 0.0 0.16 flem 87.8 67.9 218
ECA 036 002 08 03 00z o002 | o00s 0.16 Rem 87.8 67.9 218
ECA 061 002 08 03 002 0.002 0.05 0.16 Rem 878 87.9 2s
ECA 062 002 08 0.3 002 | 0002 0.05 0.18 Rem 87.8 679 28
ECA 063 0.02 08 03 0.02 0.002 0.05 0.16 Rem 878 67.9 215
ECA 064 0.02 o8 03 002 | 0002 0.05 0.16 Rem 87.8 67.9 218
ECA 065 002 0.8 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 25
ECA 066 0.02 0.8 03 002 | o002 0.05 0.18 Rem 87.0 87.9 28
ECAO67 | 002 08 03 002 | o002 | oo0s 0.16 Rem 878 67.0 71
ECA 068 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 215
ECA 069 0.02 08 03 002 | 0002 | 005 0.18 Rem 87.8 67.9 7ns
ECA 070 0.02 08 03 002 | o002 0.05 0.16 Rem 87.8 67.9 218
ECA OT1 0.02 0.8 0.3 0.02 0.002 0.05 0.18 Rem 87.8 7.9 28
ECA 072 0.02 08 0.3 002 | 0002 | 005 0.16 Rem 87.8 67.9 21.5
ECA 091 0.02 08 0.3 002 | 0002 | 005 0.18 Rem 87.8 619 218
£CA 092 0.02 0.8 0.3 002 | 0002 | o005 0.18 Rem 87.8 879 215
ECA 093 0.02 08 0.3 002 | 0002 | 005 0186 |- Rem 878 679 25
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ECA094 | 002 08 03 002 | o002 | 005 | 016 | Rem e78 | 679 215
ECA09% | 002 08 03 002 | ooo2 | 005 | 016 | Rem 878 | 679 218
ecaoos | o002 08 03 002 | 0002 | 005 | 016 | Rem 878 | 679 25
ECA099 | 002 08 03 002 | 0002 | 005 | 016 | Rem 878 | 679 215
ECA 101 002 08 03 0.02 0.002 0.05 0.18 Rem ar.e 67.9 218
ECA 102 0.02 o8 03 002 0.002 0.05 0.18 Rem 878 679 FAR.]
ECA 121 0.02 08 03 0.02 0.002 0.05 0.16 Rem ars8 67.9 2|.5-
ECA 122 002 08 03 0.02 0.002 0.05 0.18 Rem 87.6 67.9 208
ECA 123 0.02 08 03 0.02 0.002 0.05 0.18 Rem 878 67.9 218
ECA124 | 002 08 0.3 002 | oooz | o005 | 018 | Rem a7e | 679 215
Eca1zs | o002 08 0.3 002 | o002 | 005 | o018 | Rem or8 | o709 218
ECA 126 0.02 08 03 0.02 0.002 0.05 0.16 Rem 878 67.9 215
ECA 128 0.02 08 03 0.02 0.002 0.05 0.16 Rem 8rs 67.9 a2Hns
ecA 129 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem ar8 67.9 213
€cA130 | o002 08 03 002 | oooz | oo5 | 018 | Rem 878 67.9 215
ECA 132 0.02 08 . 0.3 0.02 0.002 0.05 0.18 Rem 878 67.9 ans
ECA 157 002 0.8 0.3 0.02 0.002 0.05 0.16 Rem 878 [.YR:] 218
ECA 158 002 08 0.3 0.02 0.002 0.05 0.18 ARem 87.8 6r.9 FiK 1
eca1s9 | o002 08 03 002 | ooo2 | oos | o186 | Rem 878 | 619 218
ECA160 | 002 08 03 | o002 | o002 | oo0s 0.16 Aem 7.8 67.9 ns
ECA 181 | 002 08 03 002 | 0002 | 005 | 046 | Rem ors | er9 21.5
ECA162 | 0.02 08 03 002 | 0002 | o00s | o016 | Rem e79 | 679 218
gcated | on- 08 0.3 002 | 0002 | 005 | 016 [ Rem o8 | 679 | 218
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ECA16s | 002 08 03 002 | o002 | oos | 018 | Rem 878 | 679 218
ecaier | o002 08 03 002 | 0002 | o00s | o1 | Rem 878 | 618 218
ECA168 | 002 08 03 002 | 0002 | oos | 016 | Rem o78 | 619 (s
gcooo | o002 08 03 | oo2 | o002 | 00s | 016 | Rem 078 | 679 218
ECDO02 | 002 08 03 002 | 0002 | oos | 016 | Rem 878 | 679 218
ECD003 | 002 08 0.3 002 | 0002 | o0os | 01 | Rem o78 | 679 218
ECDO004 | 002 08 0.3 002 | 0002 | oos | 018 | Rem 878 | o719 218
ECO005 | 002 08 03 002 | oooz | 0os | 018 | Rem 878 | 679 215
EcD008 | 002 08 0.3 002 | 0002 | oo0s | 016 | Rem 078 | 679 28
ecoos | 002 08 0.3 002 | 0002 | o0os | 016 | Rem 878 | 678 218
ECD 081 0.02 08 0.3 0.02 0.002 0.05 0.18 Rem 87.8 87.9 28
gcoos2 | 002 08 0.3 002 | 0002 | oos | 016 | Rem e78 | 679 218
ECD 063 0.02 08 0.3 0.02 0.002 0.05 0.16 Ram ar.e 687.9 28
Ecoos4 | 002 08 03 002 | 0002 | 005 | 016 | Rem 878 | 679 28
ecooss | 002 08 0.3 002 | 0002 | 00s | 016 | Rem 878 | 679 218
ecooss | 002 08 0.3 002 | o002 | o005 | o016 | Rem 078 | ere 218
ecoos? | 002 08 03 002 | 0002 | oos | o016 | Rem 078 | er9 218
ecooss | 002 08 0.3 002 | 0002 | oos | 018 | Rem o78 | er9 28
EcDos9 | 002 08 0.3 002 | 0002 | 00os | 016 | Rem e78 | er9 215
€CO070 | 002 08 0.3 ooz | 0002 | o0s | 018 | Rem o78 | 619 28
gcoon | o002 08 0.3 002 | 0002 | o0s | o016 | Rem g8 | 619 218
ecoor2 | 002 0.8 03 | 002 | 0002 | oos | 016 | Rem 878 | 619 25
Ecooer | 002 08 03 | o002 | ooo2 | oos | ot6 | Rem eze | erea | 215
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ECDO92 | 002 08 03 002 | 0002 | 005 0.16 Rem 878 67.9 218
€CD093 | o002 08 03 002 | 0002 | 005 0.16 Rem 878 679 218
ECDO94 | 002 08 03 002 | 0002 | 005 0.16 Rem 87.8 67.9 215
ECD 095 0.02 0.8 03 0.02 0.002 0.05 0.18 Rem 878 87.9 218
ECD 098 0.02 iX:) 03 0.02 0.002 0.05 0.18 Rem 878 67.9 Q1S
ECD'098 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 8r.e 81.9 213
ECDO0S9 | 002 08 03 002 | 0002 | 005 0.16 Rem 87.8 67.9 218
ECD 101 0.02 0.8 03 002 | 0002 | o005 0.16 Rem 7.8 67.9 218
ECD 102 0.02 LX) 0.3 0.02 0.002 0.05 0.18 Rem 87.8 67.9 215
ECD 121 0.02 08 03 0.02 0.002 0.05 0.18 Rem 87.8 87.9 218
ECO122 | 002 08 03 002 | o002 | o005 0.16 Rem 87.6 7.9 28
ECD 123 0.02 08 03 0.02 0.002 0.05 0.16 Rem 07..8 679 s
ECD124 | 002 08 03 002 | 0002 | 005 016 | RAem 87.8 67.9 218
€ECO125 | 002 08 03 002 | 0002 | o005 0186 | Rem 7.6 6.0 218
£CD126 | 002 08 03 002 | 0002 | 005 016 | Rem 87.8 67.9 28
€CD 120 0.02 08 0.3 0.02 . 0.002 0.05 0.18 Aem 878 6r.9 F1K ]
gcp129 | o002 08 0.3 002 | oco2 | o005 018 | Rem 87.8 6.9 “ns
ECO130 | 002 08 03 002 | 0002 | 005 0.18 Rem 87.8 67.9 218
ECD 132 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 7.9 218
ECO157 | 002 08. 03 002 | 0002 | 005 0.16 fem 7.8 87.9 2s
ECD158 | 002 08 03 002 | 0002 | 005 0.1 Aem 878 079 218
ECD 159 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 215
gcpie0 | — 08 03 002 L—002 | oos | 016 | Rem s | el s

e
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ECD 161 0.02 08 03 0.02 0.002 0.05 0.16 Rem 87.8 87.9 218
ECD 162 0.02 0.8 013 002 0.002 0.05 0.16 Rem 878 879 FAR]
ECD 164 0.02 08 03 002 0.002 0.05 0.16 Rem 878 67.9 21.5
ECO 165 0.02 08 03 002 0.002 0.05 0.16 Rem 878 67.9 215
€CO 167 0.02 ' 0.8 03 0.02 0.002 0.05 0.16 Rem 87.8 679 215
ECD 168 0.02 08 03 0.02 0.002 0.05 0.16 Rem 87.8 a7.9 215
EWA 001 ofoz 08 0.3 0.02 0.002 0.05 0.16 "Rem » 878 67.9 218
EWA 002 0.02 . 08 0.3 0.02 0.002 0.05 0.18 Ram 87.8 67.9 s
EWA 003 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 878 67.9 28
EWA 004 0.02 08 03 0.02 0.002 0.05 0.16 Rem ar8 87.9 218
EWA 005 002 08 03 0.02 0.002 0.05 0.18 Rem ) 878 a7.9 21.8
EWA 006 0.02 | 0.8 03 0.02 0.002 0.05 0.18 Rem ) 87.8 879 218
EWA 031 0.02 ' 08 0.3 0.02 0.002 0.05 0.18 Rem . 878 67.9 215
EWA 036 0.02 ' 0.8 0.3 0.02 0.002 0.05 0.18 Rem 87.8 e7.9 2175
EWA 041 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 878 679 1.5
EWA 042 0.02 ' " 08 0.3 0.02 0.002 00s | o016 Rem er.8 61.9 218
EWA 043 0.02 0.6 0.3 0.02 0.002 0.05 0.16 Rem : 87.8 61.9 218
EWA 044 0.02 0.8 0.3 002 | 0002 005 | o186 Rem 87.8 6r.9 218
gwao0ds | 002 08 03 002 | 0002 | o005 0.18 Rem 878 679 218
EWAO046 | 002 ' 08 0.3 002 | ooo2 | 005 0.16 Aem ' 87.0 e7.9 218
EWA 071 . 0.02 0.8 0.3 002 | ooo2 | oo0s 0.18 Aem ’ N 7.8 er.9 25
EwWAOT2 | 002 08 0.3 002 | 0002 | 005 | 016 | Rem 878 | 619 215
EWA 073 0.02 - 08 03 0.02 0.002 0.05 0.18 Aem " 878 679 2s
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EWA 674 0.02 0.8 03 0.02 0.002 0.05 0.18 Aem ara 67.9 218
EWA 075 0.02 08 03 0.02 0.002 0.05 0.18 Rem 878 671.9 2ns
EWA 076 0.02 o8 03 0.02 0.002 0.05 0.18 Rem 87.8 87.9 215
EWA 077 0.02 08 03 002 0.002 0.05 0.16 Rem 878 87.9 215
EWA 078 0.02 o8 0.3 0.02 0.002 0.05 0.16 Rem ars 67.9 218
EWA 079 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 078 67.9 218
EWA 080 002 [0X:] 0.1 0.02 0.002 0.05 0.16 Rem ara 678 218
éWA o8t 002 08 03 0.02 0.002 0.05 0.18 Rem 87.8 67.9 ) 215
EWA 082 0.02 o8 0.3 0.02 0.002 0.05 0.16 Rem 878 671.9 218
EWA 101 0.02 08 03 0.02 0.002 0.05 | 0.18 ‘Rem 878 619 F48 ]
EWA 102 0.02 08 0.3 0.02 0.002 0.05 0.18 Rem 87.8 a7.9 213
EWA 108 0.02 08 03 0.02 0.002 0.05 0.18 Rem 87.8 7.9 20s
EWA 107 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 878 ar.9 s
EWA 111 0.02 08 03 0.02 0.002 0.05 0.18 Rem 878 87.9 215
EWA 112 0.02 08 03 0.02 0.002 0.08 0.18 Rem 87.0 er.e 215
EWA 113 0.02 08 03 0.02 0.002 0.05 0.16 Rem 87.8 er.9 210s
EWA 114 0.02 o8 0.3 0.02 0.002 0.05 0.18 Rem 87.8 1.9 28
EWA 115 0.02 0.8 0.3 0.02 0.002 0.08 0.18 Rem ers | er0 28
EWA 116 0.02 08 03 0.02 0.002 0.05 0.18 Rem 87.8 67.9 218
EWA 117 0.02 08 03 0.02 0.002 0.05 0.16 Rem 878 67.9 218
ewa1ie | o002 08 03 002 | o002 | 005 0.18 Rem 7.8 879 218
ewa119 | oo02 08 0.3 002 | 0002 | 005 0.18 | Rem 878 81.9 218
EWA 120 [ M 08 0.3 0.02 _"002 0.05 0.16 Rem ‘878 .67.9__ 218

Tt
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EWA 121 0.02 08 0.3 0.02 0.002 0.05 016 | Rem 87.8 67.9 215
EWA 122 0.02 0.8 0.3 0.02 0.002 0.05 016 | Rem | ors 67.9 Cas
EWA 141 0.02 _ 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5
EWA 142 0.02 0.8 03 0.02 0.002 0.05 0.16 fem a78 67.9 218
EWA 143 0.02 0.8 03 0.02 0.002 0.05 0.16 Aem 87.8 67.9 215
EWA 144 0.02 08 0.3 002 0.002 0.05 0.16 flem 87.8 67.9 215
EWA 151 0.02 ' A 0.8 03 0.02 0.002 0.05 0.18 Rem are 67.9 218
EWA 152 0.02 - 0.8 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 218
EWA 184 0.02 . 0.8 0.3 0.0 0.005 0.13 0.14 Rem 88.41 64.7 25.1
EWA 165 0.02 0.8 0.3 0.0t 0.005 0.13 0.14 Rem ’ 08.41 64.7 sy
EWA 168 0.02 i : 08 03 | oo 0.005 0.13 0.14 Rem 88.41 64.7 25.1
EWA 169 0.02 . 08 0.3 0.01 0.005 0.13 0.14 Rem - ' 8841 84.7 25.1
EWA 170 0.02 08 0.3 0.0t 0.005 0.13 0.14 Rem ‘ 86.41 64.7 251
EwAI1- | 002 0.8 0.3 oo1 | ooos | o013 014 | Rem 8841 | 647 26.1
EWD 001 0.02 0.8 0.3 0.02 0.002 0.05 0.18 Aem ' - | o878 67.9 218
EWD 002 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem ) 87.8 67.9 218
EWD 003 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem ’ 87.8 67.9 218
EWD 004 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 879 215
ewpoos | o002 08 03 00z | 0002 | 005 | o016 | Rem e78 | er9 218
EWD 008 0.02 0.8 0.3 0.02 0.002 0.05 0.18 Rem l 07.8 67.9 218
EWD 031 0.02 0.8 03 | o002 0.002 0.05 0.18 Rem o 67.8 679 215
EWD 036 0.02 08 0.3 0.02 0.002 0.05 0.18 Aem 87.8 67.9 215
EWD 041 0.02 ' : 0.8 0.3 0.02 0.002 0.05 0.16 fem 1 ers 679 218
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EWD 042 0.02 o8 0.3 0.02 0.002 0.05 0.16 - Rem 878 67.9 218
EWDO043 | 0.02 0.8 03 002 | 0002 | 005 | 016 | Rem 87.8 67.9 s
ewposs | o002 08 03 002 | 0002 | 005 0.16 | Rem 87.8 67.9 215
Ewboss | 002 08 03 002 | 0002 | o0s 0.16 | Rem 879 67.9 21.8
EWD048 | 002 08 03 002 | 0002 | o00s 0.6 | Rem 07.8 679 218
Ewport | 002 08 03 002 | 0002 | o005 016 | Rem 7.8 67.9 215
EWD ofz 002 08 0.3 002 | 0002 | o005 0.16 | Rem 878 67.9 218
EwWDO073 | 002 08 03 002 | 0002 | o005 0.6 | Rem 67.0 87.9 21.5
ewpora | 002 0.8 0.3 002 | 0002 | o005 016 | Rem 87.0 67.9 218
EWD 075 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 218 )
ewpors | 002 08 03 002 | 0002 | o005 0.6 | Rem 878 67.9 218
EWD 077 0.02 08 03 0.02 0.602 0.05 0.18 Asm 878 6r.9 218
ewpore | 002 08 03 002 | 0002 | oos 0.16 | Rem e7.8 67.9 218
gwo ors | o002 08 03 002 | o002 | oo0s 016 | Rem 7.8 67.9 218
EWDO0S0 | 0.02 08 03 002 | 0002 | 005 | 018 | Rem 878 67.9 218
EWD 081 0.02 0.8 0.3 0.02 0.002 0.05. 0.18 Rem 878 67.9 Qs
ewoosz | o002 08 03 002 | o002 | oo0s 0.16 Rem ore | e79 215
Ewo1o1 | o002 08 03 002 | 0002 | 005 | o016 | Rem 87.8 679 218
ewo 102 | o002 08 0.3 002 | 0002 | 005 016 | Rem 7.8 67.9 218
EwD108 | o002 08 03 002 | 0002 | o008 016 | Rem 87.8 87.9 218
ewo 11 | o002 ' 08 03 002 | 0002 | 005 | o018 | Rem 878 | er9 218
ewp112 | 002 . 08 03 002 | 0002 | 005 | 016 | Rem 07,8 679 215
Ewo13 | 08 03 002 ;02 | 005 | 0.8 | Rem e78 | 61— s
N N —

—r—
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EWD 114 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem ars 679 2158
ewp 115 | 002 08 03 002 | 0002 | 005 0.16 Rem 87.8 7.9 215
ewp 18 | 002 08 03 002 | 0002 | 005 0.16 Aem 87.8 67.9 215
EWD 118 0.02 08 03 0.02 0.002 0.05 0.16 Rem 878 87.9 PR 1
EWD 119 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 878 6719 218
EWD 121 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 218
EWD 122 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 87.9 FAK ]
EWD 141t 0.02 08 03 0.02 0.002 0.05 0.16 Rem ar.a 819 298
EWD 142 0.02 08 03 0.02 0.002 0.05 0.16 Rem ar.e 87.9 Nns
EWD 151 0.02 08 03 0.02 0.002 0.05 0.18 Rem 87.8 67.9 215
EWD 164 0.02 08 0.3 0.0t 0.005 0.13 0.14 Rem 8844 84.7 25.1
EWD 168 0.02 [oX:] 0.3 0.0t 0.005 0.13 0.14 Aem 88.41 64.7 25.1
EWD 169 0.02 [+]:] 0.3 0.01 0.005 0.13 0.14 Rem 88.41 847 25.1
PCA 003 0.011 1.85 " 0.020 0.003 0.30 16.64 10.35 2.11 0.08 085.51 42.08 49.4
PCA 004 0.011 1.85 0.020 0.003 0.20 16.64 10.35 2.11 0.05 85.51 42.08 40.4
PCA 005 0.011 1.85 0.020 0.003 0.30 16.64 10.35 2.11 0.05 85.51 42.08 46.4
PCAO0B | 0011 185 | o020 | o003 | o030 | 1864 | 1035 | 21 0.05 0551 | 4208 484
PCA 007 0.011 1.85 0.020 0.003 0.30 16.64 10.35 2.1 0.05 85.51 42.08 46.4
PCA 000 0.011¢ .1.85 0.020 0.003 0.30 16.64 10.35 211 0.05 8%.51 42‘.08 468.4
PCA 009 0.011 1.65 0.020 0.003 0.30 18.64 10.35 2.11 ,0.05 85.51 4208 46.4
PCA 010 | 0.011 vos | 0020 | ooos | o030 | teee | r03s | 2 0.05 8551 | 4208 484
PCAOIT | 0.011 185 | o020 | 0003 0.30 1864 | 1035 2.1 0.05 85.51 | 42.08 464
PCA 012 o.01 1.85 0020 | 0.003 0.30 16.64 10.35 2.1 0.05 85.51 42,08 464
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0CB 0ot 0.005 027 0.0 0.002 0.05 208 132 30 28 1.0 0.14 0.60 Rem 0.20
DCA 002 0.005 027 0.01 0.002 0.05 208 132 30 28 1.0 0.14 . 008 Rem 0.20
0Co 003 0.005 0.27 0.01 0.002 0.05 208 132 30 28 10 0.14 0.08 Rem ‘ . 020
DCB 004 0.005 0.27 0.04 0.00é 0.05 206 132 a0 28 1.0 0.14 0.08 Rem 0.20
0CcB 00S 0.00% 0.27 0.01 0.002 -0.05 208 13.2 a0 28 1.0 0.14 0.08 Rem 0.20
0CB 008 0.005 0.27 001 0.002 005 ., 208 . 132 0 28 10 T 014 0.08 Rem 020
DCB 031 0.005 0.27 0.04 0.002 0.08 208 13.2 30 28 1.0 0.14 0.08 Rem 0.20
0CB 032 0.005 0.27 0.01 0.002 0.05 208 1.2 - 3o 28 10 0.14 0.08 Rem 0.20
0Cc8 033 0.005 027 0.01 0.002 0.05 » 208 132 3.0 28 ‘ 1.0 0.14 0.00 Rem 0.20
DCB 034 0.008 '0.27 ' 0.04 0.002 0.05 2086 13.2 ‘ 30 28 1.0 0.14 0.08 Rem ’ 0.20

’ DCB 038 0.00% 0.27 0.0t 0.002 0.05 _ 2086 13.2 30 ] 28 1.0 0.14 0.08 Rem 0.20
0CB 036 0.003 027 0.0t 0.002 0.05 206 132 30 28 1.0 ‘ 0.14 0.08 Rem © 020
DCB 08Y 0.005 . 0.27 0.01 0.002 0.05 206 - 13.2 30 28 1.0 . 0.14 008 Rem 0.20
DCB 082 0.000 025 0.0 0.001 0.03 213 ' 126 39 30 19 013 0.10 Rem
pCa 083 0.008 0.25 0.01 0.001 0.03 21.3 128 30 3.0‘ 19 0.13 0.10 Rem
DCB 084 ’ 0.00% 0.27 0.01 0.002 0.05 208 ’ 13.2 30 20 1.0 0.14 0.08 Rom 0.20
DCB 08% 0.008 0.27 0.0t 0.002 0.05 206 13.2 kX ] 28 1.0 0.14 0.08 Rem 0.20.
DCB 066 0.005 0.27 0.01 0.002 0.08 208 13.2 3.0 . 2.8 1.0 0.14 0.08 . Rem 0.20
0C8 087 0.00% 0.27 0.01 0.002 0.05 206 13.2 30 28 10 0.14 0.08 Rem 0.20
oCB 068 . 0.005 0.27 0.01 0.002 0.05 206 132 , 30 28 1.0 ' 0.14 0.08 Rem 0.20
DCB 089 0.005 0.27 0.01 0.002 0.05 208 13.2 3.0 28 1.0. 0.14 0.08 Rem 0.20
pCce 070 0.005 c.27 0.0t 0.002 0.05 208 13.2 30 28 1.0 0.14 0:00 Rem 020
pCcB o7t 0 - c.27 et 0.002 0.0s 206 132 —— 30 28 1 0 014 0.08 Rern__ 020
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0ocB 072 0.005 0.27 0.01 0.002 0.05 20.6 132 a0 28 1.0 0.14 0.00 . Rem 0.20
DCB 091 0.005 0.27 001 0 002 008 208 13.2 3.0 28 V‘,O 0.14 0.08 Rem 0.20
0C8 092 0.005 027 001 0.002 005 208 132 30 28 1.0 0.14 0.08 Rem 0.20
0C8 093 0005 0.27 001 0 002 00% 208 132 3o 28 1.0 0.14 0.08 Rem 0.20
0CB 094 0.005 027 oo 0 00?2 008 208 132 30 28 1.0 0.14 0.08 Rem 0.20
DCB 095 0.005 0.27 004 0 002 v 008 208 132 30 208 1.0 0.14 0.08 Rem 0.20
0C8 008 0.005 027 0.01 0.002 008 208 132 30 26 1.0 0.14 0.08 Rem 020
0C8 098 0.005 027 0.01 0.002 0.05 2068 13.2 30 28 10 0.14 0.08 Rem 0.20
DCB 099 0.005 027 0.01 0.002 0.05 208 . 132 30 28 1.0 0.14 0.08 _ Rem .0.20
0oce 101 0.005 027 0.0 0.002 0.08 208 13.2 3.0 . 28 10 0.14 0.08 Rem 020
. 0C8 102 0.005 027 0.01 0.002 0.05 20.6 132 3.0 28 1.0 0.14 0.08 Rem 0.20
oCcB 121 0.005 0.27 0.01 0.002 0.05 208 132 3.0 . 28 1.0 . 0.14 0.00 Rem 0.20
DCB 122 0.005 0.27 0.01 0.002 0.05 208 132 3.0 28 1.0 0.14 0.06 Rem 0.20
oCB 123 0.008 0.27 0.01 0.002 0.05 206 13.2 3.0 28 10 0.14 0.08 Rem 0.20
DCB 124 0.008 0.27 0.01 0.002 0.05 206 13.2 30 28 1.0 0.14 0.08 Rem 0.20
0CB 125 0.005 027 0.01 0.002 0.08 206 13.2 30 28 1.0 0.14 0.08 Rem 0.20
oce 126 0.008 0.25 0.01 0.001 0.03 213 126 0 3.0 ' 19 013 0.10 Rem
oCB 128 0.005 0.27 0.01 0.002 0.05 208 13.2 30 20 1.0 | 0.14 0.08 Rem 0.20
oCcB 129 0.00§ 0.27 0.01 0.002 0.08 206 132 3.0 20 1.0 0.14 0.0’ Rem 0.20
DCB 130 - 0.008 0.27 0.01 0.002 0.05 208 : 132 3o : 28 t0 . 014 008 Rem 0.20
DCB 132 0.008 0.27 0.01 0.002 0.05 208 13.2 30 28 1.0 014 000 Rem 0.20
DCB 187 0.005 0.27 0.0 0.002 0.08 208 13.2. 30 - 2.8 10 0114 0.08 Rem 020
pCB 158 0.005 0.27 0.01 0.002 0.0% 206 . 132 30 28 10 014 " 006 Rem 0.20
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oce 159 0.008 0.25 0.01 0.001 0.03 213 1286 39 30 19 013 0.10 Rem
DCB 160 0.008 0.27 0.0t 0.002 0.05 208 132 30 28 1.0 0.14 0.08 Rem 0.20
0CB 161 0008 0.25 0.01 0.001 0.03 213 128 39 : 30 1.0 0.13 0.10 Rem
OCB 182 0.005 0.27 on 0.002 0.05 208 13.2 3.0 28 1.0 0.14 0.08 Rem 0.20
DCB 164 0.005 027 0.01 0.002 0.05. 208 . 13.2 3.0 298 10 0.14 0.08 Rem 0.20
DCB 188 0.008 027 0.01 0.002 005 206 1.2 ' 3.0 28 10 0.14 0.08 Rem 0.20
DCB 187 0.008 0.27 0.01 0.002 0.08 200 13.2 30 28 1.0 0.14 0.06 Rem 0.20
0CB 188 0.008 025 0.01 0.001 0.03 213 . 126 a9 30 1.9 0.13 0.10 Rem
owas 001 0.005 0.27 0.01 0.002 0.08 206 13.2 3.0 28 1.0 0.14 0.08 Rem '0.20
owa 002 0.00% 027 0.01 0.002 0.05 208 132 3.0 28 ° 1.0 0 14 0.08 Rem 0.20
-OWB 003 0.008 027 0.01 0.002 9.05 208 13.2 . 30 28 1.0 0.14 0.08 Rem 0.20
pwsoos | ooos { o020 | o001 | oooz | oos | 208 132 30 2.0 10 | 014 | o008 | Rem 0.20
DWB 005 0.005 0.27 0.0t 0.002 0.0% 208 132 30 28 1.0 I 0.14 0.08 Rem 0.20
OWB 008 0.003 0.27 0.01 0.002 0.05 206 132 30 20 1.0 0.14 0.08 Rem 0.20
Dwa oM 0.003 0.27 0.01 0.002 0..05 208 13.2 30 28 ' 1.0 . 0.14 0:00 Rem 0.20
DW8 03¢ 0.005 0.27 0.01 0.002 0.05 206 13.2 30 28 1.0 0.14 0.08 Rem 0.20
OwWB 041 0.005 0.27 0.0t 0.002 0.05 206 13.2 3.0 28 - 1.0 0.14 0.08 Rem 0.20
DWB 042 0.005 0.27 0.01 0.002 0.05 206 : 132 3.0 . 29 1.0 0.14 0.00 Rem 0.20
DOWB 042 0.005 0.27 0.0t 0.002 0.05 206 13.2 30 ) 28 1.0 0.14 0.08 Rem 0.20
DWBO44 | 0005 0.27 0.01 0.002 0.05 206 13.2 2.0 28 10 014 0.08 Rem 0.20
OwWB 045 0.005 0.27 0.01 0.002 0.05 208 132 30 28 1.0 . 0.14 0.08 Rem 0.20
pwaods | 0008 0.27 0.01 0002 | oo0s 206 13.2 3.0 28 10 0.14 0.08 Rem | - o020
owsorz2 | oo~ o022 | o001 | ooo2 | oos | 208 132 (— 30 28 10 ot | 008 | Rem__ o

\
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owas 073 0.005 0.27 001 0 002 005 20.6 132 3.0 2.8 10 0.14 0.08 Rem 0.20
OWB 074 0 005 027 001 0 002 005 208 132 30 28 10 0.14 0.08 ﬁem 0.20
owe 075 0.005 027 001 0 002 005 206 132 30 28 1.0 0.14 0.08 Rem 0.20
bpwa 078 0 005 027 001 0002 005 2086 132 30 28 10 0.14 0.08 Rem 0.20
owB 077 0.005 027 001 0002 005 208 13.2 X 3.0 28 1.0 0.14 0.08 Rem 0.20
DWB 078 0.005 027 001 0.002 005 208 13.2 0 28 1.0 0.14 0.08 Rem 0.20
DWB 078 '0.005 0.27 0.01 0.002 0.08 2086 13.2 3.0 298 1.0 0.14 0.08 Rem 0.20 .
Owa 080 0.008 0.27 0.01 0.002 005 200 . 1.2 3.0 28 1.0 1 0.14 0.08 Rem 0.20
DWB 091 0.005 0.27 0.01 0.002 0.05 206 13.2 ‘ 3.0 4 28 1.0 0.14 0.08 Rem 0.20
DWB 082 0.005 . 0.27 0.01 0.002 0.05 206 13.2 30 28 1.0 0.14 0.08 Rem 0.20
DW8 101 0.005 0.27 0.01 0.002 0.05 206 13.2 30 2.8 1.0. 0.14 0.06 Rem 0.20
DWB 102 0.005 0.27 0.01 0.002 005 206 13.2 30 20 1.0 - 0.14 0.08' Rem. 0.20
owe 108 0.005 0.27 0.01 0.002 0.08 208 13.2 30 28 1.0 . 0.14 0.08 Rem 0.20
DWB 111 0.005 0.27 0.01 0.002 0.0% 208 13.2 a0 28 1.0 0:14 0.08 Rem 0.20
OWB 112 0005 | 027 0.01 0.002 0.05 208 13.2 : a0 20 l 10 0.14 0.08 Rem 0.20
DW8 113 0.008 0.27 0.01 0.002 0.05 206 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20
DWB 114 0.005 0.27 0.01 0.002 005 206 13.2 3.0 28 1.0 0.14 0.08 Rem . 020
DWB 118 0008 0.27 0.0V 0.002 0.08 208 132 3.0 28 10 0.14 0.00 Rem 0.20
DWB t18 0.005 0.27 0.01 0.002 0.05 208 13.2 30 20 1.0 0.14 0.06 Rem 0.20
ows 118 0.005 0.27 0.0t l 0.002 0.05 206 13.2 ao 28 10 "0.14 0.08 Rem 0.20
OWB 119 0.005 021 0.0 0.002 0.05 206 13.2 3.0 28 |.0: 0..14 0.08 Rem 0.20
owae 124 0.00% 0.27 0.09 0.002 0.08 208 13.2 3.0 28 1.0 0.14 0.08 Rem 020
owB 122 0.003 0.27 0.01 0.002 0.05 208 13.2 30 28 10 0.14 © 0.08 Rem 020
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DWB 141 0.005 027 001 0.002 0.05 206 13.2 30 2.0 1.0 0.14 0.08 Rem 0.20
DWB 142 0.005 027 001 0.002 005 208 132 3o 28 1.0 0.14 ' 0.08 Rem 0.20
DWB 144 0.005 027 00 0.002 005 2086 132 . 3o 28 1.0 0.14 0.08 Rem 0.20
DWB 151 0.005 027 00t 0 002 005 208 132 o 28 1.0 0.14 0.08 Rem 0.20
DWB 164 0.008 0.25 001 0.00¢ 003 213 126 39 30 1.9 0.13 0.10 Rem

OwB 188 0.008 0.25 0.01 0.001 003 21.3 128 39 30 1.9 013 0.10 Rem

Owe 169 0.008 0.25 0.01 0.001 003 213 128 39 30 1.9 0.13 0.10 Rem

ECD 00% 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem

ECOD 002 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem

ECD 003 0.008 0.62 0.30 0 004 0.0044 0.12 0.08 Rem

€CD 004 0.008 0.62 0.30 0.004 0.0044 0.12 0.08 Rem

ECD 005 0.008 0.82 0.30 0 004 0.0044 0.12 0.08 Rem

ECD 008 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem

ECD 632 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem

ECD 084 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem

ECD 082 0.000 0.82 . 0.30 0.004 0.0044 0.12 0.08 Rem

ECD 083 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem

gcooss | o008 0.2 030 | o004 | oooss | 012 0.08 Rem

ECO 008 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem

ECD 088 0.008 0.02 0.30 0.004 0.0044 0.12 0.08 Rem

ECD 087 0.008 0.62 0.30 0.004 0.0044 0.12 0.08 Rem

Ecooss | 0.008 082 | o030 | o004 | 00oss | 012 | oos | Rem

ECD 069 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem L

g
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ECDO70 | 0.008 ‘ 082 | o030 | ooos | 00044 | 012 | o008 | Rem
gcoory | o0.008 082 | 030 | ooo4 | oooae | 012 | o008 | Rem
ecoor2 | o0.008 ' 082 | o030 | ooos | 0ooas | 012 | o008 | Rem
ECDO091 | 0.008 ' 082 | 030 | ooos | ovoas | 012 | 008 | Rem
ECDO0S2 | 0.008 082 | 030 | oooe | oooda | 042 | 008 | Rem
ecoog3 | ooos 082 | o030 | oova | oocoas | 042 | o008 | Rem
ECDO0S4 | 0008 082 | 03 | ooos | covas | 012 | o008 | Rem
ecooss | ooos os2 | o030 | oo | 000 [ 012 | o008 | Rem
ecooss | o008 082 | 030 | ooos | 000ae | 042 | 008 | Rem
gcooss | ooos 082 | 03 | ooos | oooua | 012 | oos | Rem
Ecoosy | 0008 _ 082 | o030 | ooos | cooaa | 012 | o008 | Rem
ECD 101 0.008 >0.82 0.30 0.004 0.0044 0.12 0.08 Rem
ECD 102 | 0.008 062 | 030 | 0004 | 0004s | 012 | 008 | Rem
ECD121 | 0.008 082 | o030 | ooos | 0004a | 042 | o008 | Rem
ECD122 | 0.008 0.82 030 | 0004 | 00044 | 0.2 008 | Rem )
ECDO123 | 0.008 082 030 | 0004 | 0oo4sa | 092 | o008 Rem
€CD124 | 0008 082 | o030 | ooos | cooss | 012 | o008 | Rrem
gcpi12s | o.00s . 082 | 030 | 0004 | 0004a | 012 | o008 | Rem
gco12s | oooe ‘ : 082 | o3 | ooos | oovss | 012 | ocos | Rem
ECD 128 0.008 082 0.30 0.004 0.0044 0.12 0.08 Rem .
ECD 120 | 0.008 | : 082 | 030 | ooos | 0ooae | 012 | o008 | Rem
€co130 | o008 082 | 030 | ooos | oooac | 012 | o008 | Rem
ECD 132 | 0.006 ‘ 092 | o030 | oooe | 000ae | 012 | o008 | Rem
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ECD 157 0.008 0..82 0.30 0.004 0.0044 0.12 0.08 Rem
ECD 158 0.008 0.62 0.30 0.004 0.0044 0..12 0.08 i Rem
ECD 159 0.008 '0.82 0.30 0.004 0.0044 0.12 0.08 Rem
ECD 180 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
ECD 181 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
ECD 162 0.600 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
ECD 184 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
ECD 185 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
ECD 167 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
€CD 1°‘° . 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 001 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 002 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 003 0.008 0.82 0.30 0.004 0.0044 0.12 . 0.08 Rem
EWD 004 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 008 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 008 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 031 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 038 0.008 0.82 0.30 0.004 0.0044 0.12 ' 0.08 Rem
EWD 041 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 042 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 . Rem
EWD .0‘3 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 044 0.000 0.82 0.30 0.004 0.0044 0.12 0.08 Ram
EWD 048 0.c _ 0.82 030 0.004 (_-‘4 0.12 0.08 Rem {___
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EWD 048 0.008 0.82 0.30 0004 0.0044 0.12 0.08 Rem
EWD 071 0.008 082 030 0004 0.00'44 0.12 0.08 Rem
EWD 072 0 008 082 030 0 004 00044 0.12 0.08 Rem
EWD 073 0.008 082 030 0.004 0 0044 0.12 0.08 Rem
EWD 074 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 075 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 07¢ 0.008 0.82 030 0.004 0.0044 0.12 0.08 Rem
EWD O17 0.008 0.82 0.30 Q.004 0.0044 0.12 0.08 Rem
EWD 078 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 079 0.008 0.82 9.30 0004 0.0044 0.12 0.08 Rem
EWD 080 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 08t 0.008 0.02 0.30 0.004 0.0044 0.12 ‘ 0.08 Rem
EWD 082 0.000 082 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 101 0.008 b.OZ 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 102 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 108 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 111 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 112 0.008 0.02 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 113 0.008 0.82 0.30 0.004 0.004.4 0.12 0.08 Rem
.
EWD 114 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 115 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 118 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 118 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
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EWD 1.19 0.008 0.82 0.30 0.004 0.0044 0.12 0.00 Rem
- EWD 121 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 122 0.008 0.82 030 0.004 0.0044 012 0.08 Rem
EWD 141 0.000 082 030 0004° 00044 0.12 0.08 Rem
EWD 142 0.008 ‘082 030 0 004 0 0044 012 0.08 Rem
EWD 151 0.008 082 030 0 004 0 0044 012 0.08 Rem
EWD 184 | 0.008 082 030 0.004 0.0044 0.12 0.08 Rem
Ewo 188 | 0.000 082 | 030 | oooa | 00oas | 012 | o008 | Rem
EWD 169 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 R,m
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‘é : Metal Samples Co., inc.
l . 152 Metal Samples Road

= - | P.O. Box 6
. % Munford, Alabama 36268
. UsA
'?S 205/358-4202
. | Fax: 205/358-4515

A Suvpsichary of Alabama Spedially Prooucis, inc.

SEPTEMBER 08, 1995

STATEMENT OF CONFORMITY

SOC -1

METAL SAMPLES QUALITY ASSURANCE CERTIFIES AND AFFIRMS THAT ALL PRODUCT
SUPPLIED AGAINST P.O #8313954 HAS BEEN MANUFACTURED IN ACCORDANCE WITH
ALL QUALITY REQUIREMENTS AS SET FORTH IN THE ABOVE MENTIONED PURCHASE
ORDER INCLUDING THE USE OF C22 ALLOY MATERIAL (M.S. LOT #H157).

USAGE AS FOLLOWS:

LOT #H157 —~ DCB 001 - DCB 243, 2"x2" WELDED CREVICE COUPQONS
-~ DUB 001 - DUB 163, WELDED U-BENDS -
- DWB 001 - DWB 183, 12" WELDED WT. LOSS COUPONS
- DCA 001 - DCA 243, 22" CREVICE COUPONS
-~ DUA 001 - DUA 183, BASE MAT'L U-BENDS _
~ DWA 001 - DWA 163, 1"x2" WT. LOSS COUPONS

ALL FILLER MATERIAL FOR WELDING OF C22 ORIGINALS WAS LOT #K926.
ALL FILLER MATERIAL FOR WELDING OF C22 REMAKES WAS LOT #L098 (SEE LIST FOR
REMAKE NUMBERS).

g0

LARRY BRADEN
QUALITY CONTROL MANAGER
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SUPPLEMENT TO STA;TEMENT OF CONFORMITY SOC - 1

PO# B313954 SEPTEMBER 08, 1995

SOC - 1A

LIST OF C22 ALLOY SPECIMENS FROM SECOND WELD FILLER LOT

C22 WELDED U-BENDS

C22 WELDED CREVICE SPECIMENS

DUB0OY DCBO10 DCB168
DUB030 DCBOLS DCB170
DUB036 DCBO17 DCB173
DUB037 pCeo21 DCB175
DUB062 DCBO023 DCB188
| DUBOE? DCBO24 DCB191
DUB068 DCBO26 DCB203
| DUBOSO DCBO27 DCB211
DUBOSYS . DCB029 DCE221
DUB0S7 DCBO30 DCB224
DUB098 DCBO42 DCB225S
DUB134 DCBO43 DCB226
DUB135 DCBO47 DCB227
DUB136 DCBOS4 DCB228
DUB138 DCBOS5 DCB229
DUB139 DCBOSS DCB230
DUB147 DCBOSS DCB231
DUB148 DCBO62 DCB232
DUB149 DCBO63 DCB233
DUB153 DCBO76 DCB234
DUB154 DCBO81 DCB235
DUB155 DCB109 DCB236
DUB1S8 DCB119 DCB237

DCB120 0CB238

DCB126 DCB239

DCB136 DCB240

DCB138 DCB241

DCB159 DCB242

DCB161 DCB243

DCB163




11/1b/71Y99 ©Y:43 2563584240 RADL et
UL

53 of 25
Metal Samples Co.

% 152 Metal Samples Roed

. P0O.Box 8 o

- e ] : Munford, Alabama 36268
USA

amples o B
_ ® Fax: 205/358-4515

SEPTEMBER 26, 1985

STATEMENT OF CONFORMITY -

sOC - 2

METAL SAMPLES QUALITY ASSURANCE CERTIFIES AND AFFIRMS THAT /L. PRODUCT
SUPPLIED AGAINST P.O #8313954 HAS BEEN MANUFACTURED 1N ACCORDANCE WITH
LL QUALITY REQUIREMENTS AS SET FORTH IN THE ABOVE MENTIONED PURCHASE
RDER INCLUDING THE USE OF Ti GR 12 ALLOY (M.S. LOT #KS57).

USAGE AS FOLLOWS:

LOT #K957 — ECD 001 - ECD 243, 22" WELDED CREVICE COUPONS
_ EUD 001 - EUD 183, WELDED U-BENDS
— EWD 001 - EWD 163, 1"x2" WELDED WT. LOSS COUPONS
.- ECA 001 - ECA 243, 22" CREVICE COUPONS
— EUA 001 - EUA 183, BASE MAT'L U-BENDS
" EWA 001 - EWA 163, 1" WT. LOSS COUPONS

ALL FILLER MATERIAL FOR WELDING OF Ti GR 12 ALLOY WAS LOT #L025.

s, Bt

LARRY BRADEN
QUALITY CONTROL MANAGER
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April 30, 1987

STATEMENT OF CONFORMITY [
(AMENDED 08 MAY 1997) .

SOC - 3

ALABAMA SPECIALTY PRODUCTS QUALITY ASSURANCE CERTIFIES AND AFFIRMS THAT
ALL PRODUCT SUPPLIED AGAINST P.O#B338859 HAS BEEN MANUFACTURED IN
ACCORDANCE WITH ALL QUALITY REQUIREMENTS AS SET FORTH IN THE ABOVE
MENTIONED PURCHASE ORDER. L

BASE METAL FILLER
P/N ALLOYLOT# _  ALLOY/LOT# SEQ.#

CO1296141304000 18251827 N/A | AWA 164 - AWA 178
CO129A 161304000 G3M230 N/A BWA 164 - BWA 178
CO129A131304000 C4/Ko33 N/A CWA 164 - CWA 178
CO129A111304000 C22/K932 N/A DWA 164 - DWA 178
C01298011304000 TIGR12/H427 N/A EWA 164 - EWA 178
CO1298361304000 TIGR16/.384 NIA FWA 184 - FWA 178
CO1296141324000 182511927 C221.098 AWB 164 - AWB 178 )
CO129A 161324000 G3M230 G3M176 BWC 164 - BWC 178
CO128A131324000 C4/Ke33 C22n.098 CWB 164 - CWB 178

. CO129A11 1324060 C22/Ke32 | Cc22n.098 DWE 164 - DWB 178
C0O1298011324000 TIGR12/H427 T-121025 . EWD 184 - EWD 178
CO1298361324000 TIGR161.384 TI-7/Ke6S FWE 164 - FWE 178
LARRY BRADEN -
QUALITY CONTROL MANAGER

“Thnovetions for leser manelscturing

-
- ——— . he W g . am

& & -
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STATEMENT OF CONFORMITY

SOC - 4

METAL SAMPLES CO. QUALITY ASSURANCE CERTIFIES AND AFFIRMS THAT PRODUCT
SUPPLIED AGAINST P.O.#B500447 HAS BEENMANUFACTURED IN ACCORDANCE WITH
ALL QUALITY REQUIREMENTS AS SET:EORTHIN THE ABOVE-MENTIONED PURCHASE
ORDER AND/OR ENGINEERING CHANGE ORDER: - MATERIALS; WORKMANSHIP AND
DIMENSIONALINTEGRITY-OF THE PROBUCT SUPPLIEDWEREVERIFIEDINACCORDANCE
WITH THE REQUIREMENTS OF OUR 1SO 8001-CERTIFIED QUALITY SYSTEM.

MATERIAL - THGR7 (#N284) SEQUENCE - NCA 184 THRU NCA 223

TI-GR16 (#.384) FCA 244 THRU FCA 283
C22 (#K932) DCA 244 THRU DCA 283
304 (#P354) " OCA 001 THRU OCA 040

© 316L (#N835) PCA 001 THRU PCA 040

Bnale-

LARRY en F™'
QUALITY MANAGER

yuin. 3
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STATEMENT OF CONFORMITY

SOC - 5

METAL SAMPLES CO QUALITY ASSURANCE CERTIFIES AND AFFIRMS THAT PRODUCT
SUPPLIED AGAINST P.O.#A15382YS88 HAS BEEN MANUFACTURED IN ACCORDANCE
WITH ALL QUALITY REQUIREMENTS AS SET FORTH IN THE ABOVE-MENTIONED
PURCHASE ORDER AND/OR ENGINEERING CHANGE ORDER. MATERIALS,

WORKMANSHIP AND DIMENSIONAL INTEGRITY OF THE PRODUCT SUPPLIED WERE
VERIFIED IN ACCORDANCE WiTH THE REQUIREMENTS OF OUR ISO 9001 CERTIFIED
QUALITY SYSTzM

LINE NUMBER MATERIAL ’ SEQUENCE

08 TIGR7 (PE65) NEA 341 THRU NEA 380 .

o7 TIGR2 (M628) TEA 001 THRU TEA 030 i

08 TIGR12 (M273) EEA 051 THRU EEs 080

cs < TIGRS5 (M629) , UEA 001 THRU UEA 010

10 : C4 (M475) REA 001 THRU REA 020 - L
1 < C22 (KB832) DEA 311 THRU DEA 335

12 304L (N598) SEA 001 THRU SEA 025

13 , 316L (P012) . PZA 311 THRU PEA 335 .
14 ~ ERNICRMO10 (P858) E2087 WIRE 1 - - : Nt
15 ERNICRMO10 (P857) E2057 WIRE 2 '

8 /31:>L (P453) PEA 041 THRU PSA 050 -

20 —C22 (P351) DEA 041 THRU DEA 080

22 - - TIGR/ (P548) NEA 071 THRU NEA 090

23 316L (P453) PEA 051 THRU PEA 110

24 - C22 (P851) 'D"A 051 THRU DEA 110

23 - TIGR7 (P548) NEA 091 THRU NEA 140

27 - 315L (NB35) . . PZA 111 THRU PEA 310

28 + C22 (K932) . DEA 111 THRU DEA 310

30 - TIGR7T (N284) NEA 141 THRU NEA 340

QU l ;;\'\-\P""
_~‘-=—._-""‘ . f et ALABAMA
——?—- = TECHNOLOGIES = DEVELOPMENT
ammes = IR =



SENT BY: 7- 1-97 : 1:299% ¢

- 510-423-0508:2 8

215 249 8836 LABORATORY TEST 51 o;' Iaﬁ.__@

Ng.asroo3-37-06-1015¢

01/01/87  12:87 8047008

P.O. Box 249 Dubéin, Pennsylvania 18917

BHIPOING
TELE: (215) 340-0008 « FAX: (21351 2400080 ADDRESS

120 MiLL STREET, DURLIN, PA 18317

B0oLD _TD BRI XD
ALRBAMA SPECIALTY PRODUCTS INC ALABAMA SPECIALTY PRADUCTS INC.
PO BOX 8 152 MHTAL BANPLES ROAD

MURFORD, AL 36268 MUNEFORD, AL, 36268

" ATTN: LAVON CARR

SHIR _VIA
34504 06/27/97 FAX AND MAIL

ZCORRFCIRD CHRTIFICATION (7/1/97)
One piece of the refersnced samples was submirted to chemical content

evaluarion and it wag round to be in conformance to ASTM B-575-54,
Alloy Bastelloy €22 with the following results:

EEQUIREMENRTS

RLEMENT NN .. v 4 LOT _$H1S7 374, |
Molybdenum 12.5 14.5 13.8 %
Chronium 20.0 22.5 22.3 %
Iron 2.0 6.0 4.9 %
Tungsten 2.5 3.5 3.0 2
Cobalt 0.0 2.5 1.4 3
Carbon 0.000 0.015 0.004 £ 3
Silicon 0.00 n.o8K 0.07 3
Manganese 0.00 0.50 0.32 2
vanadium 0.00 g.35 0.23 3
Fhogphorus g.00 0.02 0.01 %
gulfur 0.00 0.02 <0,01 %
Nickel REMAINDER REMAINDER

A Teusile teczt was pariormed on (1) plece of the submitted Test Specimens
in accordance with ASYN B-8 and (1) piece was foumd to be in *conforaance
to ASTH B~575-94, Allov Hastslloy C22 with the following rasulte:

YENSTLE YIELD (.2%) ELONGATION
ox £ STRYNGTH SIEENGTH _
*REQUIRED 100,000 PSI 45,000 PSI 45.0%
H1%7 321,440 PSI 62,420 PBI 39.1%

‘The gervicea performed above were dane in accordance with LTT's Quality
Systen Program Hanual Revision 12 dated 12/2/96. Thesa Tragults relate
only to the itams tested and this report shall not be reproduced except
in full, without the written approval ot Laboratory Taesting, Inc.

page 7 of 13
Armold I,. HOrolf

Quality Assurance Nanager
MERCURY CONTAMINATION - Durir g thetesting s d
nigmectian, the praduct did not came s dawet contact
with marcury ar aay of its compounds inar with any
marcury conniniag devices employing 1 single boundery

T B Qg

SUBJECT TO TERMS ANO CONDITIONS F-* NTED ON REVERSE S10E OF Tri§ FORM.




Contiloats  of Confbrmance ' %

O
LABORATORY No. asro03-97-06-10156 3% or 19%
' | TESTING INC. ,
PO. Bax 248 Dublin, Pennsylvania 18917 S

| |

TELE: (215) 249-9898 « FAX:(215) 249-0656 120 MILL STREET, DUBLIN, PA 18817
80LD TO SHIP IO
ALABAMA SPECIALTY PRODUCTS INC ALABAMA SPECTALTY PRODUCTS INC.
PO BOX 8 152 METAL SAMPLES ROAD
MUNFORD, AL 36268 MUNFORD, AL 36268
* ATTN: LAVON CARR
CUSTOMER P.O., CERTIFICETION DATE SHIp VIA
34604 06/27/97 | PAY AND MATL
*cp 7

One piece - -of the referenced sapples was submitted to chemical content
evaluation and it was found to be in conformance to ASTM B-575, Alloy
- Bastelloy C22 with the following results:

REBQUIREMENTS
ELEMENT MIN MAX 10T #£K332 /M
Molybdenum 12.5 14.5 13.6 $
Chromium 20.0 22.5 22.0 %
Iron 2.0 6.0 4.4 %
Tungsten 2.5 3.5 3.0 $
Cobalt 0.0 2.5 2.3 : 3
Carbon 0.000 0.015 . 0.005 $ —
8ilicom 0.00 0.08 0.05 $
Manganese 0.00 0.50 0.22 %
Vanadium 0.00 0.35 0.18 A
Phosphorus 0.00 0.02 0.01 .
sSulfur 0.00 0.02 <0.01 $
Nickel REMAINDER REMATNDER

A Tensile test was performed.on. {1} piece:af.the-subnitted:iest:Specinens-w
in accordance with AsSTM E-8 and (1) piece was found to be in *conformance
to ASTM B-575, Alloy Hastelloy €22 with the following results:

TENRSILE YIBLD {.2%) ELCNGATION -
1OT # {IN_4p) -
*REQUIRED 100,000 PSI 45,000 PSI 45.0%
K932 119,460 PSI 59,820 PSI 62.0%

The services performed above were done in accordance with LTI's Quality
System Program Manual Revision 12 dated 12/2/96. These results relate
only to the items tested and this report shall not be reproduced except
in full, without the written approval of Laboratory Testing, Inc.

Sams AN oPage 6 of 13 )
, « tellowing Poc e "R 30 Arnold L. Horoff
i N Quality Assurance Manager
yORIATSTT T T 0 T Nuring ke vesting MG
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LABUKAIURY TEST

SENT q:i:,“,., CLEL A TELLL oy w8O0 . -
%ﬁ%afe % gar%vm 59 o% 12

& [Laporarony No. aspoo3-s7-pe-1u156
i/ TRETING INC.

P.C Bax 249 Dubhn, Pennsyhve~a 189717
TELE:(215) 2450668 - PRX: (21 240-90Ss

SHIPPING ADDRESS
130 MILs, 61 AEET, DUBLIN, PA W8 1T

S0LD_TO ‘ ZHIP 0
ALABAMA BPECIALTY PRODUCTS INC ALABAMA SPRCIALTY PRODDCTS INC.
PO BOX 8 152 METAL BAMPLER ROAD
KUNFORD, AL 36268 MUNFPORD, AL 36268

ATTR: LAVON CARR
CUSTOMER P.Q. CERTIFICATION DATE -
34604 06/27/7%7 mgnm RND MAIL

One pleca of the referenced samplas was submittad to chemical content
evaluation and it was found to be in conformancs to ASTK B-265, alloy
Titanium, Grade 12 with the following results:

REQUIRRMENTS

MIN ¥AX 1OT_£X837 /N
Nitrogen 0,00 0.03 .q2 %
Carbon 0.00 0.08 g.02 %

*Hydrogen €.000 0.013 0.002 %

Iron 0.00 0.30 0.05 %
oxygen 0.00 .25 0.16 %
Nolybdenun 0.7 0.4 0.3 %
Nickal Q.¢ 0.9 .6 %
Titaniux HEMAIRDER REMATINDER

TTaating performed by 1- vax Inc.

A Tensile tast was paerfcrmed op (1) piece of the submittad Test Spacineng
in acecordancs with ASTH B-8 end (1) piece was found to be in conformancs
to ASTM B-265, Grade 12 with the following results:

TEHSILE YIELD (.2%) RLONGATION
oy £ STRENGTH STRMNIH 2. B
REQUIRED 70,000 PSI 50,000 »83 18.0%

X957 87,800 PSI 67,500 P8I 21.5%%

The searvices parformed esove were done in agcordance with LTI’s Quality
System Program Manual Revision 12 Qated 12/2/96. These TesUlts relats
only to the itens testsd and this repoIt shall not be reproduced except
in full, without tha wristen approval of Labaratory Testing, inc.

rPage 5 of 13
Arnold L. Horoff
Ruality Assuranca Hanagex
MERCURY CONTAMINATION - Daring the tecting snd
inspection, the product did aot com in direct cantice

with mercury as way of its eompommts no: with asy . o~
mercury conglining devices smpioying 8 < wic bewsdary % .
of comwinimest ) f JRy— e -
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¥ | LABORATORY No. ASP003-97-06-10156

TESTING INC.
PO, Bax 248 Dublir, Pennsyivania 13917 — L
TELE (215) 240-D808 -  FAX: (345) 2404888 !auuﬂng,Wuun
ALABAMA SFECIALTY PRODUCTS IRC ALRBAMA SPRECTALYTY PRODUCTS INC.
PO BOX 8 152 METAL SANPLES ROAD
MNUNFORD, AL 36268 " ... MUNZORD, AL 36268 .
ATTN: LAVON CARR
- CERIIZICATION DaTE SBIP VI
34604 . 05/27/97 , : FAX AND MAIL

One piece of the raferenced sasples was submitted to chomical cogteni
eévaluation and it was found to be in conformance to ASTM B-265, Alloy
Titaniuvm, Grade 12 with the follcwing results: 4

REQUIREMENTS }
MR MAX—— — S0P 2427 — U/ -
Nitrogan 0.00 0.02 .01 3
carbon 8.00 0.08 0.02 *
*Hydrogan 0.000 0.015 0.005 %
Iron 0.00 0.30 0.13 3
oxygen 0.00 0.28 0.14 3
Yolybdenum 0.2 0.4 .3 %
Rioksl 0.6 a.9 a,8 % —
Tidtanim REMAINDER

*Testing parformed by Luvsk Inc:-

A Tensile test was parformad on {1) piece of the subaitted Yest Spegimens
in accordance with ABTM 2-8 and {1) piece was found to be in conformance
to RSTM B-265, Grade 12 with the following resulta: :

TENSILE YIELD (-28] ~ SICHGATTION TooTrmTe
10T # BTRENGTH STRENGTH JIN 2%)
REQUIRED 70,000 psT 50,000 PBY 18.0%
B427 88,410 PSI 684,700 PST 25.1%

The services performed above wers dona - i5-accordance with ITI's guality
Systen Program Manual Revision 12 dated 12/2/96. These rasuitg relate
only to the itams testegd and this o::iort skall not be reproduced excapt

in full, without the writtap aPpT of Laboratozy Testing, Inc,

Page 8 of 18
Arnold L. Horoff

: Quality Assurange Manager
MERCURY CONTAMINATION - Doving the trsting md

, the praduct did et coms in diraet contact
Wk mercury or say of s compawerds ner with ay
TRRTCUTY Saktteining davices cmpleying o sngle boundsry @.

of eontzinment.
SURIEET TO TERMS AND CONDITIONS PRINTED ON REVERSE SIDE OF TUiS OMKR— --
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_ LABORATORY
TESTING INC.
PO Box 248, 120 Mill St., Dublin, PA 18917
TEL:800-627-3966 * FAX: 215-249-9656

SOLD TO SHIP TO

TRW ENVIRON.SAFETY SYSTEMS, INC. NEVADA

2650 PARK TOWER DRIVE TRW c/o Lawrence Livermore Natl Lab

SUITE 800 7000 East Avenue

VIENNA, VA 22180 . - Livermore, CA 84550

ATTN: ACCOUNTS PAYABLE ATTN: JOHN ESTILL

CUSTOMER P.O. CERTIFICATION DATE SHIP VIA
A15385YSOA 3/23/089 : FAX & UPS

DESCRIPTION

1pc. 1/2" x 6" x 1/8" Thick Test Piece, ASTM A-240, Alioy 316L
Stainless Steel/lUNS S31603, Specimen Identification PEA
CHECK 1, Specimen Origin PO # /Lot #8500447/N835, ltem #28

Reference: Account No. 8766-92, RFQ LV.SC.YS.2/89.012
{

The referenced sample was submitted to chemical content evaluation and it was found to be in
conformance to ASTM A-240, UNS S31603, Alloy 316L Stainless Steel with the following results:

REQUIREMENTS

ELEMENT MIN. MAX. ACTUAL
C , 0.000 0.030 0.011%
Mn- 0.00 2.00 1.85%
P 0.000 0.045 0.020%
s 0.000 0.030 0.003%
Si 0.00 0.75 0.30%
Cr 16.00 1800  16.64%
Ni 10.00 14.00 - 10.35%
Mo 2.00 3.00 2.11%

N : 0.00 0.10 0.05%



% t onl. F""%‘E %5
LABORATORY .
TESTING INC.

PO Box 248, 120 Mill St., Dublin, PA 18917
TEL:800-627-3966 ¢ FAX 215-248-9656

A Tensile test was performed on the submitted Test Specamen and it was found to be in
conformance to ASTM A-240, UNS S31603, Alloy 316L Stainless Steel with the following
results:

TENSILE  YIELD (2%) ELONGATION
‘ STRENGTH STRENGTH (IN 2"
REQUIRED 70,000 PSI 25,000 PSI 40.0%

ACTUAL 85510 PSI  42.080 PSI 46.4%

A Hardness test was performed on the submitted Test Specimen and it was found to be in
conformance to ASTM A-240, UNS S31603, Alloy 316L Stainless Steel with the following —
results:

REQUIRED: RB 95 MAXIMUM
ACTUAL: RB 81.0, 81.0, 81.5, 80.5 / AVERAGE: RB 81.0

The services performed above were done in accordance with LTI's Quality System Program Manual Revision 13 dated
3/16/98. These results relate onty to the items tested and this report shall not be reproduced, except in full, without the
written approval of Laboratory Testing, Inc.
Sherri L. Lengyel
QA Coordinator

W?fmé?

Authorized Signature & ©
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L0215 249 9858

sgi;@;ﬁéudé g%’ Gonformance

@002/003

63 ot AR
Nﬂ. 589003-91-05-09164

ﬁo.aaxasnmmsﬂwm'a 18917 : SHIPPING ADDRESS
m-ﬁ:ms)zw . mmnm mmu.smm.wmm 1. 1% 4
SOLD YO EEXP 10
ALABAMA SPECIALTY PRODUCTS INC , ALABAMA SPECIALTY PRODUCTS INKC.
PO BOX 8 152 METAL SAMPLES ROAD
MUNFORD, AL 36268 MUNPORD, AL 36268

ATTN: LAVON CARR

(CERTIFICATION OATE

COSTOMER PO, - SHYP. VIA
34383 06/17/%97 . PAXZ AND MAIL
DESCRIPTION

1 pe. Test Fiece, weld Fill, BRWICR MO-10,
Alloy C22, AWS AS5.14, Lot LOS8

che refaerenced sample wWas submitted €0 chemical content evaluation and
4t was found to ba in conformance to AsSME SFA-5.314, 1995 Edition, 1996
Addenda, BRMO10, UNS K06022, AlloY ERNiCrMo-10 Weld Rod with the fol-
lowing results: »

RSgn‘.xsmﬁ
BLEMENT N MAX s
Carbon 0.000 0.015 0.008 %
Manganese 0.00 0.50 0.25 %
Phosphorus 0.00 0.02 0.01 %
sulfur 0.000 0.010 0.001 %
silicon 0.00 0.08 0.03 %
¢hromium 20.0 22.5 21.3 %
Wickel + ’ '
Cobalt REMAINDER REMAINDER

Molybdanun 12.5 14.5 12.6. 2
.coprer 0.00 0.30 0.10 %
Iron 2.0 6.0 3.9 %
Cobalt ’ 0.0 2.5 1.9 %
vanadiunm 0.00 0.33% 0.13 -3
Tungsten 2.5 4.5 3.0 %

The services performed above were done in accordance with LTI'S Quality
system Program Manual Revision 12 dated 12/2,/96. These results relate
only to the items tested and this report chall not be reproduced except
in full, without the written approval of Laboratory Testing, Inc.

rage 1 of 1
arneld L. Heroff
Quality Assurance Manager
MERCURY CONTAMINATION - During the wsting 3nd
inspaction, the prodoel fid nat coxe in darect contect

ﬁ&warmﬁi&mmﬂsnmw‘ﬂlm ‘
mercury contxining Sevicss ermplaying 8 single bosndry .@ .
of contaigment. AUTHOMIED

SUBJECT TU TERKS ARD CONDITIONS PARINTEDON REVERSE SIDE OF THIS FORM,



PO Box 2489, 120 Mill St., Dublin, PA 18917
TEL: B00-627-3966 * FAX:215-249-9656

SOLD TO | SHIP TO
TRW ENVIRON.SAFETY SYSTEMS, INC. NEVADA
2650 PARK TOWER DRIVE TRW c/o Lawrence Livermore Natl Lab
SUITE 800 7000 East Avenue
VIENNA, VA 22180 _ Livermore, CA 84550
 ATTN: ACCOUNTS PAYABLE ATTN: JOHN ESTILL
CUSTOMER P.O. CERTIFICATION DATE SHIP VIA
A15385YS9A 3/25/99 : FAX & UPS
SCRIPTION

1pc. 2" x2"x 1/8" Thick Test Piece, AWS A5.14, Class ER NiCriMo-10,
UNS N06022, Specimen Identification DCB 223, Specimen Origin
PO # /Lot #B8313954/K926, item #13

Reference: Account No. 8766-92, RFQ LV.SC.YS.2/89.012

The referenced sample was submitted to chemical content evaluation and it was found to be
in conformance to AWS A5.14, UNS N06022, Class ERNiCrMo-10 with the following results:

REQUIREMENTS
ELEMENT MIN. MAX. ACTUAL L
C 0.000 0.015 0.005% :
Mn 0.00 0.50 0.27%
Fe 2.0 6.0 3.0%
P 0.00 0.02 0.01%
S ‘ 0.000 0.010 0.002%
Si 0.00 0.08 0.05%
Cu 0.00 0.50 0.06%
Ni + Co REMAINDER REMAINDER

Co 0.0 2.5 1.0%
Cr 20.0 22.5 20.6%
Mo 12.5 14.5 13.2%
A 0.00 0.35 0.14%
w ' 25 45 2.8%

Others Total 0.00 0.50 0.20%

The services performed above were done in accordance with LTI's Quaiity System Program Manual Revision 13 dated
3/16/98. These results reiate only to the iterns tested and this report shall not be reproduced, except in full, without the

written approval of Laboratory Testing, Inc.
Sherri L. Lengyel
QA Coordinator

wm;ew

Authonzed Signature
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FTI ////.ANAMET 05 of :-ag

2400 INVESTMENT BOULEVARD ~» HAYWARD, CALIFORNIA 94545-3811 {S10) 887-8811

September 10, 1997

LABORATORY NUMBER: 5001.023F
CUSTOMER AUTHORIZATION: PO# B340085
DATE SUBMITTED: August 1, 1997
REPORT TO: University of California
Lawrence Livermore Nat’l Lab.
Attn: John Estill
P.O. Box 5012
Livermore, CA 94551
SUBJECT:

One weld wire was submitted for chemical analysis. The sample was identified as Lot# L025.

CHEMICAL ANALYSIS
(Reported as Wt. %)

Carbon (&)
Hydrogen (H)
Iron (Fe)
Molybdenum (Mo)
Nickel (N1)
Nitrogen (N)
Oxygen (0)
Titanium (Ty)

Reguirements

AWS A5.16
Class ER Ti-12
0.006 - 0.03
0.0044 - 0.008
0.12 ' - 0.30
0.30 0.2 0.4
0.82 0.6 0.9
0.004 - 0.020
0.08 - 0.25
Remainder Remainder

This testing was performed in accordance with the customer’s authorization and the results meet

the listed requirements.

nmb

Submitted by:

C. Sownauo—

Edward A. Foreman
Manager, Quality Assurance

This report shall not be reproduced, except in full, without the written approval of FT1 Anamet
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_SENT BY: TITANIUM & ALLOYS; 7-17-95 12:57; 8107555108 «> .

TO.

ATTN:

; 22
bl ofF 12% |~
TITANIUM & ALLOYS CORP.
2°501 Hoover ROSO - Waron, Michigon «AC89 - B1U) 7551800 FAX .no; 288-m100
Certificate of Tests
METAL SAMPLE DATC.  G-13-95
CUSTOMER .
P.O.NO: 21322
5.0. NO.:
HEAT NO. 3N2966
SPECIFTCATION CP TITNAJUM ASTM B265 GR12
NDESCRIPITION .1B7 X 48 x 120"
CUEMISTIRY
N .02 ’ tcems and/é: material produced under
C .05 this order have not come in contacet I
0 YA with mercury or its compuunds. —
Fe .07
H .002
Ti Dalance
Moly .36
Nickel .78

MECHANICAL PROPLRTTES

TEXNSTLE 91, 300/32,900
Y1m.b 70.?200/67,90C

ELONG ¥ 20/18

A957 33332
Ls3400
T Ll £

L
et |




TEST REPORT

\ Z LG % 138
* DATE OUR ORDER NO. CUSTOMER ORDER NO
— -ﬂl\l 6-7-91 46101 14300
--' [ l 1 lUM CUSTOMER NAME o
B = NDUSTRIES
455 Lake Gray Blvd_Suita {  Jacksoaville, FL 3244 METAL SAMPLES
904) TTI.5886 FAR T8 152 METAL SAMPLE ROAD
MUNFORD, AL 36268
MATERIAL DESCRIPTION INO. PCS. LINEAR FEET/WEIGHT HEAT NC.
TITANIUM GR. 12
1/8" x 32" X 47" sm 2 ] 60 I-\Bs- T—5465
PECIFICATION
ASTM B265
CHEMICAL ANALYSIS —
N c H Fe [0 Al Tl v Sn Pd Mo 2t Ni
.0060 .0120 .0040 | .1400 | .1200 .3000 .8000
oo | Rt | T Cr T Cb Y O rius Fel__Mn Si Mg
BAL
_MECHANICAL PROPERTIES 2 ==
“ENSILE L 87.000 88.000 HARONESS ey =,
TRENGTHKSi {H___ 96.000 9] .000 £o ==
“1ELD STRENGTH 61.000 L 61.000 . = .
“Si {0.2%) OFFSET % 82.000 Ti 74.000 DZS =
TLONGATION % —20.000 L 22.000 GRAIN SI1ZE W
.INCHES} 21.000 u _21.000 :
JREDUCTION U} L g ~
IN AREA 7] T > -
I
— e
BEND TEST RT 2.5 OTHER Dﬁﬂg__
STATIC NOTCH STRESS RUPTURE
UL TRASONIC TEST E ¢a—=
FLARE TEST i -
IMPACT TEST
FLATTENING TEST pass .
AYDROSTATIC TEST PASS r
EDOY CURRENT TEST

PNEUMATIC TEST

<

REVERSE FLATTENING TEST

DYE PENETRANT

RADIDGRAPHIC {X-RAY} TEST

MICROSTRUCTURE PERFORMED

MICROSTRUCTURE COMPLIANCE

MACROSTRUCTURE PERFORMED

MACROSTHRUCTURE COMPLIANCE

JMJJJ_J‘J"J'E]"

ANNEALED

DATE

(- "T-Gi

THIS IS TO CERTIFY THAT THE ABOVE
TEST RESULTS ARE CORRECT AS CONTAINED
IN THE RECORODS OF THE COMPANY.

- Ca ~ e
sionen{ F7% XA CE kil Le

YA TE~CUSTOMER ;0"

CANARY-MATERIALS COPY

PINK ~SALES COPY
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= \VIRE =& g
. . - DIN 50049 3.1.B CROPDERNCS - 950605
RN ' R EN 10204 G
TITANIUM WIRE CORPORATION % =
235 INDUSTRIAL PARK ROAD
FRACKVILLE, PA. 17831
PHONE (717) 874-0311 oarre
CUSTOMER NAME '
INwELD CORP. 4 ]
p.0. BOX 460 R e B b X !a.f ol 533/
AMBRIDGE, PA. 15003-0480 - —— B : ¢
.. PPN 9.}3 P R — -

...........

.063 X 36" AS DRAWN MILL FINISH .4 AT7879
SPECIFICATIONS: —
FILLEE
MATEE /AL

AWS AS5.16-90 ERTI 12

MECHANICAL PROPERTIES

TENSILE (KS)):

YIELD (0.2%) (KSD:

ELONGATION (% & GAUGE LENGTH): -

REDUCTION OF AREA:

STATIC NOTCH STRESS RUPTURE:

BETA TRANSUS TEMP.

MICROSTRUCTURE __

MACROSTRUCTURE

ULTRASONIC TEST

BEND TEST THIS IS TO CERTIFY THAT THE ITEMS

: : OF THIS TEST CERTIFICATE HAVE BEEN

INSPECTED AND TESTED TO THE
ABOVE SPECIFICATIONS AN'TDH ’t’-lg‘\;:

— . ) - BEEN FOUND TO CONFORM W

NOTE: The recording of faise, fictitious . < .

::wduom nn-m:.u of enties on Nawm ':%) ,l:—glo“ ORDER.

documernt punished as a < o) .
folony under Federal Statutes inckuding ' ¥ Vead , -
Federal Law, Tite 18, Chapter 47.° { / ' )

/.‘1. L I

-

JULY 19, 1995+ A R

D s
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Universtty of Calfomia | '
Lawrence Livermore National Laboratory ' -
Contracting & Materie! Management Department :

May 18, 1995

‘Metal Samgl&s Compeny, Inc.
152 Metal Samples Road P.O.Box 8
Munford, Alabama 36268

- Attention: Kirk Johnson

Subject: Subcontract No. B313954 -
Subcontract Value $267,411.00

Enclosed are two (2) copies of the subject Subcontract.

Please have an authorized representative of yoor company sign both coples, without
alteration or conditions, and return one signed copy within five (5) days to the atention »
of Ann Moyle, at Mai! Code L-650. o ' ‘ lw

The terms and conditions of the atiached Subcontract constitute the agreement between the
Regents of the Universily of California and Metal Samples Company, Inc. in its entirety.
Any exception teken to the terms and conditions will constitute a counter-offer. In that
event, the University may choosc to accept the counter-offer, negotiute a revised
subcontract, or withdraw from negotiation.

If you have any questions, pleuse call me at (510) 422-9296.

Sincerely,

7t

Ann Moyie
Senior Buyer
Program Support Division

Enclosures: As noted

A DOE Prirne Contractor * 7000 East Avenue ¢ P.O. Box 5012+ Livarmmore, CA 84550/94551 « Ph, ST10/422.9290¢ FAX S10/423-7643
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SUBCONTRACT B313954

between

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA

and
METAL SAMPLES COMPANY, INC.
INTRODUCTION
This is 2 Pixed Price Fubrications Subcontract, The parties to this Subcontract are The Regents of the

University of California, a California corporation, hereinafter called “University,” and Metal Samplcs
Company, Inc., hereingfter called "Subcontractor™.

- The University has entered into Prime Contract No. W-7405-ENG-48 with the Urited States Goveroment,
hereinafier called “Gavernment,” represented by the Department of Energy, bereinafter called “DOE," for
the management and operation of the Lawrence Livermore National Laborstory and the performaace of
certain resoarch and development work. This Subcontract is entered into as a subcontruct in furtherance of
the work providad for under the Primo Contract.

AGREEMENT

In accepting this Subcontract, the Subcontractor agrees to gerform its obligations in accordance with the
lerms, conditions, and provisions of the following attiched documents and the documents referenced or
Incarporated therein, which together with this Subcontract Signature Page shall collectively constitute the
entire Subcontract, and supersedes all prior proposals, represcntations, negotistions, or aprecments,
whether written or oral:

SCHEDULE OF ARTICLES '
GENERAL PROVISIONS FOR FIXED PRICE SUPPLIES & SERVICES (JANUARY 26, 1994)

SPECIFICATION E-20-50-1D PROCEDURE FOR IDENTIFICATION

METAL SAMPLES COMPANY, INC. THE REGENTS OF
. THE UNIVERSITY OF CALIFORNIA

BY: BY:
. ova

TITLE: TITLE: Division Leader (Actin:
: Program Support Division
Lawrence Livermore Nationa! Laboratary
DATE: DATE: U uug 2 1 99 5

University's Subcontract Administrator:
Ann Moyle, (510) 422-929¢

Universly of California

Lawrence Livermore Natianal Laboralory

Contraoting & Material Management Deparement {(CAMMD)
[-77.11

P. O Box 5012, Livermore, Caldornia 1 :
(Porm 4P8-123/041093;
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Table 2.7 - Specification E-20-50-ID
Ref. Dwg Number Ref, Dwg, Number Ref. Dwg Number C00320
- AAA95-100703-00 AAA95-100704-00 AAA95-100705-00
[UNS Number|  Alloy | SAMPLE IDENTIFICATION | SAMPLE IDENTIFICATION | SAMPLE IDENTIFICATION
N088235 815 AWA 001 thru AWA 163 AWB 001 thru AWB 163 ACA 001 thru ACA 243
NO06983 al BWA 001 thru BWA 163 BWC 001 thru BWC 163 BCA 001 thru BCA 243
NO06433 C4 CWA 001 thna CWA 16) CWB 001 thru CWB 163 CCA 001 thru CCA 243
N06022 cn DWA 001 thru DWA 16} DWB 001 thru DWB 163 DCA 001 thru DCA 243
R33400 TiGe 12 EWA 001 thry EWA 16) EWD 001 thry EWD 163 ECA 001 thnt ECA 243
N/A TiGr 16 FWA 001 thru FWA 16) FWE 001 thru FWE 163 FCA 001 thru FCA 243
N04400 Md00 GWA 001 thru GWA 243 GWF 001 thru GWF 243 GCA 001 thru GCA 243
C71500 CDA 715 HWA 001 thru HWA 243 HWG 001 thru HWG 243 HCA 001 thru HCA 243
K21590 Al87 Gr 22 IWA 001 thra IWA 183 IWH 001 thru IWH 183 ICA 001 thru ICA 183
K01800 AS516 Gr 83 JWA 001 thru JWA 183 JWI 001 thru JWI 183 JCA 001 thru JCA 183
J02501]  A27 Gr 70-40 KWA 001 thru KWA 183 KWI1 001 thru KWI 183 KCA 001 thru KCA 183
Ref. Dwg Number Rel, Dwg Number Ref, Dwg Number
AAA93-100706-00 AAA95-100707-00 AAA95-100708-00
UNS Number Alloy SAMPLE IDENTIFICATION | SAMPLE IDENTIFICATION | SAMPLE IDENTIFICATION
NO08825 823 ACB 001 thru ACB 243 AUA 001 thra AUA 163 AUB 001 thru AUB 163
N06985 G3 BCC 001 thru BCC 243 BUA 001 thru. BUA 163 BUC 001 thru BUC 163
NO06455 C4 CCB 001 thru CCB 243 CUA 001 thru CUA 163 CUB 001 theu CUB 163
N06022 C22 DCB 001 thru DCB 243 DUA 001 thru DUA 163 DUB 001 thru DUB 163
R33400 Ti Gr 12 ECD 001 thru ECD 24) EUA 001 thru EUA 163 EUD 001 thru EUD 163
N/A Ti Gr 16 FCE 001 thru FCE 243 FUA 001 thru FUA 163 FUE 001 thru FUE 163
N04400 M400 GCF 001 thru GCF 243 GUA 001 thru GUA 243 GUF 001 thru GUF 243
C71500 CDA 715 HCG 001 thra HCG 243 HUA 001 thru HUA 243 HUG 001 thru HUG 243
K21590 A387 Gr 22 ICH 001 thru ICH 183 1UA 001 thru [UA 183 1UH 001 thru JUH 183
K01800 A516 Gr 55 JCL1 001 thru JCI 183] JUA 001 thru JUA 183 JUL 001 thru JUI 183
J02501]  A27 Gr 70-40 KCI 001 thru KCI 183 KUA 001 thru KUA 183 KUI 001 thru KUI 183




1171271999 15:14 4003584515 . asrL
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SCHEDULE OF ARTICLES
ARTICLE 1 - SCOPE. OF WORK
A.  Generl

PAGE B3
PRGE 4

77 ofF 13%.

The Subcontractor shall fabricate and deliver 1o the Univessity the quantities of the fabricated items
ifications and drawings
olr reference, dre hereby

described in Paragraph B below, in uccordance with the requirements,
included or referenced -herein.  All specifications and drawings, by
incorporated es a part of this Subcontract. _

B.  Descrintion. Quantities & Delivery Regai

lem#

Descripi

0] Spacer, Crevice Specimen, in strict accordance with
Drawing AAA95-100714-00

02

c.

03 AlloyGa

Alloy 825
Conslsting of the following test samples:
8.

b.

Unwelded Weight Loss Specimen, in strict accordance
with Drawing AAA9S-100703-00

Coupon, Welded Wi. Loss, iIn strict accordance with
Drawing AAA9S-100704-00

Coupon, Base Mtl. Crevice, in strict accordance with
Drawing AAA95-100705-00

. Coupon, Welded Crevice, in strict accordance with

Drawing AAA9S-100706-00

. Specimen, U-Bend, in strict accordance with Drawing

AAA95-100707-00

Specimen, Welded U-Bend, in strict accordance with
nawing AAA9S-100708-00, including U-Bend

Assemb. S.C;n strict accordance with Drawing AAA9S-

100715-00 and Drawing AAA95-10085

Ccnsist:ﬁg of the following test samples:
a. Unwelded Weight Loss Specimen, in strict sccordance

b.
<.
d.
. Specimen, U-Bend, in strict accordance with Drawing

Schedule

with Drawinj AAA95-100703-00

Coupon, Welded Wt. Loss, in striet sccordance with
Drawing AAA95-100704-00

Coupon, Basc Mtl. Crevice, in strict accordance with
Drawing AAA9S-100705-00

Couposp, Welded Crevice, in strict accordance with
Drawing AAA95-100706-00 '

AAA95-100707-00

Specimen, Welded U-Bend, in strict accordance with
Drawing AAA9S-100708-00Q, including U-Bend
Assembly, in strict accordance with Drawing AAA9S-
100715-00 and Drawing AAA95-100855-00

Subcontract No. B3113954 : -1-
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7380
1ot
163
163
243
243
163
163

"1t

163
163
243
243
163
163

Delivery Date
August 28,

1995, all items
except Item 07
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:lini FRX:
Consisting of the following test samples:

«. Unwelded Weight Loss Speeimen, in strict accordance
with Drawing AAA95-100703-00

b. Coupon, Welded Wt. Loss, in strict accordence with
Drawing AAA95-100704-00 .

c. Coupon, Base Mtl. Crevico, in strict accordance with
Drawing AAA9S-100705-00 ,

d. Caupon, Welded Crevice, in strict accordance with
Drawing AAA95-100706-00

e. Specimen, U-Bend, in strict accordance with Drawing
AAA95-100707-00

f. Specimen, Welded U-Bend, in strict accordance with
Drawing AAA9S-100708-Q0, including U-Bend
Assembly, in strict accordance with Drawing AAA9S-
100715-00 and Drawing AAA95-100855-00 -

Consisting of the following test samples:

2. Unweldod Weight Loss ggcimcn. in strict accordance
with Drawing AAA95-100703-00

b. Coupon, Welded Wt. Loss, in strict accordance with
Drawing AAA95-100704-00

¢. Coupon, Base Mtl. Crovice, in strict accordance with
Drawing AAA95-100705-00

d. Coupon, Welded Crevice, in strict accordance with
Drawing AAA95-100706-00

¢. Specimen, U-Bend, in strict accordance with Drawing
AAA9S-100707-00

{. Specimen, Welded U-Bend, in strict accordance with
Drawing AAA9S-100708-00, including U-Bend
A““"E&' in strict accordance with Drawing AAA9S-
100715-00 and Druwing AAA95-10085

Consisting of (he following test samples:

a. Unwelded Weight Loss Specimen, in strict accordance
with Drawing AAA95-100703-00

b. Coupon, Welded Wt. Loss, in strict accordance with
Drawing AAA95-100704-00 .

¢. Coupon, Base M. Crevice, in strict accordance with
Drawing AAA95-100705-00 :

d. Coupon, Welded Crevice, in strict accordance with
Drawing AAA9S-100706-00

¢. Specimen, U-Bend, in strict accordance with Drawing

AAA95-100707-00

f. Specimen, Welded U-Bend, in strict accordance with
Drawing AAA95-100708-00, including U-Bend
Asssmbly, in strict accordance with Drawing AAASS-
100715-00 and Drawing AAA95-100855-00

Subcontract No. B313954 | -2.

1lot
163
163

243
163
163

1ot
163
163
243
243
163
163

1ot
163
163
243

163
163
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Consisting of the following test samples:

2 Unwelded Weight Loss Specimen, in strict accordance
with Drawing AAA95-100703-00

b. Coupon, Welded Wt Loss, in strict sccordance with
Drawing AAA95-100704.00

c. Coupon, Base Mtl. Crevice, in stricl accordance with
Drawing AAA9S-100705-00 :

d. Coupon, Welded Crevice, in strict accordunce with
Drawing AAA95-100706-00

¢. Specimen, U-Bend, in strict accordance with Drawing
AAA95-100707-00

f. Specimen, Welded U-Bend., in strict uccordance with
Drawing AAA95-100708-00, including U-Bend
Asserubly, in strict accordance with Drawing AAA9S-
100715-00 aad Drawing AAA9S5-10085 A

Alloy M400

Consisting of the following test samples:

a. Unweldod Weight Loss Specimen, in strict accordance
with Drawing AAA95-100703-00

b. Coupon, Welded Wt. Loss, in strict accordance with
Drawing AAA95-100704-00

c. Coupon, Base Mtl. Crevice, in strict sccordance with
Drawing AAA95-100705-00

d. Coupon, Welded Crevice, in strict accordance with
Drawing AAA95-100706-00

e. Specimen, U-Bend, in strict accordance with Drawing
AAA95-100707-00

f. Specimen, Welded U-Bend, in strict accordance with
Drawing AAA9S-100708-00, Including U-Bend
Assembly, in strict accordance with Drawing AAASS-
100715-00 and Drawing AAA95-100855-00

Alloy CDA71S .

Consisting of the following test samples:

a. Unwelded Weight Loss Specimen, in strict accordance
with Drawing AAA95-100703-00 '

b. Coupon, Welded Wt. Loss, in strict accordance with
Deawing AAAS5-100704-00

c. Coupon, Base M. Cravies, in strict accordance with
Drawing AAA95-100705-00

d. Coupon, Welded Crevice, in strict accordance with
Drawing AAA95-100706-00

¢. Specimen, U-Bend, in strict accordance with Drawing
AAA95-100707-00

f. Specimen, Welded U-Bend, in atrict accordance with
Drawing AAA9S-100708-00, including U-Besd
Assembly, in strict accordance with Drawing AAA9S-
100715-00 and AAA95-100855-00

Subcontract No. B313954 R

1ot
163
163
243
243
163
163

1lot
243
243

24

243
243
243

1lot
243

243

243
243
243

243
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December 22,
1995, or sooner
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Alloy A387 Gr 22 '

Consisting of the following test samples:

a. Unwelded Weight Loss Specimen, in strict accordance
with Drawing AAA95-100703-00

b. Coupon, Welded Wt Loss, in strict accordance with
Drawing AAA9S-100704-00 .

¢. Coupon, Base Mtl. Crevice, in strict accordunce with
Drawing AAA95-100705-00

d. Coupon, Welded Crevice, in strict accordunce with
Drawing AAA95-100706-00 .

¢. Specimen, U-Bend, in strict accordance with Drawing
AAA95-100707-00 . : _

f. Specimen, Welded U-Bend, in strict accordance with
Drawing AAA9S-100708-00, including the U-Bend
Assembly, in strict accordance with Drawing AAA9S-
100715-00 and Druwing AAA9S-100855-00 -

Allgy AS516 Gr 55 :

Consisting of the following test samples: :

a. Unwelded Weight Loss Specimen, in strict accordunce
witk Drawing AAA95-100703-00 '

b. Coupon, Welded Wt. Loss, in strict uccordance with
Drawing AAA95-100704-00

c. Coupon, Base Mtl. Crevice, in strict accordance with
Drawing AAA95-100705-00

d. Coupon, Welded Crevice, in strict accordance with
Drawing AAA95-100706-00

¢. Specimen, U-Bend, in strict accordance with Drawing
AAA95-100707-00

{. Specimen, Welded U-Bond, in sirict uccordance with
Drawing AAA95-100708-00, including the U-Bend
Assembly, in strict accordance with Drawing AAA9S-
100715-00, and Drawing AAA95-100855-00

Alloy A27 Gr70-40
Consisting of the following tast samples:
o. Unwelded Weight Loss Specimen, in strict accordance
with Drawing AAA95-105;03-00 -
b. Coupon, Welded Wt. Loss, in strict accordance with
g AAA95-100704-00
c. Coupon, Bese Mtl, Crevice, in strict accordance with
Drawing AAA95-100705-00
d. Coupon, Welded Crevice, in strict accordance with
Drswing AAA9S5-100706-00
¢. Specimen, U-Bend, in strict accordance with Drawing
AAA95-100707-00 '
{. Specimen, Welded U-Bend, in strict accordancs with
. Drawing AAA95-100708-00, including the U-Bend
Assembly, in strict accordance with Drawing AAA9S-
100715-00 and Drawing AA A95-100855-00

llot
183
183
183
183
183
183

1lot
183
183
183
183

183
183

183
183

FAE BB
s

G oF 13%

1

1. Subcontructor shall furnish all materials used 1o machinc, fabricate and weld the samples.
2. Subcontractor shall identify the samples machined to the drawings in accordance with LLNL

Specification E-20-50-1D.

Scl;cdale

Subcontract No. 8313954 -4-
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The delivery date(s) stipulated ‘sbove are the dates on which the stipulated quantities are 10 be
delivered st the "ship-to address® indicated in ARTICLE 4 - SHIPFING & PACKAGING

INSTRUCTIONS.

Unless otherwisc approved by the University's Subcontract Administrator, the Subcontractor shall
provide the exuct quantities specified in this Subcontract. If the Subcontractor delivers and the
University recoives quantities of any jtem in excess of the quantity called for, such excess quantities
will be treated as being dclivered for the convenience of the Subcontractor. The University may
retain such excess quantities :3) to 3250 in value without conlpensating the Subcontractor therefor,
and tho Subcontractor waives all right, title, or interests therein. Quantities in excess of $250 will, at
the oplion of the University, either be returned at the Subcontractor's expense or the quantity to be
retained und the price for any excess matcrial shall be negotiated between the Subcontractor and the
University and the Subconuact shall be s0 modificd. :

The Subcontractor shall conduct its work for this procurement under its own Quality Assurance
Program, which has been found accepiable to LLNL-YMP (Ref: LLLYMP 94 11006, “Pre-Award

Audit Survey §94-02".

LLNL-YMP Quality Assurance personncl and their designees shall have the right of accoss to
Subcontractor (and sub-ticr supplicrs) facilities ard records, for the purpose of inspection or audit.

The Subcontractor shall report any nonconformances associated with this procurement to LLNL-
YMP for LLLNL-YMP review of their disposition. '

The Subcontractor shall process the shipping. handling, and storage of all specimens in accordance
with their quality essurance procedures, which have been audited and approved by LLNL-YMP
Quulity Assurance persannel (Ref: LLLYMP 94 11006),

Upon completion of a ot of specimens (a "lot" is described under Article 1.B. of the Schedule of
Arlcles), the Subcontractor shall forward to LLNL-YMP copics of all Mill Certification 8, in-
rocess inspection reports, and fingl inspection reports for cach lot, together with the specimens, o
LNL- . Lots max} be delivered and invoiced upon completion with the final shipment to be
delivered on or befors August 14, 1995,

Upon receipt of each jot of s ccimens, LLNL-YMP will perform a receiving inspection of the
spcchm;ns and accompanying documentation.

-
- J

Fixed Unit B
liem # Description Qry  LUoitPricc  Extended Price
01 Spacer, Crevice Specimen 7380 $0.95 $7.011.00
02 Alloy 825 I Lot $16,600.00
03 Alloy G3 1 Lot $19,400.00
04 Alloy C4 1 Lot $20,300.00
05 Alloy C22 1lot $20,300.00
06 AlloyTiGr 12 1Llot $26.200.00
o7 Alloy TiOr16 . : 1Llot $54,300.00
08 Alloy M400 1 Lot $21,800.00
09 Alloy CDA715 1 Lot - $20,500.00
10 Alloy A387 Gr 22 1 Lot $19,400.00
1 Alloy A516 Gr 55 1 Lot $19,400.00

Schedule
Subcontract No. B313$54 ) -5-
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12 Alloy A27 Gr 7040 | 1 Lot $22.200.00 |

B. Pricing Terms o

The total firm fixed price for the fabricated items, based on the indicated quantities and fixed unit
prices indicated above, is $267,411.00. _

Tho fixed price for the fabricated items does not include California State Sales Tax, s the Univermsity
holds California Seller’s State Resale Permit No. SR-CHA 21-135323. i

C. Emzh% ——
<~ Tieight charges shall be borne by the Subcontructor, )

ARTICLE 3 - INVOICING & PAYMENT

A.  Invoicing |

The Subcontractor shalE submit an originaland one copy of an jnvoice for the total price for the
fabricated itemns upon delivery of all of the fabricated jtems. The invoice shall reference the

Subcontract nurnber, the unit, and extended price for each item and include an izem description to
. allow for verification.

B.  Invoice Address
All invoices shall bec submitted to the following address:

University of California

Lawronce Livermore Naﬁc;nal Laboratory
Anteation: Accounts Payable Deparument, L-432
P. O. Box 5001

Livermore, CA 94551

C.  Terms of Payment

The terms of payment shall be Net 30 days.

ARTICLE 4 - SHIPPING & PACKAGING INSTRUCTIONS

A.  ShipTo Address: . .
The Subcontractor shall ship the fabricated Mmm

University of California

Lawrence Livermore National Laboratory
for U.S. Depanment of Energy
Subcontract No. B313954

7000 East Avenue

Livermore, CA 94550

B.  Packaging
The Subcontractor shall suitably package the fabricated items to prevent damage durin g handli d
shipping. Any damage resulting from img;p:r packaging, contdnctizing.'gr Juck thc:::f nguage

the liability of the Subcontractor. All pac g. permits, shipping, and related handling costs shall
be borne by Subcontracior. The Subcontractor shall indicate the Subcontract number on each

Schedule
Subcontract No. 8313954 ~6-
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Contuiner or package &nd an itemized packing list shall be affixed to the outermost cover of each
container or package. _

The University encourages the use of biodegradable packaging materials. To assist in this endeavor,
the Subcontractor is requested to make every reasonable effort to use biodegradable packaging
materials when shipping the fabricated items to the University.

C. EOQ. R Point
The items purchased under this Subcontruct shall be shipped F. O. B. LLNL.
D.  Ereight Carrier "

Subcontractor shall ship the itsms via Subcontractor's choice

ARTICLE 5 - CHANGES: UNIVERSITY REPRESENTATIVES
A.  Subcontmact Administraior

The University's Subcontract Administrator for this Subcontract is Ann Moyle, or hisher designee,

- who shall represent the University in all matters relating to the non-technical interpretation,
administration, and performance of this Subcontract. The Subcontractor shall direct all notices and
requests for approval to the University's Subcontract Adminisuator, and any notices or approvals
from the University to the Subcontractor shall be issved by the University's Subcontract
Administraior. '

B.  Changes

The University's Subcontract Administrator is the only individval authorized to commit the
University to make changes to the Scope of Supply, the price(s), the delivery day(s) or method of
ghipment, or other terms of this Subcontract. Any changes to the m(}lu!remems of this Subcontract
shall be effected only by a written change order or modification to this Subcontract, issped by the
University's Subcontract Administrator, _

ARTICLE 6 - QUALITY OF FABRICATED ITEMS

The fabricated itcros shall, as s minimum: (1) bc new, including recycled (oot used or reconditioned) und not
of such age or so deterioruted as to impair their uscfulness or safety; (2) be as warranted; and (3) not contain
eny counterfeit of suspect materials, parts, or components. T of counterfelt or suspect materials, parts,
and components include, but are not limited to: electrical componcats, piping, fillings, flanges, and
fasteners, The University will not accept any fabricated items found by the University to not conform to
thesc minimum requirements, notwithstanding any inspection or acceptance of delivery by the University,
unless such condition is specifically approved in writing by the University's Subcontract Administrator.

0

I this Subcontract requires the Subcontractor (o furnigh any drawings, specifications, diagrams, layouts.
schematics, descriptive literature, illustrations, schedules, performance or test data, or other technical data
for approval by lge Unlversity prior to Subcontractor performance, the approval of the data by the
University shall not relicve the Subcontractor from respoasibility for any errors or omissions in such data,
or from responsibility for complying with the requirements of this Subcontruct, except as spocified below.
Any work J’onc prior to such approval shall be at the Subcontractor’s risk. '

If the data includes any variations from the Subcontract requirements, the Subcontractor ehall describe such
variations in writing at the time of submission of the data. Jf the University approves any such variation(s),

Schedule
Subcontract No. B313954. -7-
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.2 change order to this Subcontract shall be issued by the University and, if appropriate, a bilateral
modificution to this Subcontract shall be negotiated.

ARTICLE 8 - ADDITIONAL REQUIREMENTS AND PROVISIONS

A B:ﬁimﬂ Documentation — The Subcontractor shall provide all documentation as required and sct
' forth jn this Subcontract. Subcontractor’s failure to provide all the prescribed documentation may
result in non-scceptance of the fabricated items and witbholding of payment.

B. Pinal Acceptance — Final acceptance by the University of the fabricated items shall be at Lawrence
Livermore Nationul Laboratory and shall be bascd upon full compliance with al} the requirements of

this Subcontract.

C. Late Delivery: Discrepant ltems — The University shall be entitled 1o consideration for any and all
fabricated items that are delivered after the stated contractual delivery date or tha: ure delivered but do
not meet the requirements of this Subcontract. Consideration shall be ncgotiated before final
payment is made.

' D. ' ilitics - The University reserves the right to observe and

witness all phases of the manufacturing of the Supplies, including design, fabrication, assembly,
testing and inspection conducted at the Subcontractor’s plant or at any of its sub-tier subcontraciors’

plants.

ARTICLE 9 — ACCEPTANCE OF SUBCONTRACT

A. The Subcontractar, in accepting this Subcontract, agrees to he bounq byorto comgly with al] of jts
terms and conditions, in all particulars, and no othor terms and conditions shall be inding upon the

pasties unless hereafter accapied by them in writing.

B. The signature-execution of this Subcontract or the performance of all or any portion of this
Subcontract shall constitute the Subconiractor's unquelified acceptance of this Subcontract and all of
the Subcontract terms and conditions. The provisions of any proposal referred to in this Subcontract
are included and made a part of this Subconuact only for ths purpose of s ifying the nature of the
raterials, items, and services ordered, and then only o the extent that su Provisions ere consistent
with this Subcontract, and any terms and conditions of such proposgl shall not apply 1o this

Subcontract.
2 10 - A -
A.  The following clauscs of the GENERAL PROVISIONS FOR FIXED PRICE SUPPLIES AND
SERVICES Smﬂ Dot be applicable to this Subcontract.
Clause 7 Security
Clanse 8 Classification
Clause 9 Foreign Ownership, Control, or Influence Over Contractor

Clause 11 Organization Conflict of Interest - General

Clause 73 Commercial Computer Software - Restricted Rights

Qlause 76 Classified Inventions

Cluuse 77 Patent Rights (Long Formn) :

Clause 78 Patent Rights - Small Business Firms or Nonprofit Organizations (Other
than M & Os) '

B.  The applicability of certain other clauses of the GENERAL PROVISIONS shall ba based on the value
of this Subcontracy, the status of the Subcontractor or the nature and Jocation of the work, as indicated
in Lhe GENERAL PROVISIONS. '

(END OF SCHEDULE)

Schedule
Subcontract No. B313954 -8-
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s UNLESS OTHERWISE SPECIFIED:
. I, ALL DIMENSIONS ARE t1H 1NCHES.
0 4 2. OIMENSIOUING AND TOLERANCING PR
N, \ ANS1 Y14, 5M-1982, :
N/ \WH 3. SURFACE TEXTURE PER ANSI B46. |-1985.
D Ay Al i el == -y 4. ABBRLVIATIONS PER AMSI YP.1-1972.
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Y7 B kR 7 SRS .
. N / ; : , e :
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iO["llfé(Azl?n st;nvsrt?o NOTES
LRU DOCUMEHT #(-20-50- i .
(0§2) —] f—1.500) — URLESS OTHERWISE SPECIFIED
e 154,03
[I] I. ALL OIMENSIONS ARL N INCHES.
) 2. DIMCNSIONING AND TOLERANCING PER
ANSI Y14, 5M-1982.,
(1.7 1 3. SURFACE TEXTURC PER ANS| B46.1-198S
| 4. ABBREVIATIONS PER ANSH Y1 .1-1912.
i $. BREAK SHARP EOGES .005 -.030.
‘J____ b 6. DO NOT SHEAR OR PUNCH.
— 7! 7. DOCVELOPED LENGTH OF PART = 2.504.0)
TR i ! 8. WELD SYMBOLS PER AWS A2.4-1919,
| 9. SURFACE FINISH OF PART AS FOLLOWS:
' DOUBLE DISC GRIND FACES TO A {5/.
| FINISH EDGES WITH 120 GRIT.
c " i 10, ASSEMBLE PER ASTM STANDARD G30-94.
|
] - f TABULATION BLOCK
21 @ 380,005 THRU _/ UNS ALLOY PEEY|  WELD FILLER MATERIAL  [oTY
R.25+.0) (& [B. 0108 [»\® [e® (] n08825 |825 GMAW JAWS AS. 14 CLASS ER NiCrMo-101163
o H06985 ]G3 GMAW [AWS AS5.14 CLASS ER NICrMo-9 Ji¢)
NO6455 [C4 GMAW JAWS AS 14 CLASS CR RICrMo-10]163
N06022 |C22 GMAW JAWS A5, 14 CLASS ER NiCrMo-10]16)
T R53400 |Ti Gri2 GYAW JAWS AS. 16 CLASS ER Ti-12 163
' N/JA [T Gri6 | GTAW [AWS A5.16 CLASS €R Ti-1 163
8 4 - NO4400 [Ma00 GMAW JAWS AS. 14 CLASS €R MiCy-7 24)
| ‘ C11500 |CDATIS GHAW JAWS AS.7 CLASS €A Culll 243
T ’”'}———(5?&‘:'53“??55"&5&’ K21590 |A3BT GraZz | GHAN |AWS A5.28 CLASS (A 905.83  |18)
! 1 On ¥1L0 PhOCLSS K01800 [ASI6 GrSS GMAW [AWS AS. 1B CLASS ER 105-6 18)
3 a J02501 {A27 Gr10-40 [GMAW [AWS AS.18 CLASS ER 705-6 183
i FOR YUCCA MOUNTAIN PROJECT USE ONLY
— e e o [ ] SCL TABULATION BLOCK I
NLQN \ ﬁljl I~ ®0 RCOD PART / LLKL SEK NO OCSCRIZTION 7 NATCAYAL $2ee no  Jirgy
. CLASSIFICATION WA JOR Unid Vo) FUINED CLAByeracation
L INICGRATED CRSH 1CST FACIL
- . THIT GOCHWENE 1§ tMC paorcary gr | IVEASIE
:":'.D“f. .m"’ 31-¢ 1RC ¢aIVERIITY Of CorirOANIA
A HeIe v LAWRURCE LIVERNOAL NADIONAL ottan
[1311] [ 1114 LABORAIONY, l('lMU(llO:"lo:lll'l. iP[C|°"'£u' :[LD[O U.B("D
LAWACNCE LI VERMORE WEEROUT PLAMIRSION OF ai e ..‘,.' AwiNG o
RATORY NECHInICAL SmdintlAen antueet. oo - .
(L N revrstens s s | AMS5- 10070800
vieJouneon Jare surifren} tanet Wi W G itmen $CALL vo— "y —af JIUI(T 1 Of |

P L ]
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; ) 88 oF 103 '
[}
NOT(ES ' \
UNLESS OTHERWISE SPCCIFIED: !
T pek0d e | ALL DIMENSIONS ARE 1N THCHES
0 R T AN ST AuP PR 2. DIMENSIONING AND TOLERANCING PER i
/unt DOCUME 20-50-1D ANST T14.5M-1982. '
124 0) 3. SURFACE TCXTURE PER AMS) B46.1-198%.
1 B4 [-c] _ 4. ABBREVIATIONS PCR ANSI YI. 1-1912,
-~ 44 5. BREAK SHARP £0GES .005 -.030.
| “‘l‘}*i;_ Cj 6. DO NOT SH[AR OR PUNCH,
7| 1,000 7. SURFACE FINISH OF PART AS fOLLOWS:
| i - DOUBLE DISC GRIND FACES TO A 32 /.
' FINISH COGES WITH 120 GRIT,
DU S ? 00t 0)
c !
;! I TABULATION BLOCK
UNS ALLOY ony
2403 —] }— H0BB25 |825 16)
- 106985 |G) 163 ] |
r—@
VAR [;7 010} NOB455 [C4 63 |
006022 |C22 163
@.312!- 903 1Ry R53400 |11 Gri2 I3
SO TIEe e HiIA |11 Gri6 143
EACNIEINEOIY NO4400 [M400 )
8 C11500 |COATIS )
K21590 [A367 Gr22 13)
T o K0 1800 [ASI6 Gr 55 183
@p YL Y ;* §" 102501 [A2) Grl0-40 | 183
Gtaepi i éj <
ALY ir FOR YUCCA MOUNTAIN PROJECT USE ONLY
™ 1 STC_TABULAT 10N BLOCK [
% %O REOD PARY 7 LLNL SR NO OCSCALPINON ) MATCRIAL $2CC nO I!l(u
7 OWH 3. (OsOR -9 CLASSITLCATION CIY T 102 T0NES CLarsedicatge
T i | | INTEGRATCD CASH TEST FACIL
“ID SOCUNLET #8 YuL ProrinlttY oOf 1daadte
APVD (. OaOIR 3-0-98 ul YNEVERSICY OF CALIZORRMtA
A Qarestite an LARAENCE LIVEOwONE wATIONRAL ian
TINe vere JLavosatany. atrrorvetien raonimries COUPQN, BASE MIL WI LOSS
PLTHONT FEAMISIION OF tag fo00s &0 pas ] ORAWING NO
RCNCE LIVER [ 4 !
[, ravionse Chnorsiomy | sessicns carmacane sermeer. o1 4 ARGS -1 00703-00
MECHANICAL CNGINLERING OCPT 4008-9¢
”'!""I"‘I""I""l""] eHnee VOIVOROIIN OF (i itoRten SCALL ro—— ) et JONCET 1 oF ¢
] . | B N { e 2 I )
- ¥ { !
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NOTES
UNLESS OTHERWISE SPECIFIED:
106N
2 00403 lffu'é&ﬁﬁ{f,‘,’",ff;:?smo 1. ALL DIMCNSIONS ARC I# INCHES.
D . 2 B <ih 2. DIMEMSIONING AMD TOULERANCING PER
(oS T€ 163ms LA S100) ANST Y14, SM-1982,
3. SURFACE TEXTURE PER ANS! B46.1:1985,
12403 §. ABBREVIATIONS PER ANSI Y1.1-1972.
I ! /I [-¢] 5. BREAK SHARP COGES .00S -.030.
== ] 6. DO NOT SHEAR OR PUNCH,
— | ’:.,z it e AT T 1. SUR:’AC[ rvNﬁrtl“ogog:\g’x“?s’gokl?gs:
. © LAP eamd FAg .
! (000} FINISH CDGES WITH 120 GRIT,
| j OFHER FALE To sewe I20mS of. féTsel
2,004 .03 . |
C '
% TABULATION BLOCK
: | UNS ALLOY oty
! . N0B825 [825 )
o N06985 [G3 ] |
] Jo— 124.03 NOG4SS |C4 {3
ND6022 |C22 )
.0 :
@ .32 993 1wmy (Z1.008] & 1005} R53400 |11 6r 132 70}
(¢ 18 . 05@ [A[s® ] N/K  JTi Gel HELL
NO4400 |M400 -
8 C11500 [CDATIS 0
K21590 |AIBT Gro? 183
' , . KO1800 [AS16 GrSS 10)
ﬁﬁ;s on o " J02501 |[A27 Grl0-40 | 18)
'\"‘:" ‘1!;.::’ 'i ! : : )
4 EEEHYER I FOR YUCCA MOUNTAIN PROJECT USE ONLY
R SEE_TABULATLON BLOCK I
HO REOD PART /7 LANL STR %O OCSCRIPTION 7 NATIRIAL $PLC KO I’"u
i DwN 3, tolON 293 . CULASSITICATION HALOA ymil T oY HINLED CLAINIZICsT a0
T —— INTEGRATCD CRSK TCST FACIL
: TUBsTST
RIS OOLUNEINT (3 TnL PROPENTIN OF
‘"‘“' : :"‘“' )15 INE NEYERAIDY OF Catifodmea TR
A ) LABIEILe 40 LAGREIRCE LIVEANORL nattOnly
[ 111 4% LABORATORT, ACPAOIUCIION PRONISITIS "".“‘cuoupor." B'::[“:“L CR(V'C(
LAWRCNCE LIVCRMONC witnodt PEamIgttan OF fut " »
O, ariomay canomarony Jurcaumicut casractarss stvsmnwtr. e ==t AAA95-100705-00
unlnulcnlnnlu“llwll (LI T WAVIREIT of Lk ifemise SCALL o | Ilu(ll gt or
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NOTES \
2. 00£.03 (//].0081A} [-A- | UNLESS OTHERWISE SPECIFICD: !
ALt £71].005 )
/‘{{’.‘:{”65%3}&?".33%‘7555?0 I. ALL DIMEMSIONS ARE 1N INCHES.
D (OReSI78 [GRmS LATES ] l24.03 2+ OIMENSTONING AND TOLERANCING PER
$19€) [~ e ANSI Y14.5M-1982,
-'?*-‘”‘l 3. SURFACC TEXTURE PCR AMSI DA6.1-1985.
] [-<-] || 4. ABBREVIATIONS PER ANS! YI.1-1972.
T——q—'-:--;'—-::w( S. BREAK SHARP €DGES .005 -.030.
i — i—- = [-000] 6. 00 MOT SHEAR OR PUHCH,
— . ' 004,03 7. WELD SYMBOLS PER AWS A2.4-1979.
I ' 8. SURFACE FINISH OF PART AS FOLLONS:
/—D/ - LAP 3»3 FAtE wrd 600 GRIT TO A 16 /
— FINISH EOGES WITH 120 GRIT.
' 200403 5 ofncll FALE To MItE 20ms of (Tl
c |
|
5 | TABULATION BLOCK
UNS ALLOY [ BEL2L  WELO FILLER MATERIAL oty
005 4086825 [825 GMAY JAWS AS5.14 CLASS ER NICrMo-10 [24)
o @.312.: do3 THRU 06985 |G2 GMAW JAWS AS5.14 CLASS E€R MICrHo-9 |243] |
EXFPRIEA DO N06455 |C4 GMAW [AWS AS.14 CLASS ER HiCrMo-10 |24)
. N06022 |C22 GHAW [AWS A5, 14 CLASS ER NiCrMo-10 |24)
R53400 {71 Gri2 GTAW JAWS AS5.16 CLASS ER Ti-|2 203
8 ;gn hE gnoé'('sgl N0O4400 400 GMAW [AWS AS. 14 CLASS ER NiCu-] 24)
C71500 |CDATIS GMAW JAWS AS5.7 CLASS ER CuNi 2403
K21590 |A387 G122 GMAN [AWS AS.28 CLASS ER 905-83 18)
K01800 [A5S16 Ge5S GMAW [AWS A5. 18 CLASS LR 105-6 18)
2: . J02501 JA22 Gr10-40 | GMAW [AWS AS. 18 CLASS LR 1056 183
\"
| QH.EB | FOR YUCCA MOUNTAIN PROJECT USE ONLY
[ 1 SCE TABULATION 8LOCK ]
N0 RCOD PART 72 LANL STK MO . OLSCRIPTION l'lutl!lll $rCC w0 (R
" WA0A Umi T T 0r GITT Qaiset icoVivs)
Q @ P V ::: : ::::n .f-':,  hasunektion INTEGRATED CASH 1(ST FACIL
’ ’ : [SusAtee
TNIS 20CUNERT 8 tAL FROP{RTY OF
Arvo : LU LAdd] IRE VRIVERRIEY OF CaLITOPMIA s
A wLassirite o LARAERCE LIVEPMORE matiOmAL ’
fing aste FLARORATONT, REPRODUCTION PEOWISEI VLY Prvera 'foupf:l"":il.?:o CREVICE
LANACNCE LIVERNORC BITRONT PEAKIDSION OF 1M "
HECHANICAL (agtaClasa PARINEPY . RUlq\ oo - -
(O ccnmniont raonnronr, , [recmmn esseennss somer. o=t ANASS-100706-001 ¢
"'l"'l‘"l""l""]""l casset GOINPRINY O Sotelentas SCALL Yo ). ——py lin((l [ TN :'
[]
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NOTES

UNLESS OTHERWISE SPCCIFIED: .ot
VOCHTIFICATION STAMP PR :
LLNL DOCUMERT #C-20-50-10 I. ALL DIMENSIONS AAL IN {NCHES. !
N (.0621 —~] }=—1.500) — 2. DIMENSIONING AND TOLERANCING PER '
x) 134,03 == ANSI Y14, 5M-1982. 3

3. SURFACE TEXTURE PER ANS! BA6.1-1985,
- : 4. ABBREVIATIONS PER ANSI YI.1-19712. '
> = 5. BREAK SHARP EDGES .005 -.030. :
. 6. DO NOT SHLAR OR PUNCH. :

— & i o L3S 7: DEVELOPED LENGTH OF PARYT = 2.50%.03
‘ 8. SURFACE FINISH OF PART AS FOLLOWS: ¢
H—— 1T DOUBLE DISC GRIND FACLS 10 A 37/. ¢
i FINISH EDOGES WITH 120 GRIT, ¢
(1,169} ] i . 9. ASSEMBLE PER ASTM STANOARD G30-94. 3
d i ' .

.t ! TABULATION BLOCK
UNS ALLOY o1y
. i H0BB2S |625 16)
106985 1G) 163 | |-
f'-° ex b g Ly 'O
/ UMQBE@ a HBL&% N0645Ss [c4_ 1)
H06022 |C22 163
R.25%.03 20 @ . 3804005 THRY i 13

R53400 {Ti Gr12 14)

(6190108 [\O [6O< . YT ERTIE IH !
NO4400 |H400 20) g
&) ‘ ) C11500 ICDATYS 8

K21590 [A}B) Gr22 183
KOVBOO [AS16 Gr 55 183
J02501 A1 Gr10-40 | 18)

FOR YUCCA MOUNTAIN PROJECT USE ONLY

- |

SEL_TABULATION BLOCK |
RO RCOD PART / LANL 31K NO DESCRIPTION 7 NATCRIAL e no Il"N
Oowi £, (0o -1 298 CLASSITICATION A IO 9N1T Ay
e — IHTEGRATED CRSH TEST [ACIL
- THIS BOCUMERT 18 YHC PROrEatY or | PEUAIRT
APYD (. :‘"“ 31 TBE GAIYCEIITY OF CaLivaRnis -
. CLAVRIT IR Ny . . [ ] At
A LARALRCE LIVEAMORL MATIORAL u.
rene sure | LasonaToRY. SCPRORULTION PAOMIBINC(D SP[CW[H, U-BEND
- witwou? PEAMIRRION OF ML trns & st oRAwING NO
LAWRENCE LIVERNORE " AAAgS l 00 .IO ? 00 :
MAT .O"Al L‘.ORAYOR' HECHARICAL TrAVMEERING DEFARtRLal, ey o - - H -t
LL_L- MCCHANICAL CNGINCENING OLPT 491944 .
\ul":l tm l»ul sty luui tuanet weINteITY & CALefontag SCALL o ) lll(tl I or {
e 1. R | I 2 Lo e P
------------------- . . , . ~
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NOTES
UNLESS OTHERWISE SPCCITICO:

1. ALL DIMENSIONS ARE 1N INCHES.
2. DIMENSIONING AND TOLERANCING PCR
. ANS) Y14, 5M-1982.
3. SURFACE TEXTURC PER ANSY B46.1-1985.
2312019 uny 4. ABBRCVIATIONS PER ANSY Y1.1-1972.
.002 S. BREAK SHARP EDGES .00S -.030.
6

AEKEINES) . a/u\oa STOCK.

(AN = I Uhon g
- SN B COpy

. . {71 00s]a]
L0038 :
“A-
B
2 FOR YUCCA MOUNTAIN PROJECT USL ONLY
| | ST KoL 1. ]
NO REOO PARY /7 LLNL STR NO OCICRIPTION 7 NATLRIAL $PEC nO 110
o OWN 3. (808 198 ~ CLASSIFICATION WA 0A Umil T O TIOLEE CApIRsTicaT NS
. ST T TR ___INTCGRATED CRSK TEST FACIL
TR T 1on] 1Y YCMRT (8 dat peoreass of
A TR :.-u:.:.»o.: of Catiroanis TR
LAvALOCE LIVCAMORL wATsORAL
T 84t lussonsrone, -n-.o-en:..... PRONIRIICS e .m.w>nmux.>-m—.~.m<hmm SPECINCH
LAWRENCE L1 VERMORE A1TNOVT PLANISSION OF tHt 0 :
[ . ccmrent Enconcentng pgpy |t s Prernttn RIS B AAA9S-100114-00
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NOTES
) % UNLESS OTHEAWISE SPECIFILD:
% I, ALL DIMEMSIONS ARE Il INCHCS.
0 A % . 2. DIMENSIOHING AND TOLERANCING PER
£7].003] e ANST Y14 5M-1982.
\ 3. SURFACE TEXTURE PER ANS) B46.1-1985.
4. ABBRCVIATIOHS PER ANSY YI . [-1972.
AR \ 5. BREAK SHARP EDGES .005 -, 030.
) ‘ 6. .~/m\ OR STK.
| 25010 — .055%.010 % %
B.e25 .00
[ 2,030 [A[88
C \ \lz .02 MAX
o 250018 @ .3lok.005
==t "5y EEaens)
B
L1890} FOR YUCCA MOUMTAIN PROJECT USE OHLY
] 1 LIACON I & i
NO RCOQD PAAT J LLHL STK NO OUSCRIPYION 7 RATLRIAL wr{c xo e
DWR 3. (8son 18 CLASS IFICATION WA JoR Ul Te 0 JITLLS Clalirricatien
T o il __INTEGRATED CRSH 1EST FACIL
CaTEATTT— T b u:60D Assy
A ””“::- s LAYALRCE LIVEAKORE NATIOAAL pemn Mﬂ)ﬂm:. c.amzc
SAVE FLARORATORT. ACPAODUCEION PAGNIBY TS [roemeroes SRARIAG o
LAWRENCE L IVERMOAE WD ISOUT PEARIESION OF TN (I .
. HATIONAL LABORATORY [ ® went, [mor o0 - -
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University of California, hercinafter calied *University,”

.. ASPI

Lol ecmn e
T e ieesetesecetuasiosatont

FAX:

MODIFICATION NO. 1

to

SUBCONTRACT NO. B313954

‘botween

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA

and
METAL SAMPLES COMPANY, INC.

INTRODUCTION
This is a Modification to Subcontract B313954 and Js entered into by and between The Regents of the

calied "Subcontractor.”

PAGE 29
Pact 2

QY 3 }’38 [ '

and Metal Samples Company, Inc., hereinafter

procurement of metal samples. This Modification it hercby issued to add

The Subcontract covers the
Jterns 13-19, change the delivery date apd increase the total amount of the subcontact.
MODIFICATIONS
The following "Ordered ltems,” as indicated by the item number, ars hereby modified to read as follows:
]TNSO':‘ ITRM, SPECIFICATIONE, CATALOG REPERENCEKS Qry UNIT PRICK TOTAL FRICE CARKTBR
13 | Hustelloy Plate, C22, 0.188" x 51" x 148" | 1 1ot $5,587.40 | August 25, 1995
(455 Ibs.) .
14 ;.-'I:as)tclloy Plate, G3, 0.250* x 49" x 71" (276 | 1 lot $2,933.88 | Auvgust 25, 1995
8.
1S | Hastelloy Plate, G3, 0.250" x 22" x 106" 1lot $1,966.55 | August 25, 1995
(185 Ibs.)
16 | Mooel Plate, M400, 0.250" x 48" x 144" 1lot $3,818.88 | August 25, 1995
: (574 lbs.) : .
17 H’:cc;!oy Plate, 1825, 0.250" x 23" x 98" (168 | 1 lot §1,158.30 | August 25, 1995
S. . .
I8 lnx;ec;loy Plate, 1825, 0.250 x 45" x 96" (321 | 1 lot $2,221.29 | August 25, 1995
s.
19 | Additional Engineering, Production Control, | 1 lot $17,058.76
Purchasing Costs, and Freight Charges
Order Tots! Prior to this Modification $267,411.00
Net Increase $34,745.06
New Order Total $302,156.06

The dg'vcry dute for rems 01-06 and 08-12 is changed to Soptember 28, 1995.

Modification No. 1
B31395s4
8/8/95
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== 7".All other terms, conditions, and provisions of the Subcontract shall remain in full force and effect.

ACCEPTANCE:
METAL SAMPLES COMPANY, INC.

BY: | M%’LU"\

e President

oaqe - 08/15/95

(yorm BPS-€2IA15/20/08)

Modiflcation No. 1
B313954
8/8/98

AUTHORIZATION:

THE REGENTS OF
OF CALIFORNIA

BY:
. Haynes T
TITLE: G Leader '
Tawrence Livermore Nattonal Laboratory
DATE: ‘;(Msr ' ‘

Procurement Representative: Ann Moylc, Senlor Buyer
Phone No.: (510) 422-9296 Fax No. (510) 422-9296

«2-
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Purchase Order / Confirming Order No: B338858

@oo1

Qi of 128

PAGE: b

CUNNUDITY ACA GROUP

Do Not Duplicate.

Buyer:

£. VIT2

Ext: (510)423-7132
Fax: (510)423-~-7228

To: METAL SAMPLES COMPANY, INC.
RT. 1, BOX 1§52

MUNFORD AL 35268
Attn: BRENDA SMITH

Phone: (205)358-4202

FAX:  (205)358-4515S

SHIP TO:

UCLLNL

For U.S. Department of Ensrgy
LLNL 412

7000 East Avenue (P.0O. B338959)
Livermorea, California 94550

Recamutne DT, Aot p.

Confirming Order 04/16/87 =

%/} |receiving and payment of the order.
| .

DATE

Payment Terms I
04/21/87

Net 30 Days

University of California
Lawrence Livermore National Laboratery
Purchase Order
For Contraat No. W-T7405-ENG. 48
With Department of Energy
FOR RESALE: State Sales Tex should not be
charged, as the University holds State
Sales Tax Permit SR-CHA 21-135323

MATL INOJCE IN DUPLICATE TO
UNIVERSITY OF CALIFORNIA
LANRENCE LIVERMORE NATIONAL LABORATORY
i - s - P.O. Box 5001

AC,C LIVERMORE, CALIF‘ ORI"CEA'_ 943351

{ RIATS W2 Qdwr

| The Pur:has‘agﬁggﬁzﬂumbor shdvn above
|{MUST appear prominently on your shipment,
|freight bill, & invoice to facilitate

-

|
o
|
|
|

DO NOT DUPLICATE

|Ship Vism:
| FED=-X Priority Ovent {

Sy

| Transportation Terms:

LABORATORY

! {Shipping Point:
{MUINFORD

FQOOB. ’
SHIPPING POINT

i

I

{

AL I

|

[Ztem Model/Manufacturer i uom/ Unit Extended Ship |
| Ne. Descriptien Qty uopP Price Price Date |
1001 NOBB2S 1§.ooo EA / 9.85000 147.75 057057871}

METAL SAMPLES CO.

SUBJECT TO:

ACCOMPANYING COPY...
ACCOMPANYING CORY...

PAGES: 3.

SUBJECT TO:

—— S M S A P e — Gt Wt St S et

1 X 2 COUPON - BASE METAL WEIGHT LOSS/ASTM 8424 - COLD-ROLLED &
ANNEALED SHEET - P/N C01296141304000 - |

A. LLN. DOCLMENT E-20-50-ID4...PAGES:
8. LLNL, DRAWING, NO. AAA95-100703-00...DATE: 0301895...PAGES:
C. LLNL, DRAWING, NO. AAASS5-100704-00...DATE:

REFERENCE: VENDOR-TELEFAXED QUOTATION...NO.: 12498...DATE: 041497...

UCLLNL-PROVIDED. . . EIGHT LOSS SPECTIMEN PURCHASE CONTRACT
REQUIREMENTS, 04-14-97...PAGES:

1...ACCOMPANYING COPY... |
1...

030185...PAGES: 1l... i

1...ACCOMPANYING COPY.... |
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Purchase Order / Confirming Order No: B338859 PAGE: 2
Dé Net Duplicsts.

METAL SAMPLES CO.

1 X 2 COUPON - WELDED WETGHT LOSS/ASTM BST3 - 1 HASTELLOY R SHEET -~
P/N CO129A131324000.

|002 NOBSES 15.000 EA / - 12.55000 188.25 05/05/97|
|  METAL SAMPLES CO. !
1 X 2 COUPON - BASE METAL WEIGHT LOSS/ASTM B582 ~ COLD-ROLLED & 1
~1{  ANNEALED SHEET - P/N CO129A161304000. {
|
| |
j603 NOB4SS 15.000 EA / 12.30000 184.50 05/05/97]
|  METAL SAMPLES CO. _ 1
1 1 X 2 COUPON - BASE METAL HEIGHT LOSS/ASTM 8575 - HASTELLOY R SHEET - |
|  P/N CO129A131304000. =
|
{004 NOB022Z . 15.000 EA / 12.30000 184.50 05/05/97}
|  METAL SAMPLES CO. |
| 1 X 2 COUPON - BASE METAL WEIGHT LOSS/ASTM B575 - HASTELLOY SHEET - i
|  P/N CO128A111304000. }
|
| . :
| _
1005 R53400 15.000 EA / 15.20000 228.00 05/05/97]
| METAL SAMPLES CD. ° |
| . 1 X 2 COUPON - BASE METAL WEIGHT LOSS/ASTM B265 - GRADE 12 - |
I P/N CO129B361304000. {
| |
' |
]
006 TITANIUM GR 16 15.000 EA / 22.35000 335.25 05/05/97|
| METAL SAMPLES CO. |
[ 1 X 2 COUPON - BASE METAL LEIGHT LOSS/GRADE CP16 - |
|  P/N C0128B8361304000. {
o
| ' |
{007 NOB82S 15.000 EA / 27.40000 411.00 05/25/87|
i METAL SAMPLES CO. |
1 X 2 COUPON - WELDED WETIGHT LOSS/ASTM B424 - COLD-ROLLED & ANNEALED |
~{  SHEET - P/N C01296141324000. ll
|
1008 NOB98S 15.000 EA / 0.00 03/05/87|
[ METAL SAMPLES Co. Ax
| 1 X 2 COUPON - WELDED WETGHT LOSS/ASTM B585 - COLD-ROLLED & ANNEALED |
} SHEET - P/N CO123A161324000. :
| ~ |
{008 NOB4SS 15.000 EA / 34.20000 513.00 05/05/87%
|
| |
| |
| 1
| !
| |
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DO NOT DECLARE VALUE!

; . ) 3% ot QLK
Purchase Order / Contirming Order No: 8338858 PAGE: 3
Do Net Duplicste. .
1010 NOB022 15.000 EA / 34.20000 513.00 0©05/05/97|
METAL SAMPLES CO. | [
-~ 1xzcomon-muaanw$/asmasvs-nmmovsm- |
| P/N CO129A111324000. . }
IOll RE3400 15.000 EA / 49.00000 735.00 08/05/87|
| METAL SAMPLES CO. |
i 1xzco_LPm-bELDED&EI@-ITLOSS/ASTﬂ8255-GRADEJ.Z-. {
{ P/N CO1288011324000. %
1 - .
1012 TITANIUM GR 186 15.000 EA / £53.30000 949.50 05/05/97|
| METAL SAMPLES CO. : . :
{ 1 X 2 COUPON - WELDED WEIGHT LOSS/GRADE CPlE ~ i
] P/N CO12SB3E51324000. |
} !
| Total Price: . 4,389.75 1
! |
NOTE:
Ship Via Federal Express, Priority Overnight, cellect. '
Mark Airbill: Bill Recipient s Account 0941~-0205-7.

VEiIeA MOTE:

o e = =
Tha Lawrence Livermore National labe=atory and its authorized representatives shall have

the right to inapect Governmant property and the work and activities of the

Sub~Contzactos/Seller and his Subcantracter(s) under this Subcontzact/Order at such time

and in such senner as the University shall deem appIopriate. The Subsoatractos/Sellex

shall include in all subcontracts and purchase orders under this Subcontract/Order a
similar provision making this paragraph applicable to his subcentractor or vendor.
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LR DOUUERT 2£-20-88-104 124 03 —f {o— 2. DIMENSIONING AND TOLERANCING PLR
24,03 ANSU Y)q. SM- 1982,
‘[ , / ) 3. SURFACE TEXTURL PCR ‘ANSI B46.1-1385.
[t I 4. ABBREVIATIONS PEA ANS) Yi.1-1972.
| S0 5. OACAK SHMARP E0GES .00S -,030.
(p2 g ] 6. DO NOT SHEAR OR PUNCM.
i [iZ0%0 7. WELD SYMBOLS PER AWS A2.4-1079,
h bt} 8. SURFACE FIMISH OF PART AS FOLLOWS:
i DOUBLE DISC GRIND FACES 10 A 3\:/
: _ 2.00%.08 T FINISH £0GES WITH 120 GRIT.
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Ol of 133
. LLNL Document E-20-50-1D4 ' 4t
tem _ Juns _‘_'ﬁlo!_ _________ o1 [Specimen / ASTM Specification rawing Number Sequontiat Spocimen fWsiding - i B
Momber [Numbst aquied . identification §3pecificalion
) ﬁraqugf; fncoloy 825 15" 11 'x2 Covpon, Basa Metal Wi. Loss / ASTM IMAO.'HOOIOS-OO AWA 164 - AWA 178 rm _
: rB424 Cold Rollad and Annealed Shest ) e .
2 noooes  |rasteroy 3 |15 |V 'x2Coupon. Base Melal Wi Loss IASTM rw\ 95.100703-00 |BWA 164 -8WA 178 /A
-1-- __ 502, Cont Rolled and Annceled Sheet —
3 Aﬂow Brostency ca 15 1'x2 Coupon, Bone Metal Wi Losa! ASTM __|ARA 95-100703:00_ [GWA 164 - CWA 178 [NiA
|osrs vamsloy Roheet | -
: 06022 Hﬂj;qmgy cz |15 |yx2Coupon DaseMeta WilossiASTM _|AAA 95:100703.00 _[OWA 164 - DWA 178 A
o ra_g,_zg Hastalloy shes! . — .
5 Jusuoo fanumGr 12 15 |1 22 Coupon, Base Metal Wi Loss/ ASTM _JAAA 85-100703-00 re_vgn 164 - EWA 178 JN}A
p2e5,Gradet2 L —— —
8 Ttonwm Gt 16 (raanm Gr16 [1s° T |12 Coupon, Base Matet Wi Losa/ Giade _|AAA 85.100703-00 |FWA 164 - FWA 178 [NIA
_____ fcp e . - B r
! Jromezs frocotey 825 15 |i'x2 Coupon Welded Wi Loss TASTM _ |AAA 85-100704.00 [AWE 164 AWB 178 [GMAW FULL PENETRATION WELD
o N _]B424, Cold Rofled snd Annealed Sheel 1O AWS AS.14 CLASS ER NICtMo-10
¢ Hmsf-ﬁs' o Hﬂ-swﬂiiv G s V22 Coupon, WeMlsd Wi Los 1ASTM A 96:100704:00_ Hﬁﬁé"th?;@g 178 JGMAW FULL PENETRATIONWELD
[B592, Cod Roked and Annealed Sheel. 1 - . . JTOAWSAS14CAASSERNCIMod
y ﬁumass Hasietoy C4 |15 1 x2 Coupon, Wekled Wi Loss [ ASTM____ {AAA 85-100704-00 Acwa 164 CwB 178 |OMAW FULL PENETRATIONWELD
o575, Hastehoy Rheet = | ... — —_JTOAWS AS5.14 CLASS ER NICiMo-10
10 Hm’s&u Hsenoycaz  fis 7§ %2 Coupon, Webled Wi Loss TASTM AAA 85-100704-00 prva 164 - DWB 178 JGMAW FULL PENETRATION WELD
[ ' 3575, Hasteloy shee! b . e _._TOAWS A5.14 CLASS ER NICiMo-10
"o 53400 fhanunGr 12 Jis 12 Goupon, Wiekded Wi Loss TASTM___ |AAA 95.100704-00 _ |EWD 164 - EWD 178 [GTAW FULL PENETRATION WELD
_|B265.Grade 12 SUMDVRIRN IAREDRE F—S __JTOAWS A5.16 CLASS ER TH12
. . « en - et et e . U FO R —— .T__.. —
12 fRanium Gr 16 RTHamum Gi 16 15 1x 2 Coupon Welded Wiloss l Giade AAA 95 100704 00 _[FWE 184 - FWE 178 IGNAW FULL PENEIRAT!(_)_@ V__Vgg_l_)_ )
fce 16 1O AWS AS5.18 CLASS ER Ti7
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05/708/87 THU 12:32 FAL 510 423 83559 COMBODILY ACA GROUP @007

1. Specimers mnummm!yid-mmedwhh ~1/8" metal die stamps or SULDEILIC type-62X engraver
in secordanee with lmthnrequiremmndm’hdinuﬁLmings

(ot hand-beld vibro-scribe)
o/l  AAAgS-100703-00. AAA9S~100704-00, snd usizing identification code described is LLNL

Jdocument E-20-50-1D4 dated 41497,

2. After machining, specimens shall be cieaned in 2 suitshle solvent. Using clean gloves or otber methods
which sliminsts specinen contamination after cleaning, the specimens shall bx placed individua!
begs for shipmant to LLNL. Soivents used in cieaning cach of the alloys shall be identified and

A0 spplicable Material Safcty Data Sheets shall be supplid o LLNL.

3. In-process inspection records that d:monsth spechnn‘dinmions calied out in LLNL drawings
AAA95-100703-00 and AAADS-100704-00 are within tolerance, shail be provided to LLNL opon
recaipt of specimens.

4, Photocopies of the Cerified Mazrisl Test Reports (CMTR) for both the base plate/sheat materia) snd

weld wire, when spplicsbie, shell be supplisd to LINL for the pinte/shoet/wire usad to fabricate esch of
the specimens. In sddition, the vendor must supply LLNL a written sttement of eonfermity . which

T smmnnk-nmummmmaernuﬁuusedinspechunfahﬁaﬂoﬂhy
ET, dslineating the specimen identification to an epplicable CMTR Sheuid the CMTR include multipic

jtems ar pieces, the particuisr piece/lat used a&bﬁau-dl:puhnenmﬂhemsmedlnmemdor

5 ELOIUE V!4 |ener of contarmity. This requirement shall be fulfilled upon receipt of spacimens st LLNL.

Al1C
M» S. lpdependant chemical anelysis shall be performed by vendor or qualifiad sub-contractor for each

\-/A

hestfiot of plate/sheet and weid wire used in the fabrication of the spesimens. In additicn. the vendor
or sub-contractor shsll parform physical property testing on the pistessheet used to fabricase the
specimens. The vendor shall supply LINL a written test report of the independent chemical and
physical properties snalysis whish shall include the identification of the heat/lot tested, including
Ao jdentificazion of any individusl pieces should the CMTR include multiple pinces, and zpplicabie test
methods employed in the analysis. Fhysical propecty dxta derived from the independest testing shall
includs as a minimum te tensile strength, yield strengh, and % elongation using standard methods

tminiroum those ml compositions neceasary to verify each hest/lot of plate/shest/wire alloy lies
within the ASTM sandard requirements listed foc the materials specificd in LLNL document E-20-50-

6. Delivery of all items to LLNL is required 2-3 weeks After Recsipt of Order (ARO). Pardal shipments
are scceprable and encoursged as joag as the supporting documentation requirernents described above

NO v met for the partial delivery.

5’- g9- 17 )
Fl VITZ F B s SPEE ()4 SFZREfHmE
LOITH /447 Ldpgn G0 HE STRTED THA T~ TR
SHH2eS b, D)0 DT AECEIVE THIS PisE  u

OregeR, I/, 2 I?J @hg;’)wﬂy Cvfé, 4/4/ W

B TELEY colfpmatty) . PO WITE Sems 4@/4/@03
711,; I <eper? L J) comphan ce.

-~ L.t a .- ;s /7.
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'PROCUREMENT & MATERIEL. 103 o 1B%
INSTITUTIONAL SUPPORT. :

MAIL STOP, 1-650.
TEL. EXT., NO.: NO.3-7132
TELEFAX, NO.: 3-7226.

PA{GE: " 8.

UNIVERSITY OF CALIFORNIA
LAWRENCE LIVERMORE NATIONAL LABORATORY
PURCHASE ORDER,
NO. B338959.

YENDOR NOTE:

(01.) (A.) SHIP VIA..FEDERAL EXPRESS...OVER-NIGHT AIR..FREIGHT
COLLECT, CHARGING FREIGHT TO...ACCOUNT, NO. 0941-0205-7.....
(B.) ON FEDERAL EXPRESS AIR-BILL, PLEASE ANNOTATE...UCLLNL,
PURCHASE ORDER, NO. B338959.

(02.) UCLLNL, IS SELF-INSURED - PLEASE DO NOT DECLARE VALU: OF/INSURE

N MATERIEL WITH FREIGHT CARRIER.

University of California

Lawrence Livermore
National Laboratory
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uql,‘o;l,- l7 L T o) Al;izo:!'alla I'FA‘ colvo -.‘.z.a o’ososo’ .mconoqal;y -A-SDA -G-'x"u'l‘lp ‘g -ov-g
) SS23SLLALRELLLESEEELES oy o;— AL
sss TX REPORT ss¢
SE2SLELTBETETETEELESS l
-’ TRANSKISSION OK
TX/RX NO 2188
CONNECTION TEL 812053684518
SUBADDRESS
CONNECTION ID
ST. TIXE 04/21 18:82
USACE T Q318 B
PGS. 8
RESULT gK
————
purchass Ocder / Confirming Order Ne: 8338858 PAGE: 1
Do Net Duplicate.
s DATE Paymant Terms
Buye T2 04/21/37
Ext: (510)423-7132

Fax: (510)62?—7225

To: METAL SAMPLES COMPANY, INC.
RT. 1, BOX 152

Net 30 Days

University of Califernia

Lavranee Livermore Nstienal Laboratery

FOR RESALE: Stete
charged,

Purchass Ordar
For Cantract No. W-T7405-ENG.48
With Department of Energy
Sales Tax should not he
as the University heolds State

Sales Tax Permit SR-CHA 21~-135323

PUNFCRD AL 16268
. Aten: BRENDA SMITH
~ Phena: (205)358-64202
FAX: (208) 358-4515
SOpP TO:

!
ll
UGLLNL - i
Fer U.S. Department cf Enargy |

LLNL 413 |RCLAINTS 2 DSP7, [ ~yS2.
7000 East Avenue (FP.0. 8338858) The Purchssé Order Number shown above

Livermora, California 94850
RECEZV/Caf- DE'/’T.) GLOG.

LAMRENCE LIVERMORE NATIONAL

MUST appexr pr

| freight bill,

2AD . 'f// jrecedving and
i

MAIL INVOICE IN DUPLICATE TO
UNIVERSITY OF CALIFORNIA
LABORATORY

Leveunting-Sifice-~ P.O. Box 5001
LIVERMORE, CALIFORNIA 94551

aminently sn your shipment,
L inveice to facilitate
payment af the order.

Confirming Ocder 04/16/97

- DO NOT DUPLICATE |

|$F§ Via: | Transpartatien Tarms: [F.0.8.
| -X Prierity Ovrnt | ATORY { SHIPPING POINT
|Shipping Peint: |
| PRINFORD AL |
Ttem Model/Manufscturer ‘ uoH/ Unit Extended Ship
Ne. Deseription Qty UoP Price Price " Date
001 NO8B25 15.000 EA / 9.85000 187.75 ©5705/97

METAL SAMPLES CO.
1 X 2 COUPON - BASE METAL
ANNEALED SHEET - P/N C01286141304000 -

SUSJECT TO:

A. LLHL DOCIMENT E-20-50-ID4...PAGES:

B. LU, DRAMING, NO. AAASS-100703-00..
ACCOMPANYING COPY...

C. LLNL, DRAMING, NO. AAAS5-100704-00..
ACCOMPANYING COPY...

o e m— e . EEmEn e S o —-— &

METGHT LOSS/ASTM B424 - COLD-ROLLED &

10 . .wm m. .o
.DATE: 030145.,..PAGES: 1...
.DATE‘ 030195- . -PMt l- .o

..——.——-—————..-.—-———————..——

cam . amdann naTE . LY AN T -l



12/09/98 WED 16:40 FAX 510 423 8559 COMMODITY ACA GROUP @oo2
JF\PRe
-~ PURCHASE ORLxR 10S of 128
Purchase Order No: Selier's Status:
B500447 Small Business
University Procurement Representative: | Phone #: Fax &: E-Mail Address:
R. Gomez, Sr. Contract Administrator (925) 42422-3306 {925) 42423-9559 omez12&linl.gov
lssued To: Ship To Address:
METAL SAMPLES COMPANY University of California
Attention: Brenda M. Smith Lawrence Livermore National Laboratory
152 Metal Samples Road, P.O.Box 8 For the U. S. Department of Energy
Munford, AL 36268 Purchase Order No. B500447
Payment Terms: Net 30 Days
F.0.B. Point: Shipping Point
Shipping Point: Munford, AL

Shipping Instructions:

Transportation Terms:

Ship via Consolidated Freightways,
freight collect. Mark Bill of Lading
*‘Moving Undar Gov't Tender No.
10096-C.”

Dellveries are requesied by
1:00 p.m. Pacific time.
Account of University; - Do not
insure

Sales Tax Exemption:

This Purchase Order is exempt
from State Sales & Use Tax, per
the University's Califomia State
Resale Permit No. SR-CHA 2i-
135323.

involces: All invoices shall reference the Purchase

Order number and be submitted to:

University of Califorri=
Lawrence Livermor:
Vendor Payments. <32
P.O. Box 5001
Livermore, CA 94551

...ional Laboratory

ORDERED ITEMS

ITEM NO. ITEM, SPECIFICATIONS, CATALOG REFERENCES ary UNIT PRICE EXTENDED PRICE | DELIVERY DATE
1 TIGR7, 32RMS, SEQ, VCI (Titanium), Part No. | 40ea $39.50 $1,580.00 1/19/99
€03208081301400 Or Sooner
2 TIGR16, 32RAMS, SEQ, VCI (Trtanium), Part 40 ea 54.13 2,165.20 With L1 #1
No. C0O3208361301400
3 C22, 32RMS, SEQ, VC! (Alloy). Part No. 40 ea 27.40 1,096.00 | Withuim
CO320A111301400 .
4 304, 32RAMS, SEQ, VC! (Stainiess Steel), Part | 40ea 31.12 1,244.80 With Ui #1
No. C0O3201411301400 i
5 3161, 32RMS, SEQ, VCI (Stainless Steet), 40 e 17.69 707.60 With Ui #1
Part No. CO3201591301400
.6 TIGR7, LAP, ALL (Titanium), Part Ne. 40 ea 15.00 600.00 With L/ #1
EL4058080902000
7 TIGR18, LAP, ALL (Titanium), Part No. 40 ea 18.75 750.00 With LN #1
EL4058360302000
8 C22, LAP, ALL (Alloy), Part No. 4D ea 11.00 440.00 " With L #1
EL405A 110902000
9 304, LAP, ALL (Stainiess Steel), Part No. 40ea 7.90 316.00 With L/ #1
EL4051410302000
University of California.
Lawrence Livermore National Laboratory
Procurement & Materie! ' Req # 227927

P. O. Box 5012, Livermore, Califomia 84551

(Form #PS-614; Rev. 11/5/98)
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COMMODITY ACA GROUP Qoo3
(Ob ot 133
TEMNO.]  ITEW SPECIFICATIONS, CATALOG REFERENCES ary UNITPRICE | EXTENDED PRICE | DELIVERY DATE
10 | 316L LAP, ALL (Stainless Steet), Part No. 40 ea 455 182,00 | With LA #1 1
_EL4051 590902000
4 11 TIGR7, MILL, ALL (Tttanium), Part No. 1ea 105.00 105.00 With L/l #1
C09938080002000
12 TIGR16, MiLL, ALL (T#anium), Pant No. 1ea 115.00 115.00 With L1 #1
C099383650002000
13 22, MILL, ALL (Alloy), Part No. 1ea 65.00 65.00 With LA #1
CO899A110002000
14 304, MILL, ALL (Stainless Steel), Part No. 1ea 55.00 §5.00 With L/ #1
£C09991410002000 -
15 a16L. MILL, ALL (Staintess Steel), Part No. lea 50.00. 50.00 With LA #1
C0989 1580002000
16 5823HMO, 32RMS, SEQ, VCI {Alioy), Part No. 40 sa 39.50 1,580.00 With L #1
C03208371301400
17 5§323HMO, LAP, ALL (Alloy), Part No. 40 ea 15.00 600.00 With {1 #1
EL4059370902000
18 .C22. LAP, ALL (Alioy), Part No. tfea 75.00 75.00] WwithlA#¥1
, { €098989370002000
NOTE: See the incorporated Documents in
the Special Provisions of the purchase order
- for work requirements.
Total Firm Fixed Price: $11,726.60

TERMS & CONDITIONS: This Purchase O
SUPPLIES AND SERVICES (List 6008; Rev. 5/1/98), SPECI
terms stated in Seflers acknowledgment in addition to or in co

of this Purchase Order.

PO No. B500447

s e —————
e ——

rder includes the attached GENERAL PROVISIONS FOR COMMERCIAL

AL PROVISIONS and all other referenced documents. Any

BY:

TITLE:

DATE:

THE REGENTS OF
THE UNIVERSITY OF CALIFORNIA

£

4.

nfiict with the terms stated herain shall not become a part

R. Gomez

7 -

Sr. Contract Administrator

General Purchasing Group

Procurement

& Materiel

ok 747
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MODIFICATION NO. 1
T0 ‘
PURCHASE ORDER NO. B500447

University Procuremsnt Representative: | Phone #: Fax #: E-Mall Address:
R. Gomez, (925) 422-3306 (925) 423-9558 gomezi12@linl.gov
issued To:

Metal Samples Company -

Attention: Brenda Smith

152 Melal Samples Road

Munford, AL 36268

INTRODUCTION

The purpose of this No Cost Modification is to Revise Line item #18, and the Buyer's Statement of Work, and also,
Specification No. E-20-66-3. :

MODIFICATIONS
1. Line item No. 18 is deleted in its entirety and replaced with the foliowing:
18 5923HMO, MILL, ALL (Alloy), Part No. tea 75.00 . 75.00 With LA #1
C09359370002000

NOTE: See the incorporated Documents in
the Special Provisions of the purchase order
for work reguirements.

2 In the Special Provisions, under the incorporated Documents, the Buyers Statement of Work, and Specfification
No. £-20-66-3, are hereby meodified (Revision 1), to read as follows:

INCORPORATED DOCUMENTS
+ BUYER'S (LLNL) - QA REQUIREMENTS FOR SUPPLIERS OF ANALYTICAL SERVICES, DATED 1/5/8

* BUYERS (LLNL) - STATEMENT OF WORK FOR FABRICATION OF ELECTROCHEMICAL DISC SPECIMENS
AND 2 * X 2° CREVICE SPECIMENS, DATED 11/588A

* BUYER'S (LLNL)- SPECIFICATION NO. E-20-66-3, DATED 11/5/98, REV. 1
* BUYER'S (LLNL)- DRAWING OF COUPON, BASE MTL CREVICE, DATED 10v96

ALL OTHER TERMS, CONDITIONS, AND PROVISIONS OF THE PURCHASE ORDER SHALL REMAIN IN FULL
FORCE AND EFFECT. :

THE REGENTS OF
THE UNIVERSITY OF CALIFORNIA

BY:

R. Gomez

TITLE: Sr. Contract Administrator
‘ General Purchasing Group
Procurement & Materie!

DATE:

-1- {Form #PS-621A; Rev. 10/26/98)
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QA REQUIREMENTS FOR SUPPLIERS OF ANALYTICAL SERVICES (1/5/98)

L INTRODUCTION

The services quoted upon or furnished for this procurement are for the use by the Purchaser in connection with the
Civilian Radioactive Waste Management Program sponsored by the U.S. Department of Energy (DOE).

" The services shall be provided in accordance with the Supplier's documented Quality Assurance (QA) program,
accepted by the DOE Office of Quality Assurance (OQA) prior to the start of work. OQA acceptance of the
Supplier's QA program is predicated on the degree of compliance with the QA Requirements described in Section Il
and the Supplier's agreement to meet the requirements described in Sections Il and IV. '

1I. SUPPLIER'S QA PROGRAM

The Supplier=s documented QA program shall address the following topics to the degree appropmxc for the nature,
scope and complexity of the activity: The supplier shall provide justification for the non-applicability of a topic.

NOTE: The QA program could take the form of a QA manual that contains 2 QA program description and
implementing documents or a series of implementing documents with a matrix that reflects how the following topics
are addressed: .

1.0 Organization

A description of the Supplier's organizational structure and responsibilities for the personnel verifying quality
achievement must be provided. Personnel who perform verification of quality achievement must be
independent from those performing the work.

2.0 QA Program '

Prior to performing the work, personne! shall be evaluated to determine that they are qualified to perform
the work assigned 2nd receive documented indoctrination and training to assure suitable proficiency is
achieved and maintained. The Supplier shall assure that personne] are familiar with procedures and/or
instructions pertaining to the work to be performed prior to initiating the work.

3.0 Procurement Control

The approach used 1o assure that technical and quality requirements are incorporated into procurement
documents and changes to the documnents shall be described.

The methods used to document evaluation and selection of suppliers prior to the award of a contract/purchase
order shall be described. Methods used to ensure that received services meet requirements shall be
described.

4.0 Instructions, Procedures and Document Control

Activities shall be performed in accordance with documented approved implementing documents (e.g.
procedure, instructions). The activity shall be described to a level of detail commensurate with the
complexity of the activity and the need to assure consistent and acceptable results.

The process used for preparation, review, approval and control of impiemeating documents shall be
described. This process must include: methods used for ensuring that only the latest revision is used at the
work place and, methods used to ensure that documents arc reviewed for applicability, correctness,
adequacy, completeness, accuracy and compliance with established requirements. The review shall be
performed by individuals technically competent in the subject area, and the review shall be performed by
someone other than the preparer.

5.0 Control of Measuring and Test Equipment (M&TE)
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The methods used to assure that M&TE, including equipment that contains software or programmabic
hardware, is adjusted and maintained as a unit at prescribed intervals, or prior to use, against reference
standards having traceability to nationally recognized standards shall be described. Calibration standards
shall have a greater accuracy than that required of the M&TE being calibrated. If a standard with greater
accuracy does not exist or is unavailable, calibration standards with equal accuracy may be used if it can be
shown to be adequate for the requirements. The basis for this acceptance shall be documented.

Calibration M&TE shall be uniquely identified to provide traceability to calibration data. The use of M&TE
shall be documented.  Measures shall be established to prevent the use of out-of-calibration M&TE. When
M&TE is found to be out-of-calibration the validity of resuits using that equipment since its last calibration
shall be evaiuated. M&TE shall be properly handied and stored to maintain accuracy. ;

6.0 Corrective Action

A control system for identifying and documenting deviations from technical and quality implementing
documents shall be established. Adverse conditions shall be reported to appropriate management responsible
for the condition, who shall determine the extent of the condition and take corrective actions. The Supplier=s
QA organization or other independent organization shall have the authority and responsibility for concurring
that the proposed corrective actions satisfy QA program requirements and verifying that corrective actions
have been completed. :

7.0 QA Records

Methods shall be established for specifying, preparing, and maintaining records that ~-~-:de evidence of
quality. These records shall be protected from damage, deterioration or loss. T:  :guircments and
responsibilities for record transmintal, distribution, retention, maintenance, and ..iposition shall be
documented.

8.0 Audits

Planned and scheduled audits to verify compliance with the QA program requirements and to determine
effectiveness of the QA program shall be performed at least annually. The audits shall be performed in
accordance with prescribed procedures or checklists by qualified personnel who do not have direct
responsibility for performing the activities being audited. Audit results shall be documented and reported
to responsible management. Responsible management shall take action to correct identified deficiencies in
accordance with Section 6 Corrective Action and follow-up action to verify corrective action shall be taken
in accordance with Section 6 Corrective Action. : '

9.0 Analytical Services/Sample Control

The process for receiving, identifying, handling, analyzing, tracking and storing samples submitted by the
Purchaser to the supplier shall be established. Samples that do not meet requirements specified in controlled
documents shall be documented and evaluvated.

The method for collecting, recording and evaltuating data (analytical results) shall be described.

The method for the conduct of analyses, internal quality control, and/or analytical testing shall be established.

10.0  Scientific Investigation

When technical or other implementing documents are niot utilized to perform analytical services, scientific
investigation activities shall be documented in a scientific notebook that provides a description of the work
as planned, performed and the results obtained. Data shall be identified in a manner that provides traceability
to samples, associated documentation and computer codes. Scientific notebooks shall be review by an
independent technically qualified individual 1o verify there is sufficient detail to 1) retrace the investigations
and confirm the results, or 2) Repeat the investigation and achieve comparable results, without recourse to
the original investigator.
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ml. GENERAL QA REQUIREMENTS FOR THIS PURCHASE

The following general QA requirements shall apply to the supplier for this purclnse but do not necessarily need
to be included in the supplier=s QA program.

SUBCONTRACTING

1. The Purchaser shall be nonﬁed if the Supplier subcontracts any part of the scope of work prior to issuance of
the sub-tier procursment document. Supplier procurement documents for services directly supporting this
work shall incorporate appropriate portions of the QA Program requirements listed in Section II.

2. Where possible sub-tier procurements should be with suppliers that are.approved by DOE/OCRWM Office of
Quality Assurance.

NONCONFORMANCES/WORK CONTROL

3 The Supplier shall notify the Purchaser=s technical contact when a calibrated instrument used to calibrate and
certify Purchaser equipment is found to be defective or out-of-calibration.

4 The Supplier shall notify the Purchaser (technical contact) when the Supplier identifies any nonconformances
(deviations) from the procurement document. Nonconformances where the proposed disposition is Arepair=
or Ause-as-is= are required to be submitted to the Purchaser (technical contact) for review and concurrence.

s. When work cannot be accomplished as described in the implementing document, or accomplishment of such
work would result in an undesirable situation, the work shall be stopped until the situation is resolved by
management. Work shall not resume until the implementing document is changed(in accordance with Section
I1, topic 4) or controlied by another appropriate process(i.e. Corrective Action/Nonconformance process).

PURCHASER AUDIT/VEF.FICATION

6. The Purchaser or Purchaser=s Representative (DOE/U.S. Nuclear Regulatory Commission (NRC) or their
representative) has the right to inspect and evaluate (audit/surveil) the work performed or being performed
under the purchase document, and the premises where the work is being performed, at all reasonable times
and in a manner that will not unduly delay the work. If the Purchaser performs inspection or evaluation on
the premises of the Supplier or a subcontractor, the Supplier shall furnish and shall require subcontractors
1o furnish, at no increase in contract price, all reasonable facilities and assistance for the safe and convenient
performance of these duties.

NOTE: The Purchaser=s QA program is regulated by the NRC and requires that suppliers of services be
audited, as a minimum every three years. It also requires an annual evaluation to determine if a more
frequent audit is necessary. There should be at least one audit during the life of the activity. In other words,
the Suppliér can expect to be audited soon after contract award and on a three year basis after the first audit
if the service is still being performed.

7. Purchaser verification activities shall not relieve the Supplier of the responsibility for verification of quality
achievement.

MISCELLANEOUS

8. The Supplier shall provide the Purchaser with any revisions to their QA program documents prior to
implementation.

9. The Supplier will identify aﬂy spare or replacement parts or assemblies and the appropriate technical and QA

requirements/information required for ordering them.
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10. Where software is used as part of the analytical process which provides results that are not later validau-.d,

the Supplier shall identify the software version and describe the method used to verify that the software is
functioning properly and produces the intended results. Software version changes shall be checked to verify
that the software produces correct results. The supplier shall keep 2 record of the validation of the software.

11. Unless otherwise stated in the purchase document, it is not a requirement that the sampies be returned to the
Purchaser.

Iv. REQUIRED DOCUMENTATION

The following documentation is required.

DOCUMENT DESCRIPTION SUBMITTAL REQUIREMENT

Supplier QA Program document Submit latest version with bid and thereafter
revisions to program during the order and prior to
start of work.

Analytical Results Submit for acceptance

QA Records such as: Retain by the supplier for at least 3 years or until

_ dispositioned by Purchaser.
implementing docurnents :
documentation of standards
equipment calibration
training
qualification
audit reports
corrective actions

software validation records
notebooks
logbooks

Analytical results shall include a statement that work was performed in accordance with the purchase order
requirements and/or the suppliers QA program. '

Records for this procurement shall be legible, accurate, appropriate to the work accomplished, and identifiable to the
item(s) or activity(s) to whuch they apply and shall be stamped, initialed, or signed and dated as complete.
Corrections 1o completed Records for this procurement shall ‘be made by drawing 2 single line through the changed
or incorrect information and wnserting the new or correct information. The correction shall include the initials or
signature of the individua) autborized to make the correction and the date the correction was made.

Correction of Records for this procurement that are incomplete or illegible shall be accomplished in one of the
following ways: 1) Transcribe, regenerate, or enhance the illegible portion, or 2) Obtain a new, complete, legible
record. v
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STATEMENT OF WORK FOR FABRICATION OF ELECTROCHEMICAL DISC SPECIMENS AND
2" x 2" CREVICE SPECIMENS

11-5-98 A

Specification E-20-66-3 REV.1 dated 11/5/98 is the governing document for materials and
fabrication used to provide test specimens for LLNL.

Specimens described in items 1-5, and 16 shall be permanently identified with ~3/32" metal die
stamps Or automatic type-set engraver as per requirements described in LLNL drawing AAA96-
101274-00 and utilizing identification code described in specification E-20-66-3 REV. | dated
11/5198.

Specimens described in items 6-10, and 17 shall be permanently identified with ~3/32" metal die
stamps O automatic type-set engraver on side opposite the lap finished side (<10 RMS) utilizing
identification code described in specification E-20-66-3 REV.| dated 1 1/5/98.

Specimens described in items 11-15 and 18 shall be permanently identified on both ends of the
specimen, approximately 1/4" from ends, utilizing identification code described in specification E-
20-66-3 REV.1 dated 11/5/98.

After machining, specimens described in items 1-18 shall be cleaned in a suitable solvent. Using
clean gloves or other methods which eliminate specimen contamination after cleaning, the
specimens shall be placed in individual bags and protected from surface scratching for eventual
shipment to LLNL. Solvents used in cleaning shall be identified in writing.

The following items in each group shall be fabricated from the same base metal heat/lot:

Group | Items 1, 6, and 11

Group 2 Items 2, 7, and 12

Group 3 Items 3. 8, and 13 .
Group 4 Items -, 9, and 14

Group § Items 5, 10, and 15

‘Group 6 Items 16, 17, and 18

A photocopy of the Certified Material Test Reports (CMTR) used to fabricate the specimens and
wire lots in items 1-18 shall be supplied to LLNL. In addition, the vendor shall supply LLNL a
written statement of conformity which serves to link all specimens to the appropriate heat/lot
number used to fabricate the specimens using the specimen identifiers from specification E-20-66-
3 REV.| dated 11/5/98. This requirement shall be fulfilled upon receipt of specimens at LLNL.

Inspection records for surface finish on a statistical sampling from items 6-10, and 17 shall be
provided to LLNL upon receipt of specimens. Inspection records to verify tolerances described in
LLNL DWG. AAA96-101274-00 are met based on a statistical sampling of items 1-5 and 16 shall
be provided to LLNL upon receipt of specimens.

Delivery of all items to LLNL is required 14-21 days ARO.
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Specification E-20-66-3 REV.1 1 4 of IR 11-5-98
MSC Part Surface
Number |Alloy UNS Sequential ASTM Number or Finish (side [Sample
item # Specimens |Number __S_peclmon D Specification _ljabrlcatlon LLNL Dwg. No.|opposite ID) Thickness
LLNL Dwg. See LLNL
| 1 | a0 |msaa00 ___INCA1841huNCA223 B265 annealed  [Non-Weld  _|AAAD6-101274-00 |Orawing_ __ _|See LLNL Drawing
LLNL Dwg. See LLNL
| 2 | 40 |[Vitanium Grade 16_|FCA 244 thy FCA263 (8265 annealed  |1on-Weld __ |AAADG-101274-00 | Drawing __ [Ses LLNL Drawing
: LLNL Dwg. See LLNL
3 | 40 |Noso22 . |DCA A 244 thru DCA 283 [B575 annealed _{Non-Weld AAADB-101274-00 [Drawing | See LLNL Drawing |
LLNL Dwg. See LLNL
| 4 | _ 40 |S30400 ___|oca 001 thru OCA 040 |A240 annealed _ {Non-Weld AAADE-101274-00 |Drawing _ ___ [See LLNL Drawing
LLNL Dwg. See LLNL
5 1 40  iS31603 PCA 001 thru PCA 040 |A240 annealed _|Non-Weld AAADB-101274-00 {Drawing _*__Seel._l_.!*ﬂ._l)_@_wi_n_g_
A LLNL Dwg. See LLNL
_ 18 40 |NO60SS QCA 001 thru QCA 040 |B575 Annealed Non-Weld AAADB-101274-00 |Drawing __|See LLNL Drawing
| 6| 40 _ |R52400 NEA 001 thru NEA 040 _{B265 annealed __ Non-Weld MSC PNEL 405 |<10RMS _ _ [0.125"nominal
7 | _ 40___[vitanium Grade 16 |FEA 001 thu FEAU40_|B265annealed _|Non-Weld ~_ |MSCPMNEL405_|<10RMS _|0.125” nominal | __
8 | _40 _ |[noso22 __|DEAOO1 Wy DEA 040 [B575 anneated  |Non-Weld __ |MSC PANEL 405 i< 10RMS___ [0.125" nominal _ |
9|7 a0 [ssoa0 _|OEAO001 tu OEA 040 |A240 anncaled _iNontWeld_ MSC P/NEL405_[<10RMS _ _|0125"nominal
10 | a0 |s3ate03  _ _ _|PEAQO1thu PEA 040 [A240 annealed _ |Non-Weld _ JMSC PN EL 405 [<10RMS_ __ [0.125nominal
LA NOB059 |QEA 001 thru QEA 040 BS75 Annealed _|Non-Weld MSC PN EL405 [<10RMS _F._i_gﬂq_rgi_ngl_ L
112" x 6"
(longitudinal rolling
o f 1 [R52400 NEACHECK1__ _ |B265annealed Non-Weld _|direction) x /8" _ |Millfinish __ |0.125" aominal
12" x 6"
. (longitudinal rolling
12 v Titanium Grade 16 FEA CHECK 1 B265 annealed  |Non-Weld direction) » x18 Mill finish | 0.125° nominal
412" x 6"
(longitudinal rolling
13 1 |Noso22 __ |DEACHECK1 8575 annealed _|Non-Weld _ ~ |direclion) x 1/8" __|Mil fnish ___10.125" norninal
112" x 6"
: (longitudinal rolling
B L I A S30400 OEA CHECK 1 _|A240 annealed _|Non-Weld _ _|direction) x 1/87 Mil finish___ ]0.125" nominal
112" x 6"
(longitudinal rolling
a5 | 1 |sswos ___lpeaceeckt  |A40ennesled _NonWeld direction) x 1/8" _ |Millfinish 0 125" nominat __
{_— 12" x 6" _—
J (longitudinal rolling A
------- | pen ALIFEY 4 IaR76 annt Non-Weld }dirediqp) x 118" |Mill finish 0.125" nominz

S0t b Summ—




N Environmental
salety Systems Inc.
2650 Park Tower Duve
Suite 800
Vientig, Viryuwa 22180

COPY

e o @M
h»L& -~
Date Printed: H2,1071797%

"y of 128

ooy METAL SAMFLES COMEFAMY HIZSACH Ship To: MEVADRA
1592 HETAL SAHFLES RD TR C/70 LAWRENCE LTVERMORE HATL LAK
F.0. BOX B 7000 EAST AVENUE
HUHFORD, AL 346768 LIVERMORE, CA 9433
eoavarnt e BREHDA SHITH Phe (2560 3GLnAANT invol dstand Glia&dond a8 pdfiduitts (n weamg) to TRW Accounts Payable,
Tho complote P.O. number must appear on all mvoices, packing shps and corrasponduence Do not msure unluss otherwise spocilinl herem,
GZDER DATE BUYER . TERMS FOB . SAIES ORDER SHIP VIA DELIVER TO
VELS/79 L YURT STAFFORD IET 30 MUNFORD, AL _ FEDEX H. KNAFF, LAWAMCEZL.53D
- .. s e o v DUE - »DESIRED.. - ORDER . B . Ve I
Lt \TEM / DESCRIPTION " REV."T UM T "DATE" T DATE' ™ QUANTITY NEW UNIT COST - EXTENDED COST
T NCRRAMUOUWCEUDGHRENT REUTTITWRVED

lFeyiod of Ferformnance: $2/15/79 To B7/30/99

.Y QUALTTY AFFECTING FROCURMENT

SELLER SUHALL FROVIDE TEST SPECTMENS AND ALL LABOR, MATERTIAL, SUPF
FERFORM ALL HECESSAKY SERVICES AS SFCCIFIED IN THE ATTACHED FROCUFEMENT REQUIREMI
DATE 01/07/99 COMSISTIHG OF AFFROVAL FAGE AHD

DCLMENT O
Hu.gut 7,

WECIMING REV 01,

HETAL SAMPLES £0mraly SHaLL THRLEMEMT THETR QUALTTY MAHUA

LISTING DATED Q1/14/797, alb LANOEATORY TESTIR
SYSTEM FROGRAM MAIAL, REV. 13,

FEFCRENCE BEO LV.OES.Y5. 81799, 403
TS

LAWREHCE LIVERMOED MATTIOMAL LARDERATORY (LLML)
2000 CAST AVEHUE

LIVERNORE, CA 9495
ATTH:  JOHH ESTILL (925)422-7139

FER: YUNT STARFORD (702) 295-3437

INVOICE ADDRESS: 2650 MARK TOWER DRIVE VICNMA, Va 22180

ATTH: ACCOUHTS FAYADLE
bF ~COB-FIRUBOL 34

{(;

THe.

SPECIMEMS ARD SURFDRTING DOCUNENTS SHALL BE S

TES ARD EQUIFNGNT
MNTS

FOGES 2

10

SECTIOE REVISTON LTVIELHS,
(LTTY SHALL CTRFLIMENT THUTE AL Ty
D T0:




WRVICE T0 HE
TUEFORNED TH ACCORDANCE WITH THE ATTACHED FROCUREMENT. REQUIREMEMTS
POCUMENT (FRDY ) SCHEDULE | THROUGH 7 @ ¢72,518.29

»

. -

(/ Wthorized Sienatures

FU Total fAmt:

8100, B0, 00

. [ Ty LV IV EY S Y Y JURY IO BV U] il?%'bﬁ 6)
TRW Environmental R gt — it
Doy Safety Systems Inc. Date Frinted: BI/10/19%3
.y g w 2650 Park Tower Dnve e *
Swue 800
V::m?m, Virgima 22180 | \ (p og' \&g
cor Tos HETAL SAMFLES CONFANY MESACH
192 METAL SAMILES KD '
.0, BOX O
HUHFORD, AL 362468
Toantact:  HEEMDA SHITH Fhe (296) 3I8ImAd0D involcdxand (s &lond 3B pdialdints i wiiing) 10 TRW Accounts Payable.
Tho complete P.O. number must appear on all invoices, packimg shps and corrospondence. Do not insure untess otherwise spocifiod horemn,
;\I;ER DATE BUYER TERMS . FOB SALES ORDER SHIP VIA DELIVER TO . R \
215799 | TUMT STAFFORD 1T 30 MUNFORD, Al FEDEX H. KHAP'F, LARAMCEZ1L.532
L T . - -+ DUE DESIRED ORDER . ’ A
(RIH A ITEM / DESCRIPTION REV u/M " DATE DATE QUANTITY NEW UNIT COST " EXTENDED COST
MOV IHSTIDE DELTIVERY IS REQUIRCLD Y X kka¥xk
THIS 1S COHFIRMATTION OHLY.
FLEASE SIGH THE ATTACYMED COIY OF THIS FURCHASE ORDER AND RETURM I| BY MATL TO: 1400 TOUN
CENTER DR, LAS VEGAS, NY 09134, AS YOUR WRITTEN ACCEFTANCE. FRELIMIMARY ACKNOWLEDGEMENT
MAY BE FAYXED 1O (7200 275-2639. ALL UWRITTEM CORRESFONDENCE SHOULDIALSO BE MATILED ITO THE
LAS VEGAS ADDRESS. ’
ACCERTED BY: DATE: |
THES FO/SE 1S SUBGECT TU YHE SUFFLEMEMTAL TERMS ANMD COHDITIOHNS OF [TRW SYSTEMS FOMM 2430,
NS HFFLICADLE.
HEVADA TAX EXYEMFT CERYT HC: 764530480
]t TAL TCST SIFECIMENS AND TUOEPEMDENT TCSTIRG % 02715799 Q2715799 100, 000. HeO(q l.ﬂ@Qﬂ L1100, 602, 84




HT of 12%

Q:L

PROCUREMENT REQUIREMENTS DOCUMENT APPROVAL COVER PAGE
: for :
Procurement Requirements Document for Test Specimens

Rev 01, Date 01/07/99

Al i) 1oz

Task a\/fanager Date
(David Stahl)

V- o nupatinn 5199

Technical Rcvierer Date
Lot (Howard Adkins)

Quality Concurrence Date
(Bob Habbe)

B S s
WManagé Date
: / ( Znderson)




13 5 13%

PROCUREMENT REOQUIREMENTS I)()C[’?\IE.\'T FOR TEST SPECIMENS Rev 01,
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I. INTRODUCTION

This document outhnes the requirements for the procurement of test specimens and independent testing services from
Meial Sumples Company (MSC). The stzm and services guoted upon or furaished for this procurement are for the use
by the Purchaser 1a conncciion with the Office of Civilian Radioactive Waste Management (OCRWM) Program
sponsored by the U.S. Department of Energy. Thus is a blanket purchase order.

IL. STATEMENT OF WORK

Metal Samples Company shall provide test specimens and independent tesuing services by LTT in accordance with the
attached technical specification. This specificauon describes the number. ASTM specification. material type and grade,
fabrication. inspection, clecaning. marking. and packaging. and testing requirements for 1est specimens 1o be provided
to LLNL.

IL TECHNICAL REQUIREMENTS

The technical requirements for zach item will be identified in the SCHEDULE OF ITEMS. The purchaser may add
additional work scor :o this Procurement Requirement Document by a change notices and revised SCHEDULE OF
ITEMS.

Meal Samples Comgpzn: snaii sepply LLNL a records package which complics with the requirements histed 1n Section
1V-D. Required Documentation

Metal Samples Compary shail snin the test specimens and the supporting documentation to LLNL. Autention: John Estill.
Iv. QUALITY REQUIREMENTS FOR THIS PROCUREMENT
A APPLICABLE Q4 PROCGRAM

The test specimens shall be provided in accordance with the Alabama Specialty Products, Inc. documented Quality
manual. latest revision. revizwed and accepted by the DOE Office of Quality Assurance (OQA). OQA acceptance of
Alabama Specialty Produzis. Inz 's QA program is predicated on the degree of compliance with the QA Requirements
gescribed 1n Secuon™K Mztat Samples Company shall comply with the general Quality requirements described in
Sections . Cand D. & :

ek YE/TE
B. SUPPLIER'S QA PROGRAM!

The Suppher’s documentec QA program shall address the following topics for the nature. scope and complexity of the
activity.  The QA program could take the form of a QA manual that contains 2 QA program description and
implementing documents or a senes of implementing documents with a matrix that reflects how the following topics are
addressed:

1.0 Organization
A descripuion of the supplier’s organizational structure and responsibilities for the personns! verifving quality

achievement must be provided. Personnel who perform verification of quality achizvement must be independent
from thoss performing the work.
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2.0 QA Program

A documented quality assurance program shall be established. implemented. and maintined  The pro-":m shall
provide control over acuvities aifecung quahity 10 an ¢vent conxistent with'their tmportance

The QA program shall provide for the planmiag and accomplishment of achiviues affecung quality under suitably
controlled condiions. including the use of appropriate equipment. suitable environmental conditions for
accomplishing the activity. and assurance that prerequisites for the given activity have been satisfied. The program
shall provide for any special conurels, processes. test equipment, tools. and skills to atain the required quality and
for venificauon of quality.

Prior to performing the work. personnel shall be evaluated to determine that they are qualified to perform the work
assxcned and receive indoctrination and training to assure suitable proficiency is achieved and maintained. The
supplier shall assure that personnel arc familiar with the procedures and/or instructions pertaining to the work to be
performed.

3.0 Procurcement Control

Applicable technical and quality requirements shall be included or referenced in documents for . - procurement of

quahty affecting items and services and such documents shall be reviewed for adequacy and ac~+ . prior 10 issue.
The method used 1o document evaluation and szlection of suppliers prior 10 the awarc ° zztpurchase order
shall be described. Methods used 10 ensure that received services meel requircment” . gescribed.

4.0 Instructions, Procedures and Document Control

Quality affecting activities shall be performed in accordance with documentec 27z ved implementing documents
(e g. procsdure, instructions). The activity shall be described to a level of detail commensurate with the complexity
of the acuvity and the nesd to assure consisient and acceptable results.

The process used for preparation. review, approval and control of impizmenting documents shall be described. This
process must include: methods used for ensuring that only the latest revision is used at the work place and. methods
uscd 10 ensure that documents are reviewed for applicability, correctness, adequacy, completeness, accuracy and
compliance with established requirements. Individuals technically competent in the subject area shall perform the
review. and someone shall perform the review other than the preparer.

5.0 Identification and Control of Items

Controls shall be established 1o assure that only correct and accepted items are used or installed. Identification shall
be maintained on the items or in documents traceable to the items, or in 2 manner, which assures that identification
1s established and maintained.

6.0 Control of Special Processes

Processes affecting quahity of items or sarvices shall be controlled. Special processes that control or verify quality.

sush as those used in welding. heat wreating, and nondestructive examunation. shall be performed by qualified
personnzl using qualiiied procedurss in accordancs with specified requirements.
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7.0 Inspection

Inspections required verifying conformance of an tem of activity 10 spectiied requirements shall be pl'mngd and
exccuted. Characteristics 1o be inspected and inspection methods to be employed shall be.specified. Inspection
results shall be documented. Iaspection for acceptance shall be performed by quahified personnel other than those
wha performed or directly supervised the work being inspected.

8.0 Control ¢ Measuring and Test Equipment (M&TE)

The methods used to assure that M&TE including. equipment that contains software or programmable hardware,
is adjusted and maintained as a unit at prescribed intervals, or prior to use. against reference standards having
traceability to nationally recognized standards shall be described. Calibration standards shall have a greater
accuracy than that required of the M&TE being calibrated. If a standard with greater accuracy does not exist or 15
unavailable. calibration standards with equal accuracy may be used if it can be shown to be adequate for the
requirements. The basis for this acczptance shall be documented.

Calibration M&TE shall be uniquely. identified to provide traceability 1o calibration data. The use of M&TE shall
be documented. Mcasures shall be established to prevent the use of out-of-calibration M&TE. When M&TE is
_found 1o be o1: - i-calibration, the validity of results using the equipment since its last calibration shall be evaluated.

M&TE shall be properly handled and stored 1o maintain accuracy.
9.0 Handling, Storage, and Shipping

Handling. storage. clear _, packaging, shipping. and preservation of items shall bz controlled to prevent damage
or loss and to minimize deterioration.

10.0 Inspection, Test, and Operating Status

" The status of inspection and test activities shall be identified either on the items or in documents traceable to the
iterns where it is necessary to assure that required inspections and tests are performed and to assure that items which
have not passed the required inspections and tests are not inadveriently installed. used. or operated. Status shall be
maintained through indicators, such as physical location and tags. markings. shop travelers, stamps, inspection
records. or other suttable means. Th» authority for application and removal of tags, markings. labels, and stamps
shall be specified.

11.0 Control of Nonconforming Items

Items that do not conform to specified requirements shall be controlied to prevent inadvertent instaliation or use.
.Controls shall provide for identification. documentauon. evaluation. and segregation when practical and disposition
of nonconforming items.

12.0 Corrective Action

A control system for identifving and documenuing deviations from technical and quality implementing documents
shall be established. Adverse conditions shall be reported to appropriate management responsible for the condition
that shall determine the extent of the condition and take corrective actions. The Supplier's QA organization or other
independent organization shzll have the authority and responsibility for concurring that the proposed corréctive
actions satisfy QA program requirements and verifying that corrective actions have been completed.

.
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13.0 QA Records

\fcthods shall be estabhished for specifying. preparing, 3nd maintaining records that provide evidence of quaiity.
These records shall be protected from damage. derenoration ar oss. The requirements and responsibihiues for
record transmuttal. distributicn, retention, maintenance. and dispesition shall be documented.

14.0 Audits

Planned and scheduled audus to verify comphance with the QA program requirements and to determine
effectiveness of the QA program shall be performed at least annually. The audits shall be performed in accordance
with prescribed procedures or checklists by qualified personncl who do not have direct responsibility for performing
the activilies being audited. Audit resuits shall be documented and reported to responsible management.
Responsible management shall take action to correct identified deficiencics and verify corrective action has been
accomplished.

GENERAL QA REQUIREMENTS FOR THIS PURCHASE

The following general QA requirements shall apply to the supplier for this purchase but do not necessarily need
to be included in the supplier’s QA program.

SUBCONTRACTING

1. The Purchaser shall be notified if Metal Samples Company or LTI subcontracts 27+ the scope of work
prior to issuance of the sub-uer procurement document. Supplier procursment &o=. = 23 for services direstly
supporting this work shall incorporate appropriate portions of the QA Pr~ -zt .:rements listed in Section
1I. MSC procurement documents to LTI shall require LTI to implemen:  ~ Q ¢ program as approved by
OCRWM. The Metal Samples Company procurement document issued tc .. 70 ... also require: chemical and

(8]

mechanical testing 1o be performed and accepted in accordance with the speciiic ASTM standards referenced
in Section 11

Where possible sub-tier procurements should be with suppliers that are approved by DOE/OCRWM Office of
Quality Assurance. :

NONCONFORMANCES/WORK CONTROL

‘»d

The Supplier shall noufy the Purchaser’s technical contact when a calibrated instrument used o calibrate and
certify Purchaser equipment is found to be defscuive or out-of-calibration.

The Supplier shall notify the Purchaser (technical contact) when the Supplier identifies any nonconformances
(deviations) from the procurement document. Nonconformances where the proposed disposition is “repair”
or “use-as-is” are required 10 be submiued to the Purchaser (technical contact) for review and concurrence.

PURCHASER AUDIT/VERIFICATION

N

The Purchaser or Purchaser's Representative (DOE or their representative) has the right 1o inspect and evaluate
(audisurveil) the work performed or being performed under the purchase document, and the premises where
the work is being performed. at all reasonable times and in 3 manner that will not unduly dzloy the work. If the
Purchaser performs inspection or evaluation on the premises of the Supplier or a subcontractor. the Supplier
shall furnish and shall require subcontractors to furnish. at no increase in contract price, all rzasonable facihiies
and assistance for the safe and convenient performance of these duties.
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NOTE: The Purchaser's QA program 1s regulated by the NRC and requires that supphiers of services be
audited. as 2 minimum every three years. [t also requires an annual cvaluation to deternune 1f 3 more frequent
audit is necessary. In other words, the Suppher can expect to be audited soon-after contract award and on 2
three-vear basis after the first audit if the serviee 1s sull being performed.

6. Purchaser verification activities shall not relicve the Supphier of the responsibility for verificauon of quality
achievement.

MISCELLANEOUS

7. The Supplier shall provide the Purchaser with any revisions 10 their QA program documents prior to
implementation.

8. Where software is used as part of the calibration process which provides results that are not later validated. the
Supplicr- shall idenuify the software version and describe the method used 1o verify that the software s
functioning properly and produces the intended results. Software version changes shall be checked to verify
that the soi-ware produces correct results. The supplicr shall keep a record of the validation of the software.

9. There are no purchaser hold points for this purchase order.
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D. REQUIRED DOCUMENTATION
The followine documentation is reawred )
DOCUMENT DESCRIPTION : SUBMITTAL REQUIREMENT _|

The supplier shall provide a documentation package that | Submut for acceptance with the metal samples.
includes the following documents: ’

! Centificatz of Conformance thy the supplier)

) A copy of LTI s Material Test Reports for cach
licat and lot of matenal. LTI shall make a
statemeat  that work  was  performed in
accordance  with  the purchase  order
requirements and the supplicrs QA program
including revision level in effect.

3. MSDS for cleaning solvents used

A photocopy of the Manufacturess Certified

Material Test Reports (CMTR) for each heat

and lot of matenal

!z

5. Inspection and test records of dimensions and

surface finish :
QA Records such as: Retain by the supplier for a rmunimum o7 3 years unless
« implementing documents dispositioned by purchascr befcre that .z

+ documentation of calibration standards

» cguipment calibration records

* training records

» qualification of personnel records

« =zvaluanon or audit reports

e corrective action records

« software validation records (as applicable)
+ nspection ang test records

e tragcability records

The supplier's Certificate of Conformance and Inspection results shall include the following:

This Purchase Order number.

Name of the organization (company) performing the testing or certification.

Identification of sample/coupon submitied to LTI for independent testing using heat or lot number or other
unique identifier. ’

Identification of the solvent used in the cleaning procéss.

A statement that work was performed in accordance with the purchase order requirements and the suppliers QA
program including revision level in effect.

F. All the LLNL specimens identified in Attachment 1 tied to the heat or lot number of matenal used in fabrication.

mo Oowe

A copy of the cenificaie of conformance shall be sent with the samples to the attention of John Estill at LLNL and the
purchase buver.

Records for this procurement shall be legiblc, accurate, appropriate to the work accomplished. and identifiable to the
item(s) or activitv(s) 1o which they apply and shall be stamped, initialed, or signed and daied as complete.

Corrscuons to completed Records for this procurement shall be made by drawing a single line through the changed ot
incorrzct information and insening the new or correct information. The correction shall include the initials or signature
of the individual authorized 10 make the correction ard the date the correction was made. Correction of Records for this
procurement that is incomplete or ilicgibie shatl be accomplished in one of the following ways: 1} Transcnbe, regencrate.
or cnhance the iliegible poruion, or 2) Obtain a new. compiete, legibie record.
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