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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 1l (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 1999e; 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 1997c). 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;

ANL-EBS-MD-000003 REV 00 13 January 2000



beneath mineral precipitates, corrosion products, dust, rocks, cement, and biofilms; and between
layers of the containers. There has been concern 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.

1.4 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 Ecorr (50" 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 Eritical are assumed to be at Egritical (50th
percentile) £ 75 mV. Material falling outside of these specified ranges will not be accepted. If
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the comparison of Ecor t0 Ecriticar indicates GC, the distribution of rates determined 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 Er and Egriicat data given here may also be used, if
deemed appropriate.

T,RH , Dripping

no

Dripping ?

dt DOX
dp
dt yes
SCW SSW
Ecorr = fl(T) Ecorr = f4(T)
Ecritical = f2 (T) Ecritical = f5 (T)
ipass = f3(T) ipass = fG(T)
no yes
y
dp dp
dt GC dt LC
Y h 4 h 4 l h 4
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 NaNOj3 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 can be estimated from the intersection of the
lines representing the corrosion and threshold potentials at elevated temperature. To force
crevice corrosion to occur in the model, Ecorr and Egritical 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™
(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.

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 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™.

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 KTI. 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 agueous 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, 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.”

4. 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. It is
assumed that Ec,r IS corrected to account for fully aged material by subtracting
approximately 100 mV from values calculated for the base metal. The shift in Egitical
(threshold potential 1) also appears to be approximately 100 mV in most cases. Thus, the
difference Egriticai-Ecorr appears to be virtually unchanged. The effect of thermal aging on the
corrosion rate is accounted for in the enhancement factor, Gageq, and is based upon a ratio of
the non-equilibrium current densities for base metal and aged material. The value of Gageq
for base metal is approximately one (Gaged ~ 1), whereas the value of Gageq 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 < Gaged < 2.5).

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.

6. 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 Il 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 1999c, p. 7). This analysis applies to all of the
waste package designs included in the MGR Classification Analyses. Reference CRWMS M&O
(1999c) 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-SI.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-S1.1Q, 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-SI.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

41 DATA AND PARAMETERS

4.1.1 Definition of Parameters

Ci(®)
Ci(B)
Doxide
Ecorr
Ecritical
Ej

F
Gaged
Gwmic
Joxide
R

RZ

RH

R Hcritical
T

dimension of weight loss sample

dimension of weight loss sample

dimension of weight loss sample

coefficient in regression equation

coefficient in regression equation

coefficient in regression equation

probability density function

corrosion current density

passive current density

parabolic rate constant in DOX model

wall penetration due to corrosive attack
exposure time during weight loss measurement
time in DOX model

mobility of the i ion

measured weight loss

formula weight of oxide formed during DOX
independent variable in regression equation
oxide thickness in DOX model

measured parameter in sensitivity (error) analysis
initial oxide thickness in DOX model
dependent variable in regression equation
computed value in sensitivity (error) analysis
valence (charge) of the i ion

molar concentration of the i" ion in alpha phase

molar concentration of the i" ion in the beta phase

diffusivity of reacting species through protective oxide

corrosion potential

critical potential — threshold for localized attack

junction potential — correction for reference electrode junction

Faraday’s constant

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

universal gas constant

regression coefficient

RH

threshold RH for HAC

temperature
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o standard deviation

u 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 2000a). This
work has been used to define the threshold RH for HAC and APC, as well as a medium for
testing WP materials under what is now believed to be a worst-case scenario. This test medium
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 (RHritical) 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 NaNOj 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 (RHcritical) are precipitated in surrounding rock before they reach the WP
surface. This threshold obeys the following polynomial in temperature, which is a fit of the data
deliquescence point data for NaNOs:

RH_, . . =-3.5932x10"° x T(°C)’ +5.9649 x10™° x T(°C)? — 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
NO3". 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 HCO3', Ca®*, and Mg®* are removed from solution due to carbonate
precipitation. The concentration of HCOj3™ reaches a constant level, while the concentrations of
F~ and SO, 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 (1997a,
1997b, 1997c). 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 WPOB of all
WP designs (CRWMS M&O 1999f).

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 1999f) (Section 1.2.1.3).

4.3 CODES AND STANDARDS
4.3.1 Standard Test Media

G. E. Gdowski, Formulation and Make-up of Simulated Dilute Water (SDW), Low lonic 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 lonic
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 for Making 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 for Making 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, VVol. 3.02, pp. 15-21. (ASTM 1997e)

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:

RH < RH ica (Eq. 2)

This threshold RH for HAC (RHcriticar) 1S 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 K,SO,
IS 97.59% at 20°C. It is assumed that the uncertainty in RHiticar 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.

52 HUMID AIR CORROSION
HAC occurs at any RH above the threshold:

RH = RH ica (Eq. 3)

This threshold RH for HAC (RHcriticar) 1S 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 > RHcritical (Eq 4)
This threshold RH for APC (RHriticar) 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). 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 (® ., ):

O ghietg. = Al
Ashield
where Aopening IS the projected area of the opening on the floor of the drift and Aspieiq 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.

(Eq. 5)

5.6 THRESHOLD FOR LOCALIZED CORROSION

If the open circuit corrosion potential (Ecorr) is less than the threshold potential for localized
corrosion (Ecritical), N0 localized corrosion occurs:

Ecorr < Ecritical (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 Egriticat 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. This assumption is
relevant to the analysis presented in Section 6.4.3 and is based on a conservative approach for
crevice corrosion temperature.

5.7 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 Eor and GC rates for Alloy 22 have been studied by Lian et
al. (1999) and Horn et al. (1998). End-point measurements of E.,,, 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 (© ... ):
Afailed
®package = A (Eq 7)

package

where Agileq 1S the projected area of all failed (completely corroded) WAPDEG patches on the
floor of the drift and Apackage 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 it in
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 < RHgticar, thereby forming an adherent,
protective oxide film of uniform thickness. It is assumed that the protective oxide film is
primarily Cr,O3. The oxidation reaction is given as (Welsch et al. 1996):

4/3Cr +0,—2/3Cr,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
‘]oxide = _Doxide & = _Doxde T (Eq 9)

where Joige 1S the molar flux of the reacting species in the oxide, Dige 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:

% — Coxide X Wosige X ‘]oxide (Eq 10)

dt p oxide

where Coige 1S the stoichiometric coefficient (moles of oxide per mole of diffusing species), Woxide
is the formula weight of the oxide, and poyide 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 =X+ kxt (Eq. 11)

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

k — 2 XC oxidexwoxide X Doxide X AC (Eq 12)

poxide
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 k fall below a line
defined by:

21| 1o g 20° | _
loglk (m’s™)]= 12.5(T(K)J 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 pum per year). After one
year, this corresponds to a growth of 0.0093 um (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 > RH (Eq. 14)

critical
This threshold RH for HAC (RHcritical) 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 5-10

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,SO;, is
97.59% RH at 20°C. It is assumed that the uncertainty in RHciticar Can 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 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.

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 (RHriticar) 1S 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 (Ecorr) exceeds the threshold potential for breakdown of the passive
film (Ecritical):

E.,.= E

corr — critical

(Eg. 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,
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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
625-4 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 0.829
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
IS 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,SO,, 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™) (mg/L™)

K+l 3.400E+01 3.400E+03 3.400E+03 1.416E+05
Na+1 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
Ft 1.400E+01 1.400E+03 0.000E+00 0.000E+00
crt 6.700E+01 6.700E+03 6.700E+03 1.284E+05
NO3'1 6.400E+01 6.400E+03 6.400E+03 1.310E+06
SO4'2 1.670E+02 1.670E+04 1.670E+04 0.000E+00
HCOs'l 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
ASTM G 61-86.

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 10® 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 (Ecorr). 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/AgCI. 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. DTNs 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 NaNO3, 0.026 to 0.26 M Na,SO,4, 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/AgCI, 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 further research 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.

ANL-EBS-MD-000003 REV 00 43 January 2000



1,200 [T I T T T T T T Reversal Potential prd
Negative hysteresis loop during reverse scan - I’
| nolocalized breakdown of passive film at reversal potential - o
1,000 no repassivation potential observed Pl il
==
LT ":a"::_—v
= 800 < L] L
% "] L Threshold Potential 1
< 600 o
3 g s
< g
‘Q 400 \ } Passive Non-Equibrium Current
> N F’
E 200 7{
£ A1
S 0
2 N\
g g N
-200 A8 o =
—L Corrosion
<J < -‘hh“--._ Potential
-400
-600
1.0E-09 1.0E-08 1.0E-07 1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00
Current (A)
DTN: LL990610105924.074
Figure 3. Type 1 — Alloy 22 in SSW at 120°C (DEA033)
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Figure 4. Type 1 - Alloy 22 in SAW at 90°C (DEA002)
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Figure 5. Type 2 — Alloy 22 in SCW at 90°C (DEA016)
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Figure 6. Type 2 — Alloy 22 in SCW at 60°C (DEA017)
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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 Figures
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 =b, +b,x (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 E,r and the most conservative correlation for
Ecritical 1abeled. 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 Ecor and Ecgriticar-
Acceptance of a material requires that (1) the measured value of E.,r 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 Egitica in @ particular environment cannot be less than the
value calculated with the corresponding correlation in Table 5 by more than 75 mV.
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The correlations given in Table 5 were used to calculate the values at 10°C intervals of Eor and
Ecriticat Shown in Table 6 for SDW, SCW, and SAW. The correlation for Egiticas in 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 Egriticat and Ecorr (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
Ecorr and below the thermodynamic limit of water. Long-term potential control experiments
should be performed to determine actual values of Egiticar 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 Egorr and Egriticar 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 Eqr and Ecritical-
The precise determination of uncertainty and variability in Ecor and Egriticar 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 Ecorr and Ecritical OVer 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.

ANL-EBS-MD-000003 REV 00 49 January 2000



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 mV
DEA025| SDW 30 1200 -55 466 688 524 577 619 Type 1-2
DEA026| SDW 60 1200 -137 317 874 438 495 506 Type 2
DEA027| SDW 90 1200 -191 192 757 283 338 387 Type 2
DEA023| SDW 30 1200 -65 436 900 511 555 564 Type 2
DEA022| SDW 60 1200 -174 282 800 464 508 501 Type 2
DEA024| SDW 90 1190 -162 185 739 270 308 422 Type 2
DEA019| SDW 30 1190 -93 420 900 516 556 579 Type 2
DEA021| SDW 60 1190 -161 290 809 445 491 509 Type 2
DEA020| SDW 90 1200 -158 169 724 268 335 390392 Type 2
DEAOQ9| SCW 30 795 -57 169 421 none none none Type 2
DEAO11| SCW 60 797 -240 234 777 292 319 680 Type 2
DEAO10| SCwW 90 798 -136 206 719 16 46 663 Type 2
DEA012| SCW 30 1200 -173 338 910 490 530 699 Type 2
DEA014| SCwW 60 1190 -231 226 771 319 344 572 Type 2
DEA013| SCW 90 1190 -173 336 910 490 532 699 Type 2
DEA015| SCW 30 1190 -188 341 907 538 572 742 Type 2
DEAQO17| SCwW 60 1200 -226 238 789 323 353 595 Type 2
DEA0O16| SCW 90 1190 -237 199 704 609 609 622 Type 2
DTN: LL990610205924.075
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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

ID Potential | Potential Potential 1 Potential 2 ivation ivation ivation Type

Potential 1 | Potential 2 | Potential 3
°C mV mV mV mV mV mV mV

DEAOO7| SAW 30 1020 -42 663 750 none none none Type 1
DEA0O4| SAW 60 1050 -118 575 774 none none none Type 1
DEAOO2| SAW 90 1040 -176 555 642 none none none Type 1
DEAOO3| SAW 30 1100 -66 650 775 none none none Type 1
DEAOO6| SAW 60 1040 -115 613 783 none none none Type 1
DEAO029| SAW 90 1200 -171 595 652 646 671 849 Type 1
DEAOO5| 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 -150 600 650 none none none Type 1
DEAO032|] SSW 100 1200 -234 234 768 none none none Type 2
DEAO033| SSW 120 1200 -253 664 715 none none none Type 1
DEAO35| SSW 100 1200 216 526 none none none Type 1
DEA034| SSW 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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Table 5.  Summary of Correlated Corrosion and Threshold Potential Data, Alloy 22

Figure Medium Curve Potential Parameter bo by R’
12 SDW Type 2 Corrosion Ecorr -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 SDW 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 Ecorr -123.86 -1.0667 0.1449
13 SCW Type 2 Threshold 1 282.93 -0.875 0.156
13 SCW Type 2 Threshold 2 Ecritical 679.36 0.7917 0.0167
13 SCwW Type 2 Repassivation 1 550.24 -3.0882 0.111
13 SCW Type 2 Repassivation 2 596.24 -3.4216 0.1447
13 SCW Type 2 Repassivation 3 724.18 -1.2078 0.1926
14 SAW Type 1 Corrosion Ecorr 12 -1.9958 0.9522
14 SAW Type 1 Threshold 1a Ecritical 677.33 -1.1153 0.5617
14 SAW Type 1 Threshold 1b 857 -2.1667 0.641
15 SSW Type 1 Corrosion Ecorr 28.5 -2.625 0.4501
15 SSW Type 1 Threshold 1a Ecritical -683.5 9.175 0.1559
15 SSW Type 1 Threshold 1b 1643 -8.75 0.4068

NOTE: R?is the regression coefficient.

Table 6. Values of Er and Eiticas Based on Correlated CP Data, Alloy 22

SDW | SDW | SDW | SCW | SCW SCW | SAW SAW SAW [ SSW SSwW SSW
T Ecorr Ecritical Diff. Ecorr Ecritical Diff. Ecorr Ecritical Diff. Ecorr Ecritical Diff.
CC) [ (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

60 | -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

90 | -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 | -263 169 432 -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 -365 150 515
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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
ambient-temperature CP of 316L samples in 0.018 M NaCl 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
h™ 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).
z
Z' C.(B) C.(Of)]RT Yla|u Cile
E = (Eq. 18)

’ Z|z|u (B)- oc)]F 2|z|uC

where E; is the potential across the junction connecting the o and S phases, z; is the valence of
the i™ ion, u; is the mobility of the i ion, Ci(«)is the concentration of the i ion in the o phase,
Ci(B) is the concentration of the i ion in the B phase, R is the universal gas constant, T is the
absolute temperature, and F is Faraday’s constant. Calculated values of E; for the isothermal
junction are summarized in Table 7 and required the summation of various products such as

2| u,C (@), [z, uCi(B), |z|ulC;(B)-Ci(e)] and |z;| u;[C,(B)-C\(e))/z -

Table 7.  Summary of Junction Potential Corrections for CP (volts)

T (°C) SDwW 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 (o 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.
lonic 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.
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Table 8.

Junction Potential Correction for CP with SDW

FW, Ci (o) Zi |Zi| U; |Zi|uiCi(a) |Zi|UiCi(ﬁ) |Zi|ui[Ci(ﬁ)_Ci(a)] |Zi|ui[Ci(ﬁ)—Ci(oc)]/zi
(mol/L™) (cm?sec* VY | (molecm™®s*v?h | (molem™s™vY) (mol cm™s™* v (mol cm™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+2 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
crt 35.4527 1.890E-03 -1 1 7.91E-04 1.495E-06 3.165E-03 3.163E-03 -3.163E-03
NOs™ 62.0049 1.032E-03 -1 1 7.40E-04 7.642E-07 0 -7.642E-07 7.642E-07
S0,*? 96.0636 1.738E-03 -2 2 8.27E-04 2.875E-06 0 -2.875E-06 1.438E-06
HCOs_1 61.0171 1.552E-02 -1 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
HY 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

FW, Ci(@) i |Zi| Ui |Zi|uiCi(a) |Zi|UiCi(ﬁ) |Zi|ui[Ci(ﬁ)_Ci(a)] 2] u[Ci(B)-Ci(@))/z
mol/L™ (cm?sec* VY | (molem™s*v?h | (molem™s™vY) (mol cm™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+2 24.3050 | 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
Fl 18.9984 | 7.369E-02 | -1 1 5.00E-04 3.685E-05 0 -3.685E-05 3.685E-05
crt 35.4527 | 1.890E-01 | -1 1 7.91E-04 1.495E-04 3.165E-03 3.015E-03 -3.015E-03
NOs™ 62.0049 | 1.032E-01 | -1 1 7.40E-04 7.642E-05 0 -7.642E-05 7.642E-05
S0, 96.0636 | 1.738E-01 | -2 2 8.27E-04 2.875E-04 0 -2.875E-04 1.438E-04
HCOs™ 61.0171 | 1.147E+00 | -1 1 4.61E-04 5.289E-04 0 -5.289E-04 5.289E-04
Si0s”? 76.0837 | 9.614E-04 | -2 2 5.00E-04 9.614E-07 0 -9.614E-07 4.807E-07
HY 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
i
E. 1.306E-03 Volts 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, Ci(o) Zi |Zi| Ui |Zi|uiCi(a) |Zi|UiCi(ﬁ) |Zi|ui[Ci(ﬁ)_Ci(a)] 2] u[C;(B)-Ci(@)]/z
mol L™ (cm?sec* VY | (molem™®s*v?h | (molem™s™vY (mol cm™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+2 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
Fl 18.9984 | 0.000E+00 | -1 1 5.00E-04 0.000E+00 0 0.000E+00 0.000E+00
crt 35.4527 | 1.890E-01 | -1 1 7.91E-04 1.495E-04 3.165E-03 3.015E-03 -3.015E-03
NOs™ 62.0049 | 1.032E-01 | -1 1 7.40E-04 7.642E-05 0 -7.642E-05 7.642E-05
S0, 96.0636 | 1.738E-01 | -2 2 8.27E-04 2.875E-04 0 -2.875E-04 1.438E-04
HCOs™ 61.0171 | 0.000E+00 | -1 1 4.61E-04 0.000E+00 0 0.000E+00 0.000E+00
Si0s”? 76.0837 | 9.614E-04 | -2 2 5.00E-04 9.614E-07 0 -9.614E-07 4.807E-07
HY 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
i
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, Ci(o) Zi |Zi| Ui |Zi|uiCi(a) |Zi|UiCi(ﬁ) |Zi|ui[Ci(ﬁ)_Ci(a)] 2] u[C;(B)-Ci(@)]/z
mol L™ (cm?sec* VY | (molem™s*v?h | (molem™s™vY) (mol cm™s™* v (mol cm™s™* 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
|\/|g+2 24.3050 0.000E+00 2 2 5.00E-04 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
F! 18.9984 0.000E+00 | -1 1 5.00E-04 0.000E+00 0 0.000E+00 0.000E+00
crt 35.4527 3.622E+00 -1 1 7.91E-04 2.865E-03 3.165E-03 2.993E-04 -2.993E-04
NOs_l 62.0049 2.113E+01 -1 1 7.40E-04 1.564E-02 0 -1.564E-02 1.564E-02
304_2 96.0636 0.000E+00 -2 2 8.27E-04 0.000E+00 0 0.000E+00 0.000E+00
HCOs_1 61.0171 0.000E+00 -1 1 4.61E-04 0.000E+00 0 0.000E+00 0.000E+00
Si0s”? 76.0837 0.000E+00 | -2 2 5.00E-04 0.000E+00 0 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
i
E. -9.164E-03 Volts at 90°C Beta - Alpha
i
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6.5 RATES OF GENERAL AQUEOUS-PHASE CORROSION

GC rates are assumed if the threshold potential (Ecriticar) 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):

dp i
— =0 Eq. 19
dt F (Ea. 19)

palloy nalloy

where p is the penetration depth, t is time, i IS the corrosmn current density, paioy is the density
of the alloy, assumed to be approximately 8.69 g cm™ for Alloy 22, Nailoy, 1S the number of gram
equivalents per gram of alloy, and F is Faraday’s constant. The value of nyey can be calculated
with the following formula:

il @

f.n.

Naoy = Z(#J (Eq. 20)
where f; is the mass fraction of the j™ alloying element in the material, n; is the number of
electrons involved in the anodlc dissolution process, which is assumed to be congruent, and a; is
the atomic weight of thej alloying 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
(fin;/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 (fjn;/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 prog)ortlonal to current density and is estimated to be
between 9.39 and 9.73 um per year at 1 A cm

Usually, the corrosion current density, icrr, 1S determined from the intersection of the anodic and
cathodic Tafel lines at Eqorr (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.,r have limited
Tafel linearity in Figures 3 through 9. Nevertheless, approximate Tafel extrapolations generally
yield icor values around 1x10° A cm™, which are about one hundred times higher than the
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equivalent igor from LTCTF weight loss data. Tafel extrapolations should give much lower igo
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, icrr, NOt as the
corrosion current density per se. The non-equilibrium passive current density, ipass, S€rves 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™) are practically 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 densities (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 um
per year). See Section 6.5.3. Assuming a penetration rate of 9.73 um y™ at a corrosion current
density of 1 uA cm?, 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 6x10™° 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 =Inb, +b,Inx (Eq. 21)

where y is the current (A) and x is the temperature (°C). This can be rewritten as follows:
y = by x (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 f; Value at High f;
Faraday Constant C equiv-1 9.648460E+04 9.648460E+04
Assumed Current Density Acm? 1.000000E-06 1.000000E-06
Assumed Mass Density g cm® 8.690000E+00 8.690000E+00
Total (fini/a;)/100 3.864793E-02 4.005512E-02
dp/dt cm sec™” 3.086000E-11 2.977585E-11
dp/dt pm per year 9.732010E+00 9.390113E+00
Table 13. Conversion of Current Density to Corrosion (Penetration) Rate — Calculation
a; n; n; n; fj fj (finj/a;)/100 (finj/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 3.228539E-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
\Y 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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Figure 18. Bounding Currents Versus Temperature, Alloy 22 in SDW
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Figure 19. Bounding Currents Versus Temperature, Alloy 22 in SCW

ANL-EBS-MD-000003 REV 00 65 January 2000



1.0E-04
< Lower Bound of Corrosion
Current
O Non-Equilibrium Passive
1.0E-05 Current
O —% "
(S | “="Power (Non-Equilibrium
A Passive Current)
- “—Power (Lower Bound of
1.0E-06 Corrosion Current)
w
o
§ 10E07
5
= y = (5E-07)x>** R?=0.5907
O 1.0E-08 f
I //
) !
1.0E-09 / J> l
/ y = (2E-19)x>***® R®=0.6506
1.0E-10 /’
1.0E-11
20 30 40 50 60 70 80 90 100
x = Temperature (Centigrade)
DTN: LL990610205924.075
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Figure 21. Bounding Currents Versus Temperature, Alloy 22 in SSW
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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 by R’
Potential

18 SDW Type 2 Corrosion Ecorr 1.0E-16 3.7402 0.8288
18 SDW Type 2 Passive Ecritical 2.0E-05 -0.5453 0.2869
19 SCW Type 2 Corrosion Ecorr 1.0E-30 11.866 0.853
19 SCW Type 2 Passive Ecritical 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 SSwW Type 1 Corrosion Ecorr

21 SSW Type 1 Passive Ecritical 2.0E-17 5.6236 0.2341

DTN: LL990610205924.075

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
-2 -1
(MA) (A cm™) (umy™)
18 SDW 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 SSW Type 1 Corrosion — 90°C
21 SSW 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 um 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 A1 of ASTM G 1-90 (ASTM 1997e). 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,SO,, 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 situ examinations.

As previously discussed, GC measurements are based upon ASTM G 1-81 (ASTM 1987) or the
more recent ASTM G 1-90 (ASTM 1997e). 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 = ——~———2—
(AXT xD)

(Eq. 23)

where K is a constant, T is the time of exposure in hours, A is the exposed area of the sample in
square centimeters, W 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, t 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=8.76x10"umy*hcm™
W = 0.0001 gm

A=1.0 cm?

T =4320h

D=8.69gmcm™

8.76 x 10" um yr~*hcm~" Y0.0001 gm

( umy Jooooigm oo
(1.0cm “ Y4320 h)(8.69 gmcm ™)

Corrosion Rate =

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"umcm™
w =0.0001 gm
2(axb)+2(bxc)+2(@axc)=1.0cm?
t=05y

p=8.69gm cm™

dp _ (10°umcm X0.0001gm)
dt ~ (1.0cm *)0.5yr)8.69gm cm’’

" 0.23umy"

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 y?, 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 calculation (Burr 1974). The
average corrosion 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 corrosion rate based upon all crevice samples is 71 nm
y with a standard deviation of 89 nm y™. If the four highest rates are omitted, 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 Alloy 22, 6, and 12 Month Weight Loss Samples from LTCTF, Corrosion Rate Versus
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Figure 24. GC of Alloy 22, 6, and 12 Month Crevice Samples from LTCTF, Corrosion Rate Versus
Temperature
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Figure 25. GC of Alloy 22, 6, and 12 Month Crevice Samples from LTCTF, Percentile Versus Corrosion
Rate
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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 (X Xy, X5, X, -+ X)) (Eq. 25)

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

ay ay ay ay L9y
dy = ——dx, + ——dx, + ——dx, + ——dx, + dx Eq. 26
= X, 9X, 2t 0%, 2 X, s E)xn " (Eq. 26)
Based upon this definition, the maximum error in y can then be defined as:
Ay:a—yAx1 +|ay AX, +|8y AX, +8_yAX4 4+t a—yAxn (Eq. 27)
0% ‘ax2 ‘ax3 0X, X,

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

dp w 1
= = Eq. 28
Y= pxt [2(axb)+2(bxc)+2(axc)] (Eq. 28)
The total derivative of the corrosion rate is:
dy =Y awr Y dp+ Yt +2Y da+ 2 db+2Y e (Eq. 29)
ow ap ot oa ob ac
The maximum error in the corrosion rate is:
Ay =2 Awd+ 12V Ap|+[2Y atl+[2Y aal + 12 Ab| +12Y Ac (Eq. 30)
w ap ot Ja ab ac
The partial derivatives are:
oy 1 1
gy _ Eq. 31
ow pxt[2(axb)+2(bxc)+2(@axc) (Ea. 31
ay w 1
— = Eq. 32
op ~ pPxt Rlaxb)+2(bxc)+ 2@xc)] (Ea. 32)
dy_ W ! (Eq. 33)

ot pxt® [2(axb)+2(bxc)+2(axc)]
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dy_ w [2b+ 2c]

da  pxt [2(axb)+2(bxc)+2(@xc)f (Fa- 34
ay w [2a+ 2¢]

A .3
9~ pxt [2axb)+ 2(bxc)+ 2(axc)] (F-35)
9y w [2a+ 2b] (Eq. 36)

dc  pxt [2(axh)+2(bxc)+2(@xc)f

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 (Aw, Ap, At, aa, Ab, 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 nm y'1 nm y'1 nm y'1
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 dimensional measurements
prevent determination of corrosion rates less than approximately 38 nm y*. The maximum
uncertainty 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 (1o). Therefore, any measured corrosion rate greater
than 160 nm y™* (46) 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 emgtht
aylop Partial derivative of rate with respect to density cm*gth?
aylot Partial derivative of rate with respect to exposure time cm h
dyloa Partial derivative of rate with respect to length h™
ay/db Partial derivative of rate with respect to width h*
ayloc Partial derivative of rate with respect to thickness h*
AW Error in weight loss g
Ap Error in density g cm®
At Error in exposure time hr
Aa Error in length cm
Ab Error in width cm
Ac Error in thickness cm
(ay/ow) x (Aw) Weight loss product cm
(aylap) x (Ap) Density product cm
(a9y/ot) x (At) Exposure time product cm
(9y/oa) x (Aa) Length product cm
(dy/db) x (Ab) Width product cm
(dy/ac) x (Ac) Thickness product cm
Ay Sum of all products cmh*
Ay Sum of all products umy*
Ay Sum of all products nm y'1
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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 8.69 8.69 8.69 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
aylow 4.6338E-07 8.7964E-07 2.2725E-07 4.3139E-07
aylop 5.3324E-12 1.0122E-11 2.6151E-12 4.9642E-12
ay/ot 1.0786E-14 2.0476E-14 2.5942E-15 4.9245E-15
dyloa 8.6331E-12 1.6435E-11 4.2337E-12 8.0601E-12
dy/db 8.6331E-12 3.1110E-11 4.2337E-12 1.5257E-11
aylac 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
(dylow) x (Aw) 1.3902E-10 2.6389E-10 6.8174E-11 1.2942E-10
(dy/ap) x (Ap) 5.3324E-13 1.0122E-12 2.6151E-13 4.9642E-13
(9y/ot) x (AY) 2.5887E-13 4.9142E-13 6.2260E-14 1.1819E-13
(dy/9a) x (Aa) 2.1928E-14 4.1746E-14 1.0754E-14 2.0473E-14
(dy/db) x (Ab) 2.1928E-14 7.9019E-14 1.0754E-14 3.8752E-14
(ay/oc) x (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 19. 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 8.69 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
aylow 4.6338E-07 8.7964E-07 2.2725E-07 4.3139E-07
aylop 5.3324E-11 1.0122E-10 2.6151E-11 4.9642E-11
ay/ot 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
dy/db 8.6331E-11 3.1110E-10 4.2337E-11 1.5257E-10
ayloc 1.6289E-10 4.4023E-10 7.9882E-11 2.1589E-10
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
(dylow) x (Aw) 1.3902E-10 2.6389E-10 6.8174E-11 1.2942E-10
(dy/ap) x (Ap) 5.3324E-12 1.0122E-11 2.6151E-12 4.9642E-12
(9y/ot) x (AY) 2.5887E-12 4.9142E-12 6.2260E-13 1.1819E-12
(dy/9a) x (Aa) 2.1928E-13 4.1746E-13 1.0754E-13 2.0473E-13
(dy/db) x (Ab) 2.1928E-13 7.9019E-13 1.0754E-13 3.8752E-13
(dylac) 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 8.69
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
aylow 4.6338E-07 8.7964E-07 2.2725E-07 4.3139E-07
aylop 5.3324E-10 1.0122E-09 2.6151E-10 4.9642E-10
aylot 1.0786E-12 2.0476E-12 2.5942E-13 4.9245E-13
dyloa 8.6331E-10 1.6435E-09 4.2337E-10 8.0601E-10
dy/db 8.6331E-10 3.1110E-09 4.2337E-10 1.5257E-09
ayloc 1.6289E-09 4.4023E-09 7.9882E-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
(dylow) x (Aw) 1.3902E-10 2.6389E-10 6.8174E-11 1.2942E-10
(dy/ap) x (Ap) 5.3324E-11 1.0122E-10 2.6151E-11 4.9642E-11
(9y/ot) x (AY) 2.5887E-11 4.9142E-11 6.2260E-12 1.1819E-11
(dy/9a) x (Aa) 2.1928E-12 4.1746E-12 1.0754E-12 2.0473E-12
(dy/db) x (Ab) 2.1928E-12 7.9019E-12 1.0754E-12 3.8752E-12
(dylac) 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 Alloy 22 with Combined Data and Negative Values Neglected
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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)’

or
Foo=1- =" oy
(b—a)(b-c) (Eq. 38)

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

2(x—a)

f(x)=———"-—2 _  a<x<b
(b—a)(c-a) (Eq. 39)
or
f(x):M <x<b
(b—a)(b-c) (Eq. 40)

The mean and variance are given by:

_(a+b+c)
3 (Eq. 41)

and

G_az +b? +¢c® —ab-ac—bhc
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) is 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 numbers 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 um x 25 um),
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 um 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 (DWAO051, 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 SiO,), 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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k=10* yumecm™
Aw=1.678x10"° gm
area = 30.645cm 2
t=10y

p=8.69gm cm™

10* 1Y1.678x107
B ),
dt ) (30.645cm “)1.0 yr)(8.69 gm cm™)

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

k=10* yumcm™

AW =3.125x 10 gm
area=57.078cm ?
t=10y

p=8.69gm cm

10* *)3.125%10°
(@) = (10%m czn Y3125 gm)_a =0.063 umy™
dt ) (57.078 cm ?)1.0 yr)8.69 gm cm™)

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

25 pym

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
90°C (DCA101).
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Figure 31. Histogram of AFM Measurements of Vertical Distance made 1.5 mm outside of Crevice

(DCB100_4)

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)
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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
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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. Figure
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
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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 oxygen 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<5) 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** + H,0 «——Fe(OH)" + H" (Eq. 44)
Fe’* +H,0«—Fe(OH)* +H* (Eq. 45)
Ni* +H,0«——Ni(OH)" +H" (Eq. 46)
Cr¥* +H,0—Cr(OH)* +H" (Eq. 47)

Cr(OH)* +H,0———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:

[cr]=[c1 ] exp[—R—FT (I)(x)] (Eq. 52)

where [Cl']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 CI" (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 cm 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/AgCI 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 =b, +b,x+b,x° (Eq. 53)

where x is the potential applied at the crevice mouth (mV versus Ag/AgCl) and y is 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 by b, R®
(pm)
Alloy 22 4M NaCl 110 7.2716 -0.0012 -5.0E-06 0.9782
Alloy 22 4M NaCl 540 7.0227 -0.0015 -4.0E-06 ~1
Alloy 22 SCW 540 8.276 0.0003 0.9646
316L 4M NaCl 540 1.035 -0.00001 0.0005
316L 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 40. Alloy 22, 4M NaCl at 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% FeCl; 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,SO4, 3
vol% HCI, 1 wt% FeCls, and 1 wt% CuCl,, a penetration rate of 610 pum 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 wA cm™, which corresponds to a corrosion rate of
approximately 100 um 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)
0" 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% HCI 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.

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, Gageq, and is based upon a ratio of the non-equilibrium current densities for
base metal and aged material.

dp

dp
e = Vaged XE

Eq. 54
ot (Eq. 54)

effective effective

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

Figure 45 shows a comparison of CP curves for base metal and thermally aged material in SCW
at 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/AgCI 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,CO; (anhydrous) 10.6

KCI 9.7

NaCl 8.8

NaF 0.2

NaNO; 13.6

Na,SO, (anhydrous) 1.4

H,O 55.7

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 KCI, 7.9 g NaCl, 0.2
g NaF, 13.6 g NaNOs3, 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 1 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 0.1 N
NaOH to the chemicals. 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.
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Table 24. Modified BSW Solution Recipes

BSW-13 BSW-12 BSW-11
Chemical Quantity Quantity (g) Quantity (g)
KCI 8.7¢9 8.749 8.7¢g
NaCl 799 799 799
NaF 0.2g 0.2g 0.2¢g
NaNO; 13.0g 13.0¢g 13.0¢g
Na,SO,4 (anhydrous) l4g l4g l4g
H,O (deionized) 66 ml 66 ml 66 ml
10N NaOH 2 ml
1IN NaOH 2 ml
0.1N NaOH 2ml
CO,, partial pressure 0 0 0
pH (measured at room temperature) 13.13 12.25 11.112

DTN: LL991213805924.110

NOTE: The CO; 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,SiO39H,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/AgCI reference electrode, whereas a sample aged for 173 hours has a corrosion
potential of -372 mV relative to the same reference. The difference Ecriticai-Ecorr 1S 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 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
SCW at 90°C; and by more than 100 mV in the case of BSW at 110°C. It is assumed that E.qr
can be corrected to account for fully aged material by subtracting approximately 100 mV from
values calculated for the base metal. The shift in Eciticar (threshold potential 1) also appears to be
approximately 100 mV in most cases. Thus, the difference Eritica-Ecorr appears to be virtually
unchanged.

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. The value of Gageq for base metal is approximately one (Gaged ~ 1) Whereas the value of
Gaged for fully aged material is larger (Gageq ~ 2.5). Material with less precipitation than the fully
aged material would have an intermediate value of Gageq (1 < Gaged < 2.5). Assume that Gageq IS
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 S*. Ultimately, the impact of MIC will be accounted for by adjusting
Ecorr, Ecriticat, 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 c is the enhancement factor.

ap
dt

dp
X —
MIC dt

(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 c for Alloy 22 in sterile media is approximately one (Gwic ~ 1), whereas the
value of Gy c for Alloy 22 in inoculated media is larger (Gmic ~ 2). Assume that Gyc is
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 Gaged X Gwmic.

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 10°
cells mI™ of groundwater. When exogenous phosphate is added (10 mM), the levels of bacterial
growth increase to 10’ to 10° cells mI™. 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 Gyc 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.

ANL-EBS-MD-000003 REV 00 103 January 2000



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 types 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 been
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 Ecorr (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 (1999)
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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 periods. 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 um y*, mean 0.05 um 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!, mean 0.01 um y!

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 um 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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Figure 47. Additional Two-Year GC Corrosion Rate Data from LTCTF Based upon Generic Weight Loss

Samples

Percentile (%)

100

r/g)’_—o’

90

j

80

70

&

60

50

40

30

20

J
i
'
g
q

&

Two-Year LTCTF Data for Alloy 22 - Generic
Crevice Samples

10

el

-20

-10 0

20 30 40 50 60 70

Penetration Rate (nm/yr)

80

DTN: LL000112205924.112

Figure 48. Additional Two-Year GC Corrosion Rate Data from LTCTF Based upon Generic Crevice

Samples
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Figure 49. Additional Two-Year GC Corrosion Rate Data from LTCTF Based upon Both Generic Weight
Loss and Crevice Samples, including those with Apparent Negative Rates
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Figure 50. Additional Two-Year GC Corrosion Rate Data from LTCTF Based upon Both Generic Weight
Loss and Crevice samples, including those with Apparent Negative Rates
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Figure 51. Combination of All GC Rate Data for Alloy 22 from LTCTF, including 6-, 12- and 24-Month
(Two-Year) Exposures
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Figure 52. Combination of All GC Rate Data for Alloy 22 from LTCTF, including 6-, 12- and 24-Month
(Two-Year) Exposures with Negative Rates Excluded
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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

6.9.2 Additional CP Data for BSW Test Media

DTN: LL000112205924.112

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 °’Cc °’Cc 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)
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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 5 can be used as the basis for estimating these potentials at the 50™ percentile. Since
the material specifications can be based partly on the measured corrosion and critical potentials,
it can be 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 Egorr
can be assumed to be at Ecorr (50" percentile) + 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 Egritical (50th percentile) £ 75 mV. In principle, material falling
outside of these specified ranges would not be accepted. Other equivalent correlations of Ego
and Ecritical, based upon data relevant to the repository, can also be used. If the comparison of
Ecorr t0 Ecriticar 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. This is 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 distribution 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, Gageq, and is based upon a ratio of the non-equilibrium current
densities for base metal and aged material. The value of Gageq for base metal is approximately
one (Gagea ~ 1), Whereas the value of Gageq for fully aged material is larger (Gageda ~ 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 pm 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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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 controlled
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 (DWAO051), one vapor phase sample from SAW
(DWAO048), one agueous 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
DWAO051, 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.
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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 1.  Control Coupon DWA163 pb990607.019 AFM Image
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Figure 2. Control Coupon DWA163 pb990607.020 AFM Image
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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 Coupons
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Figure 6. SAW, 90°C, Aqueous DWAO051 ph990607.023 AFM Image
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Figure 7. SAW, 90°C, Aqueous DWAO051 ph990607.023 AFM Image, top view
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Figure 8. SAW, 90°C, Aqueous DWAO051 Line Profile in pp990607.023 AFM Image
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Figure 9. SAW, 90°C, Aqueous DWAO051 ph990607.024 AFM Image
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Figure 10. SAW, 90°C, Aqueous DWAO051 pb990607.033 AFM Image
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Figure 11. SAW, 90°C, Aqueous DWAO051 pbh990607.033 AFM Image
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Figure 12. SAW, 90°C, Aqueous DWAO051 ph990607.029 AFM Image
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Figure 13. SAW, 90°C, Aqueous DWAO051 pbh990607.030 AFM Image
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Figure 14. SAW, 90°C, Aqueous DWAO051 ph990607.031 AFM Image
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Figure 15. SAW, 90°C, Aqueous DWAO051 ph990607.032 AFM Image
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Figure 16. SAW, 90°C, Aqueous DWAO051 ph990607.032 AFM Image
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Figure 17. SAW, 90°C, Vapor DWAO048 pbh990607.046 AFM Image
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Figure 18. SAW, 90°C, Vapor DWAO048 ph990607.045 AFM Image
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Figure 19. SAW, 90°C, Vapor DWAO048 ph990607.048 AFM Image
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Figure 20. SAW, 90°C, Vapor DWAO048 pbh990607.050 AFM Image
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Figure 21. SAW, 90°C, Vapor DWAO048 ph990607.054 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 pb990607.037 AFM Image
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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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ATTACHMENT II

INVENTORY OF METAL SAMPLES WITH TRACEABILITY
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DCe 159 Alloy 22 H1s57 1227703264 | NO6022 8575 AS!(”?::-:; ':fs;;‘;'ss Log8 1227743142 | A5.14 EA NICrMo-10 ‘sp{ﬁt::{;?ﬁ““ S?ag : ;3 Slt::;i\
0CB160 | Aloy22 H157 1227703264 | NOBOZ22 8575 AS?:‘:::; po '3?'56 K928 1227743263 | AS.14 ER NiCrMo-10 Tﬁw?gi-;s;o:[-c:?zm_ bor o ass
ocaist | Awoy22 H157 1227703264 | NO6022 8575 Asg;szf:ii;?we Lo%8 1227743142 | A5.14 ER NiC'Mo-10 Asmtgv;%???m SOC-1 8 S00. A
DCB 162 Alloy 22 H157 1227703264 NoE0Z2 B575 Asmg;g:gs;;?m K926 1227743263 | A5.14 ER NiCrMo-10 mw?g::g;o:ﬂ?“ﬂ POnS g:(s:u :1;954
DCB 184 .22 H1s7 1227703264 | N0G022 Bs75 Asm:-:;(m-amss K926 1227743263 | AS.14 ER NCMo-10 mw‘::i:’f;“:,“ﬁ"’"‘"- oS
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Specimen Co | sition Summary Pa ol 2
~‘. 2%lpo .
o] 170 | S| et e ST | vt ol | S s s M0 TETREIT S
Number Mumber
ocBes | Adoy22 H157 1227703264 | NOBOZ2 BS75 "5':22;;9;'3:‘; A K926 1227743263 | A5.14 ER NCMo-10 T“W‘(’S::fffﬁim PR B 0S4
DCB 167 Aoy 22 H187 1227703254 NOB022 B57S As‘;g::f;’ '2'6; ;‘)”55 Ka26 1227743263 | A5.14 ER NiCrMo-10 TRW?SE;B::;{::;H& Pmsg;;‘.;gy
DCB 168 | Afoy22 HIs? | 1227703284 | NoGO22 0575 “S':gg;f: P Lo98 1227743142 | A5.14 ER NiCiMo-10 *Spﬁ,o:;:"":ﬂg‘ﬁ‘ et
pEAg02 | Awy22 K932 1227783203 | NOS022 575 ASPOO;:;;D;JN 56 N/A NIA NIA NIA oo a7
DEADO3 | Aoy 22 K932 1227783203 | NO0B022 8575 Asigzzf;'gf"‘;;’ %8 NIA /A NIA NIA POy ooa a7
DEAOM | Anoy22 K932 1227783202 | NOBO22 BS75 “Siﬂgz':;gf"g‘ 56 N/A NIA NIA NA Pofgg;“?
DEAOOS | Adoy22 K932 1227783203 | NOGO22 B575 As”(?azf;ﬁff;' 56 NiA NiA /A A ot o 47
DEAOOS | Alloy2Z K932 1227763203 | NOGO22 BS7S Asp;g‘::;':zgf“g‘ 56 NI NA A NA bSO
DEAGOT | Amoy22 K832 1227783200 | NO8022 8575 Asmﬂ'ﬁf"g' 8 N/A NA WA NIA Pofg;;‘ o
DEA 008 Aoy 22 K932 1227763203 | NOBO22 8575 Asm:;-:;-:s-‘;t:nss NIA NiA NIA A Pofgcso'& “
DEAGOS |  Aloy22 K832 1227783203 | NOBOZ2 Bs75 ‘Sm:f;'gf"';'” NIA NIA N/A N/A otoea
DEA DD Alloy 22 Ko 1227783203 | N0BO22 Bs7s Asmﬂ-:ﬁgtss N/A NIA NIA N/A oo fgcsé;ur
DEAOI | Aloy22 K932 1227783200 | NoBO22 Bs75 As:‘;";’;ﬁf]‘;' 56 NIA NA N/A /A oo 00
DEAOIZ | AMoy22 Ko32 1227783201 | NOS0Z2 8575 Asm:fg’g?"‘;’ %6 NIA /A NA N/A b 7
DEAOI3 | Aloy22 keaz | 1227783200 | NoG022 B575 Asm':;'gf"'; 18 NIA A N/A NI bosoe
DEAOH4 | Afoy22 Ke32 1227783203 | NoSO22 Bs?5 Asmﬂ.gﬁgm NA NiA NA N/A o
DEAOIS | ANloy22 K932 1227783200 | nos022 B575 As':g‘:‘;f;'&ﬁ"g'm N/A NIA NIA NiA o205
DEA 018 Alloy 22 K932 1227783203 | nNoBO22 B575 Asm:;f:gf"g'“ NFA NIA NIA N/A Pofg;;;‘ .
DEAOIT |  Aloy22 K832 1227763200 | NOBo22 Bs75 ‘S':gg";f;gf;; ts8 NA NIA N/A NIA oo 0
DEA 019 Alloy 22 K932 1227783203 | N0G022 Bs7S Asigg:;f;-g?-‘giss NIA NIA NrA NIA Pofg;;;‘"
DEAO20 | Afloy22 K932 1227783203 | NoBO22 8575 Asmfzg?-:ac;me N/A NIA N/A NIA por e a7
DEAG21 | Aloy22 K832 122778320 | Noso22 867 Asm:f:'gﬁ';'“ NIA NIA N/A N/A e
DEAC22 | Adoy22 K932 1227783203 | NOBO22 Bs75 ‘“m‘:’;ﬁf"‘;‘ 6 NA NIA N/A NrA pon e a7

h
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Specimen Composition Summary Pag’e\oi
yagkico )
Base Metal Whald Filler
Alloy Trads Base Metal Mill ASTM Base Matal tndependent Test Weld Flller Mill Wald Fliter Independent Tesy Statement of
Spacimen 1D Name MSC Lot Heat Numbar UNS Numbad Specification Raport Number M5C Lot Heat Number AWS Specliication Repart Number Conlormity
Number Numbar
ASP003-97-06-10156 SOC-4
DEA 023 Alloy 22 K932 1227703203 NOG022 BS75 (Page 6 of 13) N/A N/A N/A N/A POR BSO0447
ASP003-97-06-10156 SOC-4
T 7
DEA 024 Alloy 22 K932 1227783202 NOG022 8575 (Page 6 of 13) N/A NiA N/A N/A POR BSU04ST
ASP003-97-06- 10156 ) $S0C-4
DEA 025 Aoy 22 K932 1227783200 NOBO22 8575 {Page 6 of 13) N/A N/A N/A N/A POR 8500447
ASPO03-97-06-10156 S0C-4
DEA 026 Alioy 22 K932 1227763203 NOBO22 Bs75 (Page 6 61 13) N/A N/A N/A N/A POY BS0044T
. ASPO03-57-06-10156 S0C-4
DEA 027 Alloy 22 K932 1227783203 NOG022 B575 (Pags 6 of 13) N/A NZA NIA N/A PN BS0044T
ASPDO3-87-06-10156 SOC-4
DEA 029 Aoy 22 K532 1227783203 NDBO22 B575 {Page 6 of 1) NiA N/A NIA N/A PON BS00447
ASP003-97-06-10156 50C4
DEA 01 Alloy 22 Ky32 1227783203 N06022 Bs75 (Page 6 of 13) N/A A N/A N/A POS BS0044T
ASP(03-97-06-10156 50C-4
DEA 032 Alloy 22 Ka32 1227783203 NOBO22 8575 (Page 6! 13) N/A N/A N/A N/A PO BSO4T
ASPD03-97-06-10156 S0C-4
DEAC3Y | ANoy22 K932 1227783203 | MN0G022 8575 {Paga B of 13) NiA NA WA NIA PON B5004AT
ASP003-97-06-10156 SOC-4
DEA 034 Alloy 22 Koz 1227783203 NDBO022 B575 (Page 6 ol 13) N/A NIA NFA N/A PO BS00L4T
ASP003-97-06- 10156 SOC-4
DEA 035 Alloy 22 K932 12277683203 NOD8022 8575 (Page & of 13) N/A NiA N/A NIA POR BS0044T
- ey SUCS
DEA 159 Allgy 22 K932 1227783203 NOG022 B575 ASP003-97-06-10156 N/A N/A NIA, NIA PON A153082Y598
{Page G ol 1J)
DEA 201 Alloy 22 K932 12277683203 NOBG22 B575 ASP003-97-06-10156 N/A N/A N/A NIA PON A15382Y598
(Page 6 ol 13) o
ASP003-97-06-10156 .
DEA 202 Alloy 22 K932 1227783203 NOB022 B57S NIA N/A NfA N/A PO A15382Y59B
{Page 6 ot 13)
SchEgup-T——
-97-06-
DEA203 | Aloy 22 K932 1227783203 | NoOsvZ2 8575 ASP003-97-06-10156 NIA NIA N/A NIA POR A15382YS9B
(Page 8ot 13)
: soppia
DEA 209 Alloy 22 K932 1227783203 NO6022 BST5 AS 97-06-10156 NIA NIA, N/A, N/A PO#® A153B2Y 598
(Page 6 of 13) Comadila T
ASP003-97-06-10156 SOC1
DWA D01 Alioy 22 H157 1227703264 NO6022 B575 (Page 7 of 13) NiA N/A N/A NIA PO# B313954
ASPO03-97-06-10158 S0C-1
DWA 002 Alloy 22 H157 1227703264 NOB022 B57S {Page 7 of 13) N/A N/A N/ NIA PO 8313054
ASP003-97-06-10156 . SOC-1
DWA 003 Alloy 22 H157 1227703254 NO0B022 BS7S (Page 7 of 13) N/A N/A N/A NIA POY B317954
ASP00J-97-06-10158 SOC-1
DWA 004 Aoy 22 H157 1227703264 NO6022 as75 {Paga 7 of 13) N/A N/A N/A NA POY B3 13954
ASP003-97-06-10156 SOC-1
DWA 005 Alloy 22 H157 1227703264 NOB022 BS575 {Page 7 of 13) N/A N/A N/A N/A POKX 8317954
ASPO0J-97-08-10156 SOC-1
N >
OWA 006 Aoy 22 H157 1227702264 NOBDO22 BS7S (Page 7 ol 13) N/A A N/A N/A POR 8313954
ASPO03-97-06-10156 50CA1
e B575 . N/A N/A N/A N/A
DWA 031 ( ~ 22 H157 1227703264 NOB022 {Page 7¢ POR B313954

\
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Numbar Humber
DWAD35 | Alloy22 1157 1227703264 | NOBO22 8575 "‘S'(’g‘:;f;'gf; ;‘:’”58 N/A N/A WA NIA PO oAt
OWAO41 | Alloy22 H157 1227703264 | NOBO22 BS57S AST&:;;Q: o ;‘)"55 N/A NiA NIA N/A o Ofg;';g“
OWADS2 | Aloy22 H157 1227703264 | NOBO22 Bs75 AS':‘;::;B; > ‘3?‘56 NIA /A NIA N/A o ase
DWAG43 | Aty 22 H157 1227703264 | NOGO22 B575 “S':gg;f: pos '3? 16 NiA NiA NIA WA PO o asa
DWAOH |  Alloy22 H157 1227703264 | NOGOZ2 Bs75 As?gg:f; ff;;?""s NIA A /A NIA pon aase
DWA 045 Alloy 22 H157 1227703264 06022 B575 AS::S:;Q;“&G;;?' 56 N/A N/A N/A N/A ro fg;:{:;gsa
pwAD4E | Atoy22 H1S7 1227703264 | noGO22 B575 AS"?::;B: p ;‘)" 8 NIA NIA NA NIA pofgg{gw
DWA D7t |  Adoy22 H157 1227703264 | NOBO22 BS75 As?gg:;g;gs; ;?1 58 A NiA N/A N/A s e
DWA 072 Altoy 22 H157 1227703264 NDBO22 B575 As?g‘::’:’; gf‘ ;‘,”56 NIA NIA NiA N/A POfg‘;-;QSA
DWA 073 Allay 22 H157 1227703284 NOB022 Bs75 AST;O‘:;Q: 3,51 ;?'55 NiA WA N/A N/A POE’CB);-;QM
OWA 074 Alloy 22 Hi57 1227700264 | WNOBO22 BS75 ‘s':gf:f;'gf; ;?‘56 N/A A A N/A Pmsg:ﬁ:;gy
DWA 075 Alloy 22 H157 1227703264 NOG022 B575 As?:g:f; '3'5; ;‘}”"’6 N7A A /A NIA - fg;';gs‘
DWAQ7S | Aoy 22 H157 1227703264 | NOBO22 BS75 "‘s':",’::f;‘:f;;?' 56 A NA NIA NIA oo s
DWA 077 Alloy 22 H187 1227703264 NO5022 BE7S ASF(‘S::;S: *:'61 ;?1 s N NIA N/A N/A Pofg;:‘ms.:
pwaors |  Aloy22 H157 1227703264 | NOB022 BS7S "s':g:::;';e; ;(;‘5“ NIA NA N/A N/A bon o e
DWA 079 Alloy 22 H157 1227703284 | NO6C22 B575 ‘5:’22:;9; 361 ;‘;""5 N/A N/A N/A NIA pofg;‘;gy
DWA 080 Alloy 22 H157 1227703264 NOBO22 8575 ASTS:::;::; ;[; 18 NiA NiA N/A WA ko :"g;';gy
owa08Y | Aoy 22 H157 1227700264 | NOBD22 BS7S Asm:f;—::s; ;?'55 NiA N/A N/A N/A e
DWA0E2 | Alloy22 H15? 1227700064 | NOSO22 Bs75 Asnzgg::;; oy ;?'56 NiA /A N/A NA o
DWA t01 | Alloy 22 H157 1227703264 | NDGO22 BS75 As:g::-eg;' o '3?'55 NIA WA N/A A O o asa
pwA 102 |  Aloy 22 HIS? 1227703264 | “Nosoz2 B57S ‘s':gg;g; o ;‘)"56 A NA NIA NIA A
DWA 108 | Aoy 22 H157 V227703264 | NOBOZ22 8575 “Sm:;g;ff;;‘:‘“ NiA NIA N/A NIA oo s
DWA 111 | Aoy 22 H157 1227703264 | NOD6O22 8575 ASF(':::-:; o ;?'56 NA N/A N/A NIA |
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Spacimantp| Aoy Tace | SO | Bane bt g (AT | B et tor | OIS FICMI| g oncaion [ oM Pl ndependentTesy - Spumert o
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pwa11z | Aney22 H157 1227703284 | NoBO22 B575 As’?gg;:’;gf; '3?‘56 N/A NIA NIA NA Pofgg{;gsa
DWA 113 Aoy 22 H157 1227703264 NO6022 B575 ASng;:; -216;‘3? 196 N/A NI NIA NiA Pofgg{;gu
DWA 114 |  Alloy22 H157 1227703264 | NO6D22 8575 ASTS‘:;:’; ';6;;?'56 NIA NrA N/A NIA Pofgg{::gsa
OWA 115 Alloy 22 H157 1227703264 | NOBD22 B575 AS':S‘:;:; 'gf;;?"’ﬁ NiA N/A N/A NIA PO!SCB);-;QSA
DWA 118 Alloy 22 H157 1227703264 NDG022 B575 ASF:;’S::; 'Sls ;;?'56 NIA N/A NA NIA PDISCB):?;:;QSA
OWA 118 | Aoy 22 157 1227703264 |  NOGO22 BS7S AS:’:;?;’:?; e NIA NA N/A NIA Hon v a4
OWA 112 Alioy 22 H1s7 1227703264 NOB022 8575 Asm:;s;'-::s;;?me NA N/A NIA N/A Pofg;:‘;m
owa121 | Aoy 22 H157 s221703264 |  NOBO22 8575 Asnggf;-::a;;?m N/A A NIA NIA PON Sa 13954
owa 122 | Atoy22 H157 1227703264 | NOBO22 BS75 As?gggf; ':f; ;‘:1 56 NiA A NrA N/A Pofg;:";g“
OWA 141 | Alloy 22 H157 1227703264 | NOB022 8875 Ass;goa:-:; T NIA NA NA N/A bon s
OWA 142 | Aoy 22 H1§7 1227703264 | NOBO22 B575 Asﬁgg;f; o '3?'55 NIA NA NA NA POIS(B);;;:‘!QQ
DWA 143 Allgy 22 H157 1227703264 NOG022 BS7S AS F(’g: :;9; 36;:;‘56 N/A N/A NIA A Pousgac;:‘ggy
DWA 144 Allgy 22 H157 1227703264 NOBOR2 B5?5 As::g:;gz-gf;;?ms NA NA NIA NIA PO!SS;:IIABSA
pwa1st | Atoy22 H157 1227703264 | NOB022 BS7S ‘S':g:gf;':f;‘a? 156 NIA N/A N/A NIA Pofgg:‘;gu
DWA 152 | Aloy?22 H157 1227703264 | NOBOZ22 B575 AS’(’S‘::;S: -3'61 ;()’ 158 NIA N/A N7A NIA po.sg?{;;gg
DWA 164 Atlgy 22 K932 1227763203 | N06022 575 Asmf;gf;‘;;' 56 NIA WA N/A /A POISS:(J::;SSSQ
DWA 165 |  Alloy 22 K932 1227763203 | NO6022 B575 Asm:;:;-g?-‘;t;wa N/A A N/A WA o e e
owa 189 | Aloy22 K932 1227783203 | Noso22 8575 Asmz‘:;'gf"g‘ 56 NIA " NIA N/A NIA oS3
DWA 170 |  AWoy 22 K93z 1227783203 | MNOB022 e575 ‘S':gﬁ':;gf"g' 58 N/A WA NIA A Pofg:%g
DWA 171 Aloy 22 K92 1227783203 | NODBO22 B575 Asmﬂﬁ}g’% NIA A /A WA Pofgriggsg
DWB 001 |  Adoy 22 H15? 3227703264 | NoG022 B575 Asms;' 'gﬁ '3?'55 K928 1227743263 | AS.14 ER NICIMO-10 T“‘"ﬁ’ﬂfﬁ’f’:ﬁ?‘ﬂ i, .s$|; »
OWB002 |  Alloy 22 H157 12277032684 |  Nos022 BSTS As?g:gf;ff;;?'*”s K928 1227743263 | AS.14 ER NICrMo-10 T“w‘::i;’;":l*:fz‘z‘- Pofg;';m
owsooa | . w22 isz | 1227703284 | Noso22 8s7s Rshepuinie kezs | vz | AsieEAncaorn| TRWORERESOTZGL | SOC)
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Number Number

owBo0o4 | Aoy 22 H157 1227703264 | No6D22 8575 Asmg;g;-;a; :,';:1 56 K926 1227743263 | A5.14 ER NiCrMo-10 TRWt()g:;ses;osﬁs;uaL pofg;:l‘;w
OWBOOS |  Alloy 22 W57 | 1227700264 | NOG022 BS75 AS'[’g:gf; o ;?_‘56 Ke26 1227743263 | AS.14 ER NiCrMo-10 ‘“w‘(’ﬁﬁ;,’f;o:{ o Pon 8313954

DWBOOS |  Alloy 22 H157 1227703264 | NOGO22 Bs75 “Sng:;g;'gs; ;"55 K926 1227743263 | AS.14 ER NiCrMo-10 Tﬂwg;g;"gﬁ‘;z"‘- oS
DWB O3 | ANoy22 H157 1227703264 | N0GO22 8575 Asr:gg:;gg 'gf;;?”"ﬁ K926 1227743263 | AS.14 ER NICIMo-10 T“W‘(‘g:f;":"‘:f)’z‘z‘- Pofgg";gy
DWBOJG |  Alloy 22 HI57 1227703264 | NOGO22 B575 Asi‘g:;;g; - ;?‘56 K926 1227743263 | A5.14 ER NiCMo-10 an?gi‘;g;“:"‘:?z‘a Po:\’g;.;gsa
owB o1 | Aloy22 H157 1227703264 | NOGO22 8575 AS‘:S‘:::’; 'gf;'s‘)”% K26 1227743263 | AS.14 ER NICrMo-10 T“W‘(’g;‘:‘g;";’cﬁz“z'- por s
owBodz | Atoy22 H1S? 1227703264 | NoOBO22 Bs75 *ssggg;g;'gf;;‘;‘“ K926 1227743263 | A5.14 ER NiCrMo-10 an?g:;g;o:; 2?24& pOn 8313954
DWBO4I |  Anoy22 H1S7 1227703264 | N0s022 Bs75 “s':g:gf;'gf;;(r % K926 1227743263 | AS.14 ER NiCrMo-10 THW‘(’g:;“f:f“ﬁ'z‘z'- iy
DWBO44 |  Alloy 22 H157 y227703264 | NOGQ22 Bs75 As’:gg:f; -3:3;;(}:156 K926 1227743263 | AS.14 ER NICiMo-10 mws’gi;gf’;":?zm o e
DWB 045 | Aoy 22 H1ST 1227703264 | NO6022 BS575 Asﬁgggf:'sls; ;[)” 56 K826 1227743263 | AS 14 ER NiCMo-10 TRW?Si;Q;oZ'-(:?zazL oo fg;';gs‘
DWBO46 |  Alloy 22 H157 1227703264 | NOBO22 8575 AS':g:gf; 3:5;13:)3155 K926 1227743263 | AS5.14 ER NICrMo-10 T"w‘(’gié?"";":?z‘ﬂ s
ows o1z | Afoy 22 H157 1227703264 | NOSOR2 BS75 Asr;gg:f; ff;;?'sa K926 1227743263 | A5.14 ER NICMo-10 T“Wc(’gi;g;";"":?i"ﬂ Pofgg;gy
DWBO?3 |  Atloy 22 H157 1227703264 | NOGO22 Bs7S Asrmg; 9;’3:5;;‘;‘55 K926 1227743263 | AS.14 ER NiCrMo-10 T“W?g:::f:ﬂ??‘ﬂ oo
DWBO74 |  Afoy 22 H157 1227703264 | NOBOR22 BS7S Asfgg:f;'gf;;?‘ss K926 1227743263 | AS.34 ER NiCrMo-10 mw‘:g::.g;o:ﬁ?zm_ e E3vasss
OwWE 075 Aoy 22 H157 1227702264 NDB022 8575 Asr('ggg;gz-g:s;;? > Ko26 1227743263 | A5.14 ER NiCrMo- 10 Tﬂw?g:;‘??:;f:??w- oo :5(8:);:‘- ;95‘
DWBO?78 | Aoy 22 H157 1227709264 | NOS022 8575 ASTg:;f’: pei K926 1227743263 | AS.14 ER NiCtMo-10 an?g:.g?;ojf_??“ﬂ Pos 8313954
owaor? |  Anoy22 H157 1227703264 | NOBO22 Bs?5 ASng;:'; po ;? 156 K926 1207743263 | AS.14 £R NiCMo-10 an?g:;Q;o:'-tﬁznzL e
owBoTe |  Atloy 22 H157 122770264 | NOSO22 Bs7S Asmg-ﬂsff:s;;?m K926 1227743263 | As 14 ER NiCMo-10 T“W‘{’g::':f‘::??ﬂ'- oS
OWB 079 | Alloy22 H157 1227700264 |  NOBO22 8575 As?gggf; o K926 1227743263 | AS 14 ER NICiMo-10 T“W‘(’gi‘g?;";"":-';"" a o
OWB 08O | Alloy 22 H157 1227703284 | NOGO22 B575 ASI:'(’)S:;Q; 3,6 ;;?‘55 K926 1227743263 | A5.14 ER NICiMo-10 Tﬂw?g:;g?:ﬁ?z‘ﬂ POnS 23?1.;954
owBOA1 | Aoy 22 H15? 1227703264 | NoGO022 BSTS Aszgg:-:; o ;‘}"56 K928 1227743263 | AS.34 ER NiCrMo-10 T“w‘(’gf;"f;*:?z“z'- ool
owB 082 | Aloy22 H157 1227702284 | N08022 Bs?5 "‘5':32:.9;“2:’;;?'55 Ke2s 1227743263 | AS.14 ER NiCMo-10 T“W?ﬂifffﬁm pon B3, 2054
pwB101 |  Amoy22 Wis7 | 1227703264 | Nosoz22 Bs7s *5'(’2::?;35;'3?‘55 K926 1227743263 { AS,14 ER NiCrMo-10 T“W‘(’giﬁf’:"‘ﬁ?‘?'— e
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38 PO 0206)/6
soncmunio] A107 108 | S | v g gl A | v etindepenieTon | S |'ISTHAN s somtcaton 04T TR
Humber Number
OWB 102 | Aloy22 His7 | 1227703284 | NoBOZ22 BS75 “S':gggf; P Kez6 | 1227743263 | AS.14 ER NiCrMo-10 an?gi;sa;n:;tﬁzm 58
OWB 106 | Alloy 22 His? | 1227703264 | MoGOR2 BS75 Asr(:g::;g;r o Kg26 1227743263 | AS.14 ER NiCiMo-10 anc‘)gi-ls.s;og'{:?aa_ o e
OWB 111 | Akoy 22 HisT | 127703264 | NoOG022 8575 As?g::f; -gla;;f)nss K26 1227743261 | AS.14 ER NiCrMo-10 Tﬂw‘(’gi;’ﬂ{ﬁz‘a s oo 4
OWB 112 |  Alloy 22 H187 1227703264 | NOGO22 8575 “5‘(’2:;;9;‘2:‘;;‘;‘55 K826 1227743263 | AB.14 ER NiCrMo-10 an?g:;ig:a:ﬂ?zazu_ et
DWB 113 | Aoy 22 HYS7 1227703264 |  NOG022 - 8575 *s':g:;;g; '3,6;;?1 > K926 1227743263 | AS.14 ER NICMo-10 mw‘:gi'::f:ﬁ?""z'- S ceatiy
pwB1td | Atoy22 H157 1227703264 | NOBO22 Bs75 Asn:g::.;s;«:fa;;c}nss K926 1227743263 | AS.14 ER NiCrMo-10 Tﬁw?gs::;o:'{:?zan o o
DWB 115 |  Afoy 22 H157 1227703264 | NOSO22 BS7S Asm:ﬂ'gf; ;?’56 K926 122774326 | AS.14 ER NiCMo-10 mmffz‘:ﬁ“u o e
DWB 116 Afay 22 H157 1227703264 N06022 B575 As?gg;:; ':15; ;‘; 1%6 K926 1227743261 | AS.14 ER NiCtMo-10 an?gi;g?:iﬂfum' F>Oa$ g;.:;ssat
DWB 118 | Alloy 22 H157 1227703264 | NOSC22 8575 As':gg:f:f?; ;?'56 K926 1227743283 | AS.14 ER NIC1Mo-10 an?g:;?:):ﬁ.';zm_ Pousgg{;gu
OWB 118 | Aoy 22 Wis? | 1227703264 | nDGO22 8575 A et ol e K26 1227743263 | A5.14 ER NiCrMo-10 T"W‘t’g:::f::i‘““ oo
OWB 121 Alloy 22 H157 1227703264 NOB022 Bs7S Asig‘::f; '2?;;?‘56 K928 1227743263 | A5.14 ER NiCMo-10 TRW((’S:;:’;D:‘*:-';?‘?L oo .Sg;; 0sa
owB 122 | Anoy22 H1S7 1227703264 |  NOGO22 BS75 Asm:f;ff;;?m K926 1227743263 | A5.14 ER NiCMo-10 THW?S:;“?:"‘:;’“”— oo e
owB 141 | Aloy22 HI57 1227703264 | NOBO22 BS7S A oaae o3t K926 1227743263 | AS.14 ER NiGtMo-10 mw‘(’g:;gf;“:?“""* pos s
ows 142 |  Aloy22 H18? 1227703264 | NOBO22 BS7S ASI:::::—:;’ “3'6;;?‘ %6 1926 1227743263 | AS.14 ER NICMo-10 mw‘:g;?f;‘:‘;”""‘- bos o
owa 144 | Aloy22 H187 1227703264 | NOG022 B575 Asmg;sz-gﬁ 5 K926 1227743263 | AS.14 ER NiCiMo-10 an?gi;g""::?““ or e rosd
DWB 151 | ANoy22 H157 1227703264 | NOBO22 BS75 ASTE:’::; o ;‘;'56 K926 1227743263 | AS.14 ER NCiMo-10 T“W‘fﬂf;ﬁﬁ?m POR 8313054
ows 184 |  Aloy22 K932 1227783203 | Nosc22 B57S Asr;gg:;-:;gf-g;t %6 Loos 1221743142 | RS 14 ERNICMo-t0| A4S P(‘f:’g‘ 271‘21"?}9‘5" bosoe e
owe 188 |  Atloy 22 K832 1227783203 | WNOBO22 8575 Ass:gg:;:;;g?;;cr 58 Loo8 1227743142 | AS.14 ERA NiCiMo-10 Aspﬁ,';:::’;g’;‘?’g‘“ s e e
pwa e | Aty2zz | Kesz | 1227783209 | Noeoz2 B575 A ey Loos | 1zzrrasiez | as1eEmnCaeto|  ASTESATARCSNe! o0 3
ECAOO1 | TiGmde12 |  Kas? BN2966 RE3400 B285 “s':g‘:z:;'zf"g‘ 5 N/A WA NIA NiA bos o
ECAD02 | TiGrada12 [  Kos7 BN2868 RS3400 8265 A e 0ol 1] N/A WA NIA NIA oL
ECA003 | MGradet2 |  Kos7 BN2968 R53400 B205 As::qpt:sg-:;-gf—g;ms NrA NA NIA NiA oG
EcAcH |7 terz| wes? BN29S6 | RS3400 6265 ASF;(;(::-.S;-(;BJOI 58 NIA N/A NiA N o2
& AN
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ECA00S | TiGrade12 | K857 BN2966 AS3400 B265 ‘S"(‘,ﬁ‘;z'j’;'ﬁf', o 56 N/A N/A NIA NIA sz
ECAO06 | TiGrade 12 | K957 BN2966 R53400 p285 AS’:&‘:‘;':’;":" ‘3‘]” 56 NIA NrA NA A =
ECAO31 | TiGrade 12 |  Kos? BN2956 R53400 8265 AST;::;:’;?;;T 56 NiA A NIA NA ot
ECA032 | TiGrage 12 | K957 BN2986 R53400 B265 Asm:;f;'gf;':f;' % N/ N/A A WA ono
gcA0a3 | TiGrade12 |  wos7 BN2965 R53400 8263 “sﬁg::;f;'gf"g: 158 N/ NIA A WA st
ECAQ34 | TiGrade12 |  Kes7 8N2966 R53400 B26s Asm:;f;-gf-‘g:sss NIA NiA NiA N/A oros2
ECACIS | TiGrads 12 |  Kos? BN2966 £53400 B26s ‘sigi;':;'gf}‘;;‘ 58 N/A NIA NIA NIA ot e
ECA036 | TiGrade12 |  KoS7 BN2966 R53400 B265 As':g‘::f ;’2?‘1'3‘;' 56 NA N/A NIA NIA oon e et
ECAD6) | TiGrade12 |  Kos7 BN2066 R53400 8265 “Sig‘;:;f;';f"g' 6 NIA NrA NIA NIA s
ECAOB2 | TiGracs12 |  Kos7 BN2066 R53400 B28s A?‘;g:z:;‘g?':;‘sa NIA WA NIA N/A bOrae et
ECAOE) | TiGrade12 | K987 BNZ956 R53400 8265 Asigﬁ':;'gf'lg' %8 NIA WA N/A NIA Po:;caxs:{ggsa
ECA064 | TiGradeiz | K957 BN2966 R53400 B265 Asv:g(:agf;-g?-‘guse NIA NA N/A NIA o ngg""gw
ECA065 | TiGrade12 | K987 BN2966 RS3400 B265 A oean g ol 13) 3 NA NIA NeA A oloez
ECA088 | TiGradet2 |  Kos7 EN2966 R53400 8265 “Sigﬁf;'gf;';:' 56 A N/A N/A NiA o
ECAO67 | TiGrade12 |  Kes? BN2966 R53400 B265 As‘;g‘:;f;'g?"'a‘;’ >8 NA NIA N/A - NIA poroe? o
ECA06S | TiGrage12 |  Kas? BN2966 AS3400 B265 Asigzzf;’gf;g'“ N/A NA N/A NIA ot 2
ECA069 | TiGrade12 |  Kos7 BN2966 RE3400 8265 As':‘;‘;:f;'gf}g‘ 56 NrA N/A N/A N/A bor o
ECAOT0 | TiGradei2 | K957 BN2966 R53400 8265 As?c;g:;f;gf-‘g;iss N/A NiA N/A N/A Po-sgg{:asa
ECAO71 | TiGrade12 | K987 BN2966 R53400 B265 ‘“S”;g‘:;':;gf;g' s WA NA N/A NIA oo
ECAO72 | TiGmde12 | K957 BN2966 R53400 5265 ‘S’:g‘:z:;'gf;‘;' % NiA NIA N/A A posoe
ECA0S1 | TiGmade12 | K957 BN2966 R53400 B265 ‘s':g‘::;':;‘gf]g’ 56 NIA N/A NA N/A Pofg{:w
ECA002 | TiGmdet12 | K957 BN2966 53400 B2es "S':f,'f::ﬁf"gm NA NA NIA A oSxe
ECA09) | TiGradet2 |  Kos7 BN2966 AS3400 B265 As'}gﬁfﬁf"‘;' 58 NA NIA NIA " NA Pofg;'gw
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ECA004 | TiGrade 12 | K57 BN2966 RS53400 B265 Asiggi;“:;'gf"g:' 5 A NA N/A NIA PO aytagse
ECA09% | TiGrade12 | K957 BN2968 RS3400 B265 ‘Sm:f;ﬁf"‘;' > N/A NIA NIA NIA R cendn
ECACA | TiGrade12 | K957 BN2966 AS3400 B265 As?g(::;.:;-g?-igt 5 NIA NIA NIA NIA pofgg{ggﬂ
ECAD93 | TiGrade 12 |  Kes7 BN2966 A53400 8265 ASF;E;O;; ':;'gf"‘;;‘ 6 NiA A N/A NIA oo
ECA 101 | TiGmde12 |  Kes? BN2966 AS3400 B265 ‘Sig‘:i':;'gf;g‘“ NIA NIA NA WA Pofgg;gy
ECA102 | TiGrade12 | K957 BN2966 53400 B265 Ass;ggc;:;-g‘s-';c;ms NiA WA WA NA on o e
ECA 121 | TiGrade12 | K987 BN2986 RS3400 B265 ‘5':{;2:;':;'3?;3'55 A WA NIA NIA o e
ECA122 | TiGradesz | K957 BN2966 A53400 B265 Asig::;f;-gf-g:ms N7 NIA NIA N/A po o
gca123 | Tigmee 1z | kes? BN2965 A53400 B265 ‘Sm:f;'gf“‘;m NA NIA NiA NIA oo e
ECA124 | TiGage12 |  K9S7 BN2966 A153400 8265 Asmag-:;-gf-]g:ws NIA WA NIA N/A e
ECA125 | TiGrade12 |  Kos? BN2966 R53400 8265 As"(g‘;::;ﬂf '1‘:3' % NiA NIA WA N/A oroc2
ECA 126 | TiGrade 12 K957 BN2966 R53400 B265 As';g‘:;f;‘gf’:;:' 56 N/A WA NIA N/A Pofgg;:gsa
ECA 126 | TiGrade12 | Ko7 BN2966 R53400 B265 Aszgtzsg:;;‘g?-‘g;:ss WA NA N/A NIA woloe2
ECA129 | TiGradet2 |  Kos? BN2966 R53400 B265 Asr;gc;:;f:::s"g:se A NIA NIA N/A oAy
ECA330 | TiGmde12 |  Kes? BN2988 R83400 B26s “S’:gg:f;gf"g:' > A NIA NIA NIA oS e
ECA132 | TiGrade12 |  xos? BN2966 AS3400 8265 ‘szf;”gf"';‘“ WA A N/A N/A polo02
ECA1S? | TiGrade 12 |  Kas? BN2966 R53400 6265 AS i:gc::;f;-g?-‘g;wa NIA NIA /A N7A ot
Eca158 | TiGmcerz |  wes7 BN2966 RS3400 B265 ‘sm:f;ﬁf"g;' se NIA NIA N/A N/A ofoe?
gca1s9 | TiGradat2 |  Kkos? BN2966 RS3400 8265 "‘Sm':;'gf"‘;;'se NIA NIA NIA NIA bSO
ECA160 | TiGrade12 |  Kas? BN2966 R53400 B28s As':g‘:if;ﬁf"g‘ > N/A /A N/ NA Ay
ECA18Y | TiGrade12 | Kos? BN2966 R53400 B265 ‘sm':;ﬁff;1 56 NIA NIA N/A N/A Pofgg‘gw
ECA162 | TiGradet2 |  Kos7 BN2960 R$3400 8205 Aol 1) NIA " A N/A NA bo 02
ECA1B4 | T~ ~derz | KoS? BN2966 RS3400 B28s "S':?;:ﬂﬁf'.'ﬂ‘” N/A NA NIA A “ gﬂ;gf%
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ECA165 | TiGmade12 |  K9s7 BN2968 A53400 B285 As‘;gg’;f;‘gf;';’ss N/A K/A N/A NIA oo
ECA167 | TiGrade12 | Kas7 BN2966 R53400 6265 "‘S:g‘:;’j;'gf;g' 56 NIA NIA NIA NIA b 0?32;3954
ECA168 | TiGrads 12 | K987 BN2966 R53400 8265 Asig::;:;g?-:; % NIA NIA N/A A bON i a
ECOO00! | TiGrade12 | K957 BN2066 R53400 8265 “SF;C:;Z':;";?"';:‘ 56 L025 AT7879 #5.16 5001.023F sy
ECOO0 | TiGrade 12 | K957 BN2966 R53400 B265 As;:g::f;-g:s-igsa L025 AT7879 A.16 5001.025F on e e
ECDO003 | TiGrade 12 | K957 BN29E6 R53400 B265 As:gt;;-:;-g?-lgo)lss La25 AT7E79 AS.16 5001.020F POt oy se
€CO00¢ | TiGrade 12 [  koes? BN2066 RS3400 8265 Asigg:;-:;-gcls:;;ms Lo25 ATT879 AS16ER TI12 5001.023F O e e
ECD005 | TiGmde12 |  Kos7 BN2966 R53400 B265 “SF;‘;‘:Zf;‘gf"‘:g'“ Lo25 ATT879 A5.16ERTI-12 5001 023F .
£CDO0G | TiGeade12 |  KoST BN2966 R83400 8285 As‘;gng;'gf;g‘ 58 L0258 AT7879 AS.18 ERTI-12 £001.023F oo
ECD032 | TiGrmde12 |  K9s7 BN2966 R53400 B26s ‘s':?,‘::;:;'gf':; 16 Lo25 ATT879 AS.16 ER T1-12 5001.023F Pofg;'gw
ECD 081 Ti Grada 12 K957 BN29E6 R53400 B265. ASF;E';‘;GQ:!;&S-‘;C;HS 1.025 AT7879 AS.16 ER TI-12 £001.023F POISCB);:{:QSA
gcoosz | TiGradeiz | K97 BN2966 R53400 B265 Asﬁ;f;'gf"';""ﬁ Lo25 AT7B78 ASIBERTHZ 5001 023F Pcfg;—g%&t
ECDO06) | TiGsom12 | K957 BN2966 A53400 8265 As:gazf;-:?}g:tss LO28 AT7879 AS16ERTI12 5001 023F o ofgg{igy
ECDO064 | TiGrades2 |  Kos? BN2966 A53400 265 As':g‘:if;’gf;‘;;'ss 1025 AT7879 A5.16 ER T1-12 5001.023F Pofg;-;gy
ECOO06S | TiGmde12 |  Kos? EN2966 R53400 B265 Asm:;f;ﬂf;‘;'“ Lo25 AT7879 AS.16ER T12 £001.023F oS
ECD086 | TiGrade 12 | K957 N2066 R53400 B265 ‘Sm:;f;‘gf;‘;' 56 Lo2s AT7879 ASASER T2 5001.023F ot
ECD067 | TiGrade12 | K957 BN2066 R53400 g265 Aszggz':;gf"g;' 56 L025 AT7879 AS5.16 ER TI-12 5001.025F o5
ECO068 | TiGmde12 |  KoS? BN2986 R53400 B265 Asszggzﬂ-g:s-‘g;m Lo25 AT7879 AS16ERTI-12 5001 020F s ool
ECO069 | TiGradei2z | K987 BN2966 R53400 B265 Asmzf;ff'lg;'“ L025 AT?878 AS18ERTI12 5001.023F Pmsg;;ga
ECDO70 | TiGrade12 | K957 BN2968 R52400 B265 As':rf’;f:gf"g'“ Lo2S AT7879 AS1BERTINZ 5001.023F oS3
ECDO7 | TiGmde12 |  Kes? BN2966 R53400 B265 Asmﬂ":’;ﬁ'“ L025 AT7670 A5.18 ER Th-12 5001.029F wol2
ECDO72 | TiGrade12 |  Kes7 BN2966 R53400 B265 Asm;'gf"‘;;'“ Lo2s AT?879 A5.16 ER Ti-12 5001.023F pop o
ECO00! | TiGmde12 | Kos7 Bnooss | Rsaoo. | es A ea o3 Lo2s aT7e7s | AS1BERTIZ 5001 023F o
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ECD092 | TiGrade12 |  Kes? BN2968 A53400 B285 Asr?gc::;-:;-g?;grss | L025 AT7879 AS16ER T2 5001.023F POs s 2054
ECDO003 | TiGrade12 |  Kes? BN2966 RS3400 B265 Asigﬂgf;ﬁf"g;'“ L025 AT7079 £5.16 ER TH12 " 5001.023¢ POn aose
ECD094 | TiGrade12 |  Kos? BN2966 A53400 B265 Asm:;f;gf-‘gtss 1025 * ATI879 A5.16 EA T1.12 5001 023F pOs oo aase
ECDO095 | TiGrade12 | K57 BN2965 R53400 6265 Asﬁg‘;;':;'gf"g‘:' 3 Lozs AT7879 AS.16EA TI-12 5001 023F PO a1 2a54
ECO096 | TiGrade12 |  Kes7 BN2965 R53400 B265 A ot ol 13 5 L025 AT7873 A5.16 ER Th12 5001.023F P08 o e
ECDO9 | TiGrade 12 | K957 BN2968 RS3400 B265 As?g‘;:f;‘:f"';;‘ 6 Lo25 AT7879 AS.16 ER TI-12 5001.029F Po'sg;'ggﬂ
EcDo99 | TiGrade 12 K57 BN2966 53400 B265 Asﬁif;‘:f'lg‘ 56 Lo2s AT7B79 AS.16 ER T1-12 s001.023F Pofg:(s:n.gssa
ECD 101 | TiGrade 12 | K957 BN2966 AS3400 B265 Asmﬁﬂ?"g“ L025 ATTE79 AS.16 ER T1-12 5001.023F PP o asa
ECD 102 | TiGrade 12 | K57 BN2966 R53400 B265 Asm:;f;?"g;'% Lo2s AT7879 AS.16 ER TI-12 5001.023F o o ek
ECD 121 | TiGrade 12 |  xas? BN2966 RS3400 B26s As:gt::;-:;-gﬁglss Lo25 AT7879 AS.16 ER TI-12 $001.020F Pofgg"gw
ECD 122 | TiGrade 12 K957 BN2966 R53400 B265 Asv:gc::;f;-g?-iglss L025 AT?879 AS.16 EA TI-12 5001.023F pofgg“ggs‘
ECD 123 | TiGrade 12 | - K957 BN2966 R53400 8265 As:gt::;f;-g?-‘g;'.ss Lo2s AT7879 AS16ERTLIZ 5001.023F Pofgg{ggy
ECD12¢ | TiGrave12 |  Kos? BN2966 R53400 6265 Asrigt::;-:;-gf-igtss Lozs AT7879 AS16 ERTI-12 5001.023F Oy s
EC0125 | TiGrade12 |  Kes? BN2966 RS3400 B26s ‘Sm‘;f;'gf;';‘ss Lo2s AT7879 AS5.16 ER T1-12 5001 029F oSz
ECD126 | TiGrade 12 | K957 BN2066 R53400 B265 AS'T:’::;?;’;;‘ % LoZ5 AT7879 AS.18 ER TI112 © 5001.020F Pofgac;ggy
ECD 128 | TiGrade12 | K987 BN2066 R53400 B26s As':g?gf;’g?;g' 56 Lo2S AT7879 AS1BEATIZ | 5001.023F por e o
ECO129 | TiGrade12 | Ko7 BN2966 53400 B265 As':g:g’:;’gf;g’ %6 Lo25 AT7879 AS.1B ER TH12 5001.023F pos oo s
ECD130 | TiGrade12 |  Ko57 BN2966 A53400 B265 *s':g‘:zf;‘;?;‘;‘se Loz AT7879 A5.18 ER T112 5001 023F bS50
ECO132 | TGrade12 | K987 BN2966 RS3400 B26s A ool 1 Lo2s AT7BTO A5.16 EA T-12 5001.023F poloc
ECO1S7 | TiGrada12 |  Kos7 BN2966 R53400 8265 Asiﬁ;’:gﬂf}‘:ﬁm Lo2s AT7878 AS.1EEATIZ 5001.023F ot oe2
ECD158 | TiGrada12z |  Kos7 BN2066 RS3400 B265 “Smﬂf:;g' 5 Lo25 AT?870 A5.16 ERTI-12 5001.023F Pofg;;’w
ECO159 | TiGmde12 |  Kos? BN2066 RS3400 B265 Ass;(;t:ag-osi;g's-‘glss Loz5 AT7879 A5.16 ER TI-12 5001.023F m-sgsc{gw
ECO160 | ¥ e12| Ko7 BN2956 R53400 B265 “Sm?,f;;s"m“ LO25 AT7879 AS.16 ER TL12 5001023 Pofg:'i“
) s
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R R BN2966 R53400 B265 Asig‘;f;ﬂﬁ‘;‘ss L025 AT7879 AS A6 ER TI12 5001.023F o

ECO182 | TiGrade12 |  Xe57 BN2966 R53400 p285 As?gg:;-:;g?-‘gqsa L025 AT7879 2516 ER TI-12 5001 020F bos aoagsa

ECDt8M | TiGrade12 | Kos? BN2966 RS3400 6265 Asr:gzag:a;-gf-‘t;1 6 L025 AT7879 £5.16 ER T1-12 5001023 s o
ECO 165 | TiGrade 12 KoS? BN2966 R53400 8265 A S':gg";':;'gf"g % Loz25 AT7879 AS16ER TI-12 5001.023F p Ofg;‘;w
€CO 167 | TiGrade12 |  Kos? BN2966 RS§3400 B265 ‘S"(‘;::;f;‘gf;g‘ %6 Lo2s AT7878 AS.16 ER TI12 5001.023F ooy s
€co16a | TiGmde12 | Kes? BN2968 RS3400 B265 As"(g:;‘:;gf'l';;' 36 L025 AT7B79 AS.{GERTI12 5001.023F POraeaase
EWAOOt | TiGrage 2 | K57 BN2068 R53400 B265 Asv:gng;-g?‘:;wa Nra NIA NIA NA or o
EWAD02 | TiGrade12z |  os7 BN2965 R53400 B265 Asigﬁf;‘&ﬁ"g' 5 NIA NIA NIA NIA oy
EWAQ0Y | TiGrade12 |  K9S? BN2068 RE3400 B285 ‘sﬁg‘::f;gf"';'“ NiA WA NIA N/A N eain
EWAQO4 | TiGmde12 |  Kos7 BN2066 RS3400 8265 As':?ﬂ;’:;ﬂf;‘;‘ 5 NIA NIA NIA A POr oo s
EWAODS | TiGrade 12 | K957 BN2966 R53400 B265 ‘512239':;”2?'::31 %6 NIA NA WA NI oro?
EWAOD6 | TiGrade12 | K987 BN2966 R53400 8265 Asnzgoa:f;-gﬁg 156 A NIA NIA NIA oroe e
EWA031 | TiGradei2 |  Kos7 BN2966 AS3400 8265 ‘Sig‘;:;f;'gf"g‘ 6 NIA NA WA NIA pon e A
EWAD36 | TiGrace12 |  Kas? BN2966 A53400 B265 “Sﬁﬂﬂgﬂ'gﬁ;}‘:‘ s6 A NIA NIA NA e
EWAD4s | TiGrade12 | K957 BN2966 RS3400 B285 Asigng;'gff;""ﬁ N/A NIA N/A NIA o fg; 3954
EWAD42 | TiGrade12 |  Kos7 BN2966 R53400 265 Asigc.u:;-f;-g?-‘;c)uss NA NIA NIA N/A bor oo e
EwADs3 | TiGrade12 | Ko7 BN2966 RE3400 8265 As':g‘:;‘:;gf‘g;‘“ N/A A /A NIA oloee
EWA 44 | TiGrade 12 Kes7 BN2966 R53400 B265 AS'?;‘::‘:;?:;;‘;‘“ N/IA NA N/A NIA Pofg;';’m
EWAOMS | TiGmde12 |  Kes? BN2966 RE3400 8265 A aus 6 of M NIA A /A NrA oS00
EWAO46 | TiGrade12 | K957 BN2966 R52400 B26s Asmag:;ﬁ:s-‘g 56 N/A WA NiA NA oloe?
EWAO71 | TiGrade12 |  Kos? BN2956 R53400 B265 Asr:gt::;ﬂg?-‘g? 6 NIA NA NA A oo
EwA072 | TiGrde12 |  Kas? BN2966 RS3400 B2es ‘Sm:;f;*;f"';;'“ N/A WA N/A NA oS o2
EWAQ73 | TiGmde12 |  KeS7 BN2968 RS3400 8265 Aot 18 N/A NIA /A N/A bor o




(] 102
Specimen Composition Summary Page‘}égljozg\ 6) Y
o) s | P st e ST | v o | US| W) v s | ORISR T
- Numbar Number ‘
EWAO7s | TiGrade12 |  KgS7 BN2966 RS3400 B26S As?g::;f;-g?-‘grse NA N/A NIA N/A ot
EWA 075 | TiGrade12 |  Kas? BN2966 A53400 8265 “Siggagf;ﬂf"g;m NIA /A NIA N/A oo
EWAOT8 | TiGrade12 | K957 BN2968 RS3400 B265 ‘Sp(g:‘;':;'gf]‘;‘ s N/A /A N/A NA or oo
EWAO77 | TiGrade12 |  Kos7 BN2066 R53400 B265 ‘sﬁgng;ﬁf}'g * N/A N/A N/A NIA Ponsg:égs‘l
EWAO?8 | TiGade 12 | K957 BN2966 RAS3400 B265 ‘s':?,::;f;'gf"g’ 6 NIA A NA NA b oausgsc;igy
EWAO79 | TiGrade 12 | K957 BN2968 RS3400 B265 Asm:;-g?-ét: 156 N/ NA NIA A Pofg;':w
EWAOB0 | TiGrade12 | K987 BN2968 R53400 B265 Asm:;fggf"",g 18 NIA NIA A NIA por e
EwA08! | TiGrads 12 K957 BN2966 R53400 B265 Asi(;z:f;'gf"';'“ N/A WA NiA NiA Pofgg{igy
EwA0sz | TiGamde12 [ e BN2966 RS3400 8265 ASP((;(;!;::(:‘G-‘I; 158 NIA A N/A WA o ek
EWA 101 | TiGrade 12 K957 BN2966 R53400 B265 ‘splgg:f;'gf"‘;m NiA NA N WA Pofggggs‘
EWA 102 | TiGrade 12 | K957 BN2966 R53400 B285 Asigﬂ;f;’gf":‘“ NA N/A NA NA oloe2
EWA 106 | TiGrade 12z |  Kes? BN2966 A53400 B265 Asmﬁ-g‘s-‘gm NIA NIA N/A NA oo
EWA107 | TiGmde 12 | K957 BN2966 R53400 265 As'i‘;g:;f:'gf"g:'” NA NIA NA NIA Pofgg;:gu
EWA111 | TiGmde12 |  Kes? BN2966 A53400 B265 A o 1) WA NA NZA A oioe2
EwA 112 | TiGrade 12 K57 BN2956 RA53400 B285 As'?g‘:;’:;’gf '11;;'55 NiA NA N/A N/ POISS;.:QQ
EWA113 | TiGrade12 |  Kes7 BN2966 R53400 B265 Asﬁgﬂif;’gf;‘;‘ 56 NA A N/A N/A pofgg;sw
EwA11d | TiGade12 {  KoS7 BN2966 RS3400 @285 Ass:c::ag-:;-gﬁa? % A WA N/A NIA oS
EWA 115 | TiGrade12 | K957 BN2966 R53400 B26s ‘szgo;:;ﬁf"g' 5 NIA WA WA NrA o2
EwA116 | TiGrde12 |  oes? BN2966 R53400 B265 As’;g‘:;f;'gf"'; 16 NA N/A N/A NIA Pofg;:"gw
EWA 117 | TiGrade 12 K957 BN2966 RS3400 B265 Asm-:;-gls-'gtss N/A WA N/A N/A Pofgg{gm
EWA 118 | TiGrade 12 |  K9S7 BN2066 R53400 B265 Agzgc::;f;g:s-‘g;m NA N/A N/A NiA ror e
EWA 119 | TiGde12 | K987 BN2966 53400 8265 Asmﬁ?-‘;u s8 NA NA N/A NIA o2
EWA120 | Tir—de12 K957 BN2866 R53400 B265 Asptg‘::':;ﬂfﬂ'” NIA N/A N/A NIA 52;;%

{
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EwA121 | TiGrade 12 |  kes7 BN2966 RS3400 B265 ASF;g‘;Zf;’gf;g;’ 5 NiA NA NIA A PO8 arasse
EWA122 | TiGrade12 | K957 BN2966 R53400 8265 Asmﬁ-gﬁ-’gwss NIA N/A NIA NA POs a5
EWA 141 | TiGrade 12 | K957 BN2966 R53400 B265 AS‘:‘;‘;Z‘:;“;?‘,':‘[;'% NI “NA NA /A coroo?
EWA142 | TiGade12 | K957 BN2956 R$3400 B265 Asif,ﬂ;’:g'g'&";‘;‘“ NIA WA A NIA oo e
EWA143 | TiGmde12 |  Kes? BN2966 R53400 B26s Asr:gc::;f;-gf-‘gms N/A NIA NA NA o e
EwA 144 | TiGade12 |  Kas7 BN2966 RS3400 B265 Asigg:f;ﬁf"‘a‘:‘” NiA N/A NA N/A pon o e
EWA 151 | TiGrada 12 Kos? BN2966 53400 B265 Asm:'f";'gf '1'3‘;'55 N/A NIA NiA NIA p ofgg;iesa
EwA152 | TiGade12 |  Kes? BN2965 A53400 8265 As:gc::;f;-gff;ws N/A NIA /A /A s e
EWA 184 | TiGrade12 |  Ha27 T-5465 A53400 B255 “5‘:?,";‘:’;'2?‘1‘3‘;‘ 56 NIA NIA NIA NIA %3
EWA 165 | TiGrade 12 Ha27 T-5465 A53400 B265 Asszgng;-gis?;me NiA NrA NIA NIA Pofgg:;;gsg
EWA 168 | TiGrade 12 Ha27 T-5465 R53400 8265 Asm-:;-gf-lgc;ws NIA NA N/A N/A Pofg;::;gg .
EWA169 | TiGrade12 |  Ha27 T-5465 RI53400 B265 Asﬁ;ﬁ;‘ﬂf;g‘sa N7A NA NIA /A Pofg:?:;ggsg
EWA170 | TiGrade12z |  Ha27 T.5465 R53400 B265 Asiﬁi:;f;‘g?"g'ss NIA N/A /A N/A Or Dvaasso
EWA171 | TiGuade12 |  Ha27 1.5465 R53400 B265 “siﬁ::;f;'gf;g'm NrA NIA NIA NIA poasgac:;ggsg
EWD001 | TiGrade12 |  Kos? BN2966 R53400 B265 As’:g‘:zf;'gf"‘:" 56 Lo25 AT787S AS.16 ER TI-12 5001 023F oo
EWD 002 | TiGradet2 | K957 BN2966 R53400 B263 A e ot 13y Lo25 AT7879 A5 16 ERTI-12 5001 023F poloe2
EWD003. | TiGradet2 |  Kes7 BN2966 R53400 p2ss Asm:;'f;'gf"'a‘;' > Lo25 ATT879 AS.16 ER TI-12 5001.023F s
EWDOO4 | TiGrade12 |  Kos7 EN2066 AS3400 g285 Asigc::;-:a;g:a;g?se Lo25 AT7879 A5.16 EA TI-12 5001 023F A
EWDOOS | TiGrade12 |  K9S7 BN2966 R53400 8265 As?ggag-:n:g:s;g;usa Lo25 AT7879 AS.16 ER TI-12 5001 023F s
EWD006 | TiGrade12 | K957 BN2966 A53400 B265 Asﬁg’:;gﬁg' % Lo25 ATI879 A5.16 ER TI-12 5001 023F or 2
EWDO031 | TiGmde12 | K957 BN2966 R53400 8265 As:g‘:z':;gf"g' > L025 AT7879 AS.16 ER TI-12 5001.020F A
EWD 038 | TiGrade 12 K957 BNZ966 R53400 B265 As':gﬁ':;’g?'g;‘ 58 L025 AT7679 A5.16 ER TH12 5001.023F Pofg:gss-u
EWDO41 | TiGradet2 |  Kas? BN2966 R53400 B265 Asm:;fz-gf-g;m Lo25 AT7879 A5.16 EA TI-12 5001.023F 8o
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Number Number
EWDO42 | TiGrade12 | Ko7 BN2966 R53400 B2ss "S'zgggfg'gf"‘a‘;' % L025 AT7879 AS.16ER TI12 5001 023F oL aurasss
EWDO43 | TiGrade 12 |  Kos? BN2966 RE3400 B285 Asigzzf;gf"';‘% Lozs AT7879 ASI6ER TI-(2 5001 023F ot s
EWD044 | TiGrads 12 | K957 BN2966 RS3400 B265 AS’:‘;‘;Z:;’E)’?"*BOJ’ % Lo25 AT7879 A5.16 ER T1-12 5001.023F DORa asa
EWDO4S | TiGrade 12 | K957 BN2966 R53400 B265 Asigngg'gf"‘aﬁ' % Lo25 AT7873 A516ERTI-12 5001 023F , ofg:?;igy
EWDO46 | TiGrade 12 |  Kos7 BN2966 R53400 8265 Asﬁiﬂ'gﬁg 156 1025 AT7879 AS.1B ER TI-12 5001,020F s
EWDO?! | TiGrade 12 |  Kes7 BN2966 R53400 B265 Asm;f;'gf"g'% 1025 AT7B79 AS.16 ER TI-12 5001.023F PO et
EWD072 | TiGmde12 | K957 BN2966 RS3400 B265 AS':‘::;’:Z‘S?";‘;""G Lo25 ATTB79 A5 1B ER T112 5001.023F o8 e
EWDO073 | TiGrade 12 |  Kes7 BN2965 R53400 B26s Asigoa:;f;-g?-g:me Lo25 AT7879 AS.16 ER T1-12 £001.023F I
EWDO74 | TiGmde 12 | K57 BN2966 RI53400 B26s “Sig‘:zf;'gf";‘;'ss Lo2s AT7879 A5.16 ER T1-12 5001.023F o2
EWOO?5 | TiGrads 12 |  Kes7 en236s R53400 B265 ‘Smagf;ﬂf;';“"ﬁ Lozs AT7B79 AS.1BERTI-12 5001,023F o 0?2;3954
EWDO?6 | TiGrade12 | K957 BN2968 R53400 B2gs As’:g‘::f;‘gf"‘;;' % L025 AT7879 AS.16 ER TH12 5001.023F Pofg;-:gy
EWD0?77 | TiGrade 12 |  Kes? BN2966 RE3400 8265 As’:g::;f;'g?}‘;‘“ L025 AT7879 ASASERTHZ 5001.023F s s
EWO 078 | TiGrade 12 |  Kes7 BN2966 RS3400 B26s A oo 13y 1025 AT7879 AS.18ER TI12 5001.029F ot oe?
EWD079 | TiGrmde 12 |  Kes? BN2966 A53400 8265 Asﬁ;‘:’;’ﬂ?"g'ss Lo2s AT7870 AS.16 EA 1112 $001.023F o552
EWDO0BO | TiGrade12 |  Kos? BN2956 R53400 B265 Asm:;f;'g?“g;'m Lo25 AT7B7S AS5.16 ER 112 5001 023F v e
EwDo0B! | TiGade 12 |  Kos7 BN2966 R53400 B26s “Sme;'gf";"” Lo25 AT7879 AS.18ERTI-12 5001 023F ot oe2
EWD082 | TiGrade'12 |  kes7 BN2966 R53400 0265 Asigng;-g? "';:'55 1025 ATT879 AS.16 ER Ti-12 5001.023F pon o
EWD 101 | TiGade12 |  Kos? BN2966 R53400 8265 ‘S:gg:f;“g?"';;'“ Lo2s AT7879 A5.18 ER TI-12 5001.023F ==
EWD 102 | TiGrmde 12 K957 BN2066 R53400 8265 Asmzf;'g?;g;'“ LD25 AT7879 ASABER T2 5001.023F pof‘é’;'igs.
EWD 106 | TiGrade 12 K57 BN2966 R53400 B265 As:zgg:;f;-g?-‘gu > L02s AT7879 AS18ERTIIZ 5001.023F oo 'Sgg‘-gw
EWD 111 | TiGrde12 | K957 BN2966 RE3400 B265 Asm:;f;‘g?-éc;m Lo2s AT7879 AS.16 ER 112  5001.023F boSo02
EWD 112 | TiGdetz |  Kas? BNz068 R83400 B265 A a1y Lo2s ATIE9 AS.16 EA TI12 5001.023F oS
Ewp113 | T de12 | Kes? BN2966 R53400 B28s ‘smﬁ?"m % Loz5 ATI879 AS.16 ER T2 5001.023F L Soe2
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sptnan o] MorTace | SRl | oo AT | Seb et | Pyl WSRO a4 RN
Numbaer Number

EWD 114 | TiGrade 12 | K957 BN2066 RS3400 B265 Asr-‘zgz:;f;-g?-‘g:ma LO25 ATT879 AS.16 ER T1-12 5001 023F o Of’g:“g osa
EWD 115 | TiGrada12 |  Kos7 BN2968 A53400 B255 Asigg:;‘:;'gf;';' 56 1025 AT7879 25.16 ER Th-12 5001 023F o ofg:":gs‘
EWD 116 | TiGrade 12 | X957 BN2966 R53400 B265 ASF;‘;‘:Z’:;’ES";‘;' 56 LO25 AT7879 AS.16 ER TI-12 5001.023F . ofg{g osa
EWD 118 | TiGrade 12 | K957 BN2966 R53400 B265 Asigg;:;'zf"g‘ % 1025 AT7879 AS 16 ER TI-12 5001.023F Or og 054
EWD 119 | TiGmde 12 | K957 BN2956 R53400 Baes “Sm:;':;'gf"g 196 Lo2s AT7879 AS.1BERT112 5001.023F o o 0sa
EWD 121 | TiGrade 12 | K957 BN2966 R53400 B265 Asmzf;'gf'g'“ Lo2S AT7879 A5.16 ER T1-12 5001.023F ooz
ewD 122 | TiGrade 12.|  Kes? BN2966 R53400 B265 Asm;'f;'gf"g;'ss Lozs AT7879 A5 18 ER TI-12 5001.023F por o e
EWD 141 | TiGrage 12 | K9S BN2964 R53400 8265 As:gt::;.sa;-gs-‘g;ms Lo25 AT7879 AS.16 ER TI-12 5001.023F bO8 aoagse
EWD 142 | TiGeade12 |  Kas? BIN2965 R53400 8265 ‘s?ﬁ;f;'gf"‘;;'ss Lo25 AT7879 A5.16 ER TI-12 5001.023F Pofgg‘-;“
EWD 151 | TiGrade 12 | K957 BN2966 R53400 8265 AST?;‘:;‘;?}‘;‘ 6 Lo2S AT7879 A5.16 ER Ti-12 5001.029F oSoee
EWD 164 | TiGrade 12 | 427 T-5465 R53400 6265 Asmz-:;-gls-:;ms L0235 AT7879 A5.16 ER TI-12 5001 023F o552
EWD 168 | TiGrade 12 |  H427 T-5485 RS3400 B265 ASI::},(:E-:;-&B-';TSG Loz5 AT7B79 AS.16ER T2 $001.023F o o
EWD 169 | TiGrade 12 |  H427 7.5465 R53400 B265 Asigc;:;f;-g?-:;wa L025 AT7878 AS.IBER TI-12 5001.023F por erssa
PCA 003 6L N83S L9246 1 $31603 A240 T':mzjgfgf's:;' 8 A A N/A NIA b o7
PCA 004 6L NB3S L92346 531603 A240 T'T:‘;?::gfg 3,5:,9" NiA " NA N/A A POS;TO; o
PCA 005 6L B35 1923461 531603 A240 ijzs-s:g;og ';5:)9 NIA N/A N/A N/A Poigco; “
PCA 008 NeL NB3s L923461 531803 A240 T'?:f;fﬁgfg ':5;95 NIA N/A N/A N/A pofm"
PCA 007 6L NB35 1923461 531603 240 T”(r:g?s' AR NIA NIA N/A /A e
PCA 008 AnsL NB3s Lo23461 53160 A240 n:mts:a;o:f;gs NIA WA NiA NA e o7
PCA 009 at6L N835 Lo2a48? 531603 A240 Tﬁgfg‘ﬁﬁ(’gﬂfxf’?" NIA WA NIA NA Soee
PCA 010 6L N835 1923461 -§31603 A240 Timfigfgﬂsj)% NIA N/A NA NIA POE(;CO;“ o
PCA G 3L NB3s L9248 531603 A240 Tn‘xo::’-s'sio:—zszs;aa NFA N/A NIA N/A Po?losco:uw
PCA 012 38L NBaS L923461 531603 A240 1?\;\:?;2;9‘9;02-3'5::0 NA N/A NiA N/A ﬁgsoﬁ‘i{; o




Base Metal Independent Test Results P ge‘31 ot 33
l?a% ReY
specimentn| = ) il ol & @ o] o] e e [ | oo | S| o | T [t goguen

DCA 001 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 30 1.4 0.23 121.44 62.42 59.1
DCA 002 0.004 0.32 0.01 «0.01 0.07 223 Rem 118 4.9 30 14 0.23 121.44 82.42 59.1
DCA 003 0.004 0.32 0.01 «0.01 0.07 222 Rem 138 4.9 30 1.4 0.23 121,44 62 .42 59.1
DCA D04 0.004 0.32 0.01 <001 Qor 223 Ram i38 49 g 14 021 121.44 6242 591
DCA 005 0.004 0.32 0.0 <0.01 Q.07 223 Rem 128 49 30 14 023 121.44 62.42 59.1
DCA 006 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 0N 0.004 0.32 0.01 <00t 0.07 222 Rem _13.8 4.9 2.0 1.4 0.23 121.44 82.42 59.1-
DCA 032 0.004 0.32 oM <0.01 0.07 2213 Rem 138 49 3.0 1.4 0.23 121.44 62.42 59.1
DCA 033 0.004 0.22 0.01 <0.01 0.07 223 Rem 138 49 3.0 1.4 0.23 121.44 82.42 59.1
DCA 034 0.004 032 0.0t <«0.01 0.07 2.3 Ram 138 49 3.0 14 0.23 121.44 62.42 59
DCA 035 0004 0.32 0.01 <000 0.07 223 Ram 138 4.8 3.0 14 0.23 121.44 62 42 58.1
DCA 036 0.004 0.32 0.01 <0.01 0.07 220 -F!em 138 4.0 3.0 14 0.23 121.44 62.42 581
DCA 081 0.004 0.32 0.0 <0.01 0.07 223 Rem 138 4.9 3.0 14 0.23 121.44 B2.42 58.1
DCA 082 0.004 0.2 0o «<0.0% 0.07 223 Rem 138 49 3.0 1.4 023 121.44 B82.42 591
DCA 063 0.004 032 0.0t «<0.01 0.07 223 Rem 138 49 30 1.4 0.23 121 44 62.42 59.%
DCA 064 0.004 0.32 0.0t <0.01 0.07 223 Rem 138 4.9 KRy t4 0.22 121.44 62.42 59.1
DCA D65 0.004 0.32 ao <0.01 0.07 223 Rem 138 49 30 1.4 0.23 121,44 62.42 58.1
DCA 066 0.004 01232 . 0.01 <0.01 0.07 223 Aem 138 4.9 30 14 0.23 121.44 B62.42 59.1
DCA DB? 0.004 0.32 o <0.01 0.07 223 Rem 138 4.9 30 1.4 0.23 121.44 B82.42 59.1
DCA 068 0.004 032 o.M <0.01 0.07 223 Rem 138 49 3.0 14 0.23 121,44 62.42 59.1
DCA 069 0.004 032 0.0t <0.01 0.07 223 Ram 138 4.9 3.0 j.4 0.23 121.44 62.42 59.1
DCA 070 0.004 0.32 0.01 «0.01 0.07 223 Ram 128 4.9 30 14 0.23 121.44 B82.42 501
pcaort | ~~a | 032 | oo | <01 | oor | 223 | Rem 128 49 30 14 023 | 12144 | 6242 59.1
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DCA 072 0.004 0.32 0.01 «0.01 0.07 223 Rsm 138 49 3.0 1.4 0.23 121.44 62.42 891
DCA 091 0.004 0.32 0.01 <0.01 0.07 223 Aem 138 4.9 a0 1.4 0.23 121 .44 B2.42 591
DCA 092 0004 0.32 0.0 <0.01 .07 223 Ream 118 4.9 3.0 1.4 0.23 121.44 62.42 59.1
DCA 093 0.004 0.3z 0014 <0.01 oo 22.3 Rem 138 49 30 1.4 0.23 121.44 82 42 531
DCA 094 0.004 0.32 0.01 <001 0.07 22 Rem 138 4.9 30 1.4 023 121.44 B2.42 59.1
DCA 098 0.004 0.32 0.0t <D.01 .07 22.3 Ram 138 49 a0 1.4 023 121.44 62,42 581
DCA 096 0.004 .32 0.01 <001 0.07 223 Ram 138 49 a0 1.4 0.23 121.44 B2.42 59.1
DCA 098 0.004 0.32 0.0 «<0.01 0.07 223 Ram 138 49 1.0 1.4 0.23 121.44 652.42 591
DCA 008 0.004 D.32 0.0t <0.01 0.07 223 Rem 138 4.‘9 30 1.4 0.23 12144 62 42 591
DCA 101 0.004 D.32 0.01 «0.01 0.07 223 Rem 13.8 4.8 a0 14 0.23 12144 a2.42 5p.t
DCA 102 0.004 0.32 0.01 Q.01 Q.07 223 Rem 138 49 3.0 14 0.23 12144 82.42 59.1
DCA 121 0.004 0.32 om <00t o007 223 Aam 138 4.9 ao 1.4 0.23 121.44 62.42 59.1
DCA 122 0.004 0.32 0.01 <001 0.07 e | Rem 138 49 30 1.4 0.23 121,44 62.42 291
DCA 123 0.004 0.32 o «0.01 0.07 223 Ram 138 49 ap 1.4 0.22 121.44 62.42 %91
DCA 124 0.004 0.32 0.01 «0.01 © 007 223 Rem 138 49 cXs] 1.4 0.23 12144 62.42 9.1
DCA 125 0.004 0.32 0.01 <001 0.07 223 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 591
OCA 126 0.004 Q.32 0.01 <0.01 0.07 223 Ram 13.8 49 30 1.4 0.23 121.44 82.42 581
DCA 128 0.004 0.32 0.01 «0.01 007 22.3 Ram 138 4.9 30 1.4 .23 121 44 §2.42 59.1
DCA 129 0.004 032 a.0t <0.01 007 223 Ram 138 4.9 3.0 14 022 12144 62.42 591
DCA 130 0.004 0.32 0.0t <0.01 0.07 223 Rem 13.8 4.9 30 1.4 0.23 121.44 82.42 59.1
DCA 132 0.004 032 0.01 <0.01 0.07 223 Ream 138 4.9 30 1.4 0.23 121,44 B2.42 £91
DCA 157 0.004 0.32 0.0 <001 0.07 223 Rem 138 4.9 30 1.4 0.23 121.44 B82.42 59.1
DCA 158 0.004 0.32 0.01 <0.01 0.07 223 Aem 13.8 4.9 3.0 1.4 023 121,44 62.42 591
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DCA 159 0004 0.32 0.01 <0.01 0.07 223 Ram 138 49 30 1.4 0.23 121.44 62.42 59.1

DCA 160 0.004 0.32 o0 <0.01 0.07 223 Rem 118 4.9 3.0 14 0.23 121.44 B62.42 59.1
DCA 161 0.004 0.32 0.0 <0.01 0.07 223 * Aem 13.8 4.9 J.0 14 0.23 121.44 62.42 59.1

DCA 162 0.004 032 0.01 «0.Q1 0.07 223 Rem 13.8 . 4.9 a0 1.4 .23 121.44 6242 5001

DCA 164 Q.004 0.32 D.01 <0.01 Q.07 2231 RAem 138 49 30 1.4 0.23 124,44 §2.42 59.1
DCA-165 0.004 0.2 0.09 «<0.01 o7 2213 Rem 138 49 0 1.4 023 121.44 B2.42 59.1
DCA 167 0.004 0.32 oo «0.01 0.07 223 Rem 13.8 4.9 .0 1.4 0.23 121.84 62.42 59.1
DCA 168 0.004 0.32 0.01 <{Q.01 o.o7 223 Ram 138 4.9 A0 1.4 0.23 121.44 62.42 59.1
DCA 244 0.005 0.22 0.01 <0.01 0.05 22.0 - Rem 13.5 4.4 2.0 2.3 0.19 118,48 59.82 820
DCA 245 | 0.005 0.22 .01 <0.01 0.05 2240 Rem 115 4.4 3.0 23 0.19 118.48 59,82 62.0
DCA 248 0.005 0.22 0.0 <0.01 0.05 220 Rem 125 4.4 A0 23 019 119.48 59.82 620
DCA 247 0.005 0.22 o0 <0.01 0.05 220 Ream 1318 4.4 3.0 23 D.19 11948 59 82 620
DCA 248 0005 ¢.22 0.01 <0.01 0.05 220 Rem 135 4.4 30 23 D.19 11946 5882 620
DCA 249 0.005 0.22 0.01 «0.01 0.05 220 Rem 135 4.4 30 231 019 115.46 59.82 820
DCA 250 0.005 022 0.01 <001 0.05 220 Rem 138 4.4 2.0 213 0.18 119.48 59.82 620
DCA 251 0.005 0.22 001 <0.01 0.05 220 Rem 13.5 4.4 3.0 23 019 119.46 59.82 82.0
DCA 252 0.005 D.22 oo <0.01 0.05 220 Ram 135 44 3.0 23 019 119.48 59.82 620
DCA 253 0.005 0.22 0.0 «0.01 Q.05 220 Rem 135 4.4 3.0 23 019 t19.48 £9.82 820
DCB oot 0.004 0.22 o0 «0.01 0.07 223 Rem 138 4.9 3.0 1.4 023 121.44 82.42 9.1
pcBooz | oon4 | 032 001 | <00+ | oao7 223 Rem 13.8 a9 3.0 1.4 02 | 12144 | 6242 9.1
pcBool | 0004 | o032 001 | <ops 007 223 Aem 12.8 a9 2.0 1.4 023 | 12144 | 6242 591

DCE 004 0.004 Q.32 0.01 «<0.01 n.0r 223 Fem 138 4.9 30 1.4 023 121,44 62.42 591

DCB 005 0.004 0.32 0.0 <001 0.07 223 Ram 138 4.9 a0 1.4 023 121.44 62.42 59 ¢
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DCBO06 | 0.004 0.32 0.0 <0.01 007 22.2 Rem 13.8 49 2.0 1.4 023 121.44 | B2.42 59.1
DCR 03 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 30 1.4 023 12144 | 6242 59.1
DCcBo032 | 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 30 1.4 023 121.44 | 6242 59.1
DCB033 | 0.004 0.32 001 <001 0.07 223 Ram 13.8 49 30 14 023 | 12144 | 6242 59 1
DCB 034 0.004 0.32 0.0 <0.01 0.07 223 Rem 138 49 30 1.4 0.23 12144 | B2.42 59.1
pceo3s | 0.004 0.32 o0 <0.01 0.07 223 Rem 138 49 3.0 1.4 0.2 12140 | @242 59.1
0CB036 | 0004 032 001 <0.01 007 223 Rem 138 49 30 14 023 | 12144 ) E242 59 1
0CB 061 0.004 0.32 Do <Q.01 0.07 223 Rem 138 4.9 30 14 0.23 121.44 62.42 59.1
DCBOG2 | 0.004 032 0.01 <001 0.07 223 Aem 13.8 4.9 30 1.4 023 12144 | 6242 59.1
DCBOSY | 0.004 032 0.01 <0.01 0.07 222 Aem 128 49 30 14 023 12144 | 6242 59.1
DCBOB4 | 0.004 032 0.01 <001 0.07 223 Rem 12.8 49 10 1.4 0.23 | 12144 | 6242 59.1
DCB 065 0.004 .32 o <0.01 0.07 223 Ram. 12.8 49 3.0 1.4 023 12144 | 6242 59.1
pceose | 0.004 032 0.01 <0.01 0.07 223 Rem 12.8 4.9 3.0 1.4 023 | 12144 | 6242 9.1
DCB 067 0.004 0.32 0.01 <0.01 0.07 223 Rem 128 49 a0 14 0.2 12144 | 6242 53.1
DCBOGE | 0.004 032 0.0 <0.01 0.07 223 Rem 13.8 49 a0 14 .23 12144 | 6242 5.1
BCB 069 0.004 0.32 0.01 <0.01 0.07 223 Rem 13.8 49 ao 1.4 023 | 12144 | s2.42 59.1
DCBOT0 | 0.004 032 001 <0.01 0.07 223 Rem | 138 49 3.0 1.4 0.23 121.44 | B2.42 59.1
DCB 0T 0.004 .32 o <0.0t 0.07 223 Rem 138 49 3.0 1.4 0.23 121.44 82.42 591
oceorz | 0.004 0.32 0.01 <0.01 007 223 Fem 13.8 49 3.0 14 023 12144 | 6242 59.1
pcBogt | 0004 0.32 0.0t <001 0.07 22.3 Aem 12.8 49 a0 1.4 0.23 121.46 | 6242 59.1
OCBO%2 | 0.004 0.32 0.01 <001 0.07 22.3 Rem 138 49 ap 1.4 0.23 12144 | 62,42 591
oceoel | 0.004 0.32 0.0% <0.01 0.07 223 Rem 13.8 4g 3.0 1.4 0.2 12144 | 6242 59.1
DCB D94 0.004 032 0.01 <0.0 0.07 223 Rem 138 49 20 1.4 023 | 12144 | 62.42 591
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DCB 085 0.004 0.32 0.01 <0.01 007 223 Rem 138 49 30 1.4 0.23 121.44 62.42 59.1
DCB 096 0.004 0.32 o1 <001 007 223 Aam 138 49 3.0 1.4 0.23 121.44 8242 591
DCB 098 0.004 032 0.01 <0.01 007 22.3 Ram 138 49 a0 1.4 0.23 121.44 62 .42 50.1
oCB 699 0.004 032 oGt <0 0.07 223 Ramn 138 49 30 14 023 121.44 62 .42 59 ¢t
DCB 104 0.004 0.32 0.0 <0.01 0.07 223 Rem 138 49 3.0 1.4 0.23 121 .44 62.42 591
DCB 102 0.004 0.32 0.01 <0.01 007 223 Rem 138 4.9 30 1.4 0.23 121,44 6242 50.1
oCB 121 0004 0.32 om <0 01 0.07 223 HRem 138 45 A0 14 .23 121 44 62,42 59.1
pee 122 0 004 0.32 0.01 <0.01 0.07 223 Rem 138 4.9 A0 14 0.23 121.44 82.42 59.1
0CB 123 0.004 Q.32 0.01 <0.01 0.07 22.3 Rem 138 49 30 1.4 023 121.44 82,42 59.1
DCB 124 0.004 0.32 0.01 <0.01 0.07 223 Ram 138 49 3.0 1.4 023 121.44 82.42 59.1
0CB 125 0.004 0.32 0.01 «0.01 .07 223 Aem 13.8 LR 0 1.4 . 023 121.44 82.42 5914
0CB 126 Q.004 032 0.0t «0.01 0.07 223 Asm 13.8 49 3.0 1.4 0.23 121.44 652.42 %31
pCce 128 0004 0.32 0.01 «0.01 0.07 22.] Rem 138 49 30 .4 0.23 121,44 82,42 591
oCB 129 0.004 032 001 <001 0.07 223 Rem 138 49 ao 1.4 0.23 121,44 62.42 59.1
DCB 130 0.004 0.32 o0 <001 0.07 223 Rem 128 49 .0 1.4 0.23 121.44 62 42 59.1
DCe 132 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 138 49 3.0 14 023 121.44 62.42 59.1
DCB 157 0.004 0.32 0.01 <0.01 0.07 22.3 Aam 138 49 3.0 14 Q.23 121.44 68242 591
DCB 158 0.004 032 0.01 <D.0t 0.07 22.3 Rem 1x8 49 3.0 1.4 0.23 121.44 62 42 591
0Ce 159 0.004 0.32 0.01 <0.01 0.07 22.3 Asm 118 49 3.0 14 0.23 121.44 a2.42 591
DCH 160 0.004 0.32 0.01 <0.01 0.07 22.3 Ram 138 49 3.0 1.4 0.23 121.44 8242 £3 1
DCB 163 6004 0.32 0.0 <0.01 0.07 223 Ram 13.8 49 a0 1.4 0.23 121.44 a2 .42 59.1
DCB 182 0.004 0.32 0.01 <001 007 223 Ram 1348 4.9 3.0 14 0.23 121.44 a2.42 9.1
DCD 164 0.004 0.32 0.0 <0.01 0.07 223 Rem 138 49 30 14 0.23 121.44 62.42 9.1
rd
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£ce 165 0.004 0.32 oot <0.01 a.07 223 Rem i28 49 3.0 1.4 0.23 129.44 B2.42 58.1
0CB 167 0.004 0.32 0.01 «<0.01 0.07 223 Rem 138 49 3.0 1.4 0.23 121.44 g2.42 59.1
0oCe 168 0.004 0.32 0014 <0.01 0.07 223 Rem 138 49 30 14 0.23 121.44 62.42 59.1
DEA D02 0.005 0.22 oo <0.01 005 220 Rem 135 q4.4 30 23 0.19 119.46 59.82 g2.0
DEA D03 0.005 0.22 o0 <0 01 0.05 220 Aam 135 4.4 3.0 23 019 119.48 59.82 62.0
DEA 004 0.005 0.22 oo <0.01 0.05 220 Ram 13.5 4.4 30 23 0.19 119 46 5982 620
DEA 005 0.005 0.22 o0 <001 0.05 220 Rem 135 4.4 2.0 23 019 119,46 59 .82 62.0
DEA 006 0005 0.22 (e Ko} <001 0.05 220 Rem 135 4.4 3.0 23 0.19 119.48 59.82 620
DEA 007 0.005 0.22 00t <0.01 0.05 zi.o Rem 115 4.4 3o 23 0.19 119.48 59.82 820
DEA 0DB 0.005 D22 o0 <001 0.05 220 Rem 135 4.4 3.0 22 0.19 119.46 59.82 620 -
DEA 009 0.005 0.22 o «0.0% Q.05 220 Rem 135 4.4 3.0 23 0.18 119.48 59.82 620
DEA DO 0.005 0.22 0.01 <0.01 oos 220 Rem 135 4.4 3.4a 2.3 0.19 119.46 5%.62 2.0
DEA DY} 0.005 0.22 0.01 <0.01 0.05 220 Ram 1356 4.4 30 23 0.19 118.46 55 82 B2.0
DEA 012 0.005 0.22 0.01 <0.01 0.05 220 Ram 135 4.4 30 23 0.19 115.48 59.82 620
DEA 013 0.005 022 0.01 <001 0.05 220 Rem 135 4.4 3.0 23 0.19 119.46 59 82 620
DEA 014 0.005 0.22 0.0 <0.01 0.05 220 Aem 1356 4.4 3.0 23 ) 0.19 11948 | 59.82 820
DEA 0135 0.005 o.22 00t <101 0.05 220 Ram 135 4.4 30 23 0.19 119.48 59.82 §2.0
DEA 016 0.005 naz2 0.01 <0.01 005 220 Ram 135 44 30 2.3 0.19 119.48 59.82 620
DEA OIT 0.005 0.22 oo <001 005 220 Aem 135 4.4 3.0 23 019 119.48 59.82 62.0
DEA (119 0.005 022 o.m «0.01 0.05 220 Aem 135 4.4 3.0 23 0.18 119.48 59.82 82.0
DEA (020 0.005 022 om «0.01 0.05 220 Asm 13.5 4.4 ao 2.3 0.1g 119.46 59.82 62.0
DEA 021 0.005 0.22 o.M <0.04 0.058 220 Rem 13.5 4.4 30 23 018 119.48 £9.82 620
DEA 022 0.005 0.22 0.01 <0.01 0.05 220 Remn 13.5 4.4 3.0 23 0.18 119.46 £9.82 620
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DEA 023 0.005 0.22 0.01 <0.01 0.05 220 Aem 135 4.4 1.0 23 0.19% 118.48 5942 820
DEA 024 0.005 0.22 0.01 <001 0.05 220 Ram 13.5 44 3.0 2.3 0.19. 119.48 59.82 2.0
DEA 025 D.00% g.22 0.01 <0.01 0.05 220 Aem 13.5 4.4 3.0 23 Q.19 119.48 59.82 62.0
DEA 026 0.005 g.22 001 <0.01 Q.05 220 Rem 135 4..4 30 2.3 0.1% 119,46 5082 62.0
DEA 027 0.005 0.22 0.01 <0.01 005 220 Rem 135 4.4 30 23 0.19 110.48 5§9.82 82.0
DEA 029 0.005 p.22 c.01 <0Q.01 0.05 22.0 Rem 135 4.4 30 23 0.19 11948 59.82 62.0
DEA 01 0.005 022 o.01 «<0.01 0.05 220 Rem 135 4.4 ao 23 0.18 119.46 59.82 820
DEA 032 0.005 ) 0.22 0.01 «0.01 Q.05 220 Ram 135 44 30 23 Q.19 11946 50 82 62.0
DEA 033 0.005 022 0.0 «0.01 .05 220 Rem 135 44 3.0 23 019 119.46 £59.82 82.0
DEA 034 0.005 ¢.22 001 «=0.01 0.05 22.0 Rem 135 44 2.0 2.3 019 119.46 59.82 82.0
DEA (35 0.005 0.22 0.01 <001 0.05 2240 Rem 125 4.4 3.0 2.1 0.19 119.48 59.82 620
DEA 159 Q.005 0.22 0.01 <0.01 0.05 220 Rem 1358 44 3.0 23 019 119.48 59.82 82.0
DEA 201 0.008 0.22 0.01 <0.01 005 220 Rem 13.5 4.4 3.0 23 0.19 118.48 56 82 82.0
DEA 202 0.005 022 0.0 <00 0.05 220 Rem 13.5 4.4 3.0 23 0.19 115.48 59.82 620
DEA 203 0.005 0.22 0.0 <0.01 0.08 220 Rem 135 4.4 3.0 23 019 ) 11948 £9 02 620
DEA 209 0.005 022 oM <0.01 0.05 220 Rem 13.5 4.4 3.0 23 D19 119 .46 59.82 620
DWA 001 0.004 0.32 0.01 <001 0.07 22.3 Rem 13.8 49 3.0 14 0.23 121,44 B82.42 59.1
DWA 002 0.004 0.32 [ Xe}] <0.01 0.07 223 Rem 138 4.9 a0 1.4 0.23 121.44 B2.42 9.1
DWA 003 0.004 0.32 0.0 <0.01 0.07 223 Rem 138 4.9 30 14 0.23 121.44 B2.42 591
DWA 004 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 128 49 3.0 1.4 0.23 12144 | 8242 59,1
DWA 005 0.004 0.32 0.01 <0.01 0.07 223 Rem 13.8 4.9 3.0 14 0.23 121.44 62.42 591
DWA 006 0.004 032 0.0% <0.01 007 223 Rem 128 a8 1.0 1.4 023 121.44 62.42 59 1
DWA 031 0 N4 0.32 o0 <0.01 0.07 223 Rem 128 49 30 1.4 0.2 120,44 62.42 591
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DWAD3IE | 000 0.32 0.0 <0.01 o.07 223 Rem 138 49 a0 1.4 023 | 12144 | 6242 59.1
DWA 041 0.004 0.32 0.0% <(0.01 D.o7 223 Rem 138 49 3.0 1.4 0.23 121.44 82,42 59.1
DWAD42 | 0004 | 032 0.01 0M 0.07 223 Aem 13.8 49 30 14 023 | 12144 | 6242 59.1
DWA 043 0004 0.32 0.01 <0.01 Q.07 223 Rem 118 4.9 30 14 0.23 121.44 62.42 53.1
DWA 044 0.004 0.32 0.01 «0.01 o.0r 223 Rem 138 4.8 3.0 14 0.23 121 .44 82.42 59.1
DWA D45 0.004 0.32 0.01 «0.01 .07 223 Aem 138 49 3.0 1.4 0.23 121.44 62.42 59.1
DWA 046 0.004 0.32 0.01 <001 0.07 223 Aem 138 4.9 30 1.4 0.23 121.44 82.42 58.1
DWA 0T 0.004 0.32 o <0.01 007 22.3 Rem 138 49 a0 14 023 121,44 £62.42 591
WA D72 0.004 032 0.01 <0.01 0.07 22.3 Ram 138 49 30 1.4 0.23 121.44 82.42 59.1
OWA 073 0.004 | 0.32 0.01 <0.01 0.07 222 Ram 138 4.9 3.0 1.4 .23 121.44 82.42 581
DWA 074 0.004 0.32 0.0 <0.01 007 223 Asm 138 49 a0 1.4 0.23 121.44 62.42 59.1
DWA D75 0.004 0.32 0.01 <0.01 Q.07 223 Rem 138 49 a0 1.4 0.23 121.44 62.42 53.1
DWA 076 0004 D0.32 Qo <0.01 0.07 223 Rem 138 4.9 3.0 14 023 121.44 62.42 59.1
DWA 077 0004 0.32 oo «0.01 0.07 22.0 Rem 138 49 3.0 14 0.23 121.44 62.42 59.1
DWA D78 0.004 0.32 0.0 <0.01 007 223 Rem 138 4.9 a.0 1.4 0.23 121.44 8242 501
DWA 078 0.004 0.32 0.01 <001 0.07 222 Rem 138 49 3.0 14 0.23 12144 | 6242 $9.1
DWA 080 0.004 032 0.01 «0.01 0.07 223 Rermn 138 49 KR Y 1.4 0.23 121,44 62 42 59.1
DwA 081 0.004 0.32 0.01 <0.01 0.07 223 Rem 13.8 49 3.0 14 0.23 121.44 82.42 59.1
DWA 082 0.004 0.32 0.01 w01 .| o007 223 Rem 13.8 40 2.0 14 0.23 121.44 az.42 59.1
DwA101 | ooos | 032 0.01 <0.01 0.07 223 Rem 138 48 30 14 023 | 12144 | 6242 58.1
owai62 | 0004 | o032 0.01 <0.01 0.07 223 Asm 138 49 3.0 14 023 | 12144 | 6242 58.1
DWA 106 0.004 0.32 0.01 <001 D.o7 223 Fem 138 4.9 jo 14 0.23 121,44 62,42 591
DWA 111 | ooo4 | 032 0.01 <0.01 00" 223 Rem 138 49 3.0 14 023 | 12144 | 6242 59.1




Base Metal Independent Test Results Page%f 2Q Q¥

Specimen D [ Mn P s Si Cr NI Mo N H Fa [+] Tl w Co v Tenslle Yield (ke) %

. (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)} (%) (%) (%) {%) (%) (%} {usl) Elongstion
DWA 112 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
DWA 12 0.004 032 0.0% <0.01 0.07 23 Ram 138 49 kX 1.4 0.23 121.44 | 6242 591
DWA 114 0.004 032 om <0.01 007 223 Rem 138 49 0 1.4 0.23 121.44 £2.42 59.%
DWA 115 0.004 0.32 om <00 0.07 223 Rem e 49 3.0 1.4 0.23 121.44 62.42 59.1
DWA 116 0.004 0.32 0.0 <0.01 0.07 223 Rern - 138 49 3.0 1.4 023 121.44 82.42 59.1
DWA 118 0.004 0.22 0.01 «<0.01 0.07 223 Rem 138 ' 4.9 3.0 14 | 023 121.44 62.42 58.1
DWA 119 0.004 0.32 0.0t <0.01 007 223 Ram 138 4.3 3.0 14 0.23 12144 62.42 59.1
DWA 121 0.004 .32 0.01 <0.01 Qar 223 Rem 138 4.0 30 1.4 0.23 121.44 B82.42 59.1
DwWA 122 0004 0.32 0.01 <0.01 0.07 22) Rem 138 4.9 30 14 023 121,44 62.42 591
DWA 14y 0.004 0.32 0.01 <0.01 0.07 222 Rem 138 49 3.0 1.4 0.23 121,44 62.42 59.1
DWA 142 0.004 0.32 oo <0.01 0.07 223 Rem 13.8 49 3.0 1.4 0.23 121.44 62.42 59.1
DWA 142 0.004 7 032 0.01 <001 Q.07 223 Rem 138 4.9 3.0 1.4 023 121.44 6242 | 59.1
DWA 144 0.004 0.32 0.01 <0.01 0.07 22.3 Ram 138 4.9 3.0 14 0.23 121.44 G2.42 8.1
ﬁWA 151 0.004 0.32 0.01 <0.01 007 223 Rem 13.8 4.8 3.0 14 p.23 121.44 62.42 . 59 .1
DWA 152 0.004 032 0.0 <0.01 (LR 223 Aem 138 4.9 3.0 14 0.23 121.44 62.42 591
DWA 184 0.005 0.22 0.0t <0.01 0.05 220 Rem 13.5 4.4 3.0 23 0.18 119.48 59.82 62,0
DWA 185 0.005 D.22 0.01 <0.01 0.05 220 Rem 13.5 a4 a0 23 0.19 119.48 59.82 620
DWA 169 0.005 D.22 0.01 «<0.01 0.05 220 Rem 13.5 4.4 3.0 23 0.19 119.48 59.82 820
DWA 170 0.005 0.22 0.01 Q.01 0.05 220 Aem 135 4.4 3.0 23 0.19 119.48 54.82 620
DWA 1T 0.005 0.22 0.01 <0.01 0.05 220 Rem 135 4.4 3.0 _ 23 | 019 119.48 59.82 820
DWB 001 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 . 49 30 t.4 0.2) 121.44 62.42 59.1
DWB 002 0.004 032 0.01 <0.01 0.07 223 Rsm 1.8 49 30 L4 0.23 121.44 62.42 £9. 1
Dwe 003 e 032 0.01 <0.01 o.07 223 Rem 138 . 49 30 1.4 0.23 121.44 62,42 591 h
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DWBODA | 0.004 0.32 a.01 <0.01 0.07 223 Rem 138 49 a0 1.4 023 | 12144 | 6242 59.1
DWBDOS | 0.004 0.32 0.01 <0.01 0.0 223 Rem 13.8 49 3.0 14 023 | 12144 | 8242 59.1
DWB D06 | 0.004 0.32 0.0% <001 0.07 223 Rem 138 49 3.0 14 023 | 12144 | 6242 59.1
DWE 031 0.004 032 0.0 <0.01 0.07 223 Rem 138 4.9 3.0 1.4 023 | 12149 | 6242 59.1
owgols | 0004 032 0.0 <0.01 0.07 223 | Rem 138 49 : 3.0 1.4 0.23 12144 | 6242 59.1
DWE 041 0.004 032 001 <004 .07 223 Rem 138 49 ae 1.4 0.23 121.44 | 6242 59.1
DWB042 | 0.004 032 0.0 <001 0.07 223 fem 13.8 49 3.0 1.4 023 | 12144 | 242 59.1
DWB 043 | 0.004 0.32 0.0 <D0t 0.07 223 Rem 138 19 3.0 14 0.23 12144 { 6242 59.1
OWB 044 | D0.004 0.32 0.01 <0.01 0.07 223 Rem 138 ' 49 3.0 1.4 0.23 12144 | 6242 | - 590
DWB 045 | 0.004 0.32 0.01 <0.01 0.07 223 Rem 13.8 4.9 a0 14 0.23 12144 | 6242 59.1
owB 046 | 0.004 0.2 0.01 <0.01 0.07 223 Rem 13.8 4.9 30 1.4 0.2 12144 | 62,42 9.1
owBo72 | 0.004 0.32 o.01 <0.01 0.07 22.3 Rem 13.8 49 30 14 .| 023 | 12144 | 6242 59.1
DWB073 | 0004 032 0.01 <0.01 0.07 223 Rem 13.8 49 30 1.4 0.23 12144 | 62.42 59.1
pweozs | 0.004 0.32 0.01 <0.01 0.07 223 Rem 138 49 3.0 1.4 023 | 12144 | 6242 59.1
DWB 075 | 0.004 0.32 0.01 <001 | 007 223 Aem 138 49 30 14 0.23 12144 | B2.42 581
DWB 076 0.004 032 0.01 <Q.01 c.07 223 Rem 13.8 49 a0 1.4 0.23 121,44 B2.42 59.1
DWB 077 | 0.004 032 0.0 <0.01 0.07 223 | Rem 138 19 30 1.4 0.23 12144 | B2.42 59.9
pweo7e | 0004 0.32 0.01 <004 0.07 223 Rem 13.8 4.9 2.0 1.4 023 | 12144 | B2.42 59.1
owWB 073 | 0004 0.32 oo | <o 0.07 223 Aem 13.8 49 a0 1.4 023 | 12144 | 6242 59.1
DWBO080 | 0.004 0.32 0.01 <0.01 0.07 223 Rem 13.8 4.9 30 14 '| o2 12144 | 6242 59.1
DWB 081 0.004 0.32 0.01 <0.01 0.07 223 Aem 13.8 4.9 3o 1.4 023 | 12144 | €242 6.1
DWB OS2 | 0.004 0.32 0.0 <0.01 0.07 223 Aem 13.8 4.9 3.0 1.4 023 | 12144 | 6242 59.1
owB 101 | 0.004 0.32 0.01 <0.01 0.07 223 Rem 13.8 4.9 30 1.4 023 | 12144 | 6242 50,1
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DwB 102 0.004 032 0.01 <0.01 0.07 22.3 Rem 128 49 a0 1.4 0.23 121.44 62.42 591
DWB 106 0.004 032 0.01 <0.01 007 223 Rem 1.8 49 3.0 1.4 0.23 121.44 62.42 59.4
DWB 111 0.004 032 o0 <0.01 007 223 Rem 138 49 a0 1.4 0.23 121.44 62.42 59.t
owB 112 0.0C4 032 oo <0.01 007 223 Ram 138 49 30 1.4 0.23 121.44 62.42 59.1
DWwB 113 0.004 032 om - <001 0.07 223 Rem 138 49 io 1.4 023 121.44 62.42 59.1
Dwa 114 0.004 032 0.01 <0 01 0.07 223 Rem 128 49 30 14 023 121.44 62 .42 591
DwB $15 0004 032 0.01 (.01 Qo7 223 Rem 138 49 3.0 1.4 0.23 121.44 62.42 58.1
owe 116 0.004 032 0.01 <00 0.07 223 Rem 138 49 J0 1.4 0.23 12144 g2.42 58.1
DWB 118 0004 0.32 Q.01 <001 007 223 Rem 138 4.9 30 14 0.23 121.44 B2.42 © 5841
Dwe 118 0.004 032 o0 <0.01 007 223 Rem 138 49 3.0 t4 023 121.44 5242 5.1
Dwa 121 0.004 022 D01 <0.01 0.07 223 Rem 13.8 49 3.0 14 023 121.44 62.42 59.1
DwB 122 0.004 0.32 0.01 <001 .07 223 Rem 138 19 .0 1.4 1 023 121.44 62.42 59.1
DWB 141 0004 0.32 0.01 «Q 01 0.07 223 Rem 138 49 30 1.4 0.23 121,44 62.42 58.1
DWEB 142 0.004 032 0.01 <0.01 0.07 22.3 Rem 138 . 49 3.0 1.4 0.23 121.44 62.42 591
DwWB 144 0.004 0.32 o <0.0t 0.07 223 Rem 128 4.9 3.0 1.4 0.23 121.44 62.42 59.1
DWB 151 0.004 0.32 oo <0.01 0.07 223 Aam 13.8 49 a0 1.4 0.23 12144 62.42 59.1
DWB 164 0.005 0.22 om <0.01 0.05 22.0 Ram 135 44 3.0 23 0.19 11846 50.82 820
DWS 168 0.005 0.22 0.01 <0.01 0.05 22.0 Ram 13.5 4.4 10 23 0.19 119.46 59.82 B2Q
DwB 169 0.005 0.22 o0 <0.01 0.05 22.0 Aarm 13.5 44 10 23 0.19 119.44 sa82 | 62.0
ECA 001 0.02 0B 0.3 0.02 0.002 0.05 0.16 Rem ara 67.9 21.5
ECA 002 0.02 08 0.2 g.02 0.002 0.05 0.18 Rem 878 67.9 215
ECA 003 g.02 08 a3 0oz 0.002 0.05 .16 Aem 878 67.9 2t.5
ECA 004 o0 0.8 03 0.02 0.002 0.05 0.18 Rem ars 67.9 215
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ECA 005 0.02 08 0.3a 0.02 0.002 0.05 0.16 Rem 878 67.9 218
ECA 006 0.02 1] 03 0.02 0.002 0.05 0.16 Rem are - 679 215
ECA 0 0.02 08 03 0.02 0.002 D0.05 Q.18 Rem ara 679 25
ECA D32 0.02 0B 03 0.02 0.002 0.05 [\RL] Rem 878 67.9 21.5
ECA 033 0.02 0.8 0.1 0.02 0.002 0.05 0.16 Ram 7.8 67.9 21.5
ECAD3 Q0.02 08 03 002 0.002 0.05 G118 Rem 878 B7.9 21.8
ECA Q35 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem B7B 67.9 21.5
ECA D36 0.02 o8 0.3 0.02 0.002 0.05 Q.18 Ram are 67.9 2t.5
ECA 0B1 0.02 08 0.3 .02 0.002 0.05 0.6 Rem ara 87.9 215
ECA 062 002 0.8 0.3 0.02 0.002 0.05 0.16 Rem ars 87.% 25
ECA 061 0.02 08 0.3 002 0.002 005 0.16 Rem 878 &7.9 215
ECA 064 0.02 08 03 0.02 0.002 0.05 0.18 Aem ar.a 87.9 215
ECA D5 0.02 0.8 03 0.02 0.002 0.05 0.16 Ram BT.8 81.9 215
ECA 066 0.02 08 0.3 0.02 0.002 0.05 0.16 Aem are 67.0 215
ECA 087 0.02 0.8 03 0.02 0.002 0.05 0.18 Rem ars 67.9 215
ECA 058 0.02 0.8 0.3 g.02 0.002 0.05 0.16 Rem ars arsg FAR-]
ECA 069 0.02 o4 03 0.02 0.002 005 0.16 Rem 878 679 21.5
ECA 070 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 878 47.9 215
ECA 071 0.02 0.8 0.3 0.02 0.002 0.0s 0.16 Rem 87.8 79 215
ECA 072 0.02 0.8 0.3 0.02 0.002 Q.05 0.16 Rem 878 67.9 215
ECA 091 0.02 0.8 0.2 0.02 0.002 0.05 0.16 Rem er.a 67.9 215
ECA 092 0.02 08 03 0.02 0.002 £.05 0.18 Aem 87.8 67 9 215
ECA 092 0.02 0.8 (1%} 0.02 0.002 0.05 0.16 |- Rem g87.8 6783 215
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ECA 094 0.02 08 03 0.02 0.002 0.05 0.16 Ram a7.8 67.9 215
ECA 096 a0z 0B 03 002 0.002 0.05 G.16 Rem B7.8 " §7.9 21.5
ECA 098 0.02 08 03 0.02 0.002 0.05 016 Rem ar.a 67.9 21.5
ECA 099 002 o8 03 0902 0.002 005 0.36 Rem B7.8 67.9 21.5
ECA 10t 0.02 1 X:] 02 0.02 0.002 0.05 0.18 Rem B7.8 67.9 215
ECA 102 0.02 08 03 002 0.002 0.05 0.18 Rem B7 .8 67.9 21.5
ECA t21 0.02 08 03 0.02 0.002 0.05 0.16 RAem a7 8 67.9 215
ECA122 Q02 o8 02 0.02 0.002 0.05 016 Rem 87 8 67.9 PR}
ECA 123 002 08 0.3 0.02 ¢.002 0.05 016 Rem a7 679 21.5
ECA 124 0.02 0.8 03 0.02 0.002 0.05 0.18 Rem ara 679 25
ECA 125 a.02 ae 03 0.02 0.002 0.05 0.18 Rem 8re 879 215
ECA 126 0.02 08 0.2 0.02 0.002 0.05 D.16 Rem are 679 215
ECA 128 002 o} 03 D.02 0.002 0.05 0.16 Ram 878 67.9 215
ECA 129 o002 08 03 0.02 0.002 0.05 0.16 Aem 878 87.8 215
ECA 120 Q.02 08 03 0.02 0.002 0.05 0.18 Rem B7.8 7.9 215
ECA 132 0.02 08 03 0.02 0.002 0.05 0.18 Rem B7.8 67.9 2t5
ECA 157 0.02 08 0.3 0.02 0.002 0.05 D.16 Ram g7.8 g87.9 215
ECA 158 ooz 08 03 0.02 0.002 0.05 0.18 Ram B7.8 67.9 2
ECA 159 Doz 08 03 0.02 0.002 0.05 0.16 Rem B7.8 67.9 215
ECA 150 0.02 08 03 0.02 0.002 0.05 Q.16 Ram B7.8 879 21.5
ECA 161 0.02 08 0.3 0.02 0.002 0.05 0.18 Asm 878 7.9 215
ECA 162 0.02 08 03 002 0.002 0.05 0.18 Rem 8r.8 57.9 2%
ECA 164 oa» 08 0.3 o0.02 0.002 0.05 D.18 Rem 87.8 87.9 215
( {
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ECA 165 a.02 [+ 0.3 0.02 0.002 0.05 0.18 Aem 878 g7.9 215
ECA 167 0.02 0.8 0.3 0.02 0.002 0.05 0.18 Rem a7.8 g7.9 215
ECA 169 g.02 08 0.3 0.02 0.002 0.05 016 RAem B7.8 879 215
ECD 001 002 08 03 Q.02 0.002 ‘005 0.186 RAam 878 67.9 2S5
€£CD 002 0.02 o8 0.3 0.02 0.002 0.05 0.1 Ram 878 67.9 215
ECD 002 0.02 08 03 coz 0.002 0.05 0.16 Rem ara 67.9 25
ECD 004 0.02 08 03 0.02 0.002 0.05 0.16 Rem a78 87.9 21.5
ECD 005 002 o3} 03 0.02 0.002 0.05 0.18 Rem Y] 67.9 215
ECD 008 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 878 579 FAR]
ECD 032 ~ 0.02 o8 0.3 0.02 0.002 0.08 0.16 Fem B7.8 g67.9 215
ECD 061 0.62 0.8 03 0.02 0.002 0.05 0.16 Rem B7.8 67.9 215
ECD 062 0.02 08 0.3 002 0.002 0.05 018 Rem B87.8 67.9 215
ECD 083 002 o8 0.3 0.02 0.002 0.05 016 Rem are 67.9 215
ECOD 054 0.02 0.8 0.3 0.02 0.002 0.05 0.16 RAsm ars 67.9 218
ECD 065 0.02 ae 03 0.02 0.602 0.05 016 Rem g7 8 67.9 21.5
ECD 086 0.02 08 03 0.02 0.002 0.05 0.186 Rem arh 67.9 21.5
ECD 067 0.02 0.8 a3 0.02 0.002 0.05 0.16 Rem 878 67.9 215
ECD 068 0.02 Q.B 43 n.02 0.002 0.05 0.16 Rem a7.8 LT 215
ECD 069 0.02 c.8 0.3 0.02 0.002 0.05 .16 Rem 878 629 215
ECD 070 0.02 0.8 0.3 0.02 0.002 0.05 0.18 Aem are 8r.9 215
ECD O™t 0.02 0.8 0.3 0.02 0.002 .05 0.16 Rem a7.8 879 215
ECD D72 0.02 08 03 002 0.002 0.05 0.16 Rem ara 879 215
ECD 091 0.02 0.8 0.3 0.02 0.002 0.0 0.18 Rem er.8 87.9 215
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ECD 092 0.02 0.8 0.3 .02 0.002 0.05 0.16 Rem B7.8 67.9 21.5
ECD 093 0.02 08 03 .02 0.002 0.05 0.16 Rem ars 679 215
ECD 094 002 0.8 03 0.02 0.002 0.05 0.16 Aem 878 67.9 215
ECD 095 002 4F:] 03 0.02 0.002 0.05 016 Rem 8ra 619 215
ECD 096 .02 08 03 0.02 0.002 0.05 0.16 Ram 878 679 21.5
ECD'008 0.02 08 03 0.02 0.002 D.05 0.16 Rem are 679 215
ECD 099 0.02 [13.] 0.3 0.02 0.002 0.05 016 Rem 878 67.9 21.5
ECD 101 002 0.8 03 0.02 0.002 0.05 0.16 Rem B7.8 67.9 215
ECD 102 002 08 03 0.02 0.002 obs 0.18 Ram B7.8 67.9 2.5
ECD 121 .02 08 0.3 0.02 0.002 0.05 018 Ram 878 67.9 215
ECD 122 0.02 0B 0.3 0.02 0.002 045 0.16 Ram B78 879 215
ECD 122 0.02 08 02 0.02 0.002 0.05 0.16 Rem 878 67.9 Q0%
ECD 124 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem B7 8 871.9 215
ECD 125 0.02 08 0.3 Q.02 0.002 0.05 0.18 Ram ars &7.9 F4R ]
ECD 126 Q.02 ne 0.3 0.02 0.002 0.05 0.16 Rem 878 67.9 215
ECD 128 0.02 08 03 0.02 0.002 0.05 Q.18 Rem ars 4r.9 218
ECD 129 0.02 0.8 0.3 0.02 0.002 0.05 0.18 Rem B7.8 a7.9 215
ECD 130 0.02 0.8 0.3 o.02 0.002 0.05 018 Aem B7.8 are 215
ECD 132 0.02 08 0.3 0.02 0.002 0.05 a.16 Rem B7.8 7.9 215
ECD 157 0.02 08 0.3 0.02 0.002 0.05 0.16 Aem ara B7.9 215
€CD 158 0.02 0.8 03 0.02 0.002 0.05 0.16 Rem B7.8 7.9 215
ECD 159 0.02 08 03 0.02 0.002 0.05 0.16 Aem areg 67.8 215
ECD0 | ™ 08 0.3 00z | o002 | oo0s 0.16 Rem 878 §74 2t s
g
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ECD 1581 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem BT B 67.9 21.5
ECD 162 a.02 08 03 D.02 0.002 0.05 0.16 Rem 878 879 (s
ECD 164 0.02 0.8 03 0.02 0.002 0.05 0.16 Rem 878 67.9 215
ECD 165 ooz 08 03 002 0.002 0.05 0.16 Rem 878 679 215
ECD 167 0.02 08 03 0.02 0.002 0.05 0.18 Rem az.e 67.9 21.5
ECD 168 0.02 08 03 0.02 0.002 0.05 0.18 Aem B7.8 87.9 215
EWA D01 0.02 08 0.3 0.02 0.002 0.05 D.16 Rem 878 87.9 215
EWA 002 0.02 08 03 0.02 0.002 0.05 0.16 Asm 878 67.8 215
EVYA 003 0.02 08 03 0.02 0.002 0.05 016 Ram 878 67.9 215
EWA 004 0.02 08 0.3 .02 0.002 0.05 0.16 Rem 878 67.9 iR
EWA D05 Doz 0.8 0.3 0.02 0.002 0.05 0.18 Rem a7.e 687.9 2%.5
EWA 006 0.02 08 03 0.02 0.002 0.05 0.16 Rem a87.8 67.9 s
EWA DI D02 0.8 03 0.02 0.002 0.05 0.16 Rem ara 67.9 215
EWA 038 0.02 a.a 03 0.02 0.002 0.05 0.18 Rem ara B7.9 215
EWA 041 0.02 0.8 Q.3 0.02 0.002 0.05 0.16 Rem 878 67.8 215
EWA 042 0.02 08 03 0.0z 0.0G62 0.05 0.16 Aam 878 679 215
EWA 043 0.02 0.8 03 .02 0.002 0.05 0.16 Ram 878 7.9 2185
EWA 044 0.02 0.8 a2 0.02 0.002 0.05 0.16 Rem ara 87.9 215
EWA 045 0.02 0.8 %] 0.02 0.002 0.05 0.16 Rem ara 87.9 215
EWA 046 0.02 0.8 0.3 0.02 0.002 0.08 0.16 Rem ars 879 215
EWA D71 0.02 0.8 0.9 06.02 0.002 0.05 016 Rem a7.a 879 21.5
EWA 072 0.02 08 03 0.02 0.002 0.05 0.16 Rem ara 679 215
EWA 073 0.02 08 (1] 0.02 0.002 0.05 0.18 Rem 878 67.9 215
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EWA 074 0.02 0.8 03 0.02 0.002 0.05 0.18 Rem 8r.a 67.9 215
EWA 075 002 0.8 0.3 0.02 0.002 0.05 0.18 Rem ara 67.9 s
EWA 076 0.02 0.8 0.3 0.02 0.002 0.05 0.18 Rem BT.® 879 215
EWA 077 ooz 0.8 03 0.02 0.002 005 0.18 Rem BrA 7.9 215
EWA 078 0.02 0.8 0.3 0.02 0.002 0.05 0.18 Rem 87.8 ET.5 21.5
EWA 079 n.o2 08 0.3 0.02 0.002 0.05 0.18 Rem B7.8 E7.9 21.5
EWA 0BD 002 08 0.3 0.02 0.002 0.05 0.6 Rem azB 679 215
EYVA 081 002 a8 03 0.02 0.002 0.05 0.16 Rem are 679 215
EWA 082 002 08 03 0.02 0.002 0.05 0.18 Rem ara 879 21.5
EWA 101 0.02 08 03 Q.02 0.002 0.05 0.16 Rem 878 879 215
EWA 102 0.02 DB 0.3 0.02 D.o02 0.05 0.16 Rem ara 479 215
EWA 106 0.02 o8 c3 D.02 0.002 0.05 0.18 Rem are 67.9 215
EWA 107 002 08 D3 0.02 0.002 0.05 a.16 Ram 87 679 218%
EWA 111 0.02 08 03 0.02 0.002 0.05 0.18 Rem a78 87.9 215
EWA 112 0.02 08 0.1 0.02 0.002 0.05 0.18 Rem 7.8 67.9 215
EWA 113 0.02 08 03 0.02 0.002 D0.05 0.18 Rem 878 87.9 21.5
EWA 114 0.02 08 a3 a.02 0.002 0.05 0.16 Rem 87.8 87.9 215
EWA 115 002 o8 0.3 .02 0.002 0.05 018 Rem 478 are 21.5
EWA 116 0.02 08 03 0.02 0.002 0.05 016 Rem 878 g87.8 215
EWA 117 0.02 08 03 0.02 0.002 0.05 0.16 Rem ara 879 215
EWA 118 0.02 0.8 03 002 0.002 0.05 0.16 Fflem B7.8 87.9 215
EWA 119 0.02 08 0.3 002 0.002 0.05 0.16 Ram B7.8 £67.9 21.5
EWA 120 el 08 0.3 0.02 0.002 0.05 0.18 Rem ‘8§78 67.9 21.8
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EWA 121 | 002 0.8 0.3 ooz | ooc2 | 005 0.16 |  Rem 87.8 67.9 215
EwA122 | 002 08 0.3 00z | o000z | ao0s 016 | Rem e78 | 679 215
EwA 141 | o002 08 03 po2 | 0002 | 0os 016 | Rem 878 | 679 215
EWA 142 | 002 08 03 ooz | oooz | o©o5 0.6 | Rem e78 | 679 218
EWA143 | 002 0.8 03 002 | o002 | 005 0.16 Rem a7e | 679 218
EwA1s4 | 002 08 03 002 | ooo2 | oo0s 098 | Rem 87.8 679 218
EwA 151 | 002 08 03 002 | 0002 { 005 018 | Rem 87.8 87.9 2ts
EWA152 | 002 0.8 0.3 002 | 0002 | 005 0.16 Rem 87.8 57.9 21.5
EWA164 | 002 0.8 0.3 oor { 0oos | o013 | o4 Rem 8841 | 647 25.1
EWA165 | Do2 08 0.3 001 | 0005 | 013 | o014 Rem eadr | 647 251
EWA 168 | 002 08 0.3 001 | 0oos | 013 | 014 | Rem 8841 | 647 25.1
EwA169 | o002 0.8 03 001 | 0005 | 013 | 014 Rem gad1 | 647 25.1
Ewa170 | oo 08 03 oor | 0005 | 013 014 | Rem BBAY § 647 25.1
ewa1rr | oo o8 0.3 oot | ooos | 013 | 014 [ Rem paat | 67 25.1
ewpoot | 002 08 03 o0z | o002 | o005 D6 | Rem 878 87.8 215
EwDO00Z | 002 0.8 03 002 | ooo2 | o005 0.16 | Rem 87.8 87.9 H
EWDO003 | 002 08 03 00z | ooo2 | o005 016 | Rem 87.8 67.9 215
EWDOO4 | 002 0.8 03 002 | ooo2 | oos 018 | Rem 8r.6 67.9 218
EWDO00S | 002 0.8 03 002 | ooo2z | o0o0s 016 | Rem 87.8 67.9 218
EWD006 | 002 0.8 0.3 0c2 | o002 | 008 0.16 Rem er.e 87.9 218
EWDO3 | 002 0.8 03 002 | ocoz | o005 016 | Rem 87.8 67.3 218
EWDO3 | 002 0.8 0.3 002 | oooz | oos § ois Rem 878 { 67.9 215
EWD 041 D.02 0.8 03 0.02 0.002 0.05 0.18 Ram [V X 67.0 215
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EWD 042 0.02 08 0.3 0.02 0.002 0.05 0.16 Ram ars 67.9 215
EWD D43 0.02 08 0.3 0.02 0.002 0.05 Q.16 Ram arae 67.9 21.5
EWD (44 0.02 08 03 0.02 0.002 0.05 0.16 Ram ars 67.9 21.5
EWD 045 002 a8 03 002 0.002 0.08 Q.16 Rem 878 67.9 215
EWD 04}6 002 08 0.3 002 0.002 0.05 018 Rem B7.8 679 215
EWD 071 0.02 08 0.3 0.02 0.002 0.05 0.16 Ram B7.8 67.9 21.5
EWD 072 002 [o}:] 03 0.02 0.002 0.05 0.18 Ram 878 87.9 21.5
EWO 073 002 08 o3 0.02 0.002 0.05 0.18 Rem ars 81.9 1.5
EWD 074 002 08 03 0.02 0.002 005 0.18 Ram 878 &1.9 21.5
EWD 075 0.02 0.8 03 0.02 0.002 0.05 0.16 Ram aze 679 215 .
EWD 076 0.02 08 0.3 0.02 0.002 .05 Q.16 Rem 78 67.9 215
EWD 0?7 0.02 o8 03 0.02 0.002 0.05 0.16 Rem a7 67.9 Fa B
EwD 078 0.02 DA: ) 0.3 Qa.n2 0.002 0.05 0.18 Ram B7 8 87.9 215
EWD 079 0.02 0e 03 0.02 0.602 0.05 0.18 Rem a7re 47.9 215
EWD 080 0.02 [ol: ) 0.3 002 0.002 0.05 0.18 Ram are 67.8 215
EwWD 081 0.02 a8 02 0.02 0.002 0.05 0.18 Rem 278 67.9 215
EWD 0B2 002 08 0.3 .02 0.002 0.05 0.16 Rem B7e 879 NS
EWD 101 0.02 08 0.3 Q.02 0.002 0.05" 0.18 Rem are 8r1.9 Nns
EWD 102 0.02 08 0.3 0.02 0.002 0.05 0.18 Rem ars8 878 215
EWD 106 Q.02 0.8 0.3 0.02 0.002 0.05 0.18 Rem B87.8 479 215
EWD 113 0.02 [+1.] 0.3 0.02 0.002 0.05 0.18 Rem ars 67.9 215
gwo112 | ooz . 08 03 002 | coo2 | oos 0.16 Rem 7.9 ar.9 215
EWD 113 " -n 0a 0.3 0.02 0.002 0.058 0.18 Rem B7.a &7 ~ 215
— {
5
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Ewp 114 | 002 08 03 002 | o002 | o0os | 016 | Rem o78 | 78 25
Ewotis | oo2 08 03 002 | ooz | oos | 016 | Rem pra | 679 215
EWD 116 | o002 08 0. 00z | ooz | o00s { 018 | Rem e78 | 679 215
Ewo1is | oo2 08 0.3 00z | oooz | aos | 016 | Rem 078 | 679 218
Ewo 119 | o002 08 03 0o2 | ooz | cos | 016 | Rem 878 | er9 2ns
Ewpi21 | o002 o8 0.3 0oz | ooz | vos | 016 | Rem 878 | 679 215
EwD 122 | 002 o8 0.3 002 | o002 | 0os | o016 | Rem 078 | 679 215
EWD 141 | 002 08 03 002 | 0002 | 005 | 016 | Rem B7a | 679 218
EwD 142 | o002 08 03 002 | ooz | oos | 016 | Rem o7 | er9 215
EwWD 15t | 002 08 03 002 | 000z | 005 | 016 | Rem 878 | sers 218
EWD 164 Q.02 0.8 0.3 o ¢.005 0.13 0.14 Ram BB.41 64.7 251
EWD 168 | 002 08 03 oot | ooos | 013 | o014 | Rem Bad4r | 647 25.1
EWD169 | 002 0o 0. 001 | 0005 | 013 | 014 | Rem 8841 | 647 25.1
pcacos | oo | 185 | ooz | 0003 | o3 | tesa } 1035 | 211 | 005 8551 | azoe @4
pcaood | oon | 185 | ooeo | 0003 | o030 | veed | 1035 | 211 | o008 Bs.81 | 4200 464
peacos | oo | 1es | ooz | cooa | ose | tese | rw0as | 211 | o005 gss1 | 42.0 484
pcaoos | oo | 185 | oozo | ocoos | o030 | tees | w038 | 211 | oos pss1 | 42.08 Y
pcacor | oot | 185 | oo | o0o03 | o3 | 1ees | 1035 | zis | 005 Bss1 | 42.08 Y
pcacos | o011 | 85 | oo | coo3 | o3 | iess | 1035 | 2n1 | o0s 8551 | 4208 a8
pcacos | oors | tes | ooz | oooa | o030 | 1ees | w3s | 21 | oo0s 8551 | 42.08 464
peacto | oo | 185 | oo | o003 | o030 | 1es¢ | 1035 [ 21 | o005 8551 | 42.08 Yy
pcaott | oon | 1es | oozo | o003 | o030 | 1ees | 1035 | 210 | 005 ss1 | 4208 and
peaoi2 | oov | ses | ooz | oooa | o3 | 16e4 [ 1035 | 21 [ oos BsS1 | 42.08 464
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pca oo 0.005 027 0.01 0.002 0.05 208 13.2 30 28 1.0 014 0.08 Rem 0.20
pCB 002 0.005 0.27 0.0 0.002 0.05 208 132 kX 248 10 014 . 608 Rem 020
DCB 003 0.005 0.27 0.01 0002 005 208 13.2 30 28 1.0 0.14 0.08 Rem 0.20
oce 004 0.005 0.27 0.01 0.002 0.05 208 13.2 30 28 10 014 0.08 Rem 0.20
DCA 005 0.005 0.27 0.Q1 0.002 0.05 206 13.2 A0 28 10 0.14 0.08 Rem 0.20
oca 008 0.005 027 L4 e3] 0.002 0058 | 208 . 13.2 A0 2.8 10 0.14 0.08 Ram 020
pCe oM 0.005 0.27 o.M 0.002 0.05 200 13.2 a0 28 1.0 0.14 008 Rem 0.20
DCB 032 0.005 0.27 oo 0.002 0.05 208 13.2 a0 28 10 0.14 0.08 Rem 0.20
DCB 073 0.00% 027 0.0 0 002 0.05 208 132 30 28 10 018 0.08 Rem 020
DCB 0 0.005 0.27 oM 0.002 005 208 13.2 0 28 10 014 [1X.] Rem 0.20
DCa 03s 0.005 027 .01 0.002 005 208 13.2 A0 28 1.0 0.4 oos Ram 0.20
DCB 038 0.005 027 X))} 0.002 0.05 208 132 30 28 1.0 0.14 0.08 Ram " 020
DCB 081 0.005 027 oM 0.002 0.05 208 132 3.0 28 10 ' 014 008 Rem 0.20
DCo 082 0.008 025 oo 0.001 0.03 213 128 a9 30 18 0.t g.10 Rem
DCea 083 0.008 0.25 0.01 0.001 003 213 128 e o0 18 0.13 0.10 Ram
DCBW. 0.005 027 0.0t 0.002 0.05 208 132 o0 28 1.0 0.14 0.08 Rem 0.20
DCa nas 0.005 0.27 0.0 0.002 0.05 208 13.2 3.0 28 1.9 0.14 o.08 Rem D20
DCB 0688 0.005 a.27 0.01 0.002 0.05 208 132 30 28 1.0 0.14 008 7 Rem 020
oCB 087 0.005 027 a0 0.002 0.05 2086 13.2 30 28 10 0.14 0.08 Rem 020
oCB 068 0 005 027 oo 0.002 0.05 206 132 i 30 28 1.0 ‘D4 Q.06 Rem 020
DCB 069 0.005 027 oo 0002 0.05 208 132 30 28 10 014 0.08 Rem 0.20
DCB 070 0.00% ¢27 0.0 0.002 0.05 200 13.2 a0 28 .10 Q14 008 Rem 0.20
DCB 071 0(' £.27 o0 0.002 0.05 20.6 3.2 a0 28 10 014 006 Rem Q20
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DCB 072 0.005 027 0.01 0.002 0.05 20.8 13.2 o0 28 1.0 0.14 0.08 Rem 0.20
DCe o9 0.005 027 oM 0.002 0.05 2048 13.2 a0 28 _1.0 0.14 0.08 Rem 0.20
DCB 092 0.005 027 0. 0.002 005 2086 132 a0 28 1.0 014 0.08 Rem 0.20
DCB 093 0.005 0.27 a0 0.002 005 06 132 a0 28 10 014 0.08 Rem 020
DCB 094 0005 027 0.01 0.002 0.05 208 132 a0 23 1.0 014 0.08 Rem 0.20
DCB 085 0.005 027 0.0t 0.002 o0s 208 132 3o 28 1.0 0.14 0.08 Rem a.20
DCB 008 0.005 0.27 0.01 0.002 00s 208 132 30 28 10 014 0.08 Ram 0.20
DCB oRe 0.005 027 0.0 0.002 0.05 206 132 3.0 28 10 0.14 0.06 Rem 020
pcBoss | ocoos | o2z | oot | oocoz | ocos | 208 132 30 26 10 | o01a | oos | Rem 0.20
oce 1 0.005 027 0.0 0.002 0.05 208 132 Ao 28 10 (A1) 008 Rem 0.20
-._DCB 102 0.005 027 0.01 0.002 0.05 208 132 30 28 1.0 014 008 Ram 0.20
DeB 121 0.005 0.27 0.0 0.002 0.05 208 132 30 28 1.0 014 0.08 Rem 0.20
oCs 122 0.005 0.27 n.o1 0.002 008 208 132 a0 28 1.0 0.14 0.08 Rem 0.20
oCcB 123 0.005 0.27 0.0t 0.002 0.05 206 132 0 20 1.0 0.14 0.08 Rem 0.20
DCB 124 0.005 027 0.0% 0.002 0.05 0.8 13.2 3o 28 10 0.14 0.08 Rem 020
DCB 125 0.005 027 00 0.002 0.0% 208 13.2 a0 28 1.0 014 X, ] Ram 020
DCB 126 0.008 0.25 0.01 0.001 0.02 213 128 39 10 1.9 012 0.10 Rem
DCB 123 0.005 027 0.01 0.002 0.05 208 13.2 3.0 8 1.0 014 0.08 Rem 0.20
pCB 129 0.005 027 0.01 D.002 005 208 13.2 30 28 1.0 0.14 o.08 Rem 0.20
DCB 130 0.005 0.27 0.0 0.002 0.05 208 132 30 28 10 T 014 0.04 Rem 0.20
oCB 132 0.005 027 0.0 0.002 0.05 2086 132 a0 28 1.0 0.14 [ Rem 0.20
oCB 157 0.005 0.27 0.0 0.002 0.05 208 13.2 30 28 10 0.t4 0.08 Rem 020
oce1ss | ooos | o027 | oor 1 ooo2 | o005 | 208 132 10 28 1.0 014 | o008 | Rem 520
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DCB 159 0.008 0.25 o0 0.001 0.03 21.3 128 39 k X4] 1.9 013 0.10 Rem

0ee 160 0.005 0.27 om 0.002 0.05 208 132 A0 28 1.0 0.14 0.08 Rem 020
DCB 161 0.008 025 om 0.001 003 213 128 38 30 19 013 0.10 Rem

oCB te2 0.005 0.27 001 0002 005 208 13.2 30 28 1.0 0.14 0.08 Rem 0.20
OCB 184 0.005 027 0.01 0.002 0.05 208 132 A0 28 10 0.14 0.08 Ream 0.20
DCo 185 0005 0.27 0.0 0.002 005 2080 13.2 30 28 10 014 o0 Rem 0.20
oCB 18?7 0005 027 oo 0.002 00s 2086 13.2 10 24 10 0td 0.08 Rem 0.20
DCE 168 0.008 025 001 0.001 0.03 21.3 1286 3 ao 1.8 013 610 Rem

Dwa 001 0.005 0.27 0,01 0.002 0.05 2086 132 30 28 1.0 0.14 0.08 Rem 0.20
Owe 002 0005 0.27 001 0.002 005 206 132 30 2.8 1.0 0.14 0.08 Ram 0.20
-DwWe 003 0.005 027 0.01 0002 005 208 132 10 28 10 0.14 0.06 Rem 0.20
DWB 004 0.00% 027 0.01 0.002 008 20.8 132 3Q 28 10 0.14 0.08 Rem 020
DW8 005 0008 027 0.01 0.002 005 208 13.2 30 20 10 ' 014 0.08 Rem 020
DwWe 008 0.005 0.27 0.0 0.002 0.05 208 132 o 28 10 014 0.08 Ram 0.20
DwWB 031 0.005 0.27 0.01 0.002 0..U5 208 13.2 3.0 28 1.0 014 Q.08 Ram 0.20
DWB 03& 0.005 027 oM 0.002 0.05 206 13.2 a0 2.8 10 0.14 0.08 Rem 0.20
DWB 041 0.005 0.27 0.01 0.002 0.05 208 132 kR 24 1.0 0.14 008 Rem 0.20
DWB 042 0.005 027 0.01 0.002 005 208 132 30 248 1.0 0.14 0.08 Rem 0.20
DWB 042 0.005 0.27 0.01 0002 0.05 208 13.2 30 24 1.0 0.14 0.08 Rem 0.20
DWB 044 0.005 0.27 om 0.002 0.05 208 3.2 10 28 10 -0.14 0.08 Rem 0.20
DWa 045 0.005 0.27 0.01 0.002 0.08 208 132 10 28 1.0 0.14 0.08 Rem 0.20
DWB 046 0.008 0zr 0.01 0.002 Q.08 2080 12.2 a0 28 1.0 014 0.08 Rem 0.20
OWB 072 0.00" 0.27 0.01 0.002 0.05 2086 132 30 28 1.0 0.14 0.08 Rem 0.20
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DW8 073 0.005 027 001 0 002 0.05 208 132 20 28 1.0 D14 0.08 Rem 0.20
DWB 074 0.005 027 om 0002 005 2048 132 3o 28 10 014 0.08 ﬁom 0.20
OWB 075 0.005% 027 oo 0002 005 2086 13.2 30 28 10 014 0.08 Aem 0.20
DWES 076 0.005 027 oM 0002 00s 208 132 10 28 10 014 0.08 Ram 0.20
DWB 677 0.005 Q.27 L1 R b | 0002 005 208 132 30 28 1.0 014 0.08 Rem 0.20
DWB 078 0005 Q27 [ K] 0.002 0.05 208 132 30 28 1.0 014 0.08 Rem 0.20
DWE 079 0005 027 0.0 0.002 005 208 132 b N+ 28 1.0 0.14 008 Rem 0.20 '
OWR 080 0005 027 Q01 0.002 008 208 1322 k1] 2.8 1.0 0.14 o008 Ram 0.20
DwWB 081 0.005 o.27 oo 0.002 005 208 132 30 26 1.0 0.14 0.08 Rem 020
DwWB 082 0.005 027 001 0002 05 208 132 20 28 1.0 0.14 008 Rem 0.20
DWB 101 0.005 0.27 001 0.002 o005 208 112 30 28 1.0 0.14 008 Rem 0.20
DweB 102 0.005 0.27 o0 0.002 005 208 13.2 30 28 1.0 0.14 0.08 Rem 0.20
DwWe 108 0.005 027 0.01 ¢.002 00s 208 13.2 0 28 10 0.14 0.08 Rem 0.20
Dwe 111 0.005 027 001 0.002 008 208 132 ad 28 1.0 0.14 0.08 Rem 0.20
DWB 112 0.005 0.27 0.01 0.002 0.08 208 112 30 28 1.0 0.14 008 Rem 0.20
DWB 113 0005 027 0.0 0.002 0.05 208 132 30 28 10 0.14 0.08 Rem 020
OWB 114 0.005 0.27 0.01 0.002 0.05 208 132 30 28 1.0 014 008 Rem 0.20
DVWB 115 0005 Qa7 0.01 0.002 0.05 208 13.2 A0 28 1.0 014 008 Rem 020
DWB 118 Q005 0.27 o 0.002 0.05 208 132 R 28 i0 0.14 0.08 Ram 0.20
DWE 118 0.005 0.27 0.0+ 0.002 0.08 208 132 o 28 10 014 0.08 Ram 0.20
Dwe 119 0.005 0.27 0.01 0.002 0.05 200 13.2 a0 28 1 0‘ 014 0.08 Ram 020
DWS 121 0.00% 0.27 DO 0002 0.05 208 13.2 0 28 10 014 008 Rem 020
pwa 122 0.005 027 0.01 0.002 0.05 206 132 10 28 1.0 014 0.08 Rem 020
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DWB 141 0005 oz 0.0 0.002 0.05 208 13.2 o 28 1.0 014 008 Rem 0.20
DWB 142 0.005 027 o0t 0.002 0.05 2086 132 o 28 1.0 0.14 008 Rem 020
DWB 144 0005 027 0.01 Q.002 005 206 132 o 248 1.0 014 0.08 Rem 0.20
DWE 151 0.005 Q27 om 0002 005 208 13.2 30 2B 10 0.14 006 Rem 020
DWB 184 0 0C8 025 om 0.001 [eRuok] 2113 1286 kR o 1.8 0.13 0.10 Rem

DwWB 188 0.008 0.25 001 0.001 a3 213 . 128 k%] 0 1.0 0.13 0.10 Rem

DwB 189 0.008 Q2% [1X:}] 0.001 003 213 128 e 0 1.0 0.13 0.10 Rem

ECD oM 0.008 0.82 0.30 0.004 1.0044 0.12 0.08 Rem

ECD 002 0.0068 0.82 0.30 0.004 0.0044 0.12 0.08 Ram

ECD 00) 0.008 0.82 0.20 0.004 0.0044 0.12 0.08 Rem

€CD 004 0.008 042 0.30 0004 0.0044 012 0.08 Rem

ECD D05 oood 042 0.30 0004 D.0044 012 0.08 Rem

ECD 008 0.008 082 0.30 0.004 0.0044 012 0.08 Rem

ECD 032 0.008 0.82 0.30 0.004 0.0044 012 0.08 Rem

ECD D81 0 006 082 0.20 0.004 0.0044 12 0.08 Rem

ECD 062 0008 082 0.30 0.004 0.0044 012 0.08 Rem

ECD 083 0008 082 0.0 0.004 0.0044 012 0.08 Ram

ECD D84 0.008 0.A2 0.30 0.004 0.0044 0.12 0.08 Rem

ECD 065 0.008 0.82 0.30 0.004 0.0044 0.12 D04 Rem

ECD 068 0.008 082 0.30 0.004 0.0044 0.12 0.08 Rem

ECD 067 0.008 0.82 0.30 0.004 00044 0.12 0.08 Rem

ECD 088 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Ram

ECD 068 0.006 0.82 0.3 0.004 0.0044 412 0.08 Rem

o
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ECD 070 0.006 082 0.30 0.004 0.0044 0.12 0.08 Rem
ECD 071 0008 082 0.20 0.004 0.0044 0.12 0.08 Rem
ECD 072 O ocs 6.82 0.30 0004 0.0044 0.12 .08 Rem
ECD 091 0.008 0.82 0.30 0.004 0.0044 012 0.08 Rem
ECD 092 0.008 082 0.30 0.004 00044 012 Q.08 Rem
ECD 083 0.006 0.82 0.30 0.004 0.0044 012 0.08 Ram
ECD 084 0.008 082 0.0 0.004 0.0044 012 0.08 Rem
ECO 095 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
ECD 088 0.008 082 0.30 D.004 0.0D44 012 0.08 Rem
ECDO0R8 | 0008 0.82 0.30 0004 | 00044 0.92 0.00 _Rem
ECD 09% 0008 082 030 0 004 0.0044 012 008 Ram
£C0 101 0.008 082 0.3¢ 0.004 0.0044 0.12 o8 Rem
ECD 102 0.008 082 030 0.004 ©.0044 012 0.08 Ram
ECD 121 0ooe 082 030 0.004 0.0044 g.12 0.08 Rem
ECD 122 0.008 082 030 0.004 00044 012 0.08 Rem
ECD 123 0.008 082 030 0.004 0.0044 0.12 008 Rem
ECD 124 0.006 0.82 0230 0.004 0.0044 012 n.os Rem
ECD 125 0.008 0382 0.30 0.004 0.0044 012 oos Ram
ECD 1268 ¢ 008 082 030 0.004 0.0044 .12 0.08 Ram
ECD 128 0.006 082 030 0.004 0.0044 012 D.08 Rem
ECD 120 0.006 0.82 030 0.004 0.0044 012 D08 Rem
ECD 130 0008 082 0.30 0.004 00044 012 0.08 Rem
ECD 132 0.008 082 0.30 0 004 0.0044 0.12 D0.08 Rem
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ECD 157 0.008 0.82 0.30 0.004 0 0044 0.12 0.08 Rem
ECD 156 0.008 082 0.30 0.004 0.0044 0.12 0.08 __Rem
ECD 159 0.008 (.)82 0.30 0.004 0.0044 0.12 Q.08 Rem
ECD 180 0.008 082 030 0.004 0.0044 0.12 0.08 Rem
ECD 181 0608 0.82 0.30 0.004 0.0044 0.12 o.08 Rem
ECD182 | 0008 0.02 0.30 0004 | 00044 | 012 0.08 Rem
ECD 184 0.008 0.82 0.30 0.004 0.0044 012 0.08 Rem
ECD 185 0.008 0.82 0.30 0.004 0.0044 012 0.08 Rem
ECD 187 0.008 0.82 0.20 0.004 0.0044 0.121 0.08 Rem
ECD 188 - 0.008 0.82 0.30 0.004 0.0044 012 0.08 Rem
EWD 001 0.008 0.82 0.30 0.004 0.0044 012 0.08 Rom
EWD 002 0.008 082 0.30 0.004 0.0044 012 0.0a Rem
EWD 001 0.008 0.82 030 0.004 0.0044 0.12 0.08 Ram
EWD 004 0.c08 082 0.30 0.004 00044 .12 0.08 Rem
EWD 005 0.008 082 030 0.604 0.0044 012 0.08 Ram
EWD 008 0008 0.82 030 0.004 0.0044 0.12 0.08 Rem
EWD 031 0.008 0.82 030 0.004 0.0044 0.12 0.08 Rem
EWD 038 0.008 082 030 0.004 0.0044 0.12 0.08 Rem
EWD 041 0.008 0.82 030 0.004 0.0044 0.12 0.08 Rem
EWD 042 0.008 0.82 0.30 0.004 0.0044 0.12 o.o8 Rem
EWD 043 ©.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 044 0.008 0.82 0.3¢ 0.004 0.0044 0.12 0.08 Ram
EWD 045 0.0ne 0.82 0.0 0.004 0.0044 012 0.08 Rem
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EWD 048 0006 0.82 0.30 0.004 0.0044 012 0.08 Rem
EWD 071 0006 D82 0230 0004 0.0044 012 0.08 Rem
EWD 072 0 006 082 030 0004 00044 0.12 poa Rem
EWD 073 0 0D8 082 030 0.004 00044 012 008 Rem
EWD 074 0. 008 082 030 0.004 0.0044 0.12 Q.08 Rem
EWD 075 0 006 0.82 0.30 0.004 0.0044 0.12 D.0a Rem
EWD 078 ¢ 006 082 0.30 0004 0.0044 012 0.08 Ram
EWDO7T 06.008 0.82 0.30 0.004 D.0044 012 0.08 Rem
EWD 078 0.008 0.82 0.230 0.004 0.0044 0.12 008 Rem
EWOD Q79 0.co8 D82 .30 G 004 0 0044 012 0.08 Rem
EWD 0RO 0.008 082 0.30 0.004 0.0044 0.12 0.08 Ram
EWD 081 0.006 0.82 030 0004 0.0044 012 0.08 Ram
EWD 082 0.008 08z 0.30 0 004 0.0044 012 Qo8 Rem
EWD 101 0.008 0.82 03 0.004 0.0044 0.12 0.08 Rem
EWD 102 0.008 0.82 0.30 0004 0.0044 0.12 c.08 Rem
EWD 108 0.008 0.8z 0.0 0 004 0.0044 Q12 0.08 Rem
EWD 111 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
tEwD 112 0.008 082 0.30 0.004 0.0044 012 0.08 Rem
EwD 113 | o0ooe 0.82 0.30 0.004 0.0044 013 0.08 Rem
.
EWD 114 0.008 082 0.30 0004 0.0044 012 008 Rem
EWD t15 0.008 0.82 0.0 0.004 0.0044 .12 004 Rem
EWD 116 0.008 0.82 0.0 0.004 0.0044 012 0.08 Ram
EWD 148 0.008 o882 Q.30 0.004 0.0044 012 008 Rem
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EWD 118 0.006 0.82 020 0.004 0.0044 012 0.08 Rem
EWD 121 0.008 082 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 122 0.006 082 0.30 0.004 0.0044 0.12 n.oa Ram
EWD 141 0.0008 0.82 0.30 0.004 0.0044 012 008 Rem
EWD 142 0.008 082 0.20 0.004 0.0044 0.12 0.08 Rem
EWD 151 0.008 0.82 0.30 0.004 0.0044 012 0.08 Ram
EWD 104 0.008 08 030 0.004 00044 0.2 a.08 Rem
EWD 188 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem
EWD 189 0.008 0.82 030 0.004 0.0044 012 0.08 Rem
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Metal Samples Co., inc.
152 Metal Samples Road

' PO.Box 8
— W Muntord, Alabama 36268
' USA
a 205/358-4202
Fax: 205/358-4515
®

A Subsidiary of Alabama Specially Products, 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 #H1 57).

USAGE AS FOLLOWS:

LOT #H157 -~ DCB 001 - DCB 243, 22" WELDED CREVICE COUPQONS
— puB 001- DUB 1863, WELDED U-BENDS
_ DWB 001 - DWB 183, 1"x2" WELDED WT. LOSS COUPONS
.- DCA 001 - DCA 243, 2"x2" CREVICE COUPONS
_ DUA 001 - DUA 183, BASE MATL U-BENDS
— DWA 001 - DWA 163, 1"x2" WT. LOSS COUPONS

ALL FILLER MATERIAL FOR WELDING OF C22 ORIGINALS WAS 1LOT #K926.
ALL FILLER MATERIAL FOR WELDING OF C22 REMAKES WAS LOT #L098 (SEE LIST FOR
REMAKE NUMBERS).

Ay G

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
DUBOOY DCBO10 _ DCB168
DUB030 DCBO1S DCB170
DUBO36 bCBO17 DCB173
DUB037 DCBO21 DCB175
DUBO06&2 DCBO23 DCB188
 bUBOSY DCBO24 DCB191
DUBO6&S DCBOZ26 DCB203
DUB0BO DCBO27 DCB211
DUB09S5 . DCRO29 DCB221
DUBOS7 DCBO30 DCB224
DUB09S DCBO42 DCB225
DUB134 DCBO43 DCB226
DUB135 DCBO47 DCB227
DUB136 DCBOS4 DCB228
OUB138 DCBOSS DCB229
DUB139 DCBOSS DCB230
DUB147 DCBO59 DCB231
DUB148 DCBO62 DCB232
DUB149 DCBO63 DCB233
DUB153 DCBO76 DCB234
DUBL54 DCBO81 DCB235
DUB1SS DCB109 DCB236
DUB158 DCB119 DCB237
DCB120 DCB238
DCB126 DCB239
DCB136 DCB240
DCB138 ‘ DCB241
DCB159 DCB242
DCB161 DCB243
0CB163 ]
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April 30, 1997

S8TATEMENT OF CONFORMITY
(AMENDED OB MAY 1987)

SOC - 3

ALABAMA SPECIALTY PRODUCTS QUALITY ASSURANCE CERTIF IES AND AFFIRMS THAT
ALL PRODUCT SUPPLIED AGAINST P.O#B338959 HAS BEEN MANUFACTURED IN
ACCORDANCE WITH ALL QUALITY REQUIREMENTS AS SET FORTH IN THE ABOVE
MENTIONED PURCHASE ORDER. L

BASE METAL FILLER
P/N ALLOY/LOT# ALLOYLOT# SEQ.#
C0O1296141304000 182514927 N/A AWA 164 - AWA 178
CO129A161304000 GaM230 N/A BWA 164 - BWA 178
CO129A 131304000 C4a/e33 N/A CWA 184 - CWA 178
C0O129A111304000 C22/K932 N/A DWA 164 - DWA 178
C01298011304000 TIGR12/H427 N/A EWA 164 - EWA 178
C01298361304000 TIGR16/L384 N/A FWA 184 - FWA 178
C01296141324000 18250927 C22n098 AWB 164 - AWB 178
CO128A 181324000 G3/H230 G3M176 BWC 164 - BWC 178
CO129A131324000 C4/K933 c22n.098 CWB 164 - CWB 178
CO128A1 113240d0 C22/K932 C22/1.098 DwWB 164 - DWB 178
C01298011324000 TIGR12/H427 TI-12!L025 EWD 164 - EWD 178
C01298361324000 TIGR16/L.384 TI-7/K965 FWE 164 - FWE 178

.9

LARRY BRADEN
QUALITY CONTROL MANAGER

TECHNOLOGIES-

_“innoves 1oF Jaser | vy

————— — i .. AP T

_ ALABAMA
" ALABAMA LASER RFSEARCH AND
DEVELOPMENT
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April 30, 1997

STATEMENT OF CONFORMITY
(AMENDED 08 MAY 1997}

soC - 3

ALABAMA SPECIALTY PRODUCTS QUALITY ASSURANCE CERTIFIES AND AFFIRMS THAT
ALL PRODUCT SUPPLIED AGAINST P.O#B338959 HAS BEEN MANUFACTURED IN
ACCORDANCE WITH ALL QUALITY REQUIREMENTS AS SET FORTH IN THE ABOVE
MENTIONED PURCHASE ORDER. :

BASE METAL FILLER
PIN ALLOYLOT#  ALLOYILOT# SEQ.#
C01296141304000 1825/J827 N/A AWA 164 - AWA 178
CO129A161304000 G3/H230 N/A BWA 164 - BWA 178
CO129A131304000 Cae33 N/A CWA 164 - CWA 178
CO129A111304000 C22/K932 N/A DWA 164 - DWA 178
C01298011304000 TIGR12/H427 N/A EWA 164 - EWA 178
C0O129B361304000 TIGR16/L384 NIA FWA 184 - FWA 178
C01296141324000 1825/1927 C22n088 AWB 164 - AWB 178
CO129A181324000 G3/M230 GIM176 BWC 164 - BWC 178
CO129A131324000 CA4/K933 C221098 CWB 164 - CWB 178
| CO128A111324000 C22/K932 C221.098 DWB 164 - DWB 178
C01298011324000 TIGR12/H427 TH-12/L025 EWD 164 - EWD 178
C01298361324000 TIGR16A.384 T1-7/K965 FWE 164 - FWE 178
LARRY BRADEN
QUALITY CONTROL MANAGER

| ALABAMA
RFSEARCH AND
DEVELOPMENT




b - 55 L"“g- JQ.%

SOC - 14

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:FORTHIN THE ABOVE-MENTIONED PURCHASE
ORDER AND/OR ENGINEERING CHANGE ORDER. . MATERIALS, WORKMANSHIP AND
DIMENSIONAL INTEGRITY OF THE PRODUCT SUPPLIED'WERE VERIFIEDINACCORDANCE
WITH THE REQUIREMENTS OF OUR ISO 9001 CERTIFIED QUALITY SYSTEM.

MATERIAL - T-GR7 (#N284) SEQUENCE - NCA 184 THRU NCA 223

TI-GR16 (#1.384) FCA 244 THRU FCA 283
C22 (@K832) DCA 244 THRU DCA 283
304 (#P384) OCA 001 THRU OCA 040
~ 316L (#N835) PCA 001 THRU PCA 040

Ao~

LARRY BRADEN F""
QUALITY MANAGER

~—

l ALABAMA
RESEARCH AND
' TECHNOLOGIF_S— DEVELOPMENT

-z~:L‘. ﬁ)-,.
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STATEMENT OF CONFORMITY

SOC - 5

MZTAL SAMPLES CO QUALITY ASSURANCE CERTIFIES AND AFFIRMS THAT PRODUCT
SUPPLIED AGAINST P O #415382YS88 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 SO 9001 CERTIFIED
QUALITY SYSTEM

LINE NUMBER MATERIAL SEQUENCE
08 TIGR7 (PE685) NEA 341 THRU NEA 380
7 TIGR2 (M628) TEA 001 THRU TEA 030
03 TIGR12 (M273) EEA 051 THRU EEA 080
09 . TIGRS (M629) UEA 001 THRU UEA 010
10 C4 (M475) REA 001 THRU REA 020
11 C22 (K832) DEA 311 THRU DEA 335
12 304L (N598) SEA 001 THRU SEA 025
13 . 316L ( PO12) PE4A 311 THRU PEA4 335 .
14 ~ ERNICRMO10 (P858) £2057 WIRE 1 ' S
15 ERNICRMO10 (PB57) E2057 WIRE 2
g /31:>L (P463) PEA 041 THRU PZA 050
2C —~C22 (P551) DEA 041 THRU DEA 080
22 - TIGRr (P548) NEA 071 THRU NEA 080
23 318L (P463) PEA 061 THRU PEA 110
24 - C22 (P851) DZA 051 THRU DEA 110
23 - TIGR7 (P548) NEA 091 THRU NEA 140
27 - 3158L (N835) PEA 111 THRU PEA 310
28 - C22 (K932) DEA 111 THRU DEA 310
30 TIGRT (N284) NEA 141 THRU NEA 340 i

g

ALABAMA
RESEARCH AND
DEVELOPMENT

———
—
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ALABAMA LASER
TECHNOLOGIES |

i * L
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£O. Box 248 Dublin, Pennsyhursg 18917
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SOLD _TD BEIL ID
ALARBAMA SPECIALTY PRODUCT3 INC ALRBAMA SPECIALTY PRODUCTS XINC.
PO BOX & 152 MHETAL BANPLES ROAD
MUNFORU, AL 3626B MUNFORD, AL 36268
- ATTH: LAVON CARR
co CERTIEICBIION DATE EQIF VIA
34504 06/27/97 FAX AND MAIL

2CORRECTED CRRTIFICATION (7/1/97)

Ona piace of tha referecnced sanples was subsitted te chemical content
evaluation and it was round to be in conformance to ASTH B-575%-94,
Alloy Hartslloy C22 with the following resulta:

REQUIREMENRTS

ELENENT MIN A LOT $#HI1S7 jofa.]
HOlybdenun 12.5 14.5 13.¢8 %
Chronium 20.0 22.5 22.3 %
Iton 2.0 6.0 4.9 3
Tungoten 2.5 3.5 3.0 %
Cobalt 0.0 2.5 1.4 %
Carbon 0.000Q 0.015 a.004 4
23ilicon 0.00 n.0A 0.07 %
Manganese G.oD 0.50 0.32 X
Vanadiim 0.00 g.35 0.23 3
Fhosphorus 0.00 0.02 0.01 %
Sulfur 0.00 0.02 <0.01 %
Nickal REMAINDER REMAINDER

A Tenslle test was parzormed an (1) plece of the submitted Teat Specimens
'in accordance with ASTM E-8 apnd (1) piece was found to be in Yeconformancae
to ASTNH B-575-94, Alloy Hawtelloy c22 with the following rasulte:

YENETILE YIRLD {.2%) ELONGATICN
T ¢ STRENGTH
*REQUIRED 100,000 FSI 45,000 PsSI 45.0%

H137 121,440 p5I 62,420 P8I 39_1%

‘The gervices performad above were dane in accordance with LTI's Quality
Systea Program Hanual Revigion 17 dated 12/2/9¢. These results rclatae
enly to the items tested and this report shall not be reproduced except
in full, without the written approval ot Leaboratary Testing, Inc.

rage 7 of 13
Arnold 1. Boroff

Quality Assurance Mandgur
MERCURY CONXTAMIMATION - Darir g thotrrting md
nupectian, the product did not eame in daser cowTact
with marcety or any of its caompamnds nar with any
murtury comminisg devieos employing ¢ single bovndery g . :;I.,/
ol comtmmmmwart f -
SUBJECT TD TERMS AND CONDITIONS F- NTED 3N REVERSE 5108 DF THIE FOAM.
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LABORATORY NO. AsP003-97-06-10156
TESTING INC.

TELE: (215) 249-9898 -« FAX;:(215) 249-8656 120 MILL STREET, DUBL:.E:\smw
$0LD_TO SHIP TO
ALABAMA SPECTALTY PRODUCTS INC ALABAMA SPECIALTY PRODUCTS INC.
PO BOX 8 152 METAL SAMPLES ROAD
MUNFORD, AL 36268 MUNFORD, AL 36268

" ATTN: LAVON CARR

CUSTOMER P.O. CERTIFICATION DATE o
34604 06/27/97 FAX AND MATIL
it 0) oON (7 7
One piece of the refereﬁced samples was submitted to chemical content

evaluation and it was found to be in conformance to ASTM B-575, Alloy
Hastelloy C22 with the following results:

REBQUTREMENTS

BLEMENT MIR MAX 1OT _#K932 U/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 %
Carbon 0.000 0.015 - 0.008 %
gilicon 0.00 0.08 0.05 -
Manganese 0.00 .50 0.22 %
Vanadium 0.00 0.35 0.19 %
Phosphorus 0.00 0.02 0.01 £ 3
Sulfur 0.00 0.02 <0.01 3
Nickel REMATHDER REMAINDER

A Tensile test was performed.an (1) piece:oﬁ.the»subnittedtfest;Specinans .
in accordance with ASTM B-8 and (1) pilece was found to be in *conformance
to ASTM B~-575, Alloy Hastelloy C22 with the following results:

TENSILR YIELD {.2%) ELONGATION
10T # STRENGTH STRENGTH i _4D) -
*REQUIRED 100,000 PSI £5,000 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.

oPage 6 of 13

'R N Arnold L. Horoff
> Quality Assurance Manager

B (tl 5

& Sans AN

' "'T.'J A CTT L Neniny rhe wasting I

..c..--:‘ b P L m amma ‘..1 AL rgsT santoet

< ner ‘ﬂ"" av

PR

teiy qpemees

mmm“é




TS AR

- AlU-4Z3-U3UdRLLY

<. 1-97 : 1:20PN : Yooy /013

SENT TURY LESL
Bnl}ur-r rFrayrly AT &40 am BOID . LABUKA

(Eoﬁy@&aa‘: o ?a%fm 59 o5 ia}

LABORATORY No. ASP003-97-D6<1U156
THETING INC.

PQ. Bax 243 Dubilin, Pennsyfve-ia 18977
TELREI(NE) 0450068 - PAX: (27 245-9056

SHIFPMNG ADDHESS
130 L, 61 REET, DUBLIN, FA 3l 17

2WOLO IO AHIP 20

ALABAMA BPECIALTY PRODUCTS INC ALABAMA SPECIALTY PRODUCTS INC.
PO BOX 8 152 METAL BAMPLES ROAD
MUNFORD, AL 36268 MUNPORD, AL 36268

ATTH: LAVON CARR

LEXTIFTICATION DATW™ QUIF VIA -
34604 06/27/97 PAX AND MAIL

Cue plecs of thae referenced sampless was submittad to chemical contant
avaluation and it was found teo be in conforpance to ASTH B-265, Alloy
Titanium, Grade 12 with the following results:

REQUIRNMENTS

ERLEMmrY MIN EAX LT _LXSST /M
Ritrogen Q.00 0.03 0.4a2 %
Carhon .00 0.08 Q.02 Y
*Aydrogen 0.000 0.013 0.002 %
Iron 0.00 0.30 0.05 %
OxXygen 0.00 0.25 0.16 %
Nolvbdenun 0.7 0.4 0.3 %
Rickal 0.¢ 0.9 0.8 %
Titaniux ARMAINDER REKAINDER

*Testing parformed by 1 wax Inc.

A Tensile tast was parfcrmed on (1) piece of the submittad Test Apacineng
in accordance with ASTH 2-g end (1) plece was found to be in conformance
o ASTM B-265, Grade 12 with the following rasultes:

THENSILE YIRLD (.2%) KLUNGATION
Loy # STRENGTH STRMNGTH {1\ 1")
REQUTRED 70,000 PSI 50,000 PEI 16.0%
K957 87,860 PSI 67,900 P8I 21.5%%

The sarvices parformed robove were done in agcordance with LTI's Quality
System Program Manual Revision 12 dated 12/2/96. Thase Tesults relats
only to the jitems testsd and this repolt shall not be reproduced except
in full, without tha writren approval of Laboratory Testing, Inc.

rage 9 of 13

Arnold L. Horoff
Quality Assurance Manager
MEACURY CONTAMINATION - Daring the tosting and
inspeciion, te praduct did #ot coms in direct contact

with mercury or wmy of s sompoumds no: with any —
mercury connining devices amploying 9 . gie bews dary ﬁ .
ol coatsininest f JRP—— e
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¥ | LABORATORY No. ASPO03-97-06-10156
TESTING ING.

FQ. Bax M8 Dubdin, Pennsyivania 18917 HIPPING ADDRESS
TELE: (216 3405888 -  FAX: (T15) 340-48K8 mm'u. :rm’g'.oww. FA 1R817
SR 10 AHIP_TO

ALABANA SPECIALTY PRODUCTS INC ALABAMA SPECIALYY PRODUCTS INC.
PO BOX B 152 MEYAL SAMPLES ROAD

NUNFORD, AL 36268 - MUNZFORD, AL 36268 i

ATITN: LAVON CARR
COBTOMER P.O, CERTIFICAXNION DATE HEYP YIA
34604 - 06/27/97 FAY AND MAIL

One plece of the referenced sasples wuw submitted to chomical cogteni
evaluation and it was found to he in cenfornance to ASTM B-285, Alloy
Titanium, Grade 12 with the follcwing results:

REQUIREMBNTS .

NXLEMENT MNIN !!!%‘"““““éﬂlZﬁliZZ'“"HLH"
Nitrogan 0,00 0.03 0.01 %

Carbon 0.00 0.08 0.02 Y
*Hydrogen 0.000 0.015% 0.005 %

Iron 0.00 0.30 0.13 3

axygen 0.00 0.28 0.14 %
Molybdepum 0.2 a.4 0.3 %

Nioksl 0,6 0.9 0.6
Titanium REMATNDRR REMAINDER

*Testing performed by Luvak Inc:-

A Tensile test was parformad on (1 Piece of the submitted Test Spacimens
. in accordance with ASTN X-8 end {1) pilece was found to be in conformance
to ASTM B-265, Grade 12 with the following resulta:

TENSILE YIBLD (-2%) ~ ZELGHGATION oomrmm
Kt RTINS STRERGYH 1%
REQUIRED 70,000 p5T 50,000 PRY 18.0%
H427 86,410 PaI 64,700 PSr 25.1%

The services parformed above wera 4ona - i5-accordance with L¥I's Juality
System Program Manual Revision 12 dated 12/2/96. These rasultg relate

only teo the itamg tested and this r:iort 8hall not be reproduced sxcapt
in full, without the wWrittan approval of Laboratory Testing, Ine,

Page 8 of 18
Arnold L. Horoff
i Qualiry Assurangeg Manager
MERCURY CONTAMINATION . Doving the tmtiaganid
Inspection, the sreduct did ot comm in direet conoct
mmwwufhumuwmrmmr @
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LABORATORY

TRWU002-99-03-05598
TESTING INC.

PO Bax 249, 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 94550

ATTN: ACCOUNTS PAYABLE ATTN: JOHNESTILL

CUSTOMER P.O. CERTIFICATION DATE SHIP VIA
A15385YSGA 3/23/99 FAX & UPS

DESCRIPTION

1 pc. 1/2" x 6" x 1/8" Thick Test Piece, ASTM A-240, Alloy 316L
Stainless Steel/UNS S$31603, Specimen Identification PEA
CHECK 1, Specimen Origin PO # /Lot #B500447/N835, ltem #28

Reference: Account No, 8766-92, RFQ LV.SC.YS.2/99.012

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

REQUIREMENTS

ELEMENT MIN. MAX. AC L
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 18.00 16.64%
Ni 10.00 14.00 - 10.35%
Mo 2.00 3.00 2.11%
N 0.00 0.10 0.05%



TRW002-99-03-05598
TESTING INC.

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

A Tensile test was performed on the submitted Test Specimen and it was found to be in
conformance to ASTM A-240, UNS S$31603, Alloy 316L Stainless Steel with the following
results:

TENSILE YIELD (.2%) ELONGATION
_ STRENGTH STRENGTH (IN2)
REQUIRED 70,000 PSi 25,000 Psi 40.0%

ACTUAL 85,510 PS! 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 S$31603, Alloy 316L Stainless Steel with the foliowing
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 only 1o the items tested and this report shali not be reproduced, except in full, without the
written approval of Laboratory Testing, Inc.
Sheri L. Lengyel
QA Coordinator

wglm}%@wgw

Authorized Signature
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No. ASP003-97-05-09164
TESTING INC.

F.O.BmZdQManrmﬂvam’l 18917
TELE: (219) 24983098 - FAX: (216) ZAB-2656

S0LD._TO
ALABAMA SPECIALTY PROPUCTS INC
PO BOX 8

WUNFORD, AL 36268

SHIPPING ADORESS
120 ML, STREET, CRIBLIN. PA 1WDAT

EEIP T0

ALABAMA SPECIALTY PRODUCTS INC.
182 METAL SAMFLES ROAD

MUNFORD, AL 36268

ATTN: LAVON CARR

CBBIIIIQ&Z!Q!_DBIE SHTP. VIA
34383 06/17/37 FAX AND MAIL
DESCRIFTION
1 pc. Tast Piece, weld Fill, ERNICR MO-10,
Alloy C22, AWS AS.14, Lot L0598
The referanced sanple was submitted to chemical content evaluation and

it was found to ba in conformance to
addenda, BRMO10, UNS N06022,

lowing resulta:

RBQUIRSH!FTS
MAX
carbon 0.000 0.0315
Manganese 0.00 6,50
Phosphoruse 0.00 0.02
sulfur 0.000 0.010
stlicon 0.00 0.08
Chromium 20.0 22.5
¥ickel +
Cobalt KR
Holybdanum 12.5 14.5
copper 0,00 0.30
Iron 2.0 6.0
Cobalt 0.0 2.5
vanadium 0.00 0.3%
Tungsten 2.5 4.5

The services performed above were
system Prodram Manual Revision 12
only to the items tested
4n full, without the written approval

page 1 of

MERCURY CONTAMINATION - During the testing and
inspaction, the produet fid not come in direct cratacl
vrith mercury or sy of its campavndk gor with any
mercury contxnimg Sevices emplaying 8 singls bamndry
of comtainmeat.

ASME SFA-5.14,
Alloy BRNiCrMo-10 Weld Rod with the fol-

1995 Edition, 1996

ACTUAL
0.008
0.25
0!01
0.001
0.03

21.3

Md?#dhﬁ*ﬁ%

REMAINRDER

-

Wwo=lwamn
L =]

O WD D
PR oP B 2P )

done ip asccordance with LTI's Quality
datad 12 /2,96,
and this report chatl
of Laboratory Testing, Inc.

Thema results ralate
1 not be reproduced except

arnold L, Horoff
ouality Assurance Mansger
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LABORATORY
TESTING INC.
PO Box 249, 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 Nat! 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
A15385YS0A 3/25/98 FAX & UPS

SCRIPTION

1pe. 2" x 2" x 1/8" Thick Test Piece, AWS A5.14, Class ER NiCrMo-10,
UNS N06022, Specimen Identification DCB 223, Specimen Origin
PO # /Lot #B313954/K926, ltem #13

Reference: Account No. 8766-92, RFQ LV.SC.YS.2/99.012

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 —
C 0.000 0.015 0.005%
Mn 0.00 0.50 0.27%

Fe 2.0 6.0 3.0%
F 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%
Vv 0.00 0.35 0.14%
W 2.5 4.5 2.8%
Others Total 0.00 0.50 0.20%

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

writlen approval of Laboratery Testing, Inc.
Sherri L. Lengyel
QA Coordinator

dhmépéeww& -

Authonzed Signature
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1400 INVESTMENT BOULEVARD + HAYWARD. CALIFORNIA 94545.3811 {510) 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.0. Box 5012

Livermore, CA 94551

SUBJECT:

One weld wire was submitted for chemical analysis. The sample was identified as Lot# LO25.

CHEMICAL ANALYSIS Requirements
(Reported as Wt. %) AWS A5.16
Class ER Ti-12
Carbon (©) 0.006 - 0.03
Hydrogen (H) 0.0044 - 0.008
Iron (Fe) 0.12 - 0.30
Molybdenum (Mo) 0.30 0.2 0.4
Nickel (Ni}) 0.82 0.6 0.9
Nitrogen (N) 0.004 - 0.020
Oxygen (O} 0.08 - 0.25
Titanium (Ti) Remainder Remainder

This testing was performed in accordance with the customner's authorization and the results meet

the listed requirements.

Submitted by:

MC-M

Edward A. Foreman
nmb Manager, Quality Assurance

This report shall not be reproduced, except in full, without the written appraval of FTI Anamet
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SENT BY: TITANIUM & ALLOYS; 7-17-95 12:57; 8107555109 =»
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2 t s
<3 ﬁ"n"“‘-“’ TITANIUM & ALLOYS CORP.
27501 Hoovar Aoag - Waion bichipan 48C89 ¢ [B1U) 7331900 FAX im10y P5S-5109
Certificate of Tests
7o ETAL SAMPLE DATC.  6-13-95
CUSTOMER
PO.NO: 27322
ATTH 5.0. NO
KEAT NO. 3N2966
SPECIFICATION CP TITNAIUM ASTM B265 GRI2
BESCRIPIION L1887 X 48 x 120"
CUEMISTRY
N .02 |tems aud/cr material produced under
C .05 this nrder have not come in contact
o 14 with mercury or its compuounds.
Fe .07
H .00?2
Ti Dalance
Moly .36
Nickel .78
MECHARICAL PROPLRITES
TEANSILE 91,300/92,900
Y1TLD 70.700/A7,90UC
ELONG ¥ 20/18
AGS7 23322
A 53400 BS
TLE 1
2 AL
B e
mHk
T IUM & A CORP.

21001 k) Rand », q‘mﬂ g 18039

o)A ‘H &&_l

By



TEST REPORT

LA % 13%
y CATE BSUA OADER NO. CUSTOMER ORDER NO
— — 6-7-91 46101 14300
-_ t 17 RANIUM S ETOWER T
1 a INDUSTRIES
455 Lake Geay Bivd, Suila | jacksonville FL 32244 METAL SAMFLES
06 7775886 EAX 7770258 152 METAL SAMPLE ROAD
I MUNFORD, AL 36268
MATERIAL DESCRIPTION % PCS. LINEAR FEET/WEIGHT HEAT NC.
TITANIUM GR. 12
1/8" x 32" x “7" SHEET 2 60 LBS- T—S&GS
PECIFICATION
ASTM B265
CHEMICAL ANALYSIS
N c H Fe Oz Al } v Sn Pd Mo 2r Ni
0060 | 0120 | .0o40 | .1400 | .1200 ' 13000 8000
~W‘H§gggtts Ti Cr Tc Cbh Y Q vLus Fe Mn Si Ma
BAL
MECHANICAL PROPERTIES 7 E _
ENSILE L 87.000 88.000 HARDNESS o
TRENGTH XS {T] 96,000 i 91.000 o -
NELD STRENGTH|L 61.000 L 61.000 =
1S 10.2% OFFSET [ 82.000 T 74000 o &2
TLONGATION L 20.000 L 22 .000 GRAIN 5I1ZE W
JANCHES) u 21.000 \ 21.000
s REDUCTION U L 8 Y
IN AREA T {r
L
BEND TEST RT 2.5 OTHER D e ﬁ

STATIC NOTCH STRESS RUPTURE

ULTRAASONIC TEET

B

EDOY CURREMT TEST

fLARE TEST i
IMPACY TEST
FLATTENING TEST PASS 4 _w_.__:
HYDROSTATIC TEST PASS i b
3
A

PNEUMATIC TEST

REVERSE FLATTENING TEST

DYE PENETRANT

RADIOGRAPHIC {X-RAY! TEST

MICROSTRUCTURE PERFORMED

MICROSTRUCTURE COMPLIANCE

MACROSTRUCTURE PERFORMED

MACROSTRUCTURE COMPLIANCE

ANNEALED

(- "7-Gif

DATE

TH!IS

IS TO CERTIFY THAT THE ABOVE

TEST RESULTS ARE CORRECT AS CONTAINED
IN THE RECORDS OF THE COMPANY.

o i ,ﬂ} - ‘ .
sianen (Y w4 1 k1 LE

VAITE-CUSTDMER COPY

CANARY -MATERIALS COPY

PIRK —SALES COPY



s ma

Satrbsmr b sasbbl WREM P BUIIN

"IV""—

A0003 (REV. 9770

Qs —f'm A e olied TEST REPORT PO 601&?7‘
3 rfovmolins M5 (280 PETROIT, MICHIGAN 48209 70 of 2%
55| BT Ja11z09-0 NET 2 p oo 04767/98 G
Fo T2 o0—ROM— ABTOO 5 ipa 5 D541%6 PAGE
o A €oIL - 1 9F 1
T 10 M M "BPECS BELOW 'B83 979
st COPFER & BRASS SALES INC. - 3/0 LFTNQ HeAT NG cotha | heces NET WEIOHT
O| CORPORATE SERVICES BIVISioN DOBO72 923444 |7244377 1| 1My 28
L | ACCOUNTS PAYABLE: DEFT.
B 1 {401 TEN HILE RDAD
;| EASTPOIRTE,
3l 48021-1256
|| COEPER & ERASS SHLE? ING.
s| 4801 E. HARGARET/DR VE TOTALS { 13514 st28)
]
'"| TERRE HAUTE, IN,
q . 47803
L1 [ VS| 1My [Lo26].ob1 [o. 27| 1E30] 19%15] 211 o Ba| Ba| o8y | 7 "
L, COLAFTHG | LOCATON HARDNLSS T TR _ :‘,...!t "RRA o.,g,. D TERT .
oL _. ™ - W | J&l. SPECIALTY STEE .
| 7244377 | HEAD| RB  Ho.d 45,900 316| 85,300 390 ge I'gg *31 DOES_NOT UsE Engbﬁ i
g TAIL [ R 210 Date - 3.4 : 187 THE pRODUCTID R zn THE
e - TESTING DF ITS PRODUCTS.
‘ Customer_J({{nbanl L JeekialCy) Pnow&s
/ 35 These Test} Are For Miatefial Sl*pped Or
MATL. L. o435 P.o. 0. 2ZEL R e e
' SPEC. 603 - L. L7723 From Copppr And Brdss gales, |nc.
| Bruc KT iINnwo B S333
3 ENDE
. oy J38e oy 2 | 1y
. COMFTNO G;J;!N ORGS0 ~ mis csnnﬂso THAT ALL AMNALYSIS FIGURES ARE
724437? oK CORRECT CONTAINED IN THE COIID.SOFTPE
. ASTM A-240-948 ASME SA -240-95 7 i
TYPE 314L ONLY AMS S5507E V. F, - T;gunomc
. y . * T é4s07
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S-1897-A CERTIFIED REPORY OF TESTSB:KI;_API’ORT D’ ESSAIS CEF‘!TIFIE WEHKo;EUGNIST -
80 WTERED CUSTOMTA REFFAINE TIERERCE CLEMT + KUNDENBESTELLDA REFOAT HO P Fi H Intermnetia
sPeeRlches 2 o oo st adenss) HAYNES ool ni
P0.Bon 5013
|_123543- 1- t-0|00] 00 941103 [37504 9411074721 1 1 International  Kokome. indisns 48
SOLDTD « CUENT » BESTELLENANSCHRIFT 1573608 SHIPTQ « DESTIHATAIRE o LIEFERANSCHRIFT 1573608 ST ORI IO GESEA R PO < AT ERTAT BESTTE
CORROBION HATERIALS . "CORROSION HATERIALS INC
DIV OF SPECTR'JM METALS INC 2161 GROOH RD 038 x» x
P.0O. BOX 666 BAKER LA 70714 HASTELLOY(R) C-22 (TH) ALLO®
BRKER LA 70714 DRAYN HWIRE - LAYER WOUND
' DIN 50049 3,.1B(EN 10204)
SAECIFICATION « SPECIFICAT'ON + SPEZIFIKATION QUANTITY OROERED QUANTITY SHIPPED
QUANTINE COMMANDEE QUANTITE EXPEDIEE
BESVELLMENGE LIEFEAMENGE
AWS A5.14-89 ERNIORNO-10 100 LB 304 LB
g uBEh o HEAT CHEMICAL ANALYSIS » ANALYSE CHIMIOUE » CHEMISCHE ANALYSE
M Gnaern | cooE| LBS AT B Cc ki Co] Cr [Cu]l Fe [Mn[ Mo [ Ni | P S |si{Ti|[V] W 31
on T 1 007, BRITE | 05 Té 'i 135 [BAL [ 009 6037 |1 [i5 29 [ H 0 | 01
R i : j Vo vl i bl | N A Py ' ' Co
' 1 ] I | b 1 i i 1 1 ] L] ] 1 [} [} 1 ] (] 1 [}
1 1 1 [} } ) 1 b 1 1 L] 1 1 1 i 1 1 1 1 ] ] [}
A N L IR A R I R A B IR T | | |
T FALLA, TlLﬁ I b 3ie 1 l mri M iu ! !'im' LiE runl l WA . ' p poy ! - !
ROOL T EMBERATURE *  TOMP AMBIANTE . ° . RAUM TEMP. s Fp Tu!‘::“"u" . HIE e ’ _Juaversucy sm:'u RUPTURE « £88A1 A CHA:OI be :L:_:':IUIII *» ZRITSTANDVERSCH
n:c::.am k".m' P ] “‘HEE‘Q m \: “::uc,, resn n"nnmﬂ-u RPN .ﬁ m am "‘:,:,'.J":“ cl",!'::?:‘{::",' gumLs, m . L
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J 1 1 1 ’ I )
1 ] ) i ] i
] | i 1 [} ]
] 1 1 i ) ]
[} I [} i 1 1
o o -
R il o
e S Ty o Meterinl wus produced Iin eccordance with Haynes Intl's Qumlity Control HSystem
ACTE ) U RReE [ T Monusl deted 5/31/88 Rev. 6.
Total other elements anwlyxed do not excesd .50 percent,
70 o :
CEATIFED BY « CEATIFIE PAR » B_ﬁﬁCHEINIG!'QUKCH 9 ;’ 33/ )__ t;'
P
A VLN 0
11-07-94 T
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THIS HATERIAL HEETS THE REQUIREHMENTS OF THE LISTED SPECIFICATION, MODIFIED BY »

SEFECITIOATION HABE KD §¥4§§§£5§4?% ?
BEGUIRING HULTIPLE HATERIAL £§F :
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'—jk¢“mﬁﬁm TG [ COLTOMTR MFIRTRET - ATTRIRET COET - B LS e oATtn | : oK tonsl,
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PO Bor931)
| 133339- 1-' 1-0 | 0o | 00| 950209 |ssa?s 950302714 1 1 International — Kelome infisns 430 &
SOLD 10 » CUENT » LITEW.SCHIIFT 1 B 7 3 6 o B SHIPF TO « DESTINATAIRE » LIEFERANS CHAWY 1 5 ? 3 6 o B /___'_&_mmmm—;;
" CORROSION NATERIALS bl CORROSION MATERIALS INC
DIV OF SPECTRUN HETALS INC 22621 OROONM RD 035 2 x
P.0. BOX 666 DAKER LA 70714 BASTELLOY(R) C-32 (TH) ALLDY
BAKER LA 70714 DRAWN WIRE - LAYER WOUND
_ DIH 50049 3.1B(EN 10204)
SPECIFICATION s §PECIFICATION * SPEZIFINATION OQUANRTITY OHDEI-NED g tNTl" BHIPFPED
! OU“‘.“‘& N‘:al‘loil [T} u IV‘JIFaglll
W8 AG,.14-89 ERNICRMO-10 100 LB 101 LD
HEAT MUMDER J HEAT | CHEMICAL ANALYSIS + ANALYSE CHIMIQUE » CHEMISCHE ANALYSE .
oo becone 6ok LBS [ATT B [ € Bl Co | Cr [Cul Fe IMn| Mo [ Ni TV W 3
THITrRpP1I44 BUEIBEER LK 1A 09 s a5[I38 IPAL T 1+ |13 3oi]: H H - loadl )
A i \ ' I HE I 1 ) : I I . ] i Vo .
t [} ¥ 1 1 1 1 ] ] ] ] [ ] ] [ ] [] 1 1 ] (] [] 13 []
[] ] ] ] (] [} [] i ) t ] ] [] ] ] ] [} ] 1 ] \ ]
1 ] [} ) [} [} ) i 1 i ) t [] ] ¥ 1 1 ] ) t ] [}
] 1 ] 1 ] ] ] [} ] ] ] 1 1 [] ] 1 1 1 ] ] ] (
] 1 ] [} L] [ ] [} ] 1 1 L} [} [ ] [} [} ) [} 1 1 3 ] ]
- : H : H | H : i 4n i H H H H H H H : H H ;
' | . SHA -, TUBY H 8l TEMEILE TEST At . UIBACETRACTION WARM BTALSS AUPTUAK * §83A1 A CHARQE DL RUPTURE » ZEITSTANDVEASUCH . 1.
M TEMPEA, a1 TEMP, AMPIANT < RAUM TEMP ELEVAT L‘[_Iﬁ_.;ﬁ_ﬂﬂ lal AHTE TEMP < < gvgnmgu il -tz ~
o — % [ !'Em_-g “".".":‘,!'cu n: Sl kﬁma llmm -;m - v— J‘,M:“”:‘,‘,' K.l w -
i L] od
1B 1 T
i 1 1 ] [} ]
1 ] [} ] ] )
| 1 1 ] L} ]
) [ ] ] [} ] ]
] L[] 3 1 [} L]
] | ) [ ] [ ] ]
) ] ] L} 13 ]
[] [} [] [} ] ]
1 [ N ' 1 t 1
AMLALY 080 o ' '
nangedsh s | ecrbion e | Muterlul waw produced In wccordance with Huynes Intl'w Quality Control Syntem
wﬁ&"m'ﬂh b Ao Wu-nun dated 5/31/88 Rev. 6,
Totwl other elements wnwlysed do not exceed .50 percunt.

cmm‘;ujv-;;::z:un-usop! O7 CURCH | éO?f Qg///?
At L T LML 73

Qﬁ? ﬂzﬁwo
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g = CERTIFICATE OF CONFORMITY
l 1 TEST CERTIFICATE TO
z ’ DIN 50049 3.1.B

.- EN 10204
TITANIUM WIRE CORPORATION 5

235 INDUSTRIAL PARK ROAD

FRACKVILLE, PA. 17831
~_. PHONE (717) 8740311

CUSTOMER NAME

r-INWELD CORP.
P.0. BOX 460
AMBRIDGE, PA. 15003-0480 i , .

L -4

7

13 o 1%
07-19-93
950605

00oi132

PART #

LO2S v "t 933/
T R L)

AWS A5.16-90 ERTI 12

063 X 36" AS DRAWN MILL FINISH 10 LBS. AT7879
SPECIFICATIONS: —
Froeee
MATEE 14

CHEMICAL ANALYSIS

MECHANICAL PROPERTIES

TENSILE (KSh:

YIELD (0.2%} (KSI):

ELONGATION (% & GAUGE LENGTH):

REDUCTION OF AREA:

STATIC NOTCH STRESS RUPTURE:

BETA TRANSUS TEMP.
MICROSTRUCTURE __
MACROSTRUCTURE

ULTRASONIC TEST
BEND TEST

*NOTE: The recording of faise, fictitious - N L
s document may be punished as a 5%\1&;}- Y {11-5’0"
tolony under Federsl Stalstes inciuding on P \
Federal Law, Titla 18, Chapter 47." § J

JLLY 19, 1995 R {

D e v

THIS IS TO CERTIFY THAT THE ITEMS
OF THIS TEST CERTIFICATE HAVE BEEN
INSPECTED AND TESTED TO THE
ABOVE SPECIFICATIONS AND HAVE
BEEN FOUND TO CONFORM WITH YOUR
ORDER.

./V

e e
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University of Califomia
Lawrence Llvermore Natlonal Laboratory
Contracting & Materiel Managemesnt Department

May 18, 1995

Msetal Samples Compeny, Inc.
152 Metal Samples Road P.O. Box R
Munford, Alabama 36268

- Attention: Kirk Johnson

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

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

Plcase have an authorized representative of your company sign both coples, without
alteration or conditions, and return one signed copy within five (5) days to the stiantion
of Ann Moyle, at Mail Code 1-650.

The terms and conditions of the attached Subcontract constitute the agreement between the
Regents of the Universily of California und Metal Samuples Company, loc. in its entirety.
Any exception taken to the terms und conditions will constitute & counter-offer. In that

cvent. the University may choosc to accept the counter-offer, negotiute a revised
subcontract, or withdraw from negotiation.

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

Sincerely,

7L

Senior Buyer
Program Support Division

Enclosures; As noted

f.'m LAgEY BeAdEA)
METAL. SAMES
- 33 .
' - ~Y202 _

-4e2

Ann Moyle | g £
Y
@
4
3

:;.Juoﬂfd ES7/¢ L
L

o
[~y
3

A DOE Prime Contractor = 7000 East Avanua » P.O. Box 5012+ Livermors, CA S54550/94551 « Ph. 510/422.9296¢ FAX 510/423-7548
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SUBCONTRACT B313954

between

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
and

METAL SAMPLES COMPANY, INC.

INTRODUCTION

This 15 a Pixed Price Fubrications Subcontract. The partics to this Subcontract are The Regents of the
University of Californla, a California corporation, hereinafter called "University,” and Metral Samples
Company, Inc., hereinufter calicd "Subcontractor”.

The University has entared into Prime Contract No. W-7405-ENG-48 with the United Statey Goveroment,
hereinafter called "Government,” repeesented by the Department of Energy, hereinafier called "DOE," for
the management and operation of the Lawrence Livermore National Laboratory and the performance of
certain resoarch and development work. This Subcontract is entered into as a subcontruct in furtherance of
the work provided for under the Primo Contract.

AGREEMENT

In acccptix:f; this Subcontract, the Subcontractor agrees to perform its obligations in accordance with the
‘erms, conditions, #nd provisions of the following attuched docurents and the documents referenced or
Incorporated therein, which together with this Subcontract Signaturc Page shall collectively constitute the
entire Subcontract, and supersedes all prior proposals, representations, negotistions, or agrecmcents,
whether written or oral:

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

SPECIFICATION E-20-50-JD PROCEDURE FOR IDENTIFICATION
METAL SAMPLES COMPANY, INC. THE REGENTS OF
THE UNIVERSITY OF CALIFORNIA

BY: BY:

le) ] .}

TITLE: TITLE: Division Leadar (Actin
T S D

Lawrence Livermore National Laboratory

DATE: DATE: Juup 2 199 )

University's Subcontract Administratar:
Ann Moyle, (510) 422.9296

Conirzoting & Materie! Managemant Department {CEMMD)

Univereity of Califomia
Lawrenco Livermore National Laboratory
P. O. Box 5012, Livermore, Califomia Q4851

(Porw dpe-Y13/041093;
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Table 2. - Specification E-20-50-ID
Refl. Dwg Number Rel. Dwg. Number Ref. Dwg Number C00320

AAAS5-100703-00 AAA9S5-100704-00 AAA95-100705-00
UNS Number Allay  SAMPLE IDENTIFICATION | SAMPLE IDENTIFICATION | SAMPLE IDENTIFICATION
NO88213 825 AWA 001 thru AWA 163 AWB 001 thru AWB 163 ACA 001 thra ACA 243
NO06985 G} BWA 001 thru BWA 163 BWC 001 thru BWC 163 BCA 001 thru BCA 243
NO0G453 C4 CWA 001 thru CWA 163 CWB 001 thru CWB 163 CCA 001 thru CCA 24)
N06022 cn DWA Q01 thm DWA 163 DWE 001 thru DWB 163 DCA 00! thru DCA 24)
R33400 TiGr 12 EWA 001 thru EWA 16) EWD 001 thru EWD 163 ECA 001 thru ECA 243
N/A TiGr 16 FWA 001 thru FWA 163 FWE 001 thru FWE 163 FCA 001 thru FCA 243
NO04400 M400 GWA 001 thru GWA 243 GWT 001 thru GWF 243 GCA 001 thru GCA 243
C71500 CDA 715 HWA 001 thra HWA 243 HWG 001 thru HWG 243 HCA 001 thru HCA 243
K21390 AlB7Gr22 IWA 001 thru IWA 183 1WH 001 thru IWH 183 ICA 001 thru ICA 183
K01800 A316 Gr 53 JWA 001 thne JWA183 JWI 001 thru JWI 183 JCA 001 thru JCA 183
JO2501] A27 Gr 70-40 KWA 001 thru KWA 183 KWI 001 thru KWI 183 KCA 001 thra KCA 183

Rel. Dwg Number Ref, Dwg Number Ref, Dwg Number

AAAIS5-100706-00 AAA9S-100707-00 AAA9S5-100708-00
| UNS Number Alloy SAMPLE IDENTIFICATION SAMPLE IDENTIFICATION | SAMPLE IDENTIFICATION
NO8825 825 ACB 001 thru ACB 243 AUA 001 thra AUA 163 AUB 001 thru AUB 163
NO69835 Gl BCC 001 thru BCC 243 BUA 001 thru BUA 163 BUC 00] 1thru BUC 163
NO06455 C4 CCB 001 thra CCB 243 CUA 001 thru CUA 163 CUB 001 thru CUB 163
N06022 C22 DCB 001 thru DCB 243 DUA 001 thru DUA 163 DUB 001 thru DUB 163
R53400 TiGr 12 ECD 001 thru ECD 243 EUA 001 thru EUA 163 EUD 001 thru EUD 163
N/A TiGr 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 thrn1 HCG 243 HUA 001 thru HUA 243 HUG 001 thra HUG 242
K21590 A3B7Gr22 ICH 001 thru ICH 183 IUA 001 thru IUA 183 1UH 001 thru IUH 183
K01800 A516 Gr 55 JC1 001 thru JCI 183 JUA 001 thru JUA 183 JUI 001 thru JU3 183
J02501| A27 Gr 70-40 KCI 001 thru KCI 183 KUA 001 thru KUA 183 KU1 00} thru KUI 183
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SCHEDULE OF ARTICLES
ARTICLE 1 - SCOPE. OF WORK
A Geneml

PAGE 6%
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The Subcontractor shall fabricate and deliver 1o the University the quantities of the fabricated items
ifications and drawings

included or referenced herein.  All specificutions and drawings, by their reference, &re hereby

described in Paragraph B beiow, in uccordance with the requirements, s

incorporated as a part of this Subcontract.

B.  Description. Ouantitles & Delivery Requi _
N Descrinti

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

02 Alloy 825

Conslsting of the following test samples:

a. Unwelded Weight Loss Specimen, In strict accordance
with Drawing AAA9S-100703-00

b. Coupon, Welded Wi, Loss, In sirict accordance with
Drawing AAA95-100704-00

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

d. Coupon, Welded Crevice, in strict accordance with
Drawing AAA93-100706500 .

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

{. Specimen, Welded U«Bend, in strict accordance with

mwinﬁ AAA9S-100708-00, including U-Bend

Assembly, in strict aecordance with Drawing AAAQS-
100715-00 and Drawlng AAA95-100855

03 Alloy G3

Consisting of the following test samples:

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

b. Coupon, Welded Wt. Loss, in strict uccordance with
Drawing AAAS5-100704-00

c. Coupon, Base Mtl. Crevice, in strict accordance 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 U-Bend
Assembly, in strict accordance with Drawing AAA9S-
100715-00 and Drawing AAA9S-100855-00

Schedule
Subcontract No. B313954 -1-

Oy
7380

1lot
163
163
243
243
163
163

1ot
163
163
243
243
163
163

Delivery Dats
August 28,

1995, all items
except Item Q7
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Consisting of the following test sampies:
u. Unwelded Weight }oss Specimen, in strict accordance

b.
c.

d

05

b,

c.

b.

C.

Schedule

with Deawing A A A95-100703-00

Coupon, Welded Wi Loss, in strict accordance with
Drawing AAA95-100704-00

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

Coupon, Welded Creviee, in strict accordsace with
Drawing AAAS5-100706-00

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

AAA95-100707-00

Specimen, Welded U-Bend, in strict accordance with
Drawing AAASS5-100708-Q0, inciuding U-Bend
Assembly, in strict accordance with Drawing AAA9S-
100715-00 and Drawing AAAS5-100855-00

Consisting of the following test samples:
Q.

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

Coupon, Welded W1, Loss, in strict accordance with
Drawing AAA95-100704-00

Coupon, Base M. Crovice, in strict sccordance with
Drawing AAA95-100705-00

. Coupon, Welded Crevice, In strict accordance with

Drawing AAA95.100706-00

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

AAA0S-100707-00

Specimen, Welded U-Bend, in strict accordance with
Drawing AAA95-100708-00, including U-Bend
Assembly, in strct accordance with Drawing AAASS-
100715-00 and Druwing AAA95-100855

Consisting of (he following test samples:
a

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

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

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

. Coupon, Welded Crevice, in strict eccordence 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 AAA95-100708-00, including U-Bend
Assembly, in strict accordance with Drawing AAA9S-
100715-00 and Drawing AAA95-100855-00

Subcontract No. B313954 -2-
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Alloy TIGr 16 .

Consisting of the following test samples:

a Unwelded Weight Loss Specimen, in strict sccordance
with Drawing AA A95-100703.00

b. Coupon, Welded Wt Loss, in strict ccordance with
Drawing AAA9S5-100704.00

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

d. Coupon, Welded Crevice, In strict accordunce with
Drawing AAA95-100705-00

¢. Specimen, U-Bend, in strict sccordance with Drawing
AAAY5-100707-00

f. Specimen, Welded U-Bend, in sunict sccordance with
Drawing AAA95-100708-00, including U-Bend
Assombly, in strict accordunce with Drawing AAA9S-
100715-00 aad Drawing AAA9S-100855-

08

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 AAA935-100705-C0

d. Coupon, Welded Crevice, in strict accordance with
Drawing AAA9S5-100706-00

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
Asscmbly, in strict accordance with Drawing AAA9S-
100715-00 and Drawing AAA9S5-100855-00

Alloy CDA715 _

Consisting of the following test samples:

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

b. Coupon, Welded Wt Loss, In strlct accordance with
Deawing AAA95-100704-00

c. Coupon, Base Md. Cravics, in strict accordance with
Drawing AAAS5-100705-00

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

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

f. Specimen, Welded U-Bend, in strict accordance with
Drawing AAA95-100708~00, including U-Bead
Assembly, in strict accordance with Dawing AAA9S-
10071500 and AAADS-100855-00

Schedule
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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

Coupon, Welded Wt Loss, in strict sccordance with
Deawing AAA95-100704-00

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

. Coupon, Welded Crevice, in strict accordunce with

Drawing AAA95-100706-00

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

AAA9S5-100707-00 .

Specimen, Welded U-Bend, in strict accordance with
Drewing AAA9S5-100708-00, including the U-Bend
Assembly, in strict accordance with Drawing AAASS-
100715-00 and Druwing AAA95-100855-00

Alloy AS16 Gr 55
Consisting of the following test samples:
R.

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

Coupon, Welded Wt Loss, In strict uccordance with
Drawing AAASS-100704-00

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

. Coupon, Welded Crevice, in strict accordance with

Drawing AAAS5-100706-00

. Specimen, U-Bead, In strict accordance with Drawing

AAA95-100707-00

Specimen, Welded U-Bond, in strict accordance with
Drawing AAA93-100708-00, including the U-Bend
Assembly, in strict accordanca with Druwing AAA9S-
100715-00, and Drawing AAA95-100855-00

Alloy AZ7 Gr70-40
Consisting of the following tast samples:

o. Unweidod Welght Loss Specimen, in strict accordance

b.
c.

d

Notes:

with Drawing AAA95-100703-00

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

Coupon, Bess M. Crevice, in strict accordance with
Drnawing AAA95-100705-00

Coupon, Welded Crevice, in strict accordance with
Drawing AAA95-100706-0C

. 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 AAADS-
100715-00 and Drawing A AA95-100855-00

1lot
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1. Subcontructor shall furnish all matsrials used to reachine, fabricate and weld the samples.
2. Subcontrsctor shall identify the sarples machined to the drawings in accordance with LLNL

Specification E-20-50-ID.

Sci.xcdu le
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The delivery date(s) stipulated above are the dates on which the stipulated quantities are 10 be
delivered at the "ship-to address™ indicated in ARTICLE 4 - SHIPPING & PACKAGING

INSTRUCTIONS.

Unless otherwise approved by the University's Subcontract Administrator, the Subcontractor shall
psovide the exuct quantities specified in this Subcontruct. 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 up to $250 in value without compensating the Subcontractor therefor,
and the Subcontractor waives all right, title, or interests therein. Quantities in cxcess of $250 will, at
the option of the University, cither be rcturned at the Subcontractor's expense or the quantity 1o be
retained and the price for any excess matcerial shall be pegotiated between the Subcontractor and the

University and the Subconiract shall be 50 modified.

The Subcontractor shall conduct its work for this procurement under its own Quality Assurance
Progtam, which has been found acceptable to LLNL-YMP (Ref: LLLYMP 94 11006, "Pre-Award
Audlt Survey 594-02".

LLNL-YMP Quality Assurance personnel and their designees shall have the right of accoss (0
Subcontractor (and sub-ticr supplicrs) facilitles ard records, for the purpose of inspection or audit.

The Subcontractor shall report any nenconformances associated with this procurement to LLNL-
YMPF for LILNL-YMP review of their disposition.

The Subcontractor shall process the shipping. handling, and storage of all specimens in accordance
with their quality assurance procedures, which have been audited and approved by LLNL-YMP

Quulity Assurance persanne] (Ref: LLLYMP 94 11006).

Upon completion of & lot of specimens (a "lot” is described undes Article 1.B, of the Schedule of
Anicies), the Subcontractor shall forward to LLNL-YMP copics of all Mill Certification Reporls, in-

TOCESS Wcﬂon reports, and final inspection reports for each lot, together with the specimens, to
LNL- . Lots may be delivered and invoiced upon completion with the final shipment to be

delivered on or before August 14, 1995,

Upon receipt of each Jot of specimens, LLNL-YMP will perform a recciving inspection of the
specimgns eand accompanying documentation.

5
- A

01 Spacer, Crevice Specimen 7380 $0.95 $7,011.00
02z 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 Alloy Ti Gr 12 1Lot $26,200.00
o7 Alloy TiGr 16 11lot $54,300.00
08 Alloy M400 1 Lot $21,800.00
09 Alloy CDA7}5 1 Lot $20,500.00
10 Alloy A387 Gr22 } Lot $19,400.00
1 Alloy AS16 Gr 53 1 Lot $19,400.00

Schedule
Subcontract No. B1/3¢54 -5.
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12 Alioy A27 Gr 70-40 I Lot $22,200.00
Pricing T

The total firm fixed price for the fabricated items, based an 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, as the Univemity
holds California Sellec's State Resale Permit No. SR-CHA 21-135323.

PriehiChorges

‘F’ft':'i—'_t charges shall be borne by the Subcnntnctﬂ-;'_)

ARTICLE 3 - INVOICING & PAYMENT

A

lvoici

The Subcontractor shali sobmit an original and one cogx of an invoice for the total price for the
fabricated items upon delivery of all of the fabricated items. The invoice shall reference the
Subcontract number, the unit, and extended price for each item and include an item description to
allow for verification.

Invoice Address
Al! invoices shal] be submitted to the following address:

University of California

Lawronce Livermore National Laboratory
Attention: Accounts Payable Department, L-432
P. O. Box 5001

Livermore, CA 94551

JTsrms of Payment

The terms of payment shall be Net 30 days.

ARTICLE 4 - SHIPPING & PACKAGING INSTRUCTIONS

A.  ShipTo Address: _ ’/,\A
The Subcontractor shall ahip the {abricated items to the following dddress:
Uaiversity of Califormia
Lawrence Livermore Nationa! Laboratory
for U.S. Depantment of Energy
Subcontract No. B313954
7000 East Avepue
Livermore, CA 94550
B.  Packaging
The Subcoatractor shall suitably package the fabricated items to prevent demage during handling and
shipping. Any damage resulting from improper packaging, contalnerizing, or Juck theseof shall be
the liability of the Subcontractor. Al packaging, permity, shipping, and related handling costz shall
be bornc by Subcontracior. The Subcontractor shall indicate the Subcontract number on cach
Schedule

Subcontract No. B313954 -6-
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container 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 matcrials. To assiat 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. E. Q. B, Point
The items purchased under this Subcontruct shall be shipped F. O, B. LLNL.
D. Preight Cari

Subcontractor shall ship the items via Subcontmactor's choice

ARTICLE 5 - CHANGES: UNIVERSITY REPRESENTATIVES
A, Subcoptmet Administrglor

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

- who shall represent the Universsity in all matrers rclating to the non-technical intorpretation,
sdministratlon, and performance of this Subcontract. The Subconteactor shall direct all notices and
requests for approval to the University’s Subcontract Adminisuator, and any notces or approvals
from the University to the Subcontractor shall be issued by the University's Subcontract
Adminlstrator,

B.  Changes

The University's Subcontract Administrator is the only individual authorized 1o commit the
Univessity to make changes to the Scope of Supply. the price(s), the delivery day(s) or method of
shipment, or other terms of this Subcontract. Any changes Lo the requirements of this Subcontract
shall be cffected only by a written change order or modification to this Subeontract, isspod by the
University's Subcontract Administrator, _

ARTICLE 6 - QUALITY OF FABRICATED ITEMS

The fabricated jtcras shall, as & minimum: (1) be new, including recycled (not used or reconditioned) #nd not
of such agc or so deteriorated s to impair their uscfulness or safety; (2) be as warranied; and (3) not contain
any counterfeit or suspect materials, parts, or companents. T pes of counterfelt or sus muterials, parts,
and components include, but are not limited t0: electric componcats, pzj:ing, iltings, flanges, and
fastoners, The University will not accept any fabricated items found by the University to nat conform (o
these minimum requirements, notwithstanding any inspection or acceptance of delivery by the University,
bnless such condition is specifically approved in writing by the Undversity's Subcantract Adminis\rator.

™

1f this Subcontract requires the Subcontractor (o furnigh any drawings, specifications, diagrams, layouts,
schematics, descriptive literature, illustrations, tchedules, performance or test dare, or gther technical data
for approval by J;c University prior to Subcontructor performance, the approval of the data by the
University shall not relicve the Subcontractor from responsibility for any errors of omiscions in such data,
or from rc?onsihility for complying with the requirements of this Subcontract, except as spocified below,
Any work done prior ta such approval shall be ar the Subcontracior’s risk.

If the dala includes any variations from the Subcontract uirements, the Subcontractor shall describe such
variations in writing at the (ime of submission of the data, Jf the Uarversity approves any such variation(s).

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

A. Baﬁl![ﬁd Documentation — The Subcontractor shall provide all documentation as required and sct
forth jn this Subcontract, Subcontractor’s failure to provids al the prescribed documentation may
result in non-acceptance of the fabricated items and witbholding of payment.

B. Pinal Acceptance — Final acceptance by the University of the fabricatcd items shall be at Lawrence
Livermore Nationul Laboratory and shall be based upon full compliance with all the requirements of
this Subconiract. '

C. Late Delivery; Digcrepant ltems — The University shall be eatitled 10 consideration for any and sll
fabricated items that are delivered afier the stated contractual delivery date or that arc delivered but do
Dot meet the requirements of this Subcontract. Consideration ghall be negotiated 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 dcsign, fabrication, assembly,
testing and inspection ¢onducted at the Subcontractor's plent or at any of 11s sub-tier subcontractors’

plants.

A. The Subcontractor, in sceepting this Subcontract, agrees 1o be bound by or o comgly with al] of jis

terms and conditions, in all particulars, and no othor terms and conditions shall be inding upon the
parties unless hereafter accapied by them in writing.

B. The slgnature-cxecutlon of this Subcontract or the performance of all or any poriion of this
Subcontract shall constitute the Subcontractor's unqualified acceptance of this Subcontract and all of
tbe Subcontract 1erms and conditions. The provisions of any proposal referred to in this Subcontract
are included and made a part of this Subcontract only for the Purpose of specifying the nature of the
materials, items, end services ordered, and then only Lo the extent that su provisions are consistant
with this Subcontract, and any terms and conditions of such proposal shall not apply to this

Subcontract.
7 - A INE
A, The following clauses of the GENERAL PROVISIONS FOR FIXED PRICE SUPPLIES AND
SERVICES siull not be applicable to this Subcontract.
Clauge 7 Security
Clause 8 Classification
Clause 9 Foreign Ownership, Control, or Influence Over Contractor

Clause ] | Organization Conflict of Interest - General

Clause 73 Commercial Computer Softwaro - Restricted Rights

Clause 76 Classified Inventions

Cluause 77 Patent Rights (Long Form)

Clausc 78 Patent Rights - Small Business Firmg or Nonprofit Organlzations (Other
than M & Qs)

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

(END OF SCHEDULE)

Schedule
Subcontract No. B313954 -8-
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UNLESS OTHERWISE SPCCIFIED: !
—! 1.004£.0) |o— '
IOLRT IFYCATION STAMP PLR 1. ALL DIHMENSIONRS ARE IH ITRCHES. !
2. DIMENSIONING AHD TOLERANCING PER ]
LLNL DOCUMENT 8C-20-50-1D ANSI Y14 SM-1982. 3
3. SUAFACE TCXTURE PER AMS! BA6.1-1985, :
. i [-¢7] ~ 4. ABBREVIATIONS PCR ANS) YI.1-1912, '
- 15 5. BRCAK SHARP [DGES 005 -.030, :
| "‘[::F;,] 6. DO NOT SHCAR OR PUNCH. i
| [-ooq] 1. SURFACE FINISH OF PART AS TOLLOWS: :
g - DOUBLL DISC GAIND FACLS TO A 37 !
) . L FI1HISH CODGES WITH 120 GRIT, :
2.00£.01 |1 '
- 4 [}
1
- )
I |
i :
: 1 TABULATION BLOCK !
it
UNS ALLOY  |OTY i
1
24 .03 ] }— Hoas2s 1825 15} !
- HD6985 {G) 16} i
rARImnn, ? 910] NO§455 [C 4 8y | ‘_{:
 e0s NO6022 [C22 16} !
@ 3120 03 THAY RAS34G0 (Vi Grig 153 ;
L_I__Llﬁl_ HO 4400 [Me0O 24 \
C711500 |[COATTS 24) i
K21590 |A3BY Gr22 18) i
em S KO 1800 {AS16 GrSS 18} i
: p kﬁgsg ,*J i J02501 |A2] Gr10-40 |18} '
uf i { g1 ~ !
UJ.:«HJ i84y ,,uan FOR YUCCA MOUNTAIN PROJECT USE ONLY |
| | SLL TABULATION BLOCK t i
3 ) MO REGD PART 7 LLML $IK WO OCSCRIPTION J MATCAIAL 1Pl¢ nO 1704 :
! 0NN 3. (OSOR -8 CLASIIFICATION A O puil T TOLd) ELajunddcan ioe :
e —n IHTEGRATCO CASH TEST FACHL !
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H NOTES
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I {OENTIFICATION STAMP PER
iD 2.004.0) LLHL DOCUMINT ¥E-20-50-1D 1. ALL DIMENSIDNS ARC B VHCHES. ]
i To 2 8 <.h 2. DIMEMSIONING AND TOLERANCING PC
: (oMe$s1E 16ims LaPPED S18€) ANST Y1d.5M-1982.
E 3. SURFACE TEXTURE PCR ANSI B4AG. <1985,
' 124 .0 4. ABBREVIATIONS PER ANSH YI.4-1972.
E l ! / [c] 5. ggu;Ts:AgPRtggc: .g:s -.030.
| . 6 N HE A UN
, [ e — . .
— | [:,.ﬁ == _( 7. SURFACE FTINISH OF PART AS FOLLOWS:
! l EOE LAP car FAs W TH 600 GRIT YO A 16
! H - FINISH CDGES WITH 120 GRIT,
H | | O rHE FALE To stevs TofmS el héTrel
| n
i 2,004 .03 -
'c
| |
; | TABYLATION BLOCK
| : i UNS ALLOY oty
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H 1008
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i NOTES :
! (/7 ].005]a] [-A- UNLESS OTHERWISE SPECIFIED: !
: 2.00.0) 77 .005) , :
) LR LELCATION S1AP PER I.  ALL DIMENSIONS ARC 1N I1HCHES. H
i D Tess 7 2. DIMENSIOHING AND TOLERANCING PER i
| (ofTes17a 6RmS vATen o 203 i
| $10€) r . ANS| Yi4.5M-1982. :
i -'?*-03‘] 3. SURFACE TEXTURE PLA ANS! B46.1-1985 ;
¢ 'S0 B 4. ABBREVIATIONS PER ANSI YI.1-1812. '
i 5. BREAK SHARP EDGES .005 -.030. E
! | [1.000 6. DO MOT SHEAR OR PUNCH, i
— | 004 0) 1. WELD SYMBOLS PER AWS A2 .4-1319, 5
1] N . .

! | B. SURFACE FINISH OF PART AS FOLLONWS: !
1 l LAP owd FACE wrd g00 GRIT TO A 16 /2

g B FANISH EDGES WATH §20 GRIT.

i 2.00% 02 N oTuel FAce To wltd VMimy oL S FrEl. !
be

i i
)

g | TABULATION BLOCK

i UNS ALLOY | BEL2L  wELD FILLER MATERIAL  [oTY

]

| 008 Ho8g§2s [825 GHAW JAWS AS5.14 CLASS ER NiCrMo-10 [243

! 3127303 THRU -]
— B 31249 05985 |63 GHAW {AWS A5. 14 CLASS ER MiCrMo-9 [7a3) [~
: B8 @ A [e® ] n06455 Ica GMAW [AWS A5, 14 CLASS ER HiCrMo-10 [24) '
' . NOBD22 |[C22 GMAW |AWS A5.14 CLASS ER HiCrHo-10 |24)

; R53400 [Ti Gri2 GTAW |[AWS A5.16 CLASS ER Ti-12 24) ,
1 r Lran(mston rE\b N/A |Ti Grlé GTAW |AWS A5.16 CLASS ER Ti-1 243 \
' g jLL [AULATION Buoch ND4400 |K400 GHMAW [AWS AS. )4 CLASS EA RiCu-1 243 i
} CT1500 [CDATIS GMAY |AWS AS5.7 CLASS LR CuNi 2] i
H K21590 [A3BT Gi122 GMAY [AWS AS. 28 CLASS ER 305-B) 183 '.|
| K01800 [A516 Gr55 GMAY [AWS A5. 18 CLASS ER 105-6 183 ;
| e _ o Jo2501 JA2) Gelo-40 [GMAWLANS AS 1B CLASS ER 105-6 18) !
| FiT AR TR Rl B - '
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UNLESS OTHERWISE SPCCIF!ED: :
IDERTITICATION STANP PLR |
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) €062} —= |1 5001 — 2. DIMCNSIONING AND TOLLAANCING PER ;
|‘A'| ARSI Y14, 5HM-1982, !
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. 1= 8 5. BREAK SHARP EDGES .00% -.030. '
! §. DO NOT SHEAR OR PUNCH. !
— i ] g 2% 315 7. DEVELOPED LENGTH OF PART : 2.50% 03 :
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ALL DVMENSIONS ARL IN FHCHES.

DIMCHS IONING AND TOLERANCING PLR
ANS) Y14, 5M-19B2

SURFACE TEXTUREL PER ANSY B46.1-1985.

ABBREVIATIONS PLR AHSL Y1 _ 11912,
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15:14 2563584515

_ ASPI

CFRx:

MODIFICATION NO. 1

to
SUBCONTRACT NQ. B313954

hotween

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
and

METAL SAMPLES COMPANY, INC,

INTRODUCTION

This is a Modification to Subcontract B313954 and js eatersd into by and between The Regents of the
University of Californla, hereinafier catied "University,” snd Metal Samples Company, Inc., hereinaftcr
calied "Subcontractor.

The Subcontract covers the procurement of metal samples. This Modification is hercby Issued to add
Tters 13-19, change the delivery date and increasc the tota] amount of the subconusct.

MODIFICATIONS
The following "Ordered Hems,” 85 indicated by the jtem number, ars hereby modified to read es follows:

PAGE 28

PAGE 2

44 -3 138

TiaM

The dcﬁ'vcry dute for iems 01-06 and 08-12 is changed to Soplember 28, 1995.

Modification No. 1
B313954
B/B/98

NO. ITEM, SPTCIFICATIONE, CATALOG REFRRENCES Qry UNIT PRICK TOTAL PRICE CARRIEX
13 | Hastelloy Plate, C22,0.188" x 51" x 148* | 1lot $5,587.40 | August 25, 1995
{455 Ibs.) L
14 11;[38.5:)t¢:]iay Plats, G3, 0.250° x 49" x 71" (276! 1 lot $2,933.88 [ August 25, 1995
£.
15 | Hestelioy Plate, G3. 0.250" x 22° x 106" 1lot $1,966.55 | August 25, 1993
(185 Ibs,)
16 | Monal Plate, M400, 0.250" x 48" x 144" 1 lot $3,818.88 [ August 25, 1995
(574 1bs.) .
17 {gcoloy Plate, 1825, 0.250" x 23" x 9B~ (168 | 1 lot $1,158.30 | August 25, 1995
s.) .
I8 };cc;loy Plate, 1825. 0.250" x 45" x 96" (321 | 1 iot $2,221.29 | AugustL 25, 1995
£,
19 | Additional Engineering, Production Control, { 1 lot $17,058.76
Purchasing Costs, and Freight Charges
Order Total Prior to thls Modification $267,411.00
Net Increase $34,745.0¢6
New Order Total $3062,156.06
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, : O St PRGE 3
___M_'__.,..—:ﬂ'"""’m’mk' |
i T " : ‘%5 a'? J&%
N =~ All other terms, conditions, and provisions of the Subcontract shall reman in full force and effect.
ACCEPTANCE: AUTHORIZATION:
METAL SAMPLES COMPANY, INC. THE REGENTS OF
, THE RSIFY OF CALIFORNIA
BY: m Mﬁ"'\ RY:
V . Haynes -
TITLE: President TETLE: Giroup Leader
_ Lawrenoe Livermore Nattonal Laboratory
pate:  08/15/95 DATE: P
/
tyarm §Pg-§310)6/10/FF) Procuremant Representative: Ann Moylo, Senlor Buyer

Phone No.: (530) 422-9296 Fax No. (510) 422-9296

Modification Ne. 1
B313954

8/8/98
-2.



To: METAL SAMPLES COMPANY, IMNC.
RT. 1, 80X 152

MUNFORD

Attn: BRENDA SMITH
Phons: (205)358-4202
FAX (205)388-4515

AL 36268

SHIP TO:

UCLLNL

For U.S. Dapartment of Energy
LLNL 411

7000 East Avenus (P.0. B338959)
Livarmaore, California 94550

RECERLLas- OerTy 2Lt yo. Yy

wuruOs Bt ADV LE-v4 FAA DIV 4ZJ WIIY CuBMUULTY ACA GROUP Whony
- Qo of 128
Purchase Order / Confirming Order No: B330959 PAGE: 1
Do Not Duplicate. -
Buyer: DATE Payment Terms
E. YITZ 04/21/97
Ext: (510)423-T7132
~ Fax: (510)423-7226
Net 30 Days

University of California
Lavrence Livermors National Laboratory
Purchase Qrder
For Contract Neo. W-T405-ENG. 48
With Department sf Enargy
FOR RESALE: State Sales Tax should not be
charged, as ths University holde State
Sales Tax Parmit SR-CHA 21-135323

MATL IN ‘OICE TN DUPLICATE TO
UNIVERSITY OF CALIFOANIA

|

|

- P.O. Box 35001 |

{ TVERMORE, CALIFORNIA 94551 {
i
|
|
|
I
|

|
f
| LARRENCE LIVERMORE NATIONAL LABORATORY
| Leesunting—Offiae
{

ﬁk:‘ﬂlhv—d Chﬁtﬁ

!Tho Purch-siﬂgggfﬁsﬂumbnr lhcun above
|MUST appear prominsntly on your shipment,
| freight bill, & invoice to facilitate
|receiving and payment of tha order.

Confirming Order 04/156/97 = DO NOT DUPLICATE

JShip Vimt |Trangpertation Terms: |F.0.B.
| FED=X Priority Ovent | LABODRATORY [ SHIPPING POINT
l {Shipping Point: |
| MUNFORD AL |
L
|Itsm Model/Msnufacturer ‘ UoM/ Unit Extended Ship
| Ne. Description Qt woP Price Price Date
|001 NOBBZS 15.000 EA [ g.85000 147.715 05/705/97

METAL SAMPLES CD.

COLD-ROLLED &

1 X 2 COUPON - BASE METAL WEIGHT LOSS/ASTM B424 -
ANNEALED SHEET - P/N C01296141304000 -

SUBJECT TO:

A. LLNL DOCUMENT E-20-50-ID4...PAGES: 1...ACCOMPANYING COPY...

B. tLN_, DRAWING, NO. AAA95-100703-00.,.DATE: 030195...PAGES: 1l1...
ACCOMPANYING COPY...

C. LLMN., DRAWING, NO. AAASS5-100704-00...DATE:
ACCOMPANYING COPY. ..

030195...PAGES: 1...

REFERENCE: VENDOR-TELEFAXED QUOTATION...NO.: 12499...DATE: 041497...
PAGES: 3.
SUBJECT TO: UCLLNL-PROVIDED...MEIGHT LOSS SPECTMEN PURCHASE CONTRACT
REQUIREMENTS, 04-14-87...PAGES: 1...ACCOMPANYING COPY....

R pp——————— R PR P R e

Ly —
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Purchase Ocder / Confirming Order No: B338959 PAGE : 2
Do Net Duplicats.
NOEQES 15.000 EA / - 12.55000 188.25 05/05/87

METAL SAMPLES CO.

{
: | 1
N 1 X 2 COUPON - BASE METAL HEIGHT LOSS/ASTHM BS582 -~ COLD-ROLLED & |
A ANNEALED SHEET - P/N CO129A161304000. {
|
|
|003 NOGASS 15,000 FA / 12.30000 184.50 05/05/97
i METAL SAMPLES CO.
| 1 X 2 COUPON - BASE METAL HEIGHT LOSS/ASTH 8575 - HASTELLOY R SHEET - |
| P/N CO129A131304000. i
|
|004 NOEQ22 15.000 EA / 12.30000 184.50 05/05/81
] HMETAL SAMPLES CO.
| 1 ¥ 2 COUPON = BASE METAL WETIGHT LOSS/ASTM BS575 - HASTELLOY SHEET - i
| P/N CO129A111304000,
i
| 1
|
| 005 R53400 15.000 EA / 15.20000 228.00 05705797
i METAL SAMPLES CO.
| . 1 X 2 COUPON - BASE METAL WEIGHT LOSS/ASTM B265 - GRADE 12 -
| P/N CO129B3£1304000, I
|
%
[006 TITANIUM GR 16 15,000 EA / 22.35000 335.25 05/05/97)
| METAL SAMPLES CO.
I 1 X 2 COUPON - BASE METAL LEIGHT LOSS/GRADE CP16 -
i P/N CD1298351304000.
|
|
|007 NOB825 15.Q000 EA / 27.40000 411.00 0% °25/97
| METAL SAMPLES CO.
e 1 X 2 COUPON - WELDED WEIGHT LOSS/ASTH B424 - COLD-ROLLED & AMMNEALED
~1 SHEET ~ P/N CO1296141324000.
008 NOS9ES 15.000 EA / 0.00 0%/05/97

METAL SAMPLES CO.
1 X 2 COUPON - WELDED WEIGHT LOSS/ASTM B585 - COLD-ROLLED & ANNEALED
SHEET - P/N CO129A161324000.

|oos

NOG4SS 15.000 EA [/ 34.,20000 513.00 05/05/97
METAL SAMPLES CO.

1 X 2 COUPON - WELDFD WEIGHT LOSS/ASTM B575 - 1 HASTELLOY R SHEET -~

P/N CO128A131324000.

e e ———— ———— ——— . T f—_— — " = Tt S
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Ship Via Federal Exprees, Priority Overnight, collect.
Mark Airbill: Bill Recipient’s Account 0941-0205-7.
Do NOT DECLARE VALLUE]

EeA NeTE:

m—
The Lawrance Livermors National laboratory and its authorized rapresentatives shall have

the right to inspect Governmant EICPerTY and the work and activities of the

. _ Q% oF IQ§
Purchase Order / Confirming Order Ne: B338959 PAGE : 3
Do Not Duplicate. ‘
{010 NOBO22 15.000 EA / 34.20000 513.00 05/05/97]
METAL SAMPLES CO. |
~— 1 x 2 COUPON - WELDED WEIGHT LOSS/ASTH B575 - HASTELLOY SHEET - |
| P/N CO129A111324000. {
| —
{011 RE3400 15.000 EA / 49,00000 735.00 0©05/05/37]
1 METAL SAMPLES CO. |
] 1 X 2 COUPON - HELDED WETGHT LOSS/ASTM B263 - GRADE 12 - |
| P/N C01288011324000. i
1
|012 TITANIUM GR 16 15.000 EA / £§3.30000 645.50 05/05/987]
| METAL SAMPLES CO, q
t 1 X 2 COUPON - WELDED WEIGHT LOSS/GRADE CPlE - |
| P/N COL129B381324000. i
1 I
| Tetal Price: 4,389.75 ]
} 1
NQTE:

Sub~Contractor/Selles and his Subcontractor (s} under this Subcontract/Order at such time
and in such senner as the Dniversity shall deem appropriste. The Suboentractoz/Seller
shall include in all subcentracts and purchase orders under this Subcontract/Order a
similar provision making this paragraph applicable to his subcontractor or vendor.
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- 00UBLE DISC GRINO FACES 10 A 32
) 2.00%.0) 1 FINTSH EDGES WITH 120 GRIT.
¢ !
!
4 |
\ 1408
| o B.02.gg7 MU "
| ACKIEIDCE
nl :ilﬂllll“ '“.ILNL DrcMENT E-20-50-104
YELD [}
B |
| \,\lb%:l"\ul”\ - fOR YUCCA MOUNTALN PROJECT USE ONLY
e T A 1 SLL_TADWL AT 108 BLOCK [
rfﬁ- no U&‘—“J o W 20 pEGO PaME 7 LiML 318 MO SCECAIPTION § WATLAIAM SP(C MO ]r 1IN
om owe 5. (v - ZUASS LT ICATION RT3 WRITILb kAt
5 1o® |NYEGRATLD CRSN TLST FACIL
pfo \\; ‘ tm ¢ aen P05 s aocwcat tn et PrOrRATY 04 L ]
APYS (| batNM2 [ B ot MMITERRITY oF €3 ifams
A LI NE b Lanlme 4 | vErrpad NATIERAL revsiL
1 sihe [ LABIRATEN] . SroTewCiion TASNIBIVID “EOIJPOI. WELDED L1 lDSS
Teinou! PEANISLIGS B Tt Seten pa pRAWING RO
L AURENE LI YEANQORL "
NECRANIL M g inliRimg pir el BT, Jrrasms——— - -
. L TN LT L =1 AMA9S5-100104-00
' n-lu-lr—lonolnulml ot eormtraios 1 tmmie e SCALE Pe—— 1 ——4 JaWit 4 07
N 1 R | 2 | b

6$%6 C2¥ oTs YV ze:21 NHL Le/g0/S$0

4nod9 YOV ALIQORROD

$00@



(- ( | /
(') : ( ‘ 101 of 138 \J

LR/R0 /€0

NAL

77T

RSSR £ NI¢ YVd

ANNND VAV XTTANWAND

LLNL Document E-20-50-1D4 4147
m _JUNS f‘l"l. L r__ Ispacimen / ASTM Specitcation rirwing Numbsr quentisl Specimen RWelding .
iHumbat red Idantficaion Spacification
+qu;25 ) ‘L?:_?uofﬂ'zs © T 5T I x2 Coupon, Basa Metai Wi Loss /ASTM  [AAA 95-100703-00 |AWA 164 - AWA 178 [N/A _
____|B424, Cold Rolled and Anneaied Shest .
NoGoes  ftasteioy G3 |15 |1 x2Cougon Baso Metai Witoas/ASTM _{AAA 95.100703-00 rt}-&.ﬁ 164 -BWA 178 rm\
-1 _|p592, CoMd Rolled and Annssled Sheet | - —
[osess  Bsinopca s |1xzCoupon Bese st LosarASTM _ fama 9540070300 _ JowA 164 - WA 178 fua
[oS75. Masielioy Rsheet __F
: o602 [asmoyCzz |15 |V x2Coupon Base Meta Wiloss/ASTM _ JARA 95.100703-00 |OWA 164 - DWA 178 [NiA
) _ . 8575, Hestabay sheal . L
L H53400 timnum Ge 12 |1 |12 2 Coupon, Base Metal Wi Loss /ASTM _ fAAA 95-100703-00 FE_W_A 164 - EWA 178 [NA
B265, Grade 12 N _ |
TopoumGi 16 |raanwm Gr16 15 {152 Goupon. Base Mats) Wi Loss/ Grade _JAAA B5-100703-00 e 164 -Fwaze [na
b o _jere - ———— - -
HOBB25 [roccer 022 15 |ix2 Coupon, Weided W1 Loss /ASTM _ [AAA 6510070400 JAWE 164 - AWB 178 {GMAW FULL PENETRATION WELD
. _|B424, Cold Rolled and Anpealnd Sheel 1O AWS A5.14 CLASS ER NICrMo- 10
oskes ruasun&'y 63 187 |72 Coupon, Werisd WA Loss ASTM _ JAAA 55.100704.00 _ [BWC 164 -BWG 178 JGMAW FULL PENETRATIONWELD
ra_:_»e_!z_  Cold Rolted and Annealed Sheel —— e __L,__ — . [FOAWS A5 14 ALASSER MCrMo-Q_
1106455 frastetoy o« 5 J\ x 2 Coupon, Weided W1 Loss 1 ASTM___ |A%A 95-100704-00 chn 164 - CWB 178 JoMAW FULL PENETRATIONWELD
fosos hasteboyRahess T T |TOAWSASI4CLASSERNGiMo-10
NOGOZ2 rugsl_enp, c2z |15 |Tx2Coupon WelsdWiLoss /ASTIA __ |AAA 95-100704.00 |DVWE 164 - DWE 178|GMAW FULL PENETRATION WELD
as75, Haetoysheel | N7 T 710 AWS A5 14 CLASS ER NICiMo-10
rsa ke Griz  fis 132 Coupan, Wekded Wi Loss 1 ASTM  |AAA 95-100704-00  [EWD 164 - EWD 178 [GTAW FULL PENETRATION WELD
B265, Grads 12 TOAWS A5.18 CLASSERTHIZ
265, Gestet2 N _ | JlOAWSA516CH
o b DU RN f oS N
fRaokm G116 fTHawmGii6 1S 1 x 2 Coupon, Wekled Wiloss/ Grade  JAAA 95.100704-00 _[FWE 154 - FWE 1_7.5 W _FULL PENETRATION WELD
~ fcrs O AWS A5.18 CLASS ER T17

Page 1 0l 1
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1. Specimens shall be purmanently identified with ~1/5" metal dic stamps or ayloamtic type-6ct engraver
(a0t hang-yeld vibro-pcribe) in mmanuwid‘luwbnmquimnﬂluddsﬂd in LLNL drawings
SN AAASS-100703-00. AAA95-100704-00, and uttlizing identifieation code described in LLNL
Jocumont E-20-50-1D4 dated 4-1 4.97.

2. After machining, specimens shall be cleaned in 1 suitsble sotvent. Using ciean gloves or other mathods
which aliminste specimen conmmination aftcr cleaning, the specimens shall be placed in individual
bags for shipment to LLNL. Salvents used I cleaning each of the aliays shall be identified and

Ho  sppticable Material Sefecy Data Shests shall be supplisd to LLNL.

3. (n-process nspection rocards that demonstue specimen dimensions calied aut in LLNL drawings
AAA95-100703-00 and AAA9S-100704-00 are within wolcrance, shall bu provided to LLNL opon

recaipt of specimens.

4, Photocapies of the Certified Maxerisl Test Repors (CMTR) for both the base plate/sheet materizl and
weld wire, when applicable, siwll be supplied ta LINL for the plate/sheet/wire used to fabeicate cacht of
the specimens. In sddition, the vendor must supply LLNL a written staterent of conformity . which

o7 serves to link afl specimens to the bess metal and/er weld wire uscd in specimen fabrication by
ET, delincating the specimen Identification to an epplizsble CMTR. Should the CMTR include muhipie
_ g4 ems ar pieces, the particuler piece/lat used 1o fabricate esch specimen shall be specified in the vendor
5 ELOIE V'4  jeter of conformiry. This requirement chall be fulfilled wpon receipt of spactmens st LLNL.

A1l

M S. Ipdependent chemicai nnalysis shall be performed by vendor ar quaiifisd sub-contractor for exch
heatriot of plxtefsheet and wald wire used in the fabrication of the specimens, In sddition. the vendor
or sub-contractor shell performn physical property testing on the plate/sheet used o fabricaic the
apecimens. The vendor shali supply LLNL a written test repart of the independent chemical and
physical properties analysis which shall include the identification of the heat/lot tested, including

Ao identificeian of any individusl pieces shovld the CMTR include multple pleces, and appiicabie test
methods amployed in the analysis. Physical propecty dama derived from the independent teating shall
includs as a minimum the tensile sTength, yield srengih, and % elengation using standard methods
described in ASTM E1. The chemical analys(s dertved from the independent tosting shall include ss &
minimum thote elememal compositions neceasary o verify each heat/lot of plate/shest/wire alioy lies
;galhiu the ASTM standurd requirements lisied foc the matcriafs specified in LUNL document E-20-50-

-

—

6. Delivery of alf iterns to LLNL is requirsd 2-3 weeks After Recsipt of Order (ARO). Pardal shipmenty
arv accepaable and encouraged as fong as the supporting documentxtion requirements described above

NO are met for the partial delivery.
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PROCUREMENT & MATERIEL. 103 oF 3%
INSTITUTIONAL SUPPORT.

MAIL STOP, L-650.
TBL. EXT., NO: NO. 37132
TELEFAX,NO.: 3-7226.
PAGE: 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.

Nt (02.) UCLLNL, IS SELF-INSURED - PLEASE DO NOT DECLARE VALL: OF/INSURE
~ MATERIEL WITH FREIGHT CARRIER.

University of California

L Lawrence Livermore
National Laboratory
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ses TI REPORT  nst

SESREEEEREASSRXESRERE

T_f TRANSKISSION OF

TXI/RX NO 2189

CONNECTION TEL 8120653684515
SUBADDRESS

CONNBCTION ID

ST. TIME 04/21 13:32

USAGE T 03’19

PGS. 3

RESULT oK

S

purchesa Order / Confirming Order Ne: B33BS5S PAGE : 1
De Net Duplicate.
: DATE Peyment Tecme
E‘fy;%rz 04/21/97
Ext: (510)423-‘713:
: -2
Fax: (510)423 722 Nat 10 Days

. METAL SAMPLES COMPANY, INC.
Te rr.”I. BOX 152 ' Univarsity of Califernia

Lawranee Livarmere Natienal Laboratory
Pupchass Ordar

MUNFORD AL JE2G6E For Cantract Ne. W-T7405-ENG. 48

o Aten: BRENDA SHITH With Department of Energy

— Phoma: (205)358-~4202 FOR RESALE: State Sales Tax zshould not bs
FAX: (205)358~-4515 charged, as the University holds State

Sales Tax Permit SR-CHA 21-135323

MAIL INVOICE IN DUPLICATE TG

{
SHIP TO: |
| LAMRENCE LIVERMORE NATIONAL LABORATORY
UGLLNL | gow-= P.0. Box 5001
fff«.uiii Dapartment aof Enargy IACL , CALTFORNIA 94551
| -y 21 LE, Fr
7000 East Avanue (P.C. B3383539) The Purohssé Order Number :hgunc'-b‘:vo
Liveemara, California 94350 lH.BT sppesat praminently en yaur shipment,
|€reight bill, L inveiee to facilitate

RECEEALAL DEFT‘J GLOG., jio . /] |vecelving and payment of the erder.
i

|
|
|
|
I
|
i
f
|

Confirming Order 04/16/31 - DO MOT DUPLICATE

|Ship Via: | Tranupartation Tarms! |F.0.B. ‘

l -X Prierity Ovent | LARORATORY | SHIPPING POINT
l |Shipping Peint: ) |
| | PLNFORD AL | t
Ttem Model/Manufscturar ) uo/ Unit Extanded Ship |
Me. Dageription Qty uoP Price Price " Dute |
1001 NOBBZS 15.000 EA / g9.a85000 1847.715 0©5/05/91)
1 METAL SAMPLES CO. i
I IXZWM-MEPETALHEIGWLOSS/ASTHBAZA-CDLD-ROLLEDL |
! ANNEALED SHEET - P/R CO1286141304000 - %
~— SUBJECT TO: |
{ A. LML DOORENT E-20-50-ID4...PAGES: 1...ACCOMPANYING cobY... |
| B. LLN., DRAMING, NO. AAASS=100703-00...DATE: o20l4S5...PAGES: 1l.-. i
1 ACCOPPANYING COPY. .. |
| C. LLML., DRAHING, NO. AAASE-100T704-00_ . .DATE: 030194...PAGES: 1... l
ACCOMPANYING COPY. .. }
]

- v — — - . WG B P ey -~ - amamh ~ Ao, AAY AB™
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- PURCHASE ORDLc=R 105 ofF 138

L. RS e —
F Purchase Order No: Selier's Status:
' B500447 | Small Business

University Procurement Representative: | Phone #: Fex #: E-Mail Address:
R. Gomez, Sr. Contract Administrator (825) 42422-3306 (828) 42423-9559 gomez12 @linl.gov
issued To: Ship To Address:

METAL SAMPLES COMPANY University of Califomia

Attention: Brenda M. Smith Lawrence Livermors National Laboratory

152 Matal Samples Road, P.C. Box 8 For the U. S. Department of Energy

Muntord, AL 36268 Purchase Order No, B500447
Payment Terms: Net 30 Days
F.0.B. Point: Shipping Point
Shipping Point: Munford, AL

Shipplng (nstructions: Ship via Consolidated Freightways,
freight collect. Mark Bill ot Lading
‘Moving Under Govt Tendar No.
10096-C.
Deliveries are requested by
1:00 p.m. Pacific time.
Transportation Terms: Account of University; - Do not

insure
Sales Tax Exemptlon: This Purchase Order is exempt|involces: Allinvoices shall reference the Purchase
from State Sales & Use Tax, psr Order number and be submitted to:
the Univarsity's Celifomia State
Resale Permit No. SR-CHA 23- University of Califorr-
135323. Lawrence Livermor ::onal Laboratory
N’ Vendor Paymentz. <32
P.O. Box 5001
Livermore, CA 94551
ORDERED ITEMS
ITEM NO. ITEM, SPECIFICATIONS, CATALOG REFERENCES "1 4 UNIT PRICE EXTENDED PRICE DELIVERY DATE
1 TIGR7, 32RAMS, SEQ, VCI (Titanium), Part Na. | 40ea $39.50 §1,580.00 1/19/89
£03208081301400 Or Sooner
2 TIGR16, 32RMS, SEQ, VCI (Thanium), Par 40 ea 54.13 2,165.20 With LA #1
Neo. CO3208361301400
3 C22, 32RMS, SEQ, VC! (Alley), Part No. 40 en 27.40 1,096.00 With L/ #1
CO320A111301400
4 304, 32RMS, SEQ, VCI (Stainless Stesl), Part | 40ea 31.12 1,244 .80 With L/l #1
No. C03201411301400
5 316L, 32RMS, SEQ, VCI (Stainless Steef). 40 o2 17.69 707.60 With L/t #1
Part No. CO3201591301400
.6 TIGR7, LAP, ALL (THanium), Part No. 40 aa 15.00 600.00 With L1 #1
EL4058080902000
7 TIGR16, LAP, ALL (TRanium}, Part No, 40 ea 18.75 750.00 With L1 #1
EL4058350302000
8 C22, LAP, ALL (Alloy), Part No. 40 ea 11.00 440.00 With LA #1
EL405A 110302000
9 304, LAP, ALL (Stainless Steel), Part No. 40 ea 7.90 316.00 With LA #1
EL4051410902000

- University of Caiifornia
Lawrence Livermore National Laboratory
Procurement & Materiol Req # 227927
P. 0. Box 5012, Livermore, Califomia 94551 {Form #PS-614; Rev. 11/5/98)
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COMMODITY ACA GROUP Jool
(0b ot 133
TEM NO. [TEM, SPECIFICATIONS, CATALOG REFERENCES ary UNIT PRICE EXTENDED PRICE | DELIVERY DATE
10 316L, LAP, ALL (Steinless Steel), Part No. 40 ea 4585 182.00 With L/ #1
EL4051590902000
" TIGR7, MILL, ALL (THanium), Part No. 1ea 105.00 105.00 With L/| #1
C08938080002000
12 TIGR16, MILL, ALL (Titanium), Part No. 1ea 115.00 115,00 with /I #1
CO9298380002000
13 C22, MILL, ALL (Alioy), Part No. 1ea £5.00 65.00 With Lt #1
C0O239A110002000
14 304, MILL, ALL {Stainless Steel), Part No. 1ea 55.00 §5.00 With L #1
C09991410002000 -
15 3161, MILL, ALL (Stainless Steel), Part No. 1ea 50.00 50.00 With L1 #1
C09991550002000
16 5923HMO, 32AMS, SEQ, VCI (Alloy), Part No. 40 ma 39.50 1,580.00 With LA #1
CO3209371301400
17 5923HMO, LAP, ALL {Alloy), Part Ne. 40 ea 15.00 600.00 |  With LA #1
EL 4058370902000
18 .C22, LAP, ALL {Alioy), Part No. 1ea 75.00 75.00 With L1 #1
. ©09999370002000
NOTE. See the incorporated Documents in
the Special Provisions of the purchase order
_ for work reguirgments.
Total Firm Fixed Price: $i1 !726.60
TERMS & CONDITIONS: This Purchase Order includes the atlached GENERAL PROVISIONS FOR COMMERCIAL
SUPPLIES AND SERVICES (List 6008; Rev. 5/1/98), SPECIAL PROVISIONS and all other refarenced documants. Any
terms stated in Seller's acknowledgment in addition to or in conflict with the 1erms stated herein shall not become a part
of this Purchase Order.
THE REGENTS OF
THE UNIVERSITY OF CALIFORNIA
BY: /ﬂ 6 St
R.Gomez o
TITLE: Sr. Contract Administrator
General Purchasing Group
Procurement & Materiel
DATE: A 7A 7
R

PO No. B500447
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MODIFICA;I'C!ON NO. 1
PURCHASE ORDER NO. B500447

Universlly Procurement Reprasentative:
RA. Gomez,

Phone #: Fax #: E-Malfl Addreas:
(925) 422-3306 {925} 423-9559 gomez12@linl.gov

issued To:

Metal Samplas Company
Attention: Brends Smih
152 Melal Samples Road
Munford, AL 36268

INTRODUCTION

The purpose of this No Cost Modification is to Revise Line ftam #18, and the Buyer's Staternent of Work, and also,

Specification No. E-20-66-3,

MODIFICATIONS

1. Line ltem No. 18 is deleted in its entirety and replaced with the following:

18 5523HMO, MILL, ALL (Alloy), Part No.
C09959370002000

for work requirements.

NQTE; See the Incorporated Documants in
the Special Provisions of the purchase order

1ea 75.00 75.00 With L1 #1

2. In the Special Provisions, under the Incorporated Documents, the Buyer's Statement of Work, and Specification
No. E-20-66-3, are hereby modified (Revision 1), to read as follows:

INCORPORATED DOCUMENTS

* BUYER'S (LLNL) - QA REQUIREMENTS FOR SUPPLIERS OF ANALYTICAL SERVICES, DATED 1/5/88

« BUYER'S (LLNL) - STATEMENT OF WORK FOR FABRICATION OF ELECTROCHEMICAL DISC SPECIMENS
AND 2 * X 2° CREVICE SPECIMENS, DATED 11/9/98A

* 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 10/96

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 #P5-621A; Rev. 10/26/98)
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QA REQUIREMENTS FOR SUPPLIERS OF ANALYTICAL SERVICES (1/5/98)
I. INTRODUCTION

The services quoted upon or furnished for this procurement are for the use by the Purchaser in connection with the
Civilian Radicactive 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 II
and the Supplier's agreement to meet the requirements described in Sections IIf and IV.

II. SUPPLIER'S QA PROGRAM

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

NOTE: The QA program could take the form of a QA manual that contains a 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 qualicy
achievement must be provided. Persomnel who perform verification of quality achievement must be
independent from those performing the work.

2.0 QA Program \

Prior to performing the work, personnel shail be evaluated to determine that they are qualified to perform
the work assigned 'nd receive documented indoctrination and training to assure suitable proficicncy is
achieved and maintained. The Supplier shall assure that personnel 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 10 assure that technical and quality requirements are incorporated into procurement
documents and changes to the documents shall be described.

The methods used to document evaluation and selection of suppliers prior to the award of a coniract/purchase
order shall be described. Methods used 1o 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 activiry shall be described 1o 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 implementing 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 —
somecone other than the preparer.

5.0 Control of Messuring and Test Equipment M&TE)
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The methods used 1o 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 ME&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 1o 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-ofcalibration M&TE. When
M&TE is found to be out-of-calibration the validity of results using that equipment since its last calibration
shall be evaluated. 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 estzblished. Adverse conditions shall be reported 1o appropriate management responsible
for the condition, who shall determine the extent of the condition and take cortective 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 cstablished for specifying, preparing, and maintaining records that r--v:de evidence of
quality. These records shall be protected from damage, deterioration or loss. T¥  :quirements and
responsibilities for record transmital, distribution, reiention, mainienance, and . ,position shall be
documented.

8.0 Audits

Planned and scheduled audits to verify compliance with the QA program rcquircments and to determine
effectivencss 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. Responsibie management shall take action to correct identified deficiencies in
accordance with Scction 6 Correciive Action and foliow-up action 1o verify corrective action shall be taken
in accordance with Section 6 Corrective Action.

9.0 Analytical Services/Semple Control

The process for receiving, idemtifying, 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 evaluated.

The method for coliecting, recording and evaluating 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 not utilized to perform analytical services, scientific
investigation activities shall be documented in 2 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 documeniation and computer codes. Scientific notebooks shall be review by an
independent technically qualified individual to 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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III. 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 incinded in the supplier=s QA program. :

SUBCONTRACTING

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

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 Suppiier 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 Arepairs
or Ause-as-is= are required to be submitted to the Purchaser {technical contact) for review and concurrence.

5. When work cannot be accomplished as deseribed in the implementing document, or arcomplishment 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
1L, 1opic 4) or controlled by another appropriate process(i.e. Corrective Action/Nonconformance process).

PURCHASER AUDIT/VEE.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 ali reasonable times
and in 2 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 shal} 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. [t also requires an annual evaluation to determine if 2 more
frequent audit is necessary. There should be at least one audit during the life of the activity. In other words,
the Supplier can expect to be audited soon after contract award and on a three year basis afier 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.

MISCELLANEQUS

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

impiementation.

9. The Supplier will identify any 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 validated,

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 a record of the validation of the software.

1. Unless otherwise stated in the purchase document, it is not a requirement that the samples be remarned 1o 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 documents
documentation of standards
equipment calibration
training
qualification
audit reporis
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 procurcment shall be legible, accurate, appropriate to the work accomplished, and identifiable to the
itemn(s) or activity(s) to which they apply and shall be stamped, initialed, or signed and dated as complete.
Corrections o completed Records for this procurement shall be made by drawing a single line through the changed
or incorrect information and inserting the new or correct information. The correction shall include the initials or
signature of the individua! authorized 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.
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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
fabricartion 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 AAASG-
101274-00 and utilizing identification code described in specification E-20-66-3 REV. 1 dated
11/5/98.

Specimens described in items 6-10, and 17 shall be permanently identified with ~3/32" metal die
stamps or automatic type-set engraver on side opposite the lap finished side (<10 RMS) utilizing
identification code described in specification E-20-66-3 REV.1 dated 11/5/98.

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 |1 Items 1,6, and 11

Group 2 Items 2, 7, and 12

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

Group 5 ltems 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 shal! 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-
3REV.1 dated 11/5/98. This requirement shall be fulfilled upon receipt of specimens at LLNL.

Inspection records for surface finish on a statistica! 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 £-20-66-3 REVA1 TS 1R 11-5-98
I
MSC Part Surface
Number |Alloy UNS Sequential ASTM Number or Finish (side |Sample
item # | Specimens |Number Specimen ID Specification Fabrication |LLNL Dwg. No.lopposite ID) {Thickness
LLNL Dwg. See LLNL
1| 40 |R52400 _|NCA 184 thru NCA 223 |B26S5 annealed Non-Weld _|AAAG6-101274-00 IDrawing__ See LLNL Drawing
LLNL Dwg. See LLNL
2 | _40 _ |Titanium Grade 16 |FCA 244 thu FCA 2683|8265 annealed _ |1.-Weld AAADE-101274-00 |Drawing | See LLNL Drawing
. LLNL Dwg. See LLNL
3 ) 40 Nos022 DCA 244 thry DCA 283 |B575 annealed | Non-Weld _ |AAAGG-101274-00 |Drawing _|See LLNL Drawing |
LLNL Dwg. See LLNL
4 | 4o _|sseo_ _ _ [0cA0011wuOCA 040 jA240 annesied  (HonTHEE. . |AAADB-101274.00 [Drawing S LN\ Drewing,
LLNL Dwy. See LLNL
5 | a0 |s3ee3 _ PCA 001 thu PCA D40 |A240 annealed _|Non-Weld _ JAAA96-101274-00 Drawing ___ |See LLNL Drawing
LLNL Dwy. Ses LLNL
18 | 40 | INOGOS9 QCA 001 thru QCA 040 |B575 Annealed _|Non-Weld AAAD6-101274-00 |Drawing See LLNL Drawing
| 8 | 40 |Rs2400 NEA 001 thru NEA 040 _(B265 annealed__ [Non-Weld __ [MSC PINEL 405 1< 10FMS 0.125" nominal_
7| _ 40 ___|Titanium Grade 16 FEA 001 thr FEAO40_|B265 annealed _{Non-Weld _ |MSC P/NEL _405_[<10RMS __|0.125 nomieal
8 _|_ _40 _ INOs022 DEA 001 thru DEA 040 |8575 annealed Non-Weld _ |MSCP/NEL40S i< 1ORMS__ |0.125" nominal |
9 | __ 40 530400 _ | |OEA 001 thru OEA 040_|A240 annealed _|Non-Weld MSC PN EL 405 _|< 10 RMS __|0.1257 nominal
10| _40 _ [S3e03 _|PEA DO1 thru PEA 040 A240 anrealed _ |Non-Weld __ ,HS_C,'iNjk‘w_ﬁ,_:,,ﬂR_MS_,, [0.1257 nominal |
17 | 40 [NOG0S9 ___|aEA 001 thru GEA 04D _1BS7S Annealed Non-Weld  |MSCP/MNEL40S <10RMS __ __[01257 nominat
172" x 6"
(longitudinal sotling
Cn |4 rsasn _ _IneacuECK1_ _ |B265ennealed INonWeld___|drection) x 1/8" _[Milfiish __ |0.125 rominal__ |
' 12" x 6"
(longitudinal rolling
12 | A _ _[Titanium Grade 16 _ FEA CHECK 1 __|B265 annealed _[Non-Weld _|direction x 178" __ Ml finish 01257 nominal
1/2" x 6"
{longitudinal rolling
i} 1 NOB022__ _ _ |DEACHECK1 B575 annesled _|Non-Weld  _ [direction) x /8" __Millfnish {0135 e
2" x 6"
(ongitudinai rolling
|14 A §30400 _ OEA CHECK 1 _|A240 annealed  |Non-Weld |divection) x 1/8° _ |Mill finish__ 10.125" nominal
12" x 6"
(longitudinal rolling
| ys | 0 lsswees _ __|peacMeCK: (A0 smesied NonWeld _|direciion)x /8" _ |Mil finish _ jo125"nominal_ _
J’ 172" x 6
} \. ‘ {longitudinal rolling
R MALAEN NFA CHECK 1 'B575 annt Non-Weid direction) x 178" |Mill finish 0.125" nomind _|
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I. INTRODUCTION

Tius ducument outlines the requirements for the procurement of test specimens and independent testing services from
\fzial Samples Company (MSC) The it2m and services guoted upon or furnished for this procurement ase for the use
by the Purchaser in connection with the Office of Civihan Radioactive Waste Management (OCRWM) Program
sponsorcd by the U.S. Depariment of Encrgy. This is a blanket purchase order.

I STATEMENT OF WORK

Metal Samples Company shall provide test specimens and independent testing seevices by LTI in accordance with the
autached technical specification. This specification describes the number, ASTM specification, material type and grade,
fabrication. inspection, cleaning. marking, and packaging, and testing requirements for test specimens to be provided
10 LENL.

I TECHNICAL REQUIREMENTS

The technical requirements for sach item will be identified 1n the SCHEDULE OF ITEMS. The purchaser may add
additional work szor- 1o this Procurement Requirement Document by a change notices and revised SCHEDULE OF
ITEMS.

Metal Samples Company shall supply LLNL a records package which complics with the requirements lisied in Section
iV-D. Requircd Documentation.

Metal Samples Company shall ship the test specimens and the supporing documentalion to LLNL. Auention: John Estill.
v, QUALITY REQUIREMENTS FOR THIS PROCUREMENT
Al APPLICABLE QA PROGRAM

The test specimens shall be provided in accordance with the Alabama Specialty Products. Inc. documenied Quality
manual, latest revision, reviewed and accepted by the DOE Office of Quality Assurance (OQA). OQA acceptance of
Alabama Speciatty Products. Inc.'s QA program is predicated on the degree of compliance with the QA Requirements
described in Section™_ Meial Samples Company shall comply with the general Quality requirements described in
Sections B. Cand D. B :

ek YiE/TF
B. SUPPLIER'S QA PROGRAM

The Supplier’s documented QA program shall address the following topics for the nature. scope and complexity of the
activity.  The QA program ¢ould take the form of a QA manual that contuins 2 QA program description and
implcrmenting documents or a senes of implementing documents with 2 matrix that reflects how the following topics are
addressed:

1.0 Organization
A deszripuon of the suppher’s organizational structure and responsibilities for the personnel verifying quality

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

A documented quahity assurance program shall be established. implemented. and muantuned The pregram shall
provide control over acuvities aflecting quality 10 an cxwent consistent with their impurtance

The QA program shall provide for the planming and aczomplishrent of acuvines aflecuny quality under suitably
controlled conditions. including the use of appropriate equipment. suitable environmental conditions for
accomplishing the activity, and assurance that prerequisites for the given acuvity have been satsfied. The program
shall provide for any spevial contrels, processes. 1est equipment, tools, and skills 1o auam the required quality and
for verificauon of quality.

Prior to performing the work, personnel shall be evaiuated to determune that they are qualified 10 perform the work
assigned and receive indoctrination and wraining to assure suitable proficiency is achieved and maintained. The
supplier shall assure that personnel are famitiar with the procedures and/or instrucuions pentaning 1o the work 1o be
performed.

3.0 Procurcment Control

Applicable technical and quality requirements shall be included or referenced in documents for ~: procurement of

quality affecting items and services and such documents shall be reviewed for adequacy and ap~- 4 prior to issue.
The method used to document evaluation and selection of suppliers prior (o the award of ¢ .act/purchase order
shall be described. Methods used 1o ensure that received services meet requirement: < described.

4.0 Instructions, Procedures and Document Control

Quality affecting activities shall be psrformed in accordance with documented apg.+ved implementing documents
(¢ g. procedure, instructions). The activity shall be described to a leve! of detail commensurate with the complexity
of the activity and the need 1o assure consistent and acceptable results.

The process used for preparation, review, approval and control of implementing documents shall be descnibed. This
proczss must include: methods used for ensuring that only the latest revision is used at the work place and, methods
used 1o 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.

2.0 Identification and Control of Items

Controls shall be established 1o assure that only correct and accepied items are used or installed. ldentification shall
be maintained on the items or in documents raceable (o the items, or in a manner, which assures that identification
1s established and maintained.

6.0 Control of Special Processes

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

suzh as those used in welding. heat reating, and nondestrustive sxamination. shall be performed by qualified
personne! using qualified procedures 1n accordance with specified requirzments.
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7.0 Inspection

[nspections required verifving conformance of an 1tem oF activie 10 spevilicd requirements shall be planred and
exceuted. Characteristics 10 be inspecied and inspection methods to be employed shall be specified. Inspection
results shall be documented. Inspection for acceptance shall be performed by quahfied personnel other than those
who performed or directly supervised the work being inspected.

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

The methods used 1o assure that M&TE including. cquipment that contains software or programmable hardware,
is adjusted and maintained as a unit at prescribed intervals, or prior 1o usc. 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 # can be shown 1o be adequate for the
requirements. The basis for this acceptance shall be documenied.

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 10 prevent the use of out-of-calibration M&TE. When M&TE 1s
found 10 be ou:-vf-calibration. the validity of results using the equipment since its Jast calibration shall be evaluated

M&TE shall be properly handled and stored to maintain accuracy.
9.0 Handling, Storage, and Shipping

Handling. storage. clean 2, packaging. shipping. and preservation of items shall bz controlizd 1o prevent damage
or loss and 1o minimize deterioration.

10.0 Inspection, Test, and Operating Status

The status of inspection and icst activities shall be identified cither on the items or in documents traceable to the
items where it is necessary 10 assure that required inspections and iests are performed and to assure that items which
have not passed the required inspections and icsts are not inad vertently installed. used. or operated. Status shail be
maintained through indicators, such as phvsical location and tags. markings. shop travelers. stamps, inspection
records. or other suitable means. The authority for application and removal of tags, markings, labels, and stamps
shall be specified. ’

11.0 Control of Nonconforming Items

liems that do not conform 1o specified requirements shall be controlled to prevent inad vertent instaliation or use.
Controls shall provide for identification, documentation. evaluation. and segreeation when practical and disposition
of nonconforming items.

12.0 Corrective Action

A control system for identifving and documenting deviations from technical and quality implementing documents
shatl be esiablished. Adverse conditions shall be reporied (o appropriate management responstble for the condition
that shall determine the extent of the condition and taks corrective actions. The Supplier’s QA organization or other
independent oreanization shall have the authority and responsibility for concurring that the proposed corrgctive
actions satisfy QA program requirements and verifving that corrective actions have been completed.
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13.0 QA Records

Methods shall be established for specifving. preparing. and maintning records that provide evidence of quahin
These records shall be protected from damage. detenoration of loss. The reguirements and responsibilities for
record wransmutial. distribution, retention, maintznance. and dispesiion shall be documented.

1-'.0 :\udiu

Planned and scheduled audus to verify compliance with the QA program requircments 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 persoanel who do not have direct responsibility for performing
the activities being audited. Audit results shall be documented and reported 1o responsible management.
Responsible managemeat shall take action to correct identified deficiencics and verify cormecuve 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 inciuded in the supplier’s QA program.

SUBCONTRACTING

IR The Purchaser shali be natificd if Meial Samples Company or LTI subcontracts ar~ = the scope of work
pnor 10 issuance of the sub-uer procurement document. Supplier procursment dez. =nis for services directly
supporting this work shali incorporale aporopriate portions of the QA Pre ~ag .arements listed in Section
I MSC procurement documents to LTI shall require LTI o implemen: = Q-+ program as approved by
OCRWM. The Metal Samples Company procurement document issued to .. 71 .1 also require: chemical and

(=]

mechanical testing 10 be performed and accepted in accordance with the specific ASTM standards referenced
in Secuon 1L

Where possible sub-tier procurements should be with supplicrs 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 10 be defecuve or out-of-calibration.

The Supplier shall notify the Purchascr (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 submited to the Purchaser (1echnical contact) for review and concuience.

PURCHASER AUDIT/VERIFICATION

i

The Purchaser or Purchassr's Representative {DOE or their representative) has the right to inspect and evaluate
(sudiVsurveil) the work performed or being performed under the purchase document, and the pramises where
the work is being performed. at all reasonable umes and in a manner that will not unduly d:lay the work. If the
Purchaser performs inspection or evaluation on the premises of the Supplier or 2 subconiracior, the Supplier
shall fumnish and shall require subcontraciors 10 furnish, at no increase in conuract price, alt reasonable facilities
and assistance for 1he safe and convenient performancs of these duties.
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NOTE: The Purchaser's QA prosram s regulated by the NRC and requires tha supphers of services be
audited. as 2 minimum every three years. 1t also requires an annuat evaluztion 1o determine if 2 more frequent
audit is necessary. In other words. the Supphier can expect 1o be avdited soon-after comract award and on a
three-vear basis afier the Nist audit of the service is sull being performed.

6 Purchaser verification activities shall not relicve the Suppher of the responsibility for verification ol qualiy
actuevement.

MISCELLANEOQUS

7 The Supplier shall provide the Purchaser with any revisions 1o 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

Supplier shall identify the software version and describe the method used to verify that the software 1s
functioning properly and produces the intended results. Sofiware version changes shall be checked to verify
that the sof ware produces correct results. The supplier 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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n. REQUIRED DOCUMENTATION
The followine documentauon is required
DOCUMENT DESCRIPTION : SUBMNITTAL REQUIRENMENT X

The suppher shall provide a documentation package that | Submut {or acceptance with the metal samples.
i< tudes the following documenis:

! Cermificatz of Conformance (by the supplier)

2 A copy of LT s Matenial Test Reports for cach
Licat and lot of material. LTI shall make a
statement  that  work  was  performed  in
accordance  with  the purchase  order
requirements and the supplizrs QA program
including revision level in effect.

3. MSDS for cleaning solvents used

4, A photocopy of the Manufacwrers Certified
Marerial Test Reports (CMTR) for each heat
and lot of maierial

5 Inspection and test records of dimensions and

surface finish
QA Records such as: Retain by the supplier for a minimum «f 3 years unless
+ implementing documents dispositioned by purchaser before that 2

» documentation of calibration standards

¢ ecquipment calibration records

= (raining records

+ gualification of personnel records

+ =valuauon or audit reports

s correctve action records

»  software validarion records (as applicabie)
* inspection and test records

* raccability records

The supplier’s Cenificate of Conformance and Inspection results shall include the following:
A This Purchase Order number.

B. Name of the organization (company) performing the 1esting or certification.

C. Identificanon of sample/coupon subminted to LTI for independent testing using heat or lot number or other
unique identifier.

C. Identificauon of the selvent used in the cleaning process.

E. A statement that work was performed in accordance with the purchase order requirements and the suppliers QA
program inciuding revision level in effect.

F. All the LLNL specimens idenufied in Attachment 1 tied 10 the heat or ot number of matenial used in fabrication.

A copy of the certificats of conformance shall be sent with the samples 10 the auention of John Estill at LLNL and the
purchase buyer.

Records for this procurement shall be legible, accurats, appropriate to the work accomplished. and identifiable to the
nem(s) or acuviiy(s) 10 which they apply and shall be stamped. initialed, or signed and dated as complete.

Corfrezuions 1o completed Records for this procurement shall be made by drawing a singls line through the changed or
incorrest information and inserung the new or correct information. The correction shall include the initials or signature
of the individual authorized 1o make the correcuon ard the date the correction was made. Correction of Records for this
procurement that is incomplelc or illegible sha!l be accomplished in one of the following ways: 1) Transcnbe. regenerate.
ot enhanue the illegible portion, or 21 Obtaun 2 new, complete, legible record.
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