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1. PURPOSE

1.1 ANALYSES AND MODELS REPORT 

As described in the License Application Design Selection Report, the recommended waste 
package design is Engineering Design Alternative II (CRWMS M&O 1999a). This design 
includes a double-wall waste package (WP) underneath a protective drip shield (DS). The 
purpose and scope of the process-level model is -to account for both general and localized 
corrosion of the waste package outer barrier (WPOB), which is assumed to be Alloy 22 (UNS 
N06022-2lCr-l3Mo-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 (HAG), 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 C1 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%/o FeCl3 (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 H2SO 4 (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;
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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 HW 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 5 0 th 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 50th percentile values 
determined from the correlation. For example, the Oth and 100th percentile values of Eco,-,- are 

assumed to be at E, (50e" 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 0th and 1 00h percentile values of Ejja& are assumed to be at Ej,.wj (50th 

percentile) ± 75 mV. Material falling outside of these specified ranges will not be accepted. If
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the comparison of Eco,,- to Ejri ,a-indicates GC, the distribution of rates determirfed 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 E,,., and Ei, 1, 1 data given here may also be used, if 

deemed appropriate.

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 NaNO3 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, E, and EmIil 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 um y'f 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 (1 o). 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-1 (-40 mn yf). Therefore, any measured corrosion rate greater than 160 rim y
(4o) should be easily distinguishable from measurement error. Any rate less than 160 rm y-1 
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'h 
percentile is approximately 50 rnm y-, the rate at the 9 0th percentile is approximately 100 nm y 
and the maximum rate is 731 rm y-. About 10% of the values fall between 100 and 750 rm y'.  

1.8 MODEL VALIDATION 

The validation process is discussed in Attachment 1, Item 6, of the OCRWM Procedure, 
AP-3.0OQ. 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 aqueous corrosion processes, such as GC, LC, and microbial influenced 

corrosion. Galvanic coupling effects have been minimized to the extent possible and will be 

accounted for in greater detail in future revisions. Both SCC and hydrogen embrittlement are 

dealt with in companion AMRs.  

2. DOE has identified the broad range of environmental conditions within the WP emplacement 

drifts that may promote the corrosion processes listed previously, taking into account the 

possibility of irregular wet and dry cycles that may enhance the rate of container degradation.  

Response: This AMR includes environmental thresholds that can be used to switch between 

dominant modes of corrosion. For example, as the WP temperature drops and the RH 

increases, the mode of attack changes from dry-air oxidation to humid-air or aqueous-phase 

corrosion. A comparison of the corrosion and threshold potentials is used to determine 

whether or not localized corrosion will occur.  

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

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

behaviors and are not likely to underestimate the actual degradation of the containers as a 

result of corrosion in the repository environment.  

Response: Uncertainties are accounted for in corrosion rates. As shown in Section 6.5.2, the 

rate at the 50th percentile is approximately 50 nm y- , the rate at the 90th percentile is 

approximately 100 nm y-1, and the maximum rate is 731 nm y-1. About 10% of the values 

fall between 100 and 750 nm y-1. 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 Eco,, is corrected to account for fully aged material by subtracting 
approximately 100 mV from values calculated for the base metal. The shift in E•ii,,, 
(threshold potential 1) also appears to be approximately 100 mV in most cases. Thus, the 
difference Eo.#1,,Eco.. appears to be virtually unchanged. The effect of thermal aging on the 
corrosion rate is accounted for in the enhancement factor, Gagd, and is based upon a ratio of 
the non-equilibrium current densities for base metal and aged material. The value of Gaged 

for base metal is approximately one (Gaged - 1), whereas the value of Gaged for fully aged 
material is larger (Gaged - 2.5). Material with less precipitation than the fully aged material 
would have an intermediate value of Gaged (1 _< 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 II design: the WPOB (Alloy 22), the inner 
structural support (stainless steel 316NG), and the protective DS (Ti Gr 7). Companion 
AMRs provide data and modules for the stainless steel 316NG and the Ti Gr 7 alloy.
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2. QUALITY ASSURANCE

2.1 PROCEDURE FOR ANALYSES AND MODELS (AP-3.10Q) 

The QA program applies to this analysis. All types of waste packages were classified (per QAP
2-3 REV 10) as Quality Level-I 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 # GIOX71724). 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.IQ, Revision 0, ICN 0) and is consistent 
with the later revision of that procedure (AP-SI. IQ, 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.IQ, 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-S V. IQ. The comparison method was used to ensure the accuracy of the transferred data.  
A sampling of -5% of the data in the source file was visually compared to the corresponding 
data in the transferred file. The data selected was at the reviewer's discretion. Reviewers 
included the originator, as well as the document editor and QA staff.
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4. "INPUTS

4.1 DATA AND PARAMETERS 

4.1.1 Definition of Parameters 

a dimension of weight loss sample 
b dimension of weight loss sample 

c dimension of weight loss sample 

bo coefficient-in regression equation 
b] coefficient in regression equation 

b2  coefficient in regression equation 

fAV) probability density function 
icorr corrosion current density 
ip.. passive current density 
k parabolic rate constant in DOX model 
p wall penetration due to corrosive attack 

t exposure time during weight loss measurement 
t time in DOX model 
ui mobility of the ih ion 
w measured weight loss 
woxi,, formula weight of oxide formed during DOX 
x independent variable in regression equation 
x oxide thickness in DOX model 
xi measured parameter in sensitivity (error) analysis 
xo initial oxide thickness in DOX model 

y dependent variable in regression equation 

y computed value in sensitivity (error) analysis 
zi valence (charge) of the ih ion 

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

C(4() molar concentration of the ith ion in the beta phase 

Doxi•e diffusivity of reacting species through protective oxide 

Eco.r corrosion potential 
Ecffica critical potential - threshold for localized attack 

Ej junction potential - correction for reference electrode junction 

F Faraday's constant 
G,,,d enhancement factor for corrosion rate to account for thermal aging of Alloy 22 

GmJc enhancement factor for corrosion rate to account for microbial influenced corrosion 

Joxide flux of reacting species through protective oxide 

R universal gas constant 
)R2 regression coefficient 
R- RH 
RHcrgicai threshold RH for HAC 
T temperature
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ILL

a- standard deviation 
mean 

p density of Alloy 22 
Pod density of oxide formed during DOX 
4 ox~e stoichiometric coefficient for DOX reaction 

4.1.2 Determination of Input Parameters 

Input for this AMR includes bounding conditions for the local environment on the WP surface, 
which include temperature, RH, presence of liquid-phase water, liquid-phase electrolyte 
concentration (chloride, buffer, and pH), and oxidant level. The detailed evolution of the 
environment on the WP and DS surface is defined by a companion AMR entitled Environment 
on the Surface of Drip Shield and Waste Package Outer Barrier (CRWMS M&O 200C. This 
work has been used to define the threshold RH for HAC and APC, as well as a me :n for 
testing WP materials under what is now believed to be a worst-case scenario. This test ;edium 
is presented here as simulated saturated water (SSW) and has a boiling point of approximately 
120 0C.  

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 (RHc,,•j1 ) 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 NaCI is 
relatively constant with temperature and varies from 72-75%. In contrast, the deliquescence 
point of NaNO3 has a strong dependence on temperature, ranging from an RH of 75.36% at 20 0C 
to 65% at 90°C. The implied equilibrium RH is 50.1% at 120.60C, the boiling point of a 
saturated NaNO 3 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 NaNO3 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 (RHcrit,,,i) 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 NaNO3: 

= -3.5932x 10-5 x T(oC)3 +5.9649 x 10-3 x T(-C)2 0.45377 x T(oC)+81.701(Eq. 1) 

R2 = 0.9854, 

where R2 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 
40 evaporative concentration of J-13 well water results in the concentration of Na÷, K÷, C1-, and 

N03-. 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 HC0 3 , Ca , and Mg are removed from solution due to carbonate 
precipitation. The concentration of HCO3- reaches a constant level, while the concentrations of 
F and S0 4

2 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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Lu, Inputs are handled as per OCRWM procedures AP-3.IOQ and AP-3.15Q. Data is submitted to the Technical Data Management System and is listed in the associated Data Input Reference 
Sheet.  

4.2 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 (SD W), Low Ionic Content Aqueous Solution, Yucca Mountain Project, Lawrence Livermore National Laboratory, Livermore, CA, TIP-CM-06, Revision' CN TIP-CM-06-0-2, April 4, 1997, Table 1, p. 3.  
(Gdowski 1997a) 

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

G. E. Gdowski, Formulation and Make-up of Simulated Acidic Concentrated Water (SAW), High Ionic 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, Vol. 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 Xl - 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

5.1 DRY OXIDATION 

DOX occurs at any RH below the threshold for HAC: 

RH < RHcr,ico. (Eq. 2) 

This threshold RH for HAC (RHcitiat) is assumed to obey Equation 1, which is based upon the 

AMR entitled Environment on the Surface of Drip Shield and Waste Package Outer (CRWMS 

M&O 2000a). This process is assumed to result in the formation of an adherent, protective oxide 

film of uniform thickness. The rate of DOX will be limited by mass transport through the 

growing metal oxide film. Consequently, the oxide thickness is assumed to obey a parabolic 

growth law (film thickness proportional to the square root of time). Reasonable values of the 

parabolic rate constant are assumed as discussed in Section 6.1. DOX is assumed to occur 

uniformly over each WAPDEG patch, which is comparable in size to that of a LTCTF sample 

with generic weight-loss geometry. Welding is assumed to have no significant effect on the 

DOX threshold and rate. Backfill is also assumed to have no significant effect on the DOX 

threshold and rate. These assumptions are relevant to the analysis presented in Section 6.1.  

As pointed out in CRWMS M&O (2000a), the deliquescence point can cover a broad range. For 

example, the deliquescence point of NaOH is 1.63% at 75°C. The deliquescence point of K2SO4 

is 97.59% at 20'C. It is assumed that the uncertainty in RHcriiicai can be represented by a 

triangular distribution (Section 6.5.4). The value at the 50t percentile is represented by Equation 

1. Values at the O0" and 1 0 0 th percentiles are assumed to be 1.63 and 97.59%, respectively. The 

specified bounds represent possible binary combinations of anions and cations in J-13 well 

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

auditing of this AMR.  

5.2 HUMID AIR CORROSION 

HAC occurs at any RH above the threshold: 

RH Ž! RHcriical (Eq. 3) 

This threshold RH for HAC (RHcritical) is assumed to obey Equation 1, which is based upon the 

AMR entitled Environment on the Surface of Drip Shield and Waste Package Outer Barrier 

(CRWMS M&O 2000a). The measured distributions of general corrosion rates for HAC and 

APC are indistinguishable. Actual rates were below* the level of detection. Therefore, the 

combined distributions presented here are based upon the combined data for the vapor and 

aqueous phases and are assumed to represent HAC and APC equally well. It is also assumed that 

the corrosion rate is constant and does not decay with time. Less conservative corrosion models 

assume that the rate decays with time. HAC is assumed to occur uniformly over each WAPDEG 

patch, which is comparable in size to that of a LTCTF sample with generic weight-loss 

geometry. Welding is assumed to have no significant effect on the HAC threshold and rate.
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Backfill is also assumed to have no significant effect on the HAC threshold and rate. These [ 
assumptions are relevant to the analysis presented in Section 6.2.  

5.3 AQUEOUS PHASE CORROSION 

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

RH > RHcritjcal (Eq. 4) 

This threshold RH for APC (RHcric,,j) 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 (®shjeld): 

Ashield =":Aopenng 
(Eq. 5) 

Ashield' 

where Aopening is the projected area of the opening on the floor of the drift and.Ashield is the 

projected area of the DS on the floor of the drift. If the DS fails due to SCC, a multiplication 

factor of one is assumed. This assumption is relevant to the analysis presented in Section 6.3.  

5.6 THRESHOLD FOR LOCALIZED CORROSION 

If the open circuit corrosion potential (Eeoc,) is less than the threshold potential for localized 

corrosion (Ecricai), no localized corrosion occurs: 

Ecorr < Ecriicat (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, Eco,, and Ecritical 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 Eco,,rr and GC rates for Alloy 22 have been studied by Lian et 

al. (1999) and Horn et al. (1998). End-point measurements of Ecr 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 3000C, 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 3000 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% 
HC1 and 1 M HCl 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 50th 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 V 
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 (Opackage): 

A failed 

E)pc-g= fie (Eq. 7) 
A package 

where Af,,iled is the projected area of all failed (completely corroded) WAPDEG patches on the 
floor of the drift and Apaciage 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 t
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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 < RHcritija, thereby forming an adherent, 

protective oxide film of uniform thickness. It is assumed that the protective oxide film is 

primarily Cr203. The oxidation reaction is given as (Welsch et al. 1996): 

4/3 Cr +0 2 -- 2/3 Cr2O3  (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 

Joxde = -Do=d, a = -- Doxde C (Eq. 9) 
&x x 

where Joxide is the molar flux of the reacting species in the oxide, D,,id, 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: 

dx Po x dX Wode X J.,d, (Eq. 10) 
dt P o=ide 

where ;oxide is the stoichiometric coefficient (moles of oxide per mole of diffusing species), Woxide 

is the formula weight of the oxide, and poxý,d 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.  

Sf2+kXt (Eq. 11) 

where xo 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 XoX,dxw .o,de 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: 

(101 
1log [ (m 2 s-l]= -12.5• T0- - 3.5 (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 2 4 m2 S-1 (8.61x10-5 square gm per year). After one 
year, this corresponds to a growth of 0.0093 gm (about 9.3 nm y-l). 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 L 
HAC is assumed to occur above a threshold RH, provided that there are no impinging drips.  

RH > RHcrificol (Eq. 14) 

This threshold RH for HAC (RHcrjicai) is 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

ANL-EBS-MD-000003 REV 00 38 January 2000



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 K2S0 4 is 

97.59% RH at 20*C. It is assumed that the uncertainty in RHcritcai can be represented by a 

triangular distribution. The triangular distribution is described in Section 6.5.4. The value at the 

50t' percentile is represented by Equation 1. Values at the 0th and 100th 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 > RHcriical (Eq. 15) 

This threshold RH for APC (RHcr,,cai) is assumed to obey Equation 1, which is based upon the 

AMR entitled Environment on the Surface of Drip Shield and Waste Package Outer Barrier 

(CRWMS M&O 2000a). Drips may be due to liquid-phase ground water that flows through 

openings in the DS or condensate on the underside of the DS. For the time being, the 

composition of the electrolyte formed on the WP surface is assumed to be that of SCW below 

100°C and that of SSW above 100'C. It is assumed that the corrosion rate is constant and does 

not decay with time. Less conservative corrosion models assume that the rate decays with time.  

6.4 LOCALIZED CORROSION 

6.4.1 Threshold Potential of Alloy 22 

The localized corrosion model for Alloy 22 assumes that localized attack occurs if the open 

circuit corrosion potential (Ecorr) exceeds the threshold potential for breakdown of the passive 

film (Ecricat): 

Ecorr >_ Ecriiicai (Eq. 16) 

The repassivation potential is the level at which a failed passive film repassivates, or heals, 

thereby protecting the surface. Compared to materials proposed for use in earlier WP designs,
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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 (OC) 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 etal. (1998) 

6.4.2 Cyclic Polarization in Synthetic Concentrated J-13 Well Waters L 
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 H2SO 4, 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.  

SIi
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Table 3. Composition of Standard Test Media Based upon J-13 Well Water 

Ion SDW SCW SAW SSW 
(mg/L"1) (mg/L"1) (mg/1c) (mg/L"i) 

K+1 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+2  1.000E+00 1.000E+00 1.000E+03 0.000E+00 

Ca+2 5.000E-01 1.000E+00 1.000E+03 0.000E+00 

F" 1.400E+01 1.400E+03 0.000E+00 0.000E+00 

cl"1  6.700E+01 6.700E+03 6.700E+03 1.284E+05 

N03_' 6.400E+01 6.400E+03 6.400E+03 1.310E+06 

S04"2 1.670E+02 1.670E+04 1.670E+04 0.000E+00 

HC03_' 9.470E+02 7.000E+04 O.OOOE+00 0.000E+00 

Si 27 (60-C), 49 (90°C) 27 (600C), 49 (90°C) 27 (60-C), 49 (900C) 0.000E+00 
pH 8.100E+00 8.100E+00 2.700E+00 7.000E+00 

NOTE: CRWMS M&O (2000a) 

A generic type 1 curve exhibits complete passivity (no passive film breakdown) between the 
corrosion potential and the point defined as threshold potential 1. This interpretation was 
verified by visual inspection of samples after potential scans and photographic documentation of 

some of those samples (all samples are held in the archives at LLNL). Threshold potential 1 is in 
the range where the onset of oxygen evolution is expected and is defined by a large excursion in 
anodic current. This particular definition of threshold potential 1 is specific to type 1 curves.  
Type 1 behavior has only been observed with Alloy 22 and is illustrated by Figures 3 and 4. The 
interpretation of type 1 curves as exhibiting no passive film breakdown is consistent with the 
appropriate ASTM procedure.  

A generic type 2 curve exhibits a well-defined oxidation peak at the point defined as threshold 
potential 1. Threshold potential 2 is in the range where the onset of oxygen evolution is expected 
and is defined by a large increase in anodic current. These particular definitions of the threshold 
potentials are specific to type 2. Repassivation potentials 1 and 2 are defined as the points where 
the hysteresis loop passes through current levels of 4.27x10"6 and 10-5 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 10-6 to 10-5 A cm 2. Gruss et al. (1998) define the repassivation potential as the point where 

the current density drops to 10-6 to 10- A cm"2, 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 (Eco,,.). 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/AgC1 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 2) 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/AgCI) should not be used as the basis for switching on localized corrosion of Alloy 22.  
Here, it is also assumed that threshold potential 2 represents the lower bound for breakdown of 
the passive film.  

A composite of the CP data is shown in Figure 11. The initial portions of these curves show that 
passivity is maintained at potentials at least as high as 400 mV versus Ag/AgCl in all cases. The 
lowest potential at which any electrochemical reactivity of the passive film is observed at 
approximately 200 mV versus Ag/AgCl. Based upon data presented here, it is concluded that a 
pitting attack of Alloy 22 should not occur under conditions expected in the repository. To 
further substantiate this conclusion, it is noted that no pitting of Alloy 22 has yet been observed 
in samples removed from LTCTF. These data include one-year exposures to SDW, SCW, and 
SAW at 60 and 90'C. 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 U 
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 LiC1, 0.24 to 0.024 
M NaNO3, 0.026 to 0.26 M Na2SO 4, and HCl (Scully et al. 1999). Testing was conducted at two 
temperature levels, 80 and 95°C. The crevices were formed with a multiple crevice former, 
PTFE tape, and an applied torque of 70 inch pounds. Under these circumstances, some 
electrochemical activity indicative of crevice corrosion was observed at potentials ranging from 
71 to 397 mV versus Ag/AgCl, depending upon the composition of the electrolyte. Using a 
current density criterion for repassivation of 10-5 A cm"2, 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.
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DTN: LL9906110105924.074 

Figure 3. Type 1 -Alloy 22 in SSW at 1200C (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 (DEAO16) 
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Figure 6. Type 2 -Alloy 22 in SCW at 60'C (DEA017)
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Figure 7. Type 2 - 316L in SCW at 900C (PEA002) 
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Figure 8. Type 3 - 316L in SSW at 1 00°C (PEA01 6) 
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Figure 11. AIloy 22 in Various Repository Media - Comparison of Cp Data 

6.4.3 Correlation of Potential Versus Temperature Data for Various Test Media Ii 
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 Ecor, and the most conservative correlation for Ecritw labeled. While calculated values of y are believed to have only three significant figures, coefficients in those regression equations used to calculate values of y are given with more figures. By carrying the extra figures during the calculation, round-off error in the final values can be minimized. In the case of type 2 CP curves, the selected threshold potential 1 is determined by the position of the observed anodic oxidation peak and may not result in any actual loss of passivity and localized corrosion.  

The specifications for the WP material must include allowable values for Eo,_ and E,,j.•#Ž.  Acceptance of a material requires that (1) the measured value of E,,- in a particular environment cannot exceed the value calculated with the corresponding correlation in Table 5 by more than 75 mV, and (2) the measured value of Ecrpcojin a 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 Ecor and 
Ec,.ica,, shown in Table 6 for SDW, SCW, and SAW. The correlation for Ec,.ia, 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 Eciicat and Eor (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 
Ecor and below the thermodynamic limit of water. Long-term potential control experiments 
should be performed to determine actual values of Ecriaiit 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 Ecor and Ecitiai,, 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 Eco,, and Ecr.tici.  
The precise determination of uncertainty and variability in Ec,,, and Ecitict 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 Eo,. and Ec,.iia,, 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.
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Table 4. Compilation of Electrochemical Potentials Determined from CP Curves 

Sample Medium Temp. Reversal Corrosion Threshold Threshold Repass- Repass- Repass- CP Curve 

ID Potential Potential Potential 1 Potential 2 ivation ivation ivation Type 
Potential I 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 

DEA009 SCW 30 795 -57 169 421 none none none Type 2 

DEA011 SCW 60 797 -240 234 777 292 319 680 Type 2 

DEA010 SCW 90 798 -136 206 719 16 46 663 Type 2 

DEA012 SCW 30 1200 -173 338 910 490 530 699 Type 2 

DEA014 SCW 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 

DEA017 SCW 60 1200 -226 238 789 323 353 595 Type 2 

DEA016 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 I Potential 2 ivation ivation ivation Type 
Potential I Potential 2 Potential 3 

oC mV mV mV mV mV mV mV 

DEA007 SAW 30 1020 -42 663 750 none none none Type 1 

DEA004 SAW 60 1050 -118 575 774 none none none Type 1 

DEA002 SAW 90 1040 -176 555 642 none none none Type 1 

DEA003 SAW 30 1100 -66 650 775 none none none Type 1 

DEA006 SAW 60 1040 -115 613 783 none none none Type 1 

DEA029 SAW 90 1200 -171 595 652 646 671 849 Type 1 

DEA005 SAW 30 1820 -84 664 867 none none none Type 1 

DEA008 SAW 60 1070 -102 605 708 none none none Type 1 

DEA031 SAW 90 1200 -150 600 650 none none none Type 1 

DEA032 SSW 100 1200 -234 234 768 none none none Type 2 

DEA033 SSW 120 1200 -253 664 715 none none none Type 1 

DEA035 SSW 100 1200 216 526 none none none Type I 

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.

ANL-EBS-MD-000003 REV 00 January 200051



1000 

w:c -1.4889x + 888.33 R" 0.2421 Corrosion Potential 

8o unTheshjd Potential l 
800 * Threshocd Pnteriial 2 

o Repassirtion Potential 1 
y -30231 x +680,92 R' 0.943 o RepassR•tionP Itential2 

Linear •ntr-shold Potential 3 ) 
C)4 

....- ".--Linen r (Co~sion Pot ential) 
Urear tnhres hoi Potentiar 2) 

40Li 
- near (Repassnahtion PotentlaJ 3) 

S-Linear tRepassiltin Potential 2) Y RC + 656+59 - rLinear (Rapes saation Potertial 3) 

R' 3970+12 
R" ="_2 

P, 0 Y- -- y 3111 x+ 565 RW =3.9758 

-200 
-1+6556x - 33.556 R'= 0+7544 

It' I jI R 0 jI 
-400 

20 30 40 50 60 70 80 90 100 
X = Temperature (Centigrade) 

DTN, LL990310205924 075 

Figure 12, Potentials Versus Temperature: Alloy 22 in SDW 

i • y=0.7917X+679.36 R'=0.0167 TLo I~esodatntrarl1 

100 0 a Io Thresah ol Potentia l 2 

,, T7i nh e ars l P a tiro ln I 

S400 • ir~epas Corroion potential 
oi600 y= r216X .2 o Repassi htion PotentIal 2 

Pap•ln (Restion Potential 3 

=t + .1724.18 R'=0.1926 P-Linantj 1) 

- -Z06 7Sx -*.-L2near R( hres1ol1 

2400 - Lira r ( Cotr osion Poln3) ...Linenr (Threhld Pottlol 2) 

x.Ltnear (P Taemprertr Potentigl 1) 

y--3082x+5TN: 1.875020x2 +022.9 

a® 

ar Ln ain SCW Pen 

0,¢ -400 

20 30 40 50 60 70 80 90 100 a= Temperature (Centirade) 

DTN 11990l12 94075 

Figure 13, Potentials Versus Temperature: Alloy 22 in SOW 

WESM -000003 REV 00 52 January 2000AN



Figure 14, Potentials Versus Temperature: Alloy 22 in SAW
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Table 5. Summary of Correlated Corrosion and Threshold Potential Data, Alloy 22 

Figure Medium Curve Potential Parameter b0  bi Rz 
12 SDW Type 2 Corrosion Eco, -33.556 -1:.6556 0.7544 
12 SDW Type 2 Threshold 1 565 -4.3111 0.9758 
12 SDW Type 2 Threshold 2 Ec,itcai 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 Eoor -123.86 -1.0667 0.1449 
13 SCW Type 2 Threshold 1 282.93 -0.875 0.156 
13 SCW Type 2 Threshold 2 Ecitice, 679.36 0.7917 0.0167 
13 SCW Type 2 Repassivation 1 550.24 -3.0882 0.111 
13 SCW Type 2 Repassivation 2 596.24 -3.4216 0.1447 
13 SCW Type 2 Repassivation 3 724.18 -1.2078 0.1926 

14 SAW Type 1 Corrosion Ecoff 12 -1.9958 0.9522 
14 SAW Type 1 Threshold la Ecitical 677.33 -1.1153 0.5617 
14 SAW Type 1 Threshold lb 857 -2.1667 0.641 

15 SSW Type 1 Corrosion Eco,• 28.5 -2.625 0.4501 
15 SSW Type 1 Threshold la Ectcal -683.5 9.175 0.1559 
15 SSW Type 1 Threshold 1 b 1643 -8.75 0.4068 

NOTE: R2 is the regression coefficient.  

Table 6. Values of Ecr, and Ecjtccai Based on Correlated CP Data, Alloy 22 

SDW SDW SDW SCW SCW SCW SAW SAW SAW SSW SSW SSW 
T E., Ecritrc, Diff. E~or Ecritcai Diff. E.orr Ecitcal Diff. Ecor, Ecitfcai Diff.  

(°C) (mV) (mV) (mV) (mY) (mY) (mV) (mV) (mV) (mY) (mY) (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-1 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 NaC1 during exposure to 0.15 Mrad 
h-1 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 (198.8) 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 H20 2), 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).  

Ei -. RT I Eq 8 

J - Z iz, uJ[C,(/3)-C,(a)] F -IuIz , IC ) (Eq. 18) 
i i 

where Ej is the potential across the junction connecting the a and fl phases, zi is the valence of 

the ih ion, ui is the mobility of the ih ion, C,(a)is the concentration of the ih'ion in the a phase, 

Ci(g) is the concentration of the tih ion in the 83 phase, R is the universal gas constant, T is the 

absolute temperature, and F is Faraday's constant. Calculated values of Ej for the isothermal 
junction are summarized in Table 7 and required the summation of various products such as 

Iz, I IC(a), zl u, ci (f), Iz4u, l[C (8)-C,(a) and IzIl U.[Ci W -Ci(a)z, 

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

T (-C) SDW SCW SAW SSW 

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 KC1 side of the junction 

(P phase) is greater than the electrochemical potential in the test medium (cc phase), in close 
proximity to the Luggin probe. The potential in the test medium can be calculated from the 
measured value by subtracting Ej.  

The calculated junction potentials in Table 7 are supported by the data in Tables 8 through 11.  
Ionic properties used in the calculation were taken from Bard and Faulkner (1980). These 
corrections are not very large, with the largest being less than 9 mV. This value corresponds to 
the junction potential for SSW at 90 0 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

ANL-EBS-MD-000003 REV 00

(mol/L"1) (cm 2 sec' V"1) (mol cm 1 s- 1 V 1  (mol cm-1 s- V-1) (mol cm"1 s 1 V-1) (mol cm" s"1 V-1) 

K÷1 39.0983 8.696E-04 1 1 7.62E-04 6.626E-07 3.048E-03 3-047E-03 3.047E-03 
Na*1 22.9898 1.779E-02 1 1 5.19E-04 9.239E-06 0 -9.239E-06 -9.239E-06 
Mg 24.3050 4.114E-05 2 2 5.OOE-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 
T ' 18.9984 7.369E-04 -1 1 5.OOE-04 3.685E-07 0 -3.685E-07 3.685E-07 
C1-I 35.4527 1.890E-03 -1 1 7.91 E-04 1.495E-06 3.165E-03 3.163E-03 -3.163E-03 
WO,1 62.0049 1.032E-03 -1 1 7.40E-04 7.642E-07 0 -7.642E-07 7.642E-07 
SO4 96.0636 1.738E-03 -2 2 8.27E-04 2.875E-06 0 -2.875E-06 1.438E-06 
HC'O6 " 61.0171 1.552E-02 -1 1 4.61E-04 7.155E-06 0 -7.155E-06 7.155E-06 
SiO 3z 76.0837 9.614E-04 -2 2 5.OOE-04 9.614E-07 0 -9.614E-07 4.807E-07 
H.1 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 

Ej 2.716E-03 Volts at 30°C Beta - Alpha 

Ej 2.984E-03 Volts at 60'C Beta - Alpha 

Ej 3.253E-03 Volts at 90°C Beta - Alpha
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FW, C, (a) Zi Izi ",Ii Uc a IziluiCI(fl) IzjC(l)C~) z,uj,6)Cq) 
mol/L"1  (cm 2 sec V-1) (moa cm"' s 1 V"1) (mol cm"1 s4 V1 ) (mol cm"4 s"1 V-) (mol cm 4 s'" V 1) 

K" 39.0983 8.696E-02 1 1 7.62E-04 6.626E-05 3.048E-03 2.981E-03 2.981E-03 

Na÷1 22.9898 1.779E+00 1 1 5.19E-04 9.239E-04 0 -9.239E-04 -9.239E-04 

Mgýý 24.3050 4.114E-05 2 2 5.OOE-04 4.114E-08 0 -4.114E-08 -2.057E-08 

Ca÷2 40.0780 2.495E-05 2 2 6.17E-04 3.077E-08 0 -3.077E-08 -1.538E-08 

F-1 18.9984 7.369E-02 -1 1 5.OOE-04 3.685E-05 0 -3.685E-05 3.685E-05 

""I1 35.4527 1.890E-01 -1 1 7.91E-04 1.495E-04 3.165E-03 3.015E-03 -3.015E-03 

N03"1 62.0049 1.032E-01 -1 1 7.40E-04 7.642E-05 0 -7.642E-05 7.642E-05 

S042 96.0636 1.738E-01 -2 2 8.27E-04 2.875E-04 0 -2.875E-04 1.438E-04 

HC63 61.0171 1.147E+00 -1 1 4.61E-04 5.289E-04 0 -5.289E-04 5.289E-04 

SiO 32 76.0837 9.614E-04 -2 2 5.OOE-04 9.614E-07 0 -9.614E-07 4.807E-07 

HW- 1.0079 7.943E-09 1 1 3.63E-03 2.87.9E-1 1 0 -2.879E-1 1 -2.879E-1 1 

pH 8.100E+00 Summation 2.070E-03 6.212E-03 4.142E-03 -1.714E-04 

Ej 1.1 88E-03 Volts at 30°C Beta - Alpha 

Ej 1.306E-03 Volts at 60°C Beta - Alpha 

Ej 1.423E-03 Volts at 90'C Beta - Alpha

( 

Tabte 9. Junction Potentiat Correction for CP with SCW
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Table 10. Junction Potential Correction for CP with SAW

ANL-EBS-MD-000003 REV 00

FP Ci(a , Iz,l U i uj (a) IzuC,(f) jzjjC=,-C~) zjjCj,)C~)z 
mol L" (cm2 sec" V) (mol cm"1 s- VI") (mol cm- s- V-1) (mol cm"1 s"1 V-) (mol cm"1 s"1 V-) 

39.0983 8.696E-02 1 1 7.62E-04 6.626E-05 3.048E-03 2.981 E-03 2.981 E-03 
Na*' 22.9898 1.779E+00 1 1 5.19E-04 9.239E-04 0 -9.239E-04 -9.239E-04 
Mg 24.3050 4.114E-02 2 2 5.OOE-04 4.114E-05 0 -4.114E-05 -2.057E-05 
Ca 40.0780 2.495E-02 2 2 6.17E-04 3.077E-05 0 -3.077E-05 -1.538E-05 
F' 18.9984 O.O00E+00 -1 1 5.OOE-04 O.OOOE+O0 0 O.O00E+00 O.OOOE+00 
CI1 35.4527 1.890E-01 -1 1 7.91E-04 1.495E-04 3.165E-03 3.015E-03 -3.015E-03 
N0 31 62.0049 1.032E-01 -1 1 7.40E-04 7.642E-05 0 -7.642E-05 7.642E-05 
S04z 96.0636 1.738E-01 -2 2 8.27E-04 2.875E-04 0 -2.875E-04 1.438E-04 
HCO 61.0171 O.OOOE+00 -1 1 4.61 E-04 O.OOOE+00 0 O.OOE+00 O.O00E+00 
SiO3 - 76.0837 9.614E-04 -2 2 5.OOE-04 9.614E-07 0 -9.614E-07 4.807E-07 
HR 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 

Ej 6.019E-03 Volts at 30°C Beta - Alpha 

6.615E-03 Volts at 60°C Beta - Alpha 

Ej 7.210E-03 Volts at 90.C Beta - Alpha
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Table 11. Junction Potential Correction for CP with SSW

FW, Ci(a , Izl ", Izlu~ a Iz, j~~lu~,) zu[C(l Ca]jj,[jf) jqVj 
mol L-1 (cm 2 sec"I V) (mol cm"1 s" V1) (mol cmI S-1 VsI) (mol cm"1 s"1 V1) (mol cm1I s"1 V) 

39.0983 3.622E+00 1 1 7.62E-04 2.759E-03 3.048E-03 2.882E-04 2.882E-04 

Na 22.9898 2.118E+01 1 1 5.19E-04 1.100E-02 0 -1.100E-02 -1.100E-02 

Mg+2 24.3050 0.OOOE+00 2 2 5.00E-04 0.000E+00 0 O.000E+00 O.OOOE+00 

CaE 40.0780 0.OOOE+00 2 2 6.17E-04 0.000E+00 0 0.000E+00 0.000E+00 

- 18.9984 0.000E+00 -1 1 5.00E-04 0.000E+00 0 0.OOOE+00 0.OOOE+00 

E1-1 35.4527 3.622E+00 -1 1 7.91 E-04 2.865E-03 3.165E-03 2.993E-04 -2.993E-04 

N03-' 62.0049 2.113E+01 -1 1 7.40E-04 1.564E-02 0 -1.564E-02 1.564E-02 

So 4-" 96.0636 0.OOOE+00 -2 2 8.27E-04 0.OOOE+00 0 0.OOOE+00 O.OOOE+00 

HCO3"5 61.0171 O.OOOE+00 -1 1 4.61E-04 0.000E+00 0 O.OOOE+00 0.000E+00 

Si0 3 2 76.0837 0.000E+00 -2 2 5.00E-04 0.000E+00 0 0.000E+00 0.OOOE+00 

H+1 1.0079 1.000E-07 1 1 3.63E-03 3.625E-10 0 -3.625E-10 -3.625E-10 

pH 7.00OE+00 Summation 3.227E-02 6.212E-03 -2.606E-02 4.631 E-03 

E -7.649E-03 Volts at 30°C Beta - Alpha 

E -8.406E-03 Volts at 60°C Beta - Alpha 

E -9.164E-03 Volts at 90°C Beta - Alpha
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6.5 RATES OF GENERAL AQUEOUS-PHASE CORROSION 

GC rates are assumed if the threshold potential (Ecriica,,) 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 = Zcorr (Eq. 19) 
dt Patloy n alloy F 

where p is the penetration depth, t is time, icorr is the corrosion current density, palloy is the density 
of the alloy, assumed to be approximately 8.69 g cm"3 for Alloy 22, nally, is the number of gram 
equivalents per gram of alloy, and F is Faraday's constant. The value of naqloy can be calculated 
with the following formula: 

na1,0Y n (Eq. 20) 

where]j is the mass fraction of the jth alloying element in the material, nj is the number of 
electrons involved in the anodic dissolution process, which is assumed to be congruent, and a1 is 
the atomic weight of the jth 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 
(fjnj/aj)/lO0 must be summed to calculate dp/dt. While calculated values of dp/dt are believed to 
have only three significant figures, values of (fjnj/a)/lO0 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 proportional to current density and is estimated to be 
between 9.39 and 9.73 gLm per year at 1 ýiA cm".  

Usually, the corrosion current density, iorr, is determined from the intersection of the anodic and 
cathodic Tafel lines at Eco, (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 Ecor, have limited 
Tafel linearity in Figures 3 through 9. Nevertheless, approximate Tafel extrapolations generally-12: 
yield io,,, values around lx 0-6 A cm2, which are about one hundred times higher than the
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equivalent icorr from LTCTF weight loss data. Tafel extrapolations should give much lower iCOrr 

'• when the specimen electrodes are pre-exposed for times much greater than the one hour specified 

by ASTM G 5-87 (ASTM 1989) because the passive corrosion rate decreases logarithmically 
with time. Given these non-idealities, the local minima in current observed at Ecor, (circled in 

Figure 11) has been interpreted as a lower bound for the corrosion current density, icorr, not as the 
corrosion current density per se. The non-equilibrium passive current density, ipass, serves as the 

upper bound of the corrosion current density. It is believed that the local minima (circled) are 

.relatively close to the corrosion current density, the point at which the anodic and cathodic 

processes are balanced. Note that current (A) and current density (A cm"2) 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'1 (0.01651 gm 

per year). See Section 6.5.3. Assuming a penetration rate of 9.73 ýim y- at a corrosion current 

density of 1 pA cmn2, the median corrosion rate in the LTCTF corresponds to an apparent 

corrosion current density of approximately 1.70x10-9 A cm-2 . 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"s A cm 2 . Since the instrument appeared to have difficulty 
measuring extremely low current levels, values of 1013 A cm-2 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: 

lny = lnb0 + bIlnx (Eq. 21) 

where y is the current (A) and x is the temperature ('C). This can be rewritten as follows: 

y = b0 x(xý' (Eq. 22) 

2 

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 fi Value at High f, 

Faraday Constant C equiv-1 9.648460E+04 9.648460E+04 

Assumed Current Density A cm-2  1.000000E-06 1.OOOOOOE-06 

Assumed Mass Density g cm"3  8.690000E+00 8.690000E+00 

Total (fjnI/aj)/100 3.864793E-02 4.005512E-02 

dp/dt cm sec-1 3.086000E-1 1 2.977585E-1 1 

dp/dt pm per year 9.732010E+00 9.390113E+00 

Table 13. Conversion of Current Density to Corrosion (Penetration) Rate - Calculation 

aj nj nj nj fj fj (fjnjlaj)/l00 (fjnjlaj)l100 

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.OOOOOOE+00 0.OOOOOOE+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.OOOOOOE+00 8.484182E-04 

V 50.9415 2 3 3 0.000 0.350 0.OOOOOOE+00 2.061188E-04 

Ti 47.88 2 3 3 0.000 0.000 0.OOOOOOE+00 0.OOOOOOE+00 

Pd 105.42 2 2 2 0.000 0.000 0.OOOOOOE+00 0.OOOOOOE+00 

Other 1 0 0 0 0.000 0.000 0.OOOOOOE+00 0.000000E+00 

Total 100.000 100.000 3.864793E-02 4.005512E-02

L
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Figure 19. Bounding Currents Versus Temperature, Alloy 22 in SCW
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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 bi R2 

Potential 

18 SDW Type 2 Corrosion Ecorr 1.OE-16 3.7402 0.8288 
18 SDW Type 2 Passive E_____ 2.0E-05 -0.5453 0.2869 

19 SCW Type 2 Corrosion Ecor_ 1.QE-30 11.866 .0.853 
19 SCW Type 2 Passive Eaftia 6.0E-07 0.6935 0.2258 

20 SAW Type 1 Corrosion E•,f 2.OE-1 9 5.5868 0.6506 
20 SAW Type 1 Passive Ect 5.OE-07 0.549 0.5907 

21 SSW Type 1 Corrosion Ecorr 
21 SSW Type 1 Passive Emtici 2.OE-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 

(pA) (pA cm-2 ) (Run y-) 
18 SDW Type 2 Corrosion - 90 0C 2.04E-03 2.12E-03 1.99E-02 
18 SDW Type 2 Passive- 90 0C 1.72 1.79 16.8 

19 SCW Type 2 Corrosion - 900C 0.155 0.161 1.51 
19 SCW Type 2 Passive - 90 0C 13.6 14.2 133.0 

20 SAW Type 1 Corrosion - 900C 1.66E-02 1.73E-02 0.162 
20 SAW Type 1 Passive- 900C 1.18 1.23 11.6 

21 SSW Type 1 Corrosion - 900C 
21 SSW Type 1 Passive - 900C 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 gm 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 3 

min-', and agitated. The descriptions and compositions of three of these solutions are 

summarized in Table 3. Four generic types of samples, U-bends, crevices, weight loss samples, 
and galvanic couples, are mounted on insulating racks and placed in the tanks. Approximately 

half of the samples are submersed, half are in the saturated vapor above the aqueous phase, and a 

limited number are at the water line. It is important to note that condensed water is present on 

specimens located in the saturated vapor.  

After racks of samples were removed from the tank, samples were first rinsed with deionized 

water to remove salt solutions. Samples discussed have generic weight-loss or crevice geometry.  

Generic weight-loss samples were rectangular in shape (1 inch wide, 2 inches long, 1/8 inch 

thick). Generic crevice samples were square with a hole in the center (2 inches on each side, 1/8 

inch thick, with a 0.312 inch diameter hole). Next, samples were removed from the rack by 

loosening fixture mounts with standard wrenches. The crevice assemblies described by Estill 

(1998) required further disassembly, which was also done with standard wrenches. After 

dismounting and disassembly, the metal samples of Alloy 22 were cleaned with the solution 

designated C.7.5 for stainless steels given in Table Al of ASTM G 1-90 (ASTM 1997e). This 

solution consists of 100 ml HNO3 (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 HC1 and H2SO 4, 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: 

Corrosion Rate = (K x W) (Eq. 23) 
(AxTxD) 

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 8.76x 107 gm per year. This formula 

for corrosion rate can be rewritten in the following form:
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dp = w 1 (Eq.24) 

dt pxt [2(axb)+2(bxc)+2(axc)] 

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 104 pm cmn1 yields a corrosion rate with the units of gtm 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= 8.76 x 107/ .n y-'h cm-1 

W =0.0001 gm 

A=1.0 cm 2 

T = 4320 h 

D = 8.69 gm cm-3 

Corrosion Rate = (8.76 x 107pn yr-'hcan' )0.0001 gin) 0.23/n y 
(1.0 cm 2X4320 hX8.69 gm cm- 3) 

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 =104 n cm-' 

w =0.0001 gm 

2(axb)+2(bxc)+ 2(a x c) = 1.0 2n 

t = 0.5 y 

p = 8.69 gm cm-3 

dp (10'/.an cm-' X0.0001 gin) 0 y23,un 

dt- (.O cm 2 X 0.5 yr)(8.69 gm cnm-3 ) 

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-1 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-1 with a standard deviation 
of 40 nm y-1. 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 
yI with a standard deviation of 89 nm y-1. If the four highest rates are omitted, the average rate 
is then calculated to be 57 nm y-1 with a standard deviation of 40 nm y-1. 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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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(xI, x 2, x 3,x 4 ... x) (Eq. 25) 

where xi is the ith independent variable. The total derivative of y is then defined as follows: 

a Y ay' ay' a) ~y dy = dx, + Cydx2 + yd~x3 + -Ly dx4 +... + -2y dx,, (Eq. 26) 
ax + -X2  -X3  +X4 ax" 

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

Ay = OAx + xx+ Ax 2 A ay X3 + Ax 4 +.. + -Y Ax, (Eq. 27) ax, ax2  ax3  ax4  ax" 
where Axi is the error in the th independent variable. Let the dependent variable y be the GC rate 
measured in the LTCTF: 

y=dp w 1 
-= pxt [2(axb)+2(bxc)+2(axc)] (Eq.28) 

The total derivative of the corrosion rate is: 

dy = ýLY dw+ ay dp + ay dt +ay da +ay db + LY dc (Eq. 29) 

aw ap at aa ab c 

The maximum error in the corrosion rate is: 

Ap= Y- + -yAt + -Aa + -yAb + -YAc (Eq. 30) 
a9w apO at aya ab ac 

The partial derivatives are: 

ay 1 1 
w pXt [2(axb)+2(bxc)+2(axc)] (Eq. 31) 

y_ W 1 (Eq. 32) 
aOp p 2xt [2(axb)+2(bxc)+2(axc)] 

at w 1 Ot pxt2 - [2(a xb)+ 2(bxc)+ 2(ax×c)] (Eq. 33)
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ay = w [2b + 2c] (Eq. 34) 

aa pxt [2(axb)+2(bxc)+2(axc)]2 

ay = w [2a + 2c] (Eq.35) 
ab pxt [2(a x b)+ 2(bxc)+ 2(axc)]2 

ayy =w [2a + 2b] (Eq. 36) 
ac pxt [2(axb)+2(bxc)+2(axc)]2 

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 Ac), 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 _ 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-1 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 (1 a). Therefore, any measured corrosion rate greater 
than 160 nm y-1 (4d) should be easily distinguishable from measurement error. Any rate less 
than 160 nm y1 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 g cm"3 

t Exposure time hr 
a Length in.  
b Width in.  
c Thickness in.  
a Length cm 
b Width cm 
c Thickness cm 

ay/ofv Partial derivative or rate with respect to weight loss cm g-1 h-1 

&yIap Partial derivative of rate with respect to density cm4 g 1 h-1 
ay/at Partial derivative of rate with respect to exposure time cm h2 

ay/aa Partial derivative of rate with respect to length _h-1 

-y/db Partial derivative of rate with respect to width h-1 
&y/ac Partial derivative of rate with respect to thickness h1 
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/olw) x (Aw) Weight loss product cm 
(oaylap) x (Ap) Density product cm 
(aOyat) x (At) Exposure time product cm 
(o8yIoa) x (Aa) Length product cm 
(oay/db) x (Ab) Width product cm 
(aOylac) x (Ac) Thickness product cm 

Ay Sum of all products cm h
Ay Sum of all products Am Y, 
Ay Sum of all products nm y'
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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 

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 

ay/law 4.6338E-07 8.7964E-07 2.2725E-07 4.3139E-07 

&yfap 5.3324E-12 1.0122E-11 2.6151E-12 4.9642E-12 

ayy/lat 1.0786E-14 2.0476E-14 2.5942E-15 4.9245E-15 

ay/aa 8.6331E-12 1.6435E-11 4.2337E-12 8.0601 E-12 

ay/db 8.6331 E-12 3.111OE-11 4.2337E-12 1.5257E-1 1 

ay/ac 1.6289E-1 I 4.4023E-1 1 7.9882E-12 2.1589E-1 1 

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 

(o&y/oIw) x (Aw) 1.3902E-10 2.6389E-10 6.8174E-11 1.2942E-1 0 

(8ylap) x (Ap) 5.3324E-13 1.0122E-12 2.6151E-13 4.9642E-13 

(Oay/t) x (At) 2.5887E-13 4.9142E-13 6.2260E-14 1.1819E-13 

(&y/Ia) x (Aa) 2.1928E-14 4.1746E-14 1.0754E-14 2.0473E-14 

(oy/ydb) x (Ab) 2.1928E-14 7.9019E-14 1.0754E-14 3.8752E-14 

(&y/lac) 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 

Yyaw 4.6338E-07 8.7964E-07 2.2725E-07 4.3139E-07 

-ylap 5.3324E-11 1.0122E-10 2.6151 E-11 4.9642E-11 

ay/!8t 1.0786E-13 2.0476E-13 2.5942E-14 4.9245E-14 

ay/laa 8.6331 E-11 1.6435E-1 0 4.2337E-1 1 8.0601 E-1 1 

ay/db 8.6331 E-1 1 3.1110E-10 4.2337E-11 1.5257E-10 

8y/ac 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 

(8y1/ow) x (Aw) 1.3902E-1 0 2.6389E-1 0 6.8174E-1 1 1.2942E-1 0 

(8yI9p) x (Ap) 5.3324E-12 1.0122E-11 2.6151E-12 4.9642E-12 

(8y/1t) x (At) 2.5887E-12 4.9142E-12 6.2260E-13 1.1819E-12 

(o8y/1a) x (Aa) 2.1928E-13 4.1746E-13 1.0754E-13 2.0473E-13 

(oay/db) x (Ab) 2.1928E-13 7.9019E-13 1.0754E-13 3.8752E-13 

(ay/lc) 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 1.1 975E-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.OQOO 

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 

8y/o8w 4.6338E-07 8.7964E-07 2.2725E-07 4.3139E-07 

8Y/ap 5.3324E-10 1.0122E-09 2.6151 E-1 0 4.9642E-1 0 

aylat 1.0786E-12 2.0476E-12 2.5942E-13 4.9245E-13 

aylaa 8.6331E-10 1.6435E-09 4.2337E-10 8.0601E-10 

ay/db 8.6331 E-1 0 3.1110E-09 4.2337E-1 0 1.5257E-09 

oytac 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 

(o&y/OIw) x (Aw) 1.3902E-10 2.6389E-10 6.8174E-11 1.2942E-10 

(o•yap) x (Ap) 5 3324E-11 1.0122E-10 2.6151E-11 4.9642E-11 

(oay/t) x (At) 2.5887E-11 4.9142E-11 6.2260E-12 1.1819E-11 

(o-ylaa) x (Aa) 2 1928E-12 4.1746E-12 1.0754E-12 2.0473E-12 

(o&y/db) x (Ab) 2 1928E-12 7.9019E-12 1.0754E-12 3.8752E-12 

(o8y/1c) 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 I 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'h percentile is approximately 50 nm y-1 ; the rate at the 90th percentile is 
approximately 100 nm y-1; and the maximum rate is 731 rim y-1 . About 10% of the values fall 
between 100 and 750 nm y-1.

DTN: LL991208505924.099

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-1. According to the literature (Evans et al. 1993) the 
distribution function is either

=(x-a)
2 

(b - a)(c- a)
a<x<b. (Eq. 37)

or

(b - x 
F(x)=l (bX)2b_ (b -a)(b -c) c<x<b

(Eq. 38)

where c is the mode.  
represented by either:

The peak in the probability density function is about 2.0 and can be

2(x-a) 
f(x)= 2(x - a) (b - a)(e - a) a5x b

(Eq. 39)

or

2(b-x) 
(b - a)(b - c)

c<_x<_b
(Eq. 40)

The mean and variance are given by:

and

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

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

where the adjustable parameter alpha (cx) 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 (DWA051), a sample exposed to vapor

phase SAW (DWA048), a sample exposed to aqueous-phase SCW (DWA120), and a sample 

exposed to vapor-phase SCW (DWA1 17). 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 min x 25 gm), 

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 ýtm 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 (DWA05 1, Figure 28). The next, most-extensive deposit formation occurred on the 

sample exposed to vapor-phase SAW (DWA048). X-ray Diffraction scans of all five coupons 

show that the deposit is predominantly a silicate or Si0 2, 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 SiO2 on measured corrosion rates will be used.  

The formation of Si0 2 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 Si0 2), which is approximately 2.19 g cm-3 (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 
22 57.08 cm., respectively (4.75 and 8.85 in2, 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-l):
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k = 104 Mncm- 1 

Aw = 1.678 x 10-3 gm 

area = 30.645 cm 2 

t=l.0y 

p = 8.69 gm cm-3 

-~P' (104pn.ar' cm-(1.678 x 10-gm) =03~~ 

A,"t ) =(30.645 cm 2X1.0 yr)(8.69 gmn cm-3) = 0063/.ny-I 

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

k = 10 /,an cm-' 

Aw = 3.125 x 10-3 gm 

area = 57.078 cm 2 

t= L.Oy 

p = 8.69 gm cm-3 

A(dPý _ (10O4 n cm' X3.125x 10' gm) 0.063 pm 
,'t) = (57.078 cm 2 X1.0 YrX8.69 gm cm-)0 

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 2 deposit formation by adding a constant value of 63 nm y-l to each estimated 
value of the GC rate. This is equivalent to shifting the curves shown in Figures 23, 25, and 26 to 
the right by 63 nm y-.
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NOTE: Bedrossian (1999)

Figure 27. AFM Image of Alloy 22 Control Sample

NOTE: Bedrossian (1999) 

Figure 28. AFM Image of Alloy 22 Sample Removed from LTCTF
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Figure 29. X-ray Diffraction Pattern of Silicate Deposit on-Sample Exposed to LTCTF 

The AFM has been used to examine areas inside and outside of Alloy 22 crevices exposed for 12 
months to SCW at 90'C. Though the images were obtained with a welded sample (DCB100), 
the unwelded area was imaged with the AFM. Figure 30 shows two optical micrographs of the 
sample surface near the hole (0.312 inch diameter). The bottom image is a lOx 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 lOX.  

Figure 30. Photographs of Alloy 22 Crevice Aiea after 12-month Exposure to SCW Aqueous Phase at 
900C (DCA101)
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NOTE: Bedrossian (1999) 

Figure 31. Histogram of AFM Measurements of Vertical Distance made 1.5 mm outside of Crevice 
(DCB 100_4)

S50p 
"40

nm 
8 8 6 p 

5o

NOTE: Bedrossian (1999) 

Figure 32. Three-dimensional AFM Image taken 1.5 mm outside of Crevice (DCB1004) 

ANL-EBS-MD-000003 REV 00 86 January 2000



NOTE: Bedrossian (1999) 

Figure 33. Histogram of AFM Measurements of Vertical Distance made 1.5 mm inside of Crevice 
(DCB100_5)

NOTE: Bedrossian (1999) 

Figure 34. Three-dimensional AFM Image taken 1.5 mm inside of Crevice (DCB100_5)
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NOTE: Bedrossian (1999) 
The top graph has a [inear scale. The bottom graph has a logarithmic scale.  

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 

C0J 
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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 SiO2 deposit formation by adding a constant value of 63 nm y' to each 
estimated value of the OC 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 0 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. Howeveras 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 0C, 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 foj Synthetic Geothermal 
Brine 
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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'+ + I-H20 <-- Fe(OH)' + Hf (Eq. 44) 

Fe3 + + H 20 >--Fe(OH)2+ +H+ (Eq. 45) 

Ni 2+ + H 20 ---*Ni(OH)+ +H+ (Eq. 46) 

Cr3 + + H 20<----Cr(OH)2+ +H+ (Eq. 47) 

Cr(OH)2 + + H 20<-->Cr(OH)+2 + H+ (Eq. 48) 

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

Fe(OH)M(s) (>Fe 2 + 20H (Eq. 49) 

Ni(OH)2 (s) <-(- Ni 2+ + 20H- (Eq. 50) 1<
ANL-EBS-MD-000003 REV 00

January 200090



Cr(OH)3 (s) - Cr3÷ + 30H-(5

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 HCl 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: 

[C-]= [Cr1 exp[ ()] (Eq. 52) 

where [C!]o is the concentration at the crevice mouth, cD(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 C1 (and other anions) into crevice must occur to balance cationic charge 
associated with -I+ ions, as well as the charge associated with Fe2+, Ni2+, Cr3+, 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 1.L.  
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/AgCl applied at the mouth. The electrolyte was 4M NaCl and was maintained at ambient 
temperature. The Alloy 22 surface remained passive underneath the window, with no visible 
signs of localized attack. However, the passive current flow from within the crevice was 
sufficient to cause the pH to be immediately lowered from the initial value (pH-6.5) to a 
minimum value (pH-3.3), after which the pH gradually increased over several hours (pH-4.5).  
The fixed one-liter volume of electrolyte outside of the crevice became slightly alkaline 
(pH-8.3) before the data acquisition was started and dropped gradually over several hours 
(pH-7). The lowering of pH inside of passive Alloy 22 crevices with high-applied potential has 
been verified by independent technique-development tests with indicator paper, as discussed in 
AP-E-20-81 Rev. 1. Figures 38 through 41 illustrate the effect of increasing the applied potential 
above the threshold required for localized breakdown of the passive film. As shown in Figure 
39, an applied potential of 1100 mV can drive the pH to extremely low levels (pH-0.2) in Alloy 
22 crevices. Figures 40 and 41 show the effect of incremental changes in applied potential on 
both crevice pH and crevice current. At an applied potential of 400 mV, the steady-state crevice 
pH remained close to neutrality (pH-6.1). As the potential was stepped to 1000 mV, which is 
slightly above the repassivation potential measured by Gruss et al. (1998), the crevice current
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increased dramatically and the pH dropped below one. At an applied potential of 1100 mV, 
extreme localized attack of the Alloy 22 was observed at the crevice mouth, with a crevice pH 
slightly less than zero. At the end of the experiment, the crevice sensor was immediately 
submersed in a buffer solution (pH 7) and shown to be in good calibration (virtually no drift 
during test). Figure 42 shows the effect of buffer ions on crevice chemistry. In this case, SCW 
was used as the electrolyte. Even at an applied potential of 800 mV, no significant lowering of 
the pH was observed. The Alloy 22 inside the crevice appeared to be unchanged from its initial 
state, with no evidence of localized attack.  

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

y = bo + bx + b2x 2  (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 b0  b2  R/ 
(pm) 

Alloy 22 4M NaCI 110 7.2716 -0.0012 -5.OE-06 0.9782 
Alloy 22 4M NaCI 540 7.0227 -0.0015 -4.OE-06 -1 
Alloy 22 SCW 540 8.276 0.0003 0.9646 
316L 4M NaCI 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 NaC[, 200 mV and 23 OC, Crevice pH Versus Time

Figure 38, Alloy 22, 4M NaCI, 800 mV and 23 0 C, Crevice pH Versus Time
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Figure 39. Alloy 22. 4M NaC!, 1100 mV and 20 CC, Crevice pH Versus Time

DTN: LL990610505924 078

Figure 40. Alloy 22, 4M NaCI at 23 QC, Crevice pH Versus Time
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DTN: LL990610505924 078 

Figure 41. Alloy 22, 4M NaCI at 23 CC, Crevice Current Versus Time

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% FeCI3 at 75°C might be as high as 12.7 itm 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% H2S0 4, 3 
vol% HCI, 1 wt% FeCI 3, and I wt% CuCI2, a penetration rate of 610 im per year was observed 
at 102 0 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 •tm per year).  
Comparable rates would be expected for Alloy 22. The highest passive current density found in 
Figures 15 through 18 is approximately 10 kA cm2 , which corresponds to a corrosion rate of 
approximately 100 lm 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 (urn per vear)

12.7 

50•h 127 100_____ ______________ 1270

NOTE: Asphahani (1980). Gdowski (1991); Sediks (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 hightemperature 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% HC1 and 1 M HCI at 339 K), these data are not consideredrelevant 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 50th 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 gA cm-2 compared to approximately 10 gA cm"2 
for fully aged material. The effect of thermal aging on the corrosion rate is accounted for in the enhancement factor, Gaged, and is based upon a ratio of the non-equilibrium current densities for 
base metal and aged material.  

dp Gaged X dp (Eq. 54) 
dt effective dt effective 

The value of Gaged for base metal is approximately one (Gaged - 1), whereas the value of Gaged for fully aged material is larger (Gaged - 2.5). Material with less precipitation than the fully aged 
material would have an intermediate value of Gaged (1 --_ 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/AgCl reference electrode.  In all three cases, the anodic oxidation peak that is characteristic of generic type 2 behavior is 
observed.

ANL-EBS-MD-000003 REV 00
January200098
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Figure 44. Effect of Thermal Aging for 173 Hours at 7000C on the Corrosion Resistance of Alloy 22 in 
SAW at 900C (DEA002 and DEA201)
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Figure 45. Effect of Thermal Aging for 173 hours at 700°C on the Corrosion Resistance of Aloy 22 in 
SCW at 900C (DEA016, DEA2O2 and DEA203)
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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 11 0°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 I11 °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 2CO 3 (anhydrous) 10.6 
KCI 9.7 
NaCI 8.8 
NaF 0.2 
NaNO 3  13.6 
Na2SO4 (anhydrous) 1.4 
H 2 0 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 NaNO3, and 1.4 g Na2SO4 (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 g 8.7 g 8.7 g 
NaCi 7.9 g 7.9 g 7.9 g 
NaF 0.2 g 0.2 g 0.2 g 
NaNO 3  13.0 g 13.0 g 13.0 g 
Na2SO4 (anhydrous) 1.4 g 1.4 g 1.4 g 
H20 (deionized) 66 ml 66 ml 66 ml 

1ON NaOH 2 ml 
1N NaOH 2 ml 
0.1N NaOH 2ml 

C02 partial pressure 0 0 
pH (measured at room temperature) 13.13 12.25 11. 11 

DTN: LL991213805924.1 10 

NOTE: The C02 partial pressure can be minimized by either scrubbing laboratory air or purchasing C02 free air.  

In order to add some soluble silica to the solution, the BSW solution recipe was later revised to 
contain 4.0 g (-I% metasilicate) by adding sodium metasilicate (Na2SiO3 9H 20). 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 
CO2 . 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 2 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 CO2 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 2 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/AgC1 reference electrode, whereas a sample aged for 173 hours has a corrosion 
potential of -372 mV relative to the same reference. The difference Ecriticat-corr is 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 7000C on the Corrosion Resistance of Alloy 22 in BSW-13 at 

11ug C (DEAe59 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 90g C; 109 mV in the case of 
S CW at 90'C; and by more than 100 mV in the case of BS W at 11l0°C. It is assumed that Eo,., 
can be corrected to account for fully aged material by subtracting approximately 100 mV from values calculated for the base metal. The shift in E,,ic,,,(threshold potential 1) also appears to be 
approximately 100 mV in most cases. Thus, the difference E,,jj,,•/-Eo,,,, appears to be virtually 
unchanged.  

The effect of thermal aging on the corrosion rate is accounted for in the enhancement factor, Ga,,ga, and is based upon a ratio of the non-equilibrium current densities for base metal and aged material. The value of G,,g,. for base metal is approximately one (G,,g..d - 1) whereas the value of Gaged for fully aged material is larger (Gagea - 2.5). Material with less precipitation than the fully aged material would have an intermediate value of Gaged (I <! G,,g.d:!< 2.5). Assume that G,,g,,d 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 Fe2 , while geobacter metallireducens reduce Fe3 ÷. Other microbes can 

reduce S0 4
2- and produce S2 -: Ultimately, the impact of MIC Will be accounted for by adjusting 

Ecorr, Ecritica!, 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 GMIC is the enhancement factor.  

dp = GMc x dpx (Eq. 55) 

dt effective dt effective 

This factor is calculated as the ratio of corrosion rates (microbes to sterile) and from Table 25.  
The value of GMIC for Alloy 22 in sterile media is approximately one (GMic - 1), whereas the 
value of GMIc for Alloy 22 in inoculated media is larger (GMIc - 2). Assume that GMIc 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 GMIC.  

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 106 

cells ml"1 of groundwater. When exogenous phosphate is added (10 mM), the levels of bacterial 
growth increase to 107 to 108 cells ml'. The one to two orders-of-magnitude difference in 
bacterial growth with and without the presence of exogenous phosphate is almost certainly not 
significant with respect to effects on corrosion rates. Therefore, nutrient limitation, at least at a 
first approximation, was not factored into the overall MIC model. It may be noted, however, that 
the two-fold GMlC included in the model was in the presence of sufficient phosphate to sustain 
higher levels of bacterial growth (in an effort to achieve accelerated conditions).  

Other environmental factors that could effect levels of bacterial growth include temperature and 
radiation. These factors, however, are closely coupled to RH; as temperature and radiation 
decrease in the repository, RH is predicted to increase. At the same time, while there are some 
types of microorganisms that can survive elevated temperatures (< 120'C) and high radiation 
doses if there is no available water, then bacterial activity is completely prevented. Thus, because 
water availability is the primary limiting factor and this factor is coupled to other less critical 
limiting factors, water availability (as expressed by RH) was used as the primary gauge of 
microbial activity.
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Determination of a critical mass of total bacteria required to cause MIC is not an issue that needs 
to be addressed in the MIC model. Bacterial densities in Yucca Mountain rock have been 
determined to be on the order of 104 to 105 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 bden 
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 GMIC is uniformly distributed with respect to a real distribution.  

Table 25. Alterations in Corrosion Potentials Associated with Microbial Degradation 

Tested Sample Initial Average Corrosion Rate Corrosion Potential Eco., (V vs. SCE) 
Condition (pmlyr) 

Initial Endpoint 
CS1 020 + 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 

lOx the ionic content of J-13 well water, while SCW has 1000x the ionic content. The measured 

pH levels of the lOx 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 ýtm y-1, mean 0.05 tm y-1 

12-month exposure: range -.0.04 to +0.10 ýtm y-1, mean 0.03 ptm y-1 

24-month exposure: range -0.03 to +0.07 jum y-, mean 0.01 ptm y-1 

Measurements on the order of 0.01 pLm 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 ptm y-1. 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
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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 WeightLar 

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 

DTN: LL000112205924.112 

6.9.2 Additional CP Data for BSW Test Media 

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

Sample 
ID 

DEAl58 

DEAl159 

DEA208 
DEA2Og

Table 27. Electrochemical Potentials Determined from CP Curves 

Aging Aging Medium Temp. Reversal Corrosio Threshold CP Curve Time Temp. Potential n Potential I Type 
Potential 

hours °0 0C mV mV mV 

10 700 BSW 11000 1200 -233 418 Type 1-2 
10 700 BSW 1100C 1200 -257 419 Type 1-2 

173 700 BSW 11000 1200 -345 394 Type 1-2 
173 700 BSW 11000 1200 -372 361 Type 1-2 

DTN: LL000112105924.111

ANL-EBS-MD-000003 REV 00 110 January 2000

'V

I



DTN: LLOOO1 12105924.111 

Figure 53. CP Curve for Thermally Alloy 22 in 110°C BSW - Aged at 7000C for 10 Hours (DEAl 58)
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Figure 54. CP Curve for Thermally Alloy 22 in 1 100C BSW -Aged at 7000C for 10 Hours (DEAl 59)
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Figure 55. CP Curve for Thermally Alloy 22 in 1100C BSW - Aged at 7000C for 173 Hours (DEA208) 
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Figure 56. CP Curve for Thermally Alloy 22 in 1100C BSW - Aged at 7000C 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 50th 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 50h percentile 
values determined from the correlation. For example, the 01h and 100th percentile values of Ecorr 
can be assumed to be at Ecorr (5 0 th percentile) ± 75 mV. This acceptable margin was determined 
by splitting the differences shown in Table 6. Similarly, the Oth and 100t percentile values of 
Ecriat can be assumed to be at Ecruticat (50th percentile) ± 75 mV. In principle, material falling 
outside of these specified ranges would not be accepted. Other equivalent correlations of Ecor, 
and Ecrictija, based upon data relevant to the repository, can also be used. If the comparison of 
E, to Ec,.itcat 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 Si0 2 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 y7 . 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, Gged, and is based upon a ratio of the non-equilibrium current 
densities for base metal and aged material. The value of Gaged for base metal is approximately 
one (Gaged - 1), whereas the value of Gaged for fully aged material is larger (Gazed - 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-22TM 
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-22TM 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-22Tm: one 
control coupon that was never in any bath (DWA163), one aqueous phase sample from a 
simulated acidified well water SAW (DWA051), one vapor phase sample from SAW 
(DWA048), one aqueous phase sample from a simulated alkaline concentrated water SCW 
(DWA 120) and one vapor phase sample from SCW (DWA 117).
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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 pim 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 sainples 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 
SiO2, with some NaCI 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 
DWA051, which was immersed in the SAW bath. The next most extensive coverage occurred 
on test coupon DWA048, 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 DWA051 coupon. Data collected to date do not show any of -J 

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-22Tm 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 DWA051 pb990607.023 AFM Image
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Figure 7. SAW. 90'C, Aqueous DWA051 pb990607.023 AFM Image, top view
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Figure 8. SAW, 90°C, Aqueous DWA051 Line Profile in pb990607.023 AFM Image
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Figure 9. SAW, 90'C, Aqueous DWA051 pb990607.024 AFM Image
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Figure 10. S AW, 90'C, Aqueous DWA051 pb990607.033 AFM Image
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Figure 11. SAW, 90'C, Aqueous DWA051 pb990607.033 AFM Image
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Figure 12. SAW, 900C2, Aqueous DWA051 pb990607.029 AFM Image
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Figure 13. SAW, 90°C, Aqueous DWA051 pb990607.030 AFM Image

ANL-EBS-MD-000003 REV 00 Janluary 20001-19 of 38



nrn 

5 4 

3 

" ~2 
2 

0 0 

Figure 14. SAW, 90"C, Aqueous DWA051] pb990607.03 ] AFM Image
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Figure 15. SAW, 90°C, Aqueous DWA051 pb990607.032 AFM Image
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Figure 16. SAW, 900C, Aqueous DWA051 pb990607.032 AFM Image
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Figue 17. SAW, 90'C, Vapor DWA048 pb990607.046 AFM Image
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Figure 19. SAW, 90"C, Vapor DWA048 pb990607.048 AFM Image
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Figure 20. SAW, 90*C, Vapor DWA048 pb990607.050 AFM Image
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Figure 21. SAW, 90'C, Vapor DWA048 pb990607.054 AFM Image
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Figure 22. SCW Test Coupons: X-Ray Spectra of Scales on SCW Test Coupons
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Figure 23. SCW, 90TC, 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

ANL-EBS-MD-000003 REV 00 January 20001-32 of 38



5 pm

nm 

5 
4 ..  

22 

"0 

Figure 27. SCW, 901C, Vapor DWA1 17 pb990607.035 AFM Image
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Figure 28. SCW, 90°C, Vapor DWA1 17 pb990607.037 A FM Image
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Figure 29. SCW, 90°C, Vapor DWA1 17 pb990607.044 AFM Image
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Figure 30. SCW, 90*C, Vapor D.WA1 17 pb990607.041 AFM Image

ANL-EBS-MD-000003 REV 00

!

1-36 of 38 January 2000



" 1!.0 Prm 

nm 
20.4 

00.0 

00.0 
Fp17 

0.05 

Figure 31. SCW, 90'C, Vapor DWA117 pb990607.042 AFM Image
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ASPOO3-97.06-10156 
(Page 7 of 13)

N/A

N/A
g1 o-

_________~~~~~ ag____ -44I O*

0575
ASP003-97-06.10156 

(Page 7 of 13)
N/A

I~~~ age_ o

0575
ASP003-97-06- 10156 

(Page?7 of 13)I___~(ag 7 o1 ). III o

N06022 8575
ASP'03.97-06-10156 

(Page 7o0113)
N0602 g_ _ I

N/A

N/A N/A

NIA

N/A

N/A

N/A

N/A

N/A

N/A N/A

N/A

NIA

N/A

N/A

N/A

N/A

N/A

NIA

NIA

N/A

N/A

NIA

NIA

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NIA

N/A

N/A

NIA

SOCt1 
POO 8313954

SOC-! 
PON B313954

SOC-11 
POO 133139S4

PON B313954

SOC-1 
PONl MUM35

P OC14 
POOl 0313954

PON 9313954

P.O 8313954

SOCP 1 
POPl 63139S4

SOC-31 
PONl 0313934

SOCP 9 
POOl 0313954

PON 6313954

SOC.1 
PONl 8313954

PO 0313954

SOC13
POO 6313954

SOC11
POO 0313954

PON 5313954

6OC.1 
PON 8313954

SOC.13 
PONl 6313954

PO 3913954

SOC-1 
PONl B313954

N/A

NIA

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NIA

NIA

N/A

N/A

NIA

N/A

__________ I " - I ___________ J ____________ a

N/A

N/A N/A

NIA



Specimen Composition Summary Page V2of K I.II

Base Metal Weld Filler Weld Filler Mill Weld Filler Independent Teas Statement of SeieIDAlloy Trade BilM~lBase Metal MillUNI ume ASTM Base Metal Independent Teat WedMllrSlCA SeLoctontpf Nme onomt 

Specimen ID MSC Lot UNS Number SpecificationNumbeu rSl uro 
Name HeaterNumbee 

Nae Number Hest Number Specification Report Number Number Hs ubrRpr ubrCnomt 

(CA 072 Alloy 22 H157 1227703264 N06022 B575 ASPag3e97o06*10156 N/A NIA N/A NIA P0O1313954 

______ ________ (Page 7 at 13). POO_______ 13313954____ 

DCA 091 Alloy 22 H157 1227703264 N06022 8575 ASP003-97-o6-10356 N/A N/A N/A N/A P. O 313954 

_______(Page 7 of 13) PON_______ 8313954____ 

ASP003.97-06-101t56 SOC-t 

OCA 092 Alloy 22 HIS7 1227703264 N06022 8575 (Page 7 0of13) N/A NIA N/A NIA P0Ol 313954 

0CA 093 Alloy 22 HI57 1227703264 N06022 8575 ASP003e97-06- 1015 NIA N/A N/A NIA P033113954 

(Page 7 of 13) PONl 8313954 

DCA 094 Alloy 22 14157 1227703264 N06022 B575 ASP003-97o06f10156 N/A N/A N/A N/A P0O1313954 
(Page 7 of13) POO_____ ____313_______ ___ 54___ 

S0 
S2AS003--06-1056 NSOC 

DCA 096 Alloy 22 HI57 1227703264 N06022 8575 ASP003e97o06f10156 N/A N/A N/A N/A P0O8313954 
(Page 70of13) PON____ 8313___ ____________ ________ 

OCA 098 Alloy 22 HIS? 1227703264 N06022 8575 ASP003-97-06-I0156 N/A NIA NIA N/A SOC13 
(Page 7 of 13) Pll 9313954 

SO., 

OCA 098 Alloy 22 HIS7 1227703264 N06022 857S AS e 73-9o-0f10i56 NIA N/A N/A N/A PO11 313954 
(Page 70of13) PON____ 0313954 _________ ________ 

OCA 101 Alloy 22 H157 1227703264 U N6022 8575 ASP003-97-06-10156 N/A N/A NIA N/A P0O9313954 (Page 7 of 13) PON____ 1___30991___ 

ASP003-97-06- 10156 S0OC.  
DCA 102 Alloy 22 H157 1227703264 N06022 8575 (Page 7-0e-13) N/A N/A N/A NIA P0O3913954 

(SP003-97-06-I 0 N/A N7A NoA N/A PO 313954 

DCA 121 Alloy 22 HI57 1227703264 N06022 8575 (Page 7-0o13) PNANAN/ANA _Ol 1354 

A SP03.9-08-0156SOC- I 
OCA 122 Alloy 22 H157 1227703264 N06022 8575 ASPOe3.97-08-10156 N/A N/A N/A NIA P 313954 

________ (Page 7 of 13) POO____83__3_____ 

ASP003-97-06, 10156 SOC-I DCA 123 Alloy 22 H157 1227703264 N06022 8575 (Page 7 of 13) N/A N/A NIA NIA POO 8313954 

I ASP003-97-06-1I0156 SOC-! 
DCA 124 Alloy 22 H157 1227703264 N06022 8575 (Page 7 of 13) NIA N/A NIA N/A POe 6313054 

DC 2 lo 2 H5 27024 N62 55ASP003.97-0-10156 NAZ /AIASOC-1 (Page 7 of 13) N/N/ANNAPON 03139H4 

OCA 123 Alloy 22 H157 1227703264 N06022 B575 AS g3e 97-06o01356 NIA NIA NIA N/A P0O 9313954 
(Page 7 0113) P_______ 530954____ ________ 

OCA 129 Alloy 22 HIS7 1227703264 N06022 B575 ASP003-97-06-10156 N/A N/A NIA N/A P0O313954 I(Page 70of13) PON___ __ 831__ __ __ _ _ __ _ S___ 
I AS003-7-06101 6 •SOC.' 

OCA 125 Alloy 22 H157 1227703264 N06022 8575 ASP003-97-08-10156 N/A NIA NIA N/A Po 03 13954 
_______(Page 70of13) P_______ 03139M____ ________ 

ASP003-97M0-10156 NIA NIA NIA N/A SOC- 1 
DCA 132 Alloy 22 H157 1227703264 N06022 8575 (Page 7 of 13) PO5 B313954 

ASP003-97-06-10156 Nsoc.1 
DCA 127 Alloy 22 HiS? 1227703264 N06022 6575 NIPaeA N/A N/A N1A)P0313954 

DCA 129 Al(oy 22 Ho57 1227703264 N06022 6575 APo 13) PO 9313954 

..... 0.Aloy.2.HIS 22770 . ... .. 8575 ASP003-97-06-10156 N/A N/A N/A NIA P SOC91

H15 ;grJIý 11j7344 -
I-

(Page ? of t--DCA I : 2 PPEl 8313954IP•JI •F

L 
r



Specimen Col..,sition Summary
Pa. ,4of (2Q

Base Metal ASTM Base Motel Independent Tet ll Weld Filler Millb R Weld Filler Independent Too Statement of 
Specimen IDAlloy Trade MSC Lot Base Metal Mill UNS Numbs MSC Lot HWet Number AWS Specification Report Number Conformity Name Nb Heat Number Specification Report Number Number IlIIO -- I 

_jnM n' ni -~ ... SOC-1

HIS?7 1227703264 I N06022 0575. ASP00-9-0 156Ili N/A

I_ _ _ I I- I~IFIASP003-97-06-10156 N/A N/A N/A
(.. . .. .. ag e 7 o 3 1 N/A•_.

ASP003.97-06-10156 NIA N/A N/A

PON 0313954

PON 0313954

PON B313954

19977fli2R4 IN06022

1227703264 I N06022

8575

8575
1227026 N0602

B575
ASP003-97-06- 10156 N/A N/A

I . . . . . . . . . . . . 11 4 4 I It ' ' €:t•./A

1227703264 I N06022 8575
ASP003-97-06- 10156 

IDsn. 7 n| t NIA N/A N/A

P0 v13 PONl BSt3954

PON 8313954

- .1___ ___ -14 *. ITJ.. II I1 1 n~g ASO3-7O- 0 1iNAN/ /

OCA 159 

DCA 160 

DCA 161 

OCA 162 

DCA 164 

DCA 165 

DCA 167 

DCA 168 

DCA 244 

DCA 245 

DCA 246 

DCA 247 

OCA 248 

DCA 24g 

DCA 250 

DCA 251 

OCA 252

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

AIIno 22

ASP003-97-0..1015t N/A
H S ..... .. (P g 7• 3)_-• ' . ..... , ,.  AS..........01..../ -,A N/A.

1227703264 I N06022 8575
ASP003-97-06.10156 N/A

H157__ ........ .... Page 7 o 13) ASPOO39!705 10 SU NA N
1227703264 I NO6022 B575

ASP003-97-6-10 156 N/A N/A

_ _ _ _ 127036 N002 P( ag 13).1
12277A2203 N06022 9575 ASP003-97-06-10156 N/A N/A NIA

PON 8313954

PO9 B313954

PON 9313954

P 904 PONl B050447

~L (ageo__ ~ r~.fl' 13 t Rw.  K932 22773203 0602

t9277R12fl3 IN06022 8575
ASPOO3-97-06- 10156 N/A N/A NIA PON 8S00447

& .......... .. ( age o u o , 
"4 SOC-4 

7 N06022 8575 ASP003-97-06-10156 NIA N/A N/A NIA PON 8500447 3 1227783203 N06022 8575 

32 2 ASP3-97-060156 N/A NA NA NA POC84 _3_27730 N62 857 (Page 6o1 13) ._I_ _ _ _ L~ _ _ _44 

N/ .... 
Wv?.

1227783203 N06022 B575
ASPOO3-97-06-10156 IPmn. nit131 NIA NIA POO 6500447

SOC-4 
ASP003-97.06-10156 NIA NIA N/A NIA PO -8500447 

Alloy 22 K932 1227783203 N06022 B575 (Page 6 of 13) ..... POll e500447 

Alloy 22 K932 1227783203. N06022 8575 ASP003 97-06 10156 N/A N/A N/A N/A Poo 5500447 
ASP003.97.06-10166 NIA N/A NIA N/A SOC.4 

Alloy 22 K932 1227783203 N06022 B575 (Page 6 of 13) Poo 9M06447 

ASP003-97-06-10156 NIA N/A N/A N/A SOC94 
Alloy 22 K932 1227783203 N06022 B575 (Page 6 of 13) MIA MIA MIA PON 8500447 

ASP003-97-06-10156 ANA N/A N/A SOC-4 
Alloy 22 K932 1227783203 N06022 8575 (Page 6 of 13) NIA NIA N/A I/A POO 650o,147 

Alloy 22 H157 1227703264 N06022 8575 (Page 7 of 13)N/A N/A N/A NRA29 9500447 
ASO3g-6116(Page 6tofo3) I) P_____ _313955 ,,___ 

ASP003-97-06-10156 TRW002-99-03-05242L SOC-t 
Alloy 22 H157 1227703264 N06022 8575 (Page 7 of 13) Kg26 1227743263 A5.t4 ER NiCtMo.IO (Page 1 of 1) PON 8313954 

Allo 22 H(Page of 13)227 6R ..... (Pegsofo2L PO939 

- * *ld 1 TRWO2-99-03-052421 SOC-I
8575

)3-97-06-10i K926 1227743263 A5.14 ER NiCIMo-lO (Page I of t) PON B313954

AWUJ~I-luI~ I ~,-- I ITRWO02-99-03-05242L SOC-I

1227703264 

1227703264

N06022 B575
ASiP03-an.7-0-1015 K926 1227743263 AS.14 ER NICfMo-10 (Pogo I of t)

I______ z11 ~ - - nan~
ASP003-97.OT.10156 

ID.,n1M • l! t1 K928 1227743263 A5.14 ER NICrMo-lO (Page I of 1)

PON 0313954

POO 8313954

I~ ~ ~ ~ ~ ( e____ 71 of 13)____iI
8575

H157 

HIK7

H 157 
HI57

l9977nliR4 I N06022

HIS? 1227703264 I N06022

HI157

H1S7

B575

DCA 253 

DCB 001 

DCB 002

K9; 

Kg 

K9
'32

}CO 003 Alloy 22 

D)C8 004 Alloy 22 

DCB 005 Alloy 22

... �. I 4i§77fli�AA I NflAfl22

H157 

14157
!

N/A N/AN/A

N/A

NIA

NIANIA

N/A

NIA N/AN/A

N/AN/ANIA

N/A N/A

MIA

N/A

N/AN/A



Specimen Coi. ,.jsition Summary
Pa, ,Of IKL

Base Metal Metal Independent TetWeld Fille Weld Filler Mil S ication Weld Filler Independent Tolt Statement of 

Specimen tD Alloy Trade MSC Lot Bas Metal MiII U Numbe A RepMet Ndep MSC Lot Hos Number AWS SpecRepo Number Conformity 
Name Heat Number Specification Report Number Number Number Nme 

ASPO397061056TRWO02-99-03-05242L SOCI1 ASP003-97-06.10156 K926 1227743263 A5.14 ER NtCrMo-1O (Page I of SOC-I 
DCB 006 Alloy 22 H157 1227703264 N06022 8575 (Page 7 of 13) (Page toll) P03 0313954 

ASP003-97-06-10156 K926 1227743263 A5.14 ER NiCrMo-1O TRW002-9g-03-05242L SOC-I 

C 032 Alloy 22 H157 1227703264 N06022 85(Page 7 of 13) (Page I of1) PO3 9313954 

ASP0O3-97-06-l0156 TRWO02-99-03.05242L SOC-1 

OC8 032 Alloy 22 H157 1227703264 N06022 0575 (Page 7 of 13) K926 1227743263 ASi1 ER NiCrMo-10 (Pe I of l) POO 8313954 

ASP003-97-06-10156 TRW002.g9-03.05242L SOC-1 

C8 034 Alloy 22 HIS? 1227703264 N06022 0575 (Page 7-o013) K926 1227743263 ASI1 ER NICrMo.1O (Page I of t) PO 9313954 

I -ASP003-97-06-10156 TRWO02-9903-05242L S0C-I DCB 035 Alloy 22 H157 1227703264 N06022 8575 (Page 7 of 13) K926 1227743263 AS.1 ER NICrMot0 (Page of 1) P0N9313954 

ASP003-97-06-10156 K926 1227743263 A5.14 ER NICrMo.10 TRW002.99o03-05242L SOC-I 

OC9 036 Alloy 22 HIS? 1227703264 N06022 8575 (Page 7 of 13) (Page 1 of I) PON 8313954 

TRWO02-99-03-05242L SOC.I 

ASP003-97-O6.01056 K926 1227743263 A5.14 ER NiCrMo-lO (Page I of 1) POO 0313954 
DCB 036 Alloy 22 H157 1227703264 N06022 8575 (Page 7 of 13) 

ASP003.97-06-10156 K926 1227743263 A5.14 ER NiCrMo-10, TRW002-99-03.O5242L SOC'I 

DC 06 Alloy 22 H5 127024 N06022 8575 (Page 7 of 13) (page Ie )PON 8313954I 

OC 061 Alloy 22 HI 1227703284 NO6022 8575 (Page? 7el 13) 122774328N(Page 1 l) P &O313954 ASPOfl2.fl70-OS-OI4 SOC-t & SOC.IA

8575 ASP1-U 7-0 -*,u'. LOOS 1227743142 AS.14 ER NICrMo-I0 (Pae I ott)

-- 14 I I & S•A I A

1227703264 N06022 9575 ASP003-97.06.lO156 
iP~nna7 nl llt

L098 1227743142 A5.14 ER NiCrMo.I0 (Pag3Iof1 
I I (Paeg l oft1)

PO0 9313954

Pea 0313954

1 y 1 L Allo 22 57 (Pae? of 13) 
I TAW002-99-03-05242L SoC.1

1227703264 N06022 8575 ASP003--U0- 6I 101 K926 1227743263 A5.14 ER NICrMo-I0 (Page I 01 I)

I1 4. I I I i (P g 7.vofi13)

1227703264 N06022 0575 ASP003.97.06-10156 
rPanna 7 nf I.ll K926 1227743263 A5.14 ER NiCMo.10 TRW0 -(Page 0lol)

PON3 313954

PO 03313954

g 1 1 
L 1 

Allo 22 HiS7 (Pa e 7 of 13) 
TRWO02-99-03-05242L SOC-11

1227703264 I N06022 8575 ASPO03-97-06-10156 K926 1227743263 A5.14 ER NiCrMo.10 I I (PaegI lofl)

ARWP02-9903-05242 5aC-
1227703264 I N06022 8575 K926 1227743283 A5.14 ER NiCtMo-l0 (Page I of 1)

_ _ I I 'I I- Z SPO-7f0613)5
8575 ASP003-97-08.10156 K926 1227743263 A5.14 ER NirtMo-lO (Page 1 of t)

7 f. 13 (Pg I of 1) n.n~aa~zhe H15 127036 Nfu~.,vI.

1227703264 N06022 8575. ASP003.97-06-10156 IPane 7 of 131 K926 1227743263 AAS.I4 ER NiCrMo.g0 I (Page I ofl)
I__________ i......I ______ + f*IllflllfE-l

1227703264 .,06022

1227703264

8575 ASPOO3-97-06-0I 156 
iPana 7 ol I131

K926 122.7743263 IAS. 14 ER NICtMo-l0OPgeIof1

- I* - -V U UU J U S

N06022 8575 ASP003-97-06-10156 
iPanA 7 ni 131

K926 TRWO0--31227743263 A5.14 ER NlCrMo-10 (Page I of 1)

PON 9313954

Pl 13313954

PON 0313954

P 031313954

PON 0313954

POP 6313954

ASPOT3W97-06-10156 TRWO02-99-03-5242L 800.1 

1227703264 N06022 8575 (Page 7 of 13) K96 127463 AIERIro0 (Page I of 1) P03983139S4 ASP003.97-06-10156 K926 1227743263 AS.14 ER NICiMo-10 TAW00299-03-5242L POll 3•95 

1227703264 N06022 8575 (Page 7 of 13)(PgIof1PO 335 
TRWO02-99.03-05242L SOC-1 

8575 ASP003.-97-0610156 K926 1227743263 AS.14 ER NICiMo-lO (Page l ol l) POO 8313954 
1227703264 N06022 855(Page 7 of 13)1 

10TRWOO2-99-3"5242L I SOC-i 1227703264 N06022 8575 (Page 7 of 13) , 3 

I fAAJI~

OCR 062 

OCB 063 

DCB 064 

DCB 065 

OC8 066 

OCR 067 

OCB 068 

DC8 069 

DCB 070 

DCR 071 

OCR 072 

OC8 091 

DCB 092 

BCD 093 

DC8 094

N06022 0575 ASP003-97-00.10156 
IPaln* nl t131

K926 1227743263 AS. 14 ER NlCrMo.10 (Page I of I1 PO3 6313954

Pae............. T7Aoflfl,.aO.flq.15912 1[•
I f032641 N06022 8575

AsPO03-gn-.7 .I166 K926 1227743263 AS14 ER NiCrMo-t0 (Pge taf ) PON 0313954

Alloy 22 

A Ilenu 72

LiHI 1727701264 I N06022

57

Alloy 22 

AIlnu i9

HI57 

HI57

HIS7

HIS7

1227703264

1227703264 I N06022

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22

1.117

HIS7 

H157 

H157 

HIS? 

HIS? 

HIS? 

HIS?

Pa e 7oII3) HIS? 122"03264 - I SOCA - , g ___ 1 .

I-IlK7

I

ASP003-97-06-10156



tao Io 
Page I~jQSpecimen Composition Summary

sNl Numbs ASTM Bese Metal Independent Teat Weld Filler Weld Filler Mill Weld Filler Independent Test statement of Alo BT ase Metal BaeMetal Mill UNUub• AT aeMtlIdpnetTs SC Lot Wl ilridpnetTe Saeeto 

Specimen ID Trade MSC Lot eaHt Number Report Number ConfoSmiey 
N ame N meNa m e N u t N u mb e r Ap e0if i c6ti o n N u m b e r H e e5 N u b e I 

22 ASPOO3-97-06-10156 K926 1227743263 AS.14 ER NiCrMo-.0 TRWO o2-99-03-05242L SOC-1 
DC9 095 Alloy 22 H157 1227703264 N06022 0575 (Page 7 of 13) (Page 1 ofl) PON 8313954 

ASP003-97-06.I1056 K926 1227743263 AS. 14 ER NICrMo-10 TRW0O2-99-03-05242L SOC-1 

Des 096 Alloy 22 HIS7 1227703264 N06022 B575 (Page 7 of 13) • (Page I of l) PON B313954 

ASPOO3-97-06-10156 K926 1227743263 A5.14 ER NiCrMo-I0 TRW002.99-03-05242L SOC-I 

DCB 098 Alloy 22 H157 1227703264 N06022 (Page 7 ol 13) - (Page I of 1) P030313954 

ASPOO3.97.06.10156 K926 1227743263 A5.14 ER NiCrMo-10 TRW002-99-03-05242L SOC-I 

OcB 099 Alloy 22 HIS7 1227703264 N06022 8575 (Page ? of 13) (Page l1Of1t) PON 1313954 

ASP0O3 97 06.10156 TRWO02-99-03-05242L SOC-I 

009 l02 Alloy 22 H157 t227703764 WIA30?? 81575 (Page 7 o1 13) K926 1227743263 AS. 14 EA NiCrMo-.10 (Page I10f I) PON 0313954 
TRW002-g9-03-05242L SOC-I 

A SAP 003097l060101( 7 6 K926 1227743263 AS.14 ER NiCrMo-I0 (Page I o1 1) POe 8313954 D)C8 121 Alloy 22 H157 1227703264 N06022 05T5 (Page 7 of 13)}R O 29 -30 2 2 O 

ASPOO3-97-06.10156 K926 1227743203 A5.14 ER NiCM TRW0029Pg-O3-242L ScO-1 

DCB 122 Alloy 22 HIS7 1227703264 N,06022 83575 (Page 7 o26f3) (pegs 1 of I) P039313954 
TRW002-99-03-05242L SOC-I 

ASPOO3-97-06-10156 K926 1227743263 A5.14 ER NiCrMo-IO (Page 1 of 1) PON 1313954 
(ce P3 Alloy 22 P157 1227703264 N06022 P575 (page 7 of 13) 

-ASP0.97.06.10i56 TRWO02.--03-05242L SOC-I 

OCA 123 Alloy 22 HO157 1227703264 N06022 6575 (Page 7 f 13) K926 1227743263 AS.14 ER NiCrMo-I0 (Page I of l) PON 3 13954 

I -ASPO03.97-06-10 166 TAW002-99-03-05242L SOC-1 
DCB 124 Alloy 22 14157 1227703264 N06022 B575 (Page 7 ot 13) K928 1227743263 A5.14 ER NI~rMo-iO (Pe I oi) P03313054 

ASP003.97-06-10156 Logo I227743128 AS.14 ER NTCrMo-I0 TRW .OO -03-052421 SOC-I 

DCB 125 Alloy 22 H117 1227703264 N06022 8575 (Page 7 of 13) (Page I of l) PON 6313954 

ASP003-97-06-10156 TRWO02-9o-03905242L SOC-1 

0GP 126 Alloy 22 HIS5 1227703264 N06022 K575 (Paeg 70f13) K926 1227743283 AS.14 ER NICrMo-I0 (Page l olfl) PON 0313954 

ASP003-97-06-10156 4 RN~~-0 TRWO02-99-03-05242L SOC-I 
0Ce 128 Alloy 22 H4157 1227703264 406022 6575 (Page 7 of 13) K926 1227743263 A5.1 (Page loll) P0N5013954 

ASP003-97-06-10156 TRW002-99-03-05242L SOC-I 

DCS 123 Alloy 22 H157 1227703264 N06022 B573 (Page 7 o0 13) K926 1227743263 A5.14 ER NICtMo-lO (Page l oll ) PO 3313954 

ASPO03-97-06-10156 TAWOO2-97-03-052421 SOC-I 

DCB 132 Alloy 22 HIS7 1227703264 N06022 8575 (Page 7 of 13) K926 1227743263 AS.14 ER Nl~rMo- (Page l oll ) PON 8313954 

-TAW 
oo2-99-03-05242L SOC-I 

3575 ASP003-97-06-10156 K926 1227743263 AS.14 ER NlCrMo-10 (Pegs olf ) PO 8313954 
OCB 128 Alloy 22 H157 1227703264 N06022 (Page 7 o0 13) 

A TRAW002-99-03-05242L SOC-B 

ASP013-97-06-B5 Ay6 K926 1227743263 AS.14 ER NiCrMo-10 (Page I of 1) PON 9313954 

OCB 158 Alloy 22 H157 1227703264 N06022 B575 (Page 7 of 13) 

ASP003-97-06-10156 ASPK43-97-054.9164 SOC-R & SOC-IA 

0cB 159 Alloy 22 H157 1227703264 N06022 (576 (Page 7 of 13) L098 1227743142 A5.14 ER NICrMo-tO (Pegs I of l) PON 9313954 

IASPO03-97-06O6 K2 2. N .O TRW002-99-03-05242L SOC-I 
AS03.70.116 o8 122!41420 A5.14 Etr NIBIMo-tO (Page l oll) P019 313954

OCB 160 Alloy22 

0CB 161 Alloy 22 

0CB 162 Alloy 22 

0CB 164 •2

H157 g,,77fl~t2A N 06022 B575
I~ ~ ~ ~~~~~~rg I w 1 .U3O1tI4A I@V' tCVA

N06022 8575 ASP003-97-06-10156 lPan.?• nI IAI L098 1227743142 AS.14 ER NiCrMo-lO (Page I of 1)

1227426 1 12250324 ERg aIfol -. (Pgs011,P1913
UIfT?

U U

1927703264 N06022

1227703264 N06022

9575

8575

TI Y rlflft q A ~A•I_ 1 7

AS ge?3,9T-06 101 
WPage 7-•

K926

K928 1227743263 AS.t4 ER NICrMo.10 (PageI of l. ,

PON 0313954

F

PON 8313954

POPl 63139541227743263 A5. 14 "R r14s.,Mu., 1 ( Psge I of 1)K926

PON 83139S41227743263 1A5.14 ER N1CfMo-1O (Pogo I of 1)AS O3-97-08- 101.5e 
.Dn .,nf 1-"41

H157
w



Specimen Co, sition Summary
Pa , ofj " 

a ¶CIh1_

___ - _________ . t r I Weld FIller

Specimen ID 

DCB 165 

OC8 167 

oCe 168 

DEA 002 

DEA 003 

OEA 004 

OEA 005 

OEA 006 

DEA 007 

DEA 008 

DEA 009 

OEA 010 

DEA 0t 

DEA 012 

DEA 013 

DEA 014 

OEA015 

OEA 016 

DEA017 

DEA 019 

DEA 020 

DEA 021 

DEA 022

Base 

MSC 
Nun

Metal 
, Lot

Base Metal Mill 
Heat Number

UNS Numbel ASTM Bass Metal Independent Teat
Report NumberSpecification

Weld Filler 
MSC Lot 
Number

Weld Filler MiII AWS Specification 
Heat NumberAlloy Trade 

Name 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

AJoy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22

ASP003-97-06- 10156 N/A
1227026 N0602

Weld Filler Independent Teo$ Statement of 
Report Number Conformity

I~~ _ I I f( .  AS0305247.08-1015
H157 

I.t1,7

t�77fli��i I N06022 B575 K926 1227743263 A5.14 ER NiCrMo*I0 RW0299 -
(Page I of 1)

(Pag 7r~~u.~ of 13 1 1
1227703264 N06022 6575

ASP003.97-06-10156
K926 1227743263 A5.14 ER NICFMo-lO (Page I of 1)

I - - 1I- I AQOalfl1.a7.nl;.nl~t~ad ROC•.l E OC.lA AP 0-7f0 1015

H157 

K932 

K932 

K932 

K932 

K932 

K932 

K932 

K932 

K932 

K932 

K932 

K932 

K932 

K932 

K932 

K932 

1(932 

K932 

K(932 

K(932

1t1977nll9RA N06022

122 

122 

122 

122 

122 

12: 

12 

12 

12 

12 

12 

12 

12 

12

977Rfln1fl tNfl622

6575 L098 1227743142 A5.14 ER NiCrMo-10 (Page I of 1) PON 8313954

3 904 PON 13500447

(P yuu....__age __,,_, SOC,4 

7783203 N06022 B575 ASP003-97-06- 101 56 N/A NIA NIA N/A P0O 8500447 

(Page 6 of 13) 
PON 0500447 

sac.' 
ASP003-g7.06-101t56 NIA N/A N/A NWA POlC 044 

27783203 N06022 0575 (Page 6 of 1 3)PO S 4 

ASPO03-97-06-it 056 IANANANASOC-4 27783203 N06022 8575 (Page 6 of15 N/A NIA N/A N/A PON 0500447 

SOC.4 

ASP•03-97-06-10156 N/A N/A NIA NIA POC 044 

27783203 N06022 B575 (Page 6 of 13) PON 8500447 

ASPOO3-97.06-0156 N/A SOC4 
27783203 N06022 0575 (Page 6 of 13) N/A N/A N/A PA009500447 

N06022 6575 ASPO03.97-06-01 56 N/A N/A N/A N/A P0O 850044? 
27823(Page 60of13) POO____ __ 500______7 

27783203 N06022 8575 (Page 6 of 13) PNS 4 
seC-' 

ASP003-97-06-t0156 N/A N/A N/A N/A PS03500447 

27783203 N06022 8575 (Page 6 ol 13) ,____PON ____4_ 

SOc-4 
ASP003-97-06-10156 N/A N/A NIA NIA P0O3500447 

(277g3203 N06022 1575 (Pegs 6 of 13) 

ASP003-97-06-1t01t56 NANANANASOC.4 
27783203 N06022 8575 (Page 6 eof135 N/A N/A N/A N/A PON 9500447 

27783203 N06022 6575 ASP003-97-06-10156 NIA N/A NIA NIA P0904 
(Page 6 of 13) 

PON_ 65M0447 

ASP003-97.06-10156 N/A N/A N/A N/A SOCP 4 

27783203 N06022 8575 8POge 0o 10A P03 9500447 

(Page 6 of 13) 
SOQ___ _______________ ASP003-97-06-10156 N/A N/A N/A NIA P O'04 27783203 N06022 8575 (Page 6o113) 

P_ 
_ 

8500447 

'27783203 N06022 9575 (Page 6 of 13) .../A POAN 0500447

1227783203 

1227783203 

1227783203 

1227783203 

1227783203 

1227783203

NflRfl99 8575 N/A PON 9500447

• .vv ... .... II(Pagel a e o3)..., 

ASP003-97-06-10156 N/A N/A N/A NIA P0904 
N06022 8575 (Page 6 of 13) POO_ 0500447 

ASP003.97-06-10156 NIA NIA N/A N/A P0O3500447 

N06022 0575 (Page 6 of 13) PON 6500441 
SOC.4 

ASP003-97-06-10156 N/A N/A N/A N/A P0O3500447 

N06022 8575 (Page 6 of 13) NIA N/A N/ANIAPO__5__0_4

N06022 8575 ASP003.97-06-10156 NIA NIA

I J 1 ICt
N06022 8575 ASP003-97-06 10156 N/A NIA

2 (P 6 of 13)

PON 8500447

PO3 8313954

POO 9313954

8575

P0 -C4 PON 0500447

N/A N/A

ASP003-g7-06-01056

ASPO03-97-06-10156

N/ANIA N/A

ASP003-97-06.10156 NIAN/A N/A

N/AN/A



Pa a

Specimen Composition Summary

Aad s LotaN Weld Filler Mill Af Weld Filler Independent Tern Statement oF 

Specimen ID Alloy Trade MSC Lot Base Metal Mill Numbe ASTM Beas Metal Independent Test MSCWeld Filler Ht N 

Name Number Heat Number Specification Report Number Number 

ASP003-97-06-10156 N/A N/A NIA NIA SOc.4 
DEA 023 Alloy 22 K932 1227783203 N06022 6575 (Page 6 of 13) PON3 0500447 

ASP003-97-06-10O156 NANIA NI. A NIA "ODEA 024 Alloy 22 K932 1227783203 N06022 0575 (Page 6 eo 13) N/A PAN 8500447 

7823 N62 855ASP003-97-06-1S0156 N/A NIA NIA NIA SOC-4 
DEA 025 Alloy 22 K932 122 (Page 6 eo 13) POO B500447 

SASP003-97-06-10156 SOC.4 
DEA 025 Alloy 22 K932 1227783203 N06022 8575 (Page 6 so 105 N/A N/A N/A N1A PON 9500447 

ASP003-97-06.10156 N/ASOC.4 
OEA 026 Alloy 22 K932 1227783203 N06022 8575 (Page 6 of 13) 0NA N/A NIA N/A PO 83500447 

"ASP003-7-06-10156 N/ANSOC.4 DEA 027 Alloy 22 K932 1227783203 N06022 6575 (PageS6o13) N/A N/A N/A N/A PON 0500447 

ASP003.97-06-1t0156 N/4 N/A N/A NIA sac.4 
DEA 032 Alloy 22 K932 1227783203 N06022 8575 (Page 6 so 13) ,NPONA 8500447 

" "ASP003.97.06.10156 NIA NIA N/A NIA .SOC-4 
(EA 033 Alloy 22 K932 1227783203 N06022 8575 (Page 6 of 13) POO 8510147 

ASP003-97-06-10156 NI / / I oll 5044 

DEA 034 Alloy 22 K932 1227783203 N06022 8575 (Page 6 of 13)N/NANANIPo S 4 IA3003-97-06-10156 NSoc.4 DEA 034 Alloy 22 1K932 1227783203 N06022 8575 (Page 6 of10) N/A N/A N/A N/A PON 0500447 
(Page 60of13) 7_____________ ___________ _______ 

A•PO3-9706-1156sac-4 

OEA 032 Alloy 22 K932 1227783203 N06022 B575 ASP003-97o06-10156 NIA N/A NIA N/A POOn 5800447 
(Page 80of13) _________ 

Alo 2 K3 27823 N62 55ASP003-97.O6-1O0156 N/A N/A N/A NIA PON At 5]12Y599 

DEA 203 Alloy 22 K932 1227783203 N06022 8575 ASP003-97-06-*1015 N/A NIA NA N/A P0 5500447.  

ASP003-97.06-10156 N/A N/A N/A N/A PONl AC342YS§B 
SEA 203 Alloy 22 K932 1227783203 N06022 8575 (Page 6 of 13) NAANAANA 0904 

ASP003-97-06-10156 NIA N/A N/A N/A PS0385Y44 
DEA 009 Alloy 22 1932 1227783203 N06022 8575 (Page 76 of 13) NPON A13S9 

ASPa03-97-06-101356 N/A ___ NAIA____ 

DEA 201 Alloy 22 K932 1227783203 N06022 8575 (Page 8 of 13) N/A N/A N/A N/A PON ,AS382Y139 

ASPO03.97-06.Il 56 N/A NIA N/A NIA PS0 A1S362YS99 
DEA 203 Alloy 22 1932 1227703203 N06022 8575 (Page 6 of t3) PN N/03A13,9 

ASP003-97-06-1016 N/ NI N/A Na/A S 1 

DWA 209 Alloy 22 HI57 1227703264 N06022 8575 (pageS 7 of t3) N/A N/A N/A N/A PON A3139a 4 

"ASPO03-97-06-10156 NIA NIA NIA NIA SOC.1 
DWA 001 Alloy 22 HI57 1227703264 N06022 B575 (Page 7 of 13) POO 0313904 

ASPO03.97"06-1I0156 qNIA N/A' NIA NIA SOC. 1 

DWA 002 Alloy 22 H157 1227703264 N06022 8575 (Page 7 of 13) PON/ B313954 
ASP03.97-O6- 10156 sac

OWA 003 Alloy 22 HIS? 1227703264 N06022 6575 (Page 701l13) N/A N/A N/A N/A P03 0313954 

WA04 Aly2 H17 22734 N002 57ASP003-97 -06-1 I 156 , N/A N/A N/A N/A P0ac- t5 
DW 0 lo 2 HS 27024 N62 55(Page 7 ot 13) ,__P______1____ 

DW 0 A..22 HS.127324.602 87 ASPO03,97-O6-I0156 N/A N/A N/A N/A POC- 3194 

DWA 006 Alloy 22 HIS? 1227703264 N06022 9575 (SPage 97-0el 13)WANA / N/A P 0313054 

I.*~~A,pJ.-a---, -uu S.,*. I OU

HiS? 1227703264 N06022 0575

________ I I --

(Page 7 V' 
,. /

N/A N/A

5 1

N/A N/A POOl 0313954DWA 031 ;..-..22



Specimen ID 

OWA 036 

OWA 041 

DWA 042 

OWA 043 

DWA 044 

OWA 045 

DWA 046 

DWA 07 1 

OWA 072 

DWA 073 

OWA 074 

DWA 075 

DWA 076 

DWA 077 

OWA 078 

OWA 079 

OWA 080 

DWA 0 1 

DWA 082 

DWA 101 

OWA 102 

DWA 106 

DWA III

Base Metal 
Alloy Trade MSC Lot 

Name Number 

Alloy 22 HIS7 

Alloy 22 HI57 

Alloy 22 HIS? 

Alloy 22 H157 

Alloy 22 HIS7 

Alloy 22 HIS7 

Alloy 22 H?57 

Alloy 22 H IS? 

Alloy 22 His? 

Alloy 22 H157 

Alloy 22 HI57 

Alloy 22 HIS? 

Alloy 22 HIS7 

Alloy 22 HIS? 

Alloy 22 HIS7 

Alloy 22 H157 

Alloy 22 HI57 

Alloy 22 H157 

Alloy 22 H157 

Alloy 22 HIS7 

Alloy 22 HIS? 

Alloy 22 H157 

Alloy 22 HIS?

BDae Metel M 
Heat Numbe 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

122770326.  

122770326 

122770326 

122770326 

122770326 

122770326 

122770326 

122770321 

122770324 

122770321 

122770321 

12277032 

12277032 

12277032 

12277032 

=2277032

UNl

Specimen Coh,.,sition Summary
Pat, it o -q

- r IlI l I~l~ I . . . ..... oJ_ n

US Numbe ASTM 
Specification

Base Metal Independent Test 
Report Number

MSC Lot 
Number

Weld Filler Mill 
Host Number AWS Specification Weld Fller Independent r oo Report Number

I Number ASP00*97-0' 10 ~,!IN/A NA N/
MflAfl9� iET.S N/A

...... ... I ~ (Page 7 of 13) N0A 0-2

NAfO22 6575
ASP003-97-06"t0t56 N/A

ill 

II 

r 

4 

4 

'4 

]4 

54 

4d

N06022 

N06022 

N06022 

N06022 

N06022 

N06022 

N06022 

N06022 

N06022

6575
ASP003-97-06- 10156 N/A NIA

________Page f 13) If1 N/ /

8575
ASP003-97-06 101t56 

(Page 7 of 13) 

ASPOO3-97-06- 10156

NIA NIA
I. _____ 4 4 t I �uu.I N/A

N/A N/A /IA

Conformity

POP 1313954

P0 v13 PON 8313954

PON 8313954

PO9 5313954

(Page 7 of 13) AOC-3 

ASP003-97-06-10156 N/A NIA N/A N/A P0O313954 

6575 (Page 7 of 13) SOC3 5 

ASP003-97-06-10 156  NIA N/A N/A N/A S 9395 
ASPOO3-97-06-10156 NIA N/A NIA N/A P0O8313954 8575 (Page 7 of 13) PO519 

SOC.' -57 ASPO03-97.06- 10156 N/A NIA NIA NIA P0O1313954 

8575 (Page 7 of 13) PON 0313954 
800.t 

ASPOO3.97-06- 10`156 NIA N/A NIA NIA POP 9313954 

8575 (Page 7 of 13) 

B575(Pg7o!3)''i.

8575 (Page 7 of 13) 11__IPO 334

6575
ASP003-97.06.10t 16 N/A NIA PON B313954

S.......Page 7 of 13) 

ASP003.97-06-10156 N/A N/A NIA N/A P0O313954 

64 N06022 8575 (Page 7 of 13) PON 13313954 
500-1 

ASPOO3-97-06- 10156 N/A NIA NIA NIA P0O9313954 

64 N06022 8575 (Page 7 of 13) P_ _ _313_54 

64 ND6022 6575 ASPO03-97"06-10156 NIA N/A N/A NIA 8OC11 

(Page 7 of 13) PON 8313954 

ASPOO3-97-06-0It5
6  N/A N/A N/A N/A P0O9313954 

64 N06022 0575 (Page 7 of 13) PON 8313954 

ASP003-97-06-10156 NIA N/A N/A NIA SOC-1 

64 N06022 8575 (Page 7 of 13) PON 9313954 

ASPOD3-g7.t0156 N/A NIA NIA NIA P0O8313954 
4(Page 7 95 73) 

6 __N06022 8(P 3.I

64 

64 

64 

'64 

064

N06022 

N06022

ASP003-97-06-10156 N/A N/A P0913 PON 8313954

I (P____[~ age~wJ 7 of 13) 1 1 tvC

6575

8575

ASP003-97-06-t015
6

ASP003-97-06-10156

N/A

NIA

NIA

NIA
NIA

____1 (Page_ 7 o 13) 1~, N0602 N/A N

JflRflO�

N406022

BS75
ASP003-97.06-10156 N/A

(Page 0 u ) -- tude, i

N002 8575uwu, I 1/ 1NPge7o13/A SC1

8575
ASP003.97-06,10156 NIA N/A

____--____ (raP j , of 13) L, _,

PON 8313954

PO098313954

PON 8313954

PO 8313954

..... (Page IIl 7 t 13) N06022.

N06022

N/ANIA

PON 6313954N/A NIAASP003.97-06-10156 NIA

NIA N/AN/A

N/AN/A

N/A NIA

N/A

NIANIA

NIANIARE7E

N/A N/A

N/A

N/ANIA N/A



Page - f 2Q
Specimen Composition Summary

UNS Number
Specimen ID) 

DWA 112 

DWA 113 

OWA 114 

OWA 115 

OWA 116 

DWA 118 

OWA 119 

DWA 121 

OWA 122 

OWA 141 

OWA 142 

OWA 143 

DWA 144 

OWA 151 

OWA 152 

DWA 164 

DWA 165 

OWA 169 

OWA 170 

OWA 171 

DWS 001 

DWB 002 

OWB 003

ASTM 
Specification

0575

lloy Trade 
Name 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

ANoy 22 

Aloy 22 

•"-22

Base Metal 
MSC Lot 
Number 

H 157 

H157 

H157 

HIS7 

HIS? 

HI 57 

H 157 

HIS? HiS? 

H1-57 

.HIS? 

HIS7 
H157 

1(932 

N157 

H157 

K932 

K932 

K932 

K932 

K932 

HiS7 

HIS? 

H157

Base Metli Mill 
Heat Number 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264 

1227703264

RKK

6675

Base Metal Independent Test 
Report Number 

ASP003.97-06-t0156 
(Page 7 of 13)

ASP003-97-06-10156 
(Page 7 of 13) 

ASP003-97-06-10156 
(Page 7 of 13) 

ASP003-97-06.10156 
(Page 7 of 13) 

ASP003.97-06-10156 
(Page 7 of 13)

N06022 

N06022 

N06022 

N06022 

N06022 

N06022 

N06022

ASPO03-97-06-10156

ASP003-97.06-10t56

Sletement 6w Wel Filler-
Weld Filter 

MSC Lot 
Number

NIA

N/A

Weld Filler Mlii 
Heat Number

NIA

N/A

AWS Specification

NIA

N82 (P...i'age o 13)io 05..5.  1N/1

Weld Filler Independent Test Report Number

•~1' v1 I" l u v - .  ___ ..... _

NIA N/A NIA N/A

L- -- ----
N/A NIA N/A N/A

I ....... .... i(age 7 of Q)__....  N06,___22 
____ Ii

Statement Of 
Conformity

PON 8313954

Po3 D313954

________ v- 4 -
N/A N/A N/A N/A

PO3-1 
Poo 10313954

_______ * I '.,-" 0I.I'�I

N/A N/A N/A NIA PON08313954

1__ _ _ 1 1II

N/A N/A N/A N/A

-I I I I I N/A
N/A N/A N/A

(Plage 7 of 13) 1
ASPO03-97-06"I0156

N/A

8575 

0575 

B575 

B575 

8575 

8575

ASP003-97-06"1015
6

NIA

NIA

N/A

NIA

N/A

POO 5313954

Po01 PONl 0330394

PON 8313954

PON 9313954
. .(Page 7 of t3 ) I I I

ASP003-97.06-1015 6
N/A N/A N/A POO B313954

(Page 7 of 13) I 
ASPO'3-97-06 80151 ASS P00-7-8105 NIA N/A NIA NAPOll 83139M 0575 (Page7 of 13) N "/-1N.  

8 I757
8575

ASP003.97-06-10156 N/A NIA N/A PON 9313954

__(Page 7 o ) N/A.
8575

ASP003-97-06- 10156 NIA NIA NIA PON 313954
1,10....2t(iage 7 of 13) _____ i I4 4 I t ftfl/.t

MflRfl�J2

4,If•flO

NO6022

NfIO•22

657'5
ASP003-97-06- 1056 N/A N/A

w_... . 1 q(Page o of 13) N06022 857/A

8575

8575.

ASP003.97.06.10156 NIA N/A

R576

N/A

1 T - -I - I SP O.7.0.05 f/ 13
ASP003-97.6- 0 156 N/A N/A

PON 6313954

PON 9313954

PO 6313954

PON 8313895

P 933 POPl S3359

... . w~(aggueo '" SOC-3 
ASP003-97-06- 10156 N/A N/A N/A NIA POe 9336950 

06022 8575 (Page 6 of 13) 

ASP003-97.06-10156 NIA NSOCl 3 

06022 8575 (Page N/A N/A N/)A PON 338959 
ASP003-97.06-t0156 NIA SOCP 3 

06022 8575 (Page 6,of 13) NA A N/A N/A P 939959 
06022 85o..75I

06022

9575

ASP003.97-06-10156 K928 1227743263 A5.14 ER NtCrMo 10 (Page I of t) PO039313954

(Page 710! of "13)"
ASP003-97-06-10156 

8-n- 9 I i1 K928 1227743263 A5.14 ER NiCrMo-10 (Page I of 1) POP 0313954

• ..... .. . trage o 1 v IllVYBO~~it;d9 ••

8575 ASPOO3-9746 -10156 
(Page 7 el "'1 K926 .1227743263 A5.14 ER NiCrMo-10 (Page I of 1)

1 .1 ______________ - _________________

PON 0313954

ASP003-97-06-1015
6

(Page 7 oe 13) , ,_I
_______I________________

N06022 

N06022 

N06022 

Nf",AO22

12277e3203 

1227783203 

1227783203 

1227783203 

1227783203 

1227703264 

1227703264 

1227703264

Nfl~fOf2

NI 

NI 

Ni 

N( 

N

NIA

N/A

NfA

IRKTK. N/A

NIA

NIA

NIANIA

N/A

N/A

N/A NIA

N/AN/At•Rn99

R•7•



Specimen Compusition Summary

W F e W Feetalt W eld Filler Independent Te s Statem ent of 

SAlly Trade B Metal oBte Metal Mill ASTM Base Metal Independent Test MSC Lt Weld Filler MillCo nf 

Specimen ID Name MSC L est Number UNS Number Specification Report Number Number Heat Number Report Number Conformity 

Number Number 

ASP0O3-97-06,10156 K926 1227743263 AT.4 ER NiCrMo10SOC 

OWB 004 Alloy 22 HIS7 1227703264 N06022 8575 (Page 7 of t 3) (Page l of l) PO 0313954 

ASP003-97-06 10156 AS.1TRW002.49-35242L SOCIP 
OWB 005 Alloy 22 HIl? 1227703264 N06022 8575 (Page 7 of 13). (Pagegs lo) P09 8313954 

1 -97-0.. . TRWO02-9-O03-05242L .SOC-I
K926 1227743263 A5.14 ER NiCrMo-10 (Peas ! el)I

Alloy 22 n(P , . . .age 70 011) (Page - I ,, ........... 12 7 03 N0•2

K926

K926

1227743263

1227743263

A5.14 ER NICrMo.10

A5.14 ER NiCrMo-IO

(Page I of 1)

(Page lo ll )
''- ....... ... (Page U o I ) I •rnl.orl.ll~ J r•.

ASPO03.97-06.10156

ASPOO3-97-06.10156

K926

K926

1227743263

1227743263

AS 14 ER NiCrMo.l0

AS.14 ER NICrMo-O0

TRW 9903
(Page I of 1)

(Page I ol 1)

___(Pag 7 o 3)
K926 1227743263

__I g I 1 VJ1UI~'
ASPO03.97-06-10156 

lOean 7 ml III K926

K928

1227743263

1227743283

AS.14 ER NiCvMo-lO

AS.14 ER NICfMo-IO

AS.14 ER NICfMo-18

(Page 1 o111

(Page I of l)

(Page I of I)

____I~~~ age"~''*f 13)t N06022JU7~

DWB O06 

DW8 031 

OWB 036 

DWe 041 

OWB 042 

DWB 043 

DWB 044 

OWe 045 

OWe 046 

DWB 072 

OWB 073 

OW8 074 

OWe 075 

DWB 076 

OWB 077 

OWB 079 

DWO 079 

oWB 080 

wOw 061 

OWB 082 

oWe 101

ASP003-97-06-10156

K926

K926

1227743263

1227743263

AS.14 ER NiCtMo-10

AS.14 ER NICrMo-l0

(aWge2-9I-03105242L (Page I of 11

(Page I of I)

227026 N06022 4~

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

Alloy 22 

!Alloy 22

K926 1227743263 AS.14 ER NiCrMo-10 (Page I of t)

PON 19313954

PON 8313954

PON 8313954

PO0 8313954

PO 8343954

PON 0313954.

POO 0313954

PON09313954

PON08313954

POO 0313954

PON0 313954

1_____ 1____________ 11 _________ I - - . I . 4,.on~.I22L 8OC.I
ASPO3.917- 0-10156 K926 1227743283 A5.14 ER NICrMo-I0 (Page lIl 1)

________ ~ ~ ~ ~ ~ (ag 7 of 13) 4III fShll~lfS~
ASP003-97-06-10156 

Ll~ai 7 nf 12"1 K926 1227743263 A5.14 ER NICrMo-10 (Page I of t)

POO 8313954

PO 83139•54

ASP003-97-06-10156 ITRW02-99-03.05242L 
SOC.l 

64 N06022 8575 P -(Page 7 13) K928'. 1227743263 AT.14 EA NlCrMo-IO (Page I ol) PO 0313954 

4 e•Ufl•f 13) 
fl42 I flJWSC

ASP003.97-06-10156 K926

_ _(ag P 7 f 13)l*

K926

1227743263

1227743263

AS. 14 ER NICrMo- tO

AS.4 ER NiCrMo-.0

(Page I of I)

(Page l of l)

PON0 313954

PON08313954

S....... •rll(P ge 7 Q o l ) * ,...  1 raWP•. r' •K I9 lrK.

ASP003-97-06"10`156

ASP003-976-106S8

K926

K926

1227743263

1227743263

A5.14 ER NICtMo-I.

AS.14 ER NiCfMo-1O

(Page l o 1)

(Page 7 0113) I N06022 8575 
- 242L SOC-I

pepae I of 1l

PO 0313954

PON1313954

-~ ~ ~ ~ ~~~pg j osfrw13J II)..  22~~ .11

ASPO03-97-06-10156 K926 1227743263 A5.14 ER NICrMo.flO (Page I of 1)

I H-J4J~~
ASP003-97-06-10156 K926 1227743263 AS.14 ER NiCrMo-10 (Pegs I of 1)

N06022 (page of 13) 
TRWO029903-05242L SOC-11

ASP003.97-06-10156 K926 1227743263 A5.14 ER NiCrMo.10 (Page 1 of I)

,__ _wv J -.... ruguO s'.Q I j 1 _ _ __ __ _". - "

POO 8313954

Poo 13313954

POO 8313954

LII �7 tI ?Tn7fl~R N0•6022

Page ,Of

1227703284

8575

N06022 1575

1 9277flIR4

I OO77fli�R4

N06022 8575

NO6022

HI-I7

HI57

HIS7 

H.115 7

H157 

HI57

ASPO03.97-06-10156

IgO07nl:Rd

8575

( ag __ 1 P 7 of 13) HIS7 1227703264 
TRW002.9"3.05242L SOC-1

N06022 B575

)3264122770 

12-770

N06022 8575

'3284

(P g 7I o•' "-.. .. •'• 'U O 
L~•h9.ahl.tK)J9 •.

N06022

ASP003.97.06-10156 
lPan. 7 fl I-'1

e575

1227703264 

1227703264

N06022

N06022

8575

ASP003-97.06-10156

H157 

I-II 7

ASPOO3.97-06-lOI56

�77fli2R4

6575

( ag 
-t H157 3264 P 7f 13) 

TRWO02-99-03-05242L SOC-1

ASP003-97-06 i0156 
lPani 7 ft 131I

N06022

1227703264

B575

N06022 0575

P( age7f 13) 
I - TRWO02-99-03-05242L SOC-1

N0602264 8575

N06022 8575

22N060

HI57 

H157 

HIS? 

HiSF 

HIS7 

H157 

HIS? 

HIS? 
HIS? 

HIS7

8575

122770321 

122770321 

12277032

1227703264 

1227703264' 

1227703264 

1227703284 

1227703264 

1227703264 

1227703264

22 8575

Nnldnfl2

ASP003.OY-06-10156 
''.-."J'47 %11

9575

13N0602 

N0602 

MORNS

22 6575

0575

9575ldritr199

A •POU(3"97 l-U •1U 1456

ASP003.97-06-10156

I

1
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Pag '.oSpecimen Composition Summary

Alloy Trade Base Metel Mill ASTM Base Metal Independent Test WeldcFiller Weld Filler MIll Weld FillerIIndependentr Test staemeCntof 

Specimen 10 Name Lot HaNubrUNS Number Specification Report Number MSC Lot HaNubr AWS Specification Report Number Cant @mtilly 
Name Number Heat NNber Number 

ASP003-97-06-10156 92TRWOO2.99.03-05242L SOC-I 
DWB 102 Alloy 22 HiS7 1227703264 N06022 8575 (Page 7 of 13) K926 1227743263 A5.14 ER NlCiMo-lO (Page I of I) PON 0313954 

ASP003-97-06-10156 TRW002-99-03-05242L SOC-I 

OWe III Alhoy 22 HIS? 1227703264 N06022 8575 (Page?7 of t 3) K(926 1227743263 A5.14 ER NiCrMo-10 (Page I of I) PON 9311395,4 

N62 055ASP0O3-97-06-10156 K2 127423 A.4ERNro10 TRWO02-99-03-05242L SOC-i DWB 112 Alloy 22 H157 1227703264 N06022 6575 (Page 7 of 13) (Page I of 1) POO 8313954 

WAlloy 22 H157 1227703264 N06022 8575 ASP003-97-06-10156 K926 1227743263 AS.T14 ER NiCrMo-O TRW002-99-03-05242L SOC-I 

OWO 112 (Page 7 ol 13) (Page I of 1) POO 8313954 

ASPOO3-97-06-10156 K928 1227743263 A5.14 ER NiCCMo10

OWB 113 Alloy 22 H157 1227703264 N06022 0575 (Page 7 of 13) (Page 1 of 1) PON 1313954 

ASP003-97-06-10156 K926 1227743263 A5.14 ER NiCsMo-I0 TRW0O2-99-03-05242L SOC1

OWBt 13 Alloy 22 HIS7 1227703264 N06022 8575 (Page7el 7 13) (Page I of f) PO 9313954 

5ASP03-97-06-10156 TRWO02-g9-03405242L SOC-I 

OWOIt Aloy22 1-157 1277026 N602 875(Page 70of13) K96 12736 S4E IoO(Page I of 1) P0N 8313954.  
ASP003-97-06-10156 K926 1227743263 A5.14 ER NICrMoTlO TaW002-99-03)05242L SOC-I5 

OWe 11 Alloy 22 HI57 1227703264 N06022 8575 (Page 7 of 13) (Page loft) PON9313954 

ASPO03-97-06-10156 K926 1227743263 A5.14 ER NICiMo-lO TRWO02-99.03-05242L SOC-I 

oWB III Alloy 22 HIS7 1227703264 N06022 8575 (Page 7 lof 13) (Page l of 1) PON 8313954 

ASPO03-97-06-10156 K928 1227743263 AS.14 ER NiCrMo-TO 

Owe 1t1 Alloy 22 H157 1227703264 N06022 8575 (Page 7 ol 13) (Page 1 of 1) PO 0313954 

ASPOO3-97-06-101532K463 A5.14 ER NICMo-0 TRW002-99-03-05242L SOC-1 
OWO 121 Alloy 22 HI?57 1227703264 N06022 8575 (Page 7 of 13) (Page I of 1) PON 9313954 

ASPO03-97-06-10156 K92r1743TRWO02-99-03-05242L SOC*i o 

oWe 122 Alloy 22 HIS7 1227703264 N06022 8575 (Page 7 of 13) K926 1227743263 ASl4 ER (Page l of t) PON 0313954 

' ASP3-97-06-10156 TRW0O2-99-03-05242L SOC-1 

OWe 141 Alloy 22 HIS7 1227703264 N06022 8575 (Page 7 of 13) K926 1227743263 AS.4 ER NlCfMo1 (Page I of 1) PON 8313954 

OWA 142 Alloy 22 HIS? 1227703264 N06022 8575 -K926 1227743263 AS.14 ER NiCrMo-l( ToW002f990-3-05242L SOC._ 
(Page 7 of 13) (Page I of l) PONl 0313954 

"ASP00397-06-10156 ATRWOO2-99-03"05242L SOC-I1 

OWe 141 Alloy 22 HIS7 1227703264 N06022 8575 (Page 7 0113) K 1227743283 (Page 1 of 1) PON93139M 

ASPO03-97-06-10156 Loge 1227743O2C A04 ER NiCrMo-t0 "TW023-OS24 8OO-I 

OWe 164 Alloy 22 H157 1227703264 N06022 6575 (Page 7 of 13) (Page l of l) PO 83138954 

ASP003-97-06-10156 K98 12277432 A5.14 ER NiCrMo-l0 ASP00,3-97-0-09164 SOC-3 

OWe 168 Alloy 22 1932 1227783203 N06022 9575 (Page 6 el 13) 098 12277432 A5,14 (Page I of I) PO 6333959 

W25L0 1227743142 A5.14 E NiMo-10 (Page SP lo7l) P030 8338959 
ASP003-97-6. 1015 L08 12734 5.4ERtIo1 ASPOO3-97-O5-09 164 O.

PON 8338959
OWE 00 

ECA 00

to

I1

1 '-I 1 If •1 5 " N/ NIA.

Ti Grade I,

ECA 002 TI Grade 12

-

l0

12

9N2966 R63400 8265 ASPni-7-6 106 N/A N/A

12 ___ (Pa 9 ofL- .13) 
' S039-5l15 

/ /

K957
R53400 0265 ASP ,97-O-10156 N/A N/A

Aflnv •7 K(932 1227783203 N06022 8575 IPanef7M-101561

PON 6313954

PO8 63113954

__N2___ IS 0 P agI I I3)r N/

BN2966 I83400 8265 ASP003-97-06-101 56 
IPlns a n Il~t

N/A N/A NIA

__-_- (Pae 9 o 13) A............... 50 N" N/A..

1K957 DN2966 R53400 B265 (Page 9r ,-
N/A N/A

I � ______

PO 89313954

PO P08313954

k

ECA 003 d

N/A NIA

ILl

1227743142 A5.14 ERH Nl~rMO-1U (ae 0ftLoge

NIAN/AKO•?

N/A N/A
RNg•R

N/A

ASP003.97-0-10156
ECA 004



Specimen Composition Summary
_________ _______r - T

ASTM 
Specllfcation

Base Metal Independent Teat 
Report Number

Weld Filler 
MSC Lot 
Number

Weld Filler Mill AWS Specification 
Heat Number S

Weld Filler Independent Teh! 
Report Number

_ _ _ _~ SOI _ _

0265
ASP003-97-06-10156 NIA N/A N/A NIA

K95 (v• g 9rt ofu 13)

8265
ASP003.97.06-10156 NIA N/A N/A NIA

I 
P( age of 13 7 B142966 

I SOC-2

Specimen ID 

ECA O05 

ECA 006 

ECA 031 

ECA 032 

ECA 033 

ECA 034 

ECA 035 

ECA 036 

ECA 061 

ECA 062 

ECA 063 

ECA 064 

ECA 065 

ECA 066 

ECA 067 

ECA 068 

ECA 069 

ECA 070 

ECA 071 

ECA 072 

ECA 091 

ECA 092 

ECA 093

Alloy Trade 
Name 

TI Grade 12 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

TI Grade 12 

Ti Grade 12 

Ti Grade 12 

TI Grade 12 

Ti Grade 12 

TI Grade 12 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

TI Grade 12 

Ti Grade 12 

TI Grade 12 

TI Grade 12 

Ti Grade 12 

TI Grade 12 

TI Grade 12 

TI Grade 12 

TI Grade 12 

Ti Grade 12

ASP003-97-06-10156
NIA N/A N/A

(Page 9 of 13)
ASP003-97-06"10156 N/A N/A N/A

N/A

N/A

(age K957 ON2966 9of 13

6265 ASP003-97-06 10156 N/A N/A N/A N/A

189 ) 13 ON2966 R53

6265
ASP003-97-06-1056 N/A N/A NIA NIA

______ 4 t(Pagu .o u 4 o 13I

B265
ASPO03.97-06-10156 N/A NIA N/A NIA

SN2966 (Page 9 of 13) P53400 B265 1 - --

0265
ASPO03-97-06-101 56 NIA NIA N/A NIA

K957 (iP_____ .zz... .. traege 9 of I 3) 
I .. . SOC-

0265 ASPOO3-97-06-10156 N/A N/A N/A

""(ag ...... f 1) g e

6265
ASP003-97-06"10156 N/A N/A N/A N/A

K957 (Plu •.....|-age 9 of !13) 
_ _ _ I.. . . . . S OC--

0265 ASPO03-97-06-10o156 
ID*•a 0,t4i1ll NIA NIA N/A

ag--- - -

0265
ASPOO3-97-06-10156 NIA NIA N/A N/A

Statement of 
Conformity

PON 1313954

PO 8B313954

PON 8313954

PO 9313954

POO 0313954

PON 6313954

POO B313954

PO 08313954

POO 6313954

PO 3313954

POO 8313954

0w-9 POOl 8313954

ag 1 -.- E P 9f 13) R53400 I -

8265
ASPO03-97-06-10156 N/A NIA N/A N/A

ON2966v (ag of 3l I~ •• R....400C.

9265
ASPO03-97-06-10158 N/A NIA N/A

I (age of 13 ON' 2966 A53400 9

B265
ASP0•3-97.06-10156 N/A NIA NIA NIA

I - I- -I -

8265
ASP003-97-06-1015

6

NIA N/A N/A N/A

....... .... (Page 9 of 1) .

B285
ASP003-97.06-10-56 NIA NIA N/A NIA

PO 03913954

PO 3313954

PO 13313954

POO 8313954

P68 8313954

(P......|age 9• of 13) .O ' 
ASP003.97-06-o0r56 NIA N/A N/A N/A O8092 

53400 8265 (Page 9 13)8313954 
S00-2 

ASPO03.97-06-10158 N/A N/A N/A N/A P03 9313954 

ASP003-97-06-10156  N/A N/A N/A N/A 800-2 R53400 265 (Page of 13)313954 

ASP003-97-06-t0156 N/A N/A N/A N/A SOC-2 
R53400 8265 (page 9 of 13)PO 135 

SOC-2 

R53400 9265 (Page 9 of 13) ____ ____ ___ __ ________ P08!9313954 

" S8O0.2 R53400 9265 ASP003.97.06-10156 N/A N/A N/A N/A PON 8313954 
(Page 9 of 13) .......

8265
ASP003-97-06.10156 N/A N/A NIA NIA P08313954

j~ ~ ~ ~ ~~( 9f 13)__I 1VOI~*~F IIJI- _ _ _

Base Metal 
MSC Lot 
Number 

Kn•7

goe Metal MiIl 
Hoes Number

UNS Number

8N2966

K95 7,

R53400

RN2966 R53400

R'ii4fl'BN2966 

RN21IR6

P age .o

R53400

aN•)aRR

Irnd~oRR

R53400

R51400

P�i4flO

RKidnn

0N2966 fIqd1AEl

0265

8265

nai�nn

BN2966 

BN2966

R53400

K957 

ItO•7

K957 

K957 

K957

K957

K957 

K957 

K957 

K957 

K957 

K957 

K957 

K957 

K957 

K957 

K957 

K957 

K957

R53400

R53400

A1J206R R53400

R53400BN2966 

8N2966 

0N2966 

BN2966 

8N2966 

0N2966 

8N2966 

8N2966 

8N2966

R53400

I•lK'ldtlrl

I

-MI•R

NIA

NIA



Page of~Specimen Composition Summary

WelWeld Filler Mill Weld Filler Independent Tell Statement of 
AlyTaeBese MaIi Base Metal Mill Uine Nube ASTM Blase Metal independent Teal MS Lot WedFle ilASSellaln Report Number Conformdty 

Specimen ID AlyTae MSC LtUSNmber MSC L eat Numberifcaio 
Name mbLot Heal Number Specilicatlon Report Number Number Number RWS NpmbrCnftmi 

Spa~lien ID Name Number Hme O

N 6 R6ASP003-97-0.56 
N/A NIA IA NASOC2 

ECA 094 Ti Grade 12 K957 B266 R300 B6 (Page 9 of 13) POlN 8313954,, 

ECA 094 Ti Grade 12 K(957 ON2966 R53400 B265 ASP0O3-97-06, 10156 N/A NIA N/A NIA P0991395 
.(Page 9 oW 13) 

PON____03__3__54_ 
ASP003.97-06-10156 N/A N/A NIA NIA SOC82 

ECA 096 Ti Grade 12 K957 BN2966 R53400 8265 (Page 9 of 13) P0O 8313954 

ASP003-97-06-10156 N/A N/A NIA NIA SOCt 2 

ECA 099 Ti Grade 12 K957 BN2966 R53400 0265 (Page 9 of 13) PON e313954 

ASP003-97.06.10156 NIA N/A N/A N/A SOC-2 

ECA 099 Ti Grade 1?2 K957 BN2966 R53400 B265 (Page 9 ol 13) POe 8313954 

ASPO03-97-06-10156 N/A NIA N/A NIA P0O1833954 
ECA 121 Ti Grade 12 Kg57 BN2966 f53400 8265 (Page 9 of 13) PON 0313954 

SOC-2 

ECA 102 T1 Grade 12 K(957 BN2966 R53400 6265 (SPage 97*of*13) N/A N/A NIA NIA P09 9313954 -- 25ASP003-97-06-101t56 N/A N/A NIA NIA POll 2 83 .5 

ECA 023 Ti Grade 12 K957 N2966 R53400 8(Page9ol 13) POC. 631354 

ASP003.97.06-10156 N/A NIA NIA NIA So 4 

ECA 121 Ti Grade 12 K957 BN2966 R53400 9265 (Page 9 o1 13) N/A 0313954 

SOC.2 

ECA 122 T1 Grade 12 1(K957 ON2966 953400 0265 ASP003-97-06-10156 N/A N/A N/A N/A P3335 
(Page 90of13) PON____ 

________ _________ 

ECA 12 T K957 9N2966 R53400 6265 ASP003-97-06-10156 NIA NIA NIA N/A PO833g54 
Ti Grade 12 (Page 9 of 13) PON 6313054 

825 ASP003-97-06-101 t56 NIA NIA NIA NIA POC 3195 

ECA US3 Ti Grade 12 K957 BN2966 R53400 825(Page 9.ol 13)PO 3M 

ASP003-97-06- 10156 SOC-2 

ECA 124 Ti Grade 12 K957 9142966 953400 9265 (Page 90of 13) N/A N/A NIA N/A PON 63139S4 ASP003-97.06. I0156 N/A NIA NIA NIA POe 3195 

ECA 130 Ti Grade 12 K957 BN2966 R53400 8265 (Page 9 of 13)PO 335 

SOC-2 

A957 6N2966 R53400 9265 ASP003-97-06.10156 N/A N/A NIA N/A P80 9313954 

ECA 12 TI Grade 12 (Page 9 0113) PO .....3__4 

ASP003-97-06-l0 t56 SOC-2 

ECA 129 Ti Grade 12 K957 9N2966 R53400 9265 (Page 9 of 13) NIANAPON 831304 

-- A1 SP003-97-06-iOS I~ 6NA / N/A SOC-2 

ECA 130 Ti Grade 12 K(957 BN2966 953400 6265 ASP0ge 97.0-113)NANA / / P~ 9313954 

EAt9 TGadt2 Ks BN96 R30 865(Page 9011 3) P______ __8_______54__ 

ECA 132 Ti Grade 12 K(957 BN2966 953400 9265 ASPOOe 97-o6 1035 N/A N/A N/A N/A P099 313954 

CA12 TGrd12 97 BN96 R40 25(Page g oW 13) P_________831_____954___ 

E A 57 T Gr d 12 1 9 78 29 653 062 5A SP O O3.97-06- t0 1t56 N /A N /A N /A N /A P 0l 3 t3 3954 
EC 5 iGrd 2 K 57 B 26 530 26(Page 9 ol 13) ......._______ _________ 

ACOI, A', O7A,..1.•.fl1S R .... SO(,•.2

ECA 158 TI Grade 12

ECA Is9 TIGrade 12

K957

K 

K

K957 

KOS? KgsE

mMgeRA R53400 8265 ,n~o .d 4Ma

_ ..... ..... I r(age o )I R534009 f3O39.0.05 SN2966

BN12966 R53400 0265 ASP003-O7-06-10!56 N/A NIA

( __Pa 9 ....

9142966 R53400 8265 ASP003-7-0O6-10156 NIA N/A

903of113)
lAIJOOAA R963400 0265 NIA

61,1296__ ( eg~ t R53400-6t056NA /

ON 

BN

2066

12966

R53400 8265 ASP003.9-06-101 56 NIA N/A

29_ _ (Pa 9 of 13 N
R53400

I l...............-'
0265

ASP003.97-06O.I0t 
(Pageaot""

N/A N/A

/ ____________ .1 ________________ I

Po0 8313954

PO 0313954

POO 8313954

L

TI Grade 12 

T; Grade 12 

T1 Grade 1 2

ECA I6G 

ECA 161 

ECA 162 

ECA 164
56 NIA •NIA

PONl 6~31394N/A N/AN/A

N/A PON 5313954NIA
957

NIANIA

N/A N/A PON 8313954ASP0-.7-06-101 56 NIA

NIAN/A



Specimen ID 

ECA 165 

ECA 167 

ECA 168 

ECO 001 

ECD Dot 

ECO 003 

ECO 004 

ECO 005 

ECO 006 

ECO 032 

ECO 061 

ECD 062 

ECD 063 

ECO 064 

ECO 065 

ECO 066 

ECD 067 

ECG 068 

ECO 069 

ECO 070 

ECO 071 

ECO 072 

ECD 091

8265'

Specimen Composition Summary Page, ,.•pt Q0 
_______S oi S g 0

ASTM 
Speclfication

Base Metal Independent Test 
Report Number

Weld Filler 
MSC Lot 
Number

Weld Filler Mill 
"Heat Number AWS Specification

Imb., __ _ I I I I i
ASP003-97-O6.10156 N/A

' [~ag 9 o F 3) SN29A B265

9265
ASP003-97-06-10156 N/A NIA

(Page 9 of 1)

Alloy Trade 

Name 

TI Grade 12 

Ti Grade 12 

Ti Grade 12 

TI Grade 12 

TI Grade 12 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

TI Grade 12 

TI Grade 12 

TI Grade 12 

Ti Grade 12

N/A N/A N/A

Weld Filler Independent Test 
Report Number

(Pae__•_ ) .1 fS.6 10 0,_
B265 ASP003-97-06- 10156 L025 AT7879

I ltmete
Statement of 
Conformity

PONt 3954

POO01313954

PON 6313954

PON 8313954

"K9 5 a (rage 9 of 13J) 
T......... 50......F PSOC32

9265 L025
S.... .. .. (Page 9 of 13) . ...  I I I F I I t

0265
ASP003-97-06-10156 L025 AT7879
400l.23

8265

8265

ASP003-97-06-10156 L025 AT7879 A5.16 ER TI-12

(Pg o ) f 13023
ASP003.97-06-10I56 L025 AT7879 AS.I6 ER TI-12

PON 0313954

PON0B313954

PON 8313954

ASP003-9'-0-10156 .aSOC-2 
AN2966 R53400 9265 APage 9 o0613) L025 AT7879 AS. 16 ER TI.12 5001.023F POO 8313954 

ON2966 R53400 8265 (Page 9 of 13) PON831311164 

ASP003-97-06-10156 L025 AT7879 A5.16 ER TI-12 5001.023F POl 8313954 
BN2966 R53400 B265 (Page 9 of 13) Poll 0313954 

800-2 

ASP003.97.06-10156 L025 AT7879 A5.16 ER TI-12 5001.023F Pe0B313954 
BN2966 R53400 6265 (Page 9 0f 13) PON 6313954 

90c.2 
5 ASP003-97.06-10156 L025 AT7879 AS.16 ER TI-12 5001.023F P0O 8313954 

ON2966 R53400 826 (Page 9 of 13) Pot 8313954 

ASP003:97.06-10156 L025 AT7879 AS. 16 ER TI- 12 S001.023F P0O 9313954 
SN2966 R53400 8265 (Page 9 of 13) ... 1 .PON 031354 

SOC-2 8N96 930 25ASP003-97.06-I0It56 1025 AT7879 AS. 16 ER T1-12 5001,023F P0ll 8313954 
BN96 R30 25(Page 9 of 13) ____________________ 

,,______ 
a'.-

0265
ASP003-97-06-10156 

I~tnn 0 ni 1Ifl L025 AT7879 AS.16 ER TI- 12 PON 8313954

' SOC-I 

8265 ASP003-97-06-10156 L025 AT7879 AS.16 ER TI-12 5001,023F POll313954 
R53400 (Page 9 or 13) POO 83111_5_ 

ASP003-97-06-10156 
SOC-2 

R53400 8265 (Page 9 of 13) L025 AT7879 AS. 16 ER T142 5001.023F POP 313954 
SOC-2 

9 65 ASPOO3-97.06-101 56  L025 AToTg9 A5.16 ER TI.12 5001.023F P0O 313954 

R53400 8 (Page 9 of 13) POO 6313954 

SOC-2 
3 65 ASP003-97-06-10t5 6  L025 AT7879 A5 16 ER TI- 12 5001 .023F PO18313954 

R53400 8265 (Page 9 of 13) POCN 031395 

SOC-2 
3400 8265 ASPa3-97-06 013 6  L025 T7879 AS.10 ER TI-12 5001.023F P019313954 (Page 9 of 13) 

R5n3400

A�R�
ASP003-97-06-01 56 L025 AT7879

w ... e•0 026

8265
ASP003-97-06-10156 ,n.•a O n tt L025 AT7879 AS,16 ER TI-12

POO 0313954

PON 8313954

( ag 9f 13)4

B2615 AP3a 97 0 0 L025
R53400 9 f 13 . 6265 (Pogo o )

NIA

ease M 
MSC I

etal 
Lot

Nu

Bile Metal MillI 
Heat Number

UNS Number

OARK957 

K957 

K957

R53400

BN2966 

BN2966 

A•MOARR

Ri�1ann

R53400 B265

R�iAfl(1BN2966 

DN2966 

BN2966 

D, MORA

R53 400

K957 

K957 

K957 

K957 

K957 

K957 

K957 

K957

A53400 

R6•400

TI Grade 12 K957 

TI Grade 12 K957 

Ti Grade 12 K957 

Ti Grade 12 K957 

TI Grade 12 K957 

Ti Grade 12 K957 

Ti Grade 12 K957 

TI Grade t2 K057 

TI Grade 12 1K95? 

TI Grade 12 K9s? 

TIGradel2 K957

R53400BN2966 

ON2966 

BN2966 

ON2966 
BN2N6 

ON2966 

DN2966 

ON2966 

8N2966

R534(nfl

I.
00

a~qurlW
BN2966

AS.,16 ER TI.12

5001,023F

POO B313954AS. 16 ER TI.,12 5001.023FAT7879

I

ASP003-97-06- 0156

NIA NIA

NIAN/A

NIA

5001.023FA5,16

PONl 0313934ASP003-97-06. I10156 5001.023FAT787g AS. 16

5001,023FA5.16

5001.02•3F

SMI.023F

500.023F

5001.023F



page .'tS-Ml LvPALSpecimen Composition Summary

T a se Mtetl B Metal Mill ASTM Dae Metal Independent Teat Weld Filler eld Filter Mill AWS Specification Weld Filler Independent Test Stalement of 
SpcienlllyMreta Heate NMbet Ml UNS Numbs, AHeats Mta INumber es MC 

Specimen ID Name MSCuLot Heat Number Specification ReportN Number Mbe Wead Number Report Number Conformity 

ASP003-97.06-10156 L025 07879 AS.16 ER TI-2 0.023F SOC.2 
ECO 092 Ti Grade 12 K957 BN2966 R153400 8265 (Page 9 of 13) PON 8313954 

1 SOC.? ASP003-97-06.101t56 O.  

ECO 093 TI Grade 12 K957 BN2966 R53400 6265 LPgo3 ) 1025 AT7879 A5.16 ER TI.12 S001.023F PO88313954 
(Page 9 of 13) .... PON_ 6313954 

EGO 094 Ti Grade 12 K957 8N2966 R53400 8265 (SPaegof39.6-05 105A13}BE T-?S0I0 PO0 9313954 

ASPOO3-97-06-10156 S0C-2 

ECO 095 Ti Grade 12 K957 BN2966 R53400 8265 (Page L el 13) 1025 A7 AS.16 ER T1I12 501.023F PO 0313954 

ECO 096 Ti Grade 12 K957 ON2966 R53400 6265 ASP003-97.06-*IO56 L025 AT7879 AS. 16 ER TI-12 5001.023F SOC.2 
CTG dK7N__02 (Page 9 of 13) PON 111131304 

EGO 096 Ti Grade 12 K957 BN2966 R53400 8265 ASP003-97-06.10156 L025 AT7879 ASAt6 ER TI.12 5001.023F SOC-2 

(Page 9 of 13) PON 8313954 

ECO 099 T1 Grade 12 K957 SN2966 R53400 6265 ASP003-97-06-10156 L025 AT7879 A5.16 ER TI-12 5001.023F 00395 (Page 901f13) POP 83113954_____ 

ECO 10t Tl~rade12 K957 6N2966 R153400 6265 (Page 9o113 105A739 A.6ERT.2.0l03 P030 313,954.  

ASP003-97-06-10156 L025 AT7879 AS. 16 ER TI. 12 5001.023F SOC-2 
ECO 102 Ti Grade 12 K957 BN2966 R53400 6265 (Page 9 of 13) POO 6313954 

ASPO03-97-06-10 156 SOC-2 
ECD 121 TI Grade 12 K957 BN2966 R53400 8265 (Page 9 of 13) 1025 ATBSg A5.16 ER TI-12 5001.023F PO 8313954 

EGO 122 Ti Grada 12 K957 BN2966 153400 B265 ASP003.97.06.19i56 L025 AT7679 AS.6 ER TI.12 S001.023F So 3-2 
ECD 123 TI Grade 12 K957 BN2966 R53400 8265 ASP003-97-06-10156 L025 AT7879 A5.16 ER Ti-I2 5001.023F PO 8313954 

ASP003-97-06-10156 SOC.2 

ECD 122 Ti Grade 12 K957 ON2966 R53400 9265 (pag025 7879 A5. ER Ti-I? 5001.023F PON 8313954 

ASP003-97-06-10156 L025 A17879 AS. 16ER TI- 12 WO01.023F SOC-2 

ECO 123 Ti Grade 12 K957 BN296 R53400 0265 (Page 90 o 13) POP_ 0313954 

EGO 124 Ti Grade 12 K957 6N2966 n53400 8265 ASP003-97.06.10156 L025 AT7879 AS.16 ER TI-12 500i.023F socP , 
EC 15 IGrdet2 K57 BN56 5300 825(Page 9 of t3) PONl 8313054 

ASP003.97-06.10156 L025 ASOC79 A5,16 ER TI-12 '5001.23F ,.2 
ECD 126 Ti Grade 12 K957 BN2966 RS3400 8265 (Page 9 ol 13) POO 6303954 

"'ASP003-97-06-101t56 L2 T89 A.1ERT-25003FSOC-2= .  

ECD 128 Ti Grade 12 K957 8N2966 R53400 8265 (Pageo3 102 AT79 AS.16 ER T1-12 5001,023F POO 18313954 

ASP003.97.06-10156 SOC.2 

ECD 129 Ti Grade 12 K957 SN2966 R153400 6265 (Page 9 of 13) L025 AT7879 AS,6 ER Ti1.2 S01,023F PO 9313954 
ASP0'03.97-0-0. 0 25 A 79 A.1 EA TO 12 501623 -O-"2 

ECO 130 TI Grade 12 K957 BN2966 R53400 8265 (PageS 9 of 13) 1025 AT7879 A5.16 ER T1.12 500.O23F PO 13313954 

• ASP003.97-06- 10156 SOC.? 

ECO 132 Ti Grade 12 K957 BN2966 R53400 8265 (Page 9 of 13) L025 AT707g AS.16 ER T0.12 500l.023F P038313954 

ASP•03.97-06-10156 L025 AS"8B9 A5.16 ER TI- 12 5001.023F 8OC.2 

ECD 157 TI Grad0 12 K957 ON2966 R53400 9265 (Page 9 of 13) PC4 S3139ý4 
ASP003-97-06-10156 L025 ArT?879 AS. 16 ER TI. 12 5001.023F SOC.2 

ECO 158 Ti Grade 12 K957 BN2966 R53400 8265 (Pogo 9 of 03), POO 0313954 

ASP003.97.06.10156 L025 ATS879 AS.t6 ER T1.t2 5001.023F 8OC.2 

EGO 159 Ti Grade 12 K957 BN2966 R5400 9265 (Page 9 of 13) POE 0313954 

I ASPOO3-97-06-10156 ... . .. C,, ,,, * SOG-2
8265

- .1 1 __________________ -

12 K957 9N2966 R53400 (Page 9 e/
}

LUZ•) AI1I787 AD•. t o lt 1 ;,/uvl.g£Jr -PON. 8313954



Specimen Col.. sition Summary
Pag,

____ - ,- r I I f 
Weld Filler Weld Filler MIII Weld Filter Independent Teat Statement of

ASTM 
Specification

Base Metal Independent Teat 
Report Number

Weld Fillet 
MSC Lot 
Number

Weld Filler Mill 
Heat Number AWS Specification

Weld Filler Independent Test 
Report Number

Staoement of 
Conformity

F njII A III I I SC 10253706-1156 SOCI .- 2

6265

Specimen ID 

ECD 161 

ECD 162 

ECD 164 

ECD 165 

ECD 167 

ECD 168 

EWA 001 

EWA 002 

EWA 003 

EWA 004 

EWA 005 

EWA 006 

EWA 031 

EWA 036 

EWA 041 

EWA 042 

EWA 043 

EWA 044 

EWA 045 

EWA 046 

EWA 071 

EWA 072 

EWA 073

Alloy Trade 

Name 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

TI Grade 12 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

TI Grade 12 

Ti Grade 12 

T1 Grade 12 

TI Grade 12 

Ti Grade 12 

Ti Grade 12 

TI Grade 12 

TI Grade 12 

TI Grade 12 

TI Grade 12 

Ti Grade 12

8265

ASP003-g97'0"10
1

56

(SPage9.60 56) 105AN296616E T.2 01 03 P013135
ASP003-97.06-10156

L025 PON01313954

•' 0• • Y''•'SOC-2 
ASP003 97.06-10156 L025 AT7879 A5.16 ER TI-12 500t.023F P080313954 

n•wo o2s (Page 9 o113) ..... 03139 

ASPOOI 97 06 10156 SOC.2 
M51400 (Page 1 f13025 AT7879 A5.16 ERTI-12 500I.023F POO 8313954 

ASPOO3 97 061015t L025 AT7879 AS,16 ER TI-12 5001.023F P0OI313954 
1534065 (Page 9 of 13) PON 8313934 

ASP00.3-97-06-10156 NAIASOC-2 

00 ASP003-97-06.10 156 N/A N/A NA N/A PON 8313954 653400 B265 (Page 9 of 13) 

N/A I/ 
/

K957 

K957 

K957 

K957 

K957 

K957 

K957 

=K957 

K957 

K957 

K957 

K957 

K957 

K957 

K957 

1957 

K957 

K957 

K957 

K957 

K957 

K957

N/A PON 0313954

I SOC., 
ASP003-97-06-t0156 NIA NIA N/A N/A PON 9313954 153400 6265 (Page 9 of 13) 

- ASP003-97-0610156 NIA NIA NIA N/A P0O 9313954 

N53400 265 (Page 9 of 13)NN

BN2966 

BN2966 

RN2966 

SN2966 

BN2966 

ON2966 

BN2966 

BN2966 

BN2966 

6N2966 

BN2966

6265

8265

ASPO03-97-06-10156 N/A

6265
ASP003-97-06-10156 N/A

_(ag o~ )" 44 f/ 1/ / /
ASP003.97.06-10156

_(Page 9 o ) R53400706 115

6265

PON 8313954

PON 8313954

PON 6313954

uu ...... t(Page 9 oI 13) 
ASP003-97-06.10156 N/A N/A N/A NIA SOC12 

966 R53400 0265 (Page 9 of 13) NOA 0313954 
SOC-2 

ASP003-97-.0-10156 N/A N/A N/A N/A O 9313954 

968 R53400 8265 (Page 9 of 13) NIA 

ASP003-97-06-10158 ASOC-2 

966 R53400 6265 (Page 9 of 13) NIA NIA N/A N/A PON 8313954 

ASP003-97-06- 10156 N/A N/A NIA N/A SOC12 

966 853400 6265 (Page 9 o113) /O/ 0313954 

ASPO03-97-06.10156 NIA NIA NA NIA2 

966 R53400 8265 (Page 9 of 13) PONP B313954 

SOC., 
"6 R53400 8265 ASPO03.97.06-10156 N/A N/A NIA NIA PON 6313954 

(Page 9 of 13) 1 SOC., 

ASP003-97-06-10156 N/A N/A N/A N/A P0O8313954 

'966 653400 8265 (Page & of 13) N// 0313954 

SASP003-97-06-10156 NIA NIA N/A NPOA 313954 
"6 R2 (Page of 13)8

B295" J I �.....trage 9oI Jof ..... 1 1

Base Metal Mill 
Heat Number

UNS Number

653400

R53400

R53400

BN2966 

AN9grR

___________e(age __ __ _ 44 9of N/A

153400

B265

ASP003-97-06.10156

I ______ 1 11 tg 1T89 A.6E T-250 03

R 

R 

R 

R 

R

see Metal 

MSC Lot

Number

8265

53 400

153400 

R63400

RRi4flO

.966
•'afi~m POO 0313954ASP003.97-06-10158 NIANIA NIA NIA

POO B313954/Dana Q •f 1'111 SWIJ.u23FAT"7079 AS. 16 ERH T142L025

R A5.16 EA T1-12 5001.023FATT879

PONl B3139545001.023FAT7879 A5.16 ER Tt- 12L025

NIA N/AN/A

NIA N/ANIA

N/AN/A N/A

N/AN/A N/ANIA

PONl 63139S4ASP003-97-06-10156RRON29 

SN29 

BN2g 

BN2• 

BN2• 

ON2t 

ON2 

BN2 

aN2 

BN22

NIAN/A N/AN/A



Page-.-7jo. kSpecimen Composition Summaiy

0000 etalWeld Filler 

Base Metal Bale Metal Mill UNS Number ASTM Base Metal Independent Teat WWld Filler Mill AWS Specification Weld Filler Independent Test Statement of 
pemeIDAlloy Trade MSC Lot UN Nm.MSC Lot Weeld Filler MI W pclcto Report Number Conformity 

Name Host Number Specification Report Number Heat Number 

Number Number 

ASP003-97-06-10156 N/A N/A N/A N/A SOC82 

EWA 074 T1 Grade 12 K957 BN2966 R53400 6285 (Page 9 of 13) PON N31N95/ 
ASP03-9706-I 016 N/ NI NIANIASOC.2 

EWA 075 T1 Grade 12 K957 BN2966 R53400 6285 ASP3ge7-0610156 NIA N9A N/A N/A . PO313954 

(Page 901 13) PON____ 8313954______________ 

ASP003-97-06-10156 
SOC-2 

EWA 076 Ti Grade 12 K(957 ON2966 F153400 8265 (Page go 013) NIA N/A N/A N/A PON 0313954 

ASP00-97-0AW56SOC.2 
EWA 077 Ti Grade 12 K957 BN2966 R53400 6265 (Page 9 of 13) N/A NIA NIA NIA PO 0313954 

SOC-2 
ASP003-9?-06-101 56 NIA N/A NIA NIAPt 395 

EWA 076 Ti Grade 12 K957 BN2966 R53400 6265 Page ,9 of 13) PON 8313954 ASP003-97-06-AO1 56 N/A N/A N/A N/A POC 3195 

EWA 07_ Ti Grade 12 Kg57 BN2966 R53400 0265 (Page 9 of 13) PON 8213954 SOC .2 

AS P003-97 -06.10156 NAIAN/A N/A POe -295 EWA 079 Ti Grade 12 K957 BN2966 R153400 B265 (Page 9 of 1 3)A N/A N POe 9313954 
S~SOC-2 

"A ASP003-97.06.10156 N/A N/A N/A N/A P0OI313954 
EWA 081 Ti Grade 12 K957 BN2966 R53400 e285 (Page 9 ol 13) PON 0313954 

A957 ON2966 A53400 8285 ASP003-97-06-10156 N/A N/A N/A N/A SOC12 
EWA 092 Ti Grade 12 (Page 9 of 13) POO 8313954 

ASP003-97-06-il 056 NIA NIA NIA NIA SOC.2 

EWA 108 T1 Grade Ii2 K957 BN2966 R53400 B265 (Page 9 of 13) PON B313954 
SOC-2 

EWA 02 Ti Grade 12 K957 BN2966 153400 8265 ASP003-97-06-l0156 NIA NIA N/A NIA POO B313954 

ASP003-97-06-10 156 NANAIA/ASOC*2 EWA 106 TV Grade 12 K957 BN2966 R53400 8265 (Page 9 of 13) 1 PO 63-2S 
ASP003-97.06-10156 N/A NIA N/A NIA P0OC313954 

EWA 107 Ti Grade 12 K957 BN2966 R53400 8265 (Page 9 of 13) PONB3_3__4 

ASPO03-97-06- I0156 NI IANA / . D-, 2 

EWA 102 Ti Grade 12 K957 BN2966 R53400 6265 (Page 9 of 13) N/A NIA N/A N/A POE 8313954 

I--ASP,003.9?.06-1l0156 NIA NIA NIA NIA SOC.2 

EWA 112 Ti Grade 12 K957 ON2966 R53400 8285 (Page 9 of 13) PON 5313954 

ASPO03.97-06-10156 NIA N/A N/A NIA SOC,2 

EWA 113 TI Grade 12 K957 BN2966 R53400 8265 (Page 9of 13) PON 0313954 

ASP003-9?-06-1l0156 NI I I f OC-2 

EWA 117 TI Grade 12 K957 ON2966 1153400 8265 (Page 9 of 13) N/A NIA N/A N/A PON 8313954 

ASP003-97-06-101 56 SOC-2

EWA 115 TI Grade 12 K957 BN2966 R53400 B265 (Page 9 of 13) NIA NIA N/A N/A PON 8313954 

ASP003.97-06-10156 NIA N/A N/A N/A P0 139 EWA I14 Ti Grade 12 K(957 8N2966 1153400 8285 (Page 90of13) PO______8___________ 

WA13 TGrd12 197 826 1530 825ASP003.97-06-10156 N/A N/A N/A N/A P0981-95 

EWA 114 TI Grade 12 K(957 BN2966 R153400 6265 (SPOO 97.e6.103) N/./A.A / P099313954 

EA(age 90113)a' .r__.___n_ __r___.... _.,.._____,'1

EWA 116 TIGrade 12

EWA III TI Grade 12

EWA 110 

EWA 119 

EWA 120

Tl Grade 12 

Ti Grade 12

Tit-i 12

Ko�7 BN2966 R53400 8265 ID.rwmOMwI%

___(Pag 9 0113) KS9577.6105 N/N296A

K957 

I'oK7

K957

K957

ANMOM

AN2966

R53400 8265 N/A N/A

AN2S6P(O3age of.1316 R63400

R53400 8268 ASP0a3-97-06a10166 N/A N/A

K95 ge_____ I. . of 13)
flUaOAR R53400 8265 N/A N/A

PON 8313954

POO B313954

POO 0313954

___ _ _ . .A I3400n,(Sogo3-o70)01 9/ f 13

BN2966 0265
ASP03-g97-06-10t 56 

(Psg •--
NIA NIA

I _______________ I

PON 8313954

NIA POO 0313|)54NIAN/A NIA

N/A N/AASP003-97.O6-1!0156

N/AN/A

I NIA N/AASP003-97-06.10150

NIAN/A

r



Specimen Cor,position Summary
Pagb

Alloy Tride as@ Metal Base Metal Mill Nb ASTM ease Mel Independent Test Weld Filler Weld Filler Mill AWS plicatlon Weld Filler Independent Teoo Statement. o 
Specimen ID ame MSC Lot Heat Number un S specication Report Number MSC Lot Heat Number Report Number Conformity 

Name Number N Number 

EWA 121 Ti Grade 12 K(957 SN2966 953400 8265 ASP003-97-06-10156 NIA N/A NIA N/A P0181395 
_______ (Page 9 al 13) PON______ 0313______5___ 

AS P003-97-06- 0 56 SOC-2 
EWA 122 TI Grade 12 K957 BN2966 R53400 B265 (Page 9 el 13) N/A N/A N/A N/A PON 9313954 

ASP003-97.06-1t0156 N/A N/A NIA NIA POCl 3195 
EWA 141 Ti Grade 12 K957 BN2966 R53400 B265 (Page 9 of 13) ..... I31395 

'ASP003-97-06-10156 SOC-2 

EWA 141 Ti Grade 12 K957 BN2966 R53400 8265 (Page 9 ofl13) N/A N/A N/A N/A PON 8313954 

ASP003-9706-056 NAANPSOC 5 
EWA 142 Ti Grade 12 K957 BN2966 R53400 9265 (PageS 9 of 13) N/A N/A N/A N/A P03)313034 

EWA 143 Ti Grade 12 K957 ON2966 R53400 8265 ASPO03-97-06-10158 NIA N/A NIA N/A sP c.3 
(Page 9 0113) PON 8313954 

ASP003-97-06-10t NI SOC-2 

EWA 144 Ti Grade 12 K957 BN2966 953400 8265 (Page 9 of 13) N/A N/A N/A N/A P0O 8313054 

EWA 152 Ti Grade 12 K957 ON2966 R53400 8265 ASP003-97-06.10156 NIA N/A N/A N/A P8395 
(Page 9 of 13) POO_ 8303954 

ASPOO3-97-06. t0156 N/A NIA N/A N/A .SOC-? 

EWA 164 Ti Grade 12 H427 T-5465 R53400 B265 (Page 8 of 13) POO 8338954 EWA 15 Ti Grade 12 K427 T-5465 R53400 6265 ASP003-97-06- 10156 N/A N/A NIA NIA Sac.3 
(Page 9 ol 13) POO 83389S9 

EWA '64 Ti Grade 12 H427 T-5465 953400 6265 ASP003-97-06-10156 N/A N/A N/A N/A SOCP 3 

(Page 8 of 13) " PONl 6=3_g95 

AS P003-97.06. 101t56 NAW I I a

EWA 169 Ti Grade 12 H427 T.5465 A53400 6265 N/P3 -A N/A N/A N/A SOCB3 

I______ (Page Sol 13) 
PON____ P0=8 959 EWA 188 T427 T5465 953400 6265 ASPOO3.97-06,10156 N/A N/A N/A N/A SOCP 3 

Ti Grade 12 (Page 8 ol 13) PON_ B338959 
ASPOO3.97.06- t0156 S0C-3 

EWA 176 Ti Grade 12 H427 T-5465 R53400 6265 (Page 8 P i33) N/A N/A N/A N/A Pal 3 

AsPag3.97.6.o56 N/A N/A N/A N/A PO833,959 

EWA 017 TIn Grade 12 K4427 TN2965 R53400 8265 (SPage7-6105 LSot 13)87 ASAB ERTI-12 001.02F __ 

SOC.3 

EWA 17( Ti Grade 12 1427 T.5465 953400 6285 (Peo9 N// P09 9338959 
5ASPa0e3-97.06- 156 L02S AT7679 AS. 16 ER TI-12 S00t.O23F SOC-2 

EWD 002 In Grade 12 K N296 53400 (Page 9 of 13) PON 83C3954 

ASP003-97-06-10156 02S A89 AS ERT-1200.3FSOC,2 
EWD 001 Ti Grade 12 K957 BN2966 R53400 8265 (PageS 9 of 135 L025 AT7879 A5.1 ER TI-3I) W01l023F PO9 9313954 

SOC-2 

EWD 002 Ti Grade 12 K957 ON2966 953400 6265 (SPage 9 of t3)56L025 AT7879 ASIC ER TI-12 5001.023F POO81313954 
ASP003-97-06-1t01t56 L025 AT7879 A5. 16 ER TI- 12 5001t.023F PalB3t 95 

WD03 Ttrdet2 KS N66 R30 B25(Page 90e113) ...... _______________________.,_____ 

EWD 003 TI Grade 12 K957 8N2966 953400 8265 (Page g of 13) 12PONE R313954 

EW 0 iGae1 (97 826 540 66 ASP003.97-06- I0156 1025 AT7879 A 5.1 E R TiI- 1 SO01,023F P0OC1395 

EWO 006 TI Grade 12 K957 ON2966 R53400 B265 (Page 9 of 13) 5001.023F PO9 8313954 
SASP003-97-06-10156 L025 AT7879 A5.16 ER Ti-12 ?SOC2 

Ewe00 TIGrde 2 95 BN96 R540 B85 Pae09of13 P0l B313954

PON 13139S4

KOS?_ We a--- 9 of... t tt
1 fl�.OS 19 KflS7 6N2966 R 53400 8285 ASiPn-9 7.Uo- 1u1 L025

_.... 1 4 1..7L ..  I. . . . . Aa. ER Tf1 .1.~~50 102N93F530

KOS? N2966 R53400 8265 IPage 9 of 13) L025

I1

K(957 BN266 R53400 6265 iPna- 91ot 131

PON 8313954

________ I � . - A _________ .1 __________ .& - ___________________

eIA/r% 'A" I TflrnshsI2
.S5001.023FL025 AT7879 A5.10 ER T1-12

CVV• v•=

AT7879 A5.16 ER TI-12 5001.023F
EWD 036 

EWD 041t Tl Grade 12
AT`7879 AS. 16 ER TI. 12 5=0t.023F

PON 831t3954



BN2966 R53400

Page fISpecimen Composition Summary

ieBe Metal Baae Metl Mill ASTM BSes Metal Independent Test Weld Filler Filler MiIc Weld Filler Independent Toe Statement Of 

Specimen ID Alloy re MSC Lot Healber UNS Number specification Report Number MSC Lot Heel Number Repor Nder confor 
Number Number 

ASP003-97-06-t_56 L025 AT7879 AS.16 ER Tl-12 W01,0231' SOC.2 
EWD 042 Ti Grade 12 K957 BN2966 R53400 8265, (Page 9 of 13) POO 6313954 

EWD 042 T1 Grade 12 K957 BN2966 R53400 8265 ASP003.97-06-10156 1025 AT7879 A5.16 ER TI-12 5 . 1.023F Poe 3195 
(Page 9 of13) PON____ 6313954______________ 

ASPoo3.97-06- 10156 L025 A17879 A5.16 ER TI-012 56 .023F PO032 

EWO 043 TI Grade 12 K957 0N2966 R53400 8265 (Page 9 of 13) PON 833954 

ASPO03.97-06-10156 SOC.2 

EWO 044 TI Grade 12 K957 BN2966 n53400 I 265 (Page 9 of 13) 1025 A17879 A5.I6ERTI-12 5001.023F PO 8313954 

ASP003.97 06.10156 L025 AT7879 A5.16 ER TI-12 5001.023F SOC,.2 

EWD 046 Ti Grade 12 K957 8N2966 A51400 Bn?65 (Page 9 of 13) POO 13313954, EWD 071 TilGrade 12 K957 RN?96 M5400 026S ASPW3 970-10156 L025 AT7879 A5.16 ER T1-12 5001.023F P08-2 

(Page 9 ot 13) 
PON 8313954 

ASPO03 97.06-10156 L025 AT7879 AS.tI ER T1-12 5001.023F SOPC-2 

EWD 0?2 Ti Grade 12 K957 SN2966 A53400 8265 (Page 9 of 13) Poo 8_13954 

ASP003-97-06-10156 ATSOC-2 

EWD 073 Ti Grade 12 K957 ON2966 R53400 B265 (Page 9 0 013) L025 AT779 AS.I6ERTI-12 5001.023F PON 313954 

ASP003-97-06-0 L05 A77SOC-2 

EWD 072 TI Grade 12 K957 ON2966 R53400 8265 (Page 97o613) 1025 Af7879 AS,6 ER T1-12 5001.023F PO 8313954 

ASP003-97-06-101 56 
W 200 

EWD 073 TI Grade 12 K957 9N2966 R53400 B265 (Page 9 eo 13) L025 AT7879 A5.16 ER T1-12 5001.023F PON 3313954 

1ASP003-97-06-10156 0S A1"7879 AS.16 ER T1.12 5001.023F C2 EWD 076 T1 Grade 12 K957 BN2956 R53400 8265 (Page 9 eo 13) L025 PON 6313g54 

tASP003-97-06-10156 L025 AT"7879 AS.1t6 ER TI- 12 5001.023F SOC.2 EWD 074 TI Grade 12 K957 ON2966 R53400 0265 (Page 9 of 13) POO 13391M 

ASP003-97-06 
SOC-2 

EWe 078 TI Grade 12 K957 BN2966 R53400 8265 (Page 9ot 13) 1025 AU79 A.ER TI-12 5001.023F PO31394 

ASP003-97-06-1t0156 L025 AT7879 AS. t ER TI-1t2 500 t 023F 8OC-2 

Ewe 079 T1 Grade 1 2 K957 BN2966 R53400 8265 (Page g ol 13) POOl 93139S4 5 ASP003-97-06-10156 L025 AT7879 AS.I ER TI.12 5001.023F P31.2 
EWD 00 TI Grade 12 K957 BN2966 R53400 8265 (Page 9 of 13) PON 133t3954 

ASP003.97-08-101t 6 L025 AT7879 A5. 16 ER TI- 12 5001.023F SOIC-2 

EWO 077 TI Grade 12 K957 BN2956 853400 8265 ASPage 97-0el5 105AG9A3) R1.1 0103 P03l 0313954 

EWD0P1 Ti Grade 12 K957 aN2966 R53400 8265 (Page 9 of 13) PON 133139,54 

""ASP003-9746-10156 
SOC-2 

EWD 082 Ti Grade 12 K957 BN2966 R53400 9265 (Page 9 of 13) L025 AT7879 A5.16 ER T1-12 5001,023F PON 18313114 

EWD iOt TI Grade 12 K9S7 BN2966 R53400 0265 (Page 9 of 13) PON 8313954 
ASP0397-0-10156 L02SOC-2 

EWD 102 TI Grade 12 K957 BN2966 R53400 8265 (PageS0of13) L025 AUG79 AS IS ER TI.o2 01.023F ,PON 8313954 

ASP003.97-06-10158 1025 AUG79 A5.I ER TC-12 5001.023F 0 .392 

EWD 106 TI Grade 12 K957 BN2966 853400 9265 (PageSgo713) 1025 ATG79 A5.1 ER 13)12 5001.023F PON 1313954 
I;- I ; I ISOC-2

SIOK7 9N2)968 853400 8285 L025 PON 0313954
________ I I I I I .. .......- -- tr t v3400

Ta fl.4. 40 K(0S7 0N2966 R53400 8265 IPine 0 O 1t3) L025 AU879

Ti 06 U KK957 P03n 8313954)
8285 (Pageo9 L025

POO 8313954

_____________ _________ J I

EWD I

AT7879 POt 0313954

A5.10 ER TI-42 5001.023F•Ol"•h/J*• # "t,'qJo | v i ;•J IOial Or*| |•94 AT7879• .4 4•

EWD11t2 

EWD 113

500t. •3FAS.16 ER TI-12

5001.023F SOv-2
T' 2 KS57 A5.16 ER T1.12



Specimen Con., Asition Summary Pagt 0 f

- - J. J. I* ( I Statement of
Base Metal Independent Test 

Report Number

Weld Filler 
MSC Lot 
Number

Weld Filler Mill 
Heat Number

AWS Specification Weld Filler Independent Test 
Repout Number

Statement of 
Conformlity

rNumber I- iI -- ~ I I S.023F
ASP003-97-06-10156 L025 AT7879 AS.16 ER TI-12

50534003

Specimen ID 

EWD 114 

EWD 115 

EWD 116 

EWD 118 

Ewo 119 

EWD 121 

EWD 122 

EWD 141 

EWO 142 

EWO 151 

EWD 164 

EWO 168 

EWD 169 

PCA 003 

PCA 004 

PCA 005 

PCA 006 

PCA 007 

PCA 008 

PCA 009 

PCA 010 

PCA 0t1 

PCA012

Alloy Trade 
Name 

Ti Grade 12 

TI Grade 12 

Ti Grade 12 

Ti Grade 12 

TI Grade 12 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

TI Grade 12 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

Ti Grade 12 

316L 

316 L 

316L 

316L 

3161 
316L 

316L 

316L 

3161 

316L

L025

L025

AT7879

AT7879

AS.6 ER Ti-12

A5.16 ER TI-12

(rage j of 13) 1 I
ASP003-97-06-10156

L025 AT7879 A5.16 ER TI-12

K_57 j , (age 9 of 3) 5N96 R340 86

5001.023F

(Page oft13 1 1 4 I i
'ASP003-97-06-10156

L025 AT7879 A96 ER TI 12 5001.023F

________ wae~o~~l 4 4 -~1--------I 50l.23
ASP003.97-06-10156 L025 AT7879

AS16 ER TI-12

PON B313954

POO 9313954

PON 6313954

PON 0313954

POO B313954

P w39 PONl 8313954
(Pag 0 -p,,_

ASP003.97-06-10156 L025 AT7A79 AS.16 ER TI.12

I ( Ul o ),,
ASPO03-97-06-10156 L025 AT7e79 AS.1 ER T1-12 500t.023F

I-"- .... I 'go I- 1 11 -I I 50053400
ASPOO3-97-06-10156 L025 AT7879 AS.16 ER TI,12

_________________ 4I (Page 9 o21)

K957 

K957 

K957 

K957 

K957 

K957 

K957 

K957 

H427 

H427 

H427 

N835 

N835 

N835 

N635 

N035 
N835 

N835 

N835 

N635 

N835

L025 AT7679 P5 .16 ER TI-12
P55400 .0265 S... ... .(Page 9 o f 13 S C -

ASP003-97-06-10156
L025 AT7879 AS.1 ER TI-12

(Page 8 eo 13)
ASP003-97-06-10156

L025 AT7879
AS.16 ER TI-12 5001.023F

P3 -23 POOl 8313054

PON B313904

PON 0313954

PO 0313954

POe 8338959

P0 C.3 
PON 0,=3959

265 ASP3-97.061056 L025 AT7879 AS.16 ER TI-12 500PO.338 
R53400 (Page 8 of 13) .... .. Pal 0338_ SOC-4 

TRWO02-99.03-05598 NIA N/A N/A NIA Pa0500447 

S31603 A240 (Pages I & 2 of 2) PON 500.4.7 
sac.4 

S31603 A240 TRW002-99-03-05598 N/A N/A N/A NIA POO 500447 
(Pages I & 2 of 2) .__ _ SOC-4 

S31603 A240 TRW002-99.03.05598 N/A NIA N/A N/A PO 50044? 
(Pages I & 2 of 2) -1 _ _ _ _ _ 

S8O0C.4 
S31603 A240 TRW002.99-03-05598 N/A N/A N/A NIA PO S00447 

(Pages I & 2 of 2) 1 _ __ 
N/A•

TRW002-99-03-05598
N/A NIA NIA

I 1.J & 2 f/2
TRW002-99-03-05598 N/A N/A N/A

PON 500447

PN 5D00447

S31uu3 (pages o ) ____

TRW002-99-03-05598 NIA NIA

, ... I ['Pages Ia /I 2 of 2 4

TRW002.99-03-05598 N/A N/A N/A

Pa03500447

Pa0 500447

j~~~~ j 111 Of'l

BN2966 

0N2966 

T-5465 

T-5465 

T-5465 

1923461 

T923461 

L923461 

L923461 

L923461 

1923461 

L923461 

1923461 

L923461 

L923461

N/A NIA NIA

(Pge ) 1~I S3A N03
TRWO02.99-03-05598 N/A NIA

... ..- ... (ragn.9• ! • j _____,, , . '

Pw-04 POP 500447

PON 500447

age Metal 
MSC Lot

Bags Metal Mill 
"Heat Number

UNS Number

K957

ASTM 
Specification

RNJ20R R53400

aKI-,ORA

6265

Rhiq4nn 6265

R53400 

R53400

6265 

6265 

R2fiS

653400 

R53400 

R;1400

0265

B265

0265

ASP003-97-06-10156

ASP003-97-06-10156

6265

6265

R53400

653400 

R53400

ASPOO3-97-06-t0I56

6265 

8265

8N2966 

BN2966 

BN2966 

0N2966 

BN2966 

SN2966

TRW002-99-03-05598

S31603 

-11803

A240

A240

831'Ani I A240

7S31603 

-11803

A240

A240

CqIi~iV A240

N/A

NIANIA

--

6001.023F

5001.023F

5001.023F

500t.023F

5001.023F

5001.023F

5001.023F

5001.023F

N/A

NIA

N/ANIA

]

N/A



A'a, laf 
P Re\(of2Base Metal Independent Test Results

specimen C Mn P S si Cr NI Mo N H Fe 0 TI W Co V TensileI 

(%) M M%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (kul) ietd(khl ElongiMon 

OCAO001 0.004 0.32 0.01 (0.01 0.07 22.3 Remn 130 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCA 002 0004 0.32 001 <0O01 0.07 22.3 Remn 130 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCA0O3 0004 0.32 0.01 001 0.07 22.3 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

O C A 00 1 0 .0 0 4 0 .3 2 0 .0 1 < 0 0 1 0 0 7 2 2 .3 R e m 13 0 4 .9 3 0 1 4 0 .23 12 1.4 4 6 2 .4 2 59 .1 

DCA 00 2 0.004 0.32 001 <0C0 0.07 22.3 Rem 13 .8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCA 006 0.004 032 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DCA 003 0.004 032 0.01 C 01 007 22.3 Rem 13,8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DCA 032 0.004 0.32 0.01 <0.01 007 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCA 033 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 69.1 

OCA 034 0.004 0.32 0.01 0.t 0.07 22.3 Rem 13.8 4.9 30 1.4 0.23 121.44 62.42 59.1 

DCA 031 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 14 0.23 121.44 62.42 69.1 

0CA 036 0.004 0.32 0.01 (0.01 0.07 22.3 Rem 13.0 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCA 061 0.004 032 0.01 0.01 0.07 22.3 Rem 13.8 4.9 3.0 14 0.23 121.44 62.42 59.1 

DCA 062 0.004 0.32 0.01 0.01 0.07 223 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCA 063 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 12144 62.42 S9.1 

0CA 064 0.004 0.32 0.01 <0.01 0.07 22.3 Renm 13.8 4.9 30 14 023 12144 62.42 $9.1 

OCA 035 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 69.1 

OCA 0 36 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 138 49 30 1.4 0.23 121.44 62.42 59.1 

DCA 067 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.0 49 30 14 023 12144 62.42 59.1 

DCA 068 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

CA065 0.004 0.32 0.01 <0.01 007 22.3 Rem 13. 4.9 30 1,4 0.23 12144 62.42 59.1 

OCA 066 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

0.1 C.0 .7 223 Rm 138493.0 1.4 0.23 I121.44 62.42 I 59A1 

DA09 .O4 0.32 0.01 C0.01 0.07 22.3 Rem 13.8 4.9 
DCA 070 0.004 0.32 0.0 <0.01 0.07 22.3 Rem 13.0 4.9 3.0 1.4 0.23 121.44 62.42 59.A

3.04.9 1.4 0.23 1121.44 62.420.0? 22.3 1Rein 13.0
DCA 07 1 [r 0.32 0.01 40.01



Base Metal Indep-A 1 ent Test Results Pa h-171)Q
- _______ .-.- �-r ��-rI(f I-i I

S 
EI%

Sl 
(%)

C, 
1./)

NI Mo 
(%) (%)

N BaeMtlIdp.M etTs eutH 
(%/)

Fe 
M'.

0 TI 
(%.)

M'w --
0.01

C Mn 
Specimen (%) (1% ) 

DCA 072 0.004 0.32 

DCA 091 0.004 0.32 

DCA 092 0004 0.32 

DCA 093 0004 0.32 

DCA 094 0.004 0.32 

OCA 095 0.004 0.32 

DCA 096 0.004 0.32 

OCA 098 0.004 0.32 

OCA 099 0.004 0.32 

OCA 101 0.004 0.32 

DCA 102 0.004 0.32 

OCA 121 0.004 0.32 

OCA 122 0.004 0.32 

DCA 123 0.004 0.32 

DCA 124 0.004 0.32 

DCA 125 0.004 0.32 

DCA 126 0,004 0.32 

OCA 128 0.004 0.32 

OCA 129 0.004 0.32 

DCA 130 0.004 0.32 

OCA 132 0.004 0.32 

OCA 157 0.004 0.32 

OA 1580.32

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

001 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01

<0.01 

<0.01 

<0.01 

0.01 

00.01 

<001 

<0.01 

C0.01 

<0.01 

C0.01 

<001 

0001 

<001

0[0

0.01 <0.01

n001 0.7

<0.0 1 0.07 

<0.0 1 0.07 

40.0 1 0.07 

<0.0 1 0.07 

<0.01 0.07 

<0.01 0.07 

0.1 0.07 

001 0.07

22.3 

22.3 

22.3 

22.3 

22.3 

22.3 

22.3 

22.3 

22.3

Rem 13

Rem 

Rem 

Rem

3.8 4.9

W CO 
M) M•

v 
(%)

•223 Rem I13.8

13.8

4.9

4.9

Tensile 
(ksl)

Yield (ksit % 
l'Elongellon

.8 4.9 3.0 1.4 0.23 121.44 62.42 6591 

3.8 4.9 30 1.4 0.23 121.44 62.42 59A1

38

Rem 13.8

Rem 

Rem 

Rem 

Rem

138 

13.8

8

4.9 3.0

I ______ 1 ______ 1. 4 4-f
4.9

4.9

4.9 

4.9

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

007 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07

4.9

3.0

3.0

3.0

1.4

1.4

1.4

1.4

0.23

0.23

0.23

0.23

I ______ .L�-I--------4.-� 59.1
3.0

3.0

1.4

1.4

0.23

121.44 1 62.42 1 59.1

121.44 62.42 59.1

121.44 62.42 59.1

121.44 62.42 59.t

121.44 62.42

0,23 121.44 1 62.42 1 59.1
Re 8___1.I - - - -1.133 114 I 6.2 I 5.

2,' I Rem 13.8 4.9 3.0

22.3 Rem 13.8 4.9 - 3.0 1.4 0.23 121.44 62.42 69.1 

22.3 Rem 13.8 4.9 j 3.0 1.4 0.23 12t.44 62.42 59.1

22.3 

22.3

Rem

Rem

13.6

13.8

4.9

4.9

3.0

3.0

3.0 1.4 0.23 121.44 I 62.42 59.1

1.4
0.3 114 I6.2 5.

LiJL4t---- . --3. , .3 1144 I 6.2 I 5.

291 I Rem
_ I- -- I- -I-I 1t1

991 I Rem 13.8 4.9 3.0
_22.3I I- I t I- -

22.3 

22.3 

22.3 

22.3 

22.3 

22.3

Rom

Rem

Rem 

Flem 

Rem 

Rem

13.8

13.8

4.9

4.9 1 3.0 1.4 023 121.44 62.42 59 I

I ______ I�.-I-------4-l-4-I-� i-r-t 3.0 1.4 0.23 121.44 62.42 59.1
13.8 

13.8 

13.8 

13.8

4.9
I ______ _________

4.9 3.0 1.4 0.23 121.44 I62.42 59.1
I ______ ________ 59.1

4.9 3.0
I I I ____ I ________

1.4 0.23

3.0 1.4 j0.23
I _______ � � I

121.44 62.42

121.44 62.42 5.

P

13.  

13

59.10.23 121.44 624

121.44 62.42 59,A

0.23 1 121.44 1 82.42 1 59.1

-i

1 1

3.0 1.4
<0.01 0.07

13 

03 

13

8

A~~~ 1___I1 ~ I
59.1

0.23 121.44 152.42 1 59.11.4

121.44 82.42 58,11.4 0.23

0.23

0.23 121.44 62.42 5031,3.0 1.4

0.23 121.44 162.42 59.13.0 1.4

0.23 121.4 1 6242 1 59.11.4

3.0 1.4

59.1
1.4 0.23 121.44 62.42

1.4 0.23 121.44 62.42 59113.0

59.1
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C Mn P S Sl Cr NI MO N H Fe 0 TI. W Co V Tensile % 

Specimen 10 (%) (%) (1%) (%) (%) (%) 1%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (kel) ElongatIon 

OCA 159 0.004 0.32 001 4.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

CA 160 0.004 0.32 0.01 001 0.07 22.3 Rem 13.8 49 3.0 1.4 0.23 121.44 2.42 59.1 

OCA 161 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCA 162 0.004 0.32 0.01 0,01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCA 164 0.004 0.32 001 <001 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCA,, 0004 0.32 001 1 .01 0.07 22.3 Rem 138 4.9 3.0 1.4 0,23 21.44 62.42 59.1 

OCA 167 0.004 0.32 001 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCA 168 0.004 0.32 001 0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCA 244 0.005 0.22 001 <0.01 0.05 22.0 Rem 13.5 4.A 3.0 2.3 0.19 119.46 59.62 52.0 

OCA 245 0.005 0.22 0.01 C.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DCA 246 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

0CA 247 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.62 62.0 

OCA 248 0.005 0.22 00 <00 0.05 22.0 Rom 13.5 4.4 3.0 2.3 0.19 11946 59.82 62.0 

OCA 249 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.02 62.0 

OCA 250 0.005 0.22 001 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DCA 251 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DCA 252 0.005 0.22 0.01 cO.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.62 62.0 

DCA 253 0.005 022 0.01 CO1 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.62 62.0 

DC 90`1 0.004 0.32 0.01 C0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 OCAOO23 0.004 0322 0.01 4001 0.07 22.3 Remn 13.8 49 3.0 23 0239 121.44624 59.126, 

0C8 003 0.004 0.32 0.01 <0.01 0.07 22.3 Rem. 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 
0C 02 .04 0.2 .0 0.1 .0 2. Rin 1384.9 3.0 1.4 0.23 121.44 62.42 59.1 

OC B 003 M ON0 0 .32 0 .0 1 <0O.0 1 0.0 7 22.3 S e in 13.8 4 . . . . 3 12 1. 44 6 425 .  

OCS 004 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 
----------------------------------

4.9 3.0 1.4 0.23 121.44 652.42 59.1
0,32 0.01 - <0.01 0.07 22.3 Rem J 13.6

I

DCB 005 0 __.
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Rem
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Base Metal Indepwldent Test Results
--- I I I i*-i l-r�

Cr NI MO 
(%) (%) (%)

N 
(%/)

H (II, Fe 0 
(%) (%) (TI) W Co (% 11%) 11%)

Tensile.  
(kel) Yield (ksl)

_-M t
22.3

22.3

Rem

Rem

13.8

13.0

4.9

4.9

3.0

3.0

% 
Elongation

1.4 I 0.23 121.44 62.42
.9.

22.3 Rem t3.8 4.9 3.0 1.4 0.23 121.44 I 62.42

40.01 007 22.3 Rem 130 4.9 30 I.4 0231121.44 62.42 5

4.9 3.0 1.4 0.23

3.0004

13.8 4.9

DCB 006 

OCO 031 

DCB 032 

OCB 033 

OCB 034 

OCB 035 

DCB 036 

OCB 061

22.3 Rem 13.8 4.9 30 1.4 0.23

9'

121.44 62.42

______ I I I-t 1 r 1.4 0.23 121.44 I 82.42 59.1
22.3

22.3

Rem

Rem

13.8

13.8

4.9

4.9

3.0

59.

I. ______ i����-I-------I. I-I * I t-�t I---------t I I I 0.23 121.44 I 62.42 59.1
22.3 Rem 13.8 4.9 3.0 1.4

62.4 . (112.10

22.3 Rem 13.8 4.9 3.0 1 1.4 1 0.23 121.44
I ___ 0. - - I fI11

22.3 Rem 13.8 4.9 3.0 1.4 0.23

.59.

22.3 Rem 13.8 4.9 0.23

0.01 <0.01 0.07 22.3 Rem 13.9 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

0.01 40.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

w. 221.44 I I24 I 59.

22.3 Rem 13.e 4.9 3.0 0.23

<0.01 0.07 22.3 Rem 13.0 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

40.01 0.07 22.3 Rem 13.0 4.9 3.0 1.4 0.23 121.44 62.42 "-59.1 

40.01 0.07 22.3 Rem 13.9 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

S 4,001 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

1 40.01 0.07 22.3 Rem 13.0 4.9 3.0 1.4 0.23 121.44 62.42 59.1

22.3 Rem 13.6 4.9

______ I _____

3.0 1.4 0.23 121,44 r,62.42 59.1

13.8

Specimen ID
c 

1%)
Mn 

(M)
p 

(%)
s 

(%)
si 

(,')

0.32 <0.010.01 

n10l

0.070.004 

0.004 

0.004 

0.004 

fl flflA,

<0.01t 0.07

1 ______ .1 ______ I 1. 4 I 4-i 1- t 1-I 59.1

<0.010.32 

032 

fl _1

0.070.01 

001 

0.01
I.

<OO I 0.07

0.3 

0.3

2 

32

0.004 

0.004 

n nod4

0.01 

0.01

<0.01 

40.01

0.07

007

32

0.004 

n 01

001 I O001

0.01 1 <001

0.07

0.32 

n012

0.07DCB0 

OCS 0 

DCBO 

DCB 

DCBO

0.01 <0.01 0.07

164 

065 

068

40.010.01 

0.01

0.32

0.32

0.07

40.01 0.07

0.01 I <0.01 0.07

0.004 

0.004 

0.004

0.004 

0.004 

0.004 

0.004 

0.004 

0.004 

0.004 

0.004 

0.004 

0.004

DCB 067 

DCO 068 

OCB 069 

OCB 070 

OCB 071 

DCB 072 

DCB091 

DCB 092 

OCS 093 

OC8 094

C0.01

0.32 

0.32 

0.32 

0.32 

0.32 

0.32 

0.32 

0.32 

0.32

0.070.01 

0.01 

0.01 

0.01 

0.0 

0.0

0.011 0.07

lag 

Pat,- -'0 2Q.9),j

1.4 0.23 121.44 62.42 5,

62.42 59.1

121.44 62.42 39.1

59.1

59.1

59.1121.44 62.42

1,4 0.23 121.44 62.42 1 59.13.0

so. f

121.44 62.42 59.11.4 0.23

59.1
)62

3.0 t.4 0.23 2.44 62.42

59.10.23 121.44 62,42

121.44 162,42 1 59.1

121.44 162.42 59.13.0 1.4

1.4

)1



Base Metal Independent Test Results

Specimen C Mn P S SI Cr NI Mo N H Fe 0 TI W Co V Tenglie % 
(%) (%) (.%) (%) 1%). (%) (%) (%) (%) (%) (%) (%) (%) (1)% ) ) (%) (khl) Yied Elongeilon 

DCB 095 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DCB 096 0.004 0.32 001 <0-01 0.07 22.3 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DCB 098 0.004 032 0.01 <0.01 0.07 22.3 Rem .138 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DC8 099 0.004 032 001 <001 0.01 223 Rem 138 49 3.0 14 0.23 121.44 62.42 59.1 

DCB 101 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 130 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCD 102 0.004 0.32 001 <0.01 0.07 22.3 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DCB 121 0.004 0.32 0.01 <001 0.07 22.3 Rem 138 4.9 3.0 1.4 0.23 121.44 62,42 59.1 

OCs 122 0004 0.32 0.01 <0,01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OC0 123 0.004 0.32 0.01 <CO.1 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DCB 124 0.004 0.32 0.01 (0.01 0.07 22.3 Rem 13.8 4,9 3.0 1.4 0.23 121.44 62.42 59.1 

OCs 125 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DCs 126 0.004 0.32 0.01 0O1 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DCO 128 0004 0.32 001 40.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DCs 129 0.004 032 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 .0.23 121.44 62.42 59.1 

s 130 0.004 0.32 0.01 401 0.07 22.3 Rem 13. 4.9 3.0 14 0.23 21.44 62.42 59.1 

OCB 132 0.004 0.32 001 0.001 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCs 152 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DCB 158 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DCe 159 0.004 0.32 0.01 <0.01 0.07 22.3 Reom 1386 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

------------------------ - .,- 0.07 ,.Ro 13849-----

DCB ei9 0.004 0.32 0.01 40.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DCB 160 0.004 0.32 0.01 (0.01 0.07 22.3 Reom 13.M 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

-

0C8 161 0.004 0.32 0.01 (0.01 0.07 22.3 Remn 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCO 164 0t.004 0.32 0,1 <.0 ,7 223 Rin 1a .0 . . .3 12.4 62 5.
3.0 1.4 0.23 1 121.44

62.42 i 59.1 /---0.01 -0.01 0.07 122.31 Rem 13.6 4.9DCB 164 0Or,- 0.32

1, 08 
Pagesk of 'M 

11SIV101. OM



Base Metal Indc, .,ident Test Results

C Mn P S SI Cr NI Mo N H Fe 0 TI W Co V Tensile Yield (kill % 
Specimen ID (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (kel) Elongation 

DCB 165 0.004 0.32 0.01 <0.01 0.07 22.3 Rom 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCB 167 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OCo 168 0.004 032 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DEAO02 0005 0.22 001 <001 005 22.0 Re. 13.5 44 3.0 2.3 0.19 119.46 59.82 62.0 

DEA 003 0.005 0.22 0.01 <001 0.05 22.0 Rem 135 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DEA 004 0.005 022 0.01 <001 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

OEA 004 0.005 022 001 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 t 19.46 59.82 62.0 

DEA 006 0.005 0.22 001 <001 005 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

0EA 007 0.005 022 001 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DEA 008 0.005 022 001 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

OEA 009 0.005 022 001 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DEA 009 0.005 022 0.01 <0.01 0.05 22.0 Rem 13 5 4.4 3.0 2.3 , 0.19 119.46 59.82 62.0 

DEAO1I 0.005 0.22 001 <001 0.05 22.0 Rem 135 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DEA 012 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DEA 013 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 t 119.46 59.82 62.0 

DEA014 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

OEA 015 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DEA 016 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3,0 2.3 0.19 1 19.46 59.82 62.0 

DEAO07 0,005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 1 19,46 59.82 62.0 

OEA 019 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4,4 3.0 2.3 0.19 119.46 59.82 62.0 

DEA0 0O.005 0.22 00O1 <001 005 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

OEA 021 0.005 0.22 0.01 <0.01 0,05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DEA 022 0.005 0.22 0.01" <0.01 0.05 22.0 Rem 13.5 4.4 30 23 0.19 119.46 59.82 62.0

Pa AQf 2% 
, 1-ýOJIDQ WIL-4



Page o a
Base Metal Independent Test Results

C Mn P S St Cr NI MO N H Fe 0 TI W Co V Tensile Yield (kolh % 
Specimen I10 ( % ) (%) (%() ( (%) 1(1%) M M M ) (%) M f %) M ( %) (% ) () ( (%) M M 1 (% ) (ksl) Elongation 

DEA 023 0.005 0.22 001 <0.01 0.05 22.0 Renm 13.5 4.4 3.0 2.3 0.19 119.48 59.82 62.0 

SEA 024 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19. 119,46 59.82 62.0 

DEA 025 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

0EA 026 0.005 0.22 001 <0.01 005 22.0 Rem- 135 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

OEA 027 0.005 0.22 0.01 40.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.62 62.0 

SEA 029 0.005 0.22 0.01 <0.01 0:05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DEA 031 0.005 0.22" 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.48 59.02 62.0 

0EA 032 0.005 0.22 0.01 <0.01 0.05 22.0 Reom 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

0EA 033 0.005 0.22 0.01 <0.01 0.05 22.0 Reom 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

0EA 034 0.005 0.22 0.01 40.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119,46 59.82 62.0 

DEA 035 0.005 0.22 0.01 40.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DEA 159 0.005 0,22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

DEA 201 0.005 0.22 0.01 40.0f 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

SEA 202 0.005 0.22 0.01 40.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

OEA 203 0.005 0.22 0.01 C0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.62 62.0 

0EA 209 0.005 0.22 0.01 40.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.62 62.0 

OWA 001 0.004 0.32 0.01 40.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 002 0.004 0.32 0.01 40.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 003 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 004 0.004 0.32 0.01 C0,01 0.07 22.3 Rein 13.8 4.9 3.0 1.- 0,23 121.44 -2.42 59.

DWA 005 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 69.1 

DWA 006 0.004 0.32 0.01 40.01 0.07 22.3 Rem 13.6 4.9 3.0 1.4 0.23 121.44 62.42 59.1

0.32 0.01 " C0.01 0.07 22.3 oem

I

13.8 q.I• ,3.wJ I.ql

OWA031 _ {



Base Metal lndL, .ident Test Results

SeieID C Mn P S St Cr) (NI Me N (H) Fe 0 TI IN Co V Tensilei Yield (koll % 

%) (%1) 1%) (%) 4%) (%) (%) (%) %) (%) (%) (%) %) (%) (%) % % ) (kel) Elongation 

DWA 036 0.004 0.32 0.01 <0.01 0.07 22.3 Rom 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 041 0.004 0.32 001 <0.01 0.07 22.3 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 042 0.004 0.32 0.01 <0.01 007 22 3 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 043 0.004 0.32 001 <001 007 22 3 Rem 938 49 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 044 0.004 032 001 .001 00? 22 3 no.m Ip 4 9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 045 0.004 0.32 001 4001 007 22 1 Fom 11 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

WA04 0004 0.32 0.01 <001 007 223 Remn 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59If 

DWA 071 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 072 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.6 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 073 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.0 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 074 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 69.1 

DWA 075 0.004 0.32 0.01 <0.01 0.07 22.3 ReiM 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 076 0.004 032 0.01 <0.01 0.07 22.3 Rem 13.8 .4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 077 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 138 4.9 30 1.4 0.23 121.44 62.42 59.1 

DWA 078 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3+0 1.4 0.23 121.44 52.42 59.1 

DWA 079 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 14 0.23 121.44 62.42 59.1 

DWA 08 0.004 032 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 081 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 082 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 108 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 10t 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 102 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DINA 106 0.004 0.32 0.0`1 C0.01 0.07 22.3 Rem 13.8 4.9 i3.0 1.4 0.23 121.44 62.42 59.1

0.004 I 0.32 I 0.01 �u.u I I 22.3 Rem

A'. 22.3
<:U.U ! U.U

law

DWA 111 3.0 1.4 0.23 1121.44 162.42 59.113.8 4.9.Rom0.004 10.32 0.01



C Mn P S SI Cr NI MO N H Fe 0 TI W Co V Tensile Yield (ker) % 
Specimen 10 (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (kel) Elongation 

-WA 112 0.004 0.32 0.01 -0.01 0.07 22.3 Rom 13-8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 113 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 114 0.004 0.32 001 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 115 0.004 0.32 0.01 <0,01 0.07 22.3 Rem. 13. 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 116 0.004 0.32 0.01 <0.01 0,07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 02.42 59.1 

OWA 116 0004 0.32 0.01 001 0.07 22.3 Rem 138 4.9 3.0 14 0.23 121.44 62.42 59.1 

OWA 116 0.004 0.32 0.01 0.001 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 119 0.004 0.32 0.01 0.01 0.07 22.3 Rem 13.8 4.9 3.0 14 0.23 121.44 62.42 59.1 

DWA 121 0.004 0.32 0.01 (0.01 0,07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 122 0.004 0.32 001 <0O01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 141 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 142 0.004 0.32 0.01 (0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 143 0.004 0,32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWA 144 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWA 151 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

0WA 152 0.004 0.32 0.01 (0.01 0.0I 22.3 Rem 13.8 4.9 3.0 14 0.23 121.44 62.42 59.1 

WA 1 r4 0.005 022 001 (001 0.05 220 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 
-, , -

OWA 16S 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.02 62.0 

OWA 169 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 1 62.0 

II OWA 170 0.005 0.22 0.01 <0.0I 0.05 22.0 Rem 13.5 443.0 2.3 0.19 119.46 59.62 62.0

ni rnm• I .22 I 0.01

0.AAA1

(0.01 0.05 22.0 Rem

Rem

13.5

13.8 4.9
3.0 1.4 0.23 12.4.0.4 5

nI _ L ~ -- - ---- 3-2 I-t 0 0 0
40.01 0.07 22.3 Rem 13.8

13.6

4.9

00.4 3.02 *. 0.2 I02.4

n1 I: 0.01 <O.01 0.07 22.3

DWA I171

OWe 00O 

numM niV-

FEWSOi0.32 0.01 1(0.01 0.071 22.3 Reon

F

4.9

C) IU 
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1 0'tt

62.04.4 3.0 2.3 0,19 D.12 59.02

OWB 

003

3.0 1.4 0.23 1121.44 62.42 59.1

0.23 1121.44 162.42 59.!3.0 1.1.4

3.0 1 1.4 0.23 1121.44



Base Metal Ina, .ident Test Results
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C Mn P S SI Cr NI Mo N H Fe 0 TI W Co V Tensile Yield (kill % 
Specimen 0(%) (%) () (%) (%) (% ) (%) (%) (%) (%%) %) (%) (V.) (%) (%) (kil) Elongation 

DW 004 0.004 0.32 0.01 <OO 0.07 22.3 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DW8 005 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

0WB 006 0.004 0.32 0.01 <001 0,07 22.3 Rem 13.8 4,9 30 1.4 0.23 121.44 62.42 59.1 

DWB 031 0.004 0.32 001 <0.01 007 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWB 036 0.004 0.32 0.01 <00 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

0WB 041 0.004 0 32 001 (0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62,42 59.1 

0WB042 0.004 0.32 001 <001 0.07 22.3 Rem 13.8 4.9 30 1.4 0.23 121.44 62.42 59.1 

DWB 043 0.004 0.32 001 <0.01 0.07 22.3 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWB 044 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWB 045 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DW0 046 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 S9.1 

OWS 072 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 39.1 

DW -072 0 -004 0.32 0.01 <0.0-1 0.07 22.3 Re 13.8 4.9 3.0 1.4 0.23 121.44 62.42 
-9.t 

OWB 073 0.004 0.32 001 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWD 074 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121,44 62.42 59.1 

oWe 075 0.004 0.32 O.01 <O.O 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DW8 076 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DW 079 0.004 0.32 0.01 c0.01 0.07 22.3 Rem 13.8 4.9 30 1.4 0.23 121.44 02.42 59.1 

DWBO7S 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121,44 62.42 59.1 

oWB 079 0.004 0.32 0.01 CO.O1 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWe 008 0.004 0.32 0.01 4.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWOO 0.004 0.32 001 <0.01 0.07 22.3 Rem 13.0 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWB 082 0.004 0.32 0.01 4.01 007 22.3 Rem 136 4.9 30 14 023 121.44 62.42 59.1 

1WIO .004 0.32 0.01 <O0. .0 22.3 Rem 184.9 3.0 1 1.4 10.23 1-121.44 62.42 59.1
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SpecimenID C Mn P S SI Cr NI Mo N H Fe 0 TI W Co V Tensle Y% 

1(%) 1%) 1%) 1%) 1%) 1%) 1%) (%) M (I%() %) (%) M M (1%) (%) (ksl) ied(k Elongation 

OWe 102 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWa 106 0.004 0.32 0.01 40.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1.  

OWe I II 0.004 0.32 001 <0.01 007 223 Rem 138 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWB 112 0.004 0.32 001 <001 007 223 Ren 1.18 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWe 113 0004 032 001 .001 007 22 3 Rpm Ile 49 30 1.4 0.23 121.44 62.42 59.1 

OWO 114 0.004 032 001 001 0o07? 223 Rem Ile 49 30 1.4 023 121.44 62.42 59.1 

OWe 115 0004 0.32 001 001 007 22 3 nem 138 4.9 3.0 1.4 0.23 121.44 62.42 50.1 

DWB 16 0.004 0.32 0.01 <0 01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWe 118 0.004 0.32 0.01 4001 007 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OW8 119 0.004 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWe 121 0004 0.32 0.01 (0.01 0.07 22.3 Rem 13 8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWB 122 0.04 0.32 0.01 <0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

OWB 141 0004 032 0.01 C.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

DWB 142 0.004 0.32 0.01 <O.1f 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

,W, 144 0.004 032 001 (001 0.07 22.3 Rem 138 4.9 30 14 0.23 121.44 62.42 59.1 

oWe 151 0.004 0.32 0.01 C0.01 0.07 22.3 Rem 13.8 4.9 3.0 1.4 0.23 121.44 62.42 59.1 

0W6 164 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

0We 168 0.005 0.22 0.01 <0.01 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.92 62.0 

oWe 169 0.005 0.22 0.01 CO.Ol 0.05 22.0 Rem 13.5 4.4 3.0 2.3 0.19 119.46 59.82 62.0 

ECA 001 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.6 67.9 21.S 

ECA 002 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.S 

ECA 003 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 
-C -- 8 

ECAO004 o...... 0.8 0.3 0.02 "o0.. _ 2 0.05 0.18 Rem 87.8 67.L.__ 21.5
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C Mn P S SI Cr NI Mo N H Fe 0 TI W Co V Tensile yield (kl) % 

Specimen ID ( (%)(kl) Elongation 

ECA 005 0.02 0.8 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5

0.02 0.002 0,05 0.16

0.02 0.002 0.05 0.16

Rem

Rem

___ I _____ I _____ I I. 4 I 1 4 I I- I 1
002 0002 005 0.16 Rem

87.8 67.9 21.5

87.6

87.8

67.9 21.5

67.9

___ I _____ i _____ I I I 1. 4 I 4 1 t I I 1 t1
002 0.002 0.05 0.16 Rem

II_ I I I 4. 4 1-4
0.02 0.002 0.05 0.16 Rem

21.5

87.8 67.9 21.5

87.8 67.9 21.5

- __ I ___ __ _ I. I I I 4 I f-II I t 1
002 0.002 0.05 0.16 Rem

ECA 006 

ECA 031 

ECA 032 

ECA 033 

ECA 034 

ECA 035 

ECA 036 

ECA 061 

ECA 062 

ECA 063 

ECA 064 

ECA 065 

ECA 066 

ECA 067 

ECA 068 

ECA 069 

ECA 070 

ECA 071 

ECA 072 

ECA 091 

ECA 092 

ECA 093

002 0.002 0.05 0.16 Rem

87.8 67.9 21.5

87.8 67.9 21.5

I _____ I I I 4-1 1 4 I t I t t1 1T
002 0.002 0.05 0.16 Rem 87.8 67.9 21.5

0.02 

002 

0.02 

0.02 

0.02 

002 

002 

002 

0.02

08 03 002 0.002 0.05 0.16 Rem 87.8 67.9 21.5

1 __ 1 4 I 4i I i -I
002 0.002 0.05

0.02 0.002 0.05

0.16

0.16

Rem

Rem

87.8

87.8

67.9 21.5

67.9

____1 .1 1 -i - - t 1 t
0.02 0.002 0.05 0.16 Rem 87.9 67.9

1___ 1 1 . 4 I4 I* t I I -
0.02 0.002 0.05 0.16 Rem 87.8

02 _ 1 1- - 4 I
0.02 0.002 0.05 O.16 Rem 87.8

67.9

67.9

_____ 4 I I I I-i-I-t 1 1 4 I
0.02 0.002 0.05 0.16 Rem

-____ I ______ iJ.....-.�-4-I 4. 4 I 1 1-1 t-1
0.02 0.002 0.05 0.16 Rem

21.5

21.5

21.5

21.5

87.8 67.9 21.5

87.8 67.9

______ 1-4-I I I-I I-I-t- 11
0.02 0.002 0.05 0.16 Rem 87.8

21.5

67.9 21.5

____1 1- 4 - - - -I I
0.02 0.002 0.05 0.16 Rem 87.6 67.9

_____1 ____ I.... i.-- - -4 - t
0.02 0.002 0.05 0.16 Rem 87.8 67.9

.1 ____ 1.........J-I 1-4 - 1 - -I-t I-t I
0.02 0.002 0.05 0.16 Rem 87.8 67.9

I . I I .~I ____ 1_____ . 1......L ..----- 4-----

0.8 0.3 0.02 0.002 0.05 _ ..16 Rem

0.0 0.3 0.02 0.002 1 0.05 0.16 Rem
-- __________ __________ - _________ - _________ ------------ -

-I-I-I-I-

21.5

21.5

21.5

87.8 67.9 21.S

87.8 87,9 21.5

N 02 08 03
0,02II I i I I

0.8 0.3

08 03

08 03

08 03

0.8 03

08 0.3

08 03

1 ___1 1 - .

I ______ 1.......-I-..-------4 .1-I + I I I I 4 4 1 -t� 1

0.02

002

0.

0.02 

0.02 

0.02 

0.02

0.02 

0.02 

0.02

0.02 

0.02

0308 

08 0.3

0.8 0.3

0.8 0.3

0.8 0.3

0.8 0.3

0.8 0.3

0.8 0.3

0.8 0.3

0.8 0.3

.1

0.8 0.3

I I

I I I

1 i

02

------------ -----------
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Specimen ID C Mn P S SI Cr NI Mo N H Fe 0 TI W Co V Tonslle Yilod (kale % 

S%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) I % ) I(%) (%) (%) (%) (kI I) Elongallno 

ECA 094 0.02 08 03 002 0.002 0.05 0.16. Rem 87.8 67.9 21.5 

ECA 096 002 08 03 002 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 098 0.02 08 0.3 002 0002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 099 002 08 03 002 0.002 0.05 0.16 Rem 87.8 67.9 21,5 

ECA 101 002 08 03 002 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 102 0.02 08 03 002 0002 0.05 0.16 Rem 87.0 67.9 21.5 

ECA 121 0.02 08 03 002 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 122 002 08 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 123 002 0.8 0.3 002 0.002 0.05 0.16 Rem 87.8 67.9 21.6 

ECA 124 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 125 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 126 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rom 87.8 67.9 21.1 

ECA 128 0.02 0.8 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 129 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 130 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 132 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 157 002 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 158 002 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.6 67.9 21.5 

ECA 159 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 67.8 67.9 21.5 

ECA 160 0.02 08 0.3 0.02 0.002 0.05 0.16 Renm 87.6 67.9 21.5 

ECA 161 0.02 0.8 0.3 0.02 0.002 0.05 0-16 Rein 87.8 67.9 2t,5 

ECA 162 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.6 67.9 21.5 

0.2 00 .5 01 e 78 6. I 2.
0.3

- � .1 - l��- £ - I -

0.8 0.02 020 0.N 0.02 0.16 Rom 87.9ECA 164 1 O=-



C Mn P S SI Cf NI Mo N H Fe 0 TI W Co V TensIle 

Specimen ID (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)% ) ) (%) (kel) Yield(khl Elongation 

ECA 165 0.02 08 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECA 167 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Flem 87.8 67.9 21.5 

ECA 168 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECO 001 0.02 08 03 0.02 0.002 0.05 O.16 Rem 87.8 67.9 21.5 

ECD 002 0.02 0.8 0.3 002 0.002 0.05 0.16 Rem 87,8 67.9 21.5 

ECO 003 0.02 0.8 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 004 0.02 0,8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5.  

ECO 005 0.02 0.0 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 2135 

ECO 006 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECO 032 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECO 061 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECO 062 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 67.8 67.9 21.5 

ECD 063 002 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 064 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 065 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 2-1-5 

ECO 066 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EGO 067 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 067 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECO 069 0.02 08 0.3 0.02 0.002 0,05 0.16 Rem 87.8 67.9 21.5 
EC 09 .2 .8 03 .0 002 .0 ,1 Rm87.8 67.9 2t.5

ECO 070 0.02 

ECO 071 0.02 

ECO 072 0.02 

EGO 091 0.02

0.8 0.3 0.02 0.002 0.05 0.16 Rem

______ l-I� I t
0.8 0.3 0.02 0.002 0.05 0.16 Reom 87.8

I ______ � I 1��1 r
0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8

67.9

67.9

I ______ I . .i..�..I.-.-..---�-4-l-I i-I t I I t I 11

'IL 0.8 0.3 0.02 0.002 0.05 0.16 Reom 87.8 67.9

21.6

21.5

21.5

I _______ _______ I ___________

Base Metal Ind, .,dent Test Results

87.8 67.9 21.5

Pans 
Pat



C Mn P S SI Cr NI Mo N H Fe 0 TI W Co V Tensile Yield (ke1 % Specimen 1D ( %) (%) (%) (%) (%) (%) (%)(%) M M (kol) Yed(e Elongstlon 

ECO 092 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 093 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Ram 87.8 67.9 21.5 

ECD 094 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD094 002 0.8 03 0.02 0.002 0.05 0.16 Rem 878 67.9 21.5 

ECD 095 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 096 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECO"098 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECO 099 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 101 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECO 102 0.02 0.8 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 121 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECO 122 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.9 7.9 21.5 

ECO 123 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 124 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 125 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 126 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 129 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.6 

ECD 129 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 130 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 135 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 
ECO 132 0.02 0.8 0.3 10.02 0.002. 0.05 0.16 Rein 87.8 87.9 21.5 

ECD 158 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

ECD 159 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

04 ni nn0 L.-. 2 1 l08 00f5 1 Rem 87.8 67 -- ' 21.

r
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Base Metal Independent Test Results

SI Cr NI Mo N Fe 0 TI W Co V TensIle Yield k % 
(% ) (%) (%) (%) (%) (%) (%) (%) "% % (kel) En n

0.3 0.02 0.002 0.05 0.16 Rem

_____ I ______ I............d-4-I 4 4 I I-I-I t-I-t-t t-r 87.8 j 67.9 I 21.5
03 002 0.002 0.05 0.16 Rem

_____ I ______ I ______ 1 4 I 4 1-1 1 I t 1 tt 87.8 67.9 21.5

Specimen ID 

ECD 161 

ECD 162 

ECD 164 

ECD 165 

ECD 167 

ECD 168 

EWA 001 

EWA 002 

EWA 003 

EWA 004 

EWA 005 

EWA 006 

EWA 031 

EWA 036 

EWA 041 

EWA 042 

EWA 043 

EWA 044 

EWA 045 

EWA 046 

EWA 071 

EWA 072 

EWA 073

002 0.002 0.05 0.16 Rem

08 03 002 0002 0.05 0.16 Rem 87.8 67.9 21.5 

0.8 03 002 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

878 6.928

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0o02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

002 

002 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02

Rem

I ______ I ______ 1�.-4-�-4-l-*-------1 t-t-1-I-I 87.8 67.9 21.5
0.3 0.02 0.002 0.05 0.16 Rem

I___ 1 1 - 1 - - - -

::j

Rem

1 _ _ I II I * 

__L 0. 03 02 0.002 0.05 01 e 78 67.9 j_ 21.5

0.02 0.002 0.05 0.16 Rem 87.8 67.9

0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

F---0.8 0.3 0.02 0.002 0.05 0.16 Ram 87.8 67.9 21.5 

0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

0,8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

87. 67. 215
0.3 0.02 0.002 0.05 0.16 Rem

870 7. 2.

0.3 0.02 0.002 0.05 0.16 Rem

1___ I- - -t 1
0.3 0.02 0.002 0.05 0.16 Rem

0.8 0.3 0.02 0.002 0.05 0.16 Rem

1 -� I I I I I I

08 0.3 0.02 0.002 0.05 0,16 Rem

87.8 67.9 21.5

87.8 j 67.9 j 21.5

Mn 
(%)

0.8

08

0.8

C 
(%)

0.8 03 0.02 0.002 0.05 0.16

03

0.8

0.8

0.8

0.8

0.8

0.8

7

I .1

87.8 67.9

87.8 67.9 21.5

87.8 67.9 21.5

87.8 67.9 21.5

87.8 67.9

87.8 137.9 21 .S

L

0.3

1

4

21.5

0.3 0.02 0.002 0.05 0.16

S21.587.8 67.9

87.8 67.9 21.5

21.5

21.5

87.8 67.9 21.5

87.8 67.9 21,5

Pagag



Page 3 aBase Metal Independent Test Results

C Mn P S Sl Cr NI Mo N H Fe 0 TI W Co V Tensile d % 

Specimen 10 1%) (%) 1%) (%) (%1 . (%) (%) (%) (.) (%) (%) (%) (%) (%) (%) (%) • (ksl) Yeldikal Elongation 

EWA 074 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 075 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 97.8 67.9 21.5 

EWA 076 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 077 0.02 08 03 002 0.002 0.05 0.16 Rem 87.8 67.9 21,5 

EWA 078 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 079 0.02 0.8 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 080 002 08 0.3 0.02 0.002 0.05 0.16 Rem 87.9 67.9 21.5 

EWA 081 002 08 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 082 0.02 08 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 101 0.02 08 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.S 

EWA 102 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 106 0.02 08 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 107 0.02 0.8 03 0.02 0.002 0.05 0.16 Rem 07.8 67.9 21.5 

EWA 111 0.02 0.8 0.3 0.02 0.002 0.05 0. 16 Rem .87.8 67.9 21.5 

EWA 112 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Remn 87.8 67.9 21.5 

EWA 113 0.02 0.8 0.3 0.02 0.002 0.05 0. 16 Rem 87.8 67.9 21.5 

EWA 114 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rein 87.8 67.9 21.5 

EWA 115 0.02 08O 0.3 0.02 0,002 0.05 0.16 Remn 87.8 87.S 21.5 

EWA 1 16 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Remn 87.8 67.9 21.5 

EWA 117 0,02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 118 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 97.8 67.9 21.5 

EWA 19 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA ---------------------------------------------------- -I 

EWA116 0.0 0. 0. 002 .00 0.5 Ois om87.8 .67.9 2I.  

EW le 00 0.8 j0.3 0.02 0 f.002 0.05 0.16 Rem 8. 791 21.5

0.0SEWAI12 pP-- 0.8 0.3 0.1S Roin ' 87.8 S21.50.02 I n,002



Base Metal IndbIdent Test Results Pag. a ofj2..M,

S Mn P S Sl Cr NI Mo N H Fe 0 TI W Co V Tensile Yield (keln % 
Specimen ID (%) (%) (%) (%) (%) (%) (%) (%) (%) 11%) (%) (%) (%) (%) (%) (%) Ikal) .Elongation 

EWA 121 0.02 08 0.3 0.02 0.002 0.05 0.16 Reim 87.8 67.9 21.5 

EWA 122 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 87.9 21.5 

EWA 141 0.02 0.8 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 142 0.02 0.8 03 002 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 143 0.02 0.8 0.3 0.02 0,002 0.05 0.16 Reom 87.0 67.9 21.5 

EWA 144 0.02 08 0.3 002 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 151 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 152 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWA 164 0.02 0.8 0.3 0.01 0.005 0.13 0.14 Rem 88.41 84.7 25.1 

EWA 165 0.02 0.8 0.3 0.01 0.005 0.13 0.14 Rem 88.41 64.7 25.1 

EWA 168 002 068 0.3 0.01 0.005 0.13 0.14 Rem 88.41 64.7 25.1 

EWA 169 0.02 0.8 0.3 0.01 0.005 0.13 0.14 Rem 88.41 64.7 25.1 

EWA 170 0.02 0.8 0.3 0.01 0.005 0.13 0.14 Rem 88.41 64.7 25.1 

EWA 171 0.02 0.8 0.3 0.01 0.005 0.13 0.14 Rem 88.41 64.7 25.1 

EWD001 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem . 87.8 67.9 21.5 

EWD 002 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWO 003 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWO 004 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWO 005 0.02 0.8 0.3 0.02 0.002 0105 0.16 Rem 67.8 67.9 21.5 

EWO 006 0.02 0.8 0.3 0.02 0.002 0,05 0.16 Rem 87.8 67.9 21.5 

EWD031 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 67.8 67.9 21.5 

EWO 036 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWO04 0.02 0.6 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5



Page'MolW,2 ABase Metal Independent Test Results

C Mn P S Sl Cr NI Mo N H Fe 0 TI W Co V Tensil % 
Specimen (%) %) (%) (%)% ) ) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (kli) Elongation 

EWD 042 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWO 043 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWO 044 0.02 0.8 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 045 002 0.8 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 048 002 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 071 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67,9 21.5 

EWD 072 002 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 073 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 074 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 075 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.S 

EWD 076 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 077 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 078 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWO 079 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.1 

EWD 080 0.02 0.8 0.3 0.02 0.002 0.05 O.16 Rem 87.8 67.9 21.$ 

EWD 081 0.02 0.8 0.3 0.02 0.002 0.05 0.18 Rem 87.8 67.9 21.5 

EWD 082 0.02 0.8 0.3 0.02 0.002 0.05 0.18 Rem 87.8 67.9 21.5 

EW 11 0.02 0.8 0.3 0.02 0.002 0.05, 0.18 Rem 87.8 67.9 21.5 

EWD 102 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 106 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87,61 67.9 21.5 

EWD 111 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 67.8 67.9 21.5 

EWD 112 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

----------------------------------------------------------------------

0.8 0.3 0.02 ( 2 0.05 0.16 Rem 07.8 67,r 21.5EWD 113



Base Metal Independent Test Results
Pa~b~I2 and

C Mn P S SI Cr Ni Mo N H Fe 0 TI W Co V Tensile Yield (kell % 

Specimen ID ( %) (%) (%) (%) %) %) %) (%) (%) %) (%) (%) %) %) %) (khl) Elongation 

EWD 114 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 87.9 21.5 

EWD 115 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 116 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem( 87.8 67.9 21.5 

EWD 118 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 119 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWO 121 0.02 08 0.3 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 122 0.02 0.8 0.3 0.02 0.002 0.05 0.16 Rem 67.8 67.9 21.5 

EWe 141 0.02 0.8 0.3 002 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 142 0.02 08 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWO 151 0.02 08 03 0.02 0.002 0.05 0.16 Rem 87.8 67.9 21.5 

EWD 164 0.02 0.8 0.3 0.01 0.005 0.13 0.14 Rem 88.41 64.7 25.1 

EWO 168 0.02 0.8 03 0.01 0.005 0.13 0.14 Rem 88.41 64.7 25.1 

EWD 169 0.02 08 0.3 0.01 0.005 0.13 0.14 Rem 88.41 64.7 25.1 

PCA 003 0.011 1.85 0.020 0.003 0.30 18.64 10.35 2.11 0.05 85.51 42.08 46.4 

PCA 004 0.011 1.85 0.020 0.003 0.30 16.64 10.35 2.11 0.05 85.51 42.08 46.4 

PCA 005 0.011 1,85 0.020 0.003 0.30 18.64 10.35 2.11 0.05 85.51 42.08 46.4 

PCA 006 0.011 1.85 0.020 0.003 0.30 16.64 10.35 2.11 0.05 85.51 42.08 46.4 

PCA 007 0.011 1,85 0.020 0.003 0.30 16.64 10.35 2.11 0.05 85.51 42.08 46.4 

PCA 008 0.011 1.85 0.020 0.003 0.30 16.64 10.35 2.11 0.05 85.51 42.08 46.4 

PCA 009 0.011 1.85 0.020 0.003 0.30 16.64 10.35 2.11 .0.05 8551 42.08 46.4 

PCA010 0,011 1.5 0.020 0.003 0.30 1664 10.35 2.11 0.05 85.51 42.08 46.4 

PC 1 ,1 .5185.5 42.08 46.4

PCAL Alt A flit 1.85 0.020 I0,003 I 0.30 I16.64 10.35 2.1! 0.05

85.5 15 02.06 44 .

i-;;-� I 1.65 I 0.020 I 0.003 I 0.30 16.64 10.35 2.11 0.05
1 0 .011 1.85 0.02 0.003 1 0.30 116.1141

85.51 42.08 46.4

115.51 42.08 46.42.1 0.0510.35



Weld Filler Independent Test Results

Specimen ID 

OCR 001 

OCR 002 

OCR 003 

OCB 004 

OCB 005 

OCR 006 

OCR 031 

OCB 032 

OCR 033 

OCR 034 

OCR 035 

OCR 030 

OC. 061 

OCR 082 

OCR 063 

OCR 064 

OCR 065 

OCB 066 

OCR 067 

OCB 068 

0CB 060 

OCR 070 

OCR 071

C Mn 
(%) (%) 

0.005 0.27 

0.005 0.27 

0.005 0.27 

0.005 027 

0.005 0.27 

0.005 0.27 

0.005 0.27 

0.005 0.27 

0.005 027 

0.005 0.27 

0.005 0.27 

0.005 0.27 

0.005 0.27 

0.008 0.25 

0.005 0.2 
0.005 0.25 

0.005 0.27 

0.005 0.27 

0.005 0.27 

0.005 0.27 

0.005 0.27 

0.005 0.27 

0.005 0.27 

0 0.27

P 
(%) 

0.01 

001 

0.01 

0.01 

0.01 

001 

0.01 

0.01 

0.01 

0.01 

0.01 

001 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

001 

0.01 

0.01 

0.01

s 
(%) 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.001 

0.001 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002

Sl 
1%) 

0.05 

0.05 

005 

0.05 

•0.05 

005 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.03 

0.03 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05

Mo 
(Si)

Cr 
(M) 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6 

21.3 

21.3 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6 

20.6

13.2

N 
(V.)

H 
MV

re 
(%) 

3.0
13.2 

132 

132 

13.2 

13.2 

132 

13.2 

13.2 

13.2 

13.2

0

I I I I I I
132 

13.2 

12.6

t• A
12.___

13.2

13.2

3.0 

3.0 

3.0 

3.0

3.0

3.0

I I I
13.2 

13.2

mLLzd
13.2

3.0 

3.0 

3.0 

3.0 

3.0

3.0

I .-. I -- I ., I 
L.O I .�.. I

M1 M

2.8

2.8

2.6 

2.8 

2.8 

2.8 

2.8 

2.6

M%) 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0

0.4 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14

Io v Cu 

0.06 

0.00 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0

30 t.0 0.13 0.10 I Rem
I ______ __________

3.0 1.0 0.13 0.10 Rem

2.8 1.0 0.14 0.06 ROM

2.8 I 1.0 0.14

2.8 

268

I ______

1.0 

10

0.14 

0.14

0.06 I Rem

0.06 

0.06

Rem 

ReM

I ______ t

2.0 1.0 1 014
-1 v._ _ _

2.8

I

0.06 I Rem

1.0. 014 0.06 Rem 0.20

2.8 1 .1.0 1 014
0.06 Rem 0.20

1___ ____

28 10 0 14 006 Rem 020

2.8 1.0 0,14 0.08 Reim 0.20 

2.8 1.0 0.14 0.06 Rein 0.20 

2.8 1.0 10At4 0.05 Rein 0."0 

2.8 T ý0:1. 0,14 0.06 Rein 0.20

0.20

0.20 

020

0.20

2.8

Page of 
0 

NI+ Co Others Total 

Rem 0.20 

Rem 0.20 

Rem 0.20 

Rem 0.20 

Rem 0.20 

Rem 0.20 

Rem 0,20 

Rem 0.20 

ReM 0.20

0.20



Weld Filler Independent Test Results

Mn P S SI Cr NI Mo N H Fe 0 TI W Co V CU Nl+Co Othe 

(%) (%1 (%) I%) (%) (% ) M(% (M. %) ('0/4) Ce

0.27 001 0002 005

132

13.2

3.0

3.0

2.6 1.0

OCB 072 0.005 0.27 0.01 0.00 ,,, .. .  132,, a n Rmf•
0.14 0.06

2 005 206

20 6 

20 6 

208 

20 6 

9flRA

132

13 2 

132

3.0

I ______ i��.��-I-------.-I.
30

2.8

2.8

1.0

1.0

0.14

0.14

0.00 Rem

0.06 1 Rem

I ______ I ______ i�-4--------I 4-I-I-I-I
30 2.8 1.0 0.14

0.20

0.20

0.06 Rem 0.20

1 __ __ I 4 4 f i I t t
132

132

30 2.8 1.0 0.14 0.06 Rem

1 ___I___ I 4 II I * t * -
3.0 2.8

0.20

1.0 1 0.14 1 0.06 Remi 0.20

206___ ___ - - -1 - - - -

DCR 091 

DC8 092 

OCR 093 

DCe 094 

DC8 005 

OCR 096 

DCB 098 

DCI 099 

DCI 101 

DCB 102 

DCB 121 

DCI 122 

DCR 123 

DCR 124 

DCR 125 

OCI 126 

DCR 128 

OCR 129 

DCR 130 

OC9 132 

DCI 157 

DCI 15M

0.005 

0.005 

0005 

0005 

0005 

0.005 

0.005 

0.005 

0.005 

0005 

0.005 

0.005 

0.005 

0,005 

0.005 

0.008 

0.005 

0.005 

0.005 

0.005 

0.005

20 6

.6 __ _

13.2

132

13.2

3.0

3.0

3.0

2.8

2.8

2.8

1.0 0.14 0.00 Rem 0.20

1.0

1.0

0.14 0.06 Rem 0.20

0.14 0.06 Reom 0.20
v.v .. . .  

0002 005 206 132 3.0 28 10 014 006 Re 0.20 

0.002 005 20.6 132 3.0 2.8 1.0 0.14 0.00 Rem 0.20 

0.002 005 20.6 132 3.0 2.8 10 0.14 0.06 Rem 0.20 

0.002 0.05 20.6 132 3.0 2.8 10 0.14 0.08 Rem 0.20 

002---------------------------------------------------------------------------

nn Ia 20.6 13.2 3.0 2.6 1.0 0.14 0.06 Rem 0.20

0.27 001 

0.27 0.01 

027 0.01 

027 0.01 

027 0.01 

0.27 0.01 

0.27 0.01 

0.27 0.01 

0.27 0.01 

027 0+01 

0.25 0.01 

0.27 0.01 

0.27 0.01 

0.27 0.01 

0.27 0.01 

0.27 0.01 

0.27 0.01

20.6 13.2 3.0 2.8 1.0 014 0.06 Rem

1 _____ - i- { i -I I t l
20.6 13.2 3.0 2.8 1.0 014 0I06 Rem 0.20

SpecImen ID
c 

1%)

71TT an, I � I �flR

000€19 n0 n I 20 60.27 

0 27 

0,27 

027

001 

001 

001 

001

0 002 

0 002 

0 00?

0 05 

00%

0.002 

0.002 

0.002

9fl A

20

20. 13.2

0.6

0.05 20.6 13.2 3.0 2.8 1.0 0.14 006 Rem 020 

0.03 21.3 12.6 3.9 3.0 t1 013 0.10 Rem 

0-05 20.8 13.2 3.0 2.- 1.0 0.14 0.06 Ren 0.20 

0.05 20.6 13.2 3.0 28 1.0 0.14 0.06 Rem 0.20 

0.05 20.6 13.2 3.0 2+8 1.0 0 14 000 Rem 0.20 

005 20.6 132 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

005 0.6 32 3 28 10 04 00 Rem 0.2

10.002 

0.002 

0.001 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002

0.05 

0.0

020

/

A Aq A •8

.201.0 0.14q 0. R2.8

0 0s 

0.05 

0.05 

o 06

•V 

v

Pa A 
ýý01'bgt !3* AA

Rein 0.20



Weld Filler Independent Test Results

C Mn P S SI Cr NI Mo N H Fe 0 TI W Co V Cu NI * Co Other Tota 
Specimen 10 (%) (%) 1%) (%) 1%) 1%) 1%) (%) (%) (%) (%) (%) M(% (M/ (%) CM) 

OCM 159 0.008 0.25 0.01 0.001 0.03 21.3 12.8 3.9 3.0 1.9 0.13 0.10 Rem 

OCS 160 0.005 0.27 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

DCB 161 0008 0.25 0.01 0.001 003 21.3 12.6 3.9 3.0 1.9 0.13 0.10 Rem 

0CB 102 0.005 0.27 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

Ce 164 0.005 027 0.01 0.002 0.0s. 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Reom 0.20 

ocD 165 0.005 0.27 0.01 0.002 005 20.6 13.2 3.0 2.0 1.0 0.14 0.06 Rem 0.20 

OCM 17 0.005 0.27 0.01 0.002 0.00 20.6 13.2 3.0 2.8 10 014 0.06 Rem 0.20 

MCe 168 0.008 025 0.01 0.001 0.03 21.3 12.6 3.9 3.0 1.9 0.13 0.10 Rem 

OWe 001 0.005 0.27 0.01 0.002 0.05 20.8 13.2 3.0 2.8 1.0 014 0.06 Rem 0.20 

-W- 002 0.00- 0.27 0.01 0,002 0.05 20.- 13.2 3,0 2.8 1.0 0-.14 0.00 Rem 0.20 

-DWB 003 0.005 027 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

DW8 004 0+005 0.27 0.01 0.002 0.05 20.0 13.2 3.0 2.0 1.0 •0.14 0.06 Romn 0.20 

OWeO00 0005 0.27 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

Owe 006 0.005 0.27 0-01 0.002 0.05 20.6 13.2 3.0 2.8 to 0.14 0.0- Rom 0.20 

OWe 031 0.005 0.27 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

OW1- 030.O005 0.27 0.01 0.002 0.0- 20.- 13.2 3.0 2.8 1.0 0.14 0.06 Rein 0.20 

oWe 04t 0.005 0.27 0.01 0.002 0.05 20.0 13.2 3.0 2.8 1.0 0.14 0.00 Rem 0.20 

OW- 042 0.005 0.27 0.01 0.002 0.05 20.- 13.2 3.0 2.8 1.0 0.14 0.00 Rom 0.20 

OWB 043 0.005 0.27 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

Owe 044 0.005 0.27 0.01 0.002 0.0- 20.- 13.2 3.0 2.0 1.0 0.14 0.- Rem- 0.20 

OWe 045 0.005 0.27 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

DWS 048 0.005 0.27 0.01 0.002 O.00 20.0 13.2 3.0 2.8 10 014 0.06 Rem 0.20 

| I0 0. 0n 514 80.0 Rem 0.20

~1I0.27 0.01 ' 0.002 0.05 20.0 1 13.2

lit 
Pa s, 94 ý ý 3 11f.

V*VV fm V•M

= 1

3.0 Z.0 1.47
OWS 072 0.ff



Weld Filler Indepetident Test Results

C Mn P S SI Cr NI Mo N H Fe 0 TI W Co V CU NI Co Others Total 
Specimen ID ) (%M%) (%) (%) 1%) (M/) (%) (%) (%) (%) ( (%) (%) (%) (%) 

DWB 073 0.005 027 001 0002 005 20.6 132 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

OWe 074 0005 027 001 0002 005 206 132 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

DWB 075 0.005 027 001 0002 005 206 132 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

DWO 076 0005 027 001 0002 005 206 132 3.0 2.8 10. 0.14 0.08 Rem 0.20 

OWB 077 0005 0.27 001 0002 005 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

DWB OB 0.005 0.27 001 0002 005 20.6 132 3.0 2.8 1.0 Q.14 0.06 Rem 0.20 

DWB 07S 0.005 0.27 001 0.002 0.05 20.6 132 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

OWe 080 0.005 0.27 0.01 0.002 005 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

DW -0-1 0.005 0.2- 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0,14 0.0 Rein 0.20 

DWB 082 0.005 0.27 0.01 0.002 0.05 20.6 13.2 3,0 2.8 1.0 0.14 0.06 Rem 0.20 

DW -101 0.005 0.27 0.01 0-002 0-05 20-6 13.2 3.0 2.8 1.0 0.14 0.0 Rein 0.20 

DWBS 102 0.005 0.27 0.01 0.002 0.05 206 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

oWBe 10 0.005 027 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

owe 102 0.005 0.27 0.01 0002 0.05 20.6 13.2 3.0 2.8 1.0 014 0.06 Rem 0.20 

OW1 0.005 0.27 001 0.002 005 20.6 13.2 3.0 2 10 014 006 Rem 0.20 

DWB 113 0.005 0.27 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

DWB 114 0.005 0.27 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

DWB 115 0.005 0.27 0.01 0.002 005 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

DW8B15 0.005 0.27 0.01 0.002 005 2060 13.2 3.0 280 1.0 01t4 0.06 Remn 0.20 

OWB 110 0-005 0.27 0.01 0.002 0.05 20.0 13.2 3.) 2.8 1.0 0.14 0.08 Rem 0.20 

OWe 118 0.005 0.27 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

OWO 116 0.005 0,27 0.01 0.002 0.05 20.6 13.2 3.0 2.8 10 0.14 0.00 Rem 0.20 

DWOB 121 0.005 0.27 0.01 0.002 0.05 20.6 13.2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

0WB122 0.005 0.27 0.01 0002 005 20. 132 3.0 2.8 1.0 0.14 0.08 Rem 020 

,I,----,--

as 
Pay.24,01 9,



Weld Filler Independent Test Results

Specimen C Mn P S SI Cr NI Mo N H Fe 0 TI W Co V CU NI+Co OthersTotal 

(%) (%M (%1 (%) (%) (%) M %) 1%) (%) (M) (%) (%) 1%) (%) (%) (%) 

OWB 141 0005 027 001 0002 0.05 206 132 3.0 2.8 1.0 014 0.06 Rem 0.20 

DWO 142 0.005 0.27 001 0002 005 206 132 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

DWB 144 0.005 0.27 001 0.002 005 206 13 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

oWB 151 0005 027 001 0002 005 206 13,2 3.0 2.8 1.0 0.14 0.06 Rem 0.20 

OW 1 0.008 025 001 0.001 003 21.3 126 39 3.0 1.9 0.13 0.10 Rem 

oWBe M 0.000 0.25 0.01 0.001 003 21.3 126 3.9 3.0 1.9 0.13 0.10 Rem 

oWe 109 0.000 0.25 001 0.001 003 21.3 12.6 3.9 30 1.9 0.13 0.10 Rem 

ECO 001 0..3 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECO 002 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECO 003 0.006 0.82 0.30 0004 0.0044 0.12 0.08 Rem 

ECO 004 0.006 082 0.30 0.004 0.0044 0.12 0.08 Rem 

ECO0 0.006 0.82 0.30 0004 0.0044 0.12 0.08 Rem 

ECD 006 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECO 032 0.00o 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 061 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 062 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 063 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 064 o.o00 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 
ECO 065 cO0os 0.82 0.30 0.004 0.0044 0.12 0.08 Remn 

ECO 063 0.00e 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECO 066 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECO 0687 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 068 0.005 0.82 0.30 0.004 0.0044 0.12 0.08 Rem

ECD 089 0.006

G LM P '1k

0.02 0.30 0.004 40.0044 0.12 0.08 Rein



Weld Fillei" IndeL ,dent Test Results

Specimen C Mn P 5 Sl Cr NI Mo N H Fe 0 TI W Co V 

SI (%) (%) (%) (%) (%) (%) (%) (%) (h) I%) M 1%) (1) *A %) (%) (M) Cu NI+Co OthorsTotal 

ECO 070 0.006 0.82 0.30 0,004 0.0044 0.12 0.08 Rem 

ECO 071 0.006 0.82 0.30 0+004 0.0044 0.12 0.08 Rem 

ECD 072 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 091 0.006 0.82 0.30 0.004 00044 0.12 0.08 Rem 

ECD 092 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECO 003 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECO 094 0.006 082 0 30 0.004 0.0044 0.12 0.08 Rem 

ECD 09S 0006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 098 0.006 082 0.30 0.004 0.0044 0.12" 0.08 Rem 

ECO 098 006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 099 0006 0.82 030 0.004 0.0044 0.12 0.08 Rem 

ECD 101 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 102 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 121 0.008 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECO 122 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECO 123 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 124 0.008 0.82 030 0,004 0,0044 0.12 0.08 Rem 

ECD 12S 0.006 0.82. 0.30 0-004 0.0044 0.12 0.08 Rein 

ECD 128 0.006 0.82 030 0.004 0.0044 0.12 0.08 Rem 

ECD 120 0.008 082 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 129 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 120 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 132 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem

Pa%
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Weld Filler Independent Test Results

C Mn P S SI Cr NI Mo N H Fe 0 TI W Co V CU NI÷C 

Specimen () (%) (%) ) (%) (%) M) (%) (%) M %) 1%) M M%) (%) (%) (%) o OthenTotal 

ECO IS? 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rein 

ECD 158 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECD 159 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Re

ECO 160 0.006 0.02 030 0.004 0.0044 0.12 0.08 Rem 

EC -1161 0.00- 0.82 0.30 0.004 0.0044 0.'12 0.08 Rei 

ECO 112 0.006 0.82 0.30 0.004 0.0044 0.12 0:08 Rem 

ECO 164 0.00e 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

ECO 165 0.006 0.02 0.30 0.004 0.0044 0.12 0.08 Rem 

ECO 12 0.006 082 0.30 0.004 0.0044 0.12 0.08 Rem 

[-EWO 

-1 
0.00- 

0.82 0.30 0.004 0.0044 0. 12 0.08 Re in 

EWO 001 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWO 001 0.006 0.82 0.30 0.004 0.0044 012 0.08 Rem 

ECO 007 0.ooe 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWD 004 0.00e 082 0.30 0.004 0.0044 0.12 0.08 Rem 

EWO 001 0.006 082 0.30 0.004 0.0044 0.12 0,08 Rem 

EWO 006 0.00- 0.82 0.30 0.004 0.0044 0.12 0.08 Rein 

EWD 031 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWO 036 0.006o 0.82 0.30 0,004 0.0044 0.12 0.08 Rem 

EWE) 4" 0.000 0.82 0.30 0.004 0.0044 012 0.08 Rem 

EWD 042 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem

EWD 043 

EWO 044 

EWD 045

0.30 0.004 0.0044 0.12 0.08 Rem

000-8 I

0.00X 

0.c

0.82 0.30 0.004 0.0044 0.12 0.08 Rem

- IWi�1-f-l-I-4-I-t-I-i-l t-t 
0.82 I 0.30 0.004 (��4 0.12 0.08 Rem

I _________ .5. _________ I-�

it-4
,\

0.12 10.08 Remn0.0040.82 0.30



Weld Filler lndePlndent Test Results

C Mn P 1 SI Cr NI Mo N H Fe 0 TI W Co V Cu NI4 Co Others Total 
Specimen 04 0 0 (*A 0 (%) (A) 00 04 (%) 01 0 0 R 

EWO 048 0,006 0.82 0.30 0004 0.0044 0.12 0.08 Rem 

EWO 071 0006 082 030 0004 0.0044 0.12 0.08 Rem 

EWD 072 0.006 082 030 0.004 00044 0.12 0.08 Rem 

EWO 073 0.006 0.82 030 0.004 0.0044 0.12 0.08 Rem 

EWD 074 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWD 075 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWO 077 0.000 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EW 078 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWD 078 0700 082 0.30 0004 00044 0.12 0.08 Rem 

EWD 078 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWD 080 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWD 082 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWD 081 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

-- -- -- -- - -- -- -- - -- -- -- - -- -- -- -- - -- -- -- - -- -- -- - -- -- -- 

EWO 101 0.006 082 0.30 0.004 0.0044 0.12 0.08 Rem 

EWO 102 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWO 106 0.006 '0.82 0.30 0.004 0.0044 O.12 0.08 Rem 

EWO 112 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWDIIM 0.006 0802 0.30 0.004 0.0044 0.12 0.08 Rem 

EWO 114 0.000 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWDI114 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 ] Rem 

EWD 115 O.ODS 0.02 0.30 0.004 0.0044 1O.12 0.08 Rem 

EWO 114 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWDIIS 0.006 082 0.30 0.004 0.0044 0.12 0.08 Rem 
------------------------------------------------------------------

0



Pag~f~Weld Filler Independent Test Results

C Mn P S Sl Cr NI Mo N H Fe 0 T1 W Co v 

Spe% (% (%) (%) 1%) . (%) (%) (%) 1%4 (%) (%M (%) (%% (%) (MI Cu NICo OthorsTot*I 

EWO 119 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWD 121 0.006 0.82 0.30 0.004 0.0044 0.12 0.08 Rem 

EWD 122 0.006 082 030 0,004 0.0044 012 0.08 Rem 

EWD 141 0.000 082 030 0004 00044 0.12 0.08 Rem 

EWD 142 0.00o 082 030 0004 00044 012 0.08 Rem 

EWD 151 0.00e 002 030 0004 00044 012 0.08 Rem 

EWD 164 0.006 082 030 0004 0.0044 0.12 0.08 Remi 

EWO 100 0.000 0.02 0.30 0.004 0.0044 0.12 0.01 Rem 

EWD t0. 0.006 082 0.30 0.004 0.0044 0.12 0.08 Rem 

---------------------------------------------------------------------------

•R
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AdftkMetal Samples Co., Inc.  

IS2 Metal Samples Road 

BALI_ _Po. ROBox a 
M ia Munford, Alabama 36268 

2&L I USA 
205/35-4202 
Fax: 205/358-4515 

A 5u ty 4ofA~xw •p A a ir, 

SEPTEMBER 08, 1995 

STATEMENT OF CONFORMITY 

Soc-1 

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

USAGE AS FOLLOWS: 

LOT #H157 - DC8 001 - DC0 243. 2"x2" WELDED CREVICE COUPONS 
- DUB 001 - DUB 163, WELDED U-BENDS 
- DWB 001 - DWB 183, 1wX2" WELDED WT. LOSS COUPONS 
- DCA 001 - DCA 243, 2"x2" CREVICE COUPONS 
- DUA 001 - DUA 163, BASE MAT'L U-BENDS 
- DWA 001 - DWA 163, 1"' WT. LOSS COUPONS 

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

LARRY BRADEN 
QUALITY CONTROL MANAGER



SUPPLEMENT TO STATEMENT OF CONFORMITY SOC - I

PO# 5313954 SEPTEMBER 08, 1995 

SOC - IA 

LIST OF C22 ALLOY SPECIMENS FROM SECOND WELD FILLER LOT 

C22 WELDED U-BENDS C22 WELDED CREVICE SPECIMENS 

DUBO09 DCB010 DCBi68 

DUB030 DCBOl5 DCB170 

DUB036 DCBO17 DCB173 

DUB037 DCB021 DCB17S 

DUB062 DCB023 DCB188 

DUB067 DC8024 DCB191 

DUB068 DCB026 DCB203 

DUBO8O DCB027 DCB211 

DUB095 DCB029 DCB221 

DUB097 DCB030 DCB224 

DUB098 DC8042 DCB225 

DUB134 DC8043 DCB226 

DUB13S DCB047 DCB227 

DUB136 DCB054 DCB228 

DU8138 DCB055 DCB229 

DUB139 DCB058 DCB230 

DUB147 DCB059 DCB231 

DUB148 DCB062 DCB232 

DUB149 DCB063 DCB233 

DUB153 DCB076 DC8234 

DUB154 DCBO81 DCB235 

DUB155 DCB109 DCB236 

DUB158 DCB119 DCB237 

DCB120 DCB238 

DC8126 DC8239 

DC8136 DCB240 

DCB138 DCB241 

_DCB159 DCB242 

IDC8161 DCB243 

_DCB163

I
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S04 IL 
Metal Samples Co.  
152 Metal Samples Road 

I ______P.O. Box 8 
M e* -__S Muntord, Alabama 36268 

• USA 

205/358-4202 Fax: 2051358-4515 

SEPTEMBER 26, 1995 

STATEMENT OF CONFORMITY 

SOC - 2 

METAL SAMPLES QUALITY ASSURANCE CERTIFIES AND AFFIRMS THAT ALL PRODUCT 

SUPPLIED AGAINST P.O #B313954 HAS BEEN MANUFACTURED IN ACCORDANCE WITH 

ALL QUALITY REQUIREMENTS AS SET FORTH IN THE ABOVE MENTIONED PURCHASE 

ORDER INCLUDING THE USE OF Ti GR 12 ALLOY (M.S. LOT #K957).  

USAGE AS FOLLOWS: 

LOT #K957 - ECD 001 - ECD 243, 2"- WELDED CREVICE COUPONS 

- EUD 001 - EUD 163, WELDED U-BENDS 

EWD 001 - EWD 163, 1"x2" WELDED WT. LOSS COUPONS 

-- ECA 001 - ECA 243. 2"x2" CREVICE COUPONS 

EUA 001 - EUA 163, BASE- MATL U-BENDS 

- EWA 001 - EWA 163, 1'xc2" WT. LOSS COUPONS 

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

LARRY BRADEN 
QUALITY CONTROL MANAGER
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April 30. 1997

STATEMENT OF CONFORMITY 
(cAMMD 09 hbT 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 ALLOYfLOT# ALLOY/LOT# SEQ.# 

C01296141304000 1825/J927 N/A AWA 164 - AWA 178 

C0129A161304000 G3/H230 N/A BWA 164 - BWA 178 

C0129A131304000 C4X933 N/A CWA 164- CWA 178 

C0129A111304000 C22/K932 NIA DWA 164 - DWA 178 

C01298011304000 TIGR12/H427 N/A EWA 164 - EWA 178 

C0129B361304000 TIGRI6/1.384 N/A FWA 164- FWA 178 

C01296141324000 1825/J927 C22/L098 AWB 164 - AWB 178 

C0129A181324000 G3/H230 G3/M176 BWC 164- BWC 178 

CO129A131324000 C4/K933 C22./L098 CWB 164 - CWB 178 

C0129A111324000 C22/K932 C22L.098 DWB 164 - DWB 178 

C01298011324000 T1GR12/H427 Tl-12/L025 EWD 164 - EWD 178 

CO129B361324000 TIGR16I/L384 TI-7/K965 FWE 164 - FWE 178 

i PRYY BRADEN 
QUALITY CONTROL MANAGER

Metal 
Sample

• ALABAMA LASER 
TECHNOLOGIES-

ALABAMA 
RFSEARCH AND 
DEVELOPMFT'r

i ___

71
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January 11, 1999 

c 

STA-WIAMT OF cQ9:*WREWY 

SOC - 4 

METAL SAMPLE.S CO. QUAL1TY ASSURANCE CERTIIES AND AFFIRMS THAT PRODUCT 

SUPPUIED AGAINST P.O.#S500.447 HAS BEEN+ANU FACWRD IN ACCORDANCE WITH 

ALL QUAIIITY REQUIREMEMf AS SET-fPRT*IN thE ABOVE-MEtllONE0 PURCHASE 

ORDER ANDIOR ENGINEERING CHANGE ORE-R. MAT-E-RAS, WORKMANSIP AND 

DIMENSOALNEGRTTYOFTHEP~tbDL•TSUPP I V .EFIEDIN ACCORDANCE 

WITH THE REQUIREMENTS OF OUR ISO 9001'OERTFW QUAL.Y SYSTEM.

MATERIAL - T1-GR7 (#N284) 

TI-GR16 (#L384) 

C22 (0332) 

304 (SP384) 

316L (#N835) 

QUAuTY MANAGER

SEQUENCE - NCA 184 THRU NCA 223 

FCA 244 THRU FCA 283 

DCA 244 T-RU DCA 283 

OCA 001 THRU OCA 040 

PCA 001 THRU PCA 040

Metal 
samp

+1 ALABMA LASER 
TFCINOLOGIES-

ALABAMA RESEARCH AND 
DEVELOPMENT

I
I

5'5 (4ý I aý



STATEMENT OF CONFORMIT'Y 

SOC - 5 

METAL SAMPLES CO QUALITY ASSURANCE CERTIFIES AND AFFIRMS THAT PRODUCT 

SUPPLIED AGAINST P.O.#A15382YS9B HAS BEEN MANUFACTURED IN ACCORDANCE 
WITH ALL QUALITY REQUIREMENTS AS SET FORTH IN THE ABOVE-MENTIONED 
PURCHASE ORDER AND/OR ENGINEERING CHANGE ORDER. MATERIALS, 
WORKMANSHIP AND DIMENSIONAL INTEGRITY OF THE PRODUCT SUPPLIED WERE 
VERIFIED IN ACCORDANCE WiTH THE REQUIREMENTS OF OUR ISO 9001 CERTIFIED 
QUALITY SYSTEM

LINE NUMBER MATERIAL SEQUENCE

TIGR7 (P665) 
TIGR2 (M628) 
TIGR12 (M273) 
TIGR5 (M629) 
C4 (M475) 
C22 (K932) 
304L (N696) 
316L (P012) 

, ERNICRMO10 (P658) 
ERNICRMO10 (P657) 

-315L (P463) 
-C22 (P551) 
- TIGR7 (P548) 

316L (P453) 
" C22 (P651) 

TIGR7 (P648) 
315L (N835), 
C22 (K932) 
TIGR7 (N284)

NEA 341 THRU NEA 360 
TEA 001 THRU TEA 030 
EEA 051 THRU EEA. 080 
UEA 001 THRU UEA 010 
REA 001 THRU REA 020 
DEA 311 THRU DEA 335 
SEA 001 THRU SEA 025 
PEA 311 THRU PEA 335 
E2057 WIRE 1 
E2057 WIRE 2 
PEA 041 THRU PE-A 050 
DEA 041 THRU DEA 060 
NEA 071 THRU NEA 090 
PEA 051 THRU PEA 110 
DEA 061 THRU DEA 110 
NEA 091 THRU NEA 140 
PEA 111 THRU PEA 310 
DEA 111 THRU DEA 310 
NEA 141 THRU NEA 340

QU.�iTY MAI•AGF

Metal 
Samples

ALABAMA LASER 
TECHNOLOGIES

Al.ABANIA 
RESEARCH AND 
DEVELOPME.NT

I -�

06 
07 
Os 

09 
10 
11 
12 
13 
14 

2C 
22 
23 
24 
25 
27 
28 
30

I

,* J• w



SENT BY- 7- 1-97 :1:29-

C1T8TS Z P..fl.  
34604

510-423-05093; 8

0/ ?494W

Wotn1/S 12:57 Ch=3 242 coag 

p.0. Bar249 Dcuv2. P sy1j~r* 18917 

ALABAMA& SPECIALTY FRIMUCTS INC 
PO BOX a 
xtu~mRD, AL 36268

LHMWPIO ADDIU55 
rIo 1WL STRUT. Ju"K. PA =I? 

AT ADANA SPECIALTY PROM='~ X=I.  
252 3EITA 6AN7Jis R=A 
HIUIFORD Alo 36265L 

AT=~: L~Vom CARR

06/27/97 rAX A)ID JG

~~~p.KRcTC&% cwrwc~ to7t /9 )I1 

On& Piece of tbA referenced samples was submitted to cwa".oal content 
evaluation and it was round to be in conformimc. to MSTh D-575-94, 
Allay linstalloy C22 wuith~ the Sollowing results:

Molybdenum 

Iron.  
Tl'ug*aten 
Cobalt 
Carbon 
silicon 
K~q~azee 
Vanadius 
Phoupborus 
Sulfur 
Hi~ckel

12.5 14.5 
20.0 22.5 
2.0 .  
2-.5 3.5 
0.0 2.5 
0.000 0.015 
0.00 n-aa 
0.00 0.50 
0.00 03 
0.00 0.02 
0.00 0.02 
REMANfDE R

13. t 
22.3 

4.9 
3.0 
1.4 
0.004 
0.07 
0.32 
0.23 
o .0c 

'0.01 
RZKRIHMDE

A Tensile teat was performed an (1) Piece Of the adbmitted Test specizeus 
in accordanca withi ABYK z-6 and (1) piece Was found, to be in wcouifozaancs 
to ASW( B-575-94, Alloy Kaztalloy C22 with the following results:

I&Z-t AREQU3l3MD

X1 57

100,000 psi 

121, 440 PSI

45,000 psi 

62,470 PSI

49.0%

39.1%

T he ocx-vices performeci above were dons in accordanCe with LT. 1 I Quality 
System Progran X=Lual Revision 1-2 datedl 12/2/96. These results rclate 
only to the items tested and this report shall not be, reproduced except 
I.n full, without the wrnitte~a approval o± Laboratory Testing, Inc.

Page 7 of 

HER CUIKY O NT AM~IATION - Dotr.ar3¶hobft~ =d 
inpt~ax. the ptedwe ifi SWt COWe in &e comn~c 
v" antamy at asy of h fm~ gicrd me A~ any 
inomuy cammlainga devwums yiaua nngs sib1 oundwy 
*S M.IuME"n t.  
NL3JECT TO TERVS ANt) CONOTITOtNS F- 'wiNoE 01 REVERSE SIM) OF TN3M

krnold 4. Moroff 
Quality Assurance KMana~ger

003-27-06-20156



rw~a.4 dca
5% A 1a:

No. ASP003-97-06-10156

RO. 8= 249 Dubrin, PennsyAwia 18917 
TUA.L (15)24489 - RAMMS21)2494=66 

ALABAMA SPECIALTY PRODUCTS INC 
PO BOX 8 
MUNFORD, AL 36268

34604

SHIPPING ADDRESS 
120 MILL STREET. OULMJN. PA 1=17 

ALABAM SPECIALTY PRODUCT8 INC.  
152 METAL SAMPLES ROAD 
MUNFORD, AL 36268 

"ATTN: LAVON CARR

06/27/97 PAZ AND MAIL

.CoRftP cR.ICATION (7/11/97 ) 

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

Molybdenum 
Chrzomium 
Iron 
Tungsten 
Cobalt 
Carbon 
Silicon 
Manganese 
Van4dium 
Phosphorus 
sulfur 
Nickel

12.5 14.5 
20.0 22.5 
2.0 6.0 
2.5 3.5 
0.0 2.5 
0.000 0.015 
0.00 0.08 
0.00 0.50 
0.00 0.35 
0.00 0.02 
0.00 0.02 

REMAINDER

13.6 
22.0 
4.4 
3.0 
2.3 
0.005 
0.05 
0.22 
0.19 
0.01 

<0.01 
REmaInDER

A Tensile test was perforaed..€on.(J(1 piece:of- the- submLtted-Testý Specimens 
In accordance with ASTM z-8 and (1) piece was found to be in *conformance 
to ASTH B-575, Alloy Hastelloy C22 with the following results:

*REQUIRED

1932

TENS31E 

100,000 PSI 

119,460 PSI

YIELD (.2%) 

45,000 PSI 

59,820 PSI

~IGA20ION 
'r- ] D) 

45.0%

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.

544/ý1 C .• Page 6 of 13 

/ • . ..... WQi
Arnold L. Horoff 

uality Assurance Manager

LABORATORY 
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SEplT BY: -". U W690 -- - W&-f~~
- *,Iu-Iza-uoIm;;1u 

WOU/813

No. ASPO03-g7-06--1U0.6

RQ BoW249 Dubtl. amyivnes, Y, 
TELWJ M g) 146466 . VMx MI" 248.

ALABANA, 8PCXALTY P RODUC'rs INC 
PO BOX 8 
)WIITOXW PAz 56268

CUz4Rm P~ 
34604

One Pleca of the ruaferenced 
OV41uation and. it was found 
T11tanlum, Grade 12 with- the

SHIPPING AbONESS 
130 SMA GNRMT* CKMLNw P^ Use? 

ALAB-AKA SPECrALTY PAOWC'1S ZNc 
152 )QTAX S~a'iaa ROAD 
RMN~01M, MA 35268 

.. A¶DTN: LAV014 CARP.

06/27/97 PAX P49D KAIL

sai~ples was submittad to chemical content 
to be ~in conformance to AST)( B-265, A~lloy 
following resu~lts:

Ultrogez 
Carbon 

*Hyd1rogen 
Iron 
oxyged 
mfolyb~denuim 
Nqickel 
Vtitanlux

0.00 0.03 
0.00 0.0s8 
0.000 0.013 
0.00 0. 30 
0.00 0.25 
0 . 2 0.4 
0.6 0.9

LOT 025 
0.02 
0.002 
0 .052 
0.06 
0.13 
0.3 

RZMAIMIER
¶aAut-Ing Par-formed by -L- a.K Inc.  

A r6eisie tasit v.s Parfcrzmed on (1) Piece Of the Subuittad TLast *peeimxns in accordgmanc with ATxm Ua-8 and (1) piece was found to be in coxfr.fzuana.  to ASTH B-265, Grade 22 with the following raculte:

TERSILZ 

70,000 pSI 

87,6oo psi

YMMLC (.2%) 

50,0O0 ?52 

61,~900 PSI

EUXOMMhTON 
(3A 2W 
%9.0%~

21.!5%

The SftrviC6X parforned c.ýove' were domea in accorda~ce with LT12z g uality System ]rngram ManUaal Revi~sion 12 dated 12/2196. These~ reaults re~lato only to the items tested and this report shall not be reproduced except In full, witbout the writ.ten npproval of Laboratory Testing, Inc.

Paget 9 of 13 
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of moun~inswar 
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SMYT BlY: 
06/27/97

7- 1-97 ;1:2&'I 510 S-423-0509;# 9 
09:30 02L5 ZI9Sm 8536 UATMR MW Q001/013

I�.

No. MP003-97-06-2lo2 .5

P-0 Bar EM D~f Pmybnwa 11 
TMLD:S121 46Mm . M1 I'M ueW

ALAXAWA BPZCXALTZ PAODcTz mic 
PO V=z a 
NUNIoa, AL. 36268 

CE p m P-n 
34604

OUS PIeCe Of the referenCed 
&valuation and It was foune 
Titanium, Grade 12 with tbA 

Z(1.Rog 
Nitrogen0.00 

Carbon 0.00 
*Xydrogen ~ 0.000 
Iran 0.00 
OxygqA 0.00 
MolybdenUM 0.2 
Niokol .  

T~t~k"I0.6REXAM

UHIMPIN ADD"=S 
12* M". SAVET. avwUN PA WI,? 

ALASAVA SPZC~A?.y pjtOuCTS C.  
1L52 HEMTAL p~Us; VW 
MMURYOR, AL 36268 

M'TTK; LAiV(2 CARR

05/27/97
PAX AND MAIL

samleSS WKIN Bubmitted to canicjal oogteimi to be in aonformazc. to ASVM S-265, alloy 2ollcidiag results:

0.0M3 0.01 
0.08 0.02 
0.015 0.005 
0.30 0.2.3 
0.2.5 0.1.4 
0.4 0.3 
0.9 a's

�6

*Testi~ng performed by LUaaj- -- ;.

A Tensile tant wan pfzforxa4 on (1) piece of the SUbmitted %'at gpeojme= im accordanCe with AUTH 3-6 and (l)pPiece Was foUnd to be in conformance to ASMT B-295, Grade 12 with the following remjlta:

70,000 pax 

08,410 pal

YIELD C244 

50,000 per 

64,700 PS!
2* .0%

The Bervice;6 Verformekd above ware- 4GU.. *rj-accordan~e *dt.b LTr'a sQuAlitV 8yatez PrQgraM Manual Revision 12 date4 12/2/96. These resUltg relate only to the Items tested and this reort shall not be reproduced &=aopt 1A f lli, Without the written apprvlo Laborator.y Testing, Zno.

'Page 9 of is 
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IN/IlTRW 
L_.LJ TESTING INC.  

PO Box 249, 120 Mill St. Dublin, PA 18917 
TEL 800-627-3966 - FAX 215-249-9666 

SOLD TO 
TRW ENVIRON.SAFE1Y SYSTEMS, INC.  
2650 PARK TOWER DRIVE 
SUITE 800 
VIENNA, VA 22180 
ATTN: ACCOUNTS PAYABLE

02-99-03-05598

RE 
SHIP TO 
NEVADA 
TRW c/o Lawrence Livermore Natl Lab 
7000 East Avenue 
Livermore, CA 94550 

ATTN: JOHN ESTILL

CUSTOMER P.O.  
A15385YS9A

CERTIFICATION DATE 
3/23199

SHIP VIA 
FAX & UPS

DESCRIPTION 

1 pc. 1/2" x 6" x 118n Thick Test Piece, ASTM A-240, Alloy 316L 
Stainless Steel/UNS S31603, Specimen Identification PEA 
CHECK 1, Specimen Origin PO # /Lot #B500447/N835, Item #28 

Reference: Account No. 8766-92, RFQ LV.SC.YS.2199.012 

( 

The referenced sample was submitted to chemical content evaluation and it was found to be in 

conformance to ASTM A-240, UNS S31603, Alloy 316L Stainless Steel with the following results:

ELEMENT 
C 
Mn' 
P 
S 
Si 
Cr 
Ni 
Mo 
N

REQUIREMENTS 
MIN. MAX.  
0.000 0.030 
0.00 2.00 
0.000 0.045 
0.000 0.030 
0.00 0.75 

16.00 18.00 
10.00 14.00 
2.00 3.00 
0.00 0.10

ACTUAL 
0.011% 
1.85% 
0.020% 
0.003% 
0.30% 

16.64% 
10.35% 
2.11% 
0.05%



IMLABORA TORY 
LLJd, TEI ING INC.  
PO Box 249,120 Mill St., Dublin, PA 18917 
TEL- 800-627-3966 a FAX 215-249-9656 �i.

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

REQUIRED

ACTUAL

TENSILE 
STRENGTH 
70,000 PSI 

85,510 PSI

YIELD (.2%) 
STRENGTH 
25,000 PSI 

42,080 PSI

ELONGATION 
(G.Z_ 
40.0%

46.4%

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

REQUIRED: RB 95 MAXIMUM 

ACTUAL: RB 81.0,81.0, 81.5, 80.5 / AVERAGE: RB 81.0 

The services performed above were done in accordance with LTI's Quality System Program Manual Revision 13 dated 

3/16/98. These results relate onty to the items tested and this report shall not be reproduced, except in full, without thti 

written approval of Laboratory Testing. Inc.  
Sherri L. Lengyel 

QA Coordinator 

Auftforizedd Signaur

I



.16:17 IM213 249 9654

ti.ASPC 

P.O. am~ 249 .(3.t. sp1Lww#Mr U917 

7mSr- (M) 2496654M Xp1)U45 

P.ASAA SPECIALTY pR==3CS 
3IMC 

r0 Box a 
XUX'op.D, AL 36268

I03-97-05-.g9164

$ HkPMIG ADDRESS 12@ UU. STpj=. OIJ*L2 PA 11047 

ALARAA spzRcIkLT! PRODUCTS INC.  

-J.52 KETA SAI4PLIC ROAD 

HUXFORD, AJL 36268 

ATTH: ZAkVON CanR

06/17/ -1
34383

F=X AxD KAIL

I PC. Test PieCft, Weld fill, 
EMCR- X0-10, 

AlloY C22, AWS A5.14, 
Lot'L09

8 1

The refareflGed sample was sulmitted to chemiOzl contenlt evaluAtiOll and 

it was found to ba i.n conformance to AMMK S7A-5-24 , 1995 Edition,. 1996 

Addenda, ERMMIG, uKS N06022, AlloY 35NiCr10-
1 0 VWeld Rod with the fol

lowi~ng results:

Carbort 
Mangazes e 
pho sphoru~s 
sulfur 
silicon 
chroa jur 
INic]Lcel + 

Cobalt 
mol72bdanu 
.Copper 
Iron 
cobalt 
Vanadium 
Tungsten

0.000 0.1 
0.00 0.50 
0.00 0.02 
0.000 0.010 
0.00 0.08 

20.0 22.5 

12.5 14.5 
0.00 0.50 

2.0 6.0 
0.0 2.5 
0.00 0.35 
2.5 .

0.08S 
0.25 
0.01 
0.001 
0.03 

21 .3

12.6.  
0.10 
3.9 
1.9 
0. 13 
3.0

The ervcesperozud ~va eredone in aczordauce with LTI'lS Quality 

The~ servi esgram Kfl~al aboveS~ 1were d 12 2,6 Tbezu results relate 

snys e Progt raitm ManU ~ d I n t is r-eport Sh all not be reproduced exOctPt 

in fEull, without the writtenl approval of L 1oaoy'etnIc

Quality Assurance Man&ge1 r

LIERCURY CGNTAMINATIOK. * Drimg ihi ustlfl and 

inspmton. * prod= rid not COM in d~mc wool5 

wUi uerwry 0rm =of ht aampn& Pfl Vftw MY 1 

nwrWMY 3 .a 3 oig deviMu tM#4zauisu a 5j"uW baulidOilL 

of coptaianwaL . MEVEP1S~E OFE of;65t FORM.

06/17/07 0002/003

0
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PO Box 249, 120 MiRI SL, Dublin, PA 18917 
TEL: 800-627-3966 - FAX 215-249-9656 

SOLD TO 
TRW ENVIRON.SAFETY SYSTEMS, INC.  
2650 PARK TOWER DRIVE 
SUITE 800 
VIENNA, VA 22180 
ATTN: ACCOUNTS PAYABLE

)02-99-03

SHIP TO 
NEVADA 
TRW c/o Lawrence Livermore Natl Lab 
7000 East Avenue 
Livermore,. CA 94550 
ATTN: JOHN ESTILL

CUSTOMER P.O.  
A 15385YS9A

CERTIFICATION DATE 
3/25/99

SHIP VIA 
FAX & UPS

DESCRIPTION 
1 pc. 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, Item #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:

ELEMENT 
C 
Mn 
Fe 
P 
S 
Si 
Cu 

Ni + Co 
Co 
Cr 
Mo 
V 
W 

Others Total

REQUIREMENTS
MIN.  
0.000 
0.00 
2.0

MAX.  
0.015 
0.50 
6.0

0.00 0.02 
0.000 0.010 
0.00 0.08 
0.00 0.50 

REMAINDER 
0.0 2.5 

20.0 22.5 
12.5 14.5 
0.00 0.35 
2.5 4.5 
0.00 0.50

ACTUAL 
0.005% 
0.27% 
3.0% 
0.01% 
0.002% 
0.05% 
0.06% 

REMAINDER 
1.0% 

20.6% 
13.2% 

0.14% 
2.8% 
0.20%

The services performed above were done in accordance with LTrs Quality System Program Manual Revision 13 dated 
3/16/98. These results reiate only to the items tested and this report shall not be reproduced, except in full, without the 
written approval of Laboratory Testing, Inc.  

Sherri L. Lengyel 
QA Coordinator



(0 ET04 1 oagF T I / ANAMET

3400 INVESTMENT BOULEVARD - HAYWARD. CALIFORNIA 9454S-3811 (I50) 887.8811 

September 10, 1997

LABORATORY NUMBER: 

CUSTOMER AUTHORIZATION: 

DATE SUBMITTED: 

REPORT TO:

5001.023F 

PO# B340085 

August 1, 1997 

University of California 
Lawrence Livermore Nat'l Lab.  
Atm: John Estill 
P.O. Box 5012 
Livermore, CA 94551

SUBJECT: 

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

CHEMICAL ANALYSIS 
(Reported as Wt. %)

Carbon 
Hydrogen 
Iron 
Molybdenum 
Nickel 
Nitrogen 
Oxygen 
Titanium

(C) 
(H) 
(Fe) 
(Mo) 
(Ni) 
(N) 
(0) 
(Ti)

0.006 
0.0044 
0.12 
0.30 
0.82 
0.004 
0.08 

Remainder

Requirements 
AWS A5.16 
Class ER Ti-12 
Min. Max.  

0.03 
0.008 

- 0.30

0.2 0.4
0.6 0.9 
- 0.020 

0.25 
Remainder

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

the listed requirements.

Submitted by:

nnrb

Edward A. Foreman 
Manager, Quality Assurance 

This report shall not be reproduced, except in full, without the written approval of FTI Anamet
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SEN BY TIANIM &ALLYS; 7-17-95 12:57; 8107555109 ->

(D~ 190ý 12

XiETAL. 54U~PLE

TITANIUM & ALLOYS CORP.  
I-Sol lo w a f ww s' -W W~kw' a -U .* :53W7Sbtgo-l a1qwS-~ 

Certificate-of Tests 
DATE; 6-13-95

CUSTOMER 
P.O. NO: 2 3322

S.0. NO.:

FHEA.T NO.  
SPECIFTCATION 
DES CRI PTION

BN 2966 
C? TITNI.AUM ASMh B265 CR1U2 
.187 X AS X 120"

.02 

.05 

.'.4 

.07 

.002

items *iidlcr uaterial produzced under 
thi~s order have not come in contact 
with mercury or its compuunds.

Xk.LCNANIUAL PR0P=CT~ES 

TENSILE 91,300/92,900

y1 rl.j.

EW.NG X 20/18

,0,q57 
7h~- woO

-11,~ 16pýL

TV.

ATTN:

WLUM(TSRY 

N

0 

TcI 
kt~ 1

3slanee 
.36

I

.SENT BY: TITANIM & ALLOYS;

70.700/67, Y13C



TEST REPORT (" 0 )-~ ý)-~%
SDATE OUIL OREIIE NO. CusouamMER OROER NO 

" IR I M6-7-9I 46101 14300 STITIRNIUM CUSOMER NAM 

I -"INOUSTRIES 
?IEIAL SAK1LXS 

..1s Lik Gray Blvd.- SmkaI • Jwkdm•ivFLk 152 METAL SAMPLE ROAD 
.(,) 777488M6 FAXZ 72 MUhNRD, AL 36268 

MATERIAL DESCRIPTION NO. PCs. LINEAR FEETIWEIGHT HEAT NO.  

TITANIUM GR. 12 2 60 LBS. T-5465 
1/0" X 32" X 47" SHEET 

'ECIFICATION 

ASTh B265 

CHEMICAL ANALYSIS 

N C. H Fe 02 AIA V Sn Pd Mo [Zr N 

.0060 .0120 .0040 .1400 .1200 .3000 .8000 

BAL 

MECHANICAL PROP RTIES a-@" 

"ENSILE L 87.000 88.000 4ARONESS -"R 

;TRENGTH KS; 96.000 91.000 
"IELD STRENGTH 61.000 L 61.000 Cr 

'Si (0.2%3OFFSET 82.000 74.000 __ _ _ _ _ _ 

"7LONGATION 20.000 L 22.000 GRAIN SIZE 

.INCHES) 21.000 21.000 
REDUCTION L L 
IN AREA _ _ 

BEND TEST RT 2.5 OTHER D,-f 
STATIC NOTCH STRESS RUPTURE 

ULTR A.SONIC TEST 

F LARE TEST 

IMPACT TEST 

"FLATTENING PASS 
v4YDROSTATIC TEST PASS 
EDDY CURRENT TEST 
PNEUMATIC TEST 

DYE PENETRANT 

RADIOGRAPHIC fX-RAY} TEST 

MICROSTRUCTURE PERFORMED 

MICROSTRUCTURE COMPLIANCE 

MACROSTRUCTURE PERFORMED 

MACROSTRUCTURE COMPLIANCE 

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

DATE - fY SIGNEDTA -P.t.( L kCY 
VMITE-CUSTOMEN COPY CANARY -MATERIALS COPY PINK --CNES COPY

I/
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'C TEST REPORT 
o-~ ,.p IIIIIIDETROIT, MIICHIGAN 40209

41109- 3i6L 2 _04 MB 
*II IN 00 Wilt D54156 PAGE 

Ma~nm 0A fMM McoI MM OUFI 
'9TESBELOW ________'979 

S COp~~ E BRASS SALES INb. :-3/0 MEAT NO. ot1NO PIWes MTWMOT 
o CORFOIATE SIRVICES DIVISION D09072 923461 7244377 1 Vie t2 I.ACCOINTB PAB DE* DEPT. AfO 2 

D T ~IE. ROAD 

o 48021-1256 

1,COPPER B ERASS 811 II4C. TTL 31 62 
4801 E. IARGARE ___ ___ TOTAL$_ ______ - 6120 _ _ __ _ _ __ _ 

TERRE HAUTE, IN,.460 
.0 

72 I.437 YXCAUI hI Rs45 PUPIPt RA V E wJ L SPEC IA LTY ST E b INC .  7247 11 8:,4,0 316 85,500 L b00 ~ ~~ 

I I . . L 8 G , A 
IvlAEi I.U. 1 P~o ~O.3~iiThese Tea Ate FOr VAte i pd N A XIPE O1 . . 1. /416 Or d eOr~ n i as9,/ FI ales, no.  

4LINV/WO r A~~a F 

* OAI NQ 
ft4 W~ 

I KrTIR~ft YUAI AH li~ s~.n

I *o *

7:r44377

A403 PI.PV

"c OK

ABTM A-240-9&A ABME SA -240-95 

TYPE 316L ONLY AilS 5507E . . *1' 
.1

CORRECt AS CONYAIINW 1 RTHAE93 ECORDUS 01 ARE 

V. P.- 5UNOLOGY

w



S-167-A CERTIFIED R~EPORT OF TESTS Is RAPPORT ODESSAIS CERTIFIE 'aWERKaLEUGNIS
NO Of FACTIAI ~V LI OAl OIL COMMUJIC 

I123543- 1- 1 - ) 00 0 941103 137604

SOLD TO e CLENT a v =ETILLHnTSoHRIT17 CORROSION MATERIALS 
DIV OF SPECTRUJM METALS INC 
P.O. BOX 666 
BAXER LAt 70714

SPECIFICATION - SPECIFICAPON * SPEZiFIKA~iON 

A WS AS.14-89 ERNIORMO-10

4UHEAT NUMBER 6I HEAT 
0UEOD OLE CODE

j I
LBS
Ju

31,08

- -. WrnRARTcia"I . KUH011411fiff IOATIN

S1WIUI TO - DSTINAIAIIIL * IIEFERANSCIIIIIFI 

* CORROSION MATERIALS INC 
2262 OROOH RD 
BAKER L.A 74

UUDSIANiII FIDEREFlt 
OLIANTIIE COUAMANDEE 

RES IFLLMENOE 

300 LB

loi
I RAPPORIT No F AGI 0l PAGIS iTu: 

11lUGNIS HR11 ANZAII bill Still" HAYNES~ 1010 Wool Path Avon 

I9411074 ?~ 1 International-i Kokomo. Indians 469t

15.73608

OUIANTITY SIIIPPEE) 
OUIANTITE ExPEDISE 

I.IEIEISMENOE 

304 LB

t, I�6IJ
CHEMICAL ANALYSIS * ANALYSE CHIMIOUE * CHEMISCHE ANALYSE

CHMIA ANALYSIS -, ANLS CHMIU CEISH ANALYSE

Alk I B3 LN -, : 11.1
jion T

Co I cr
I�' � 1�b

Cu'
U �I

Fe IMn I Mo
j32 I JTb3:6

NI P'IS
Iu 63

SI TI I VI

i

e I'IoIXcT SiscrtipTiO * DESCRIPTION PnoODust * MATERIAL CIESCAIRE 
.035 x 
IIASTELLOY(R) C-22 (TM) ALLO! 

DRAWN WIRE - LAYER WOUND 
DIN4 50049 3.IB)(EN 10204)

w
Ag'9

II
l--,w -I, -. -v ,- mI kr -wtunu wrt u--urz- - tzitrr q i - i1 - - -I

11,~lt T5 AI ITOM BUT 1TSUTO 170IIt ROGUA TEUPIERATAJRF twMP. AMUISIATITE RAUM TVEMP.
-S

, .I. 7215t MJTFI XT "IT WAA '~

v "UCI I 4.IflMh4R %ft

S17RE11S RUPTURE * USUAI A CHARGET 03 UPTUREI IMRITSTANOITVUISU

i4)�k 'U

-jVIFISUIC II PANHUNO BIUNON"

"UP.
L.A I A - I------.-I---.-4 I-l-'------i- -i I 1�IrI �-I-I�--* -L----I---,-�---I I

to1A 1~
-A" At IM IT *1

_________ 1 4 -.- J

Motorist was produced in accordance with flayneu Intl's Quolity Control System 
Manuel dated 5/31/86 Rev. 6.  
Total other elements analysed do not exceed .50 percent.

F, p 

ti
CERTIFIED BY CEATIFIE PARl Sk§CHEINIOi9IJ1"RN

/22Lj

0 THIlS MATERIAL MEETS THE REQUJIREMENTS Of THE LISTED SPECIFICATION, MODIfIED By 0 
EXCEPTIONS OR PURCHASE ORDER REQUIREMENTS. SPECIFICATION HARKING REQUIREMENTS F 
BE WAIVED ON ORDERS REQUIRING MULTIPLE MATERIAL SPECIFICATIONS.  
IRILL ORDERS USED- - 00-00000-00' 

ma 4 Iffol-v 1tYmutM use ri VC PNYWISO fDNI rv ls ISNO&hA tool mismZ.I4 fig iG I 01151I AIISIW I ve40wo 110,1117. to 44AvI IM FIMN WA N*AWS 0 It iEI t 51.1M .... ..l~

r1
I

I

I?

U S'

0714

i

I I Jr-lurva 1-3ml
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. UMNEm~ u~ cER11FIATE.OF"CONFORMITY 
.. D- TEST CERM1FICATE TO 

TiTAIUMWIR CORORAiONDIN 50049 3.1.B 
EN 10204 

235 INDUSTRIAL PARK ROAD 
FRACKVILLE, PA. 17931 
PHONE (717) 874-0311

CUSTOMER NAME 

&.,. BOX 460 

•rufBDGE, PA. 15003-0480

L_

07-19-95 

.950605

• 1
-. 3- Z7 -;L JAS4 a 

-ý *

P 33-_L .CC

.063 X 36" AS DRA&W? KILL FINISH 10 LBS.
AT7879

SPECIFICATIONS: F1 LL!i 

AWS A5.16-90 ERTI 12 MA"4"/4L 

CHEMICAL ANALYSIS 

-EW - -UC 

ViNAL 

0089 .0S .008 .125 .074 .29 
- ... .... -.......- • .....•.... s. . , 

.755 
.001

MECHANICAL PROPERTIES

TENSILE (KSQ: 

YIELD (0.2%) (KSI: 

ELONGATION (%-& GAUGE LENGTI' 

REDUCTION OF AREA: 

STATIC NOTCH STRESS RUPTURE.: 

BETA TRANSUS TEMP.  

MICROSTRUCTURE 

MACROSTRUCTURE 

ULTRASONIC TEST 

BEND TEST

'NOTE: The ofdng toles. IA, 
or taudukm s r or anties on 
F deomanw. na be pCupwtd as a 

FedealLa. h~e 16a, ChmpWir47-
•JULY 19, 1995

. •O •lOP W ......... .= 

' T . . . .- .-7 .W 
&M:•:-:.:::::.•:.....L*,:••T'•..:9 ••-M"•:: ý :lM ;' M •R. E. P T • -t•.>:- AM-..-..' n h.' '''"'

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

PA~RTI

I

L
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UntveW, of Caftom 
Lawrence Livermore National Laboratory 
Contracting 8 Materiel Management Department 

May 18. 1995 

-Metal Samples Company, Inc.  
152 Metal Samples Road P.O. Box 8 
Munford, Alabama 36268 

SAttention: Kirk Johnson 

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

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

Please have an authorized representative of your company sign both copies, without 
alteration or conditions, and return one signed copy within five (5) days to the attention I 
of Ann Moyle, at Mail Code L.,650.  

The terms and conditions or the attached Subcontract constitute the a&reement between the 
Regents of the University of California and Metal Samples Company. Inc. in its entirety.  
Any exception taken to the terms and conditions will constitute a counter-offer. In that 
event, the University may choose to accept the counter-offer. negotiate a revised 
subcontracL or withdraw from negotiadon.  

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

Sincerely.  

Ann Moyle 
Senior Buyer 
Program Support Division LL 

Enclosures: As noted " J

A DOE Pnrim Ckntmc.or. 7000 East Avenue. P.O. 8ox s012 e Uvemwm, CA 9455a49S5S1 v PIL 510'42".g21e. FAX 5G'4Z.-7643
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SUBCONTRACT B313954 
between 

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 

and 

METAL SAMPLES COMPANY, INC.  

INTRODUCION 

This is a Fixed Price Fabrications Subcontract. The paurties to this Subcontract are The Regents of the University of California, a CalifoniLa corporation, hereinafter called "Univcr.ity. and Metal SampIcs Company, Inc., hereinafter called "Subcontractor".  
The University has enter•d into Prime Contract No. W-7405-ENG-48 with the United SLate.¶ Government.  hereinafter called "Government." representcd by the Department of Energy. hereinafter called "DOE," for the •nanagecn.t and operation of the Lawrence Livermorc National Laboratory and the Performance of certain res•arch and davelopment work. This Subcontract is entered into as a subcontract in furthence of the work provided for under the Primo Contract.  

AGREEMENT 
In accepting thi.s Subcontract. the Subcontractor agrees to perform its obligations in accordance with the terms. conditions. and provisions of the following attahed documents and the documents referenced or Ino.rporated therein, which togethe with this Subcontract Signaturrc Page shall collectively constitute the entire Subcontract, and supersede.q all prior proposals, representation.. negotiations, or agreement., whether written or oral: 

SCHEDULE OF ARTICLES GENERAL PROVISIONS FOR FIXED PRICE SUPPI.ES & SERVICES (JANUARY 26, 1994) SPECIFICATION E-20-50-ID PROCEDURE FOR IDFNfTIFICATION 
METAL SAMPLES COMPANY, INC. THE REGENTS OF 

THE UNIVERSIT7Y OF CALIFORNIA 

BY::_ B Y :-' f 

TITLE- TTLEn Divisioa IeAder (Acti) 
Program Supprt Division 

Lawr.nce Uvmore Na ona Laboratory 
DATE: DATE: J L4L q 1q9 

University's Subcontract Administrator: 
Ann Moyle. (510) 422-9296 

L• UinlWewiy or Cahiforni 

Lawirw UvoLtmar Nai&nWLzboraory 
Contraotng & v tedfelManagement Depmm7ng (CJMAD) 
P.AO Box 501.o Ltvwmoap. CIldomle $51 

(PmN• aM•-US/,U #1



Table 2. ý'/ Specification E-20-50-ID

Re(. Dwg Number Re. Dwg. Number Ref. Dwg Number C00320 
AAA95-100703-00 AAA9S-100704-00 AAA9S-100705-00 

UISS Number- Alloy SAMPLE IDENTIICAATION SAMPLE IDENTIFICATION SAMPLE IDENTIFICATION 

N08825 825 AWA 001 thru AWA 163 AWVB 001 thru AWB 163 ACA 001 utin ACA 243 
N06985 03 BWA 001 thrn BWA 163 BWC 001 thru BWC 163 BCA 001 thru BCA 243 
N06455 C4 CWA 001 thru CWA 163 CWB 001 thri CWB 163 CCA 001 thln CCA 243 
N06022 C22 DWA 001 ihni DWA 163 DWB 001 ihru DWB 163 DCA 001 thru DCA 243 
R33400 Ti Gr 12 EWA 001 thni EWA 163 EWD 001 Ihru EWD 163 E'CA 001 Ihint ECA 243 

NIA Ti Cr 16 FWA 001 thru FWA 163 F\VE 0091 thin FWE 163 FCA 001 thni FCA 243 
N04400 M400 GWA 001 thru GWA 243 GWF 00i thru GWF 243 OCA 00i thiru GCA 24,3 
C7150 . CDA 713 HWA 001 thru HWA 243 iWG 001 thru HWO 243 HCA 001 thiru HCA 243 
K23190 A387 Gr 22 IWA 001 thin IWA 183 IWH 00r1 thruIWH 183 ICA 001 thru ICA 1983 
KO1800 A5 16 Gr55 JWA 001 thru JWA183 JWI 001 thrui WI 183 JCA 001 thmlinCA 183 
102501 A27 Gr 70-40 KWA 001 thru KWA 183 KWI 009 thru KWI 1983 KCA 009 thiru KCA 983 

'___,, Ref. Dwg Number Ref. Dwg Number Ref. DwS Number 
AAA9S-100706-00 AAA95-100707-0o AAA95-100708.00 

UNS Number Alloy SAMPLE IDENTIFICATION SAMPLE IDENTIFICATION SAMPLE IDENTIFICATION 

N08823 825 ACB 001 thna ACD 243 AUA 003 thru AUA 163 AUB 003 thru AUB 163 
N06985 03 BCC 001 thin BCC 243 BUA 001 thri BUA 163 BUC 001 thru BUC 163 
1N06455 C4 CCB 009 thru CCB 243 CUA 00 Hihm CUA 163 CUB 001 thru CUB 163 
N06022 C22 DCB 001 thru DCB 243 DUA 001 ttru DUA 163 DUB 001 thri DUB 963 
R53400 Ti Or 12 ECD 001 thru ECD 243 EUA 001 thru EUA 163 EUD 001 hlru EUD 163 

N/A Ti Gr 16 FCE 001 thru FCE 243 FUA 001 thin FUA 163 FUE 001 thru FUE 163 
N04400 M400 GCF 001 thru GCF 243 GUA 001 thi GUA 243h GUF 001 thru GUF 243 
C71500 CDA 715 HCG 001 thni HCG 243 HUA 001 thir HUA 243 HUG 001 Ihru HUG 243 
K21590 A387 Gr 22 ICH 001 thru ICH 183 IUA 00I thr IUA 183 IUl 001 thru UH-! 183 
KOI800 A516 Gr 55 JCi 001 thru JC! 1831 JUA001 thinJUAi83 JUI 001 thru JUI 183 
102501 A27 Gr 70.40 KCI 001 thru KCI 183 KUA 001 thru KUA 183 KUI 001 thiu KUI 183

4- 1 ;k %
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SCHEDULE OF ARfTCLM 

ARTICLE 1 - SCOPE OF WORE 

A. Gnsr1 

The Subcontractor shall fabricate and deliver to the University the quantities of the fabricated items 
described in Paragraph B below, in accordance with the requirements, specificatons and drawings 
included or referenced herein. All specifications and drawings, by thoir reference, gre hereby 
incorporated as a pan of this Subcontract.  

B. Description. Quantities & Delivery Ruireiments 

01 Spacer, Crevice Sper-clmcn, in strict accordance with 7380 August 28, 
Drawing AAA95N600714-00 1995, all items 

except Item 07 02 Al•2 I lot 
Consisting of the following test samples: 
a. Unwelded Weight Loss Se , In strict accordance 163 

wdth Drawing AAA95-100703-OO 
b. Coupon, Welded Wt. Loss, In strict accordance with 163 

Drawing AAA95-100704-O0 
c. Coupon, Base Mdl. Crevice, in strict accordance with 243 

Drawing AAA95-100705-00 
d. Coupon, Welded Crevice, in strict accordance with 243 

Drawing AAA95-100706-00 .  
e. Specimen, U-Bend, in strict accordance with Drawing 163 

AAA95-100707-0O 
f. Specimen, Welded U-Bend, in strict accordance with 163 

Drawing AAA95-100708-O0, including U-Bend 
Assembly, in strict acmordance with Drawing AAA95
I 00715-00 and Drawing AAA93-100855-OO 

03 Ally 0 1 lot 
Consisting of tbh following test samples: 
a. Unwelded Weight Loss Specimen, in strict accordance 163 

with Drawing AAA95-100703-O0 
b. Coupon, Welded Wt. Loss, in strict accordance with 163 

Drawing AAA95-100704-00 
c. Coupon. Base MdI. Crevice. in strict accordance with 243 

Drawing AAA95-100705-00 
d. Coupon, Welded Crevice, in strict accordance with 243 

Drawing AAA95-10O706-00 
c. Specimen, U-Bend, in strict accordance with Drawing 163 

AAA95-100707-00 
f. Specimen, Welded U-Bend, in strict accordance with 163 

Drawing AAA95.100708-OO, including U-Bend 
Assembly, in strict accordanc with Drawing AAA95
1007 15-00 and Drawing AAA95-1 00855-00 

Schedule 
Subconrract No. D3J3954 - 1.
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Q+ 

Co4sitng of'the following test samples: 

a. Unwelded Weight Loss Specimen. in strict accordance 163 
th Drawing AAA9S-100703-00 

b. Coupon. Welded WL Loss. in strict accordance with 163 
Drawing AAA95-100704-00 .  

c. Coupon. Base Md Crevic, in arict accordance with 243 
Drawing AAA95-10070S-O0 

d. Coupon, Welded Cavlic, In strict accordance with 243 
Drawing AAA95-I00706-O0 

e. Specimen, U-Bend, in strict accordance. with Drawing 163 
AAA95.100707-O0 

". Specimen. Welded U-Bend. in strict accordance with 163 
Drawing AAA95- 100708-00. Including U-Bend 
Assembly, in strict accordance with Drawing AAA95
100715-00 and Drawing AAA95.100855-O0 

05 AlgX IC22 lot 
Consisting of the following test samples: 1 
a. Unwelddd Weight Loms Spcimen. in strict accordan 163 

with Drawing AAA95-160070-O0 
b. Coupon, Welded Wt. Loss, in strict accordance with 163 

Drawing AAA9S- 100704-00 
c. Coupon, Base Mt. Crevice, in strict accordance with 243 

Drawing AAA95-100705-00 
d. Coupon, Welded Crevice. in strict accordance with 243 

Drawing AAA95.100706-0O 
e. Specimen. U-Bend, In strict accordance with Drawing 163 

AAA95-100707-00 
f. Specimen, Welded U-Bend, in strict accordance with 163 

Drawing AAA95-100708-00, including U-Bend 
Assembly, in strc accordance with Drawing AAA95
100715-00 and Drawing AAA95-100855-00 

06 AIl~lyM.Or 12 1 lot 
Consisting of the following test samples: 
a Unwelded Weight Loss Specimen, in Itrict accordance 163 

with Drawing AAA95-100703-00 
b. Coupon, Welded WL Loss, in strict accordance with 163 

Drawing AAA95-100704-00.  
c. Coupon, Bae Md. Crevice, in strict accordance with 243 

Drawing AAA9S-100705-O0 
d. Coupon, Welded Crevice, in strict accordance with 243 

Drawimg AAA-.100706-00 
e. Specimen. U-Bend, in strict accordance with Drawing 163 

AAA95-100707-O0 
f. SpecIme Welded U-Bend, in strict accordance with 163 

Drawing AAA95-1 00708-00, including U-Bend 
Assembly, i strict accordance with Drawiu AAA95
100715-00 and Drawing AAA95-10IS55.0 

Schedu•L
Subcontract No. B313954 -2-

• AL--"f..) I
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Cousisting of thO fo.Uowln tea samples: 
a. Unwelded Weight Loss Specimen in strct accordance 

with Dtawing AAA9S-1.0 -.o 
b. Coupon. Welded WL Loss in strict accordence with 

Drawing AAA95-W00704.00 
c. Coupon, Base MIL. Crevice., in strict accordance with 

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

Drawing AAA95-100706-00 
e. Specimen, U-Bend, in strict accordancc with Drawing 

AAA95-100707-00 
f. Specimcn. Welded U.Bend. in strict accordance with 

Drawing AAA95-100708-00, including U-Bond 
Asseambly, in strict accordancc with Drawing AAA95
100715-00 and Drawing AAA95-100855-00 

08 ABU~M~ 
Consisting of the following test samples: 
a. Unweldod Weight Loss SpecimnA. 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 accordance with 

Drawing AAA95-100705-00 
d. Coupon, Welded Cmvyle, in strict accordance with 

Drawing AAA95-100706-00 
e. Speci=n4, U-Bend. in strict accordance u4th Drawing 

AAA95-100707-00 
f. Specimen, Welded U-Bend, in strict accorda=e with 

Drawing AAA95.100708-00, Including U-Bend 
Assembly, in strict accordance with Drawing AAA95
100715.00 and Drawing AAA95-100855-00 

09 AflgQYCA271 
Consisting of the following test samples: 
a. Unwelded Weight Loss Specimn. in strict rdance 

with Drawing AAA95-100703-00 
b. Coupon, Welded WL Loss. in strict accordance with 

Dcawing AAA95-100704-O0 
c. Coupon. Base Md!. Crevice, in strict accordance with 

Drawing AAA95-100705-00 
d. Coupon, Welded Crevice, in strict accordance with 

Drawing AAA95-100706-00 
c. 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-Bced 
Assembly, in strict accordance with Drawing AAA95
100715-00 and AAA95-100855-00 
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10 AlloyA B2.tr22 1ot 
Consisting of IM following test wmplc.v I _ 

a. Unwelded Weight Loss Specimen. in strict accordance 183 
with Drawing AAA95-100703-00 

b. Coupon. Welded WL Loss, in strict accordance with 1 83 
Drawing AAA95- 100704-00 

c. Coupon, Base Mt. Crevice, in strict accordance with 183 
Drawing AAA9S-30070S-00 

d. Coupon, Welded Crevice, in strict accordtnce with 183 
Drawing AAA95-100706-O0 

c. Specimen, U-Bend. in strict accordance with Drawing 183 
AAA95- 100707-00 

f. Spcime.a, Welded U-Bend, in strict accordance with )83 
Drawing AAA95-100708-00, including the U-Bend 
Assembly, in strict accordance with Drawing AAA95
100715-00 and Drawing AAA95-100855-00 

11 All= A516Qrh5 1 lot 
Consisting of the following test samples: 
a. Unwelded Weight Loss Specimen. in strict accordance 183 

with Drawing AAA95-100703-00 
b. Coupon, Welded WL Loss. In strict accordance with 183 

Drawing AAA9S-100704-00 
c. Coupon, Base M•I. Crevice, In strict accordance with 183 

Drawing AAA95-1IO705-O0 
d. Coupon, Welded Crevice, in sulet accordance with 183 

Drawing AAA95-100706-0 
e. Specimen, U-Bend, in strict accordance with Drawing 183 

AAA95-100707-00 
C. Specimen, Welded U-Bond, In sict accordance with 183 

Drawing AAA95g-00708-O0, including the U-Bend 
A.sembly, in strict accordance with Drawing AAA95
100715-00, and Drawing AAA95-]00855-00 

12 AI0 ,A27 GE 70-40 1 lot 
Consisting of the following test amples: 
a Unweldad Weight Lou Sreci, in strict accordance 183 

with Drawing AAA95-1 00703-00 
b. Coupon, Welded Wt. Loss, in mulct accordance with 183 

Drawing AAA9S-1 0704-0 
c. Coupon, Base Md. Crevice, in strict accordance with 183 

Drawing AAA95-100705-00 
d. Coupon, Welded Crevice, in strict accordance with 183 

Drawing AAA95- 100706-00 
e. Spc;irnc, U-Bend, in strict accordance with Drawing 183 

AAA95-100707-00 
f. Specimen, Welded U-Bend, in strict accordance with 183 

Drawing AAA95-100708.00, including the U-Bend 
Assembly, in strlct accordance with Drawing AAA95
100715-00 and Drawing AAA95-100855-00 

Notes: 
1. Subcontructor shall furnsh all materials used to machine, fabricate and weld the samples.  
2. Subcontractor shall identify Lhe samples machined to the drawings in accordance with LL.NL 

Spcciflcation E-20-50-ID.  

Schedule 
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The delivery date(A) stipulated 'above are the dates on which the stipulated quantities are to be 
delivered at the "ship-to addresg" indicated in ARTICLE 4 - SHIPPING & PACKAGING 
INSTRUCTIONS.  

C. Ountit3y Variance Delivery of xcess Ourtties 
Unless otherwise approved by the University's Subcontract Administrator, the Subcontractor shall 
provide the exact quantities specified in this Subcontract. If the Subcontractor delivers and the 
University receives quantities of any item in excess of the quantity called for, such excess quantlte 
will be treated as being delivered 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 al right, title, or intere.ts therein. Quantities in excess of S250 will, at 
the option of the University, either be returned at the Subcontractor's expense or the quantity to be 
retained and the price for any excess material. shall be negotiated between the Subcontractor and the 
Universiry and the Subcontract shall be so modified.  

D. Quajty Assurance 
The Subcontractor shall conduct its work for this procurement under its own Quality Assurance 
Program, which has been found acceptable to LLNL-YMP (Ref" LLLYMP 94 1 10M, "Pr-Award 
Audit Survey S94-02".  

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

The Subcontractor shall report any nonconformances associated with this procurement to LLNL
YMP for LLNL-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 
Quality Assurance personnel (Ref: LLLYMP 94 11006).  

Upon completion of a lot of specimens (a "lot" is described under Article I.B. of the Schedule of 
Ariclen), the Subcontractor shall forward to LLNL-YMP copies of all Mill Certificadon Reports, in

s inseion reports, and final inspection repoms for each lot, together with the specimens, to 
LL - . 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 lot of specin'ens, LLNL-YMP will perform a receiving inspection of the 
spocimn•s and accompanying documentation.  

ARTICLE 2 - PRICE PROVISIONS 

A. U 

01 Spacer. Crevice Specimen 7380 $0.95 $7,011.00 
02 Alloy 825 1 Lot $16,600.00 
03 Alloy 03 1 Lot $19,400.00 
04 Alloy C4 1 Lot $20,300.00 
05 Alloy C22 1 Lot $20,300.00 
06 Alloy Ti Gr 12 1 Lot S26,200.00 
07 Alloy'Ti Or 16 1Lot $54,300.00 
08 Alloy M400 1 Lot $21,800.00 
09 Alloy CDA715 I Lot $20,500.00 
10 Alloy A187 Or 22 1 Lot $19,400.00 
I1 Alloy A516 Or 55 1iLot S19,400.00 

Schedule 
Subcontract No. B313954 - 5 -
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12 Alloy A27 Or 70-40 ILot $22.200.00

B3. Pricing T=rm 

The total firm fixed price for the fabricated items, based on the indicated quantities. and fixed unit 
prices, indicated above, is $267.411S.0.  

Tho fixed price for the fabdcated Items does not include California State Sales Tax, as the Univerity 
holds California Sellees State Resale Permit No. SR-CHA 21-135323.  

C. FraihLCarga 

•"3!a cha-reit hall be borne by the Subcontrnctor.  

ARTICL 3 - INVOICING & PAYMENT 

A. Invoiag 

The Subcontractor shall submit ano an odrone copy of an invoice for the total price for the 
fabricated items upon dei"ery of all of the fabricated items- The invoice shall reference the 
Subcontract number, the unit, and extended price for each item and include an i.rn description to 
allow for verification.  

B . Invoice Address 

All invoices shall be submitted to the following address: 

University of California 
Lawrence Livermore National Laboratory 
Attzntion: Accounts Payable Department, L-432 
P. 0. Box 5001 
Livermore, CA 94551 

C. TeIrs of ayment 

The terrms of payment "Iall be Net 30 days.  

ARTICLE 4 - SHIPPING & PACKAGING INSTRUCTIONS

A.

The Subcontractor shall ship the fabricated items to the following dress: 

University of California 
Lawrence Livermore National Labouatory 
for U.S. Depantnatn of Energy 
Subcontract No. B313954 
7000 East Avenue 
Livermore, CA 94550

The Subcontractor shall suitably package the fabricated items to prevent damage durn handing and Shipping. Any damag resulting from oper packaging, containerizing, or lack thereof shall be 
the ibility of the Subcontractor. Al lpacags, perm.it, shipping, and related handling costs habll 
be borne bySub=contractor. The Subcontactor shall indicate the Subcontract number on each 

Schedule 
Subcontract No. B3J3954 -6-
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container or package and anr itemized packing list shall be affiZed to the OutermoSt cover of each 
container or package.  

The University encourages the use of biodegradable packaging materials. 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. .R. P..,2oin 

The items purchased under this Subcontruct shall be shipped F. O. B. LLNL 

D. Ernih(sriex 

Subcontractor shall ship the items via Subcontractors choice 

ARTICLE 5 - CHANGFo UNIVERgISTF RPRESEINTATIV]s 

A. Subcontrmct Administrator 

The University's Subcontract Administrator for tbisi Subcontract is Ann Moyle, or his/her designee, 
who shall represent the University ir. all matters relating to the non-technical interpretation, 
administration, and performance of this Subcontract. Th= Subcontractor shall direct all notices and requests for approval to the University's Subcontract Administrator, and any notices or approvals 
from the University to the Subcontractor shall be issued by the University's Subcontract 
Administrator.  

B. Changes 

The University's Subcontract Administrator is the only individual authorized to commit the University 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 to the mquIrements of this Subcontract 
shall be effected only by a written change order or modification to this Subcontract, issued by the 
University's Subcontract Administrator.  

ARTICLE 6- OUAL!TY OF FABRICAMTED ITEMS 

The fabricated items shall, as a minimum: (i) b: new, including recycled (notused or reconditioned) and not of such age or so deteriorated as to impair their usefulness or safety; (2) be as *warranted; and (3) not contain any counterfeit or suspct materials, pa t or componen. Types of counterfeit or suspect materials, parts, and componont. include, but arc not limited to: electrical components, piping, f1iting, flanges, and 
fasteners, The University will not accept any fabricated items found by the University to not conform to these minimum requirements• notwithstanding any inspection or acceptance of delivery by the University, unless such condition is specifically approved in writing by the University's Subcontract Administrator.  

ARTICLE 7 - APPROVAL OE TECHNICAL DATA 

If this Subcontract requires the Subcontractor to furnirh any drawings. specifications, diagrams, layouts.  schemantics, descriptive literature, ilustrations, schedules, performance or test data, or other technical data for approval by the University prior to Subcontractor performance, the approval of the data by the University shall not relieve the Subcontractor from responsibility for any errors or omissions in such data.  or from responsibility for complying with the rmquirements of this Subcontract, except as specified below.  Any work done prior to such approval shall be at the Subcontractor's risk.  
If the data includes any variations from the Subeontract raq[uiremrenti, the Subcontractor rhall describe such variations in writing at the time of submission of the data. If the University approves any such variation(s).  

Schedulet 
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.A change order to his Subcontract shall be issued by the University and, if appropriate. a bilatermi modification to thiMs Subcontract shall be negotiated.  

ARTICLE I . ADDITIONAL RWOUIPREMENTS AND PROVNTIOGN 

A. RrafureA Drmentatlion - The Subcontractor shall provide all documentation as required and set forth in this Subcontract. Subcontractors failum to provide all the prescribed documentation may result in non-acceptance of the fabricated items and wilbholding of payment.  

B. Pin a LA-x - Pi!al acceptance by the University of the fabricated items. shatll be at LAwfence Livermore National Laboratory and shall be based upon full compliance with all the requimments of this SubcontracL 

C. Late Delivery fT&cmpant Itemr - The University shall be entitled to consideration for any and all fabricated items that a-e delivered after the stated contractual delivery date or that anm delivered but do not meet the requimrements of this Subcontract. Consideration shall be negotiated before final 
payment is made.  

D. Observat]on ,a the Snbcnntraetor's Facil6i~e - The University reserves the right to observe and witness all phases of the manufacturing of the Supplies. including dcsign, fabrication, assembly.  testing and inspection conducted at the Subcontractores plant or at any of its xub-tier subcontractor' 
plants.  

ARTICLE 9 - ACCEPTANCE OF SUBCONTRACT 

A. The Subcontractor, in accepting this Subcontract, agree to be bound by or to comply with all of its terns and conditions, in af particulars, and no other terms and conditions shall be binding upon the parties unless hereafter accepted by them in wridq.  

B. The signature-execution of this Subcontract or the performance of all or any portion of this Subcontract shall constiute the Subcontractaors unqualified acceptance of this Subcontract and all of the Subcontract terms and conditions. The provisions of any proposal referrd to in this Subcontract are included and made a part of this Subcontract only for the purpose of secifyin; the nature of the matcriels, items, and services ordered, and then only to the extent that such provisjons are cmsistent with this Subcontract, and any terms and conditions of such proposal shall not apply to this 
Subcontrct.  

ARTICLE 10 - MODIFICATIONS TO GENERAL PROVISIONS 

A. The following clauses of the GENERAL PROVISIONS FOR FIXED PRICE SUPPLIES AND 
SERVICES shall not be applicable to this Subcontract.  
Clause 7 Security 
Cla•se 8 Clausification 
Clause 9 Foreign Owner-hp, Control, or Influence Over Contractor Clause I I Organization Conflict of Interest -Generaj 
Clause 73 Commercial Computer Softwaro -Restricted Rights 
Clause 76 Clasified Inventions 
Clause 77 Patent Rights (Long Porn) 
Clause 78 Patent Rights - Small Business Firms or Nonprofit Organizations (Other 

than M & Os) 
B. The applicability of certain other clauses of the GENERAL PROVISIONS shall be based on the value of this Subcontract. the status of the Subcontractor or the nature and location of the work, as indicated in the GENERAL PROVISIONS.  

(END OF SCHEDULE) 

Schedule 
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NOTE S 

UNLESS OTHERWISE SPECIFIED:

I .  
2.  

3.  
4.  
5.  
6.  

7.

ALL OIMENSIONS ARE IN IIICH[S.  
DIMENSIONING AND TOLERANCING PER 
ANSI Y14.SM-198?.  
SURrACE TEXTURE PER ANSI 846. 1-1985.  
ABBREVIATIONS PER ANSI YI.1-1912.  
BREAK SHARP EDGES .005 -. 030.  
00 NOT SHEAR OR PUIICH.  
WELD SYIMBOLS PER .AWS A2,4-1979.  
SURFACE FISHSI or PART AS FOLLOWS: 
DOUBLE DISC GRIND rACES TO A 3y/.  
rInISH EDGES WITH 120 GRIT. V

1AOULAT1OI� OLOCI�
UNS ALLOY WELD 

PRCS WELD FILLER MATERIAL On 
N08825 825 GMAW AWS A5.14 CLASS ER HiCtR.o- to 163 
NOg8s G3 GMAW AWS AS. 14 CLASS ER NlCrD4*-9 163 
N06455 C4 GMAW AWS A5.14 CLASS ER NICr04-10 163 
NOO2 C2? GMAW AWS AS.14 CLASS ER NiCrMo-lO IS)l 
R53400 Ti GrI2 GTAW AWS AS. 16 CLASS ER Ti-12 163 
NIA Ti GrI6 GTAW AWS A5.16 CLASS ER T1-1 163 

N04400 M400 GMAW AWS AS.14 CLASS ER HliCu-1 243 
C71500 CDA7I5 7GMAW AWS AS.1 CLASS ER CuNI 243 
Ki21590 A301 G,? I GMAW AVIS AS.Z CLASS ER 90S-3 - [83 
KOI800 A516 6r55 G4AVI AWS A5.18 CLASS ER 0os-6 163 
JO2SOI A27 Gr70-4O GN4IAWS A5.1E CLASS ER 7OS-6 183 

FOR YUCCA MOUNTAIN PROJECT USE ONLY
1j_ I SEE TABULATION BLOCKC I I 

SNoo. PAST I LI.4 .SR .NO DECSCRIPTIO•, ,-.A1CA, so-cc i'. I,,s.

I OWN S.2113s0---- 1-1 c"M 4. 41011011 1-.1-s 
APVv C. fJtotl |1.!.!1 
CL&I|I a| ll 14 o 

flvl 
"i

I CtASSItICAVIO"

,"It bomiCdaw #9 4ll 0oatalfl of 

ImeCNgUIIW|tpt op CWLIGONIA 

L(ASIATOOA. PIteOIICIgo. ppogIltilte

PAJ00 Vql! I fI 0.11.1S CL8916f jlfilii 

INTEGRAtE) CRSN TEST rAchI
SV ... ItL 

IAIt 

COUPON,_W11019_NTLOSS___
I ' LAW*CNCC LIVRMC ORE *IttO! ptIapg 1.( M PI*siN 9 -D 

NATIONAL "AI "'ATON't * . '"""'"AAA95 "100104-00 I D1MCCHAI"ICAL 9§46I1ttRIOG OUPT of 4~)-If, 'V ',1 "1---------------'" 3 "" ' '"" 2 - .,---I.€,,o 
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UNLESS OT1HERWISE SPECIFIED: 

I, ALL DIMEIISIOtUS ARE III INCHES.  
1 D 2. DINIERSIOlINIG AIID TOLERAIICING PER 

AHSI Y14.5M-1982.  
3. SURFACE TEXTURE PER AIISI 646.1-198S.  

- 4. ABOR[VIATIOIIS PER AIISI 1I.1-1972.  
-•_• .. _ . . 5. ASSEMBLE PER ASTM STAtOARO G30-94.  

UHULLED 
IC TABULATION BLOCKt 

I TIM I ITEM I BASEMETAL WEIDID ITEMS ITEM 2 1ITE 3 1 TEM 5 't/ItS SPECtNEEl SPECtMEN SP(CIM(N 2,3,1 5 SCR, HEX RD WASHER, FLAT LLHL ORAWING O. HUI. HNEI 
NIUMEOR ALLOT o0Y OTT MATERIAL .250-20 X 2.00 L .25 NOIIINAL AAA1S-100855 .250-20 U2@ 1ic OtT oil off -Oil 

N08825 025 163 163 C246 326 652 652 652 400 

.2N06985 GA '" 163 163 C276 326 652 352 352 08N06455 C4 163 163 C276 326 652 152 652 N060?2 C22 163 163 C276 326 652 652 652 1 
SR53400 Ti Grl12 163 163 Ti Gr7 326 ... 652 652 65i 51 
I 

,N/A Ti GrI16 163 163 Ti Gr?. 326 652 65)2 652 
8 04400 14400 243 ... 243 C276 486 912 972 912 

SC71500 COAIIS 243 243 C276.- 4q6 912 972 972 
K 2K155 9O A387 Gr22 183 103 CZ76 366 7J 32 .... 732 
110O1800 A516 6r55 183 ... 83 C276 36'6 732' -732 732 

J0250 1 AZ Grt0-40 183 183 C216 366 132 ' 32 732 

FOR YUCCA MOUNTAIN PROJECT USE ONLY 
HSE 1AUtAIIOI KlOCK ! 

NO 090 PART I LUNL MIN No SCICRIPT IoN I SIAZiRIAL •SPC so leg 

CNN 6. MM -IIIT(GRAI(O CaSN T[Si rACIL 13668, *oo uu,., ,,.,,, ,.o,,,,,t ,f ,u ,,, 
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NOTES 
UiNLESS OTHERWISE SPECIFIED:

D

FOR YUCCA MOUNTAIN PROJECT USE ONLY
iI~iiISEE TABULATION BLOCK 

L NO RCOO PARt I LLNL SIK NO OCCSCRIIION I NAICAI.AL I 0 itO li i.  
OWN I. 1 1-,s CcLASSIrCArflON MAo00 IMR$* I to1#1%0 gitllDec.Im@ 

O CtNs. MNo, 393) INIEGRAT(D CRSN IJSI FACIL 

A P V t. MI N -lu ll3 f ta t ellW ( tt O IN ( Sf 0 ll o r 

"$all*' tbot,,ol.+ flip*osucloom 1,0. 1,,,s SPECIiJ1N. WELDEO U-B(6 
G,6113 111910"1 ptamilsiOl ofI~a lotI N 

LAWRCNC( 1I.VEAIOA[ iI)O p I OS i e 
MATIONAIt IO,,A,,'iONt Wc, .... ,, 616t..,,. ,,0..ts.,.,., ,,, . AAA95-100708-00 

_______________________________________IICCANICAt (NOIPICRIN OoCFT ";;"1'"1"lO'!S53 KJO V"'" "''"""'" 4.I... ,CAI.C --- .,.--4 tu("' * o, 
4.......................... ... 2 

L . . . . . . . . . . . . . . . .------------------I . . . . . . . . . . . . . . . . ------------..................................- -

IOEII1IFICAIIOH STAMP PER J "IHL DOCU14E01 1['20"50-10 

21 0.38I±.oo0 I®RU lUNS 

H06985 
N0645S 
HO6022 
R53400 
HIA 

N04400 

L0U, 1 K2 1590 [- "[OR 'll octO PfOU$ n Iann

I. ALL DIMENSIONS ARE 11 IIICHES.  
2. DIMENSIONING AND TOLERAIICIIIG PER 

ANSI Y14.,54-1982.  
3. SURFACE TEXIURE PER ANlSI 846. 1-198S 
4, ABBREVIATIONS PER ANSI YI.I.191?.  
5. BREAK SHARP EDGES .005 -. 030.  
6. DO NOT SHEAR OR PUHICH.  
7. DEVELOPED LENGTH Of PART : 2,01.03 
8. WELD SYMBOLS PER AVIS A2.4-1919.  
9. SURFACE FINISH Or PART AS FOLLOWS: 

DOUBLE DISC GRIND FACES TO A 3y/.  
FINISH EDGES WITH 120 GRIT.  

10.- ASSEMBLE PER ASTM STANDARD G30-94.  

TABULATION BLOCK
ALLOT WELD ALLOY PRCS WILD FILLER MAATERIAL OTY 

825 GN4AW AWS AS. 14 CLASS CR NiCrM,.o10 It) 
63 GNAW AWS A5.14 CLASS rAR NICrMU-* 163 
C4 GINAW AWS AS.14 CLASS EA NICrto-I0 163 
C2? GNIAwS A5.14 CLAS (AR NICtm,-,I 163 
Ti Gr12 GTAW AWS A5...16 C.LASS CR TI-12 163 
iI GrIG GTAW AWS AS.16 CLASS EA 11-7 163 

M400 GNAW AWS AS 14 CLASS Ef IliCy-; - 43 
COA7I5 GNAW AWS A5. CLASS ER CuIi, ___ 

AJ38 Gr•2 GNAW AWS A5.28 CLASS ER 9OS-8J 163 
A516 GrS5 GNAW AVS AS. 18 CLASS ER 10S-6 183 
A27 Gr10-40 GMAW AWS AS. I8'CLASS ER I0-6, 113
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NOTES 
UNLESS OTHERWISE SPECIFIED:

0
1.  
2.  

3.  
4.r4r 

,A 1.1,.000 

0. 312.00 rHAu 

*~0.015 JABS0 C 

0opy

ALL DIMENSIONS AAE III INCHES.  
D1I4ENSIONING AIID) IOLERAIICING PER 
ANSI Y14.5SM-I90?.  
SURFACE TEXTURE PEA ANISI 846.1-1985, 
ABBREVIATIIONS PEA ANSI 11.1-19T2.  
BREAK SHARP EDGES .005 -.030.  
DO NOT SHEAR OR PUNCH.  
SURFACE FINISH or PART AS FOLLOWS: 
DOUBLE DISC GRIND FACES TO A I?/ 
rINIlS14 EDGES WITH 170 GRIT.  

TABULATION BLOCK 

UNS ALLOT of? 
1108825 82S 16) 
1106985 G3 16) 
1106455 C4 IS) 
1106022 IC?? 16) 
R53400 TI Grl? 163 

IIIA Ti GrI6 1611 
1104400 14400 ?1) 
C715OO COAIIS 243 
K21590 A.307 Gt2 18) 
11O18O0 A516 Gr5S 103 
JO?501I A2) 6(7O-40 IM

FOR YUCCA MOUNTAIN PROJCCI USE ONLY
I SEE TABULATION etOC K I I 

No lttoo F ANS I ttNL SIR NO *(SC~lPlION i UAICRIAL NoC fOljits

APVO 4. GNMItS 1-ISt i

CLA331IICATION 

two$ *O6aaEutt is lot f4104(014 of

.5Ju. F955 I I a vol.15 4(11 '9"1 0 (h

IIIIEGRATED CASH USi EACh ivOiple

A I '119...CH. IWtNCli'til"@ig NAI so UAI 
Oaf tAb*QpolqI.m: $llt Vtooa 10:931?hgl i COUPONI. MAE M41L Vr LOSS 

tAWRCJ4Cof tIV AIA ::$$steop of to~t to"# a. SM OAAUSO NO 

NATIONAL &ABORAORY AAA9HaiI0703 00~~l~S*tAIh 1 m SICCUAHICAL CNG)IEL1CRIN O~p ICtolo 

g... . . .. . . 49 ... .. .. .. .. 9 5 ............ L
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C-71.010i
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I

121.01

* .00I54 A 8$

U 6LLtD cn py

/IOENTIfICATIOII STAMP PER 
Lt~tN DOCUME[NT 11-20-S0-ID

N07ES 
UNLESS OTHERWISE SPECIFIED: 

1, ALL DIMENSIOUS ARE III IINCHES.  
2. DIMEIISIONIIlG AIIO IOLEIIAIICING PER 

ANSI Y14.SM-1982.  
3. SURFACE TEXTURE PER ANSI 046.1I*1985,

6.  
I..

.12±.03

ABBREVIATIONS PER ANSI YI.I-1912.  
BREAK SHARP EDGES .005 -.030.  
DO NOT SHEAR OR PUNCH.  
SURF~ACE FINISH Or PART AS FOLLOWS: 
LAP -A-rj(,4sWITIN 600 GORII TO A I6/ 
FINISH EDG(S WITH 120 GRIT. V.  
Or-W54t r- At e" 'T t/qv 1 I'/4S cf.f iTr(,F$.  

TABULATION BLOCK~ 

tJNS I ALLOY OTY 
H00825S $25 24) 
N06985 G3 213 
1,06455 C4 243 
H06022 CZ? 213 
R53400 T1 GrI2 243 
NIA Ti Gilt 243 

N04400 14400 243 
C71500 CDAII$ 243 
M21590 A381 6e2Z Is] 
IKOIBOC A516 6055 1813 
IJ0250 I A?? -Ge 10-40o 1831
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NOTES 
UNLESS OTHERWISE SPECIFIED:

-'
)3

I.° 

2.  

3.  
4.  
S.  
6.  
7.  
8.

ALL DIMIENISIONS ARE Ill IIICHES, 
DIMENSIONING AND TOLERAIICIIIG PER 
ANSI Y14.5M-1982, 
SURFACE TEXTURE P[R ANSI 046. 1-1985.  
ABBREVIATIONS PER ANSI YI.I-1972.  
BREAK SHARP EDGES .005 -. 030.  
00 HOT SHEAR OR PUIlCII.  
WELD SYMBOLS PER AWS A2.4-1979, 

SURFACE FINISH OF PART AS FOLLOWS: 
LAP 5P- FPfi ul"I 600 GRIT TO A 16,.  
FIIIISH EDGES WITH 120 GRIT.  
o r~ei r& To' tj'.lle er L,*C z

TABULATION BLOCK
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UNS ALLOY WPLD WELD FILLER MATERIAL OTT 
___________ PRCS ________________ 

1108825 825 GNAW AWS AS.14 CLASS ER HICrMo-IO 243 
1106905 63 GNAW AWS AS. 14 CLASS ER PIICt,-g 1243 
"1106455 C4 GNAW AWS A5.14 CLASS Eft lliCuI4-l10 243 
N06022 C22 64AW AWS AS.14 CLASS ER IICtso-IO ?43 
R53400 TI GrIl 6TAW AWS AS. I6 CLASS ER TI-12 243 

NIA TI GrI6 GTAW AWS AS.16 CLASS ER Ti-T 243 
N04400 M400 GNAW AWS AS. 14 CLASS Ef "iCu-1 243 
C71500 COATI5 GMAW AWS AS.? CLASS CR CwNi 243 
K21590 A381 Gi22 GNAW AWS AS.28 CLASS ER I0S-83 183 
K01800 A516 GrSS GMAW AWS .AS. IN CLASS ER lOS-6 103 
J02501 A21 GrlO-40 GNAW AWS AS.18 CLASS ER 10S-6 183
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NOTES 
UNLESS OTHERWISE SPECIFtIO: 

1. ALL DIMENSIONS ARE IN INCHES.  

2. DIMENSIONING AND TOL.RAIICIIIG PER 
ANSI YI14.514-198?.  

3. SURFACE TEXTURE PER ANSI 646.1.1985.  

4. ABBREVIATIONS PER ANSI YI.I-1912.  

5. BREAK SHARP EDGES .005 -. 030.  

6. DO HOT SHEAR OR PUNCH.  

7: DEVELOPED LEIIGTH Of PART = 2.50:L.03 

8. SURFACE FINISH Of PART AS FOLLOWS: 
DOUBLE DISC GRIND FACES 10 A 32/.  
FINISH EDGES WITH 120 GRIT. v 

9. ASSEMBLE PER ASIM STANDARD G30-94.

UNC 0'"iIR OLlD
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cq A )J
MODIFICATION NO. 1 

to 
SUBCONTRACT NO. B313954 

between 
THE REGENTS OF THE UNIVERSrTY OF CALIFORNIA 

and 
METAL SAMPLES COMPANY, INC.

INTRODUCTION 

This is a Modification to Subcontract B313954 and Js ctered into by and between The Regents of the 
University of California, hereinafter called "Univrsity," and Metal Samples Company, Inc., hereinafter 
called "Subcontrutor." 

he Subcontract, covers the procurement of metal sampes. This Modification i; hereby Issued to add Items 13-19, change the delivery date and increase, the tota amount of the subcontract.  

MODIPW1CATION9 
The following "Ordered htems," as indicatod by the Item number, are hereby modifled to read as follows: 

MO trmi. sn ZCI1A¶~fS CAT/,WG azrnlD(n onT LmT PMIC TMVAL, MICK CARRIM 

13 Hustelloy Plate, C22, 0.188" xl" x 148" I lot $5,587.40 August 25, 1995 
(455 lbs.) 

14 Hastelloy Plate, G3, 0.250' x 49" x 71" (276 I lot - $2,933.88 August 25, 1995 
lbit.) 

15 Hastelloy Plate, G3.0.250" x 22" x 106" 1lot $1,966.55 August 25, 1995 
(185 lbs.) 

16 Monel Plate, M400,0.250" x 48* x 144- 1 lot $3,818.88 August 25,1995 
(574 lbs.) 

17 Incoloy Plate, 1825, 0.250" x 23" x 98" (168 lot $1,158.30 August 25, 1995 
lbs.) 

IS Incoloy Plate, 1825. 0.250" x 45" x 96" (321 1 lot $2,221.29 August 25, 1995 
lbs.) 

19 Additdona Engineerin. Production Control, I lot $17,058.76 
- Purcasing Costs, and Frci Charges

Order Total Prior to this Modification 
Net Increase 

New Order Total 

7edu for Items 01-06 and 08-12 is changed to September 28, 1995.

Modification No. I 
B313954 
818/95

-1.

$267,411.00 
$34,745-.06 

$302,156.06

.1

I
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.9 5 ý- C)

-AZ' -o&h= tenn. condidonm, imd provisiom of the SubwoflaeZ sall ==in~ in full far= and affect.

ACCMY LANCE.  

METAL SAMPES COMPANY, INC.

BY

TTnLR President 

.08/15195

ModificaLlon No. 1 
B313954 
8/8/93

AUTrHORJZATON: 

T7E fEGENTS OF 
TI=M;ERT~ OF CALIFORNIA 

BY: a 

1TrrLE: GrouLeader 
Lawmano Livenwom Nattonal Laboritory 

DATE

pwuranen Repn ma~uvz: Ann "Ia.4 Sentior Buyer 
PhoneNo.: (510) 422-9296 Fsa No. (510) 422.9296

.2-

2563584515 ASPI11/12/itl'39 15:14



DATE 
04/21/97

Buyer: 
E. VITZ 
Ext: (510)423-7132 

v Fax: (510)423-7226

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

KUNFORD AL 36268 
Attm: BRENDA SMITH 

Phone: (205)358-4202 
FAX: (205)358-451S 

SHZP TO: 

UCLLNL 
For U.S. Department of Energy 
LLNL 411 
7000 East Avenue (P.O. 5338959) 
Livermore, California 94550 D&1,OL&

Not 30 Days

University of California 
Lavrence Livermore National Laboratory 

Purchase Order 
For Contract No. W-7405-ENG.42 

With-Department of Energy 
FOR RESALE: State Sales Tax should not be 

charged, as the University holds State 
Sales Tax Permit SR-CHA 21-135323 

MAfIL Vh" 'OC= IN DUPLICATE TO " 
UNrVERSITY OF CALIFORIA 

LA.REN• E LIVERMORE NATIONAL LABORATORY 
A.C:.: --f ie*: - P.O. Box 5001 

LI-ERIORE, CALIFORNIA 94551 

IThe Purchase Order Number shown above 
IMJST appear prominently on your shipment, 
1freight bill, & invoice to facilitate I 
Ireceiving and payment of the order. I

Conf irming Order 04/1/9S - DO NOT DUPLITCATE

IShip Via: 
I FED-X Priority Ovrnt

ITransportation Terms: 
I LABORATORY 
IShipping Point: 
I WVORD

IF.O.B.  
I SHIPPDhG PO34T 

AL
I I

Item Model/Manufaecturer UOM/ Unit Extended 
No. Description Q.0 UOP Price Price 

1001 NOS25 15.000 EA 9.85000 147.7 
METAL SAMPLES CO.  
I X 2 COUPON - BASE METAL WEIGHT LOSS/ASTM 8424 - COLD-ROLLED & 
ANNEALED SHEET - P/N C01296141304000 

SUBJECT TO: 
A. LLN. DOCUMENT E-20-S0-Th4...PAGES: 1...ACCOMPANYING COPY...  

•B. LLL,- DRAWIN[G, NO. AAA95-100103-00...DATE: 030195...PAGES: 
ACCOMPANY"NG COPY...  

C. LLNL., DRAWI.NG, NO. AAASS-100704-00...DATE: 030195...PAGES: 
ACCOMPANY3M COPY...  

REFERENCE: VENDOR-TELE.A)XD QUOTATION ... NO.: 12499... DATE: 0 
PAGES: 3.  

1 SUBJECT TO: UCLLNL.-FROVIDED... WEIGHT LOSS SPECTHM PURCHASE CO 
I REQUIRDMENTS, 04-14-97.. .PAGES: 1 .. .ACCOMPANYDIG

5

1.  

414 

COP

Ship 
Date 

05/05/971 
1 

*I 

497...  

.CT .  
NY ....

CuuxuLJ1T¥ ACA GROUP

Purchase Order / Confirming Order No: B338959 
Do Not Duplicate.

W.01 Vol 08 &av &&.4& rAA 01W 4,4J V00Y

. I

D0oi 

PAGE: 1 

Payment Terms



9Prl 
PAGE:Purchase Order / Confirming Order No: B3399Sg 

D6 Not Duplieats.
2

1002 NOSSES 15.000 EA / 
I METAL SAMPLES CO.  

1 X 2 COUPON - BASE METAL I-GHT LOSS/ASTM 
•• ANNEALMD SHEET - P/N C0129AS16304000.

1003 

1004

M06455 15.000 EA / 
METAL SAMPLES CO.  
1 X 2 COUPON - BASE METAL WEIGHT LOSS/ASTM 
P/M C0129A131304000.  

N06022 15.000 EA / 
METAL SAMPLES CO.  
I X 2 COUPON - BASE METAL WlEIGHT LOSS/ASTM 
P/N CO129AI11304000.

.12.55000 188.25 

B582 - COLD-ROLLED &

05/05/971

12.30000 184.50 OS/OS/9•1 

Bs55 - HASTELLOY R SHEET -

12.10000 184.50 05/05/S71 

B515 - H.ASTELLOY SHEET -

I I 
1005 R53400 15.000 EA / 15.20000 228.00 05/05/971 

PETAL SAMPLES CO.  
1 X 2 COUPON - BASE METAL WEIGHT LOSS/ASTM B265 - WRADE 12 
P/N C01298361304000.  

1006 TITANIUM GR 16 15.000 EA / 22.35000 335.25 O5/05/971 
METAL SAMPLES CO.  
I X 2 COUPON - BASE METAL WlEIGHT LOSS/GRADE CP1I -I 

P/N C.012gB361304000.

M08825 15.000 EA 
METAL SAMPLES CO.  
1 X 2 COUPON - EL.DED WEIGHT LOSS/ASTM B424 
SHEET - P/N C01296141324000.  

N06985 15.000 EA / 
METAL SAMPLES CO.  
1 X 2 COUPON - WELDED WEIGHT LOSS/ASTh 8585 
SHEET - P/N C0129A161324000.

27.40000 411.00 05/5/71I 

- COLD-ROLLED & ANNEALED 

0.00 05/05/9"7 

- COLD-ROLLED & ANNEALED

1009 N06435 15.000 EA / 34.2000.0 513.00 05/05/97, 
METAL SAMPLES CO.  
1 X 2 COUPON - WELDED WEGHT LOSS/ASTh 8575 - 1 HASTEL.LOY R SHEET 
P/N CO129A131324000.

1007 

1008

I

12,.30000 184,50 05/05/S• 

B5•5 - HASTELLOY 
• -



Purchass Order / Confirming Order No: 9339953 
Do Hot Duplicaet.

Cr Ann 58 -%A 7VOOO 313.01
j010 N06022 i..~u~P 

METAL SAMPL~ES CO. ~a~S-HSELYS~ 
i v 3 P-MLON LMDW s4=GHT LOM/STME/ S HSIELO SEE

U U.) 

PAMr: 3

0 05/05/971

P/N 00129A11132400 0 .

loll R33400 15.000 SA /49.00000 735.00 05/05/971 

I MEAL SAMPLES CO. IOSAT 25 RE1 
1. X 2 COUPON - WELED WEIGHTLS/Sh 25-GADf.  
P/N C01298011324000.

i012 T.TTAtNrL GP. is IS 00 E 
PETAL sA!1PLES CO.
I X 2 COLIPON4 - WE..DED WEIGHT LOSS/GRADE CP1S 
P/N C012gB361324ooO.

ITotal Price; .4,389.75-

NOTE: 
ship via Federal Express, Priority Overnight, collect.  

Mark Airbill: Bill Recipient's Account 0941-02OS-1.  
DO NOT DECLARE VALUE I 

-------------------------------------------- ---

The Lawrence ULiw.ore Nat Lorw.a Laborartoiy and its artkhorized represantatzwes shall hiave 
the rith!. to inspect G veurrwt property and the work aM acitivitifts of the 

Su-CntatZ o/selle and his su aotxaeter (s) under this 8iabcontract/Ordar at such. t-ims 

and in such tamer as the Universi~ty shall doom appropriate. 7he Subwatzactcn/Sel~Ar 
sthIf inc1lde in all wabocatzacts and parchase orders undar th4 s Si contract/Order a 

similar proviision zakin this pazaraph applicable. to his subozntractor or vandor.

I

QAQ 50 05/051971
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"Oils( 
UNLESS OTHIERWISE SPECIFIED:

LMlL 3QCIM(UT 3-20-S:- 104

91

I/ I -9101i

I.  

3.  
4.  
S.  
6.  
1.

ALL DIHCNSIOWS ARE IN INCIES.  
WHiN~Sscrn11G ANDI 1OLCRANCING PER 
ANSI 114.5N-1962.  
sunrACE TEXTURE PER ANSI 816.9 *1185.  
ABBREVIATIONIS PER ANSI V1.1-197?.  
611EAK SHARP EDGES .005 -.030.  
00 001 SHErAR ORt FlNCH.  
suprAct rIinSH of PARI As FOLLOWS: 
DOUBLE OISC GRIND FACES 10 A 3?/.  
F141SO C43ES W1711 120 G601t.

117- 01
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0ivF

WFILL04 U§"tnfl*tL WruffI1lID:

3.  
4.  
S.  
6.  
1.  
a.

ALL DIMECNSIONS ARE I"I INCHECS.  
DIMENSlOII1igr AND? 70t(RANCwju3 PER 
ANSI T14.51,-1982.  
SURFACE tEXTURC PER 'ANSI B46. 1-1905.  
ABBREVIATIONS PER AwSI Vs. 1 .112.  
BICAK SHARP E06CS .005 . .030.  
DO NOT SHEAR ORt PORCH.  
WELD SYMBO0LS FtR AVIS A?.4-I079.  
SURFAC( F'INISH Of PARI AS FOLLOWS: 
GOUBtl DISC GRIND FACES 10 A 3Z/.  
FINISH EDGES VITH 120 GRIT.

k~qa!l~aOpIL141L 304L.MVJu E-ZO-95-104
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Item ~~tINS 11y ~~4uniber Se¶neonI A871M Specictaftm lravAn, Number Sq~tip2! ~-- _ 
Iumnbee ofnle P kqhd I__________________I_______ ldentfcSfl 11"pocllcallouI

r406875 

N06985

'5 

15

AA95-100703-00 

AA95-100703-00 

AA95-100703-00 

AAA 96-100103-00 

ýMIS9-100703-00 

w# 910070-00:-

I ncoloy 825 

lalcly G3.  

leslefkv, C4 

i~5 5tuh1 y C22 

rianiuni Gi 12 

Fgtankim Gr I6 

Icoloy 525 

Haslefloy G3 

Ilaslelloy C4 

liastelloy C22 

tilarkhumt G1 

filarsum Gi 16

AWA 164 -AWA 178 

OWA 154 -OWA 178 /4A

G0WA 164 -CWA 17 NI A________

I "u~~ sa Metal Wt. Loss I ASTM 
8424. Cold Rolled anid Annealed Sheel 

1 ,2 Coupon, BaseMetal WtLose IAST M 
S26. Ccld Rlolled and Annealed Shetoat 

I x Coem~DamMetal Wt loss I ASIM 

i z2 C2o.m awe Metal Wt Loss I ASTM 
8265. Grade 12 

I x 2CopnBBSeUWLIS Edis 
CP IS____ 

Ix2 oupon. Welded VAf.LOSS IASTM_ 
8424!. Cold Refled and Anneated Sheet 

IZ x2coupock Welded Wt Less I ASTM 
8582. COWd Rolled and Annealed She.!l

I 2 CoupoýNWeldedWI Loss I ASIM 
5575. Haste ly Rseet 

I x 2 Coupn Welded Wt Loss I ASYM 
575.ltale~~ Seel --- 

I x 2Coupon. Welded WI Loss IASTM 

B265. Grode 12 

11 x 2 Coupof, WeldedWI loss I Giade 

,Cp ie

MiA 

NIA

NIA

I - - - __ _ __ _ __ _ _ __ _ __ _ __ _

BWC 154 -UWO 178 

NWB 14 -CW8 178 

ODWB164 -DWO 178 

EWO 164 -EWO 178 

FWE 164 -FWE 178

OMAW FULL PENETRATION WELD__ 
10 AWS A5.14 CLASS ER NEfMO-I 

OMAW FULL PENETRATION WELD 
TO AWS AS. 14 CLASS ER NI~iMo-l0 

GMWFULL PENETRATION WELD 
TO AWS AS. 14 CLASS ER NIlCAMo- 0 

TMAW FULL PENETRATION WIELD 

1`OAWS AS. M CL.ASS ER flI2 

MW FULL PENETRATION WELD 
MOAWS A5 6CASERM

NOM4Ig7

2 

c

is 
c

Page I ol 1

2

AAA 95-100704-00 

AM951100704-00 

AMA 96-100704-00 

AA95-100704400 

AA95-100704-00 

AA95-100704-00

l5

K

,405455 

r,106022

rhlenium O1 16 

1409825 

1106!.05 

1 106455 

53400 

I iapiuM Gr 16

I

15

15 

15

10 

I I 

1?

I I ---

0 to 
Z 

or

OWA 1644-DVYA 178 

EWA 164 -EWA 178 

A164 - FWA I7S NIA



03/081ID7 THU 12:32 FAL 310 4Z3 9559 CMOIYAAGOPl 0

It 0; 6+ 1

UGHTLgS SpEpAE FJJCHA COTRA4-14-97 

1. SpeeliuwsM s pall e unatenly Maduoi~ed with -1/5"metal die s~ IOr automutic type-e Og~uvw 

badvdviiv i accordartee with localilo requirUehII5 detailed in LLNL drawings 

/6 AAA9S-10=73-OO. AAA95-l 00704-00, azd utltzing idantification co&dascnoibeA in LULN 

i. %mmE-20-solo4 dted 4-t4-97.  

2. Afkw uachitini. fpeciomes hain be CUened in' I su1lishit soNOlv Using clena &ioves or Other Mieth*& 

Whc ebmanial "kpecenal e kU~wtionI .1 cleaning. die specknens s9W] ha pieced to bldiv"da 

hap for Msimuct to LLNL. Solve=t used In cleaning each of the alays shall be identifled. and 

/to applicable blatetial Safety Dana Sheets shall tw supplied toLLL

3. WIMMOin inqpeioiea ecozg mat, damonsum sipccimen daiameasiolSmlad. aum in LLW~L drawing$ 

AAAYS-100703-OO and AAA95-1 007OA00 are widtin tolcrncz. sMHa be provided to LLNL apon 

- oaw f chs en.r N

4. Phoftepies ordie cerdf Mutrnial Test Repor (CMTR.) for buti th base PlSAlalsbect M29cria @Ad 

weld who, When appflmbKe "al be SUPPliad to LLIWL for, die p afsheet/whe Wad to fubricale each Of 

A* I te x"ChoomI Iin iddidoitf. the vendor mus~t supply LLNL a written ;sttemen of conformity. bc 

$1Mto link all spocknoss to the basm mnet and/or weld wire uscd in specimen fabrication -by 

76 7,delinlafg tam specimen kicndfiflaai ea, an applicable CMTIL Should the CMTR bincude nituiple 

items or pieces the pertculer piece/lot used to fabricate each specimeen shall be spochWifd n the vendor 

lctl of norfamiry. Ibis requireatefl "(llbe fuilfilled upon recipt of spoebomOO at LLNL.  

5. hndpendent chemical analysis shall be performed by vendor or qualified sub-coftfIwT for each 

huIt/ot of plimdiecset and weld wire used in the fabricaton of the apeelmirne. In addirion. the vendior 

orsaobnuantrot shallperftrm physical propertyuseting on' the platesheet used to ftbricase the 

speetmenrm The vender shal supply LLNL a written ntW report of the indepaideu chiesocal and 

physical properties analysis which sAWI incluide the identilication of the hesatot awaed. including 

AJautidUflcatiof of any individuall pieCMs Shod the CYITK include Multiple P605e, and applicable tart 

Mer&d emiployed in weC snalsis. Physical properTy dm~ derived from the independent usftdg shIl 

Imiclide an a Minimumr die tensila savogth. yield surgth. and *A elongatimf using stsr'daxd Methds 

descrtbed in ASTM El. T1e ceMical analystsl derived fro m e uxdepeadem vcstig shal include as a 

minitwusn thoaw elementtal conpositions necessary to verily each har/let or pla/shoeetwire allay lies 

Vrithin Me ASTM mwdad uureinments livted for the materials specified in LLNL docuwrat E-20-50.  

1D3.  

6. Do~iv=oryoall iDoisto LLNL asreuired 2.3 weeks After Receipt of 0wer (ARC). Partalshiipeots 

amY acenplablee ud encouraged as long as the supponrtig docunmaftaiof requireimeita dcmcribe above 

wte Met for dhe partial delivery.
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PROCUREMENT & MATERIEL 
INSTfIUTIONAL SUPPORT.

1o ) iS

MAI STOP, L-650.  

TEL. EXr., NO.: NO. 3-7132 

TELEFAX, NO.: 3-7226.

PAGE: 8.

UNIVERSrTY OF CALIFORNIA 
LAWRENCE LIVERMORE NATIONAL LABORATORY 

FURCKASE ORDERM 
NO. B338959.

VENTDOR NOTE: 

(01.) (A.) SHIP VIA...FEDERAL EXPRBSS...OVER-NIGHT AIR.FREIGHT 
COLLECT, CHARGING FREIGHT TO...ACCOUNT, NO. 0941-0205-7....  

(B.) ON FEDERAL EXPRESS AIR-BILL, PLEASE ANNOTATE...UCLLNL, 
PURCHASE ORDER, NO. B338959.  

(02.) UCLLNL, IS SELF-INSURED - PLEASE DO NQT DECLARE VAL3- OF /INSURE 
MATERIEL WITH FREIGHT CARRIER-

A4OoA'
�',I

Universty of Waifaomia 

L awrence Livermore 6-Nftional Laboratory

lw u u bw•Uv.•U'•At A%"& %sUp-r
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eeTI REpmR e

C)OLl -

TRANSEISSION 09 

TX/RI NO 
CONNECTION TEL 
SURADRESS 
CONNBCTION ID 
ST. TIME 
USAGE T 
PCs.  
RESULT

912053654516 

04/21 IS: 32 

ax

purchase order / Confirminfg Order Me! 6338g59 
Do sat Duplicate.

DAIT 
04/21/91Buyer I 

E. VITZ 
Ext;. (310) 423-7132 
Fax: (51a)423-7ZZS

To PTAL SAMPLES COlPANY, INC.  
RkT. 1. BOX 152 

?IL'Fr+ D AL 25253 
Attn: BRENDA SMTh 

Phoeri: (20S)33584202 
FAX: CzoS) 359-4515 

SFT TO: 

For U.S. Department of Energy 
ILM.- 411 
7000 East Avenue (P.O. 8338959) 
Livermor.', California 04550

P AGE , 

payment Terms

Hot 30 Days

university of Californi~a 
Lawrence# LivgrmOWO N~ational Laboratory 

Purchase Order 
For Coantract No. W-7405-ENQ.49 

WUith Department of £v~ergy 
FOR VMSALE; Stteu Sales Tax should not lie 

char~ged, as the University holds State 
Sales Tax Permit S1R-CHA 21-135323 

KM.I INVOMM IN DUPLICATE TO 
UNIVERSITY F CAL3FOANZA 

I LmnR= LZYv9VOR mAT=CrAL. LABORATORY I 
~"Welt_- P.O. box g001 I 

I LIV1ORE " 69-VORIA 94551 

IT= appear promine~ntlyon ou abovment, 
jfrsi ht bifl, L invoice to facilitateI 
[receiving and payment of the order.I

Confirming Order 04/16/S9? - 00 NOT DUPLICATE .  

ishLP ia:.irt ovrnt 1T artation Terms: [F.0-19.  

IIshipping Point: A

Item Mlodel/Manufacturer 1101/ ui tne 

No. Nescription Qty L10P Price Price 

001 N03525 15.000 CA /9.85000 147.75 
METAL SAMPLES Co.  
I. X 2 COUPom - BASE METAL REDOT LOS/ASM 9424 - rCLD-ROL1-" & 
AeA=qEJE SHEET - P/M co1296141304000 -

. D
Itte I 

'05/971

SUB3EC TO i 
A. - bLLOOJUt~f E-2O~0-SCAW... PAGES: I ... ACCOMPANYING COPY...  

B. LL'L., DRA611M, NO. AAAS3-1007O3-CO.. .DATE; 030195 ... PAGE 1.1..  
ACI'PAWIM7 COPY...  

C. LLJL, OWAING, NO. AAASS-10
0 7 04-OO. .. DATEt a30129...PA~nt I...  

ACc=tPAN4YZN COPY... .

I



12/09/98 WED 16:40 FAX 510 423 9559
o002COMMODITY ACA GROUP

- PURCHASE ORC- R

Purchase Order No: Seller's Status: 

B500447 I Small Business 

University Procurement Representative: Phone #: Fax#: E-Mali Address: 

R. Gomez. Sr. Contract Administrator (925) 42422-3306 (925) 42423-9559 gomezi2Ollni.gov 

Issued To: Ship To Address: 

METAL SAMPLES COMPANY University of California 

Attention: Brenda M. Smith Lawrence Livermore National Laboratory 

152 Metal Samples Road, P.O. Box 8 For the U. S. Department of Energy 

Munford, AL 36268 Purchase Order No. B500447 

Payment Terms: Net 30 Days 

F.O.B. Point: Shipping Point 

Shipping Point: Munford, AL 

Shipping Instructions: Ship via Consolidated Freightways, 
freight collect. Mark Bill of Lading 
'Moving Under GoV't Tender No.  
10096-C." 
Deliveries are requested by 
1:00 p.m. Pacific time.  

Transportation Terms: Account of University: - Do not 

Insure 
Sales Tax Exemption: This Purchase Order is exempt Invoices: All invoices shall reference the Purchase 

from State Sales & Use Tax, per Order number and be submitted to: 

the University's California State 

Resale Permit No. SR-CHA 21- University of Califorr

135323. Lawrence Livermor, ..:ional Laboratory 
Vendor Payments. - -432 
P.O. Box 5001 
Livermore, CA 94551 

ORDERED ITEMS 

ITEM NO. ITEM, $PECF1CATIOr9, CATALOG REFERENCES OTY UNIT PRICE EXTEMNED PRICE DELIVERY DATE 

1 TIGR7. 32RMS, SEQ. VCi (Titanium), Part No. 40 ea $39.50 $1,580.00 1/19199 

C03208081301400 Or Sooner 

2 TIGR16. 32RMS, SEQ, VCl (Titanium), Part 40 ea 54.13 2,165.20 With LA #1 

No. C03206361301400 
3 C22, 32RMS, SEQ. VC! (Alloy). Part No. 40 ea 27.40 1.096.00 With LA #1 

C0320A1 11301400 

4 304. 32RMS, SEQ, VCI (Stainless Steel), Part 40 ea 31.12 1,244.80 With L/I #1 

No. C03201411301400 
5 316L, 32RMS, SEQ. VCI (Stainless Steel). 40 ea 17.69 707.60 With LA #1 

Part No. C03201591301400 

6 TIGR7. LAP. ALL (Titanium), Part No. 40 ea 15.00 600.00 With LA 41 

EL4058080902000 
7 TIGR16, LAP, ALL (Titanium), Part No. 40 ea 18.75 750.00 With LI #1 

EL405B360902000 
8 022, LAP, ALL (Alloy), Part No. 40ea 11.00 440.00 With L/ #1 

EL405A1110902000 I_ I 

9 304. LAP, ALL (Stainless Steel), Part No. 40ea 7.90 316.00 With L/A101 

I EL4051410902000 -

University of California, 
Lawrence Livermore National Laboratory 
Procurement & Materiel 
P. 0. Box 5012, Livermore, California 94551

Req #Z27927 
(Form #PS-614; Rev. 11/5198)
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ITEM NO. ITEM UPSCIFICATIONS. CATALO REFERENCES alry UNIT PRICE EXTENDED PRICE DELIVERY DATE 

10 316L, LAP. ALL (Stainless Steel). Part No 40 eas 4.55 182.00 With L/I #1 

EL4051590902000 
11 TIGR7, MILL, ALL (Titanium). Pat No. I ea 105.00 105.00 With L/ #1 

- C09998080002000I 
12 TIGR16, MILL, ALL (Titanium). Part No. I ea 115.00 115.00 With LA #1 

00999-3360002000 
13 C22, MILL, ALL (Alloy), Part No. 1 ea 65.00 65.00 With LA #1 

C0999A1 10002000 

14 304. MILL. ALL (Stainless Steel). Par No. I ea 55.00 55.00 With LA #1 

IC0999 14100020D00

15 3161 MILL ALL (Stainless Steel), Part No. 1 ea 50.00. 50.00 With LA #1 

C09991 590002000 

16 5923HMO, 32RMS, SEQ. VCI (Alloy), Part No. 40 ea 39.50 1,580.00 With LAt #1 

C03209371301400 
17 5923HMO, LAP, ALL (Ahloy), Part No. 40 ea 15.00 600.00 With LA #1 

EL4059370902000 
.1 e 75.00 75.00 With LA #1

C22,,•Z•. LA",P.ALL •l|oyj, Pr-tr No•.  
C09999370002000 

NOTE, See the Incorporated Documents in 

the Special Provisions of the purchase order 

far work reouirements. Ij~ I S

Total Firm Fixed Price: $11,726.60 

TERMS & CONDITIONS: This Purchase Order includes the attached GENERAL PROVISIONS FOR COMMERCIAL 

SUPPLIES AND SERVICES (List 600B; Rev. 5/1/98). SPECIAL PROVISIONS and all other referenced documents. Any 

terms stated in Sefler's acknowledgment in addition to or in conflict with the terms stated herein shall not become a part 

of this Purchase Order.

BY:

THE REGENTS OF 
THE UNIVERSITY OF CALIFORNIA 

R. Gomez , " t--- -

TITLE: Sr. Contract Administrator 
General Purchasing Group 
Procurement & Materiel

DATE:

-2-PO No. B500447

18
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(Form #PS-621A: Rev. 10/26/98)

MODIFICATION NO. 1 
TO 

PURCHASE ORDER NO. B500447 
University Procurement Representatlve: Phone #" Fax #: E-Mail Address: 
R. Gomez, (925) 422-3306 (925) 423-55 gomez12*llni.qov 

Issued To: 

Metal Samples Company 
Attention: Brenda Smith 
152 Metal Samples Road 
Munford, AL 36268 

INTRODUCTION 

The purpose of this No Cost Modification is to Revise Line Item #18, and the Buyers Statement of Work. and also, 
Specification No. E-20-66-3.  

MODIFICATIONS 

1. Une Item No. 18 is deleted in its entirety and replaced with the following: 

18 5923HMO, MILL, ALL (Alloy), Part No. 1 ea 75.00 75.00 With LA #1 
CO9999370002000 

INOTE. See the Incorporated Documents in 
the Special Provisions of the purchase order 
for work reouirements.  

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 1/5/98 
"• BUYER'S (LLNL) - STATEMENT OF WORK FOR FABRICATION OF ELECTROCHEMICAL DISC SPECIMENS 

AND 2" X 2 CREVICE SPECIMENS, DATED 11IE'9SA 

"• BUYER'S (LLNL) - SPECIFICATION NO. E-20-66-3, DATED 118/5/9, 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 & Materiel 

DATE.

ulln/ux "1-k11 I]:-.& IWA% 5|O 4 3 935
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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 Radioactive Waste Management Program sponsored by the U.S. Department of Energy (DOE).  

The services shall be provided in accordance with the Supplier's documented Quality Assurance (QA) program, 

accepted by the DOE Office of Quality Assurance (OQA) prior to the start of work. OQA acceptance ofthe 

Supplier's QA program is predicated on the degree of compliance with the QA Requirements described insection II 

and the Supplier's agreement to meet the requirements described in Sections III and IV.  

11. 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-applicability 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 quality 

achievement must be provided. Personnel who perform verification of quality achievement must be 

independent from those performing the work.  

2.0 QA Program 

Prior to performing the work, personnel shall be evaluated to determine that they are qualified to perform 

the work assigned and receive documented indoctrination and training to assure suitable proficiency 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 to 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 contract/purchase 

order shall be described. Methods used to ensure that received services meet requirements shall be 

described.  

4.0 Instructions, Procedures and Document Control 

Activities shall be performed in accordance with documented approved implementing documents (e.g.  

procedure, instructions). The activity shall be described to a level of detail commensurate with the 

complexity of the activity and the need to assure consistent and acceptable results.  

The process used for preparation, review, approval and control of 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 are reviewed for applicability, correctmess.  

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 perforrtied by 

someone other than the preparer.

5.0 Control of Measuring and Test Equipment (M&TE)



QA REQUIREMENTS FOR SUPPLIERS OF ANALYTICAL SERVICES (1/5/98) 

The methods used to assure that M&TE, including equipment that contains software or programmable 

hardware, is adjusted and maintained as a unit at prescribed intervals, or prior to use, against reference 

standards having traceability to nationally recognized standards shall be described. Calibration standards 

shall have a greater accuracy than that required of the M&TE being calibrated. If a standard with greater 

accuracy does not exist or is unavailable, calibration standards with equal accuracy may be used if it can be 

shown to be adequate for the requirements. The basis for this acceptance shall be documented.  

Calibration M&TE shall be uniquely identified to provide traceability to calibration data. The use of M&TE 

shall be documented. Measures shall be established to prevent the use of out-of-calibration M&TE. When 

M&TE is found to be out-of-calibration the validity of results using that equipment since its last calibration 

shall be evaluated. M&TE shall be properly handled and stored to maintain accuracy.  

6.0 Corrective Action 

A control system for identifying and documenting deviations from technical and quality implementing 

documents shall be established. Adverse conditions shall be reported to appropriate management responsible 

for the condition, who shall determine the extent of the condition and take corrective actions. The Supplier=s 

QA organization or other independent organization shall have the authority and responsibility for concurring 

that the proposed corrective actions satisfy QA program requirements and verifying that corrective actions 

have been completed.  

7.0 QA Records 

Methods shall be established for specifying, preparing, and maintaining records that ---.-:de evidence of 

quality. These records shall be protected from damage, deterioration or loss. T- :quirements and 

responsibilities for record transmittal, distribution, retention, maintenance, and -. ý.position shall be 
documented.  

8.0 Audits 

Planned and scheduled audits to verify compliance with the QA program requirements and to determine 

effectiveness of the QA program shall be performed at least annually. The audits shall be performed in 

accordance with prescribed procedures or checklists by qualified personnel who do not have direct 

responsibility for performing the activities being audited. Audit results shall be documented and reported 

to responsible management. Responsible management shall take action to correct identified deficiencies in 

accordance with Section 6 Corrective Action and follow-up action to verify corrective action shall be taken 

in accordance with Section 6 Corrective Action.  

9.0 Analytical Services/Sample Control 

The process for receiving, identifying, handling, analyzing, tracking and storing samples submitted by the 

Purchaser to the supplier shall be established. Samples that do not meet requirements specified in controlled 

documents shall be documented and evaluated.  

The method for collecting, 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 a scientific notebook that provides a description of the work 

as planned, performed and the results obtained. Data shall be identified in a manner that provides traceability 

to samples, associated documentation and computer codes. Scientific notebooks shall be review by an 

independent technically qualified individual to verify there is sufficient detail to 1) retrace the investigations 

and confirm the results, or 2) Repeat the investigation and achieve comparible results, without recourse to 

the original investigator.

)o 4 C)-ý I a-%



QA REQUIREMENTS FOR SUPPLIERS OF ANALYTICAL SERVICES (115/98) 

M. GENERAL QA REQUiREMENT FOR THIS PURCHASE 

The following general QA requirements shall apply to the supplier for this purchase but do not necessarily need 

to be included in the supplier=s QA program.  

SUBCONTRACTING 
I. 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 I1.  

2. Where possible sub-tier procurements should be with suppliers that are-approved byDOE/OCRWM Office of 

Quality Assurance.  

NONCONFORMANCES/WORK CONTROL 

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

4. The Supplier shall notify the Purchaser (technical contact) when the Supplier identifies any nonconformances 
(deviations) from the procurement document. Nonconformances where the proposed disposition is Arepaira 

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

PURCHASER AUDITNEF,-FICATION 

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

NOTE: The Purchaser=s QA program is regulated by the NRC and requires that suppliers of services be 
audited, as a minimum every three years. It also requires an annual evaluation to determine if a more 
fr4ue audit is nu ssary. Theae 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 after the first audit 
if the service is still being performed.  

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

MISCELLANEOUS 

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

9. The Supplier will identify any spare or replacement parts or assemblies and the appropriate technical and QA 
requirementstinformation required for ordering them.



III 0ý 191

-Pqr*"0f4 

112-%j0c* <F'

QA REQUIREMENTS FOR SUPPLIERS OF ANALYTICAL SERVICES (115/98)

10.  
the

Where software is used as part of the analytical process which provides results that are not later validated, 

Supplier shall identify the software version and des'rbe 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.

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

Purchaser.  

MV. 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 reports 
corrective actions 

software validation records 
notebooks 
logbooks 

Analytical results shall include a statement that work was performed in accordance with the purchase order 

requirements and/or the suppliers QA program.  

Records for this procuremen" shall be legible, accurate, appropriate to the work accomplished, and identifiable to the 

item(s) or activity(s) to which they apply and shall be stamped, initialed, or signed and dated as complete.  

Corrections to completed Records for this procurement shall'be made by drawing a single line through the changed 

or incorrect information and msertng the new or correct information. The correction shall include the initials or 

signature of the individual autorized 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.



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.I dated 11/5/98 is the governing document for materials and 

fabrication used to provide test specimens for LLNL.  

2. Specimens described in items 1-5, and 16 shall be permanently identified with -3/32" metal die 

stamps or automatic type-set engraver as per requirements described in LLNL drawing AAA96

101274-00 and utilizing identification code described in specification E-20-66-3 REV. I dated 

11/5/98.  

3. 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 (<I 0 RMS) utilizing 

identification code described in specification E-20-66-3 REV. I dated 11/5/98.  

4. 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.  

5. 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: 

Groun I Items 1, 6, and 1 I 
Group 2 Items 2, 7, and 12 

Grop3 Items 3.8, and 13 
Grouo4 Items -., 9, and 14 
Grouo 5 Items 5, 10, and 15 
"Grouz6 Items 16, 17, and 18 

6. A photocopy of the Certified Material Test Reports (CMTR) used to fabricate the specimens and 

wire lots in items I-18 shall be supplied to LLNL. In addition, the vendor shall supply LLNL a 

written statement of conformity which serves to link all specimens to the appropriate heat/lot 

number used to fabricate the specimens using the specimen identifiers from specification E-20-66

3 REV. I dated 11/5/98. This requirement shall be fulfilled upon receipt of specimens at LLNL.  

8. Inspection records for surface finish on a statistical sampling from items 6-10, and 17 shall be 

provided to LLNL upon receipt of specimens. Inspection records to verify tolerances described in 

LLNL DWG. AAA96-101274-00 are met based on a statistical sampling of items 1-5 and 16 shall 

be provided to LLNL upon receipt of specimens.  

9. Delivery of all items to LLNL is required 14-21 days ARO.
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Specification E-20-66-3 REV.1

Item #_1 Specimens

Alloy UNS 
Nlumber

Sequential 
Specimen ID

ASTM 
Specification

R52400 . . NCA 184 thin NCA 223 I65 annealed

Titanium Grade 16 ruF CA283 B265 annealed

N06022 _ DCA 244 thru DCA 283 B575 annealed

Fabricato)
Fabrication 

Non-Weld 

lIn'i Weld 

Non-Weld

40 S33_00 - CA 001 thru OCA 040]A240 annealed .Non-Weld

40 31PCA 001 thin PCA40 0 A.240 annealed _Non-Weld

1 _' 

2 

3 

4 

5 

16 

7 
8 ___ 

10 
_ 17 _ 

11 

12

N06059 
R52400 

Titanium Grade 16 

N06022 

S30400 

S31603 
N06059

QCA 001 thru QCA 040 
NEA 001 thru NEA 040 

FEA 001 thin FEA 040 

DEA 001 thru DEA 040 

OEA 001 thru OEA 040 

PEA 001 thri PEA 040 

QEA 001 thru QEA 040

B575 Annealed 
6265 annealed 

0265 annealed 
8575 annealed 

A240 annealed 

A240 annealed 

B575 Annealed

Non-Weld 
Non-Weld 

Non-Weld 

Non-Weld 

Non-Weld 

Non-Weld 

Non-Weld

R652400 ._ - EA CHECK 1 4B265 annealed JNon-Weld

Titanium Grade 16 _V CHECK 1 __aq265_annealed 1 Non-Weld

13_j _N06022 DEA CHECK 1 jB3575 annealed

Non-Weld

$-0400 O)EA CHECK 1 IA240 annealed .Non-Weld

S31603 - EACHECK I

-r- A ulf%" 4I - --

A240 annealed _ 

r%7r7, anni

Non-Weld 

Non-Weld

MSC Part

Number

40 

40 

40

Bee LLNL Drawing

4umber or LLNL Dwg. No.  

LLNL Dwg.  
•AA96-101274-00 

LLNL Dwg.  
flAAA6101274-00 

LLNL Dwg.  
AAA96-101274-00 

LLNL Dwg.  
AAA96-101274-00 

LLNL Dwg.  
AAA6-101 214-00 

LLNL Dwg.  
AAA96-101274-00 

MSC P/N EL 405 

MSC P/N EL 405 

MSC P/N EL 405 

MSC PIN EL 405 

MSC P/N EL 405 

MSC P/N EL 405 

112" x6" 
(longitudinal rolling 
direction) x 118" 

112" x 6" 
(longitudinal rolling 
direction) x 1/8"_ 

1/2" x 6" 
(longitudinal rolling 
direion) x 18" 

1/2" x 6" 
(longitudinal rolling 
direction) x 1/8" 

1/2" x 6" 
(longitudinal rollint 
direction) x 1/8" 

1/2" x 6" 
(longitudinal rollin( 
direction) x 1/8"

-. 1 J. � I

40 
40 

40 

40 
40 

40 

40 1 __

-41 

15 I

, , Li 111-5-98 

Surface 
Finish (side Sample 
opposite ID) Thickness

See LLNL I Drawing 

See LLNL 
Drawing 

See LLNL 
Drawing_ 

See LLNL 
Drawing 

See LLNL 
Drawing 

See LLNL 

Drawing 

< 10 RMS 

* 10 RMS 

* 10 RMS 

* 10 RMS 

<10 RMS_ 

< 10 RMS 

Mill finish 

Mill finish 

Mill finish 

Mill finish 

Mill finish

See LLNL Dramwng 

See LLNL Drawing 

See LLNL Drawing 

See LLNL Drawing 

See LLNL Drawing 

0.125" nomlnal 

0.125" nominal 

0.125" nominal 

0.125"nominal 
0.125" nominal 

0.125" nominal 

0.125" nominal 

0,125" nominal 

0,125" nominal 

o 125" nominal 

0125" nominal

,k Mill finish 0 125" nomln?. '
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1'R]%OCUREMENT RF()UIKE\IE\"TS I)()C,.N.ENT FOR TESr SPECIMtENS. Re' 01.  
.Ttnuaxr% 071. 199') ~ C.  

I. INTRODUCTION 

"T'i.is dticument outlincs the requircments for the procurement of test specimens and independnrt iesting scr%,ices from 

Mc-al Samples Comprn" (.MSC). The ite:m and scr', ices quotted upon or furnished for this procurcment are for the use 

bh the Purchaser in connection with the Oftice of Civilian Radioactive Wa.,tc Manaement (OCR"V.MI Program 

sponsored by the U.S. Department of Energy. This is a blanket purchase order.  

II. STATEMENT OF WORK 

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

III. TECHNICAL REQUIREMENTS 

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

Metal Samples Com.inp:- s.:1.a s.:ppik LLNL a records package ,,vhich complies ,.ith the requirements listed in Section 
IV-D. Required Docuumen:a:tc.  

Metal Samples Compar.'. s!z.: st.:: the test specimens and the supporting documentation to LL.NL. Attention: John Estill.  

IV. QUALITY REQUIREMENTS FOR THIS PROCUREMENT 

A. APPLICABLE Q- PROGR.A.M 

The test specimcns shall b-, pro. ided in accordance with the Alabama Specialty Products. Inc. documented Quality 
manual, latest revision. re'e•.ed and accepted by the DOE Office of Quality Assurance (OQA). OQA acceptance of 
Alabama Specialty Products In: 's QA program is predicated on the degree of compliance with the QA Requirements 
described in Section"$K N:a: Samples Company shall comply with the general Quality requirements described in 
Sections,/. C and D. e 

/ /A 

B. SUPPLIER'S QA PROGRAM 

The Supplier's documented QA protram 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 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 quality 
achievement must be provided. Personnel who perform verification of quality achievement must be independent 
from those performine the work.
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2.0 QA Program 

A do,:umcntcd qualtyv assurance program .h•ill be cstablished. implemented. and maintuined The prcogram shall 

pro% idc control over activities a:' ict:ng quality to an extent consm.ic.nt withheir iniportance 

The QA program shall provid.- for :he planning and a,:complishment of acti ittes affccting quality under suitably 

controlled conditions. including the use% of appropriate cquipmcnt. suitable environmental conditions for 

accomplishing the activity, and assurance that prerequisites for the given activity have been satisfied. The program 

shall provide for any special controls, proccsses. test equipment. tools. and skills to attain the required quality and 

for verification of quality.  

Prior to performing the wyork. personnel shall be evaluated to determine that they arc qualified to perform the work 

assigned and receive indoctrination and training to assure suitable proficiency is achieved and maintained. The 

supplier shall assure that personnel arc familiar with the procedures and/or instructions pertaining to the work to be 

performed.  

3.0 Procurement Control 

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

quality affecting items and services and such documents shall be reviewed for adcquacy' and a,"". prior to issue.  

The method used to document evaluation and selection of suppliers prior to the awarc - .ztlpurchase order 

shall be described. Methods used to ensure that received services meet rcquircmerr. .. cescribed.  

4.0 Instructions, Procedures and Document Control 

Quality affecting activities shall be performed in accordance with documentea :,:. ed implementing documents 

(e g. procedure, instructions). The activity shall be described to a level of detail commensurate with the complexity 

of the activity and the need to assure consistent and acceptable results.  
The process used for preparation, review, approval and control of 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 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.  

'3.0 Identification and Control of Items 

Controls shall be established to assure that only correct and accepted items are used or installed. Identification shall 

be maintained on the items or in documents traceable to the items, or in a manner, which assures that identification 
is established and maintained.  

6.0 Control of Special Processes 

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

such as those used in welding. heat treatinc. and nondestru:tive examination, shall be performed by qualified 

pcrsonn-:l using qualified procedures in accordance with specified requirements.
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7.0 Inspection 

Inspections required verifying conformance of an item or activit, to spcctfied requirments shall be planned and 

executed. Characteristics to be inspected and inspection methods to be employed shall be.spccified. Inspection 

rcsults shall be documentcd. Inspection for acceptance shall be performed by qualified pcrsonnel other than thos, 

who performed or directly super, ied the ,ork being inspected.  

8.0 Control c" Measuring and Test Equipment (NI&TE) 

The methods used to assure that N&TE including, equipment that contains software or programmable hardware.  

is adjusted and maintained as a unit at prcscribed imervals, or prior to use, against reference standards having 

traceability to nationally recognized standards shall be described. Calibration standards shall have a greater 

accuracy than that required of the M&TE beine calibrated. If a standard with greater accuracy does not exist or is 

unavailable, calibration standards with equal accuracy may be used if it can be shown to be adequate for the 

requirements. The basis for this acceptance shall be documented.  

Calibration M&TE shall be uniquely identified to provide traceability to calibration data. The use of M&TE shall 

be documented. Measures shall be established to prevent the use of out-of-calibration M&TE. When M&TE is 

found to be o.'-. f-calibration, the validity of results using the equipment since its last calibration shall be evaluated.  

M&TE shall be properly handled and stored to maintain accuracy.  

9.0 Handling, Storage, and Shipping 

Handling,. storage. clear -, packaging. shipping. and preservation of items shall be controlled to prevent damage 

or loss and to minimize aeterioration.  

10.0 Inspection, Test, and Operating Status 

The status of inspection and test activities shall be identified either on the items or in documents traceable to the 
items where it is necessary to assure that required inspections and tests are performed and to assure that items which 
have not passed the required inspections and tests are not inadvertently installed, used. or operated. Status shall be 
maintained throueh indicators, such as physical 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 

Items that do not conform to specified requirements shall be controlled to prevent inadvertent installation or use.  

.Controls shall provide for identification, documentation. evaluation, and segregation 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 
shall be established. Adverse conditions shall be reported to appropriate management responsible for the condition 
that shall determine the extent of the condition and take corrective actions. The Supplier's QA organization or other 
independent organization shall have the authority and responsibility for concurring that the proposed correctivc 

actions satisfy QA program requirements and verifying that corrective actions have been completed.
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13.0 QA Records 

.Methods shall be established for specifying. preparing. and mainiaining records that provide evidence of quaiht.  

These records shall be protected from dani,-gc. detcrior.mon or It,,s. The requirements and responsibil ties tor 

record transmittal. distribution. retention. mainhenance. and dispts:a.on shall be documented.  

14.0 Audits 

Planned and scheduled audits to verify compliance ,vith the QA program requirements and to determine 

cffectivcness of the QA program shall be performed at least annuall]. The audits shall be performed in accordance 

with prescribed procedures or checklists by qualificd personnel who do not have direct responsibility for perforring 

the activities beine audited. Audit results shall be documented and reported to responsible management.  

Responsible management shall take action to correct identified deficiencies and verify corrective action has been 

accomplished.  

C. GENERAL QA REQUIREMENTS FOR THIS PURCHASE 

The following general QA requirements shall apply to the supplier for this purchase but do not necessarily need 

to be included in the supplier's QA program.  

SUBCONTRACTING 

. The Purchaser shall be notificd if Metal Samples Company or LTI subcontracts m- the scope of work 

prior to issuance of the sub-tier procurement document. Supplier procurement " .-. " n for services directly 

supporting this vork shall incorporate appropriate portions of the QA Pr. ..:remcnts listed in Section 

II. MSC procurement documents to LTI shall require LTI to implemen: , Q .program as approved by 

OCRWM. The Metal Samples Company procurement document issued tc . -7 .. also require: chemical and 

mechanical testing to be performed and accepted in accordance with the specific ASTM standards referenced 

in Section III.  

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

Quality Assurance.  

NONCONFORIMI.A•NCES/WORK CONTROL 

The Supplier shall notify the Purchaser's technical contact when a calibrated instrument used to calibrate and 

certify Purchaser equipment is found to be defective or out-of-calibration.  

4 The Supplier shall notify the Purchaser (technical contact) when the Supplier identifies any nonconformances 

(deviations) from the procurement document. Nonconformances where the proposed disposition is "'repair" 

or 'use-as-is" are required to be submitted to the Purchaser (technical contact) for review and concurrence.  

PURCHASER AUDIT/VERIFICATION 

The Purchaser or Purchaser's Representative (DOE or their representative) has the right to inspect and evaluate 

(auda/surveil) the work performed or being performed under the purchase document, and the premises where 

the work is being performed, at all reasonable times and in a manner that will not unduly delay the work. If the 

Purchaser performs inspection or evaluation on the premises of the Supplier or a subcontractor, the Supplier 

shall furnish and shall require subcontractors to furnish, at no increase in contract price, all reasonable facilities 

and assistance for the safe and convenient performance of these duties.
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NOTE: The Purchaser's QA program is regulated by the NRC and requires that suppliers of scrviccs be 

audited. as a minimum every three ycars. It also requires an annuat evaluation to determine if a more frequent 

audit is necessary, in other %ords. the Supplier can expect to be audited soonafter contrac-t award and on a 

three-year basis after the first audit if the service is still being performed.  

6. Purchaser verificaton activities shall not relieve the Supplier of the responsibihlity for verification of quality 

achievement.  

MISCELLANEOUS 

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

S. Where software is used as part of the calibration process which providcs results that are not later validated, the 
Supplier- shall identify the software version and describe the method used to verify tha.t the software is 
functioning properly and produces the intended results. Software version changes shall be checked to verify 
that the sof-',are produces correct results. The supplier shall kccp a record of the validation of the software.  

9. There are no purchaser hold points for this purchase order. I
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D. REQUIRED DOCUMENTATION 
The followine documcntation is reatmircd 

DOCUMENT DESCRIPTION J SUBMITrAL REQUIREMENT 

Fhe supplier shall provide a documentation packaec that Submit for acceptance with the metal samples.  

includcs the following documents

Certificate of Conformancc thy the supplier) 
2. A copy of LTI[. Material Test Reporm, for each 

laat and lot of material. LTI shall make a 

statement that work vas performed 'in 
accordance with the purchase order 
requirements and the suppliers QA program 
includine revision level in effect.  

3. MSDS for cleaning solvents used 
4. A photocopy of the Manufacturers Certified 

Material Test Reports (CMTR) for each heat 
and lot of material 

5. inspection and test records of dimensions and 
surface finish 

QA Records such as: Retain by the supplier for a minimum 3 years unless 

"* implementing documents dispositioned by purchaser before that 

"* documentation of calibration standards 
equipment calibration records 

"* training records 
"* qualification of personnel records 
"* evaluation or audit reports 
"* corrective action records 
"* software validation records (as applicable) 
* inspection and test records 
* traceability records 

The supplier's Certificate of Conformance and Inspection results shall include the following: 

A. This Purchase Order number.  
B. Name of the organization (company) performing the testing or certification.  
C. Identification of sample/coupon submitted to LTI for independent testing using heat or lot number or other 

unique identifier.  
D. Identification of the solvent used in the cleaning process.  

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

F. All the LLNI. specimens identified in Attachment I tied to the heat or lot number of matenal used in fabrication.  

A copy of the certificate of conformance shall be sent with the samples to the attention of John Estill at LLN!L and the 
purchase buyer 

Records for this procurement shall be legiblc. accurate, appropriate to the work accomplished, and identifiable to the 
item(s) or activity(s) to which they apply and shall be stamped, initialed, or signed and dated as complete.  

CorreLctions to completed Records for this procurement shall be made by drawing a single line through the changed or 
incorrect information and insertine the new or correct information. The correction shall include the initials or signature 

of thc individual authorized to make the correction and the date the correction was made. Correction of Records for this 
procurement that is incomplete or illegible shall be accomplished in one of the following ways: 1) Transcribe. regenerate.  
or enhance the illcgible portion, or 2) Obtain a new. complete, legible record.

L
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IaDarna .pec:ai1Y rTest. -,L'b,

Cus'o; /.. " .0 ,-' Customer TRW Procurement / 09484 

ASPI EL0405S A2 ,,ASPI Insp. .Date lo, p. 3In sp 

Description 5/8" dia. PAR DISC Cust. Insp. Date Insp.  

Order Quantity Sample Size Quantity Accepted I Quantity Rejected 

Inspection Findings .  
Equipment ID Characteristic 

:0.624 +.000/-.005 gp _; ;,__ 

1 7-7 zFinish </f=1RMS 1f~L 

Z" 

1/8-rl/1&Thick/*/.1- -/?-5 ,.1 -.--. /zF• l 

12 3 10, E |<42 ,.121 :l , , A 

Comments " -.-
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