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SAMPLE DESCRIPTION: A heat exchanger failed and a test protocol was developed for the
failure analysis of the component. This test protocol and its addendum, as of this date and
contained in Attachment 1, were developed and signed by Tesoro Companies, Division of
Occupational Safety and Health and U.S. Chemical Safety Board. FirstEnergy BETA
Laboratory was selected as the referee test laboratory to perform the testing requirements of the
test protocol. The test protocol was not specific as to the test samples to be removed from the
heat exchanger or the test locations/test parameters for each specific test within the test
sample. Therefore it was agreed

"The laboratory, acting as a referee laboratory, will be supplied the locations to take the
test samples and the type of test and test parameters to be performed at each location
on the test sample, i.e. magnification, hardness load/test method. The signatory parties
or their technical representatives that are present in the laboratory at the time shall make
those decisions and give that information directly to the laboratory. Comments from
other technical experts will be considered and factored into the signatory parties or their
technical representative's decisions but all decisions on protocol or samples shall remain
as decisions of the signatory parties or their representatives."

Additionally it was determined that BETA laboratory as a referee test laboratory is to report the
data obtained but not give any interpretation or conclusion on any data, or on details in the
photo.

On June 5, 2010 the heat exchanger arrived at Halvorsen Company's warehouse, in a June 11,
2010 meeting locations were selected for sample removal and on June 12, 2010 samples were
cut by Halvorsen for submittal to BETA laboratory. The results of the receipt inspection for the
heat exchanger at Halvorsen Companies warehouse are contained in report FirstEnergy's
report titled M10198- Receipt dated July 30,2010.

This report is the first of a series on the failed parts of the 6600E heat exchanger. The LS# and
CS# refer to longitudinal and circumferential weld seams while the part number refers to the
chain of custody number.

This interpretive report is a result of testing/analysis derived from material, information and/or specifications furnished by the customer and is confidential and is intended for the customer only. If you are receiving it in error, please advise
immediately. Further, you are prohibited from disclosing, copying, distributing or using any of this information without written approval from Beta Lab. This report shall not be reproduced except in its entirety and, in any case, without prior
written approval from Beta Lab. Except for such obligations as are set forth in the Agreement between Beta Lab and its customer for whom this work has been performed, neither the party preparing this report nor any person acting on its
behalf: Makes any warranty or representation, express or implied, including merchantability or fitness for a particular purpose, with respect to the accuracy, completeness or usefulness of the information contained in this report, or that the
use of any information, apparatus method or process disclosed from this report does not infringe upon privately owned rights or intellectual property; or Assumes any liability with respect to the use of, or for damages, including
consequential or punitive damages, resulting from the use of, any information, apparatus, method or process disclosed in this report.
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TEST PERFORMED: The tests on the heat exchanger parts included visual examination,
chemical analysis via Vacuum Spectrosmetry and LECO carbon, macro and micro-hardness
measurements, wall thickness measurements, magnetic and dye penetrant inspection,
photomicroscopy, Scanning Electron Microscopy (SEM) fractography and local chemical
analysis via Energy Dispersive Analysis of X-rays (EDS). The details of the apparatus utilized
and the test procedures are given in Table 1 and Attachment 2.

TEST RESULTS: The heat exchanger weld seams had been previous labeled as shown in
Figure 1 and the same labeling was used for this report. A piece labeled 14 (LS3 Bottom)
contained the complete LS 3 bottom fracture and about 20 and 13 inches of the fracture in CS3
and CS4 respectively, as shown in Figure 2 was received at BETA Lab for testing. The visual
appearance of the CS3 fracture edge is shown in Figure 3. The approximately 84 inches of the
LS3 fracture edge are shown in Figures 4-8. Figure 9 shows the fracture edge of CS4.

The 10 surface of part 14 was wet fluorescent magnetic particle inspected by others and
numerous indications were found. The Indications are circled in Figures 10-13.

Eight locations were selected, by others, for metallurgical mounting. The locations on piece 14
and the photos of the etched mounts are shown in Figures 14-16. The mounts were examined
in the un-etched and etched conditions and photomicrographs were taken as selected by
others. The photomicrographs are shown in Figures 17-51. Additionally some of the mounts
were examined in the scanning electron microscope as shown in Figures 23,42, and 51.

Samples of the can 2, can 3 and the 10 and 00 crowns of CS2, and LS3 were obtained and
chemically analyzed. The can is the designation for the rolled plate that has been longitudinally
welded to make a cylinder. The various cylinders or cans are then welded together with
circumferential welds to make the heat exchanger shell The results of those chemical analyses
are detailed in Table 2.

Four locations were selected for SEM fractography but the fracture surface was very heavily
coated with scale/corrosion product, as shown in Figure 52-55. The fracture surfaces of 14-
SEM1, SEM2 and SEM3 were cleaned with the following procedure and the as cleaned
surfaces are shown in Figures 52-55.

1. Alconox, ultrasonic, up to 5 minutes, rinse with warm water
2. Inhibited Hel, ultrasonic, 30 - 60 seconds, rinse with warm water
3. Alconox, ultrasonic, approximately 30 seconds, rinse with warm water
4. Inhibited Hel, ultrasonic, approximately 15 - 30 seconds, rinse with warm water
5. Alconox, ultrasonic, approximately 30 seconds, rinse with warm water
6. Methanol, ultrasonic, approximately 10 seconds

The Alconox solution was made up from approximately 35g/1 and the inhibited Hel was made up of
6N Hel inhibited with 5g/1of 1,3 Di-n-butyl-2 thiourea
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The SEM photomicrograph of the as cleaned surface is shown in Figure 56.
Additional samples, as shown in Figure 57, were cut to evaluate a cathodic cleaning method.
The surfaces cleaned by the following procedure are shown in Figure 57. When the surfaces
were examined under the SEM they disclosed scale or cleaned areas of chemical attack. The
cathodic cleaning procedures included:

14 T1a: Total accumulated time was 1 hour on 7/12/2010
1. 10% wlv NaOH + 1% Na2C03 + 1% Alconox @ - 3 - 4 V, 600 mamps
2. Alconox (- 4 % WN) Ultrasonically for - 5 minutes
3. 3% H2S04 to desmut for - 10- 15 seconds
4. Flush and rinse with acetone

14 T1b: Total accumulated time was 2.5 hours on 7/13/2010
1.lmmersion in 85% H3P04 (conc. Orthophosphoric acid)
2.Approximately every 10 - 15 minutes, rinse and ultrasonic in Alconox solution to
evaluate.
3. Flush and rinse with acetone

The T-2 sample was alternately dipped in liquid nitrogen and heated to 180 degrees C for 6
cycles and the as processed surface is shown in Figure 57.

The results of the chemical cleaning, cathodic cleaning and thermal shock tests were discussed
with the signature parties and all SEM work of the oxidized fracture surfaces was placed on
HOLD.

Rockwell hardness testing was performed at approximately the mid wall on transverse section
for can 2 and can 3 plate material and the results are reported in Table 3. 8dditionally micro-
hardness measurements in the 500gm Vickers scale were performed, as directed, on some of
the mounts. The locations where the traverses were performed are shown in Figure 57 and the
data is presented in Tables 8-14.
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TABLE 1
TESTS PERFORMED

(See Attachment 2 for TesUEquipment Specifications)

TEST METHOD OR INSTRUMENT
PERFORMED LOCATION, RESULTS

BY DATE LOCATION

VISUAL LECO SZH STEREO MACROSCOPE OR PORTRAIT
J. BLOUGH

HALVORSEN &
TEST RESULTS

EXAMINATION CAMERA BETA, VARIOUS

CHEMICAL
THERMO ARL-3460 OE SPECTROMETER M. TASCAR BETA, VARIOUS TABLE 2

ANALYSIS

CHEMICAL CAMSCAN SCANNING ELECTRON MICROSCOPE WITH
BETA, JULY 14,

ANALYSIS- IXRF EDS2000 ENERGY DISPERSIVE X-RAY C. HOLP Figure 51

SEM/EDS SPECTROMETER
2010

Carbon Analysis Leco Carbon/Sulfur Determination CS-444 M. Belviso BETA,6/15/10 Table 2

ROCKWELL
Wilson Rockwell 524THardness Tester M, Tascar BETA,7/26/10 Table 3

HARDNESS

KNOOP/VICKERS,
INSTRON TUKON 2100B HARDNESS TESTER, TABLES 6-12

SEMI-MACRO M. TASCAR BETA, VARIOUS

VICKERS
MODEL T21 00BR1942 AND FIGURE 58

OPTICAL
LECO PMG-3 OPTICAL MICROSCOPE J. BLOUGH BETA, VARIOUS FIGURES 17-51

METALLOGRAPHY

CAMSCAN SCANNING ELECTRON MICROSCOPE WITH

FRACTOGRAPHY IXRF EDS2000 ENERGY DISPERSIVE X-RAY C. HOLP BETA, VARIOUS FIGURE 56

SPECTROMETER

TEAM

WET MAGNETIC
INDUSTRIAL

BETA,6-15-
WET FLUORESCENT AC YOKE SERVICE ATTACHMENT 3

PARTICLE TESTING
,MICHAEL

2010

BUCKLEY

WALL THICKNESS MICROMETER M. TASCAR
BETA, 6/15 &

TABLE 4 & 5
7/26/10
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TABLE 2
CHEMICAL ANALYSIS FOR BASE METAL AND WELD DEPOSITS

SAMPLE IDENTIFICATION CHEMICAL COMPOSITION, WT. %

C SI P S MN NI CR Mo V Cu Co AL

14-3 CAN 2 0.26 0.23 0.008 0.019 0.59 0.12 0.12 0.02 <0.001 0.18 0.01 0.01

14-3 CAN 3 0.26 0.23 0.008 0.021 0.60 0.12 0.13 0.02 <0.001 0.18 0.01 0.01

SA- 515 GRADE 70 0.31 0.13- 0.035 0.035 1.30 NS NS NS NS NS NS NSMAX 0.45 MAX MAX MAX

14-CS3 00 CROWN 0.08 0.57 0.011 0.018 1.14 0.05 0.08 0.01 0.002 0.15 0.01 0.005

14-CS31D WELD SURFACE 0.09 0.64 0.017 0.022 1.31 0.05 0.09 0.01 0.002 0.24 0.01 0.005

14-LS3 00 CROWN 0.10 0.50 0.011 0.019 1.12 0.06 0.08 0.01 0.001 0.14 0.01 0.005

14-LS31D WELD SURFACE 0.16 0.37 0.010 0.021 1.04 0.08 0.09 0.02 0.001 0.14 0.01 0.005

SFA 5.1 (E7016, E7018)* NS 0.75 NS NS 1.60 0.30 0.20 0.30 0.08 NS NS NSMAX MAX MAX MAX MAX MAX

SFA5.17(EM11K)
0.07- 0.65- 0.030 0.025 1.00-

0.350.15 0.85 1.50 NS NS NS NS NS NSMAX MAX

SFA 5.17 (EL 12)
0.04- 0.10 0.030 0.030 0.25-

0.350.14 0.60 NS NS NS NS NS NSMAX MAX MAX

SFA5.17 (EM12K)
0.05- 0.10- 0.030 0.030 0.80-

NS NS NS NS 0.35 NS NS
0.15 0.35 MAX MAX 1.25

NS = NOT SPECIFIED

ALL ANALYSIS IS OPTICAL EMISSION SPECTROSCOPY EXCEPT THE CARBON WHICH IS LECO

No ALLOYS OR WELD WIRE GRADES WERE SPECIFIED SO TYPICAL ARE PRESENTED

* TOTAL OF MN+NI+CR+Mo+V 1.75 MAX

SA-515 SPECIFICATION FOR PRESSURE VESSEL PLATES, CARBON STEEL, FOR INTERMEDIATE-AND HIGHER-TEMPERATURE SERVICE - JULY 2003
ADDENDUM

SFA 5.1 SPECIFICATION FOR CARBON STEEL ELECTRODES FOR SHIELD METAL ARC WELDING-JULY 2003 ADDENDUM

SFA 5.17 SPECIFICATION FOR CARBON STEEL ELECTRODES AND FLUXES FOR SUBMERGED ARC WELDING- JULY 2003 ADDENDUM

TABLE 3
ROCKWELL (HRB) HARDNESS MEASUREMENTS

ON PLATE CROSS SECTIONS

SAMPLE
HARDNESS

IDENTIFICATION NUMBER OF
MINIMUM MAXIMUM AVERAGE INDENTATIONS

14 CAN 2 82.3 83.5 83.1 7

14 CAN 3 82.5 83.7 83.1 7

6670 Beta Dr., Mayfield Village, OH 44143, Tel: (440) 604-9843, Fax: (440) 604-9800, e-mail: jblough@firstenergycorp.com

mailto:jblough@firstenergycorp.com


.~
BETA Laboratory

1509001 Registered
METALLURGICAL LABORATORY

BETA LAB No.M10198- LS3 BOTTOM
CUSTOMER P.o. No.:

TESORO REFINING AND MARKETING COMPANY 4501667904
ANACORTES REFINERY

10200 W. MARCH POINT ROAD T91 WA4428 DATE: JULY 30,2010
PART: 6600-E HEAT EXCHANGER LS 3 ANACORTES, WA 98221
BOTTOM PART 14

PAGE 6 OF 88

LABORATORY REPORT -L53 BOTTOM

TABLE 4
WALL THICKNESS MEASUREMENTS LS3 FRACTURE

Location 2 inch Location 2 inch Location 2 inch Location 2 inch
Number from Number from Number from Number from
from UT fracture from UT fracture from UT fracture from UT fracture
reading (inch) reading (inch) reading (inch) reading (inch)
0 22 0.847 44 0.857 66 0.861
2 0.839 24 0.857 46 0.850 68 0.864
4 0.841 26 0.852 48 0.860 70 0.858
6 0.829 28 0.853 50 0.858 72 0.859
8 0.837 30 0.850 52 0.860 74 0.863
10 0.848 32 0.855 54 0.864 76 0.861
12 0.852 34 0.858 56 0.862 78 0.837
14 0.851 36 0.857 58 0.863 80 0.831
16 0.850 38 0.854 60 0.866 82 0.852
18 0.848 40 0.853 62 0.866 84 0.852
20 0.848 42 0.853 64 0.861

TABLE 5
WALL THICKNESS MEASUREMENTS FOR ADJOINING CS3 and CS4 FRACTURES

CS3 CS4
Location 2 inch Location 2 inch
Number from Number from
from UT fracture from UT fracture
reading* (inch) reading* (inch)
0 NM 0 NM
2 NM 2 0.846
4 NM 4 0.848
6 NM 6 0.856
8 0.787 8 0.862
10 0.798 10 0.852
12 0.827
14 0.830
16 0.841
NM= not measurable because fracture is
closer than 2 inches
* marked in the field by others
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TABLE 6

MICRO-HARDNESS MEASUREMENTS MOUNT M1 CS3
VICKERS 500Gm UNLESS OTHERWISE SPECIFIIED

M1 M1 M1 M1 M1
OD OD Cusp ID Can
Line Line Location Locations Locations 3 Locations
500 10Kg Line Line HAZ
HV HV HV HV HV
189 182 BM Can2
188 180 BM Can2
186 184 BM Can2
187 NA BM Can2

200 Can2 Haz Leg
201 Can2 Haz Leg
190 Can2 Haz Leg

206 200 FG Haz 190 Can2 Haz Leg 198 Can2 FG Haz Leg
197 206 FG Haz 203 Can2 FG Haz 200 Can2 FG Haz Leg
206 FG Haz 196 Can2 FG Haz 190 Can2 FG Haz Leg
212 FG Haz 196 Can2 FG Haz 188 Can2 FG Haz Leg
215 215 CG Haz 192 Can2 FG Haz 243 Can2 CG Haz Leg
226 212 CG Haz 194 Can2 FG Haz 212 Can2 CG Haz Leg
215 CG Haz 193 Can2 FG Haz 218 Can2 CG Haz Leg
225 CG Haz 197 Can2 FG Haz 210 Can2 CG Haz Leg
198 191 Weld Traverse 175 Weld Traverse 194 Weld Traverse 186 Can3 Diag Bottom Weld Traverse
189 191 Weld Traverse 177 Weld Traverse 202 Weld Traverse 192 Can3 Diag Bottom Weld Traverse
195 182 Weld Traverse 172 Weld Traverse 202 Weld Traverse 191 Can3 Diag Bottom Weld Traverse
176 193 Weld Traverse 175 Weld Traverse 182 Weld Traverse 192 Can3 Diag Bottom Weld Traverse
193 191 Weld Traverse 178 Weld Traverse 182 Weld Traverse (Haz) 186 Can3 Diag Bottom Weld Traverse
198 NA Weld Traverse 210 Can3 Diag Top Weld Traverse
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TABLE 6 CONTINUED

192 Weld Traverse 198 Can3 Diag Top Weld Traverse
202 Weld Traverse 217 Can3 Diag Top Weld Traverse
207 Weld Traverse 217 Can3 Diag Top Weld Traverse

209 Can3 Diag Top Weld Traverse
220 231 CG Haz 201 Can3 Diag Haz
237 CG Haz 191 Can3 Diag Haz
248 CG Haz 188 Can3 Diag Haz
239 CG Haz 192 Can3 Diag Haz
201 FG Haz 193 Can3 FG Haz 198 FG Haz Leg 186 Can3 Diag Haz
216 217 FG Haz 191 Can3 FG Haz 197 FG Haz Leg 224 Can3 Diag Haz
210 215 FG Haz 192 Can3 FG Haz 193 FG Haz Leg
208 NA FG Haz 191 Can3 FG Haz 201 FG Haz Leg
193 182 BM Can3
191 180 BM Can3
192 177 BM Can3
200 194 BM Can3
NA= not applicable
BM = Base Metal, FG= Fine Grain, HAZ= Heat Affected Zone, CG = Coarse Grain
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TABLE 7

MICRO-HARDNESS MEASUREMENTS MOUNT M3 LS3
VICKERS 500Gm

M3 M3 M3 M3
OD Location Cusp Locations ID Can 3 LocationsLine Line Line fracture
HV HV HV HV
223 Weld (Near Edge) 239 Weld (Near Edge) 188 10Weld Near Fracture 255 Oiag 00 Weld Near Fracture
203 OOWeld 248 Cusp Weld 192 10Weld Near Fracture 206 Oiag 00 Weld Near Fracture
207 OOWeld 246 Cusp Weld 215 10Weid 201 Oiag 00 Weld Near Fracture
219 OOWeld 236 Cusp Weld 209 10Weid 220 Oiag 00 Weld Near Fracture
209 OOWeld 221 Cusp Weld 219 10Weid 178 Oiag 10Weld Near Fracture
229 OOWeld 203 10Weid 185 Oiag 10Weld Near Fracture
230 OOWeld 211 Oiag 10Weld Near Fracture

10CG Haz Leg @
240 00 FG Haz 245 CG Haz 228 Fracture 217 Oiag 10Weld Near Fracture

10CG Haz Leg @
232 00 FG Haz 227 CG Haz 223 Fracture 221 Oiag 10Weld Near Fracture

10CG Haz Leg @
234 00 FG Haz 236 CG Haz 229 Fracture

10CG Haz Leg @
234 00 FG Haz 242 CG Haz 235 Fracture
234 00 LG Haz 219 Cusp Haz Leg 204 10 FG Haz Leg
239 00 LG Haz 211 Cusp Haz Leg 210 10 FG Haz Leg
227 00 LG Haz 225 Cusp Haz Leg 213 10 FG Haz Leg
242 00 LG Haz 226 Cusp Haz Leg 203 10 FG Haz Leg
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TABLE 7 CONTINUED

203 10 CG Haz Leg

209 10 CG Haz Leg

207 10 CG Haz Leg

209 10 CG Haz Leg

218 OOBM 182 Cusp BM

212 OOBM 189 Cusp BM

208 OOBM 193 Cusp BM

214 OOBM 215 Cusp BM
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TABLE 8

MICRO-HARDNESS MEASUREMENTS MOUNT M4 LS3
VICKERS 500Gm

M4 M4
Right Location Left LocationsVertical Line Vertical line
HV HV
181 BM 193 BM
183 BM 184 BM
184 BM 189 BM
186 BM 192 BM
204 FG Haz 188 FG Haz

190 FG Haz 193 FG Haz

191 FG Haz 184 FG Haz

188 FG Haz 201 FG Haz

194 Weld CG 210 Weld CG

187 Weld CG 195 Weld CG

181 Weld CG 200 Weld CG

204 Weld CG (@ Fracture) 198 Weld CG (@ Fracture)
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TABLE 9

MICRO-HARDNESS MEASUREMENTS MOUNT M5 CS4
VICKERS 500Gm

M5 M5 M5
Vertical Line Location Horizontal Line Locations Fracture Line Locations

HV HV HV
138 BM 152 BM 110 Diag BM (Near Fracture)
138 BM 143 BM 117 Diag BM (Near Fracture)
143 BM 149 BM 124 Diag BM (Near Fracture)
136 BM 133 BM 129 Diag BM (Near Fracture)
143 BM 140 Diag BM (Near Fracture)
145 OD Weld 139 Weld
135 OD Weld 139 Weld
139 OD Weld 139 Weld
132 OD Weld 137 Weld
136 OD Weld (Near Surface)
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TABLE 10

MICRO-HARDNESS MEASUREMENTS MOUNT M6
VICKERS 500Gm

M6 M6 M6 M6

OD Cusp ID Can
Location Locations 3 LocationsLine Line Line HAZHV HV HV HV

Diag Can2 BM (Close to Weld)
174 oo Weld Can2 BM 176 Cusp Can2 BM 181 (ID)
176 oo Weld Can2 BM 175 Cusp Can2 BM 201 Diag Can2 BM (Close to Weld)
175 oo Weld Can2 BM 174 Cusp Can2 BM 223 Diag Can2 BM (Close to Weld)
188 oo Weld Can2 BM 172 Cusp Can2 BM 210 Diag Can2 BM (Close to Weld)

200 Cusp Can2 BM 211 Diag Can2 BM (Close to Weld)
Diag Can2 BM (Close to Weld)

191 (or»
192 ODWeld 188 Cusp Weld 175 IDWeld
183 ODWeld 182 Cusp Weld 171 IDWeld
179 ODWeld 184 Cusp Weld 179 IDWeld
183 ODWeld 180 Cusp Weld 180 IDWeld
184 ODWeld 182 IDWeld
208 oo Weld Can3 BM 203 Cusp Can3 BM
224 oo Weld Can3 BM 195 Cusp Can3 BM
216 oo Weld Can3 BM 192 Cusp Can3 BM
212 oo Weld Can3 BM 196 Cusp Can3 BM
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TABLE 11

MICRO-HARDNESS MEASUREMENTS MOUNT TO
VICKERS 500Gm

TO TO
OD Line Location ID Line Locations

HV HV
137 Weld 139 Weld
134 Weld 142 Weld
134 Weld 147 Weld
140 Weld 142 Weld
141 BM @Weld 142 BM @Weld
143 BM @Weld 149 BM @Weld
143 BM @Weld 131 BM @Weld
149 BM @Weld 129 BM @Weld
148 BM @Weld 135 BM @Weld

135 BM @Weld
143 BM 146 BM
141 BM 146 BM
146 BM 141 BM
140 BM 140 BM
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TABLE 12

SUMMARY OF MICRO-HARDNESS MEASUREMENTS
TABLE 7-11

VICKERS 500Gm

M1 CS3 M3 LS3 M4 LS3 M5CS4 M6CS3 TO LS3
Base Metal 2 180-189 172-223
Base Metal 3 177-200 182-215 181-193 133-152 203-224 129-149
Base Metal 4 110-140

HAZ2 190-243
HAZ3 186-224 203-245 181-204

Weld Metal 172-210 178-255 132-145 171-192 134-147
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................1...
1
1

I----_....-----l .

CS4

r

Overall main heat exchanger with "fish mouth" rupture primarily along LS3 and CS4 as shown by green box
above
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4 Photos of the fracture along LS3 from CS3 corner with the locations as shown in the upper left (10
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FIGURE 5 Photos of the fracture along LS3 from CS3 corner with the locations as shown in the upper left (10
on
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the fracture along LS3 from center of the fish mouth with the locations as shown in the
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FIGURE 9 Photos of the fracture along C54
from L53 C54 corner as shown in the
upper right (scale against 00)
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Looking at ID surface LS3 top and CS3 right side
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Mount M 4 longitudinal face of LS3 with the fracture on
top and can 3 on bottom -Polishing down on ID
surface
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Looking at OD surface LS3 top and CS4 right
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M2 ID on top- image reversed for photomicrographs
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SEM photomicrograph of fine fissures

SEM photomicrograph of fine fissures-

FIGURE 23 Un-etched right side at 10 surface of the weld from can 2 in M2 on CS3 weld in the SEM
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M2 ID on top- image reversed for photomicrographs
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M2 ID on top- image reversed for photomicrographs
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M2 ID on top- image reversed for photomicrographs
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M21D on
top- image
reversed
for
photomicr
ographs
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M3 ID on top- image reversed for photomicrographs
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M3 ID on top- image reversed for photomicrographs
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M4T fracture on right, 10 at top - image reversed for
photomicrographs

:

FIGURE 38 Transverse mount M4T, 10 on top, fracture surface at right- under cap pass on 00 on CS4
weld
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M6 fracture on left, 10 at top - image reversed for
photomicrographs
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Mount M3 with
oxide on after
cutting and
mounting

As received fracture surface

As received ID surface As cleaned ID surface
FIGURE 52 Sample selected for SEM fractography in as received and partial cleaning condition-SEM1
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As received fracture surface

As received ID surface As cleaned ID surface
FIGURE 53 Sample selected for SEM fractography in as received and partial cleaning condition-SEM2
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As received fracture surface

As received ID surface As cleaned ID surface
FIGURE 54 Sample selected for SEM fractography in as received and partial cleaning condition-SEM3
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As received ID surface-note junction with of LS3 top As received OD surface
horizontal and CS3 vertical

FIGURE 55 Sample selected for SEM fractography in as received (sample not cleaned)-SEM4
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FIGURE 56 SEM fractography of two areas where the scale/corrosion products were removed on the
fracture surface of SEM1
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Sample T-1 split into T1a left and T-1b right- scale 1/16" Sample T-2- scale 1/16"
FIGURE 57 Cleaning test method samples T-1a, T1b and T-2
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M3

M5

TO
FIGURE 58 Vickers micro-hardness Traverse (Red) Lines for Data in Table 6 thru 11-green line is 10Kg

Vickers

6670 Beta Dr., Mayfield Village, OH 44143, Tel: (440) 604-9843, Fax: (440) 604-9800, e-mail: jblough@firstenergycorp.com

mailto:jblough@firstenergycorp.com


·~
BETA Laboratory

1509001 Registered
METALLURGICAL LABORATORY

BETA LAB No.M10198- LS3 BOTTOM
CUSTOMER P.O. No.:

TESORO REFINING AND MARKETING COMPANY 4501667904
ANACORTES REFINERY

10200 W. MARCH POINT ROAD T91 WA4428 DATE: JULY 30,2010
PART: 6600-E HEAT EXCHANGER LS 3 ANACORTES, WA 98221
BOTTOM PART 14

PAGE 74 OF 88

LABORATORY REPORT -L53 BOTTOM
ATTACHMENT 1 TEST PROTOCOL AND ADDENDUM

lPa,rt 1. IF!i.dd. V~Sll!lS!W.:and N6Ddc.stll'ucti",c EDm~nSition
Po'I1't .1 oj jhr~ In.tm:H:t:11 .r.unlifill~"""5Jlo.l and oo1w/e;t;1r-t!CIj:~ f~.1incg flral i~ {1Pl1rfymil it:! l'Hi
oo."lduiNw' on Ih~ sh~l oj' ~;relrt1¥r ,66(}(J'-E lJy (:1 ,fXmjmc.r()~ treOOpI{j~.ls to dns pomies If) ,~
~'~"~.m.Mm.'Pri;;Jr to p!J1'fi;)rmi1rga~~i:flral!' il.Ni~lUm D.I" l'iI~-.ksl1'l~n.\!l1:e3JiNg, .3' ,~\ltsi~ ~~
~ti,ce m~' ~~ p!'@~idid ~all ptmi~~ f,(l' ,hi! ~1;JN?l1t ~G! allG!l~ thE, ~nllmjzy Ii) ohi!'l'1'!'-
'Pm'fiI!'Q ".0' Ihr~ ol8~ml!'1Ji llJtW ,~£d ~f It:! perform ,aqp~ ,G!,{ 1M ~i~r.ral iPff~if;mG!r' 1:IQn.

~1Ii::"I~ ~lfJJg di!'NI'l'hed Ul l.!iili:~. 9Jlf)W.ld parli~s ide,rJlW ,:!d~ ~d Ii) .0f)m!J~'
~~llmp~km .CII!' =.<k$r~ive 1e:glir1g: .P:fQI' ,@urlbed m ftrrl I fJj !~i3 prw=l, ~'~)'9
~II~ ,",I~' De tN'OwJed.ff) '!illl,~l'#~ 10 Ihi~ ,~J'l~i'II i\li! O'rikr to~grJ~1' ~tJ}' O'.!ij'rolom;

.Dr/alled vls'wl ~Cl!on (Jffl{ ~Nng nrl'/.1W/ D~permf.u;ed !tI'!!fi Ih~ ~r.rI,rJlne,!'ll ~ pl~ In Ih~
&{'~~w,k~ st~e I~f(m,

su :fi~1d ~j,su.r;r/ artd"f(l.llife4,1r~ t~ ~~I h-e ~pr@lefy .ritM~meP:fl~ri .(rtdJCQI'iltg
~~m!,f1il~ll!.r, t~ e~~nI' u.'/fJ rn exatil~kms., ~~ qf

. the ~!mrri!.r (J}l.p.mprl4l,'~. ,All re~jffill 1M- sJg!l~Qam!
dat~ by /'h,t examfMrts), iMU! ~p.oJ'lt sMiJI be dlRrfDrlfea ....flnil'! 41ftOOllrS of el'_ilurll!:li!'l~ liy
(~ f:M;d.txmJi o().lJthi~lfl1t.~ C:~W~!'!S (f) fi#prlies .tfmtilla:Jfefj;I/JZY. N.rr~ mall !t6M'
(he Of!P'07ht)'jrly tf) rn!ilei~ ~ dl:jf,a m1I/1f:t ill ,~~ of t!le otMr IMNm, ...~ ~ TcqnC;S#~
c:krr-ijiOOl,iM (}I" w,i"~lro.li ,oj,(:fhjdmng in fJ:m ropM shall $UtlJlrll ~trfJrF ~ ,r<) all ptfi'lit;.t,

lJ'am ~l.remlW'(]B {},N{i;ul~' ,(J<ftloo ex£t.utr.m ,(J<j tms proloreJI~i1U~Ifhal'td!~jl,h oJl] parllees tiQ. !'lm
~JiltMI ~illf.N.fJtm~!l8lY. ~r.un'1'1iTITfJe,tlltm'~:i!, arll1~i:!' or ,Cilmd'I1.1'.ro.M l~illll(Jt ,~~ sJ~1l.

Each pa~ ~mJut.JitW ji8ld .. ismal (HId lrtm.ikiftl',rwti~' <!r<i'lllii':lillfCIJ' dralt fu;: bJ1!1~gn'!!.da I'In/qflll'

INJI0/aJp1kN1rI~u!}f'lc~l!'Is WmrrM1fJF. ·~'fol'm{lf &j'l.!it marki~~,di(J.f! ~ ~Bxra: CXUt.
Ol!(:. The .m,(H'kfJ'lfl'~ ;shall :Ili!l (IJ.yPkd.~ JAt! ~t>?rlli1l ~~~ <l1hf,' ~Jre,ll qnJy ."n,d if.h.irJI bil
p!!f'mrnre1J1 Ifl '1'aI,f,l~ (~ch. ~1'a11W" ~r.t;,)- AflJl" .lJf;2m~ .11 £.i!l applr;gd (JJ kQSl ~11'{l' m I~

j'rq1lJ (1JIY .foreJ~ ~r!~. 1M! J'1.wJijr.l&I' ,f1m11 &! ~-dfm' pW'~~~ ~r.lbe{J' ii!t Pan' J -#rif~
pJ'()~l.mtf J'11t1)' ~ b6 IMSd it:! im1JlW lQc.aliQ~ ef~CrJlc areas .:;jint>?nm ~Je,~'i~d by
~JI)i ~jtllI1!foOil! ~'W l'n I'(JJ'I L EtJd/J' ,poYly wing fI$ m.m:ifl8ll' QklFl ~~WJIY.~'~~~
iokwJifyfilg uniqw ffi"r,h"l~ !I~dend'IQClJ.lif;PI!! !)It'he~ I?@'lIii. 00!'I t~ .U for iJ!/1:l\!,ffi\;1>l'itln M
aJtpt1l'Iie;:.

l" POO11:1grap~jc~nydOO!.!rm.e~J;(be 1\Il!;liI ~C<lWIg~r iI11l\.~'·'as·(l)U~di" cOlli!!itioo M:fo~ [~itiRIi~g
.h.~mwi~l,U'gN:~1atutllys~" [l'O;;.u,jltmla~iomlsli'l.m!klimcl~d!i(rne to~lo.w~~g:
~ Any' reimmce IJOLR~ ,~~e4
~ F!m!I:U!~ !!milll ~!l(!~rr~
.$ic3rn~,
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• Weld:>
~ /),!..!lO'ffi!!!.tl~-s {d.\i:1Ii1S, crac[(s, ,a,p.p~nen!!Dce)
• M..Ql~fuctl!rlnB: f!I~v~ 'or dcl"~~~
• !Ph!i!!;!!: and1lw cv~· Qfoc~ion gil in~~t'!1l;1.1,and~wm~1 SlIrfll"..Il·s

2, VidOO!lIJ;I~lh.cr!lllled~S:!.C~~~~' !I!ld s~r~di.!li.!l h~1!A~I!In~~ amg p~pi~iS in IDe '''as.
fb~!ld~«'mj'[~lQl"1"'Ib~ "'[1!~~ sll(klll~ 5Lllli!!!r1y ~a:maU ,lWrns liste<! inI {~} aOO'i'e, Que
5!:l!!D $b.(!.\I~~1!'I;Iill (!(~r ,~ prrn.o:rat1lIie V.iie'w Qf~n ~ffe>ll~e4M!lII'OOIId~1Iig e:quiplMe:rut 51'1.0t ~ a
~ocatioll1Jirmm~i:aleiy adJace~tWij~e jXIli\t aff~HIl~, Oil.llaie lm:Uetllexo~iln.,get.

3, PerfOrnn am illlmllo~fi~1d1 ",it~1l11 =m:irnfitiol1l iJf lite il1ll:Cm1i!BJiiD, c;.,;,krnlll ~~r.fuo~ lllJ lite "':i&
fu~nd" el)-;ncli~io~,$1d dQculJ1i~n!!In...)'!IJI;(i!1Il~I[~I~21l IInIlY be ,p~~ $I.I~k ~!"'C fblto\v~%l~
·Ctaek$
• 'Cr>eVi~
" Dm!5
• '(j;oIJlge5
~ Manllfuetur.iillg defM1:$
~ Pilli~g andVo.rev[~ of~i:Oi1J Wi iilreiili~~~i:itl ,exl.e.iimLl. '~ilirfuc;es
~ P=ilQC Of'GOH'MlMprod~C(1lil ~ltd!of .sins
~ I}xe/miiile,l!rne sulf,;j.ee f~r e:~iDe.moeelf ~~
~ Bx!!!!llin~fur ev:i.d'moe o(,m ~~ms. gr.ill'!!irng ,a:r(l1.!md~heii\!r.r~ area nur ~I~efiil:N:rure

a. .Ffil.cr!iireSI!Iifi= All :traefure:!i~rl'l!= ~j]!)UMberc~ae~ ~~.d prnOlGgliSipbcd 10eh~k
k .

.Io'inrnilili!!;·dlu;{: to npp=ri! rorrgsio:rn
~ IlUnrniillrgd';w; tv ii~l:.in:g
~ seaMllg (~ru:I[MI[rng.[IlI olde~ ,cMcik)
~ ~~ o.rr8.lllillct ((ltiteVI'M) n'I~tks poJi'ltiru,g 00 Ih~uniliM[oili. siilel
~ proximity to w~l\:ls ,1IIld,w.b.etme.~'Ih~ ~k p.~s 'tbrotll,ghwel.\:l i'iItela~ '~[I~ il'Ilctliil~

(If.HAZ"8 (H.eat AIrui!e-d lenes),
~ ~IJnily Willie end oflm.e alad:diilg
~ geClll\W'!cd aJ'lom:mllell - e'.;8. g.o~goes, s:hru:'JlW>!lild Q(IJ'i'If:i'ji, ml1l.il'I<lAt.b, irnOOrt'lptde

pen~ll'8ljoo Gfwelds, ~Il::

iii" CHuirdclcr.izaticD. o:f ][I!cmILl CtiIlTOOLo[l; 'Visililc Ihiiltirni[J~ 'Dr piiitiin,c: <?II ~lieU\, Ii.!Lbc.$~11.d
~mes; R.eoord! De~tr1pti(l[l 'ohll ",i~ililc:. _s, WIi!m;
~ locsti\:JliIs Qf CQITOsi'Olt QtI $DCU wi!!;] ~cl'1gln fliTOliI:l~uliC!I~bect anti hc:1~hl ~!De

00ttQ1fI:1. ,ofdJ.c ~~)j. -
• fljppeara~.ee o:f oorro~il;ll1! Ijp~ ,o-n $'hl!::~~~ I~.illnims: • piitHrug, $
.~ des.erJpttoi:l$of =Iu
~ ,esUlna~es o:fdeptllsohbsef'\i'ablle,emvosloo 8itd S!:~tes.

~FIQI!1I1 F.~1Jte &amili!llilDFI ~ - ReV. J

PoIge ~.~ m
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c, C~!'aCte.!:'1z.atlonofrO\dimg 01" O~~il'r[:!cJlQ5i~!i=
• ~~ubl1' ~1I Q~!.Q.l',VQ,l\lrn~~'il'Ca"!tq~. 4sm.i~.t!'imgejly of!!4b!'i~!Ii..g to ~Jf~.G;~li!e(!m

i~ili~img '0>11 WOes,o.rslteli.
~ UiS~ i~lIi~1 p:lliOlos f~r ,colJl~arjf>0Jl lO 5.~eif rouli~g 111.~S,~eJl aife<:ed,by ,~tll1l~plLeril:;

,~d ~~!itsr E:::q>OS.Il.l"elllltl~ IIa5t few w~"
~ Re]X!'l'l ,amy 8NaS Ileal" Iia>!;:~ 8'LIrtaoc.ewbne '~be fOlilililig ~e~lS,~(ll.le ~1n()"~Gd, di~e to,

1~.eIiO\\I'=ap.ingll>oml~.ehcL1llt'e1 (oo Iw:'Ip define ~Ilii.tial .IM'k ~illi),

d, Cluml.c;lerlzatLon 'G:fDis1.mtnffii - raui.MIeP~ Of :Po~~~E:w~~11Jjj:
~ Look fur rube diSlOfliM sudl as I'Un~nrugout ofruibes~.eet ,Of breakurng iichi:nd. rube.~heet

'[It blli!T:I~ Qf' hoNililgoomtiet willi :!lhe~L
~ Look fuf b~ndle distClftiot'l. ~[cli ~ be M .~1Thc.t of Ille txpro~iorn,.af:ldl miRY i'rndiMte

ID.e i:tnma~ ~eiiik pO.1ilt.

e, 'ftBtiin,g Imi,tilllWkPgj~t by SilrlrQWIdn~;!l ][filpU~Plitienl: Qr Darnll.~:
• rnswcct ,iLdjio.~mt equiprneml: in IRe diil'mt~n of thtruJilrtlrc amm. ~ra¢k!in,t llirnDI i'CpOtl

tiny :!ii.t:Jl~ of flI.o\¥ ulJipJm~cm.t, hdgb. Itm.p~maur~c~pO$Ure$> explD-$~IiI. p~ifC.o
w!J,ve,~

IPcrtJ;Kilill]>p,.f['~5~i~g Qm.~n $br;II.~IJijp<m~~ ~I\IU ,pCl],Clm~Gnwcldi wWhalllwO lkt of~
fhlcwre s~rr~ces usi~g ~M.e ~y ernlssl'on '!r.mal~.
~ Cet~d!Wl ,~~~lll'5~ {If! ~~~ll~ 5IIl_m~ ll! .I.~.1il,IS,lltll!!(liS aw!!),'from ll!l hctU_r>e ~rfl!e>!:.,s,
~. C.;mO\l.Cl Q~"~i~t ~r' wcld lQ:;1I1cl in tli!~~.lWI>L)r 1.Ilt,"~-5~:OJ) all ~wrn~! W_l'~¢i ca.t I~

~~ fQQt ~\~y fum"! !iIJ !h.~t\l"R; ~lILi~~-
• Uniq~ :n,!m1~Jic mBrl!:jn.g~, fo~ kk.n~ifl¢3t1o!l FU~~~8n 'lHl; !I]~d~ QIj, ~h~ ~wf!1l~l

:;rurf:.B.CI!:~. Qflhe ~~~'lV3!J:i~!IIlJ' PM] t(--$'! W.BIll OOl1d~i;lb~_

Depo&illl fi'Ofl'l 11t~1 !M\'e.r ,seelii011 of 1!1ie DUl"ldl.e1 :111"1<11 ~=ii'I1a.li~·e ,de[(!OOits l<)!;]iJ!j adlll.eKd ttl
ili~ slit~1I,slJ~1Ilbe c(}~I\:(:!ro <11\tI sto~d io. ,~I'e;m~I:ili!lS roverctl jars. fiw .su~~ern~: Iaiborirt1JFy
~liial.~s.. l!:rniq,ue liUi'IiI.er~~ifi<UJlj;n~&s.for [~e.llIlfifre:!l.ti:OtiiPul"J!l~ sIJ:a1lfue. mllide olflllt~ eNbMi;i1
n.r£Rct$ of ~rne $h.tilJarndi gn the swrft!~ illf Ih,e 'bum.dnewrnllJ:e!I\1: d~p:)Si!S were eonctl.eD~
!PhobO~!J~ ~hQuldbe!:JK~!1lw~ocat~!ll~votr!t:!7¢ d~~!$ :;!r¢ tQ be ~rn';;"'~priQ.r Il;l r,~~vit
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P.r~@r~CIlli~iQ.!i!OO'.~ny ~..JII~. 3 b~$iLru~. d:ay~ nQtic~5IDl!l1 be ,gii~l!~O @ll ,pal1il1'Stl;llh_Us
agrsem.~ruI to p:l't!'v,i.4~tile 'OpporilT!,mii:yto 'O~G ~pl«'i QO\Hec~['OII, AI1~lySjs of (;1)~~~~

sam.p'les lft'Iust be apilfQ'I'ed,'by ~II p~l:'l1ies to Olel ~reelneJIt.

CQmluct Il:I:1~OltiCl~[n~roll adja.ce.mtlo all (JMl1il!re ~urfllcell us-ing t~mliQ.~.es sllJjJlIb~efo:r
stress OOtTCl&1011 erll~ii:lg Qr oUter' ~enti~~ servIce ~Wlg me~h:l.iliSfl'l.cs. [lOOsed, ru\F.Ii)" is
[prc.f'en'ied fw m~_ilt>ki'ngiiilildl ArnIT i!i~·e&f[e~ Ibrfi~[ing GDeto mHA.

~" rJlYS:ic~lMGlI!sumMnts
~, M~1l5u~e~ w~U Illtitbt~, mmmc!Ii~Il!:rG surfaces an'!!my -damag"l>:! llIe~. If'como&ic(11

lis iodemlifl:~dI ne,1l1' oraroumd Uwfr:a~llres~rfitCGS.a ~-COIfro~i.o:m m~p'" im.mliimg r>Ei>e:l'~ce
l!;!OifilS; sIoo1lJ~ldIIx:prod.ll"GeJ detllmng ltite. ,exl.e.rntof ilie MrWsill-ri Qn !he !!;lJrlb~ :trnd Ute
wall !hicm~ ill~ho~e $.f,~. M~~~I$ may I;oe ~ ~5ing ~u;!Li®b~b-earn
'~II~lIlSorrlc~lill.!!oolll th~·~l!!Sll!lru~"

~I'I.ecord any llliar~lIigs:d~~~ {!lIlhe ~nside or ,outsfde 81!rfaoes on~e shel.L R«!CONname
:ijl~ledata.

• M~ rupture ~lhsli[tl-'IMip.
~, .M:eaSW'e!he ~tito:r!est ei~Iii1feJ:e.t'lJ~al. diSlllt'loe :fro:m ~ :f"rru::I.Il.l'e.orlgan ID lIile ~~

lIofi,!lnhldli.i'm~ werd .:m~ .~my ~Ua.c::rnitl"leiill w'el~ 'fiT ,Sli1iK1.il.Irnil -d:i:!)IJMlifillil;Y, ,sud! es n=~es.
~dire ~~rts. ru:~li~Jc[.C,.

'.' M~~l'C!he ~i~ldli~rr(!m e.tCn Ila~ture ¢ri~in to Ihcn~~ ciir:¢~mfe~tl~! weM.•
uhn.y"amdlamy ~~mcm wenD. 'Ors!ru~r31 di~ofl.til"l~ilY"

~, M$p\1I$1Id!ii~ (If~tlIl samptc wii!!I!i~112 i~.ch"~$~r~ nup~l!Jr·cO!"igin !l!Sill.g$!n!iS"'~
~Ill !IJU\lIllO!Iii.~'t\1iSlins:, M_~ts wm bt1;. ·ta~ 'Oil a :;\'"Lnm5q1!~~ grid pa~~I!(I:!~t
lis ~ O~ tbefra.eL'UN 'O.riiSlll.

Sui~lIl;J.:L~,ma_d;;L~g;:~It~UbGm~~· on '~J~rJi!l!~ Sl!r(a~ ,00' sb~n ~,m!S (moo1lll. $td~ of~bw
~~ra.~ion at~l\.el Qit'C~1111i(e.~nti.1IlI,veld to, Pem1ljlacc~rnl~~i,o.n of the ~'he~~~li~lll't'le~t of
~'he l'W'O !If:(:licms m 'tb.e tiil1teCif:lbilui1e,

A miruim~rn ofJ ~Ulmd'~ no~k«'ismall k g~y~~ttl aU p.mt~~tI ~i~ agr'lS.lD!ZDtMI al~,Q\'l
Iillo 'OIlpo.rtwliLy .0 lbe P~lLt mld, detm"nine tile locati.o.n. or liheshe'll cO~l'liemaltib lIW',ki~gs"
M:Utl.m1ag-r:eemeiiit of lne, ~~8I.iM p!'eSetlt is !required] prior to makiii'li!l s:hell W~i'Se ii'l!afkiiligs.

'I'IM 66()()'E' c;reh(fi'l~,~mlJ(j mbmr1Jftd (() fl' /.alMtMkPry ~a.fjlft Il'J a,.fftmnids m er.t fo,mrd
rxmailiM fl~ tli_um'b.f)f, fim:j;~r ,r,~S;t'Ng tmt! ,slldfutlli(}Jl, Tf~ pai"Uts "i!~magrue on ll' p~'
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j"i}/' a~J!m~f)! @d cu~ pff{i~ to o"\V.t~h ~ &~ of~ ,~ k~w i4' ~!' lWi!'lr
~.~Id {jJ!peclltmS M~/~d ~'I'? aYld ~~ ~. ,~1JmfjJ~' i~l'l ~If.rl'¢:m;';l' foflffl aff paFfi~~ iflna
fl~id dall!I' f: lho~ ~eJlt.

'ltre .lafJ(Jl'trtor-y w.r1lpmvi"lh a ,~~fM~ of <MIMr"f,tj t'Wl (~ j ~!sl.t= ,~ IP'i()l' 10

,oo.~rm\MCi~ a.rl}' 'l1!C.i"k: u.. (hfi~~ to ihr~ ~m[!'m !!It on'kr ro r=fv? the O(Jp()~fIy to ,&~
~l' aM ah,w1"l'C f~Sii~,

J. M~rM ~lg'l!fo~ ShJp)fl~t]j omdRe~ipf'
• AI! mat>O,l\1h ~l~ ~ p'rn~caphi>1l.~ fu~"d, "[Ire .-.red. fOr ~rnip~m8>a"dl.a;o; rece,ved.
~ Tme 6I'iOO·E e~¢'rnim~r 'W,UU ~, @Jbi1ti1Lt>edltc! 'me l~OOrnLlOV)" iJI ~sf<)~~.d coo.dLtln~fo:r

di~embl~, fjj:i'!ber '~-1iill.l! 31!1d~y~l'l!aUO!'l.l • Sp~ft.lI:W..J:C :IW'{~es wilill elev !atqwr
(KI:y~~ m Rusto~eum .;IJel!r s.P~y) g!ss(fl~b!~ !!I ~~(Of\Ct;;. ,P!'QW()"!h>;:tlJ~~~rr:.6I)s~.6t;m
oomoaioo. haMliJ~ $'w.c~~l!b~ IN'Qt:G(:!e4fK!m rn~ha~kaI ~~.fJ.S di~rjns -~~
(~g. ~.~.til :MW IIOGG p~~ ~!oll.iS~ ,~s,c ~~ ~f.Iljpl(i).

• The ,~haDg(:~ ""i!! be $cooRldi 1.0~. Ir~1Tt trainu,;mo pK!temlCiil my a II~ QOVU (e,g.
wO!XlI I!!o:m or ''oomeK'''"",,illi Ilil,e bCiL'IIl!ll"li\elIIo¥ed) w[11I a doo~~~red ~ya tllltmjlerproGf
retlll ~ri'o:r ro sliipment,

~ Am, Iri~eti.o.n of~fu~; Iampol!lP.lfoo.l wal wHI. be ;;loo~m~!liwc! Or! UI~ (::hail) of oostody I)ruQl'
!.Q ~!IIDl~!!.l. l'tils cha,ln ~f'OO~YM~i be $i~oo Iby~me repr=o!B.tivcilfcaclJJ in~~~
rsrtY iDdn!M.lJl~:!l!nc ~;a~~ is rM.oy fur: ~ip[l]Mt

~ Shiw.itti£d~liili1$cwill, ~.jJrov1ded tll-llie 1iLb'C1fciJo:i.oe,
~ A 1'IIl~IlI~ti,\!'Ie1 of tile ~abal'llIDI:Y will IJcI pwem: tab ~iVl of ~ ~"

!fIhOtqgr.aphll].~ as.~ivctl ro:rlditilo:ri ~i'ldl(lll(~memtl1fi~y ~j:!~jjjt sltipp.ing daim.ege.
~ The 'exdt.Mgd'iiIlD .any ~ples eclled.ed will bestOi'OO In ~,seeuue ,ii'ldoor IOca1ilCllI.

ubora:to:t1" NDt: EXillmIDIlJaiUoli1!$

L Take ea.Hper.~tWill&ll for Uti.e~.ess of'lnfddlG oi'pll!!tlll am! all e4~s, amdl ,d~umern~. ]f(bGre< is
~ml)g ool'l'Osioli .;!~ lliU:, withi~!bG _ of ~.n~~st wil! bG~flil;«! aru!U!.~ p[i; I~~~,
wl'41.!l ~_~d .;!Gp~l \'I!l!!bG N(l0l'~~" Ta.I\">G!!1~~ ~~r4~~~~ggi~Sl' elf ~h plate.. ]f !~~rc i~
tl.~bkl ~~,'~s~~~lW~d ~~ u~c1~ \I;!!!lSSjar-

2. !~~~ the f!liilQ1i1 ~i¢n lbr i$()lal~ CliB.Cb rn-ooltmiiC$ of craw uslng M.ooe.structi"l!'e
te$t"il1\ll tooh~iqw~~ CturlJ.;).n 51t.cl !i;lj<rflru:s 5I!Jr.rourKIi~i!l ~eruplllre dto~ld be. 'Cl'ea"M:....;.~~'h;m
Blppt¢\~II:illteoQllroii\;rS$ive elba,,~r and ~.s~~~il!ly im~led ilIsl!lg .~ WI1t frllOrtSlieiill
m~.il)'l~ic pilrtt~c ifi.Sj;IOOl'ioi'l{Wf.MT} ~IDod!, ]be clroumfemJti1l1 \¥eld ,S!WU~li be
ce;(Mniloodi b,Y dye !J'I:itlet~jjt CM)' ilIl(j W.FMir (l~ls'W>Cldl Wall Mok(~a!lde4 wiRtt _teilJLti~
ittl~t(fllli .and 1lIiCi"e will be ,~ ~_11 meel: ~~t <1I([~O"bed ZQitle Om.,ooe sit:!e am! a~!lil~io
daddiln,gOi'libc O1ber sirleo:flh!l '!Ole!~).

J., Viis'l!a'!ly ,~amiM d1!:, fl':!ct'I!l:\'l sliJrfa~-s i~,d~t.!!.il Il;I NI~.ntulY ~b~ ~~fis<t[cs,OO'~I1I~ fw;1J;lJC,
Ui.e ~n~ of ~ ~~~ Qr!l:!R)m~ly, !m~H!~ kiJIIlTS irnll~~iooi1'Oim!($}" tltuUi~ 3. ~ITablc
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!!1~iliod 'Ill ~OJ'olJ,ghly d~urn~nl~!t'l" ht.wr¢' 5.rii;.~rnclWiwll dillle.~~omll .;l(!o';;~"h!.lioo,
SlliiUi.b.t~ rllt~I!tOt:!s to dl>cWllieatlMI fr~urre surfu~ i~eL'ude, but aN Mt Limlt'.ldi!Q, tbc
f-oIl(lWjmg:
~ [<oiI!l. melliiOdl
~. PIt.,,~I:'a.p4'Is ofm~rosoopJe ~i'ilatloom,

l. E"~Blfrnim.e cam ~i:'J ~mpl.e, ro:r _ 'wh~ ~ootr:Qrn~.w.lln. be re!1jq ...~ fQ~fi.JrtiI~(:;rdc!ailtd
iIJII~I.~~ '!!'hcW)g-I1IIQty mC~:'IHu~iS! with C¢~I::~W:~O~ of all pmil)"ll ilio!ltd dcl~rminc (h~
2ircaSto< ~pl~ W.l"~n~~ lllClJ!Id~·~_~ dif~Y qp~LW @h.tlyfr~wrt:::" wt:l~dla~~. to
gtt Ibolh $td~5, of~M rft!Ctu~.

2" Mar:k '!lin 1I1'et!S CnOS!i\ll :oor :ffi.!u:LIle:I" ell)l!Jlli~a~ioil 3i1'!l l!:ibe.ll IDarndi 00, rfi¢[ud\:=ls~tmel1l ~[tle to
be. ex~ when iMUItlJ.e-a.

3. DoeulitieM '~l'IllS~ meas wi~l'I. ~roJlhCit>O@l:illptit$" ~hmVli!1!l ~ to be lr:cmQjtcD, ro tlli,G. mil
~DI: ~remeDl$~

~, Mark ~~ :~mo~G ,a= to be 5l!_rmjiJed!fur ~1K1n!~ cl\~lnic;all. 1!m1ysis, MC me<:hMictIil t~s,
im.elud!lng Mlie metal, wc~s', and [;Ie.1t.Al.fected Zones {J:I.i.'i.Z)"

F.ra,¢fogrllJllbilc.li\[e~anog)r.il!ph:ic lExlI!m:inatioIl

t S~ otlt~mt ~MS ~obe 11fLGf~[jled,Or 11:!ol>edM w.iIt'h MM~pC I fiptl~n. HSDI ~~pe,
.lfI1Iail:llairn'in:g.UIi.e' t!ta~biliLy rutd ~i.dc II) ~ ,e;;;\lrnifie~l

2._ EXamim~ ~meru w~ Mac.~pG and .U!.~ p:~rtZ-s. [f _:pIG mctul'O ~~rfa()G Wi!!>

CQrf'Qdcd ~r>~ sp~.yj!1i!l,villi cis!ir ~~~~~r, ~eJl cut inllii1f'!!iJlc ~p one h.~.f at'Idi tillell tlIlkie
QUJ_~r~r and. rt::!'!lOVC !l!i~.~~rWLtIl aceUm~~. e~!l sl.!rfa<:Il'WliUIa cl=ing oo~l.niOIiS~dl
~ EndoiK. TII.e~. ~jMSIflGC[ijnWlS' .....(tIl M~..cro300pol:laJl:!l!~a!ki.e llieW~ .ltmill 8I01tt'I.eQU.e
fm;llJ,fC s~mce of inlcreS!: m'Ii!I go, '10,Sl~ J.

3. .~Lrne uit-fi'lomu:ed. and IIll'lpol~l]ed bMlllre ~itF£ciiIiesof imU:re}t iDlBIJ SEM at 5, SO,l 00"
SOO,~,OOO rut'll ~OOc!Xlo ~ook ffI~~sib]c I I.i~~~y~~li~i3~ig!IJ~iile$ ~ cl~acl}' d~sr;:j;~bc !he
fril.e1~ ~wrfM~ m.Qrphol~ (irnteriJ;\!m~na"f, ca~~a8~,rnh;:rovG!id _IGS!:lG'Jlce}: ,AP".,Y d~pO$j.
!II,c,p$ 5itoul\li! lbe, !lnal:n:~ wl1thw>san~!!y~h.

I~:d'!a~ e i'OO~re ~lI'Iil'll!!t!OO I'i'OOIc;OI - :R.eV. 3

lPiil~160f1O
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6\, Ci.rni'td ;trod polr.sifl !he ~mrfB.t)cof ~rlh ~l1iIple !li5i~g ~ SI1>rlGS oJ pwgrt::~jw::;l1!fiUWl" gl'it ~i'S

ruJd polisoin@; wM~I!5 tg. ~~i!l! !Ii $~rrll,(l~· ~ui~b[~,fu! ~~_m1Jillat[OJlUMer a l'Iltel~I[Mrgittil
ilililcmsoo,pcw[tih mo.slili~~~iol]Jat 5-'O:Xo, !OOX. ~,X, 5100::<, ]QOO.x, am! ] SOOx.

7. ~!ni~~ ~cl! mo.u!!it i.~ lilleun~lche-d 'C!l~d]nOD, urnd.er a MI_$ fit .$ to 50;::
!!l~sn~r:~ion,

S. 'fmi plil(!itomL"(rogrnpb$:lin.d .cooul1rle1'l1 aJ1!)1 a=~ Gf i~~rd.t, At,~ ,otiin1U~ ~l' i!Wl~d~:
~ .At or i1'!:!I"r~he :ftaetlll'e rnig511
~ FrnCIIUre S!l!l:!kes
,~ Wiel\l! seams 8I'I.d ID\Zs
• Anorm~~~s
'. A..!'~ wil~ iJld.ica1io~s 'of d.dlt,;Ui, or =ks ~dellt~lled, 1.lIfIro~8Ji v!i:!1iliiilliiirodlDr DOlfi"

(i!GStl:\m:li~GleSlimg
,~ Me;as ~xalibiti~g ''iL)\piCilJ.'' microstruetures .of 'foe ~ meUJJI,. weld m~M!I, and M~t~

~cI~m.e.

9.EX:alll&lIe eaelil, momlt under It IT.1CI~~Lurg~1mi~Fc Ibr 11Digh~ m~~jfl~Ol:!vii~w of
illI)"llt·easOIfi 'toe ~iPl~

:11. $iu~ra<:~ ~~cl!~acl! mo~nt wi~D, i!J NitI!il. 5% ~!.c.b s>o~uti.on. (fM ASI 5··7(1) 8M ~ilfiIii:1~ usii:1[:
boU! Ill!: m~ro ~.ILdmiCJIo-st;;o;pe.:l,

12. M.OOfItli' dta.t ooD.'~i~.alloys 'Ollterl~~m. c~tbIio:il.~cl may ~qllrre dirr~roent ,~ ~Qliutr~m; Qr
teelml.qL!leos,

l.t ])i!Cidt if ~y ml)U_DU;, aile to ~ wnMr eKall~in~d! LliSLmga S~i!1n.in,g .~~ Mi~e
(SBM) ,eililler 'ill 1M et'lliwd or liIIW!Ielil.ed,,oo.mdilHoo in the ease of'~tite itiOillfi'i::!;.

l.6, P¢rbrn ~DS 2im:Jlysi~o:r~· ~~ Qr\1ol"ll~~~ m~~~~ mile asreq.Wli~eod Qi'IJ llt~, IlCHl&h~
IJl(Jmnt ~r[;!pk~~~

~.,. AI! wGIl:! joi~1 eeess S>ec~iMls.~eflmens, slumld, begi,veii ~ S-er.iu of m~,d~ Ic.S!$
star:tnllg rrnb.~ me~~~l'l.dIF.i'O'eHrl1g '~Dj\Q~~ 1It~w~ll:!lHAZ ~~d ,¥tIm 1'1i~llJjsim~ a p~ tQ
be provided by 'fbe :lag, I'f ~'Il~ i$ .~ :trll~ijjre. !;~rf<i~ in I~$ ~liOI]J !I]J,Ii !RQ!m~Hili~ ~
f~I[~itM:lrn!:S:lifMdiru.!l adjaMnt '!O lite fretWurt: n.r£B.cec Th~m~B!k~ liIlicroh~.rdl.o~:on dIG
iitG~lIitcdl ~iIil1MlmEl: carnlC f.-Qm !he ~~ ~id.'e ·of~nc~w- ~lI!rel looa~fon ~mdl
perfanm. <"i l111icrornlirdrn~$. adj~~J, to~b~fu!CflI~ ~w:iil.o~.

~1f1gB" IE ~~ Exi!mlli1;§~Q~ ~ ~ IRev. 3'

,"g~ 7a'ro
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!Juring flt~ _~ of Utfmfualltm, !IM"l(l//!i.!gf7(i.pitlG UjjnptJr~ .t}joltltl b.il' umnrniNi III ch~"riu
{£m/ mfNfulIJ &Iy ,r3J'~ ¥Jooifir; M rlOO',foilltNJ' =fi ,(IS;
'. MatM-itil sptclj'"N':H/,rtm, ..V&le... tmtf!.rMi ,rrelIlJIMnl
~ Wii'/Ii'S/Nihr Ut ,m-elli (}jjm.Mfi'£'
~ Wl:'Jd SCMr ~ ulj·(!jfoGllJ:iI mt:'11
~ ~~r~n ojmU:-tMI-'1tc:tlttejro.m ;MJrvtcc; ,ca.'fdiHilru
,~ COff'I)!Sfi)1I

'iii imlt~ll()M~! omskkforcc t~

fiji DIJ1g~~ fn 'ndc~Wfu~' L&~~ t"iin ~ ~rpi!I!'(lIJJ~ (w.ililkh ""~8 (Jl:o~ Ik j~1!f!IJJI if/kg
.8M/V

Thstl!lg shOl'!lk! ~ ~(¢:mltdl t" ,~~i!W; ~ ~h~_llt'Cf!a p:ro;p~~s of (h~ ~t e;(~'han~r ~nd
a_n:t'~p~I1.Gm~.n~.M~~J p..ropel'li~ of test ~~ns s~..ou!d:~Mbe M::m hn ,a= of
d!;B!wit ~cll~ger ~!at Ila~ ooeml pLaf>1liO"~U~y,derormed as II r¢Sl!U ,of~IIGfail~reb~l; ~~~ i~clude
~s Iirom all ~in~lIe.rn~ wllliiii :1; :~ 'Cl:flhef"rIIClllre.S1iIrru~. 1:rn~ fije.olii.~i:'I~.M~1e.S!s~~ootd a~
II.eastJiiVJode lite f.o~~w.irng:
~ 'T!enr~~Je1'estI:in,g,
• CIlIBi'.PlI'V·M~~II'I'IPIDilI; 1"eslimg
~ Cbmlic~1 AMilysilS

T:Msile les! $peci;men~ ~p.J)]J[d ~~ prep:;l~I~~"d! i~ !;m acQor~:!noe wilb MtM:#l3'i\O
(M~!:'li!!!!liJ;:,!!,1T~i!llgo-.r ~1'~~Ct.9~ fl;lf' t~~5~"(..aab<i~ r:netail~J:tt;! ''ltZ!d 5Garnslo- RWa.51i!J'\lyl~!~
mnglh,~him~!e t..rn:i~ 31~, U1i!l ~.oo.~UOfl, ~ $ll~n bql_!illlm~~l ~MIi!J(j,.~ ~:rnilliim"l!ln Ix;
l'l!5l.~ :in ·~Iite·Uans,WlI'W ,dHreclioo;, IIIl.d well!l! ~Iftl specilrne;lu should! !be mk.~n .~ ~l~ '>'Ielt!_!tn.

ChiI.!'pY V"'!!OlCD (CVN) s,ll~Lnv:=-m sliiOUlM .b!= .prepp,red ~gd!1:-5!cd il:l·~Ol'd~c~ v.lJlh Asr:.M ElS
(N~~cl!~ h LI!1\P!!lQtThsH~gOO'M~~iie M;at~r\ia!!» rod~~n~j!1$!lI~'t04!.s'!m~ Q!1~rl<sti~,o;, ~
lin!illiG a~5,VIl!r;sG dil'!scttOIl, Tr;ll.I~Sj~iOllc~s ~~U~I>~ IlE'O.;liLOe-a withw~ (3) sJ'Gcjm~ at ~II
1.llrnpm.tu:rI':!.Res.1!lts mlll'l. 'CVN te.sti~g may be rqo.rwd ~n SQ~le m ~II of!h!.'i fol!owtillg furms
~~i~g on ~heles~lrngremV~:
~ Up~r-Sm~lfIE~ergy (ini'l-:Ibs ru'ld S] lmils)
~ ["o""W',sMlfElllergy ~inR~ll>suwi! SJ)
• D~etiIMo-Brjim;l.fi ~.IisiXi0n ~;p¢ratu~ (SlO% ~!1 ~F) dewrnliMd {r'om !!Jl!~ica~

RP~SI!l~ootlJ(lJ~ting, lresu~1S
• ~~ A;p~_~'W '['r~i~ion T!ilm~re (in ~F)(;()~pom1ill.l!, ~ 510'% $h~.ar'
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'.' la!ml ~iinsiim ,(tQ m~re 1ii00t:hIo~¥hn~)
]1iI $¢rnc~t~~ ilm(l,Y Ib~diflk:~hto·m~c8~~re Pl:!fQ~t$b~r; boIlca~~of''woo4y'' h~~ surfa= ..
]n ~S$~ .~ h\1lQ~ld ~ ~HC'J;IS~PJl'l'OP_ria~ ro use Jflh'1'!'IIJ~p"_m&i.ml '1ln4 abS.01~e-d. enugy
m~_n;;mem:li;I·oou!:ill ~.~ ~~ l_iIi.OJ! tllrnperntllN.

OptlQD~I: lf~n~1 ~11fli'~py~i.ttO.il. o.IMS Q~ fraenlre ·1IIPil'l=iI~ d~sp.laysillii)' (I~vfiation ~
IIOwn~1 AS I.S· 7il1 flt:lllef.i~ llc3i:llv.bor, L~G1.ijjR:'D1~il:$ ~!in.g .dt!Dilld lbe pedbtlrmd to· dl:!crn'l!iIilC
bo~h1 s.1:aUeaDd! ·d~:J:miG ~erure toliJgbn.ess. Therell.i:e' se"'e.rn.!l ~!lii!ldi!~wrnrll. ~.p~im~ ~Iit
CiClllld.be used und ~e ali$ropr.i<tle ~) sitoul~ be ~gretd 1J~G.rn by :;ill PBlfl[~ .

C!wmi5~!'Y swp!~ ~p_1:a~i"'!l 0f.~K~ oornpoM~IS wi~bjn tlvof.eet oflhefuterurel StJl~ slNt'l~
oo~lm ~_nc!IllflJ~~ im '1I-CCoNam.cewltll ASm Specifll;;lli~ioo A2IO,' AlaM comparnd Ie A8M!E
Se«roi'll[rmllteri1ll~ ,sjtlee.ilfieatLOrn$.Perform [.eM· .;tj;J~~J$ 'Ib! car"bcm. A dc!.CiTI1!lrirutJ.lnOJlOlf·M1I:l'(,m
eqll~"~Ie>JUI.:1btel'lM rest ~ma~~It!!i: mttde.

~[Ie.r&y d:i~pe:~'VC ~ctrQ~OOPJ' <:ED'S) ~ ,~i.h1I.I!'lI$ d!ilii'ili'hl.;:t~Of! (_X_R.D)Qr;l:;'rl!Y pllo!ooJecoom.
~~.g~;;lOVY ,(Xl'S) .gj~~~e-9'm!lllCS'~5~ to· d~rminE' -eleme.ll~1md 'comlX\(i;ilaS~.ill: im
s.u~ d~,posjtl(L1a~ we.re oo.lll1c~~ d~rLlI.g lhoe~ist!!l.1 e;)!)aJlIliRal!oo ~f(lGiuide:i'ed gurmilme. l\l) !he
in'lo'e;sligalioi"l. Gtiber SIli.itab1Je Iesl me1ihOOls ill.ay~Liso· be ese-d.

[f IllIe IIIJ[tl.aqarta!ysi>s a~ W im.dbte llTHA, Ibm. liw",e :!lJtri(l~! ,spC~i_ rtnl.Cf'l'CD.amd.
ailal~l\d !lCf !he Matt:r.hl:!iPtopeJty CQ~~til (MPC) ..MoIy.Hy Journt rllHilu~1)' ~m pr.g~!;lCQ1~
UJilivmlily of '['e[l~c. This plfOtootll ]IW.D~~ C~~iDg (~~M_k ·iJrcl~.~ ~.!"e !l:!'i:l1lr
imnternns urn.l[q~'id! liiitrQ.!l~) nfli"-,, rn~!JMni~i!l :3.~[rn811!I!.~tcl!-imilie m~~i!!ill ~robablll elOGllllo
~turc su~[B'C~)lind tl:!~rnS:;;8mILIbm.a:11lc iffi'lI~~~ surra~ wiLd! SElN:! .~ higl'i m~tlifLCtlliOil {5,.oO(i
_ ] 5,000·;II::J A_IlOQI~r IPca.1lQr~~~~ i9~(1 m~l!L~ 1M 1l000-diffimi.b.1Je Ii'yQrog;eI~lo infer (ihe
,Cf4 OOfiWll"t.

I.. All la~ooi)' I.MIs:, ~fi~I'lirllill1l p.rnDi~l1!ph or ~~~. $hgu~dI be dO¢~~ ~nd
,sllllfilfnl~r~bD.io CIiJ oorn;p1ctc labiTClf""lt. No ~mllly.sis or c¢m;:I~ii<lQ.ml: sHllU ~ !!f~'l'ickd! .

.3. A~ electronL-C ",~i.G.'ll (e.g ..pd:r,Jpg} re,poill 8b~n medimimuted D)'trnefl'iiroil piJ~ '~ifidilC;timg
tllLesc. ·exa[Jl~n.~.~aOO"S·~CI~n p;ltIi~ isirrnllllaI!1M~I~wirmin 7.2 liI[1,tir:$ of oor:rnp~~i!)n,. No 1l1l!1lY
,slillln ~ve 'IReClp,pQti!uRHry 'to llC'o'ic'>ll'amy r,~h5 il! ad).,.arn~ Qf the @tn.t,r· .paL1iS$. A.1IIS~
~~sti[l!l C!iilrifl'e.llion OrCI)[J\~WI gh~,)ili~I!g il! ~~ ~.~L1 ~~~~wbrnit ~ir ~U\1':St to .~Ul
p,-3l'1:i.e:!l
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>l ,All. u:npJ!lI' 1II:rt.~ ,t'D~.~ ~. Oil:ri.Ot ,OiUI 01! '!.mJ1t~,~~~ iX ~v~. 4m
.... oed!ll!~'!!!O~~~~'l{I~,by~n~~.~(lM~:Ililoli 'i\liill.~
cr'~lh>ai.i;~o!c..

~ ~ 07Jj~ ~!'~ Ibm! ~~ lbe ~~ ~t1Iol~ ~ ~1bo: ~1.M _ bD;ll~.
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Attachment2

TEST EQUIPMENT and PROCEDURES

CALIBRATION
LSS PROCEDURE

TEST INSTRUMENT & MODEL
DUE DATE

BETA No. REV
NUMBER & TITLE

No.

Failure Analysis N/A N/A N/A B0069 Failure Analysis 0

Thermo ARL 3460 Optical Emission
Performance

B0068 ARL 3460 Optical Emission
Chemical Analysis check prior to BETA 665 2

Spectrometer use Spectrometer Analysis

Amray Scanning Electron Microscope, Model:
BETA 386 *SEM/EDS 1830T4, SIN: 18321002, with IXRF Energy * B0064

Dispersive X-ray Spectrometer BETA 755

Camscan Scanning Electron Microscope, Model:

SEM/EDS
MV2300U, SIN: US0187039NG0540181U with

Sept. 3, 2010
BETA 602

B0047 CAMSCANIIXRF SEM/EDS System 8
IXRF Energy Dispersive X-ray Spectrometer and BETA 756
x-ray Optics/AA T Detector

Wilson Rockwell 524T
Performance

00027 Wilson Rockwell Model 524T Hardness
Rockwell Hardness Hardness Tester, Model 83259910 check prior to BETA 400 Tester 5

use

NewAge N1300-C Hardness Tester, Model 8150 Performance
Rockwell Hardness check prior to BETA 897 00052 *SIN 951480

use

KnoopNickers Buehler Micromet II Digital Microhardness
Performance
check prior to BETA 401 00028 *Hardness Tester, Model B-D58222

use
KnoopNickers Buehler Micromet II Digital Microhardness Performance

BETA 401Hardness by Image Tester, Model B-D58222 with Buehler OmniMet check prior to 00028 *BETA 977
Analysis Analysis System Program Version 9.0 Rev 3 use

Proceq Equotip Hardness Tester, Performance
Field Hardness check prior to BETA 428 00016 *Model 25-819

use
KnoopNickers, Instron Tukon 2100B Hardness Tester, Performance

Semi-Macro Vickers
Model T2100BR1942

check prior to BETA 2006 00068 Instron Tukon 2100B Hardness Tester 0
Hardness use

Reagent
N/A N/A N/A C0005 Metallurgical Reagents .i. 1Preparation"

Linear LECO PMG-3 Inverted Metallograph with BETA 419
Measurements by Buehler OmniMet Analysis System Program * 00065 *
Optical Methods Version 9.0 Rev 3

BETA 977

LECO PMG-3 Inverted Metallograph with BETA 419 *Average Grain Size Buehler OmniMet Analysis System Program * 00066
Version 9.0 Rev 3

BETA 977

Dimensional Starrett Micrometer Number 222 9/09/2010
BETA DLC-

NA NAC-094

Dimensional Starrett Vernier SIN 120 A * BETA 2005 NA NA
Dimensional Mitutoyo Digital Micrometer 342-361 * BETA 884 NA NA

Mass Mettler AE-100 SIN C-31383 * BETA 113 NA NA
Mass Sartorius LP-6200S * MLL 0009 NA NA
*Denotes procedures or instruments not used in this report
... Etchant 5-1 2% Nital
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