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February 16, 2012

Mr. Jeffrey M. Thomas, Esq.

Gordon Tilden Thomas & Cordell, LLP
1001 Fourth Avenue, Suite 4000
Seattle, WA 98154-1007

RE:  Puget Sound Energy- Ingham Fire
SEAL Job No. 21151.

Dear Mr. Thomas:

After review of the photographs of the gas pipe lines with “holes” from the following addresses in Seattle,
Washington, a test protocol was proposed (Appendix I):

1. 12040 8™ Avenue NE (gas line crossing oil vent line)

2. 913 NE 122™ Street (gas line crossing water service line)

3. 1020 (or 1016) NE 127" Street (gas line crossing abandoned water pipe)
4. 12312 5™ Avenue NE (gas line crossing sewer service)

Metallurgical testing of all the above pipe samples was performed on 20™ December, 2011 at MDE, Inc.
in Seattle, WA, per the testing protocol with minor modifications agreed upon by all the experts and
attorneys present during testing (Appendix II).

The testing details and results of each pipe section will be described by their address:

12040 8" Avenue NE (gas line crossing oil vent line):

This pipe section was collected by Infrasource on 9-26-11, as evidenced by the tag attached to the rapped
pipe section; Figure 1. The gas service line pipe was made from steel, was 42 inches long with 1.2 inch
outer diameter and wall thickness of 0.11 inch. The pipe contained a slightly oval hole with major and
minor diameters as 0.3 inch and 0.22 inch; Figures 2 and 3. The surface coating on the pipe had melted. A
section of the pipe was cut containing % of the hole wall, as shown in Figure 4. The removed section
contained the % hole in a corner and is shown from the inner diameter (ID) and outer diameter (OD) side
in Figure 5. The hole was clearly created from OD toward the ID, as seen by the missing material at the
hole wall. The hole surface appeared smooth with no fracture features; Figure 6.

Scanning Electron Microscope (SEM) examination of the hole surface at ID transition revealed melted
globules of steel, indicating melting by electrical arcing forming the hole; Figure 7. Energy dispersive X-
ray (EDX) analysis of the pipe material indicated a plain carbon steel.
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A metallographic mount was made with the hole wall in cross section. The mount was ground, polished
and etched using standard metallographic procedures. The etched mount was examined using an optical
microscope and the micrographs are presented in Figures 8-11. The surface of the hole from ID to OD
revealed an altered microstructure due to melting and re-solidification of the surface; Figures 8-10. The
hole surface also revealed a small void; Figure 10(a). The general microstructure of the steel indicates a
low to medium carbon steel; Figure 11.

913 NE 122" Street (Gas line crossing water service line):

This pipe section was collected by Infrasource on 9-27-11, as evidenced by the tag attached to the pipe
section; Figure 12. The gas service line pipe was made from steel, was 53 inches long with 1.69 inch
outer diameter and wall thickness of 0.135 inch. The pipe contained a slightly oval hole with major and
minor diameters as 0.48 inch and 0.40 inch; Figure 13. A section of the pipe was cut containing ¥ of the
hole wall, as shown in Figure 14. The removed section contained the % hole in a corner and is shown
from the ID and OD side in Figure 15. The hole was clearly created from OD toward the ID, as seen by
the missing material at the hole wall. The hole surface appeared smooth with no fracture features and re-
solidified surface; Figure 16.

A metallographic mount was made with the hole wall in cross section. The mount was ground, polished
and etched using standard metallographic procedures. The etched mount was examined using an optical
microscope and the micrographs are presented in Figures 17-20. The surface of the hole from ID to OD
revealed an altered microstructure due to melting and re-solidification of the surface; Figures 17-19. The
general microstructure of the steel indicates a medium carbon steel; Figure 20.

The copper water line that was allegedly in contact with the gas line is shown in Figure 21(a). The
attached tag to the water line is shown in Figure 21(b). The periphery of the hole in the copper line shows
melted copper balls, indicating it is caused by arcing; Figures 22 and 23. The line was clamped and
pinched at a location adjacent to the hole; Figure 24.

1020 (or 1016) NE 127" Street (Gas line crossing abandoned water pipe):

This pipe section was collected by Infrasource on 9-26-11, as evidenced by the tag attached to the pipe
section; Figure 25. The gas service line pipe was made from steel, coated with green epoxy Scotchkote
101, was 158 inches long with 1.15 inch outer diameter and wall thickness of 0.11 inch. The pipe
contained an irregular shaped oval hole with major diameter as 1.0 inch and minor diameter as 0.6 inch;
Figure 26. The green coating had melted and evaporated or flaked off around the hole. A section of the
pipe was cut containing % of the hole wall, as shown in Figure 27. The removed section contained the Y
hole in a corner and is shown from the ID and OD side in Figures 28-30. The hole was clearly created
from OD toward the ID, as seen by the missing material at the hole wall. The hole surface appeared
smooth with no fracture features and re-solidified surface; Figure 30.
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A metallographic mount was made with the hole wall in cross section. The mount was ground, polished
and etched using standard metallographic procedures. The etched mount was examined using an optical
microscope and the micrographs are presented in Figures 31-33. A large void (gas bubble) was present
near the hole surface that was created during the arcing, melting and re-solidification process; Figure 31.
The surface of the hole from ID to OD revealed an altered microstructure due to melting and re-
solidification of the surface; Figure 32. The general microstructure of the steel indicates a medium carbon
steel; Figure 33.

12312 5™ Avenue NE (Gas line crossing sewer service):

This pipe section was collected by Michael Radcliff on 9-26-11, as evidenced by the tag attached to the
pipe section; Figure 34. The gas service line pipe was made from steel, surface coated, was 225 inches
long with gas meter attached to one end of the pipe. The pipe has 1.08 inch outer diameter and wall
thickness of 0.11 inch. The pipe contained a round hole on the bottom of the pipe with an average
diameter of 0.25 inch on the OD surface. A small section of the pipe containing the hole was sectioned;
Figure 35. Another section of the pipe containing the hole was marked and cut as shown in Figure 36. The
removed section was further cut to expose the hole on the ID surface as shown from the ID and OD side
in Figures 37. The hole surface on the OD appeared smooth with no fracture features and re-solidified
surface.

A metallographic mount was made with the entire hole in cross section. The mount was ground, polished
and etched using standard metallographic procedures. The etched mount was examined using an optical
microscope and the micrographs are presented in Figures 38-41. The hole was clearly created from OD
toward the ID, as seen by the missing material; Figure 38. The surface of the hole from ID to OD
revealed an altered microstructure due to melting and re-solidification of the surface. The general
microstructure of the steel indicates a medium carbon steel; Figure 41.

SUMMARY:

In summary, metallurgical examination and analysis of all the four (4) steel gas pipes revealed holes
created by an arcing process since the hole surface revealed melted and re-solidified material with no
fracture features. The holes varied in size and were created from outside to inside. The holes were not
caused by a corrosion process. The pipe material revealed no metallurgical defect.

Please do not hesitate to contact me if you have any further questions regarding this report.
Sincerely, ‘

SEAL LABORATORIES
,f7/\-3.m K’ L

Arun Kumar, Ph.D.

President
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Figure 1. Color photographs showing the gas line from 12040 8" Avenue NE and the attached tag.
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Figure 2. Detailed color photographs showing a hole in the gas line from 12040 8" Avenue NE.
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Figure 3.  Detailed color photographs showing the hole in the gas line from 12040 8" Avenue NE.
The surface coating is melted around the hole.
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Figure 4. Detailed color photographs showing the marking at the hole and after cutting a portion of
the hole from the gas line from 12040 8" Avenue NE.
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.Figure 5. Detailed color photographs showing a section of the hole removed from the gas line from
12040 8™ Avenue NE. (a) ID surface; (b) OD surface.
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Figure 6. Detailed color photographs showing the hole surface and the hole profile of the section
removed from the gas line from 12040 8™ Avenue NE. (a) Hole surface, 20X; (b) Hole
Profile with OD on top of photo, 20X.
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Figure 7. Detailed SEM micrographs showing the hole surface at ID transition from the section
removed from the gas line from 12040 8™ Avenue NE. (a) ID surface, 50X; (b) ID surface,

250X. '
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Figure 8. Detailed optical micrographs showing the hole surface in cross section of the
sample removed from the gas line from 12040 8™ Avenue NE. (a) ID surface,
etched, 50X; (b) OD surface, etched, 50X.
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Figure 9. Detailed optical micrographs showing the hole surface in cross section of the sample
removed from the gas line from 12040 8™ Avenue NE. (a) Near OD surface, etched, 50X;
(b) Away from OD surface, etched, 50X.
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Figure 10. Detailed optical micrographs showing the hole surface in cross section of the sample
removed from the gas line from 12040 8" Avenue NE. (a) Midway between OD and ID,
etched, 100X; (b) Midway between OD and ID surface at void, etched, 200X.
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Figure 11. Detailed optical micrographs showing the metallurgical microstructure of steel section
removed from the gas line from 12040 8™ Avenue NE. (a) Etched, 100X; (b) Etched,
100X.
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F iguré 12. Color photographs showing the gas line from 913 NE 122™ Street and the attached tag.
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Figure 13. Detailed color photographs showing a hole in the gas line from 913 NE 122" Street.
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Figure 14. Detailed color photographs showing the marking at the hole and after cutting a portion of
the hole from the gas line from 913 NE 122™ Street.

SEAL Laboratories 250 NORTH NASH STREET, EL SEGUNDO. CA 90245-4529



(b)

Figure 15. Detailed color photographs showing a section of the hole removed from the gas line from
913 NE 122™ Street. (a) ID surface; (b) OD surface.
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Figure 16. Detailed color photographs showing the hole surface of the section removed from the gas
line from 913 NE 122" Street. (a) Hole surface, 15X; (b) Hole Surface, 20X.
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Figure 17. Detailed optical micrographs showing the hole surface in cross section of the sample
removed from the gas line from 913 NE 122™ Street. (a) OD surface, etched, 50X; (b) OD
surface, etched, 100X.
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Figure 18. Detailed optical micrographs showing the hole surface in cross section of the sample

removed from the gas line from 913 NE 122" Street. (a) ID surface, etched, 50X; (b) ID
surface, etched, 100X.
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Figure 19. Detailed optical micrographs showing the hole surface in cross section of the sample
removed from the gas line from 913 NE 122" Street. (a) Near ID surface, etched, 50X; (b)
Near ID surface, etched, 100X.
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Figure 20. Detailed optical micrographs showing the metallurgical microstructure of steel section
removed from the gas line from 913 NE 122™ Street E. (a) Etched, 100X; (b) Etched,
100X. :
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Figure 21. Color photographs showing the copper water line from 913 NE 122" Street and the
attached tag.
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Figure 22. Color photographs showing the hole in the copper water line from 913 NE 122™ Street.
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Figure 23. A detailed color photograph showing the hole in the copper water line from 913 NE 122
Street.

SEAL Laboratories 250 NORTH NASH STREET, EL. SEGUNDO, CA 90245-4529



Figure 24. A detailed color photograph showing the pinched area in the copper water line from 913
NE 122™ Street.
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Figure 25. Color photographs showing the gas line from 1016 NE 127" Street and the attached tag.
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Figure 26. Detailed color photographs showing a hole in the gas line from 1016 NE 127" Street.
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Figure 27. Detailed color photographs showing the marking at the hble and after cutting a portion of
the hole from the gas line from 1016 NE 127" Street.
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Figure 28. Detailed color photographs showing a section of the hole removed from the gas line from
1016 NE 127™ Street. (a) ID surface; (b) OD surface.
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Figure 29. Detailed color photographs showing the ID surface near the hole of the section removed
from the gas line from 1016 NE 127" Street. (a) ID surface, 10X; (b) ID Surface, 20X.
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Figure 30. Detailed color photographs showing the OD surface near the hole of the section removed
' from the gas line from 1016 NE 127" Street. (a) OD surface, 10X; (b) OD Surface, 20X.
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Figure 31. Optical micrographs showing the hole surface in cross section of the sample removed from
the gas line from 1016 NE 127" Street. (a) Overall, etched, 15X; (b) Overall, etched, 20X.
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Figure 32. - Detailed optical micrographs showing the hole surface in cross section of the sample
removed from the gas line from 1016 NE 127" Street. (a) ID surface, etched, 50X; (b) ID
surface, etched, 100X.
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Figure 33. A detailed optical micrograph showing the metallurgical microstructure of steel section
removed from the gas line from 1016 NE 127" Street. Etched, 100X.
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Figure 34. Color photographs showing the gas line from 12312 5™ Avenue NE and the attached tag.
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Figure 35. Detailed color photographs showing a hole in the gas line from 12312 5™ Avenue NE.
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Figure 36. Detailed color photographs showing the marking around the hole and after cutting a
portion of the pipe with the hole from the gas line from 12312 5™ Avenue NE.
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Figure 37. Detailed color photographs showing the hole removed from the gas line from 12312 5%
Avenue NE. (a) ID surface; (b) OD surface.
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Figure 38. - Optical micrographs showing the hole in cross section of the sample removed from the gas
line from 12312 5™ Avenue NE. (a) Overall, etched, 10X; (b) Overall, etched, 20X.
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Figure 39. Detailed optical micrographs showing the hole surface in cross section of the sample

removed from the gas line from 12312 5™ Avenue NE. (a) ID surface, etched, 50X; (b) OD
surface, etched, 50X.
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Figure 40. Detailed optical micrographs showing the metallurgical microstructure of steel section
removed from the gas line from 12312 5™ Avenue NE. (a) At the hole surface, Etched,
50X; (b) At the hole surface, Etched, 50X. '
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Figure 41. A detailed optical micrograph showing the metallurgical microstructure of steel section
removed from the gas line from 12312 5™ Avenue NE. Btched, 50X.
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