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LAB ATORIES

February 16, 2012

Mr. Jeffrey M. Thomas, Esq. RECEIVED
Gordon Tilden Thomas & Cordell, LLP FEB 22 2012
1001 Fourth Avenue, Suite 4000

Seattle, WA 98154-1007 State of&}ffacghmgton

RE:  Puget Sourid Energy- Ingham Fire Pipeline Safety Program

SEAL Job No. 21151.
Dear Mr. Thom:as:

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

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

2. 913 NE 122" Sireet (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 Y4 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 diameiers as 0.48 inch and 0.40 inch; Figure 13. A section: of the pipe was cut containing %4 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 metallograpkic 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 periplery 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 io the hole; Figure 24.

1020 (or 1016) NE 1;7‘E 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 V4
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.

SEAZL laboratories 250 NORTH NASH STREET. EL. SEGUNDO. CA 90245 4529
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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 smiall 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 ir. Figure 36. The
removed section was further cut to expose the hole on the 1D surface as shown from the 1D and OD side
in Figures 37. The hcle 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 ir: 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 ali 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
-/ EJM L-uw\/ ‘

Arun Kumar, Ph.D.
President

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

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

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

SEAL lLaboratories 250 NORTH NASH STREET, EL SEGUNDO. CA S0245.4529
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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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Detailed optical micrographs showing the hole surface in cross section of the

Figure 8.

sample removed from the gas line from 12040 8" Avenue NE. (a) ID surface,
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(b)

n the gas line from 12040 8" Avenue NE. (a) Near OD surface, etched, 50X;

Detailed optical micrographs showing the hole surface in cross section of the sample
(b) Away from OD surface, etched, 50X.

removed fror

Figure 9.

250 NORTH NASH STREET. EL SEGUNDO. CA 90245-4529

SEAI. Laboratories



N *!ﬁ igi b AT f.:&
e A ‘e {‘ =
SOAN VG RS

(b)

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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(b)

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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Figure 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.

SEAL Laboratories 250 NORTH NASH STREET, EL SEGUNDO, CA 90245-452%2
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(b)

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.
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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.

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



(b)

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.

SEAI1L, Laboratories 250 NORTH NASH STREET. EL. SEGUNDO. CA 90245.4529
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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.

SE&L Laboratories 250 NORTH NASH STREET EL SEGUNDO. CA 902454529
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(b)

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.

SEAL, Laboratories 250 NORTH NASH STREET EL SEGUNDQ. CA 90245.4529



>

S F T e &\jﬂrywﬁ;ﬁjﬁ
AT A Gt oo

: , 1 “Ql:,?” 5'5“‘#%,“ ; ._/:, ’?%ﬁ;ﬁ

o al ) Tt

'@’:a’"
L) 2

IR Y b
?.“\'.»?k ¥ 2 ST
> LAY / oW
s £/
rARR s
* L i“:;—-ﬁ

! Y AML
$‘* lj“ 3‘( i “.Q‘A\‘ 3 .
"_ :‘ e &.&\.'9. \"‘ @
s O
- o -, Y
» ~ .o b '_ _\" . LR
“5;:%/7 bR ool = 8 s
'-:r“_:'i?;\\t;‘fr; 7. = SR ]
& ’l_n’_'- S --“".k' AR N o ) [N L ey Rl
PR NN EF OB T (

e N3 4 L Mg Y =
i ~%}?.r w --~-..,:{f§b'(:’_,! W

%’“ {. = A
% i - S {7
i T A P e
7 ¥ =t D {
R B NN TG
;V Y 7, A LiJ. ¥ NV L AT v 2 L= 5,
Lo/f—* SN \"“g-’:‘- Syt ¢ Fugr ‘,l":;
52N S e TR RS
Sl T '? :f—"-‘k: ""'—"""\’*"-. PR o b
Ry Lo ,1“!,{':‘ T g rw‘-‘, it
b R R R S I &{, N sl AP N, A
A R AL VAR e T I e
SR A T oo
- \ 4 ) '\ ‘i'\.‘ [~ 7P /‘-.’ 'f w‘ct;‘ﬂ_ %
-y PR Ty AR AT s . \\j%»” ;.0!‘.
g Sl = N L " Wy “ull. ¥

(b)

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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(b)

Figure 21. Color photographs showing the copper water line from 913 NE 122" Street and the
attached tag.
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Color photographs showing the liole in the copper water line from 913 NE 122" Street.

Figure 22.

250 NORTH NASH STREET. EL. SEGUNDQO. CA 20245 4529

SEAL lLaboratories



Figure 23. A detailed color photograph showing the hole in the copper water line from 913 NE 122
Street.

SE&L Laboratories 250 NORTH NASH STREET. EL. SEGUNDO. CA 20245-4529



Figure 24. A detailed color photograph showing the pinched area in the copper water line from 913
NE 122" Street.

SEAIL Laboratories 250 NORTH NASH STREET. EL SEGUNDO. CA 902454529
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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.

SE;&L Laboratories 250 NORTH NASH STREET. EL. SEGUNDO. CA 90G245-4529
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Figure 27. Detailed color photographs showing the marking at the hole and after cutting a portion of
the hole from the gas line from 1016 NE 127" Street.

SEAL Laboratories 250 NORTH NASH STREET. EL SEGUNDG, CA 90245-4529
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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) 1D surface; (b) OD surface.

SEAL Laboratories 250 NORTH NASH STREET. EL SEGUNDO, CA 902454529
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Figure 29. Detailed color photographs showing the 1D 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.

SE AL Laboratories 250 NORTH NASH STREET. EL SEGUNDO. CA 90245.4529
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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.

SEAL |aboratories 250 NORTH NASH STREET, EL SEGUNDO, CA 902454529
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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.

SEAL Laboratories 250 NORTH NASH STREET. EL SEGUNDO, CA 90245 4529
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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 1616 NE 127" Street. (a) ID surface, etched, 50X; (b) ID
surface, etched, 100X.

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

SEAL Laboratories 250 NORTH NASH STREET. EL. SEGUNDO. CA 80245 4529
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(b)

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.

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

EE%L Laboratories 250 NORTH NASH STREET, £L SEGUNDO, CA 90245-4522
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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.

SEgL Laboratories 250 NORTH NASH STREET, EL SEGUNDO, CA 90245-4529
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Figure 39. Detailed optical micrographs showing the hole surface in cross section of the sample
removed from the gas lire from 12312 5" Avenue NE. (a) ID surface, etched, 50X; (b) OD
surface, etched, 50X.

SE;&L Laboratories 250 NORTH NASH STREET, EL SEGUNDO. CA 90245-4529
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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.

SE&L Laboratories 250 NORTH NASH STREET, EL SEGUNDO, CA 90245-4529



Figure 41. A detailed optical micrograph showing the metallurgical microstructure of steel section
removed from the gas line from 12312 5" Avenue NE. Etched, 50X.

SEAIL Laboratories 250 NORTH NASH STREET, EL SEGUNDQ. CA 90245-4529
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November 21, 2011

Mr. Jeffrey M. Thomas, Esq.

Gordor: Tilden Thomas & Cordell, LLP
1001 Fourtk: Avenue, Suite 4000
Seattle, WA 98154-1007

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

Dear Mr. Thomas:

I have reviewed the photographs of the gas pipe lines with “holes™ from the following addresses in
Seattle, Washington:

12040 Avenue NE (gas line crossing oil vent line); Figure 1

913 NE Sireet (gas line crossing water service line); Figure 2
1020 NE Street (gas line crossing abandoned water pipe); Figure 3
12312 Avenue NE  (gas line crossing sewer service); Figure 4.

halbadi s e

In order to determine the nature of the “hole’ and the cause of its formation in the above four (4) gas line
sections (whether formed due to electrical arcing, corrosion, or some other means), the following
metallurgical testing protocol is proposed:

1. Color photographs cf the pipe sections and detailed photographs of the “hole™.

2. Measurements of the inner and outer diameter of the pipes and the dimensions of the “hole”.

3. Transversely cut the “hole™ from the pipe sections at approximately 1 inch on both sides of the
*hole” and remove the nearly 2™ long section of the pipe containing the “hole”.

4. Cut and split the pipe section containing the “hole” longitudinally at 90 degrees to the hole.

5. Examine and photograph the “hole™ from the inside surface of the pipe.

6. Section the pipe piece containing the “hole™ in a transverse direction through the center of the hole
using a thin blade diamond saw or an equivalent cutting device usirg a coolant. Mount one of the
sections in a metallurgical mount as a transverse cross section through the certer of the “hole”.

7. Prepare the metallographic mount by standard polishing procedure. Document the edge of the
hole and the base alloy of the pipe in the as-polished condition and after etching with 2% Nital
solutior, using optical microscope.

8. Perform microhardness measurements on the metallurgical mounts at the edge of the “hole” and
compare with the base alloy hardness, using a Knoop indenter and a 100 or 500 gram load (as
necessary). '
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Please do not hesitate to contact me if you have any further questions regarding this protocol.

Sincerely,

SEAL LABORATORIES

z’/l\* ; Kﬁ___.& ——a

Arun Kumar, Ph.D.
President

SE.;%L Laboratories 250 NORTH NASH STREET EL SEGUNDO. CA 80245-4529
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Figure 1. Color photographs showing the “hole™ in the gas pipe line from 12040 Ave NE.

SEAL Laboratories Z50 NORTH NASH STREET. EL. SEGUNDO. CA 90245-4529



(a)

Figure 2. A color photograph showing the wrapped gas pipe line (right) from 913 NE Street
containing a “hole”.

SEAL Laboratories 250 NORTH NASH STREET. EL SEGUNDO. CA 902454829
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Figure 3. Color photographs showing the “hole” in the gas pipe line from 1020 NE Street.
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Figure 4. Color photographs showing the “hole™ in the gas pipe line from 12312 Ave NE.

SEAL Laboratories 250 NORTH NASH STREET, EL SEGUNDO. CA 90245 4520
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