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Figure 2. , prior to incident. Image from Google Maps. Image date: 
November 2016.
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Figure 3. Front of , after the incident. Photograph taken by Exponent 
on November 27, 2017.
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Figure 4. Floor plan for garage level at .

Figure 5. Floor plan for second floor at .
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Figure 6. Gas meter set in garage at incident house. Photo taken by Exponent on 
November 27, 2017.
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Figure 7. Front of garage at incident house. Photo taken by Exponent on November 27, 
2017. 
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Figure 8. North side of garage at incident house. Photo taken by Exponent on November 
27, 2017. 
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Figure 9. Thermal damage on north wall of garage at incident house. Photo taken by 
Exponent on December 1, 2017.
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Figure 10. Rear (west end) or garage. Photo taken by Exponent on December 1, 2017.
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Figure 11. View (facing up) of ceiling in garage with damaged floor boards visible in 
background. Photo taken by Exponent on December 1, 2017, at location 
indicated with a red circle. 



1709874 000 – 9143

Figure 12. Damage to wall and ceiling in front entryway. Photo taken by Exponent on 
November 27, 2017.
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Figure 13. Bathroom in Apartment 1. Photo taken by Exponent on December 1, 2017.
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Figure 14. Bedroom floor in Apartment 1. Photo taken by Exponent on December 1, 2017.
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Figure 15. Living room in Apartment 1. Photo taken by Exponent on December 1, 2017.
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Figure 16. Damage vectors in garage of incident house.

Figure 17. Damage vectors in second floor of incident house.
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Figure 21. Locations of excavations performed after the incident.
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Figure 22. Abandoned service line uncovered at Excavation #1. Photos taken by 
Exponent on November 27, 2017.  

Figure 23. Rubber plug found inside service tee.
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Figure 24. Service tee from at leak location.

Figure 25. Rubber plug found inside service tee.



1709874.000 – 9143

Figure 26. Cut end of stub as found.
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Figure 27. End cap on west end of abandoned 2-inch plastic service line. 
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Pre-1987

Two cast-iron (CI) mains provide gas to the 3900 Mission block.

East side of street—10-inch low-pressure (LP) CI main installed in 19381.

West side of street—16-inch semi-high pressure (SHP) CI main installed 
in 1926

1987
Gas service record indicates leak repaired on service to .
Service is shown as 1 ¼-inch steel line fed from CI LP main on east side of 
Mission Street.

1992
10-inch CI LP main on east side of Mission Street replaced with 6-inch steel LP
main on GM 4944914. The 2-inch plastic service to was
installed.

1996 16-inch CI SHP main on west side of Mission Street replaced with a 6-inch high
pressure (HP) plastic (PL) main on GM 1670215.

2003 2-inch PL main installed on College Terrace on PM 30267521 which is associated
with Rule 20 work to underground electrical distribution facilities.

2003
The service line to was transferred from steel main to PL 
main on Mission St on PM 30767522. X-Pander plug inserted into service tee. 
Service line was likely cut at steel line and left uncapped at this time. 

2013 Steel 6-inch main uprated from LP to HP service. X-Pander plug was in place at 
this time. 

2017 Leak occurs at uncapped service stub on steel main.
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Figure 29. Figure 5 from GS A-93.2 showing a properly deactivated Mueller tee with steel-
to- plastic transition fitting. 

Figure 30. Figure 7 from GS A-93.2 showing a properly deactivated Mueller tee with a 
welded cap. 
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11/27/17 9:52 AM San Francisco Fire Department (SFFD) received a gas odor complaint 
at or around .19

11/27/17 Upon arrival, SFFD determined that there was an underground gas 
leak and started evacuating nearby buildings.20

11/27/17 9:57 AM SFFD notified PG&E of gas leak21

11/27/17 10:04 AM PG&E Gas Service Representative (GSR) was dispatched to the 
site.22

11/27/17 A second PG&E GSR was dispatched to the site. 
11/27/17 10:14 AM Explosion occurred at .23

11/27/17 10:16 AM PG&E dispatch received a call from SFFD informing them of an 
explosion.24

11/27/17 10:17 AM PG&E dispatch received a call from SFFD requesting an expedited 
response.25

11/27/17 10:20 AM First PG&E GSR arrived onsite 

11/27/17 GSR saw bubbles coming from the ground and requested M&C 
crew.26

11/27/17 10:30 AM First PG&E M&C crew arrived onsite.27

11/27/17 10:33 AM PG&E M&C supervisor arrived onsite and assumed the role of Incident 
Commander (IC).

11/27/17 10:57 AM PG&E engineers shared the first isolation plans with the IC.
11/27/17 11:50 AM PG&E reported incident to the DOT.28



1709874 000 – 9143

11/27/17 11:54 AM Final isolation plan selected that involved closing two mainline valves 
and squeezing plastic mains in two locations.29

11/27/17 12:00 PM PG&E reported incident to the CPUC.30

11/27/17 12:30 PM Exponent arrives onsite to begin direct cause investigation in 
coordination with the CPUC.

11/27/17 12:50 PM Gas shut in and mains on 3900 block of Mission Street are flat.31
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Assess/Minimize Hazards 

Notified or Coordinated 
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Squeezing Polyethylene (PE) Pipe

Squeezing Polyethylene (PE) Pipe.
Sensit Gold G2

Heath Detecto Pak-Infrared (DP-IR™) Leak Detector
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Standard Practice for Qualification of a Combination of Squeeze Tool, 
Pipe, and Squeeze-Off Procedures to Avoid Long-Term Damage in Polyethylene (PE) Gas Pipe, 

Standard Practice for Qualification of a Combination of Squeeze Tool, 
Pipe, and Squeeze-Off Procedures to Avoid Long-Term Damage in Polyethylene (PE) Gas Pipe, 

Standard Guide for Squeeze-Off of Polyolefin Gas Pressure Pipe and 
Tubing.
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Figure 32. Primary shutdown plan that was not implemented.
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Figure 33. Alternative Shutdown Plan 1, which was not implemented.
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Figure 34. Alternative Shutdown Plan 2, which was not implemented.
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Figure 35. Alternative Shutdown Plan 3, which was chosen and implemented to shut in 
the gas.
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Figure 36. X-Pander plug pressure test apparatus.
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Figure 37. X-Pander plug in an unexpanded state.

Figure 38. X-Pander plug mounted on an installation tool.
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Figure 39. X-Pander plug pressure test apparatus with plug installed.

Figure 40. X-Pander plug pressure test apparatus with dislodged plug.
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Average [in-lb] 55

Standard Deviation [in-lb] 10

Minimum [in-lb] 40

Maximum [in-lb] 70
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Figure 41. X-Pander plug installation torque vs dislodge pressure results.
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Test # Torque Time Until Dislodge

1 50 7 min

2 50 12 min

3 ~50 5 min

4 50 7 min

5 60 <1 min

6 60 12 min
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Documents Received from PG&E 
Gas Service Records 
PHMSA Incident Notification Report 
Email 
CPUC Form 420 Report for incident 
After Action Report 
Leak survey records 
Incident situation report 
Job documents for PM 30223376 (Rule 20 work) 
Job documents for PM 30945050 (uprate job) 
Distribution plat sheet 
Gas Standard A-93.2 Rev 00 
Gas Standard A-93.2 Rev 01 
Gas Standard C-36.1 
Operator qualifications 
Employee contact information 
Emails 
Emergency shutdown plans 
Phone records 
USA tickets 
Incident Situation Reports 
Pressure test records 
Job documents for GM 1670215 (installation of 6-inch plastic 
main) 
Job documents for GM 469399 (installation of 3-inch plastic 
main) 
Job documents for GM 4944917 (installation of 6-inch steel 
main) 
SAP Records 
Leak Survey/Repair/Inspection records 
Gas meter records for  
As build drawings for repair work 
Job documents for PM 30267521 (installation of 2-inch plastic 
main) 
Pressure history 
Restoration plans 
Operating change records 
Gas Standard TD-4125P-03 
Gas Standard TD-6100P-04 
Gas Standard TD-9500P-16 
Timeline document 
Gas Standard UO-S4129 
Camera inspection videos 
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Figure 43. Aerial photograph taken by Google Earth of the 3900 Mission Street block on Septemb
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Figure 44. Aerial photograph taken by Google Earth of the 3900 Mission Street block on Decemb
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Figure 45. Aerial photograph taken by Google Earth of the 3900 Mission Street block on January
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Figure 46. Aerial photograph taken by Pictrometry of the 3900 Mission Street block on August 
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Figure 47. Aerial photograph taken by Pictrometry of the 3900 Mission Street block on Septemb



1709874 000 – 9143

Figure 48. Aerial photograph taken by USGS of the 3900 Mission Street block on June 1, 2
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Figure 49. Aerial photograph taken by Pictometry of the 3900 Mission Street block on April 28
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Figure 50. Aerial photograph taken by Google Earth of the 3900 Mission Street block on June 3
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Figure 51. Aerial photograph taken by Google Earth of 3900 Mission Street block on May 1,



1709874 000 – 9143

Figure 52. Aerial photograph taken by Google Earth of the 3900 Mission Street block on August
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Figure 53. Aerial photograph taken by Pictometry of the 3900 Mission Street block on March 2
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Figure 54. Aerial photograph taken by Pictometry of the 3900 Mission Street block on March 1
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Figure 55. Aerial photograph taken by Google Earth of the 3900 Mission Street block on Septemb
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Figure 56. Aerial photograph taken by Pictometry of the 3900 Mission Street block on March 2
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Figure 57. Aerial photograph taken by USGS of the 3900 Mission Street block on April 9, 2
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Figure 58. Aerial photograph taken by Google Earth of the 3900 Mission Street block on May 



1709874 000 – 9143

Figure 59. Aerial photograph taken by Google Earth of the 3900 Mission Street block on Octobe
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Figure 60. Aerial photograph taken by Google Earth of the 3900 Mission Street block on Octobe
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Figure 61. Aerial photograph taken by Pictometry of the 3900 Mission Street block on May 18
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Figure 62. Aerial photograph taken by Pictometry of the 3900 Mission Street block on May 19
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Figure 63. Aerial photograph taken by Google Earth of the 3900 Mission St block on April 15
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Figure 64. Aerial photograph taken by Google Earth of the 3900 Mission Street block on June 
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Figure 65. Aerial photograph taken by Pictometry of the 3900 Mission Street block on June 19
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Figure 66. Aerial photograph taken by Google Earth of the 3900 Mission Street block on June 
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Figure 67. Aerial photograph taken by Pictometry of the 3900 Mission Street block on June 1
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Figure 68. Aerial photograph taken by USGS of the 3900 Mission St block on February 20,
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Figure 69. Aerial photograph taken by Google Earth of the 3900 Mission Street block on Februar
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Figure 70. Aerial photograph taken by Google Earth of the 3900 Mission Street block on April 
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Figure 71. Aerial photograph taken by Google Earth of the 3900 Mission Street block on Novemb
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Figure 72. Aerial photograph taken by Pictometry of the 3900 Mission Street block on July 19
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Figure 73. Aerial photograph taken by Google Earth of the 3900 Mission Street block on Septemb
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Figure 79. As-built drawing G-94991s2 for the installation of the 6-inch plastic main on Mission Street on





1709874 000 – 9143

Figure 81. As-built drawing 30223376s9 for the installation of the 2-inch main on College Terrace in 2003
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Figure 82. Annotated enlarged section of as-built drawing 30223376s9 showing work performed on Mission
Terrace in 2003 on job 30267521. 
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Figure 84. Drawing showing facilities on Mission Street that were uprated on job PM30945050
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Figure 85. Annotated enlarged section of drawing showing facilities on Mission Street that were uprated on j
2013.
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Figure 87. Front and back of pressure chart for uprate performed on job PM 30945050




