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I.
INTRODUCTION

Q.
What is your name and business address?  

A.
My name is Graham E. C. Bell, Ph.D., P.E.  My business address is 431 W. Baseline Road, Claremont, California 91711.                           .  

Q.
By whom are you employed and in what capacity?  

A.
I am President and Principal Engineer of M.J. Schiff & Associates, Inc.  

Q.
What is the work of M.J. Schiff & Associates, Inc.?
A.
M.J. Schiff & Associates, Inc. (MJS&A) is a consulting corrosion engineering firm.  MJS&A has provided corrosion engineering consulting services for more than 45 years.  MJS&A is one of the oldest independently owned and operated corrosion engineering firms in the United States.  


Our firm focuses on corrosion engineering and related services only.  These services include site corrosivity and corrosion damage assessments, corrosion investigations, design of corrosion control facilities, coatings consulting, preparation of plans and specifications, coating application inspection, post-construction testing, periodic corrosion and cathodic protection surveys, and coatings and pipe failure analyses.  These services assist architects/engineers and owners with structures which have low maintenance costs and long trouble-free lives. 

Q.
What are your educational and professional experience and qualifications?
A.
I received my Bachelors of Science and Master of Science in Engineering and Ph.D. in Nuclear Engineering from the University of California Los Angeles.  I am a registered Mechanical Engineer in the State of Nevada, as well as Arizona and Tennessee.  I am a registered Corrosion Engineer in the State of California.  I am certified by NACE International (formerly National Association of Corrosion Engineers) as a Corrosion Specialist, P and Cathodic Protection Specialist. 


I have approximately 24 years of experience in virtually every aspect of corrosion science and engineering including metallurgy, chemistry, and design and testing.  Previous to my employment with M.J. Schiff & Associates, Inc., I was a Staff Member and Post Doctoral Researcher in the Corrosion Science and Technology Group of the Metals & Ceramics Division at Oak Ridge National Laboratory where I conduct basic research and alloy development with respect to corrosion in advanced energy as well as other engineering systems. 


I am currently the Chairman of the American Water Works Association National Committee on Corrosion and the Past Trustee for the Los Angeles Section of NACE International having served all the positions on the Los Angeles Board including Chairman.  I have previously served as the chairman of the Corrosion Control of Ductile and Cast Iron Pipe for NACE International and other technical committees including Corrosion in Nuclear Systems and Electrochemical Noise Monitoring.  I have taught courses for certification of students on the topics of basic corrosion, chemistry and electrical theory, cathodic protection theory and cathodic protection testing. 


I have been a co-Principal Investigator on national studies conduct by the American Water Works Association Research Foundation on involving corrosion and grounding systems and causes and solutions of corrosion on buried water mains. 


I have authored and co-authored more than 50 conference and journal publications and given numerous presentations at national and international forums on topics related to corrosion, cathodic protection, soil corrosivity and corrosion control design. 


My Exhibit No. ___ (GECB-2) provides a more detailed description of my educational and professional experience and qualifications.

II.
SCOPE OF TESTIMONY

Q.
What is your assignment in this docket?
A.
I have been retained as an expert witness by the Commission to analyze causation of the leaking natural gas service line owned by Puget Sound Energy, Inc. (PSE) that led to an explosion and loss of human life. 


Overall, I have been asked to analyze the integrity of the distribution system in the area and assess the risks of future leaks and the operational life of the system in that area, and, if appropriate, recommend mitigation steps PSE should take to address future leak risk.
Q.
What does your analysis include?
A.
My analysis includes a review of the studies prepared by PSE or PSE consultants, including studies of the cause of corrosion on the service line, the metallurgic analysis of the failed service line, and other studies relating to the integrity of the PSE’s gas distribution system in the area served by the Vasa Park rectifier.


I have prepared four reports which summarize my analysis.  The first report is a soil study we conducted, entitled “Letter Report Entitled, ’Soil Corrosivity Study, Bellevue Incident,” to Kim West of WUTC dated March 17, 2005.’”  This document is my Exhibit No. ___ (GECB-12).  


The second report is our review of PSE consultant’s studies of the service line that failed.  Our report is entitled “Report Reviewing CC Technologies Laboratory-based Evaluation of Failed Service Line Final Report, F4434-01G (Dated February 18, 2005).”  This document is my Exhibit No. ___ (GECB-15).   

The third report is our review of the Riser Study PSE conducted.  Our report is entitled “Report Reviewing CC Technologies’ , “Spirit Ridge - Summary of Field Inspection of Seventy-five (75) and Metallurgical Analysis of Six (6) Service Risers – Spirit Ridge Subdivision (F4434-01G),” dated June 15, 2005.”  This document is my Exhibit No. ___ (GECB-17).



The fourth and last report is our review of PSE’s coating survey.  Our report is entitled, “Report Reviewing Puget Sound Energy, Inc.’s “Puget Sound Energy Pipe Segment Integrity Study in the Vicinity of the Vasa Park Rectifier,” dated June 21, 2005).”  This document is my Exhibit No. ___ (GECB-18). 


I discuss these reports in my testimony.

Q.
Did you or members of your firm personally investigate the incident? 
A.
Yes.  I observed some of the testing and personally examined the sectioned service line from the Schmitz house, which was shipped to PSE’s consultants, CC Technologies Laboratories, Inc. (CCTL) for metallurgical testing.  I visited the site of the incident and inspected the gas meter from the house.  I participated in person and telephonically in meetings regarding the incident with PSE and their consultants and personnel.


In addition, Mr. Raleigh Purtzer of my staff observed CCTL’s analysis of the service line to the Schmitz house, as well that firm’s analysis and inspection of the 75 service lines excavated during the coating survey.  Mr. John French, PE, also of my staff, observed some of the integrity assessments conducted by PSE on the piping in the vicinity of the Vasa Park rectifier.
III.
SUMMARY OF TESTIMONY

Q.
Please summarize your testimony.

A.
The root cause of the tragic incident on September 2, 2004, at the home of Mrs. Francis Schmitz, located at 16645 SE 26th Place, Bellevue, WA, was external corrosion on the surface of the top side of the service line pipe near the meter.  

The external corrosion occurred at the site of an unrepaired coating defect on the pipe (also known as a “holiday”).  It is most likely that this holiday was present at the time the service line was originally installed in January 1963. 


Corrosion protection for the ¾” service line serving the Schmitz house and the associated main line piping in the Spiritridge area was provided by only the coal tar coating on the pipe, until the application of impressed current cathodic protection in 1982.  In the approximately 19 years between installation of the mains and services and the application of impressed current cathodic protection, some corrosion would have occurred at locations along the mainline pipe and services where damage to the coating was not repaired. 

The primary source for cathodic protection for the service line at 16645 SE 26th Place, Bellevue, WA was the rectifier installed near the intersection of SE 34th Street and 164th Place SE in March 1982.  This is an impressed current cathodic protection system.  The rectifier is also known as the Vasa Park rectifier.  It is located approximately 0.65 miles from the Schmitz house. 

I explain the nature and methods of cathodic protection in detail later in my testimony.  

Q.
Do cathodic protection systems provide complete protection against corrosion in areas like the Spiritridge neighborhood?
A.
No.  Cathodic protection cannot completely stop corrosion on all of the piping in a system such as Spiritridge.  The goal of cathodic protection is to control and manage corrosion damage.  Cathodic protection does not repair prior damage to the pipe, including prior external corrosion.  Corrosion will continue to occur at varying rates, depending on the amount of protective current reaching the metal surface.  Corrosion damage prior to installation of cathodic protection and insufficient distribution of protective cathodic current, may permit corrosion to continue despite the application of cathodic protection.  



In this case, this continued corrosion after the impressed current cathodic protection was applied to the distribution system caused the perforation of the service line wall at some time prior to the explosion, and most likely prior to the improper wiring of the Vasa Park rectifier.  I say “most likely” because it is not possible, based on the physical evidence and records available, to determine exactly when the leak developed, and if the polarity reversal of the Vasa Park rectifier was a secondary contributing factor to the leak.  


Once the leak developed, gas escaping through the external corrosion hole(s) in the service line entered the house and eventually concentrated and found an ignition source that resulted in the explosion.
Q.
Did the cross-wiring of the Vasa Park rectifier contribute to the leaking service line and the explosion? 
A.
The reversal of polarity of the Vasa Park rectifier was not the primary cause of the corrosion damage where the leak occurred.  The extent of the corrosion and the presence of internal corrosion due to moisture entry through the external corrosion perforations lead me to conclude that the external corrosion and wall perforations may have existed for some time prior to the explosion, and probably prior to the reversal of the leads at the Vasa Park rectifier.  


However, it is not possible to determine the exact impact of the cross-wired rectifier at that location once the service was removed from the ground.  The best way to have determined the impact would have been to leave the service line in place and conduct testing similar to that which was conducted later by PSE, with the rectifier correctly and incorrectly wired.  Once the electrical configuration was changed (i.e., PSE removed the service line), any conclusion as to the order of magnitude of the impact of the cross-wired rectifier on the holiday is speculative.


Further, the morphology of the corrosion damage at the leak location immediately adjacent to the house is not consistent with what we would expect with a rectifier reversal.  There was near through wall damage to a portion of the service line from the Schmitz residence near the main that appeared to be more consistent with reversal of the rectifier, but it was not at the location of the leak that led to the explosion.

In the 10 years before the explosion, PSE discovered only 3 leaks during the leak surveys that are required to be conducted every five years. In the nine months since the explosion, PSE has discovered 23 leaks during the monthly leak surveys required by WUTC Docket No. PG-041624, Order No. 1.  None of these 23 leaks located since the incident have been directly attributable to the incorrect wiring of the Vasa Park rectifier.
Q.
What conclusions are appropriate to draw from this?
A.
Ultimately, the cause of the explosion was the result of an aging gas distribution system with pre-existing external corrosion and leaks that were not detected through normal operating procedures.  
Q.
What steps should be taken in light of this situation?
A.
PSE has already completed a pipe replacement program within the Spiritridge subdivision.  The final pipe replacement statistics are as follows:  24,026 feet of 2-inch gas main, 11,937 feet of 4-inch gas main, 3,132 feet of 6-inch main and 350 feet of 1 ¼ inch gas main replaced; 431 services replaced; 160 existing plastic gas services, 7 existing 1 ¼-inch plastic mains and 2 existing 2-inch plastic mains have been tested and tied into the new plastic mains.
For much of the Spiritridge subdivision, the main line and service line replacement program will eliminate the risk for similar incidents.  However, within the PSE system, other subdivisions or distribution systems of similar age, cathodic protection history, and construction practices are similarly at risk.  These older residential areas may provide the path or opportunity for the collection and ignition of gas from similar leaks.
Accordingly, I recommend PSE determine where these other areas are located, and execute a plan to detect and if necessary, remediate any problems that are discovered.
IV.
PRIMARY DOCUMENTS REVIEWED BY DR. BELL

Q.
Please describe the primary documents you reviewed in the course of your investigation.

A.
The primary documents I reviewed are:
1. 
WUTC Docket No. PG-041624, Order No. 01, Order Requiring Emergency Action; Notice of Prehearing Conference, dated September 17, 2004.

2. 
CC Technologies, “Laboratory-based Evaluation of Failed Service Line, Final Report, F4434-01G,” dated February 18, 2005.  This document is my Exhibit No. ___ (GECB-9).
3. 
CC Technologies, “Summary Report – Failed Service Line, Bellevue, Washington, Final Report, G4434-21G,” Prepared for Gordon Murray Tilden LLP, dated February 28, 2005.  This document is my Exhibit No. ___ (GECB-14).
4. 
Letter from Kevin C. Garrity, PE of CC Technologies to Charles Gordon, Gordon Murray Tilden LLP, dated February 28, 2005.  This document is my Exhibit No. ___ (GECB-8).
5. 
Letter from Kevin C. Garrity, PE of CC Technologies to Steven  Secrist, Puget Sound Energy, Puget Sound Energy, “Spirit Ridge - Summary of Field Inspection of Seventy-five (75) and Metallurgical Analysis of Six (6) Service Risers – Spirit Ridge Subdivision (F4434-01G),” dated June 15, 2005.  This document is my Exhibit No. ___ (GECB-16).
6. 
Letter from Kevin C. Garrity, PE of CC Technologies to Steven Secrist, Puget Sound Energy, “Puget Sound Energy, Summary of Findings – Soil Survey – Spirit Ridge Subdivision (F4434-01G), dated June 15, 2005.  This document is my Exhibit No. ___ (GECB-13).
7. 
Puget Sound Energy, “Puget Sound Energy Pipe Segment Integrity Study in the Vicinity of the Vasa Park Rectifier,” dated June 21, 2005.  This document is my Exhibit No. ___ (GECB-10).
8. 
WUTC Data Requests and Associated Responses 1 through 89.  
9. 
PSE Weekly Progress Reports September 24, 2004 through July 15, 2005.

10. 
Pictures provided by WUTC Staff documenting conditions at 16645 SE 26th Place, Bellevue, WA immediately after the incident.

11. 
Pictures and video of the packaging for transportation of the service line from 16645 SE 26th Place, Bellevue, WA to CC Technologies in Dublin, OH.
12. 
M.J. Schiff & Associates, Inc. Results of Laboratory Analysis from 27 Samples Collected by WUTC from Incident Site and Surrounding Neighborhood (MJS&A Lab Sample ID Nos. 050032-050051).
 V.
NATURE OF CORROSION AND THE WAYS GAS PIPE IS COMMONLY PROTECTED AGAINST CORROSION
Q.
What is corrosion in the context of metallic gas pipelines?

A.
Corrosion is the process metal takes in returning to its natural state.  Metals are generally most stable in their native ores.  Iron ore, used to produce steel, is essentially a form of iron oxide, or rust from corroding steel.  To produce metals, energy is input to these stable ores to separate the metals from their oxide forms.  This energy is dissipated as the metal tries naturally to convert back to its native ore.  This process, as a metal returns to its natural state, is called corrosion.
Q.
What conditions are required for corrosion to occur?
A.
There are four basic elements that are needed for corrosion to occur:

1. Cathode 

2. Anode 

3. Conductive electrolyte (soil, water, etc.)

4. Conductor between the anode and the cathode (steel pipe)

These elements form a corrosion cell that is driven by the electrochemical energy difference between the anode and cathode.  “Electrochemical energy” is related to the chemical properties of the metal and electrolyte.  Ultimately, the electrochemical energy results in production of electrical direct current (DC) due to corrosion.  The anode will be at a higher energy level and corrode as it releases energy to the cathode.
Q.
Can you provide a common example of a cathode, anode, electrolyte and a 
conductor?

A.
Yes.  My Exhibit No. ___ (GECB-3) is a schematic diagram of a flashlight.  As that exhibit shows, the carbon rod of the battery is the cathode; the zinc casing of the battery is the anode; and the battery’s conductive electrolyte is the material that fills the space between the carbon rod and the casing.  A wire (with a switch and light bulb) is used as a conductor.   


When the flashlight is turned on, current is discharged off the zinc casing (the anode) to the carbon rod (the cathode), and then to the light bulb.  In effect, the zinc casing corrodes to protect the carbon rod. 
Q.
What is cathodic protection?

A.
Cathodic protection is an application of corrosion science with beneficial results.  Corrosion of pipelines and buried structures can be mitigated or controlled by cathodic protection.  


Cathodic protection does not stop corrosion.  In effect, corrosion is “transferred” to a higher energy level material, the anode, in order to protect the pipeline or other structure, the cathode.  

There are two main types of cathodic protection systems; galvanic (or sacrificial) cathodic protection and impressed current cathodic protection.  Galvanic anodes were also reported to have been used at various and mostly unknown locations in the Spiritridge subdivision during the normal course of pipeline excavations and service installations to provide supplemental or local cathodic protection.  The Vasa Park rectifier is an example of an impressed current cathodic protection system.
Q.
Please explain the nature of galvanic cathodic protection systems.
A.
Galvanic systems, sometimes referred to as “sacrificial anode” cathodic protection systems, use the galvanic current generated between the anodes and the steel pipe in order to mitigate external corrosion on the pipe.   


In this type of cathodic protection system, an anode, typically magnesium is buried in the ground near the pipe.  The anode is connected to the pipe by lead wires.  Due to the natural difference in voltage or potential between the two metals (anode and steel pipe), an electrical current enters the soil surrounding the buried anodes and is collected onto the surface of the pipeline.  The current returns along the pipe and associated wires through to the test box, if present, and back to the anode, which completes the electrical circuit. 
Q.
Have you prepared an exhibit that explains galvanic cathodic protection?

A.
Yes.  My Exhibit No. ___ (GECB-4) shows a typical galvanic cathodic protection system.

Q.
Please explain Exhibit No. ___ (GECB-4).

A.
Exhibit No. ___ (GECB-4) shows the galvanic anode bed connected to a test box and to the pipeline.  The current flows off the anode and onto the pipeline, which is the cathode.  The anode is consumed (“sacrificed”) as current flows off of it and onto the pipe.  The wires and shunt inside the test box are used to measure the level of cathodic protection and the consumption of the anodes.   In some cases, anodes are installed and directly connected to the pipe. 
Q.
How does the electric current protect the steel pipe?
A.
The low voltage DC electrical current created by the anode beneficially alters the electrochemical interface between the steel pipe and the surrounding soil.  Some of the beneficial changes are an increase in the pH of the soil, which makes it less acidic and thus less corrosive.  Another benefit is that the current eliminates microscopic areas on the metal which have higher electrical voltages (anodic areas) than the surrounding areas (cathodic areas).  


In fact, the DC current changes the entire surface of the pipe to a cathode.  This is the reason that this technique of corrosion protection is termed cathodic protection.  This altered environment at the pipe-to-soil interface mitigates external corrosion.
Q.
Over time, what happens to the anode in a galvanic cathodic protection system?
A.
As galvanic anodes discharge electrical current, they corrode (sacrifice) at a rate proportional to the amount of current that they discharge.  For example, magnesium is consumed at a rate of 17 pounds per ampere of current per year.  That is, a magnesium anode producing 1 ampere of current will lose 17 pounds of magnesium each year.  As the anodes corrode, they are in effect sacrificed for the benefit of the steel pipe.

Q.
What is impressed current cathodic protection?

A.
Impressed current cathodic protection systems impress a DC current between the buried anodes and the steel structure to mitigate external corrosion.  The cathodic protection current is not generated by the anodes, as in the galvanic system.  In an impressed current cathodic protection system, the current is provided by an outside electrical source, like an electric line from an electric utility.  The anodes are used only to discharge the induced DC electrical current.
Q.
Have you prepared an exhibit that depicts an impressed current cathodic protection system?
A.
Yes.  My Exhibit No. ___ (GECB-5) depicts an impressed current cathodic protection system.  As shown on that exhibit, the buried anodes are intended to be connected to the positive terminal of a piece of equipment called a “rectifier.”  The pipe that receives cathodic protection is intended to be connected to the negative terminal of the rectifier via a lead wire called the cathode, or “pipe” or “structure” cable.  



The rectifier unit uses a transformer, a series of diodes, and various types of voltage regulating mechanisms to change the alternating current (AC) input to low voltage Direct Current (DC) output.
Q.
How does a properly operating impressed current cathodic protection system protect the pipe from external corrosion?
A.
In a properly operating impressed current cathodic protection system, the DC electrical current enters the soil through the anodes.  Impressed current anodes are generally located in a remote anode well to gain better current distribution.  The current then spreads out through the soil and is uniformly collected onto the surface of the steel structure (pipeline) being protected.  
The collected electrical current travels through the structure back to the negative terminal of the rectifier to complete the electrical circuit, as shown in my Exhibit No. ___ (GECB-5).



The low voltage DC electrical current beneficially alters the electrochemical interface between the steel structure and the surrounding soil.  As with the galvanic cathodic protection system, some of the beneficial changes are an increase in the pH level, making the conditions around the pipe less acidic, and an elimination of microscopic areas on the metal, because the metal has a higher electrical voltage (anodic areas) than the surrounding areas (cathodic areas).  


In effect, the DC current changes the entire surface of the protected structure into a cathode.  This is the reason that this technique of corrosion protection is called “cathodic” protection.  Because of this altered environment at the structure-to-soil interface, external corrosion is mitigated.



As the anodes discharge the electrical current, they are consumed as they corrode at an accelerated rate compared to the corrosion rate that they would experience if the electrical current was not being discharged.  Impressed current anodes are designed from various types of metals with the goal of using a metal that will provide the maximum service life in relation to the cost of the anode.
Q.
Was cathodic protection current provided to the Spiritridge subdivision by any other means?
A.
Yes.  PSE was also providing cathodic protection by bonding in other systems, but the Vasa Park rectifier is the primary source of protection for the Spiritridge subdivision.  When I say “bonding,” I refer to the practice of electrically bonding across normally electrically insulating flange in a gas distribution system to bring cathodic protection from one side of the insulating flange to the other.  



Electrically insulating flanges are provided within the distribution system to isolate portions of the pipeline and control cathodic protection current distribution in the system.  In some cases, when excess cathodic protection current capacity is available on one side of the insulating flange, and additional current is needed on the other side for protection purposes, an electrical bond (wire) is used to carry protective current from one side of the flange to the other.  The practice of bonding across insulating flanges is common in gas distribution cathodic protection system management.
Q. Please summarize how cathodic protection works to 
mitigate external corrosion on metal pipe.
A.
The low voltage DC electrical current discharged by both types of cathodic protection systems beneficially alters the electrochemical interface between the metallic piping and the surrounding soil, primarily by maintaining a passivating high pH condition.  Because of this altered environment at the steel-to-soil interface, corrosion is mitigated.  By “passivating high pH condition” I mean a condition that is less reactive to the surrounding environment by the formation of a passive film on the surface of the steel.


The main difference between the galvanic cathodic protection system and the impressed current cathodic protection system is the driving voltage.  In the galvanic system, the driving voltage is fixed and thus the current depends on the resistance of the circuit (i.e., resistance in the soil, wire, etc.).  In the impressed current system, the driving voltage can be adjusted at the rectifier.  This allows the corrosion engineer to optimize both the driving voltage and current output of the anodes.
VI.
ANALYSIS OF THE EXPLOSION AND ITS CAUSES
Q.
What subjects do you cover in this part of your testimony?

A.
In Section A, I give a general description of the causes of the explosion.  In Section B, I describe the leaks and other damage that was found in the location of the leaks.  In Section C, I critique the opinions of PSE’s consultants regarding the cause of the leaks.



In Section D, I discuss the analysis of soil samples taken from the Schmitz property and the Spiritridge neighborhood.  In Section E, I discuss the metallurgic study of the service line to the Schmitz house that was prepared by PSE consultants, and I summarize the conclusions from the report I prepared analyzing that study.  


In Section F, I discuss the Riser Study that was prepared by PSE consultants, in which the condition of several service risers from the area where PSE replaced pipe was examined and evaluated. 



In Section G, I discuss the coating survey PSE conducted of the pipe in the Spiritridge neighborhood, and I summarize the conclusions from the report I prepared analyzing that survey.  


Finally, in Section H, I discuss the impact of the cross-wiring of the rectifier that PSE was using to provide cathodic protection to the area.

A.
General Description of the Causes of the Explosion
Q.
When and where did the explosion occur?

A.
The explosion occurred on around 9:29 AM, on September 2, 2004, at the residence located at 16645 SE 26th Place, Bellevue, Washington.  Mrs. Francis Schmitz was at home at the time of the explosion, and unfortunately, she did not survive the injuries she sustained from the explosion.
Q.
What caused the leak in the gas service line that lead to the explosion at the Schmitz house?

A.
The leak was due to external corrosion of the service line.

Q.
Where on the service line did the leak occur?

A.
The leak occurred approximately 30 inches below ground near the beginning of the “sweep” up to the meter, also called the service riser.  The leak was 55 inches upstream from the shut-off valve before the meter.  By “upstream” I mean away from the house and toward the gas main in the street.
B.
Description of the Leaks and the Other Damage to the Service Line in the Location of the Leaks 
Q.
Please describe the damage to the service line to the Schmitz house in the area of the leaks that were found.
A.
The service line had corrosion damage that was through the wall of the service line, forming two holes.  The corrosion was located on the top of the pipe (approximate 12 o’clock position) in the middle of the damage to the coating.
Q.
Have you prepared exhibits that show the pipe location and the leaks in the pipe?

A.
Yes.  Exhibit No. ___ (GECB-6) and Exhibit No. ___ (GECB-7) are photographs taken by Commission Staff the day after the explosion, when PSE excavated the service line.   

My Exhibit No. ___ (GECB-6) shows the service line on excavation for removal on September 3, 2004.  The external corrosion hole is approximately in the middle of the picture just above the tape measurer between 18 and 19 inches from the end of the tape on the right of the photo.  The beginning of the sweep up to the meter set can be seen on the right.

My Exhibit No. ___ (GECB-7) shows a close-up of the corrosion holes in the service line prior to removal.  Two longitudinal holes were observed with a small remaining ligament of metal between them.
Q.
Please describe the coating damage at the location of the leaks.
A.
The coating damage at the location of the leak was approximately 2 inches long and 1 inch wide.  There were two holes side by side along the longitudinal axis of the pipe with a total length of about 1 inch and about ¼ inch wide.  After removal of the dirt and debris, the coating defect displayed deformation “ridges” along its length.
Q.
What caused the damage to the coating on the service line in the area of the leaks?

A.
The coating was most likely damaged during initial installation of the service line in 1963.  It appeared that the “sweep” or bend in the pipe was made in the field, and no repairs were made to the damage from the field fabrication of the sweep.  This was evident from the metallurgic analysis of the service line.
Q.
What caused the corrosion at the coating damage at the leak location?

A.
The specific root cause has not been identified.  Based on data collected by PSE and soil samples collected by WUTC, the corrosivity of the soils in the vicinity of the leak varied significantly.  In addition, there were indications that microbiological activity (microbiologically influenced corrosion) was present and this may have been a factor.  In particular, to mitigate microbiologically influenced corrosion, greater cathodic protection current can be required.  This may have been a factor in the formation of the leak.
C.
PSE’s Consultant’s Opinions Regarding the Cause of the Leaks and PSE’s Response to the Incident, and Dr. Bell’s Response

Q.
Did PSE’s consultant, CC Technologies Laboratories Inc. or “CCTL,” offer any opinions as a result of the metallurgic analysis of the service line to the Schmitz house?

A.
Yes.  In a letter dated February 28, 2005, which is my Exhibit No. ___ (GECB-8), CCTL, through its Chief Operating Officer, Mr. Garrity, PE, offered four opinions regarding the causation of the leaks and the response of Puget Sound Energy (PSE) to the Schmitz residence incident.

Q.
I will refer you to your Exhibit No. ___ (GEBC-8), and ask you to state each opinion CCTL stated, and whether that opinion is valid.  What was the first opinion CCTL offered?
A.
The first opinion was called “Opinion No. 1: Regarding the cause of the leak.”  That opinion states:

The leak on the service line at the Schmitz residence occurred as a result of localized external corrosion from exposure to corrosive soil conditions prior to the application of cathodic protection. The external corrosion progressed through the pipe wall allowing the gas to escape and migrate into the residence. The leak was accompanied by a series of unique factors that resulted in the tragic explosion (see Opinion #3).
Q.
Is CCTL’s Opinion No. 1 valid?

A.
Not entirely.  I do not agree that the all of the corrosion that lead to the leak occurred prior to the application of cathodic protection.  CCTL’s opinion is based on limited, short term laboratory tests.  The tests were conducted on freshly prepared steel specimens and are not indicative of the actual long term (19+ years) corrosion rates that would exist in these soils.  It is more likely that corrosion continued due to lack of adequate current distribution from the cathodic protection systems and corrosion occurred at some reduced rate over the entire life of the service line.  


As far as anyone can tell, pipe to soil potentials showing the sufficiency of cathodic protection do not exist specifically related to the service line at 16645 SE 26th Place.  If this information existed, it would be very useful in understanding how the cathodic protection system was working to protect that specific service line.

I also do not agree that the situation of long standing coating defects is unique in the Spiritridge subdivision.  I do agree that the specific type of coating defect that led to the gas leak into the Schmitz residence was unique (i.e., near a bend and maybe the result of a field bending operation that was not repaired).  


However, other locations on the service line to the Schmitz house had unrepaired coating damage with near through wall corrosion and with more than 80% through wall penetration.  This coating damage at other locations on the service line is described in the CCTL Final Report, Appendix L, pages 124 and 125, which is contained in my Exhibit No. ___ (GECB-9).


In addition, pipe examinations as part of PSE’s Pipe Segment Integrity Study, also known as the coating survey, found areas of coating damage and through wall penetrations.  I discuss the coating survey later in my testimony.

Q.
In CCTL’s discussion of Opinion No. 1, what does CCTL state regarding the cross-wired rectifier?

A.
CCTL states:

The corrosion morphology at the failure site is consistent with corrosion due to exposure to localized corrosive soil conditions, but not consistent with morphologies typical of stray current corrosion or corrosion associated with rectifier polarity reversals.  Therefore the rectifier mis-wiring is not considered to be a primary cause of the corrosion that led to the leak but may be a contributing factor.  The metallurgical examination revealed evidence of internal corrosion on the ID (internal diameter) surface at the breach in the pipe wall, suggesting that the leak may have begun before the rectifier mis-wiring occurred.
Q.
Do you agree with this statement?

A.
I agree that the morphology is consistent with corrosive soil conditions and it is not typical of stray current or effects that would be expected with rectifier reversal.  I also agree that the internal corrosion indicates that wall perforation occurred prior to the 64 days that the rectifier could have been mis-wired. 

Q.
What is the second opinion CCTL offered?
A.
The second opinion was called “Opinion No. 2: Regarding the role of the mis-wired rectifier as the predominant cause of the leak.”  That opinion states:
The mis-wired rectifier (Vasa Park rectifier) was not the predominant cause of the leak, but may have been a contributing factor.

Q.
Is CCTL’s Opinion No. 2 valid?
A.
I agree that the mis-wired rectifier was not the primary cause of the leak and the explosion.  However, the level of contribution of the mis-wired rectifier, if any, has not and can not be precisely determined.  That is because it is not possible to determine the exact impact of the reversal of the rectifier at that location once the service was removed from the ground. 

As I discussed earlier, the best way to determine this would have been to leave the service line in place and conduct testing similar to that which was conducted later by PSE with the rectifier correctly and incorrectly wired.  Once the electrical configuration was changed (i.e., PSE removed the service line), any conclusion as to the order of magnitude of the impact of the rectifier on the holiday is speculative.
Q.
What is the third opinion of PSE’s consultants, CCTL?

A.
CCTL’s third opinion is called “Opinion No. 3: Whether the corrosion of the service line at the Schmitz residence is indicative of a systemic problem relating to other services within PSE’s system.”  That opinion states:
Based on a review of all available information and analyses to date, there is no evidence to suggest a systemic problem.

Q.
Is CCTL’s Opinion No. 3 valid?

A.
No.  The results of PSE’s coating survey, also called PSE’s Pipe Segment Integrity Study (my Exhibit No. ___ (GECB-10)), indicate that leaks and corrosion due to coating damage were not restricted to the Schmitz residence.  I discuss the coating survey later in my testimony.  



In fairness to CCTL, its Opinion No. 3 was largely based on the laboratory work performed before February 28, 2005, and CCTL did not have the benefit of the information and results of the PSE Pipe Segment Integrity Study.

Q.
What is the fourth opinion of CCTL?

A.
CCTL’s fourth opinion is entitled “Opinion No. 4: Regarding whether PSE’s construction program in response to the incident was reasonable with regard to the findings related to the rectifier and cathodic protection in general.”  That opinion states:
While there was no technical reason for the steel service and main replacement project in the Spiritridge Neighborhood, the PSE response was timely, conservative, and effective.

Q.
Is CCTL’s Opinion No. 4 valid?

A.
I agree that the PSE’s service and main replacement project will be effective in protecting much of the Spiritridge subdivision.  However, I do not agree that the conditions and situation found with in Spiritridge are unique.  


As PSE stated on page 11, 1st paragraph of its Pipe Segment Integrity Study, which is contained in my Exhibit No. ___ (GECB-10): “The pipe investigated (Spiritridge subdivision) is constructed of materials and installed with workmanship for pipe of similar vintage throughout the PSE gas distribution system.  The investigation found nothing unique about this pipe.  The corrosion processes acting on the pipe are not unusual and are typical of those to be expected at any other location in the gas distribution system.”  
 


I agree with this PSE opinion and assessment of the conditions.  Since the conditions which led to the gas release at the Schmitz house are not unique, the requirement on PSE should be to identify, assess, prioritize and rehabilitate similar portions of its distribution system.


D.
Analysis of Soil Samples
Q.
What is microbiologically influenced corrosion?

A.
Microbiologically influenced corrosion, or MIC, is a form of corrosion where bacteria in the environment influence and promote corrosion of metals.

Q.
What soil samples were taken from the Schmitz property and the Spiritridge neighborhood?
A.
There have been at least four separate collections of soil samples associated with the Schmitz property.  The first set consisted of four samples collected by PSE on the day after the incident, and transmitted by GeoEngineers on September 16, 2004, for analysis by North Creek Analytical.  


A second set of four samples were collected by GeoEngineers on September 16, 2004, which were also transmitted to North Creek Analytical the same day for analysis.  PSE provided data and information regarding the soil collection and analysis as part of Data Request No. 65 which is attached as my Exhibit No. ___ (GECB-11).

Q.
How were these first two sets of soil samples analyzed?

A.
The soil samples were analyzed primarily for inorganic constituents, electrical properties and pH.  The results appear to be consistent with other samples analyzed during the course of the investigation.

Q.
Did PSE and GeoEngineers/North Creek Analytical use appropriate methods in collecting and testing these soil samples?
A.
Yes.  The methods they used were EPA standard methods.  The results appear to be based on the information provided.
Q.
What was the third set of soil samples collected?

A.
The third set of samples were collected by WUTC staff and analyzed by our firm.  WUTC Staff collected twenty-seven soil samples, and sent them to our laboratory.   The results are attached as my Exhibit No. ___ (GECB-12).
Q.
Was the testing did your firm do on the third set of soil samples?

A.
Our laboratory tested the soil samples for corrosivity using standard methods for inorganic constituents, electrical properties and pH.  


The electrical resistivity of each sample was measured in a soil box per ASTM G57 in its as-received condition, and again after saturation with distilled water.  “ASTM G57” refers to the ASTM International Standard Test Procedure entitled “Field Measurement of Soil Resistivity using the Wenner Four-electrode.”  Resistivities are at about their lowest value when the soil is saturated.  The pH of the saturated samples was measured.  


A 5:1 water:soil extract from each sample was chemically analyzed for the major soluble salts commonly found in soils and for ammonium and nitrate.  Sulfide and oxidation-reduction (redox) potential were determined on sample 040804B.  Test results are shown in Table 1 of my Exhibit No. ___ (GECB-12).  


In addition, three tests were performed on sample 040804B to semi-quantitatively determine the presence of bacteria associated with microbiologically-influenced corrosion (MIC) using a testing kit called a “MICKit® 5” from BTI Products, LP. 
Q.
What did the soil sample analyses from the third set of samples show?
A.
The soluble salt content was very high in the sample 040804B, moderate in the sample 040803T, and low in the others.  Sulfate salts were the predominant constituents.



Soil pH values varied from 5.1 to 7.0.  This range is strongly acidic to neutral.



Sulfide, which is aggressive to ferrous metals, was found to be present in a qualitative test performed on the sample 0 40804B.  The negative redox potential indicates reducing conditions in which anaerobic, sulfide-producing bacteria are active.



Microbiologically Influenced Corrosion (MIC) tests found positive indications for the presence of low nutrient, acid-producing, iron-related, and low nutrient bacteria.  
Q.
What conclusions are appropriate to draw from the third set of soil samples?

A.
The third set of soil samples, along with the others, show that soil conditions at and around the site of the explosion are highly variable from a chemical and electrical standpoint, and that there is the possibility of MIC at the site. 
Q.
What was the fourth set of soil samples collected?

A.
The fourth set of samples consisted of four samples collected by PSE and analyzed by CCTL.  CCTL received the samples on May 16, 2005, and their report is attached as my Exhibit No. ___ (GECB-13).

Q.
Was the methodology used in testing the PSE/CCTL soil samples appropriate?

A.
Yes.  The methodology was similar to the methodology we used in the third set of soil samples.  CCTL analyzed the soils to determine water soluble cations and anions, pH, total acidity, total alkalinity, moisture content, and electrical resistivity.  


In addition, CCTL used linear polarization resistance measurements on steel electrodes to estimate the corrosion rates on clean steel surfaces.  The rate of corrosion on fresh steel electrode measured in the course of a few days is probably not an estimate of long term corrosion rates in situ, but when compared with other soils, the data may be useful as a gauge of corrosivity.  However, it is poor predictor of long term corrosion damage accumulation.
Q.
Did CCTL offer any opinion regarding the results of their testing?

A.
Yes.  CCTL states in their report, on page 2 of my Exhibit No. ___ (GECB-13), “While the individual samples demonstrated a range of results, there is nothing in the lab analysis that indicates the soil conditions in the Spirit Ridge (sic) neighborhood had unique corrosive characteristics.” 
Q.
Is CCTL’s opinion valid?

A.
No.  CCTL’s opinion is, in my view, overly broad regarding the entire Spiritridge neighborhood considering that only four samples were tested.  All four samples were taken from the same address.  Soil conditions from the Schmitz house varied significantly based on results from the first two sets of soil samples collected by PSE (Exhibit No. ___ (GECB-11)).  Significant variations in soil resistivity and pH were found just at the Schmitz house and within the service line trench.  Variations in resistivity and pH can increase the severity of corrosion cells and the corrosivity of the site.  


My point is that the variation of the soil corrosivity is important.  There are indications that the soils do have variations.  CCTL’s conclusion that the soils are not uniquely corrosive was overly broad, and based on the results of four soil samples.  


Further, CCTL did not initially test these samples for bacterial activity associated with MIC.  Subsequent bacterial testing of soil samples in the vicinity of the incident showed higher bacterial results after just 7 days of testing.  Testing is on-going at the time this testimony is filed.

E.
Metallurgic Analysis of the Service Line

Q.
Did PSE have a metallurgic analysis done of the service line to the Schmitz house?

A.
Yes.  PSE excavated the service line and shipped it to CCTL to conduct a metallurgic analysis of the service line.

Q.
Did you obtain a copy of the metallurgic report prepared by CCTL?

A.
Yes.  There were three documents that address the metallurgic analysis conducted by CCTL: 1) A summary report in which CCTL was requested to accumulate, organize and report on the factual history of the service in question to include the leak history in the general area and the history and operation of corrosion protection systems affecting the area; 2) A letter transmitting the final report along with the opinions of Kevin C. Garrity, PE; and 3) The Final Report itself, which details the methods, data and results of the metallurgical testing.  



The summary report is my Exhibit No. ___ (GECB-14).  It is entitled “Summary Report - Failed Service Line – Bellevue, Washington,” dated February 28, 2005.  

The transmittal letter is my Exhibit No. ___ (GECB-8).  It is a letter dated February 28, 2005, from Kevin C. Garrity, PE of CCTL to Charles Gordon, attorney for PSE.
I have already testified regarding the opinions contained in this letter.

The Final Report is my Exhibit No. ___ (GECB-9).  It is entitled “Final Report, G4434-01G, Laboratory-Based Evaluation of Failed Service Line – Bellevue, Washington., dated February 18, 2005.” 
Q.
Did anyone from your firm observe any of the metallurgic analysis that was conducted by CCTL?

A.
Yes.  On December 13 and 14, 2004, I traveled to CCTL’s offices in Dublin, Ohio, to observe the unpacking, photo documentation and initial sectioning and testing of the line at CCTL.  The majority of the testing occurred after my visit, but I was there to see each segment of the service line first hand.
Q.
Have you prepared a report analyzing the metallurgical analysis conducted for PSE by CCTL?
A.
Yes.  My report is Exhibit No. ___ (GECB-15), entitled “Report Reviewing CC Technologies Laboratory-based Evaluation of Failed Service Line Final Report, F4434-01G(Dated February 18, 2005)” and dated July 18, 2005.  In that report, I discuss in detail the metallurgical testing that was conducted by CCTL, what the testing showed, and what conclusions are appropriate to draw from that testing. 
Q.
Did CCTL use appropriate methods for the metallurgic testing?

A.
Yes.
Q.
How did PSE prepare the service line for delivery to CCTL for testing?

A.
The service line was cut into ten segments, wrapped, and shipped.  CCTL numbered the segments 1-10.  Segment 10 was nearest the Schmitz house, and it had the two holes I described earlier.  Segment 1 was nearest the road, where the service line connected to the main.
Q.
What did the metallurgical testing reveal?

A.
As I explain in my report, the external coating damage and near through wall corrosion was not confined to the area near the leak.  Multiple locations on the service line were observed to contain holidays, with corrosion products at the bottom of some holidays, indicating a penetration of the coating to the pipe substrate.  


In particular, Segment 1, which was from the area near the main and far from the location of the leak (Segment 10), exhibited near through wall corrosion damage.  There was no leak on Segment 1, but there was only a very thin ligament of metal remaining between the inside and outside of the service line.


In addition, corrosion features on Segment 2 were 5% and 62% through wall.  This means the corrosion had made its way 5% through the pipe wall at one location, and 62% at another.  The corrosion features on Segment 4 were 75% through wall.  Corrosion features on Segment 9 were 35% and 45% through wall.  


Finally, the corrosion feature on Segment 10, the segment with the leak location that was the root cause of the explosion, showed 100% through wall penetration.  


This indicates that the leak that caused the explosion was not the only area of significant corrosion damage on the service line from the Schmitz residence.

Q.
Were there other areas of the service line that appeared to have been damaged during installation?

A.
Yes.  Some of these damaged areas apparently had been repaired.  This is shown by CCTL in my Exhibit No. ___ (GECB-9), the CCTL Final Report, Appendix D, page 34, Figure 9, which is a photograph of Segment 4 showing a field-applied outer wrap that covered pipe between 60.5-inch and 88-inch locations.  


On the other hand, other coating damage was not repaired.  This is shown in the CCTL Final Report in my Exhibit No. ___ (GECB-9) Appendix D, Page 30, Figure 8:  A photograph of Segment 4 showing a coating deformation at the 52-inch location.
Q.
What conclusions are appropriate to draw based on the metallurgic analysis conducted by CCTL?
A.
First, as I explain in my report, Exhibit No. ___ (GECB-15) at page 12, the cause of the leak was external corrosion.  Second, the presence of internal corrosion at the location of the leak indicates that the service had been leaking for some time.  This, along with the morphology and appearance of the corrosion damage at the leak site indicates that the leak probably preceded the cross-wiring of the Vasa Park rectifier.  



Third, the lack of indications of bacterial activity from deposits near the leak site can not be used as an indication that Microbiologically Influenced Corrosion (MIC) was not a possible factor in causing the leak, because the delay between removal of the service and testing was nearly three months.  
Q.
How do those conclusions differ from what CCTL concluded?

A.
CCTL believes that the condition of the coating of the service line was good.  We do not.  It is true that from a percentage of the bare pipe to coated pipe standpoint, not much metal was exposed to the soil.  However, the number of defects recorded on this service, and the fact that there was one through wall pit, another near through wall pit, and the accumulation of significant damage at other locations, indicates that the coating was nearing the end of its useful life.  


This is particularly true when you take into account the nature and amount of coating damage identified in the PSE Pipe Segment Integrity Study, dated June 21, 2005, which I discuss later. 


To be fair, CCTL did not have the benefit of the PSE Pipe Segment Integrity Study data for CCTL’s analysis at the time CCTL’s Final Report was prepared (February 18, 2005). 

Also, CCTL does not believe that Microbiologically Influenced Corrosion (MIC) could be a factor, based on their testing of the three month old, dried deposits.  We believe, based on our own data and more recent data from CCTL, that MIC may have been a contributing factor.
Q. How did CCTL determine that the corrosion at the leak location occurred prior to the application of cathodic protection?

A.  
As part of their analysis of the soil sample, CCTL conducted short term linear polarization resistance (LPR) tests, using carbon steel electrodes on soil samples from the site.  Based on these short term tests, CCTL estimated the corrosion rate on unprotected steel in the soil to be 6 mils per year (0.006 inches per year).  The service line was installed in 1963, 19+ years before cathodic protection was applied in 1982.  Assuming a 6 mil per year corrosion rate implies that by 1982, 114 mils of the pipe wall would have corroded, which is through the wall of the pipe.  



CCTL describes this part of the analysis in the last paragraph on page 3 of my Exhibit No. ___ (GECB-8), which is the letter from CCTL’s Mr. Garrity to PSE’s representative, which I discussed previously.
Q.
Please explain linear polarization resistance testing, or LPR.
A. 
Linear Polarization Resistance testing measures changes in metal surfaces exposed to an electrolyte (e.g. soil or water) to measure corrosion.  In the LPR technique, a potential (typically of the order of 10-20 mV) is applied to a sensor elements and the resulting ("linear") current response is measured. The polarization resistance is the ratio of the applied potential and the resulting current response.



From the measured polarization resistance, the corrosion rate can be estimated by using the Stern-Geary relationship, with some assumed constants regarding the underlying electrochemical behavior of the metal in the electrolyte.


In other words, LPR is a technique for estimating the rate of corrosion.

Q.
Is LPR an appropriate measurement to make in this circumstance?

A.
No.  Because the tests are conducted over a few days, I do not believe that it is a valid method for estimating long term corrosion rates of steel in contact with soils.  This is particularly true when freshly cleaned/polished electrodes are used, as they were in the CCTL testing.  



In general, when metals are exposed to corrosive soils or other environments, measured and actual corrosion rates are much higher than the eventual steady-state corrosion rates.  This is due the initial corrosion of the fresh surfaces and build-up of corrosion products on the surface.  As time continues, the corrosion rate stabilizes.  This typically takes weeks, and it can take months to years, depending on the metal/electrolyte characteristics.  
Therefore, LPR testing over a few days on freshly polished electrodes is not an accurate method of predicting the behavior of metal corrosion over 20 or more years. 


LPR tests could be used to compare soil corrosivity of between samples, but I do not think it is a good predictor of long term corrosion rates based on short term measurements.
Q.
Assuming CCTL’s corrosion rate estimate of 6 mils per year is valid, what are the implications of that estimate as applied to the metal pipe in the Spiritridge neighborhood?

A.
If CCTL’s estimate of 6 mils per year were correct, then during the 19 plus years prior to the application of impressed current cathodic protection, coating defects exposed to the soil will have been penetrated to depths of 114 mils (0.114 inches).  Since we know that coating holidays exist (Exhibit No. ___ (GECB-9), Table 2, page 10) and the pipe wall nominal thickness is 113 mils (Exhibit No. ___ (GECB-9), page 29, fourth bulleted conclusion) and cathodic protection does not completely stop corrosion, then we can expect more leaks in systems similarly constructed and a similar vintage.  
F.
Riser Study

Q.
What is the Riser Study?

A.
The Riser Study is a study performed for PSE by CCTL, in which 75 service risers were inspected, and six of which were given a metallurgical analysis.  The risers were taken from the area of the Spiritridge neighborhood where PSE replaced pipe.



The Riser Study is in my Exhibit No. ___ (GECB-16).  It is a June 15, 2005 letter to PSE from CCTL, entitled: “Puget Sound Energy, Spirit Ridge – Summary of Field Inspection of Seventy-Five (75) and Metallurgical Analysis of Six (6) Service Risers – Spirit Ridge Subdivisions (F4434-01G).”

Q.
Have you prepared a report analyzing the Riser Study conducted for PSE by CCTL?

A.
Yes.  As I mentioned earlier, my report is Exhibit No. ___ (GECB-17), entitled “Report Reviewing CC Technologies’ , “Spirit Ridge - Summary of Field Inspection of Seventy-five (75) and Metallurgical Analysis of Six (6) Service Risers – Spirit Ridge Subdivision (F4434-01G),” dated June 15, 2005.”  



In that report, I discuss in detail the testing that was conducted by CCTL, what the testing showed, and what conclusions are appropriate to draw from that testing.
Q.
How was this Riser Study conducted and what methodologies were used?

A.
CCTL performed visual inspections of seventy-five (75) natural gas service risers that were randomly selected and removed from the Spiritridge area during PSE’s distribution pipe replacement project that took place from February 7 to April 1, 2005.    

During the inspection process, an identification number was assigned to each riser, CT-1, CT-2, and so on.  The relevant data for each riser was recorded on a data form.  


Six (6) of the risers that appeared to have the most significant corrosion were selected for metallurgical analysis at CCTL’s Dublin, Ohio laboratory.


I discuss the details of the inspections and testing in my report in Exhibit No. ___ (GECB-17).  
Q.
Did CCTL use appropriate methodologies in the Riser Study?

A.
Yes.  The methodologies used by CCTL were appropriate for these types of field and metallurgical investigations.
Q.
What conclusions are appropriate to draw based on the Riser Study?

A.
Significant corrosion damage was identified on five of the six risers.  Through wall penetrations of 39% (CT-4) and 81% (CT-10) were identified on the extruded polyethylene risers.  Only superficial corrosion damage was reported on coal tar coated CT-71, with through wall penetrations of between 26% to 47% reported on the other coal tar risers tested.


The amount of external coating damage and external corrosion that led to a leak and ultimately an explosion is prima facie evidence that the coating is not in good condition.  This is particularly true when taking into account the amount of corrosion damage identified in the PSE Pipe Segment Integrity Study, dated June 21, 2005, which I discuss later.  


The fact that these additional inspections in the Riser Study also identify numerous defects and associated corrosion damage, both for coal tar coated and extruded polyethylene coated pipes, should be a concern for PSE’s systems of similar design, installation and operation.  
Q.
Is there any significance to the discovery of corrosion on the polyethylene coated pipe?
A.
Yes.  Extruded polyethylene came into use as a pipe coating material well after coal tar was in common use.  It follows that the extruded polyethylene services were likely installed long after the coal tar coated services were installed.  The fact that the polyethylene coated services showed the largest through wall penetration indicates that this is not simply a 1950’s vintage coal tar service issue.
Q.
How do your conclusions differ from what CCTL concluded?

A.
On page 8 of the Riser Study, my Exhibit No. ___ (GECB-16), CCTL concludes that “The representative sample did not identify any systemic integrity threats.”  Based on the data, we do not understand how CCTL reached this conclusion.


CCTL then concludes that “The risers were performing in accordance with industry and regulatory standards in effect.”  We assume this statement means the standards in effect at the time of installation.  If this assumption is correct, this conclusion may be valid, but significant corrosion damage has occurred since the installation of both the coal tar and extruded polyethylene coated services.  


Again, because the extruded polyethylene services were presumably installed long after the coal tar coated services, the fact that they showed the largest through wall penetration indicates that it is not simply a 1950’s vintage coal tar service issue.  It is simply an issue with corrosion of services.

G.
Coating Survey (Pipe Segment Integrity Study)
Q.
What is a coating survey?
A.
A coating survey is a study that analyzes the condition of the coating of gas pipe in a certain area.  In this case, PSE conducted a coating survey of main and service gas pipe located in the Spiritridge neighborhood.  That study was also referred to as a “Pipe Segment Integrity Study.”
Q.
Why did PSE conduct the Pipe Segment Integrity Study?

A.
In Paragraph 16(i) of the Commission’s Order No. 1 in this docket, the Commission ordered PSE to:

Conduct a test(s) that will determine the condition of the coating of the coated steel service lines and mains in the area covered by the rectifier (including an assessment of the state of corrosion of such service lines and mains), and provide the results to the Commission upon request.  PSE will work with Commission Staff to determine the parameters of this survey and follow-up activities.

The Study was undertaken to identify and locate coating holidays.  Coating holidays are areas of coating damage which exposes the metal pipe to the soil.  Coating holidays make the pipe at the coating holidays more susceptible to damage due to the reversal of the rectifier leads at the Vasa Park rectifier.
Q.
Did PSE conduct the coating survey and provide the results?

A.
Yes.  PSE did the field work and CCTL analyzed the pipe segments that were excavated.  My Exhibit No. ___ (GECB-10) is the PSE Pipe Segment Integrity Study, entitled “Puget Sound Energy Pipe Segment Integrity Study in the Vicinity of the Vasa Park Rectifier,” dated June 21, 2005.
Q.
Have you prepared a report analyzing the Pipe Segment Integrity Study that PSE conducted?

A.
Yes.  Mr. John French, PE, the Chief Engineer of our Firm, and I have prepared a report that summarizes the methodologies and results of the PSE Pipe Segment Integrity Study, along with our critique.  Our report is my Exhibit No. ___ (GECB-18), and it is entitled “Report Reviewing Puget Sound Energy, Inc.’s , Pipe Segment Integrity Study in the Vicinity of the Vasa Park Rectifier (Dated June 21, 2005).”
Q.
What was the scope of the coating survey?
A.
The Study investigated 6,000 feet of high pressure mains, 9,000 feet of intermediate pressure mains and 140 services.  We believe the basis for selecting this sample was to select a substantial area closest to the location of the rectifier, because the effects of a cross-wired rectifier would be greater at locations closer to the rectifier.

Q.
What technology was used in the Study?
A.
As we explain in our report, PSE classified indications of coating holidays based on the severity of the survey indication.  An “indication” is a survey result that suggests a coating problem at a specific location may exist.  The criteria were developed by PSE using the direct current voltage gradient (DCVG) methodology as “minor, moderate or severe.”  The DVCG methodology is described in more detail in our report in my Exhibit No. ___ (GECB-18).

A close interval survey (CIS) of pipe to soil potentials was conducted simultaneously to assess cathodic protection levels.  Guidelines for prioritizing the action required were based on criteria established by PSE.  The CIS is also described in more detail in our report in my Exhibit No. ___ (GECB-18).

PSE excavated for direct examination those locations that had indications which PSE prioritized as requiring immediate action.  Those locations that had indications of coating holidays PSE excavated and examined for signs of corrosion.  Locations which showed signs of corrosion on direct examination were characterized in terms of the morphology of the corrosion damage, characteristics of the related corrosion products and soil corrosivity, to assist in determining the cause of the corrosion and metal loss.
Q.
Was the technology used in the Study reliable in evaluating small diameter metal gas pipe such as service lines?
A.
It is well accepted by the corrosion control and pipeline industries that test point measurements at random test posts are insufficient to judge the overall condition and efficacy of protection of the pipeline.  As a result, CIS and DCVG have become common practice in the industries.  However, while there is no doubt that both CIS and DCVG are widely used, there are limitations to each application.
The effect of small pipe diameter (e.g., less than 2-inch) on DCVG technique, such as encountered on service lines or laterals, is not known.  This is simply a sensitivity issue since small pipes and with even smaller coating holidays result in small voltage gradients.  It is not widely accepted that DCVG can be accurately applied to small diameter service lateral piping.

Q.
What were the results of the Pipe Segment Integrity Study?

A.
The Study shows that the pipe is backfilled in rocks, which damage the coating and shield cathodic protection current.  The Study also shows that soil resistivity variations in orders of magnitude likely contribute to corrosion and failures.  Finally, and most importantly, the Study found two leaks out of only 34 completed excavations; which is 5.8% of the locations excavated.  

Q.
What conclusions are appropriate to draw from the Pipe Segment Integrity Study?

A.
As we explain in our report, we agree with the statement on the last paragraph on page 10 of the Study (my Exhibit No. ___ (GECB-10)), which points out that the stray current affects caused by the reversed leads on the rectifier could not have caused leaking on the pipe at any significant distance from the rectifier.  Specifically, it alone could not have caused the leak that resulted in the explosion at 16645 SE 26th Place, Bellevue, WA.  

We also agree with the statement on page 11 of the Study (my Exhibit No. ___ (GECB-10)), first paragraph, “The investigation found nothing unique about this pipe.  The corrosion processes acting on the pipe are not unusual and are typical of those to be expected at any other location in the gas distribution system.” 
We therefore believe that the integrity of the system in the area studied is compromised.  Remedial measures must be taken to insure continued, reliable service.  We recommend PSE conduct annual leak surveys, as well as initiating a program where pipe sections are prioritized for repair, re-coating, or replacement, as required.

H.
Impact of the Cross-Wired Rectifier

Q.
What is your understanding regarding how the rectifier serving the Spiritridge neighborhood was wired?

A.
The rectifier was cross-wired at the time of the explosion.  Mr. Kuang-Shi Chu, a witness for the Commission Staff in this case, concludes in his testimony that the rectifier was cross-wired for at least five days and at most sixty-four days.
Q.
What are the potential impacts of the reversal of the Vasa Park rectifier on leaks and the corrosion processes?

A.
Impressed current cathodic protection systems such as the Vasa Park rectifier provide current that protects the cathode (the gas pipe or other structure connected to the negative terminal of the rectifier) from corrosion by consuming/damaging the anode of the system (the thing hooked up to the positive terminal of the rectifier).  


From the rectifier’s standpoint, it does not know or care what the anode is.  Consequently, if the gas pipe is connected to the positive terminal, the gas pipe becomes the anode of the circuit.  As the anode, the gas pipe will protect the material connected to the negative terminal of the rectifier.  In other words, the gas pipe corrodes while the material previously serving as the anodes are protected.  
Q.
What part of the coated pipe will be corroded when a rectifier is cross-wired, and what rate of corrosion can be expected?
A
Because the pipe is coated, only the metal exposed at the damaged coating would act as the anode, when a rectifier is cross-wired.  For steel, the consumption rate is approximately 20 pounds of steel per ampere per year.  In other words, if one ampere of current is being discharged from an area of damaged coating, then 20 pounds of metal would be lost from the pipe in 1 year.  Obviously, this highly localized corrosion could cause perforation of the pipe wall very quickly. 
Q.
Was the cross-wired Vasa Park rectifier the cause of the leak and ultimately the explosion at the Schmitz house?
A.
It is impossible to say with 100% certainty that there was 0% impact of the rectifier reversal on the leak.  However, based on the morphology of the corrosion damage on the exterior and the presence of significant corrosion on the interior surfaces of the pipe in the area of the leak, it is highly unlikely that the rectifier reversal was a major or primary contributor to the leak.  
Another way to view it is that if the rectifier in its correct configuration was unable to provide adequate protection to the surface of the coating holiday in the 22 years since cathodic protection was applied, then how could reversing the leads cause such significant damage to such a remote coating holiday?  It is most likely that corrosion damage would have occurred at coating holidays identified in the vicinity of the rectifier, and not on a remote service.

If the damage and ultimately the perforation in the service line had been caused by the cross-wired rectifier, we would expect the damaged area to have less accumulation of rust due to the elevated potentials that occur when rectifier leads are reversed.  In addition, we would expect the greatest damage closest to the rectifier.  
VII.
APPROPRIATE STEPS TO PREVENT SIMILAR INCIDENTS 
Q. 
From a corrosion control standpoint, what steps has PSE taken to prevent similar incidents in the Spiritridge Subdivision?
A.
PSE has undertaken to replace all of the steel mains and services in the area influenced by the Vasa Park rectifier cross-wiring, which includes parts of the Spiritridge subdivision.  This will remove the possibility of similar future problems due to corrosion because the replacement piping is non-metallic.  Non-metallic pipe does not suffer from corrosion as a damage mechanism in the area/subdivision where the main and service piping was replaced.

Q.
Could other subdivisions in PSE’s service area have a similar problem?

A.
Yes, it is possible.  In PSE’s Pipe Segment Integrity Study, which is my Exhibit No. ___ (GECB-10), at page 11, first paragraph, PSE states: “The pipe investigated is constructed of materials and installed with workmanship typical for pipe of similar vintage through the PSE gas distribution system.  The corrosion processes acting on the pipe are not unusual and are typical of those to be expected at any other locations in the gas distribution system.”  


The fact is that PSE’s greatly increased gas leak monitoring in the Spiritridge neighborhood, plus extensive corrosion investigation and related intense scrutiny of the area, resulted in discovery of locations with previously undetected leaks and coating damage.  These locations, along with other leaks identified from PSE’s leak surveys, indicate that leaks are not an unusual occurrence in these types and vintages of construction and subdivisions.
Q.
What other steps should PSE take to prevent similar problems?

A.
The first step is to develop an inventory of properties with similar vintage of construction.  The inventory should include residential and commercial construction that occurred more than 5 years prior to the application of impressed current cathodic protection for corrosion control.  


Once the inventory is developed, PSE should assess the condition of the systems in a manner similar to that used at Spiritridge: annual leak surveys in those areas, detailed cathodic protection surveys with direct examinations of positive and negative indications, and scrutiny and analysis of the details of cathodic protection data.  


From these assessments, PSE can prioritize the areas for additional monitoring, and create a plan for rehabilitation and eventual replacement of the aging portions of its distribution system. 
Q.
What is the basis for selecting construction that occurred more than 5 years prior to the application of impressed current cathodic protection for corrosion control?
A.
If we assume that the corrosion rates are less than 10 mils per year in most cases, then in five years prior to the application of cathodic protection approximately 50 mils of steel corrosion could be achieved.  Since services are generally more than 100 mils thick, this results in less than 50% through wall penetration at coating holidays in contact with soil, prior to the application of cathodic protection.  Of course, corrosion rates may be higher or lower, but this seemed to me to be a reasonable way to start and the scope and parameters for the assessments could be expanded or contracted as the assessment progresses.
Q.
What other steps should PSE take?
A.
It is my understanding from Commission Staff that PSE has implemented some measures to prevent or minimize the possibility and increase the detection of possible mis-wiring of rectifiers, such as assuring that the terminal wires are color-coded or sized differently to distinguish between the positive and negative leads of the rectifiers.  This is a good step forward to preventing other such reversals which could cause more damage with serious results.  

Further, PSE field staff should be trained in the use and recording of cathodic protection reading using digital voltmeters which would reduce the practice of recording “0.0” as reading that might be indicative of rectifier reversal or other conditions significantly deleterious to the condition of the piping.
Another option is that PSE can continue to use analog devices so long as there is specific training on what a “0” reading may mean, and a prompt corrective response is made.  However, there will come a time when the transition to digital meters will have to be made, and beginning the process now of training for the future is advisable.
VIII.
CONCLUSIONS AND RECOMMENDATIONS
Q.
What conclusions do you draw based on your analysis of the information available regarding the explosion? 

A.
Based on my analysis of the soil testing, the Metallurgic Study, the Riser Study, the Pipe Segment Integrity Study, and the other relevant information provided in this investigation, I make the following conclusions:
1. The leak that resulted in the explosion was the result external corrosion.  The leak was associated with coating damage that most likely existed from the time of the original installation.

2. The external corrosion was most likely not directly related to the cross-wiring of the Vasa Park rectifier.  Evidence indicates that the leak preceded the reversal by a significant amount of time.
3. Microbiologically influenced corrosion may have contributed to the failure.
4. The situation within the Spiritridge subdivision is not unique in the PSE system.  The results of the Puget Sound Energy, “Puget Sound Energy Pipe Segment Integrity Study in the Vicinity of the Vasa Park Rectifier,” dated June 21, 2005, indicated that undiscovered leaks are still present in the system and that the condition of the system is typical for construction from this vintage.

5. Replacement of the main and service piping in the Spiritridge subdivision has eliminated the possibility of a similar corrosion related incident because the new piping is non-metallic.
Q.
Based on your analysis, what do you recommend the Commission order 
PSE to do to assure the integrity of its system?

A.
I recommend the Commission order PSE to: 
1. Develop an inventory of properties with similar vintage of construction.  The inventory should include residential and commercial construction more than 5 years prior to the application of impressed current cathodic protection for corrosion control. 

2. Assess the condition of the systems in a manner similar to that used at Spiritridge: increased leak surveys, detailed cathodic protection surveys with direct examinations of positive and negative indications, and scrutiny and analysis of the details of cathodic protection data).  

3. Prioritize the areas for additional monitoring, and create a plan for rehabilitation and eventual replacement of the aging portions of their distribution system. 
4. Increase leak monitoring activities during period PSE is in the inventory, assessment and prioritization process.  In particular, gas leak surveys on distribution systems from the same vintage and era of construction should conducted annually, and services should be targeted in the surveys since this is where the people live. 

5. Continue to use DCVG and CIS methods.  Although they are not perfect, they constitute the industry standard for indirect assessment of pipeline condition.  Expanded application DCVG and CIS, coupled with leak surveys, and a full evaluation of other data from an area, can reduce the likelihood of another explosion.  As with the leak surveys, services should be a focus of the assessment methods because these services are the facilities that bring the hazard to the people.
6. Implement institutional and operational controls that further prevent or minimize the possibility and increases the detection of possible mis-wiring of rectifiers.  I understand from WUTC staff that PSE has already trained its field staff in the use and recording of cathodic protection reading using digital voltmeters which would reduce the practice of recording “0.0” as reading that might be indicative of rectifier reversal or other conditions deleterious to the condition of the piping.  



Another option is that PSE can continue to use analog devices so long as there is specific training on a) what a “0” reading may mean, and a prompt corrective response is made.  However, there will come a time when the transition to digital meters will have to be made and beginning the process now of training for the future is advisable.

Q. Does this conclude your direct testimony?

A.
Yes.  
