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I.
INTRODUCTION
Q.
What is your name and business address?
A.
My name is Kuang-Shi Chu.  My business address is 1300 S. Evergreen Park Drive S.W., PO Box 7250, Olympia, Washington, 98504-7250.

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

A.
I am employed by the Washington Utilities and Transportation Commission as a Pipeline Safety Engineer.

Q.
In general, what are your duties as a Pipeline Safety Engineer?

A.       I perform pipeline safety inspections of natural gas and hazardous liquid pipeline companies for compliance with applicable statues and regulations.  My related duties include performing engineering evaluations of regulatory proposals made to the Commission by natural gas and hazardous liquid companies; applying engineering standards; evaluating pipeline facilities; and analyzing records to insure compliance with the pipeline safety laws and regulations.



In addition, I analyze construction plans; evaluate company operations and maintenance; evaluate leak surveys; apply knowledge of corrosion control and cathodic protection; investigate pipeline incidents; and analyze data for formal hearings.

Q.
What are your educational and professional experience and qualifications?

A.
I graduated in 1975 with a Ph.D. in Mechanical Engineering from Ohio State University, located in Columbus, Ohio.  I hold a professional engineer’s license.  I am a member of the American Society of Mechanical Engineers (ASME), and a member of the ASME code committee for liquid pipelines.  


I am certified as a pipeline safety engineer by the federal Transportation Safety Institute.  I am certified as a welding inspector by the National Welding Inspection School.  I am certified as a Level 1 Coating Inspector and a Level 1 Cathodic Protection Tester by NACE International (formerly National Association for Corrosion Engineers (NACE)).



I worked for Kellogg/Brown & Root in Houston for five years as a Senior Mechanical Engineer and I worked for Saudi Arabian Oil Company (Aramco) for twenty years as a Pipeline Specialist.  I have worked for over four years at the WUTC as a Pipeline Safety Engineer regarding both hazardous liquids pipelines and natural gas pipelines operating in this state.

II.
SCOPE OF TESTIMONY

Q.
What is the scope of your testimony in this proceeding? 

A.
I will explain the events that occurred on September 2, 2004, when a house exploded, resulting in a fatality.  The house was located in the Spiritridge neighborhood of Bellevue, Washington, in the service area of Puget Sound Energy, Inc. (PSE).  The resident of the house, Mrs. Frances Schmitz, was a residential gas customer of PSE.  


I provide a chronology of the events that occurred that day.  I also provide the Bellevue Fire Department report of the incident, plus photographs taken the day of the incident and the day afterward, and other documentation that help explain the incident.  These are contained in my Exhibit Nos. ___ (KSC-2) to ___ (KSC-7).


I will also identify the area covered by the Vasa Park rectifier that was part of PSE’s cathodic protection system in the area of the Schmitz house.   My Exhibit Nos. ___ (KSC-8) and ___ (KSC-9) are maps that show the actual area PSE was serving with the rectifier at the time of the explosion.  Some parts of PSE’s system were disconnected from cathodic protection because of maintenance by PSE.   I also describe the rectifier and explain the cross-wired condition that was found.  Information related to the rectifier issue is contained in my Exhibit Nos. ___ (KSC-10) through ___ (KSC-19).

I identify the Commission statues and rules PSE violated related to the explosion.  Staff witness Mr. Rathbun provides testimony regarding the civil penalty level Staff recommends in this case.


I also explain how PSE has complied with certain requirements in Commission Order No. 1 in this docket. 


Finally, I explain the changes PSE has made to its system and to its practices as a result of its investigation, and I identify additional changes the Commission should require PSE to make.

III.
SUMMARY 

Q.
Please summarize your testimony.

A.
The explosion was caused by gas that leaked into the Schmitz house.  PSE’s service line to the house had two large leaks in the area of the service line that was next to the house.  


At the time of the explosion, the rectifier PSE was using as part of the cathodic protection system serving the area was cross-wired.  In this condition, the cathodic protection system was in effect drawing metal from the pipe instead of keeping metal on the pipe.  I conclude that this condition existed for at least five days and at most sixty-four days.



Based on the cross-wired rectifier, I conclude that PSE violated RCW 80.28.210 by not maintaining its pipe in a safe condition.  PSE also violated 49 C.F.R. § 192.463, by failing to provide required levels of cathodic protection during the time the rectifier was cross-wired.


I testify that PSE has complied with the nine conditions listed in Paragraph 16 of the Commission’s Order No. 1 in this docket.



Finally, I review the system and service improvements PSE has made as a result of the incident, and I address Staff’s five recommendations in this case:

1)
The Commission should require PSE to identify, assess, prioritize and rehabilitate portions of its distribution system that are similar to the Spiritridge neighborhood.  Dr. Bell provides the details of this recommendation, and the basis for it.  I am responsible for the remaining four recommendations.
2)
The Commission should require PSE to change its Operating Manual to initiate remediation without undue delay, after a zero or positive voltage cathodic protection reading is taken;

3)
The Commission should require PSE to amend its Operating Manual to: a) include a standardized process for taking pipe to soil potential measurements; b) include specific provisions describing the significance of “zero” voltage cathodic protection readings using analog devices, and on the significance of positive voltage cathodic protection readings using digital devices; and c) indicate that remedial action must be initiated without undue delay when such readings are taken.  PSE should also be required to train its employees regarding these items.
4)
The Commission should require PSE to secure its rectifiers against unauthorized access, and to maintain a log showing when each rectifier is accessed and what was done;

5)
The Commission should relieve PSE from the requirements of Order No. 1 regarding leak repair and leak regrades, because new Commission rules now provide adequate protection.  The Commission should change the requirement of Order No. 1, that PSE perform leak surveys in the area served by the rectifier, from the current monthly interval to annually.
IV.
THE EVENTS OF SEPTEMBER 2, 2004 

Q.
When and where did the explosion occur?

A.
The explosion occurred on September 2, 2004 at a house owned by Mrs. Schmitz.  The house was located at 16645 S.E. 26th Place in the Spiritridge neighborhood of Bellevue, Washington.  Mrs. Schmitz was in the house at the time it exploded.  Unfortunately, she did not survive the injuries she sustained from the explosion and resulting fire.

Q.
Was Mrs. Schmitz a customer of PSE?

A.
Yes.  Mrs. Schmitz was a residential natural gas service customer of PSE.  According to page 3 of the “Fire Investigation Report” of the Bellevue Fire Department, the Schmitz house had gas appliances consisting of a hot water tank, a furnace, two fireplace inserts, and a fixed outdoor barbeque.  


The report of the Bellevue Fire Department is contained in my Exhibit No. ___ (KSC-2).  Page 3 of the Fire Investigation Report is page 3 of that exhibit.
Q.
Please briefly describe the events that took place on September 2, 2004, related to that explosion.

A.
At 8:29 AM that day, PSE received an odor call from a resident who lived near the Schmitz house.  An “odor call” is a call to the utility from a person who detects the odor of gas.


PSE responded to the odor call.  The first person to respond to the call was a PSE employee named Mr. Clipper Edwards.  His job title is “Gas First Response, Fitter I.”  He arrived in the area around the Schmitz house at 8:50 AM and immediately began a gas leak detection survey.  



At about 9:29 AM, while this leak survey was still in progress, Mrs. Schmitz’s house exploded and caught fire.  Mr. Edwards called PSE dispatch to give an emergency notification.  The Bellevue Fire Department received an emergency call at 9:30 AM.



Mrs. Schmidt walked out of the burning house and neighbors helped her to the other side of the street where they laid her down on the lawn.  Fire engines, police, and an ambulance arrived shortly afterward.  The Bellevue Fire Department extinguished the fire.  Other emergency response personnel took Mrs. Schmitz to the hospital.  She died three weeks later, on September 26, 2004.
Q.
How was the Commission notified of the explosion, and how did the Commission respond?

A.
At 10:28 AM, about one hour after the explosion, PSE called the Commission and reported the explosion and fire.  Mr. Al Jones, Commission Pipeline Safety Engineer, and I went to the site of the explosion.  The fire was extinguished by the time we arrived, and the Bellevue Fire Department was starting its investigation of the incident.  While we were there, the house and property were secured with a fence and lock, and all interested parties left for the evening with a promise to resume the investigation the next day, September 3, 2004.

Q.
Have you prepared a more detailed chronology of the events of the explosion on September 2, 2005, and subsequent key events?
A.
Yes.  A detailed chronology is contained in my Exhibit No. ___ (KSC-3).  The facts contained in that exhibit were obtained from Staff’s personal knowledge, as well as information Staff obtained from PSE personnel, Mrs. Schmitz’s sons and neighbors, and the Bellevue Fire Department.
Q.
Have you prepared an exhibit containing photographs of the house after it exploded?

A.
Yes.  My Exhibit No. ___ (KSC-4) is a three page exhibit containing three photographs taken by the Bellevue Fire Department of the Schmitz residence on September 2, 3005, just after the explosion.
Q.
Please describe what these photographs portray.

A.
The photographs show that the house was destroyed.  Page 1 of the exhibit is a photograph showing the west side of the house.  It also shows the location of the buried service line before it was excavated.  The photograph on page 2 of the exhibit shows the north side of the house.  The photograph on page 3 of the exhibit shows the aerial overview of the house.  It was taken from a point to the north of the house. 

V.
    NATURE OF COMMISSION STAFF’S INVESTIGATION

Q.
Did Staff actively participate in the investigation of the explosion and 
related matters?

A.
Very much so.

Q.
Please describe the efforts Staff made to assure a thorough investigation of this matter.

A.
Staff has sought and obtained information from PSE through the usual data request process.  Staff is also utilizing the services of Dr. Bell, an expert in pipeline matters relevant to this case.  In addition, Staff actively investigated the explosion and took steps to assure that proper care was taken to preserve the service line and other facilities and soils that were removed for analysis.

Q.
In addition to Staff’s visit to the explosion site on the day of the explosion, did Staff take other visits to the site of the explosion, as well as the general Spiritridge neighborhood?

A.
Yes.  Staff visited these locations on many occasions.  From September 3, 2004 through May 2005, Staff employees made 78 trips to the area of the explosion, to Bellevue for public meetings, or to meetings with PSE personnel.  Staff observed much of PSE’s excavation activities involving taking samples for the coating survey, removing facilities and soils for analysis, and so on.  A summary of these efforts is contained in my Exhibit No. ___ (KSC-5).
V.
   CAUSE OF THE EXPLOSION, AND PHOTOGRAPHS OF 
THE LEAKING SERVICE LINE

Q.
What was the direct cause of the explosion that destroyed the Schmitz house and led to the death of Mrs. Schmitz?

A.
Natural gas entered the Schmitz home and ignited, causing the house to explode.

Q.
Did the Bellevue Fire Department produce a report of the incident?

A.
Yes.  As I mentioned earlier, a copy of that report is included as my Exhibit No. ___ (KSC-2).  The first 8 pages of that exhibit are the Fire Department’s “Fire Investigation Report,” and the last 13 pages are the Fire Department’s “Incident Report.”  I also reviewed the witness statements and other documents contained in the Fire Department’s files.
Q.
What did the Bellevue Fire Department conclude was the cause of the 
explosion?

A.
According to page 6 of Exhibit No. ___ (KSC-2), the investigators for the Bellevue Fire Department concluded: “natural gas accumulated within the structure through construction openings as it escaped from a hole(s) in the outside gas service pipe before the meter connection.”  



The Fire Department did not conclusively determine what ignited the gas.  The Fire Department also stated on that page: “There were many possible sources of ignition for the gas to ignite.”



The construction openings identified by the Fire Department related to the rubber hose attached to the downstairs sink, as noted on pages 6-7 of my Exhibit No. ___ (KSC-2).  
Q.
When you visited the site of the explosion on September 2, 2004, did you examine the PSE pipe that provided gas to the Schmitz residence?

A.
Yes.  I examined it on September 3, 2004, before it was removed for testing.  Staff took photographs of the service line in place.

Q.
What did you see when you examined the service line to the Schmitz residence on September 3, 2004?

A.
I saw two holes in the service line approximately ⅜-inch long and ¼-inch wide.  The holes were approximately ¼-inch apart.  The holes were upstream of the service riser bend.  A “service riser bend” is the bend in the service line at the point where the pipe goes from underground, up through the surface of the ground, and to the gas meter.  “Upstream” means toward the street and away from the meter.  



The holes were about 2 feet below a rubber drain hose, and about 1⅟2 feet below a corrugated drain pipe.
Q.
Have you prepared exhibits showing the service line near the house and the leaks you have described?

A.
Yes.  My Exhibit No. ___ (KSC-6) and Exhibit No. ___ (KSC-7) contain photographs of the service line and the leaks.  The photographs in each exhibit were taken by Commission Staff on September 3, 2004, the day after the explosion, after the line was excavated.

Q.
Please explain Exhibit No. ___ (KSC-6).

A.
Exhibit No. ___ (KSC-6) is a photograph taken during PSE’s excavation of the service line to Mrs. Schmitz’s house.  At the right middle part of the photograph, you can see the service line leaving the ground and going vertically up to the meter.  This point where the pipe curves upward is the “service riser bend” I referred to earlier.  It is also called a “sweep.”  I have placed an “A” at this point on the photograph for identification purposes.



On the left side of the photograph is a red colored rubber hose emerging from the house foundation.  I have placed a “B” at this point on the photograph for identification purposes.  This hose was for the drain of a sink located in the basement of house.  The foundation was not sealed around the hose as it left the house, nor was the hose connected to any outside drain.  As I mentioned, there was also a corrugated drain located near the leak.  I have marked this corrugated drain pipe with a “C” for identification purposes.


The small diameter white colored pipe that can be seen above the red colored rubber hose is part of the house sprinkler system for the lawn.  I have placed a “D” to identify the sprinkle head.
Q.
Please explain Exhibit No. ___ (KSC-7).

A.
Page 1 of Exhibit No. ___ (KSC-7) is a close-up photograph of the service line taken at the same location as Exhibit No. ___ (KSC-6).  The two holes in the pipe can be seen clearly.



Page 2 of Exhibit No. ___ (KSC-7) is similar to the first page, with a panoramic view.  This photo shows the location of the leak relative to the service riser bend to the meter.  I have placed a circle around the 2 holes.
VI.
NATURE OF THE PSE FACILITIES SERVING THE SCHMITZ RESIDENCE AND THE SPIRITRIDGE NEIGHBORHOOD

Q.
Has Staff prepared maps showing the location of the Schmitz residence and the Spiritridge neighborhood?

A.
Yes.  My Exhibit Nos. ___ (KSC-8) and ___ (KSC-9) are maps Staff prepared.  I use these maps later to describe the area served by the PSE Vasa Park rectifier.  These exhibits show the location of the Schmitz residence, along with the streets in the Spiritridge neighborhood.



Exhibit No. ___ (KSC-8) shows the Spiritridge neighborhood and the larger outlying area.  Exhibit No. ___ (KSC-9) shows a smaller geographic area, and it includes street names in the Spiritridge neighborhood.  


Later in my testimony, I explain the other information presented on these exhibits and how these exhibits were prepared.
Q.
At the time of the explosion, what types of facilities was PSE providing to serve Mrs. Schmitz’s house with natural gas?

A.
PSE owns and operates a natural gas distribution system that was delivering natural gas to the Schmitz house by pipes at that time.  To deliver natural gas to the house, PSE provided a steel service line approximately 62 feet in length.  A “service line” is the pipe that transports the gas from the main line to a building such as a house or business.  A “main line” or “main” is a pipe that transports the gas to the area, but does not deliver the gas to a building.


According to PSE records, the steel service line to the Schmitz house was installed in 1963.  The pipe had been coated with coal tar before it was installed.



The “street end” of the service line was connected to PSE’S distribution main near the street in front of the house.  At the “house end” of the service line, PSE had installed a meter.  The meter measured gas usage and a regulator located at the meter reduced the pressure of the gas down to the pressure that is typical of residential usage.  Normal residential usage pressure is approximately 0.25 pounds per square inch gage. 



Customer-owned piping was installed at the outlet of PSE’s meter, which transported the gas into the house.

Q.
Please describe the nature of the facilities PSE was using to serve the Spiritridge neighborhood at the time of the explosion.

A.
Gas service started in the area in 1958.  The mains used to serve the area were 6”, 4”, 2”, or 1⅟4” sizes steel pipe.  The service lines to houses in the neighborhood were generally ¾” or ½” sizes steel pipe.  The steel mains and services were coated with coal tar or extruded polyethylene.


Over time, PSE and/or its predecessor installed some new plastic pipes in the area and, in other cases, plastic pipe was inserted into the existing steel service line for repair.  So at the time of the explosion, PSE was using a mix of plastic pipe and steel pipe to serve the Spiritridge neighborhood.

VIII.
CATHODIC PROTECTION OF THE METALLIC PIPE LOCATED IN THE AREA OF THE EXPLOSION

Q.
What subjects do you address in this part of your testimony?

A.
In Section A, I provide my understanding of the cathodic protection requirements of Commission rules that were in effect at the time of the explosion.  Dr. Bell addresses the theory of how external corrosion occurs and how external corrosion can be mitigated using cathodic protection.

In Section B, I describe the system of cathodic protection that PSE was using in the Spiritridge neighborhood at the time of the explosion.  That system of cathodic protection included the Vasa Park rectifier.  I explain that the rectifier was “cross-wired,” and what that means.


In Section C, I describe the area served by the Vasa Park rectifier at the time of the explosion, and what pipe was affected and not affected by the cross-wired condition of the rectifier.


It is important to understand at the outset that cathodic protection does not remove pre-existing external corrosion from a metallic pipe or otherwise improve any existing external corrosion on the pipe.  Rather, if metallic pipe has any external corrosion, cathodic protection preserves the state of external corrosion that existed before the cathodic protection was applied.


A.
Commission Rules Requiring Cathodic Protection of Metallic Pipe

Q.
Are you familiar with Commission gas pipeline safety rules as they relate to cathodic protection requirements?

A.
Yes.

Q.
What did Commission rules require for cathodic protection at the time of the explosion?
A.
The version of WAC 480-93-110 that was in effect at the time of the explosion stated:

Corrosion control.  Every gas company must ensure that all of its metallic gas pipelines, except cast iron and ductile iron, are protected by a recognized method or combination of methods of cathodic protection.  Every gas company shall record and retain all cathodic protection test readings taken and complete remedial action within ninety days to correct any cathodic protection deficiencies known and indicate by the company’s records.    


Whenever a gas company finds from investigation as required by 49 CFR, Part 192, that cathodic protection of gas pipeline is not needed, the company shall submit to the commission a report setting forth good and sufficient reasons why such protection is not required.  The report shall include the results of soil tests and other supporting data.  

Q.
Did Commission rules require cathodic protection on all metallic pipes, regardless of when they were installed? 

A.
No.  The version of WAC 480-93-111 in effect at the time of the explosion required companies to provide to the Commission, upon request, drawings showing the areas where pipe was not cathodically protected.  According to that rule, “if the gas company can prove, through electrical test data or other means, that the gas facilities are not in a corrosive environment, then neither cathodic protection nor replacement will be required.”  This rule recognized that some metallic pipe might not be cathodically protected.
Q.
Other than under WAC 480-93-111, which you just quoted in part, what is your understanding of when metallic pipe was required to be cathodically protected?

A.
According to 49 C.F.R. § 192.455, cathodic protection was required on all metallic pipe installed after June 31, 1971.  However, according to 49 C.F.R. § 192.457(b)(3), coated metallic distribution pipe installed before June 31, 1971 must also be cathodically protected “in areas in which active corrosion is found.”  The Commission adopted these requirements by reference in WAC 480-93-010 in effect at that time.
Q.
When was the metallic pipe in the Spiritridge neighborhood installed, and when did PSE provide cathodic protection?

A.
It is my understanding that the metallic pipe was installed in the 1960’s.  For example, as I explained earlier, the service line to the Schmitz house was installed in 1963.  PSE installed impressed current cathodic protection in 1982, although PSE had some galvanic anodes in some parts of the area before then. 
Q.
Should the rules regarding cathodic protection apply to the impressed current cathodic protection system PSE installed in the Spiritridge neighborhood in 1982?

A.
Yes.  It appears PSE’s predecessor installed the cathodic protection in the Spiritridge neighborhood as a matter of company policy.  It makes sense that if a company installs a cathodic protection system in an area when the rules do not explicitly require it, that the company still needs to follow the cathodic protection rules for that system.  According to PSE's Response to Staff Data Request No. 88(1), which is in my Exhibit No. ___ (KSC-10), PSE acknowledges that is was subject to the rules on cathodic protection from the time it installed the rectifier.
Q.
Please provide your understanding of the basic standards required for cathodic protection.

A.
According to 49 C.F.R. § 192.463(a), PSE must select at least one of four criteria for providing cathodic protection.  These criteria are found in Appendix D of 49 C.F.R. Part 192.  The criterion PSE selects must be used when PSE tests its system.  If the selected criterion is not met, PSE must remediate the deficiency by a method that will bring the system into compliance.  The Commission adopted these requirements by reference in WAC 480-93-010 in effect at that time.


As Dr. Bell explains, the basic rules of cathodic protection are to ensure the buried steel pipe is more negative in potential than the surrounding soil, so that the electric current will flow from the anodes through the surrounding soil onto the pipe.

Q
What is the meaning of the word “potential” as you use it in your testimony?

A.
When a piece of metal is placed in an electrolyte, such as soil, a voltage will develop across the metal-soil interface because of the electrochemical nature of the corrosion process.  This voltage is also called “potential.”  An “electrolyte” is a substance which, when placed in water, will conduct electricity and carry electric current.

B.
The System of Cathodic Protection PSE Was Using in the Area of the Explosion, Including the Reverse Polarity Condition That Was Found

Q.
Please generally describe PSE’s system of cathodic protection that was in place on September 2, 2004, in the area of the house that exploded. 

A.
PSE was using both an impressed current system of cathodic protection and a galvanic system.  These forms of cathodic protection are explained by Dr. Bell in his testimony.


For the impressed current system, PSE used a “Vasa Park” rectifier located at 164th Avenue S.E. and 164th Place S.E.  According to the Company’s Response to Staff Data Request No. 24, this rectifier was installed in March 1982.  


According to the Company’s Response to Staff Data Request No. 11, the Vasa Park rectifier is connected electrically with a network of pipes that cover 352,150 feet of mains and services that serve the Spiritridge neighborhood.  
Q.
Why is the rectifier called “Vasa Park” rectifier?

A.
Because the location of the rectifier is very close to the Vasa Park in Bellevue.
Q.
In addition to the rectifier, what other form of cathodic protection was PSE providing in the area? 
A.
In addition to the rectifier, PSE has galvanic cathodic protection in the form of sacrificial anodes dispersed throughout the Spiritridge neighborhood piping system that can boost the electric current in localized areas.

Q.
What are “sacrificial anodes?”
A.
As Dr. Bell explains in his testimony, a “sacrificial anode” typically consists of a bag containing magnesium, zinc or aluminum that is connected directly to a buried pipe.  An electric current is created because of difference in potential between the anode and the pipe.  The electric current flows from the anode through the soil into the pipe.  


The anode is called “sacrificial” because in providing the current, the anode materials are depleted, or “sacrificed.”

Q. Where are these sacrificial anodes located within the Spiritridge neighborhood?

A. I do not know.  PSE and its predecessor, the Washington Natural Gas Company, did not have complete records of when, where, and how these sacrificial anodes were installed.  It appears these sacrificial anodes were added to the piping as needed to provide cathodic protection.  The anodes were also used as the primary cathodic protection method before the rectifier was installed in 1982.

Q.
Have you prepared exhibits that show the Vasa Park rectifier and its location?

A.
Yes.  The maps I identified earlier, Exhibit Nos. ___ (KSC-8) and ___ (KSC-9), show the rectifier and its location in the Spiritridge neighborhood.  



In addition, my Exhibit No. ___ (KSC-11) contains two photographs of the Vasa Park rectifier.  My Exhibit No. ___ (KSC-12) is a close-up photograph showing the wiring of the lead wires of the rectifier.  


Each of these photographs was taken by Commission Staff on September 3, 2004, the day after the explosion.

Q.
Please explain Exhibit No. ___ (KSC-11).

A.
Page 1 is a photograph of the Vasa Park rectifier as it appears from across the street.  Page 2 shows the rectifier with the front cover removed.  The black dial on the middle left side of the rectifier indicates the percentage of maximum output voltage.  The two wires on the lower left side are terminal wires.

Q.
Please explain Exhibit No. ___ (KSC-12).

A.
My Exhibit No. ___ (KSC-12) shows the rectifier with the lead wires in the correct position.  Note that the lead wires are not color coded; they both have the same orange plastic coating.  There is a black piece of tape and a handwritten “plus” sign (+) on the far left wire, and a “negative” (-) sign on the wire next to it.



Also, note that the rectifier itself does not contain a sign showing which terminal is positive and which is negative.  As shown on my Exhibit No. ___ (KSC-12), someone has handwritten a “plus” sign (+) under the positive terminal and a “negative” (-) sign under the negative terminal.  According to PSE’s response to Staff Data Request No. 77(6), PSE employee Mr. Polkinghorn believes he made these marks “quite some time ago.”
Q.
Have you attached PSE’s Response to Staff Data Request No.  77 to your testimony?

A.
Yes.  It is attached as my Exhibit No. ___ (KSC-13).

Q.
On September 2, 2004, the date of the explosion, was PSE’s Vasa Park rectifier operating correctly?

A.
No.  At the time of the explosion, the lead wires of the rectifier were cross-wired.  In other words, the positive lead wire was connected to the negative terminal of the rectifier, while the negative lead wire was connected to the positive terminal of the rectifier.

Q.
What was the effect of the wires being reversed?

A.
This wiring configuration created a “reverse polarity” condition.  In other words, instead of the pipe being protected from external corrosion by ground bed anodes, in essence, the pipe can now work to “protect” the ground bed anodes and subject the steel pipe to external corrosion.  In areas of the pipe where steel was in contact with the soil due to defective coating or existing external corrosion, the current drain at these locations can concentrate, accelerating the corrosion rate.  This situation could cause the steel pipe walls to lose its thickness.

Q.
How did Staff learn the rectifier was cross-wired?

A.
On the afternoon of September 3, 2004, Staff Pipeline Safety Engineers Ms. Patricia Johnson and Ms. Kim West visited the rectifier, along with various PSE personnel.  During that visit, PSE informed Ms. West and Ms. Johnson that PSE had discovered that morning that the rectifier had been cross-wired, but that PSE had corrected that condition that morning.  


PSE later confirmed this.  For example, on page 2 of my Exhibit No. ___ (KSC-13), which contains PSE’s Response to Commission Data Request No. 77, part 5, PSE stated: “Ed Voogt (PSE Corrosion Technician) first discovered the cross-wiring on September 3, 2004 and immediately corrected the situation so that the rectifier was once again properly wired.”


The photographs taken by Commission Staff on September 3, 2004, showed that the cross-wiring had been corrected, as shown in Exhibit No.  ___ (KSC-12).


C.
The Area Served by the Vasa Park Rectifier Between July 1, 2004, 
and September 3, 2004

Q.
Did Staff estimate the geographic area that was actually being served by PSE’s Vasa Part Rectifier at the time of the explosion?

A.
Yes.  
Q.
Why is it important to estimate that area?

A.
It was important to estimate that area in order to understand the geographic scope of possible impacts of the cross-wired rectifier.  Accordingly, Staff analyzed the extent to which that rectifier was actually connected to PSE’s system during the period July 1, 2004, to September 3, 2004.  
Q.
What is important about the period July 1, 2004, to September 3, 2004?

A.
As I explain later, this is the maximum amount of time the rectifier could have been cross-wired.
Q.
What were the challenges in determining the area actually served by the rectifier during that time period?
A.
During that time period, PSE was doing maintenance work at various locations in the area.  PSE had disconnected, or “disbonded,” the cathodic protection system at these locations in order to do the work.  This means that the reverse polarity condition created by the cross-wired rectifier had no effect on those disbonded segments of the system, because they were not connected to the rectifier.  These disbonded pipes needed to be taken into account in determining the area actually affected by the cross-wired rectifier.

Q.
As a result of Staff’s analysis, what area was subject to the effects of the cross-wired rectifier during the period July 1, 2004, and September 3, 2004?

A.
The area actually served by the Vasa Park rectifier between July 1, 2004, and September 3, 2004, encompassed parts of the Spiritridge neighborhood.  The area included all steel pipes connected to the rectifier that were bonded and electrically continuous in an approximate area described by S.E. 24th Street and north to S.E. 19th Street, west along 161st Avenue S.E., and south along 164th Place S.E.  

Q.
Have you prepared maps showing the area the Vasa Park rectifier was designed to protect, as well as the areas that were actually connected to the Vasa Park rectifier, taking into account the disbondings that existed?
A.
Yes.  My Exhibit Nos. ___ (KSC-8) and ___ (KSC-9) provide this information.  Both exhibits were prepared using the same information.  Exhibit No. ___ (KSC-8) is based on an aerial photograph of the Spiritridge neighborhood and the larger surrounding area.  It does not contain individual street names in the Spiritridge neighborhood.  


Exhibit No. ___ (KSC-9) is based on a map.  It is focused on the Spiritridge neighborhood.  It contains individual street names in that neighborhood.
Q.
What part of these exhibits show the area the rectifier was designed to protect?

A.
On my Exhibit Nos. ___ (KSC-8) and ___ (KSC-9), the lavender shaded areas and the orange and yellow shaded high pressure mains show the area the rectifier was designed to protect.

Q.
What part of these exhibits shows the area that was actually served by the rectifier between July 1, 2004 and September 3, 2004?
A.
The pipe shaded red shows the pipe that was actually connected to the Vasa Park rectifier between July 1, 2004, and September 3, 2004.  This is the pipe that was subject to the effects of the cross-wired rectifier and the reverse polarity condition that was created.  The areas other than the area shaded red were not affected by the cross-wired rectifier because they were disconnected from the rectifier at that time.
Q.
What other information is provided on these exhibits?

A.
The exhibits show the location of the Schmitz house that exploded, and the location of the Vasa Park rectifier.  They show the two sites where PSE took “zero” cathodic protection readings on August 30, 2004, and September 1, 2004, and the site where PSE took a -1.1 volt reading on June 30, 2004.  I discuss these readings later in my testimony.  


The exhibits also show the area PSE included in its pipe coating survey.  That pipe is shaded in green.  Dr. Bell discusses the coating survey in his testimony.
Q.
How did Staff determine the areas PSE intended to be connected to the rectifier under normal conditions?
A.
Staff used information provided by PSE.  Staff Data Request No. 46 in part asked PSE to provide a description (or alternatively, a map) illustrating how PSE defined which customers were normally served by the rectifier.  PSE’s Response included a list of names and addresses of the customers PSE determined were normally served by the rectifier.  PSE also provided the location of the gas mains that were normally served by the rectifier.  


Exhibit Nos. ___ (KSC-8) and ___ (KSC-9) were developed by plotting those customers’ addresses and the main locations.  The lavender shaded area is based on the address information PSE provided, and the yellow and orange shaded mains are based on the main location information PSE provided. 
Q.
How did Staff determine what parts of PSE’s system were actually disbonded from the rectifier between July 1, 2004, and September 3, 2004?
A.
Staff used information PSE supplied in response to Staff Data Request No. 18, in which PSE was asked to provide exposed pipe condition reports for the area.  Staff also used PSE’s response to Staff Data Request No. 50, in which PSE was asked to provide the duration and precise locations of any disbondings that PSE made since October 1, 2003, in the area served by the Vasa Park rectifier.



The information supplied by PSE enabled Staff to plot the locations that were disbonded before July 1, 2004, and re-bonded after September 3, 2004.  These are the parts of the system that were electrically discontinuous with the rectifier during that time period.  By “electrically discontinuous” I mean they were disbonded, or disconnected from the rectifier.  This analysis confirmed that the pipe shaded in red on my Exhibit Nos. ___ (KSC-8) and ___ (KSC-9) was the pipe that was connected to the rectifier during the period July 1, 2004, and September 3, 2004.
Q.
What conclusions are appropriate to draw regarding the rectifier and the disbonding situation you have described?

A.
When the rectifier was cross-wired, that is, with the lead wires on the opposite terminals, the metallic pipe that was connected to the rectifier was placed into a reverse polarity condition.  This would cause all metallic pipe connected to the rectifier to not have the protective effects of cathodic protection.   Moreover, any external corrosion on this pipe would be accelerated on areas of pipe where there was pre-existing external corrosion or exposed metal pipe.  


If any of this metal pipe had external corrosion or a coating deficiency that resulted either in corrosion or in the pipe’s bare metal being exposed to the soil, the pipe’s wall thickness could have been reduced, leading to a degradation or hole in the pipe. 


As I explained earlier, the PSE metallic pipe that was subject to this reverse polarity condition is shown in red on my Exhibit Nos. ___ (KSC-8) and ___ (KSC-9).  As I explain later, PSE has replaced this pipe.
VIII.
VIOLATIONS OF COMMISSION STATUTES AND RULES

Q.
Have you analyzed the issue of whether PSE has violated any Commission statutes and rules in this docket?

A.
Yes.

Q.
What is your understanding, based on that analysis?

A.
It is my understanding that PSE violated Commission rules on cathodic protection because the cross-wired rectifier was placing parts of PSE’s system at risk of accelerated corrosion.  PSE failed to provide required levels of cathodic protection to those parts of the Spiritridge neighborhood affected by the cross-wired rectifier.  This conduct also violated RCW 80.28.210 because PSE failed to maintain its facilities in a safe condition.  There was a minimum of five days when these violations occurred. 


Staff’s investigation also discovered that PSE failed to timely remediate cathodic protection deficiencies in those areas that were disbonded in May and June 2004, but were not re-bonded until early or mid-October 2004.  However, those violations are beyond the scope of the complaint.  Accordingly, Staff is not pursuing those violations in this docket. 
Q.
Have you reviewed the Complaint the Commission issued in this docket?

A.
Yes.

Q.
What violations of Commission statutes does that Complaint allege?

A.
In Paragraph 31, the Commission alleges that “the allegations in this complaint constitute violations of RCW 80.28.210 in that PSE did not construct and maintain facilities in such a manner as will be safe and efficient.” 

Q.
What violations of Commission rules does that Complaint allege?

A. 
In Paragraphs 18-21, the Complaint alleges that PSE violated 49 C.F.R. § 192.463(a), which the Commission adopted by reference in WAC 480-93-010 in effect at that time.  Paragraph 20 of the Complaint states:

49 C.F.R. 192.463(a) requires that each cathodic protection system “must provide a level of cathodic protection that complies with one or more of the criteria contained in Appendix D of [Part 192].”  Appendix D of Part 192 of 49 C.F.R. sets forth specific voltage criteria for cathodic protection.

Paragraph 21 states:

PSE violated 49 C.F.R. § 192.463(a) because the cathodic protection system did not meet any of the voltage criteria in Appendix D of Part 192.  As a result, PSE did not provide the level of cathodic protection required by the rules.

Q.
Please explain the criteria in Appendix D of Part 192 of the C.F.R.

A.
As I discussed earlier, Appendix D of Part 192 of Title 49 of the C.F.R. contains several cathodic protection criteria.  The Commission adopted these requirements by reference in WAC 480-93-010 in effect at that time.  A pipeline company is required to adopt one or more of four criteria listed in the Appendix.  One of the criteria in Appendix D is: “A negative (cathodic) voltage of at least 0.85 volt, with reference to a saturated copper-copper sulfate half-cell…”  
Q.
What is a “saturated copper-copper sulfate half-cell”?
A.
A “saturated copper-copper sulfate half-cell” is a hand-held instrument that PSE technicians use to measure the voltage difference, sometimes called the potential difference, between a buried pipe and the soil surface.  The half-cell is also referred to as a “reference electrode.”  In this case, the instrument PSE used to measure cathodic protection voltage was called a pocket potentiometer, or “pocket pot.”  I discuss this equipment in more detail later in my testimony.
Q.
What cathodic protection criteria had PSE adopted for application during 2004?

A.
In its Gas Operating Standards 2600.1500, in effect at the time of the explosion, PSE has adopted a voltage range of -0.85 to -2.0 volts.  This is also the criteria PSE is using currently.
Q.
Can a cross-wired rectifier provide a level of cathodic protection in the required range of negative .85 to negative 2.00 volts?

A.
No.
Q.
Do PSE records provide evidence of when the rectifier was in a cross-wired condition?
A.
Yes.  A PSE Exposed Pipe Condition Report for August 30, 2004 shows that a corrosion technician made a cathodic protection reading of 0.00 volts on that day.  This reading was taken at 2932 162nd Avenue S.E., which is located in the Spiritridge neighborhood.  


According to PSE records, Mr. Hunt, an employee of PSE’s subcontractor Pilchuck Contractors, Inc. took this reading.  Mr. Henderson, a PSE employee, took a confirmation reading at the same location that same day, which also registered 0.00 volts. 



PSE took another 0.00 volt cathodic protection reading on September 1, 2004, as reflected in an Exposed Pipe Condition Report prepared by Mr. Haugen, a PSE subcontractor’s technician.  That report related to PSE pipe located at 3844 170th Avenue S.E., also in the Spiritridge neighborhood.  


The locations of these “zero” readings are also shown on my Exhibit Nos. ___ (KSC-8) and ___ (KSC-9).  The August 30, 2004 reading is labeled “EPCR 8/30/04 PSP -0.0V.”  The September 1, 2004 reading is labeled “EPCR 9/01/04 PSP -0.0V.”
Q.
What do “EPCR” and “PSP” mean?

A.
“PSP” means a pipe to soil potential, in this case, it is a cathodic protection reading measured in volts.  “EPCR” means Exposed Pipe Condition Report.
Q.
What is an Exposed Pipe Condition Report?

A.
An Exposed Pipe Condition Report is a report PSE is required to prepare to document the condition of buried pipe whenever it is exposed.  The exposed portion of the pipe must be examined for evidence of external corrosion and coating condition.  


The requirement to inspect any exposed pipe is found in 49 C.F.R. §192.459.  The requirement to prepare the report is found in 49 C.F.R. § 192.491(c).  The Commission has adopted these requirements by reference in WAC 480-93-010 in effect at that time.

Q.
Please explain the PSE Exposed Pipe Condition Reports for August 30, 2004 and September 1, 2004 that you described.
A.
These Exposed Pipe Condition Reports are contained in PSE’s Response to Staff Data Request No. 71, which is my Exhibit No. ___ (KSC-14).  



The August 30, 2004 Exposed Pipe Condition Report prepared by Mr. Hunt is page 4 of my Exhibit No. ___ (KSC-14).  The top of that page shows the location and the August 30, 2004, date when the reading was taken.  The “-0.00” volt reading is shown on the line near the top of the report labeled “First PSP read Taken (as found, volts).”  In the “Comment” section near the middle of the page, Mr. Hunt notes that Mr. Henderson also took a zero reading at that location that day. 


The September 1, 2004, Exposed Pipe Condition Report prepared by Mr. Haugen is page 3 of my Exhibit No. ___ (KSC-14).  It uses the same format as the report on page 4.  The date at the top right should read “9/1/04” not “9/1/01.”  The dates at the bottom right of the page confirm that 2004 is the correct year.  The “-0.00” volt reading is shown, as well as the comment that Mr. Haugen contacted PSE’s Mr. Polkinghorn to report the reading.
Q.
Is a “negative 0.00” volt cathodic protection reading, or “-0.00” volt cathodic protection reading the same as a 0.00 reading?
A.
Yes.  The negative sign (-) is not significant.

Q.
Is a 0.00 volt cathodic protection reading consistent with the level of cathodic protection Commission rules require?
A.
No.  A 0.00 volt reading is outside the range of -.85 to -2.0 volts required by Appendix D of 49 C.F.R. Part 192, and by PSE’s Gas Operation Standards Manual.  49 C.F.R. § 192.13(c) requires PSE to comply with its operating manual.  The Commission adopted these requirements by reference in WAC 480-93-010 in effect at that time.
Q.
Are the 0.00 volt readings PSE took on August 30, 2004, and on September 1, 2004, consistent with a cross-wired rectifier?

A.
Yes.

Q.
Are the 0.00 volt readings that PSE took on August 30, 2004, and September 1, 2004, consistent with a reading that would be expected for pipe that PSE had been disbonded for maintenance?
A.
No.  If a 0.00 volt reading was taken on a main or service line that had been disconnected from the rectifier at the time of that reading, the expected reading would be in the range of -0.400 to -0.500 volts, which is the native potential, provided there were no stray current interferences such as another rectifier, foreign pipeline crossings, etc.  The reading would not be zero. 
Q.
What do you mean by the term “native potential?”

A.
“Native potential” is the potential of the materials in neutral soils or water.  In this case, the native potential is the potential of the steel pipe in the soil before the current is introduced into the steel.  The native potential for steel in neutral soils is typically in the range of -0.4 to -0.5 volts for the type of soil in the Spiritridge area.  In other words, if the pipe were disconnected from the rectifier, a cathodic protection reading in the range of -0.4 to -0.5 volts would be expected.  The reading would not be 0.00 volts.

Q.
Are the 0.00 volt readings that PSE took on August 30, 2004, and September 1, 2004, consistent with the presence of a galvanic anode located near a site where pipe had been disbonded for maintenance?

A.
No.  If the pipe had been disconnected from the rectifier and a galvanic anode was located nearby, the readings would have been negative, not zero, assuming there was no stray current interference.

Q.
In any event, was the pipe that was subject to the two zero readings you described disbonded from the rectifier when those readings were taken?
A.
No.  The pipe was connected to the Vasa Park rectifier at the time the readings were taken.  As shown on my Exhibit Nos. ___ (KSC-8) and ___ (KSC-9), these readings were taken on pipe shaded red.  As I explained earlier, the red shaded area refers to pipe that was connected to the rectifier.
Q.
Is a cross-wired rectifier consistent with maintaining pipeline facilities in a safe and efficient condition?

A.
No.  As I explained earlier, a cross-wired rectifier creates a reverse polarity  condition.  That condition not only fails to provide the required levels of cathodic protection, but it also accelerates corrosion that already exists on the pipe, or causes corrosion wherever a coating deficiency has caused metal pipe to be exposed to the soil.  That is not a safe condition.
Q.
For how many days were the PSE facilities that were actually connected to the Vasa Park rectifier exposed to that reverse polarity condition?
A.
There is no definite answer to that question.  From the information available, I conclude that the rectifier was cross-wired for at least five days, from August 30, 2004, to September 3, 2004, and for at most sixty-four days, from July 1, 2004, to September 3, 2004.

Q.
What is the basis for your conclusion that the rectifier was cross-wired for at least five days, from August 30, 2004, to September 3, 2004?

A.
As I explained earlier, PSE took a 0.00 volt reading on the system on August 30, 2004, which is consistent with a cross-wired rectifier.  PSE discovered the cross-wiring on September 3, 2004, and corrected it that day.  That is the five day period when PSE was not providing the level of cathodic protection required by Commission rules, due to the cross-wiring.
Q.
What is the basis for your conclusion that the rectifier was cross-wired for at most sixty-four days, from July 1, 2004, to September 3, 2004?
A.
PSE records indicate that on June 30, 2004, a cathodic protection reading of negative 1.1 volts was taken at 3234 164th Avenue S.E., in the Spiritridge neighborhood.  That location is shown on my Exhibit Nos. ___ (KSC-8) and ___ (KSC-9) at the point labeled “ECPR 6/30/04 -1.1V.”



That -1.1 volt reading is consistent with a functional cathodic protection system.  Accordingly, the earliest date the rectifier could have been cross-wired was July 1, 2004; the day after June 30, 2004.  PSE corrected the cross-wiring on September 3, 2004, sixty four days later. 
Q.
When was the rectifier cross-wired and who cross-wired it?

A.
Staff investigated this issue and could not find the answer to these questions.  In Staff Data Request No. 77(2), Staff asked PSE to state the period of time the rectifier was cross-wired.  PSE’s responded in part that it “concluded that sometime between June 30, 2004, and September 3, 2004, someone accessed the rectifier and reversed the wires.  However, we do not know how long the rectifier remained in this cross-wired condition.  PSE only knows that the maximum amount of time it could have been cross-wired was from June 30, 2004-September 30, 2004.”


PSE’s Response to Staff Data Request No. 77 is my Exhibit No. ___ (KSC-13).

Q.
Did Staff investigate who accessed the rectifier after June 30, 2004 and before September 3, 2005?

A.
Yes.  According to PSE’s Response to Staff Data Request No. 76, the only person PSE knows who accessed the rectifier during that period was PSE employee Mr. Dick Polkinghorn.  He accessed the rectifier on August 2, 2004, to conduct a power test.  A power test does not involve disconnecting the leads to the rectifier.  Staff interviewed Mr. Polkinghorn, and he did not recall examining the leads on that date.

Q.
Have you included as an exhibit PSE’s Responses to Staff Data Request No. 76?

A.
Yes.  It is my Exhibit No. ___ (KSC-15).
Q.
What conclusions are appropriate to draw from this information?

A.
The rectifier was correctly wired on June 30, 2004, and it was cross-wired at least as of August 30, 2004.  There is no basis Staff could find for determining on what date the rectifier was cross-wired before August 30, 2004.  Accordingly, PSE did not provide required levels of cathodic protection for at least five days, due to the cross-wired rectifier.  In addition, the cross-wired rectifier presented an unsafe condition during at least that same five day period. 
Q.
You described the 0.00 volt readings that PSE took on August 30, 2004, and September 1, 2004, which occurred just before the explosion on September 2, 2004.  What do Commission rules require PSE to do to remedy the conditions that resulted in those zero readings?

A.
WAC 480-93-110 in effect at the time stated that a pipeline company such as PSE is required to complete remedial action within 90 days of discovering a cathodic protection deficiency, which would include the 0.0 volt readings.  That 90 day requirement remains in the current version of this rule.
Q.
Did PSE correct the deficiencies that led to these zero readings within 90 days?
A.
Yes.  PSE took remedial action by re-wiring the rectifier on September 3, 2004, which was within 90 days of the zero readings.
Q.
Do Commission rules require PSE to monitor its cathodic protection systems? 

A.
Yes.  49 C.F.R. § 192.465(a) states in part: "Each pipeline that is under cathodic protection must be tested at least once each calendar year, but with intervals not exceeding 15 months, to determine whether the cathodic protection meets the requirements of 192.463.”  The Commission has adopted this regulation by reference in WAC 480-93-010 in effect at that time.
Q.
Did PSE comply with this requirement during the last 5 years?
A.
Yes.  In PSE's response to Staff Data Request No. 25, PSE provided documentation demonstrating that PSE took pipe to soil potential readings in the Spiritridge neighborhood annually, during the last 5 years, in compliance with the rules. 

Q.
Do Commission rules require PSE to conduct periodic inspections of its rectifiers, including the Vasa Park rectifier located in the Spiritridge neighborhood, which you discuss in your testimony?

A.
Yes.  49 C.F.R. § 192.465(b) states: "Each cathodic protection rectifier or other impressed current power source must be inspected six times each calendar year, but with intervals not exceeding 2⅟2 months, to insure that it is operating.”  The Commission has adopted this requirement by reference in WAC 480-93-010 in effect at that time.

Q.
Did PSE comply with this requirement with respect to the Vasa Park rectifier during the last 2 years?

A.
Yes.  In PSE's Response to Staff Data Request No. 23, PSE provided documentation that the Vasa Park rectifier was inspected at the required interval during the last 2 years.
Q.
At the outset of this Part IX of your testimony, you noted that Staff found other violations of the 90 day remediation requirement that Staff is not pursuing in this docket because they were beyond the scope of the complaint.  Please explain those violations so the Commission will better understand Staff’s position in this regard.

A.
As I explained earlier, Staff determined the areas that were actually connected to the Vasa Park rectifier between July 1, 2004, and September 3, 2004.  In making that determination, Staff used information PSE supplied that identified those parts of PSE’s system that were disbonded before July 1, 2004 and then re-bonded after September 3, 2004.  These disbondings were done by PSE to address cathodic protection deficiencies.  



My Exhibit No. ___ (KSC-16) is PSE’s Response to Staff Data Request No. 50, which was used in Staff’s analysis.  As page 2 of that exhibit shows, PSE disbonded facilities at 15 different locations.  The “Date Disbonded” column shows that each disbonding occurred in “May/June 2004.”  


For PSE to comply with the 90 day remediation requirement in WAC 480-93-110, PSE should have corrected these deficiencies no later than September 28, 2004, which is 90 days after June 30, 2004.  June 30 is a conservative date because some of these disbondings apparently occurred earlier in June, and even in May.  PSE’s records apparently did not show the exact date when each disbonding occurred.


In fact, as the “Date Rebonded” column shows, PSE rebonded the facilities on October 5, 6, 7 and 14, 2004.  The 15 rebondings PSE made in October 2004 were outside the 90 day limit in WAC 480-93-110.
IX.
PSE’S COMPLIANCE WITH THE REQUIREMENTS OF COMMISSION ORDER NO. 1

Q.  In Paragraph 16 of the Commission’s Order No. 1, issued on September 17, 2004, in this docket, the Commission listed nine requirements, and in Paragraph 44, the Commission ordered PSE to comply with those requirements.  Has Staff investigated whether PSE has complied with those requirements?
A.
Yes.

Q. Has PSE complied with each of those requirements?
A.
Yes, although some of the conditions impose continuing obligations on PSE.

Q. Please state Requirement No. 1 and explain whether PSE has complied.
A.
Requirement No. 1 states:

1.
Within ten days, prepare and implement a communications plan to educate all customers in the area served by the rectifier (whether the facilities are steel or plastic).  The plan will address the following elements: alert affected customers that there may be a problem that is broader than a single house, the actions customers should take if they detect the odor of natural gas in and around their premises, receive periodic updates on the status of remedial actions taken, and the results of the company’s investigation when known.  PSE should work with the Commission Staff and the City of Bellevue in implementing this plan.  The plan shall be made available to the Commission upon request.



PSE has complied with this condition to date.  PSE prepared a communication plan in consultation with Staff and the City of Bellevue.  PSE took into account Staff’s suggestions.  PSE has implemented the communications plan.  I assume PSE will notify the public of its investigative findings at an appropriate time.
Q.
Please state Requirement No. 2 and explain whether PSE has complied.
A.
Requirement No. 2 states:

2.
Repair all leaks detected and verified in any of the facilities served by the rectifier.  PSE shall apply for any required permits and initiate One Call no later than the next available day following the day the leak is discovered, classifying all of these leaks as emergency locates.  In the event that the source of a C Leak cannot be located via excavation, PSE will consult with Commission Staff on next steps.  Without consultation with Commission Staff, PSE is not permitted to re-grade any leak for later inspection.  PSE shall begin to repair each leak no later than the day following receipt of permits and locates.  To the extent this provision is more lenient than applicable safety rules in a given situation, the applicable safety rule shall be followed.  Repair records shall be made available to the Commission upon request.


PSE has complied with this condition to date.  In Data Request Nos. 38 and 62, Staff requested PSE to provide leak survey results on a continuing basis.  PSE’s responses to those data requests show that PSE has complied with Requirement No. 2.  Staff also reviewed the results of each leak survey that was required under Requirement No. 8.  On two occasions, PSE contacted Staff with explanations as to why a leak was not repaired, and the explanations were acceptable to Staff.
Q.
Please state Requirement Nos. 3 and 4 and explain whether PSE has complied.
A.
Requirement Nos. 3 and 4 state:

3.
Preserve the service line that served the house, and make it available for inspection by the Commission upon request and any consultant retained by the Commission.

4.
Conduct a metallurgical analysis of the service line that served the house to determine what caused it to leak, and provide the results to the Commission upon request.



PSE has complied with both conditions.  After the incident, PSE excavated the service line to the Schmitz home, with Staff present.  PSE preserved the service line in a locked storage unit.  One PSE employee controlled access to the unit.  Protocols were in place to assure the pipe’s integrity before and during the testing process.  PSE selected CC Technologies to conduct the metallurgical analysis, and that firm’s report is discussed by Dr. Bell on behalf of Commission Staff.

Q.
Please state Requirement No. 5 and explain whether PSE has complied.
A.
Requirement No. 5 states:

5.
Preserve and make available to the Commission upon request all records relating to the installation and maintenance of the rectifier, including any record containing information on the period when the rectifier failed to provide the level of cathodic protection required by Commission rules. 


PSE complied with this condition.  In PSE’s Response to Staff Data Request Nos. 23 and 24, Staff received the installation and maintenance records for the Vasa Park rectifier.  In PSE’s response to Staff Data Request No. 77, PSE provided other information on the period when the rectifier was cross-wired, that is, when it failed to provide the level of cathodic protection required by Commission rules. 
Q.
Please state Requirement Nos. 6 and 7 and explain whether PSE has complied.
A.
Requirement No. 6 states:

6.
Preserve and make available to the Commission upon request any and all records of any investigations of the explosion and its causes.

7.
Preserve and make available to the Commission upon request any and all documents surrounding any investigation of the explosion, and/or the rectifier, and/or any of the other facilities involved.  This includes any leak surveys that are conducted.


PSE has complied with this condition by providing these reports and studies in response to Staff Data Request Nos. 23, 24, 48 and 62.

Q.
Please state Requirement No. 8 and explain whether PSE has complied.
A.
Requirement No. 8 states:
8.
Conduct leak surveys of all mains and service lines served by the rectifier on or before October 4, 2004, and every thirty days thereafter, until the Commission orders otherwise, and provide the results to the Commission upon request.  The survey to be conducted on or before October 4, 2004 is in addition to the survey PSE conducted within a week of the explosion.


PSE has complied with this condition to date by conducting the required leak surveys, and providing the results to Staff.

Q.
Please state Requirement No. 9 and explain whether PSE has complied.
A.
Requirement No. 9 states:

9. 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.



PSE has complied with this condition by conducting a coating survey and providing it to Staff.  PSE provided the survey on June 21, 2005.  It is entitled “Pipe Segment Integrity Study in the Vicinity of the Vasa Park Rectifier.”  It contains the results of the coating survey conducted in the Spiritridge neighborhood.  The coating survey is discussed by Staff witness Dr. Bell.
Q.
Among the requirements you listed and quoted, Requirement No. 2 states that PSE must repair all leaks detected in the area served by the rectifier, and PSE is prohibited from regrading any leaks that are found in that area.  First, please explain what leak “grades” and leak “regrades” are.
A.
PSE assigns Grades A, B and C to leaks.  These grades are described in PSE’s Gas Operating Standards Manual, Section 2625.1300.  According to that Section of PSE’s Manual, a Grade A leak is a leak that presents a hazardous condition.  PSE requires all Grade A leaks to be immediately repaired, or that continuous action be taken until the conditions are no longer hazardous.  A Grade B leak is a leak that is non-hazardous at the time it is detected, but which justifies a scheduled repair based on a probable future hazard.  A Grade C leak is non-hazardous at the time it is detected and can reasonably be expected to remain non-hazardous. 


A leak “regrade” occurs when PSE changes the grade of a leak.  For example, it is possible that a “B” leak can be downgraded to “C” after PSE vents the gas from the ground.  On the other hand, that leak may later return to Grade B condition, requiring further attention by PSE.
Q.
Should Requirement No. 2 be continued, so that PSE must immediately repair all leaks in the area served by the rectifier, and it may not regrade leaks in that area?

A.
No.  Since Requirement No. 2 was imposed by the Commission, the Commission adopted WAC 480-93-186, entitled "Leak evaluation.”  Under that rule, if a Grade A or B leak is downgraded to a C leak, it can only be downgraded once without a physical repair.  After a leak has been downgraded once, the leak must be repaired within twenty-one months.  In my opinion, this rule provides sufficient protection.
Q.
Requirement No. 9 requires PSE to conduct leak surveys in the Vasa Park rectifier coverage area on a monthly basis.  Should the Commission require that condition to continue?

A.
No, but Staff recommends PSE conduct leak surveys every year, rather than the normal requirement under CFR 49 Part §192.723, which the Commission has adopted in WAC 480-93-999, which requires leak surveys every 5 years for residential areas.
Q.
Please explain why PSE should be required to conduct leak surveys in the Spiritridge neighborhood more frequently than the minimum period called for by Commission rules regarding residential areas?

A.
My explanation is based on statements made by Mr. Kevin Garrity, P.E. and Chief Operating Office of PSE’s consultant, CC Technologies (“CCT”).  Mr. Kevin Garrity wrote a letter dated February 28, 2005, transmitting CCT’s report to PSE regarding the metallurgical analysis of the service line to the Schmitz house.  That letter is Dr. Bell’s Exhibit No. ___ (GECB-8).

On page 3 of that letter, under “Opinion No. 1,” Mr. Garrity stated: “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.”  Mr. Dennis Burke, a PSE consultant on cathodic protection, made a similar statement during his presentation to Dr. Bell and Commission Staff on November 4, 2004, in Bellevue. 


Because the metallic pipe in the Spiritridge neighborhood was installed in the 1960’s, and systematic cathodic protection was not provided until 1982, in my opinion, some of the steel mains and service lines in the Spiritridge neighborhood reflect the same condition, that is, localized external corrosion from exposure to corrosive soil conditions prior to the application of cathodic protection.


For that reason, the Commission should require PSE to conduct leak surveys annually, instead of every five years.
XI.
THE REPAIRS, IMPROVEMENTS OR OTHER CHANGES THE COMMISSION SHOULD REQUIRE PSE TO MAKE
Q.
Does the Complaint in this case state that the Commission may order PSE to change its practices and/or improve its facilities?

A.
Yes.  Paragraph 31 of the Complaint, last sentence, states: “The Commission may also order PSE to make repairs, improvements or other changes that may be appropriate.  RCW 80.28.130.”

Q.
What repairs, improvements or other changes has PSE already made?

A.  
PSE has taken at least three significant actions as a result of findings that came out of the incident.  First, PSE replaced all the steel pipes that were affected by the Vasa Park rectifier cross-wiring.  The pipes PSE replaced are shaded in red on my Exhibit Nos. ___ (KSC-8) and ___ (KSC-9).  I discussed these exhibits in detail earlier in my testimony.  



In most cases, PSE replaced the steel pipe with new polyethylene plastic pipe.  PSE purged the replaced pipes of natural gas and abandoned them in place.  In other instances, PSE inserted plastic into the existing steel service lines.


Second, as the Commission required in Order No. 1, PSE conducted a coating survey, the purpose of which was to evaluate the condition of the coating on the pipe in the Spiritridge neighborhood.  PSE calls this survey the “Pipe Segment Integrity Study in the Vicinity of the Vasa Park Rectifier.”  The survey was done in the area shaded in green in my Exhibit Nos. ___ (KSC-8) and ___ (KSC-9).  Dr. Bell analyzes the coating survey in his testimony. 


Third, PSE issued new Gas Field Procedures 4515.1610, effective April 1, 2005.  The title of the new procedure is “Conducting a Cathodic Protection Power Source Inspection.”  In step number 10 of the new procedure, PSE highlights one of the abnormal operating conditions as rectifier cross-wiring when conducting a cathodic protection power source inspection.  This new procedure is an improvement from the standards in effect at the time of the explosion because PSE’s prior standards did not have this cautionary statement. 

Q.
Does Staff recommend the Commission order PSE to make other repairs, improvements or changes that are appropriate?

A.
Yes.  As a result of its investigation, Staff has discovered certain conditions that Staff recommends the Commission should require PSE to change or improve.  Staff has five recommendations, which I stated at the beginning of my testimony.  These recommendations are also set forth in Mr. Rathbun’s Exhibit No. ___ (AER-2).
Q.
Please state Staff’s first recommendation.
A.
The Commission should require PSE to identify, assess, prioritize and rehabilitate portions of its distribution system that are similar to the Spiritridge neighborhood.  Dr. Bell provides the details of this recommendation, and the basis for it. 

Q.
Please state Staff’s second recommendation, relating to the time period for remediating cathodic protection deficiencies.
A.
The Commission should require PSE to change its Operating Manual to initiate remediation without undue delay, after a zero or positive voltage cathodic protection reading is taken.

Q.
What is the reason for this recommendation?

A.
Cathodic protection systems are often complicated.  When a deficiency is discovered in a cathodic protection system, and that deficiency is so far outside of the normal range that it can lead to a hazardous condition, ninety days may be too long to expect remedial action to be completed.

Q.
What sorts of cathodic protection deficiency require more prompt remedial action?

A.
Staff recommends that where a cathodic protection reading is zero or positive with power source on, that indicates a reverse polarity problem or stray current interference, PSE must initiate remediation without undue delay. 
Q.
Please state Staff’s third recommendation, relating to PSE procedures regarding zero and positive volt cathodic protection readings and response.
A.
The Commission should require PSE to amend its Operating Manual to: a) include a standardized process for taking pipe to soil potential measurements; b) include specific provisions describing the significance of “zero” voltage cathodic protection readings using analog devices, and on the significance of positive voltage cathodic protection readings using digital devices; and c) indicate that remedial action must be initiated without undue delay when such readings are taken.  




PSE should also be required to train its employees regarding these items.
Q.
Please explain how a “zero” or “positive” cathodic protection reading can be taken.
A.
PSE and its subcontractors often use a pocket potentiometer, sometimes called a “pocket pot,” to take cathodic protection readings.  


The pocket pot device typically used by PSE is an analog device with a limited range from zero to -2.0 volts.  It does not measure positive voltage.  A reverse polarity situation will provide a positive voltage.  However, in that situation, this device will simply rest on the zero volt reading.


PSE also uses digital devices to take cathodic protection readings.  These digital devices will read positive, negative and zero voltages.  

Q.
What do you mean by “analog” device ?

A.
The analog pocket pot device has a numeric scale and an indicator, such as a needle.  An example of such a device is shown in my Exhibit No. ___ (KSC-17).
Q.
What is the problem with a device that will measure only zero to negative voltage in taking cathodic protection readings?
A.
As I described earlier, on August 30, 2004, and September 1, 2004, PSE took two cathodic protection readings of 0.00 volts.  Both of these readings were taken with a pocket pot device.  A cross-wired rectifier would have produced a positive voltage, but the pocket pot PSE was using could read only a negative voltage.  Accordingly, the device read 0.00 volts.  


When an operator is taking a cathodic protection measurement, the current flow direction, measured by a positive sign or a negative sign, becomes important.  The pocket pot type of instrument PSE was using is not designed to detect the direction of the current flow.  As a result, it cannot detect a reverse polarity condition by showing a positive voltage.  However, it can detect a reverse polarity condition by giving a “zero” reading.  
Accordingly, the Commission should require PSE to give its employees explicit instructions regarding the significance of zero readings, and that prompt remediation is essential. 
Q.
Does the same problem occur with digital devices that PSE uses to take cathodic protection readings?

A.
No.  As I explained above, digital devices are capable of reading positive, negative and zero voltages.  Therefore, such devices will report a positive reading when a rectifier is cross-wired.  

Q.
Are there issues with digital devices that should be addressed?

A.
Yes.  Because positive voltage readings are rare, technicians may get used to looking only at the voltage value and may tend to ignore the positive (+) or negative (-) sign.  PSE should be required to provide specific training on the use of digital devices, so that the technicians will read the sign first, and the voltage second.  In addition, PSE should be required to train its technicians that a positive voltage reading means the rectifier is cross-wired or there is stray current interference, and that remedial action is required within 5 calendar days.
Q.
Please state Staff’s fourth recommendation, regarding rectifier security and recordkeeping.
A.
The Commission should require PSE to secure its rectifiers against unauthorized access, and to maintain a log showing when each rectifier is accessed and what was done. 
Q.
Why are these recommendations relevant to this case?

A.
According to PSE’s Response to Staff Data Request No. 77(7), which is on page 3 of my Exhibit No. ___ (KSC-13), on September 3, 2004, when PSE employee Mr. Voogt went to the Vasa Park rectifier, he found the box padlocked.  However, Mr. Voogt was able to remove the cover from the rectifier without unlocking the padlock.  PSE also says “there were signs that the padlocked cover for the rectifier had been opened without the use of a key by removing the cover from the hinges.”



PSE explained further in its Response to Staff Data Request No. 85(c)(1) that the rectifier cabinet has an overhang on the top that the front slides into.  The rectifier does not have hinges like a hinge on an office door, for example.  PSE also stated that in part (c)(2) of the Response that “it appeared that the screw had been removed previously. … There were no other signs of entry without a key.”  I have included PSE’s Response to Staff Data Request No. 85 as my Exhibit No. ___ (KSC-18).


My Exhibit No. ___ (KSC-19) is a photograph of the front panel of the rectifier.  It shows the panel was slid into position under the lid of the top cover of the rectifier. In any event, the Commission should require PSE to secure this type of equipment against the possibility of such easy access.  
Q.
Are other types of gas company equipment required to be secured?

A.
Yes.  For example, 49 C.F.R. § 192.179 (b)(1) require transmission line valves to be secured.  The Commission adopted these requirements by reference in WAC 480-93-010 in effect at that time.  However, there is no rule requiring rectifiers to be secured.  Because rectifiers are often located in easily accessible public areas, it makes sense to assure that someone does not intentionally cross-wire a rectifier, or otherwise tamper with it.  



Moreover, 49 C.F.R. §192.465(b) requires gas companies to inspect rectifiers six times each calendar year, but with intervals not exceeding 2⅟2 months.  PSE could detect third party damage on this interval, if not sooner.  But rules requiring the rectifier to be secure would be an improvement.


In addition, current rules do not require gas pipeline companies to keep a log of who accesses the rectifiers, when, and for what purpose.  Such a requirement would be useful to the companies and the Commission.  A log book could be contained inside the rectifier for ready use.

Q.
You mentioned third party damage.  Was the Vasa Park rectifier cross- wired by someone who gained unauthorized access to the rectifier?

A.
I do not know, and neither does PSE.  However, that possibility has not been eliminated.  By the same token, PSE did not file a police report asserting third party damage to its rectifier. 
Q.
Please state Staff’s fifth recommendation, regarding leak repair, regrades and surveys.
A.
The Commission should relieve PSE from the requirements of Order No. 1 regarding leak repair and leak regrades, because new Commission rules now provide adequate protection.  The Commission should change the requirement of Order No. 1, that PSE perform leak surveys in the area served by the rectifier, from the current monthly interval to annually.

Q.
What is the basis for this recommendation?

A.
As I explained earlier, Staff recommends the Commission relieve PSE from the requirement of Order No. 1 in this docket, that PSE fix all leaks and not to regrade any leaks, in the area served by the rectifier.  As I testified, I believe recently adopted rules provide adequate protection.  On the other hand, the requirement in Order No. 1 for monthly leak surveys can be eliminated, but an annual leak survey requirement should be implemented.
Q.
Does this conclude your direct testimony?

A.
Yes.  
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