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I. INTRODUCTION  

Q. WHO ARE YOU REPRESENTING IN THIS PROCEEDING? 

A. I have been retained by the Industrial Customers of Northwest Utilities (“ICNU”) 

to address the causes and circumstances surrounding the failure of the low-

pressure steam turbine No. 1 (“LP1”) rotor at the Boardman Power Plant 

(“Boardman”) in 2005.  In connection with my review, I have evaluated the 

prudence of Portland General Electric Company’s (“PGE”) actions related to the 

engineering, design, procurement, installation, operation, and maintenance of the 

LP 1 turbine.   

Q. HAVE YOU PREVIOUSLY PROVIDED TESTIMONY IN THIS CASE?  

A. Yes, I provided direct testimony on February 20, 2008, and surrebuttal testimony 

on June 5, 2008. 

Q. THE COMMISSION HAS SUBSEQUENTLY REOPENED THE RECORD 
IN THIS DOCKET TO ALLOW THE SUBMISSION OF ADDITIONAL 
TESTIMONY AND INFORMATION. WHAT NEW INFORMATION 
FROM PGE HAVE YOU REVIEWED IN PREPARING YOUR 
TESTIMONY?  

A. I have reviewed: 1) the testimony of Stephen Quennoz (PGE/500) and Janet Kahl 

(PGE/600); 2) PGE’s response to the Administrative Law Judge’s December 8, 

2008 Bench Request (the “Bench Request”); and 3) PGE’s responses to the data 

requests of ICNU, CUB, and Staff.  
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Q. BASED ON YOUR REVIEW OF PGE’S ADDITIONAL TESTIMONY 
AND DATA SUBMITTALS, DO YOU HAVE ANY CHANGES OR 
ADDITIONS TO YOUR PRIOR TESTIMONY? 

A. I have no changes to my prior testimony. However, I do want to supplement my 

prior testimony based on the new information provided in PGE’s testimony and 

data responses. I will address the following areas: 

1.  PGE’s answers to the Bench Requests; 

2. PGE’s Quality Assurance/Quality Control (QA/QC) practices; 

3. PGE’s project management approach for the LP1 turbine installation; 

4. The type of rotor damage found in 2005 and the cause;  

5. The visibility of the loose and missing LP1 soleplate fasteners; and 

6.  The risk and consequences of an operational failure of the LP1 rotor. 

II. SUMMARY 

Q. PLEASE SUMMARIZE YOUR PRINCIPAL FINDINGS. 14 

A. Based on my review of the information provided, I have reached the following 

conclusions: 

1. Because of the complexities of this project and the inexperience of its 

staff, PGE should have retained the services of an Engineer/Constructor 

that was experienced with the design and installation of replacement 

turbine generators in large power plants. 

2. The Engineer/Constructor acts as the agent for the utility and normally 

provides all of the services required for a complex turbine retrofit, 

including detailed engineering, procurement, construction, quality control, 

inspection, startup, and testing. 
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3. Siemens is an Original Equipment Manufacturer (“OEM”), not an 

Engineer/Constructor. 

4. PGE’s use of Siemens to take total engineering and construction 

responsibility for the replacement of the Boardman turbines does not 

conform to prudent industry standards. Because of the complexities 

involved, most utilities would have retained an experienced 

Engineer/Constructor to provide the project engineering and management. 

5. It is standard industry practice for Engineer/Constructors to retain the 

OEM (Siemens in this case) to provide technical services during the 

installation of a new turbine. 

6. To justify it’s use of Siemens as the Engineer/Constructor, PGE submitted 

a list of Siemens turbine retrofit projects and suggested that Siemens took 

total project responsibility for the installation of these new turbines.  

PGE/502C, Quennoz/1. The list is simply a summary of facilities that have 

retrofit Siemens turbines. The list does not represent projects in which 

Siemens was totally responsible as the Engineer/Constructor for the 

installations. 

7. Using the OEM for major maintenance is a common and desirable practice 

in the industry, but it is not an industry standard. Using the OEM for 

routine annual maintenance is unusual and clearly not an industry 

standard. 

8.  PGE’s Quality Control practices can best be described as an informal and 

passive program that directed responsibility to Siemens, an entity that has 
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no liability or responsibility.  Given the circumstances, PGE’s quality 

control practices were inadequate. 

9. The operational failure of the Boardman LP1 turbine in 2006 could have 

destroyed much of the Boardman plant and would surely have killed plant 

staff.  It appears that such a failure nearly happened, which illustrates why 

well developed project management and quality control programs are 

essential. 

III. DISCUSSION 

Q. PLEASE PROVIDE YOUR COMMENTS ON PGE’S ANSWERS TO THE 
QUESTIONS IN THE BENCH REQUEST. 

A. The first question raised by the Judge was: 

 “What is standard industry practice for turbine installation and 

maintenance? 

The question really should be divided into three parts: 

1. Turbine installation; 

2. Major maintenance; and, 

3. Minor maintenance. 

Taking the first question about standard practice for turbine installation, Mr. 

Quennoz states that it is standard industry practice to hire the OEM to install large 

turbines like those at Boardman. PGE/500, Quennoz/3. Mr. Quennoz’s response is 

simple and clear, but it does not describe standard industry practice. 

The installation of a large steam turbine generator is a major construction 

project. In new power plants, standard utility practice would be to employ an 

experienced Engineer/Constructor who would act as the utility’s agent and be 
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responsible for the design, construction, inspection, startup, and testing of turbine 

generators. The Engineer/Constructor would normally retain the OEM for 

technical support during the installation, startup and testing of the turbine 

generator. The Engineer/Constructor would be responsible for specifying the 

QA/QC requirements on behalf of its utility client. The Engineer/Constructor 

would also have its own engineers and technicians on site to inspect and approve 

the installation, startup and testing. It would also be normal for the utility owner 

to have its technical and operating staff on site to review the installation, startup 

and testing and to accept the unit when startup and testing was satisfactorily 

completed. During this period, the utility staff would be trained on the operation 

and maintenance of the turbine generator and would also prepare operation and 

maintenance procedures for the plant. PGE has stated that this is essentially how 

its Port Westward Plant was built.  ICNU/402, Martin/1-2. 

Q. YOUR STATEMENT ABOVE IS FOR NEW PLANTS, WHILE THE 14 
BOARDMAN INSTALLATION IS A TURBINE REPLACEMENT. HOW 
WOULD THE BOARDMAN TURBINE INSTALLATION BE 
DIFFERENT? 
 

A. Replacing a large steam turbine in an existing power plant is more complex than 

installing a turbine in a new plant. This is because of the complex structural, 

mechanical, electrical, and control interfaces between the new turbine and the 

existing plant.  

One of the important design considerations is the weight of the new 

turbines. The turbine is mounted on a pedestal, which is a large elevated 

reinforced concrete “table.” The structural design of the turbine installation 

normally is based on the dynamic (vibration) interaction between the relatively 
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heavy rotating turbine, its supporting pedestal, and the foundation soils that the 

pedestal is built on. This type of structural design analysis is important to be sure 

the supporting structure is able to support the static and dynamic loads imposed 

by the new turbine. If the structure is not suitable, then the turbine installation can 

move excessively.   5 
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 7 

.  ICNU/306, Martin/2-3.   8 
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PGE was asked to describe the static and dynamic structural analysis that 

was performed to support the design and installation of the new LP turbines in 

2000 and the HP/IP turbine in 2004.  PGE was also asked whether the analysis 

considered the dynamic interaction between the turbine, its supporting structures 

(bearing pedestals), turbine pedestal, and the subsurface geotechnical conditions, 

and whether the analysis was performed by a structural engineer licensed in the 

state of Oregon.  PGE’s answer to the question was that  15 

 16 

17 

. ICNU/402, Martin/3-5.  One would gather from PGE’s 

answer, that they do not know if the analysis was performed. The structural 

integrity of the turbine generator supporting structure required a design review to 

confirm it is suitable for the new turbine.  Not performing a complete structural 

analysis of the new turbine on the existing structure is extremely imprudent. PGE 

simply relied on a guarantee from Siemens, which unfortunately has no liability. 
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Q. WHAT IS YOUR OPINION OF PGE’S PROJECT MANAGEMENT 
APPROACH TO THE BOARDMAN TURBINE RETROFIT? 

A. It is my opinion that a prudent utility would have employed an experienced 

Engineer/Constructor to design and manage the installation of a replacement 

turbine because of the many complexities involved. 

ICNU/403, Martin/1 shows a simplified organizational structure that is an 

industry standard for complex design and construction projects. In this 

arrangement, the Engineer/Constructor would be responsible for the interface 

design and would specify the project QA/QC requirements for the installation.  In 

addition, the Engineer/Constructor would have its own engineers and technicians 

on site to inspect and approve the installation, including insuring the turbine is 

properly supported.  

ICNU/403, Martin/2 shows the organizational structure used by PGE for 

the Boardman installation. The installation of the new turbine at Boardman was 

missing the involvement of an independent Engineer/Constructor with significant 

direct experience in the turbine installations. 

Based on my review of the experience of PGE staff, I do not believe its 

staff had ever been engaged in the complex replacement of a large steam-turbine.  

As such, it is my opinion that PGE was imprudent because it did not retain an 

experienced Engineer/Constructor to manage the design and the installation of the 

replacement steam turbine on its behalf. The Engineer/Constructor would have 

been responsible for the QA/QC program and independent inspection of the 

installation on PGE’s behalf. This is the way PGE has said it managed the 

construction of its Port Westward Plant.  ICNU/402, Martin/1-2.  Siemens should 
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have been retained to provide technical support for the installation, startup and 

testing of the turbine under the direction of the Engineer/Constructor. PGE 

technical and operating staff would still have a responsibility to inspect the work 

and accept the final installation. I believe PGE’s approach to this project 

eliminated the critical oversight of the experienced Engineer/Constructor working 

on its behalf. The turbine OEM (Siemens) would be responsible for technical 

support and installation verification. 

Q. PLEASE DESCRIBE BENCH REQUEST 1B.  8 

A. Bench Request 1B asks PGE to provide examples of other utilities that have relied 9 

on an original equipment manufacturer to provide installation and maintenance 

services.  PGE conducted a survey of other utilities in order to answer the 

question.  ICNU/402, Martin/6-62. 

Q. PLEASE COMMENT ON YOUR REVIEW OF THE SURVEY. 13 

A. The survey was sent to 77 utilities and 13 utilities provided 14 responses, so the 

response (17%) was fairly limited.   15 

.  ICNU/401, 

Martin/1-8.   
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Q. DO YOU SEE ANY OTHER  PROBLEMS WITH THE SURVEY? 

A. Yes.  The PGE survey includes the following very unclear question: 

 “Did you have the original equipment manufacturer (OEM) install or verify 

proper installation of the steam turbine during original installation?”  

This question is really about two separate activities (install versus verify). As 

discussed above, it is standard industry practice for an Engineer/Constructor to 
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handle the overall design and installation of turbine generators. The OEM 

normally provides technical support during installation and “verifies” that the 

installation is correct.  A respondent could answer PGE’s question “yes,” meaning 

the OEM supervises or verifies the installation.  However, PGE interpreted the 

answers to mean that the OEM provided the complete Engineer/Constructor 

installation services.  PGE concludes from the answer to this question that 12 out 

of 13 respondents had the OEM install their turbines.  PGE/500, Quennoz/4-5.  

However, this is highly unlikely.  The ambiguity of the question makes the 

answers useless in determining the frequency with which the OEM installs 

turbines.  

Q. WHAT IS YOUR OPINION CONCERNING STANDARD INDUSTRY 
PRACTICE FOR TURBINE MAINTENANCE? 

A. With regards to the maintenance of the turbine, it is very common (but not an 

industry standard) to utilize the OEM to provide major maintenance for a large 

steam turbine.  

14 
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 Some utilities utilize independent maintenance contractors to provide 

major maintenance of steam turbines and these arrangements can be very 

satisfactory. So it is not necessary to always have the OEM provide major 

maintenance for steam turbines.  Either way, the utility is responsible for having 

or retaining experienced staff to act on its behalf to protect its facilities. 

It is very uncommon for the OEM to provide normal scheduled 

maintenance. Most utilities have experienced maintenance personnel who have 

been properly trained to provide normal scheduled maintenance. In fact, most 

21 

22 

23 
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utility operating staff members are more competent and experienced than the 

OEM in providing normal scheduled maintenance. 

The PGE survey asked other utilities whether they use OEM’s, 

contractors, or the utility staff to provide normal maintenance. The answers 

received indicate that other utilities use all of the above options (OEM’s, 

contractors, or the utility staff), which agrees with my experience. 

Q. BENCH REQUEST 1C ASKED PGE TO PROVIDE OTHER INSTANCES 
WHERE SIEMENS PROVIDED INSTALLATION SERVICES TO PGE 
AND OTHER UTILITIES. PLEASE PROVIDE YOUR COMMENTS ON 
PGE’S RESPONSE. 

A. To answer this question, PGE provided Exhibit PGE/502C,  11 

.  The list does not 

specify that Siemens installed the upgrades by providing engineering, design and 

construction services. It is simply a list of plants that have been upgraded. It 

would be common for Siemens to provide technical support and advisory services 

for these upgrades, but it is doubtful that Siemens provided the complete plant 

design and construction services normally provided by an Engineer/Constructor.  
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  The Siemens Upgrade list in Exhibit PGE/502C contains the following 

important additional information: 

 20 
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Q. PLEASE DESCRIBE THE TYPE OF ROTOR DAMAGE DISCOVERED 
IN NOVEMBER 2005 AND YOUR OPINION OF THE CAUSE.  

A. All of the reviewers, including Alstom, Siemens, PGE, and me, agree the rotor 

was damaged by high cycle fatigue.  High cycle fatigue is a classical and well-

understood failure mode of misaligned rotating shafts. 

Based on the circumstances, shaft misalignment is the only thing that 

could cause a high cycle fatigue in a new turbine rotor.  The real question is “why 

was the shaft misaligned?” 
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In my prior testimony, I stated that a complete root cause analysis would 

not stop with the fact that the shaft was misaligned, but should evaluate the 

reasons why the shaft was misaligned. This would include additional factors 

related to the management and quality control of the design, installation, and 

maintenance of the new turbine. In my prior testimony, I have addressed these 

factors; however, I would like to discuss PGE’s quality control practices. 

Q. BASED ON YOU REVIEW OF THE DOCUMENTS PROVIDED, PLEASE 
DESCRIBE PGE’S QUALITY ASSURANCE/QUALITY CONTROL 
(QA/QC) PRACTICES DURING THE INSTALLATION OF THE LOW-
PRESSURE TURBINES IN 2000, THE TURBINE MAINTENANCE IN 
2002, AND THE INSTALLATION

20 
21 

 OF THE HP/IP TURBINES IN 2004.  22 

23 

24 

25 

26 

A. First of all, I think it is important to understand that a formal corporate QA/QC 

program is something that applies to a specific company, its staff, and the work 

and the products produced by that company. For example, Siemens has a quality 

control program that applies to its staff and to the work performed and the 
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products produced by Siemens. Most of the Siemens quality program is focused 

on manufacturing, because that is the primary focus of their business. Their 

program does not seem to be focused on construction. 

PGE has stated that it does not have a formal corporate QA/QC program 

which means that PGE does not have a program that applies to PGE staff and 5 

its activities.  ICNU/402, Martin/63-64; ICNU/402, Martin/1-2.  I believe this is 

true. However, PGE does have informal QA/QC practices. For example, requiring 

Siemens to have an ISO 9001 certified QA/QC program is a PGE QA/QC 

measure.  Other PGE QA/QC measures include witnessing factory inspections 

and observing the installation and maintenance of the turbine. I would 

characterize PGE’s QA/QC program as an unofficial, passive and hands off 

program. All of the terms PGE uses to describe its activities are passive, such as, 

“reviewing,” “monitor,” and “oversee.”  PGE/500, Quennoz/10. I believe this 

philosophy is based on the idea that by depending on Siemens, PGE can absolve 

itself of responsibility if something goes wrong. Unfortunately, Siemens has no 

liability (or responsibility), and PGE is ultimately responsible for its facilities. I 

believe PGE’s QA/QC practices place it at great risk. It is my opinion that PGE 

needs to actively protect its facilities. It is my experience that other utilities do.  
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A reasonable quality management program would include (but not be 

limited to) the following elements: 

1. Quality objectives; 

2. Quality policy and procedures; 

3. Staff training; 
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4. Defined responsibilities; 

5. Requirements for written reporting, review, and records; 

6. Requirements for review and approval of work performed by designers, 

equipment suppliers (e.g. Siemens) and construction contractors; 

7. Weekly and monthly management reports on the work performed;  

8. Requirements for independent inspections; and  

9. A complete set of project records. 

Based on the information I have reviewed, it is clear that PGE did not 

have a formal, well-developed quality management program that 

effectively addressed these areas. 

Q. DID THE CONTRACT FOR THE INSTALLATION OF THE NEW LP 
TURBINE IN 2000 PROVIDE ANY QA/QC PROGRAM? 

A.  13 

.  PGE/510C, Quennoz/76-77. 

The Pre-construction Conference was held on April 17, 2000. However, PGE’s 

meeting minutes contain no reference to the preparation of a QA/QC program for 

the installation
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 of the new LP turbines.  ICNU/402, Martin/65-69.  PGE has 

stated that the contract did not require preparation of a QA/QC program.  
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ICNU/402, Martin/70-71.  However,  

and it appears no such program was ever prepared.  
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Q. DID THE CONTRACT FOR THE INSTALLATION OF THE NEW HP/IP 
TURBINE IN 2004 PROVIDE ANY QA/QC REQUIREMENT? 

A. Yes, the contract required Siemens to have a QA/QC program. ICNU/402, 

Martin/72.  However, in reviewing the documents produced by PGE, I see no 
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evidence of any QA/QC program developed jointly by Siemens and PGE during 

the Pre-construction Conference.  

Q. ARE THERE SPECIFIC DEFICIENCIES THAT YOU SEE IN THE PGE 
INFORMAL QA/QC PROGRAMS? 

A. Yes. The main deficiencies I see are a lack of proactive management and adequate 

record keeping. 

First, in the area of proactive management, there appears to be a lack of 

proactive participation by PGE in the review and approval of Siemens’ work. For 

example, PGE employees had the right to directly question and challenge 

Siemens’ design and installation of the LP turbines in 2000 and the HP/IP 

turbines in 2004.  ICNU/402, Martin/76.  However, there is little if any indication 

that PGE staff did.  PGE was asked if PGE employees ever questioned or 

challenged Siemens’ shaft alignment during turbine installation in 2000 and in 

2004, and they were unable to provide any example where this was done.  

ICNU/402, Martin/77.  

Second, there appears to be a lack of record keeping on the part of PGE 

concerning their QA/QC activities. For example, PGE was requested to provide 

records to document which PGE staff was assigned to inspect the installation of 

the LP turbine in 2000 and the HP/IP turbine in 2004; including assigned staff, a 

definition of the assigned duties, inspection reports, and hours spent. However, 

PGE was unable to produce this information.  ICNU/402, Martin/78-87.  PGE 

was also requested to provide copies of the reports prepared and submitted by 

PGE employees to the Boardman Plant management during the installation of the 

LP turbines, the 2002 maintenance outage, the installation of the HP/IP turbine, 
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and the maintenance outage in 2007.  PGE indicated that all reports were oral and 

written records were not kept.  ICNU/402, Martin/73.  A copy of hand written job 

notes, diaries, and other references from the 2000 and 2004 turbine installations 

were requested, but were not “located.”  ICNU/402, Martin/74-75.  Copies were 

requested of all PGE review comments of Siemens’ work during installation, 

including the review of the rotor alignment and field measurements and the 

communication with the Siemens engineers in Florida to confirm the correct 

alignment for both the LP turbines and the HP/IP turbines. However, there are no 

written records.  ICNU/402, Martin/88.  PGE and Siemens did not keep an 

inventory of “parts-out and parts-in,” or a record of the torque applied to critical 

fasteners during the installation of the turbine.  ICNU/402, Martin/89-90.   

Q.  DOES PGE’S FAILURE TO KEEP ADEQUATE RECORDS OR 
PROVIDE ADEQUATE MANAGEMENT OVERSIGHT CONSTITUTE 
IMPRUDENCE.  

A.  In my opinion, yes.  

Q. IS IT STANDARD INDUSTRY PRACTICE FOR A UTILITY TO RELY 
EXCLUSIVELY ON AN OUTSIDE ENTITY’S (INCLUDING AN OEM’S) 
QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) PROGRAM 
FOR THE INSTALLATION AND MAINTENANCE OF A TURBINE 
ROTOR INSTEAD OF HAVING ITS OWN QA/QC PROGRAM? 

A. No, it is not normal practice. Normal practice is for the Owner or its 

Engineer/Constructor to specify the project QA/QC requirements. This can be 

done either directly through the utility’s QA/QC program or through its 

Engineer/Constructor QA/QC program. For example, PGE has stated that its 

Engineer/Constructor provided the QA/QC program for the construction of its 
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Port Westward Plant.  ICNU/402, Martin/1-2.  A similar QA/QC program by an 

Engineer/Constructor was missing from the Boardman turbine installations. 

 

Q. HAVE YOU HAD THE OPPORTUNITY TO VISIT THE BOARDMAN 
PLANT?  

A. Yes.  I visited the Boardman Plant on February 20, 2009. 

Q. DURING YOUR PRIOR TESTIMONY, YOU EXPRESSED CONCERN 
ABOUT THE LOOSE AND MISSING FASTENERS THAT WERE 
DISCOVERED IN JULY 2006. DO YOU HAVE ANYTHING TO ADD TO 
YOUR PRIOR TESTIMONY? 

A. Yes, I do. First, the sole plates and fasteners should have been thoroughly 

inspected at the time the new turbine components were installed in 2000 and 

2004. The plant had been in operation for over 20 years, and the sole plate 

supports and grout can be damaged and the attachment can become loose over 

time.  A thorough inspection of the support structures and fasteners was especially 

important in this case since the new turbines significantly increased the weight 

that the support structures had to carry.   16 

 17 

18 

.  ICNU/203, Martin/1-7; ICNU/208, Martin/1-5.  The lack of 

inspection of the sole plate fasteners is a significant QA/QC failure. 
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I visited the Boardman Plant on February 20, 2009, for the purpose of 

observing the location of the loose and missing fasteners. In its testimony, PGE 

has stated that these fasteners could not be seen.  Transcript at 44.  This was not 
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true at the time of my visit. The two nuts that were reported to be missing are 

somewhat difficult to see when the turbine is assembled, but they are visible.  

ICNU/404, Martin/1 is a photograph of Nut No. 25 that was reported 

missing by PGE.  ICNU/405 Martin/1 shows the photograph taken by the PGE 

technician in June 2006 of the same nut. Clearly, the PGE technician who 

observed the missing nuts in June 2006 was able to also see that they were 

missing without disassembling the turbine.  ICNU/406, Martin/1 is a photograph 

of Nut No. 2 that was reported loose by PGE.  ICNU/407, Martin/1 shows the 

photograph taken by the PGE technician in June 2006 of the same nut. 

When the turbine was disassembled and reassembled in 2000 and 2004, 

the missing nuts would have been clearly observable. PGE has stated that 

plywood decking was placed over the area during the installation (PGE/400, 

Quennoz/11), but the nuts would be visible when the decking was not in place. 

The fasteners that were reported to be loose were clearly visible to me from the 

operating deck at the time of my visit. 

Q. PLEASE DESCRIBE YOUR OPINION REGARDING THE RISK AND 
CONSEQUENCES ASSOCIATED WITH A POSSIBLE OPERATIONAL 
FAILURE OF THE LOW-PRESSURE (LP) TURBINE. 

A. I feel it is important to be clear about the catastrophic damage that would result 

from an operating failure of the Boardman LP turbines. During testimony on July 

23, 2008, Judge Wallace asked for Mr. Quennoz’s opinion concerning the 

possible damage that would result from an operational failure of the low-pressure 

turbine.  Mr. Quennoz responded, “I guess you could postulate almost anything”.  

Transcript at 98, line 23, through 99, lines 1-3.  Mr. Quennoz’s response did not 
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answer Judge Wallace’s question. The question is important, and I would like to 

explain the consequences of an operating failure of the LP turbines.  

The operational failure of the Boardman low-pressure turbine in 2006 

would have destroyed much of the Boardman plant and would surely have killed 

plant staff. It appears to me that such a failure nearly happened. It is important to 

acknowledge the magnitude of that risk and take steps so that such a failure never 

occurs.  

The following example illustrates the energy contained in the operating 

turbine rotor.  The two LP turbine rotors together weigh almost 200,000 pounds 

and rotate 60 times every second. At full load, the turbine is generating over 

600,000 kW and the rotors possess a very significant amount of kinetic energy. 

For comparison, the weight of the LP turbines (200,000 pounds) is more than a 

fully loaded Boeing 737 aircraft (154,500 pounds).  The kinetic energy of the 

rotating LP turbine rotor shaft is about the same as a fully loaded Boeing 737 

traveling at 500 miles per hour. If the LP turbine rotor failed while operating, the 

turbine rotor (200,000 pounds, rotating 60 times a second) would instantly impact 

the stationary part of the turbine and would result in a mechanical and thermal 

explosion. The mechanical explosion would include all rotating and stationary 

parts of the entire turbine generator, including the HP/IP turbine, the LP turbines, 

and the generator. The debris from the mechanical explosion would cause 

catastrophic damage to the entire turbine building and the equipment and piping 

inside the building. Most, if not all, of the steam piping would be destroyed, 

including the high pressure (2400 psig) and high temperature (1000oF) main 



ICNU/400 
Martin/19 

 
1 

2 

3 

4 

5 

6 

steam lines and the reheat piping steam (1000oF) lines. The release of the high 

temperature and pressure steam would effectively explode the turbine building 

and would have undoubtedly killed plant staff. The results would be devastating.  

Q. WHAT IS THE SIGNIFICANCE OF THIS RISK? 

A. Large steam turbines are carefully designed and maintained, due to the risk of 

catastrophic damage from a turbine failure.   

 7 

 8 

 9 

  ICNU/402, Martin/91-106.  10 

11 

12 

The stresses in the rotor and its load carrying capacity are an exponential 

function of the rotor diameter. As the effective diameter of the rotor is reduced by 

cracking, the stresses increase exponentially.       13 
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I believe that the rotor could have failed if the turbine was exposed to the 

maximum potential operating loads. The steam turbine shaft does not experience 

the maximum stresses during normal operation. Much higher shock loads are 

experienced when the turbine is tripped off line by a system disturbance or when 

the over-speed protective system is tested. These types of trips could have 

occurred when the rotor was badly damaged. Because the rotor was significantly 

weakened by the fatigue cracking that existed in October and November 2005, I 

believe the LP1 turbine rotor could have operationally failed if the turbine 

experienced a full trip.  For example, if the unit experienced a full load trip in say 

October 2005, I believe a complete shaft failure could have occurred. I believe the 

plant was lucky.  The Boardman turbine was very close to a catastrophic failure 

when it was finally opened for inspection in November 2005.  

Q.        PLEASE SUMMARIZE YOUR POSITION IN THIS CASE. 

A.        This case primarily focuses on recovery of money spent by PGE as a result of the 

failure of the LP 1 turbine.  However, it is important to understand that the results of 

this failure could have been much worse if a catastrophic failure of the plant had 

occurred.  The potential for catastrophic loss demonstrates the importance of PGE 



ICNU/400 
Martin/21 

 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

having a high quality project management and quality assurance program in place to 

oversee the design, installation and maintenance of a major turbine replacement.  I 

believe these protections were lacking in this case.  

I believe PGE management was imprudent in a number of specific areas 

including the following: 

1. PGE should have retained the services of an experienced engineer contractor 

to manage this highly complex project. 

2. Siemens is an equipment manufacturer, not an engineer constructor and 

should never have been given total project responsibility. 

3. PGE’s staff did not have the experience with the execution of similar projects 

and were not well equipped to manage through prior experience. 

4. PGE did not have adequate management and quality assurance programs in 

place to manage this project in the absence of an engineer contractor. 

Q. DOES THIS CONCLUDE YOUR TESTIMONY? 

A. Yes.  
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