
  Appendix A12 
 
 

 

 

It is estimated that the above protocol will require at least one day to complete, but may take 

significantly longer.  This proposed test protocol may be altered during the examination 

depending upon the results of the testing.  Each party understands that should deviations from 

this protocol become necessary, the representatives present at the examination may participate in 

any discussions regarding these deviations.  Interested Parties who are not represented at the 

repair facility have no say about the process. 

 

Interested Parties may be present during this evaluation of evidence. The Interested Parties must 

notify Daniel Berglund (612-564-4885) if they plan to attend. Parties will follow the Revised 

Memorandum of Understanding. The data and photographs generated during the execution of 

this protocol will be made available upon request to all Interested Parties at cost. 
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TEST PROTOCOL NO. 4 

 

 FOR SHERCO NO. 3 LP ROTOR-B BLADES FROM FAILED L-1 WHEEL 

ENGEL METALLURGICAL PROJECT 954-001 

 

Date: April 4, 2012 

 

This protocol will be executed at Engel Metallurgical Ltd.  As per previous protocols, all of the 

components selected for metallurgical evaluation relative to the Sherco No. 3 failure were 

protected, crated and shipped to Engel Metallurgical Ltd. for storage.  These components were 

unpacked per the protocol dated March 12, 2012.  It is expected that these activities will 

commence on or about April 17, 2012, immediately after the completion of Protocol No. 4. 

 

The following metallurgical examination and testing protocol is proposed for the evaluation of 

the Sherco No. 3 LP Rotor-B failed L-1 wheel blades that was removed from LP rotor-B.  All 

cutting will be performed without any coolant (that is, "dry cut") unless otherwise agreed by the 

parties present during the metallurgical testing.  Photographs will be taken to document the 

location of each section removed from the blades.  Prior to the commencement of this protocol, 

the parts will have been photographed at Engel Metallurgical and will be made available to all 

parties attending. 

 

Data generated during the execution of this protocol will be shared amongst all parties present.  

To ensure that time is used efficiently, a single person designated by Les Engel shall take all 

photographs of the blades during the examination and testing.  All parties present will have an 

opportunity to identify regions of interest and ensure that the appropriate photographs have been 

taken by the designated photographer. Should any party determine that the photography process 

described herein is inefficient or ineffective, the parties present may agree on a different process 

for photographing the evidence. 

 

1. Perform visual examination of as-received blades.  Images will be taken of areas of 

interest.  Subsequent evaluation tasks will also be documented photographically. 

 

2. Energy dispersive spectroscopy (EDS) will be performed on surface deposits.  Samples can 

be directly analyzed or deposits can be removed using cotton swabs and/or adhesive carbon 

tabs. 

 

3. Clean select blades with detergent. 

 

4. Perform visual examination of cleaned blades at magnifications of 1X to 30X. 

 

5. With the agreement of parties present, perform fluorescent penetrant inspection on selected 

blade roots. 

 

6. Obtain weights of selected blades with minimal damage.  

 

7. A section will be removed from one blade for quantitative chemical analysis. 

 

8. A section will be removed from selected blades for hardness testing. 
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9. Select and remove metallographic cross section(s) from selected blades. 

 

10. Metallographic cross section(s) will be prepared in accordance with standard 

metallographic practice. 

 

11. Examine the metallographic cross section(s) using a metallograph and/or SEM/EDS.  

Images will be taken at areas of interest. 

 

12. If cracks are found in blade roots: a) open selected cracks; b) perform visual examination of 

fracture surfaces; c) perform SEM/EDS evaluations of fracture surfaces; d) perform 

metallographic evaluation in cracked areas 

 

It is estimated that the above protocol will require at least three days to complete, but may take 

significantly longer and will continue until completion.  This proposed test protocol may be 

altered during the examination depending upon the results of the testing.  Each party understands 

that should deviations from this protocol become necessary, the representatives present at the 

examination may participate in any discussions regarding these deviations.  Interested Parties 

who are not represented at the repair facility have no say about the process. 

 

Interested Parties may be present during this evaluation of evidence. The Interested Parties must 

notify Daniel Berglund (612-564-4885) if they plan to attend. Parties will follow the Revised 

Memorandum of Understanding. The data and photographs generated during the execution of 

this protocol will be made available upon request to all Interested Parties at cost. 
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TEST PROTOCOL NO. 5 

 

FOR SHERCO NO. 3 GENERATOR SHAFT FRACTURE ADJACENT TO THE 

GENERATOR COLLECTOR RING 

(ENGEL EVIDENCE NUMBERS S14771 AND S14873)  

 

Date: April 17, 2012 

 

This protocol will be executed at Engel Metallurgical Ltd.  As per previous protocols, all of the 

components selected for metallurgical evaluation relative to the Sherco No. 3 failure were 

protected, crated and shipped to Engel Metallurgical Ltd. for storage.  These components were 

unpacked per the protocol dated March 12, 2012.  Laboratory testing is expected to commence at 

9:00 a.m. on May 1, 2012. 

 

The following metallurgical examination and testing protocol is proposed for the evaluation of 

the Sherco No. 3 generator shaft fracture.  This protocol includes both mating fracture surfaces 

(Engel evidence numbers S14771 and S14873).  All cutting will be performed without any 

coolant (that is, "dry cut") unless otherwise agreed by the parties present during the metallurgical 

testing.  Prior to the commencement of this protocol, the parts will have been photographed at 

Engel Metallurgical and will be made available to all parties attending. 

 

Data generated during the execution of this protocol will be shared amongst all parties present.  

To ensure that time is used efficiently, a single person designated by Les Engel shall take all 

photographs during the examination and testing.  All parties present will have an opportunity to 

identify regions of interest and ensure that the appropriate photographs have been taken by the 

designated photographer. Should any party determine that the photography process described 

herein is inefficient or ineffective, the parties present may agree on a different process for 

photographing the evidence.     

 

1. Perform a visual examination of the shaft fracture, as-received.  Images will be taken at 

areas of interest. 

 

2. Remove lead bars if possible. 

 

3. Energy dispersive spectroscopy (EDS) will be performed on surface deposits using cotton 

swabs and/or adhesive carbon tabs. 

 

4. Select and remove section(s) from the shaft fracture for further evaluation. 

 

5. Perform visual examinations of the removed section(s) of the fracture surface at 

magnifications of 1X to 30X with the aid of a stereomicroscope.  Images may be taken of 

areas of interest. 

 

6. Using a scanning electron microscope (SEM) with EDS capabilities, examine the removed 

section(s) of the fracture surface. Perform EDS analyses of surface deposits. 

 

7. Clean the fracture surface sample(s) examined in step 6 ultrasonically in 1% Alconox 

solution, rinse with hot water and ethyl alcohol followed by drying in hot air.  If this 
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methodology is insufficient to clean the fracture surface(s), other cleaning methods may be 

necessary.  Any further surface cleaning will be performed by agreement of parties present. 

 

8. Perform visual examinations of the cleaned fracture surface sample(s) at magnifications of 

1X to 30X with the aid of a stereomicroscope.  Images may be taken of areas of interest. 

 

9. Perform SEM/EDS on the cleaned fracture surface sample(s).  Images will be taken of 

areas of interest. 

 

10. Select and remove metallographic cross section(s) from the shaft fracture. 

 

11. Metallographic cross section(s) will be prepared in accordance with standard 

metallographic practice. 

 

12. Examine the metallographic cross section(s) using a metallograph and/or SEM/EDS.  

Images will be taken at areas of interest. 

 

13. If needed, perform microhardness testing on selected metallographic cross section(s). 

 

14. A section will be removed from the shaft for quantitative chemical analysis. 

 

15. A section will be removed from shaft for hardness testing. 

 

16. Perform tensile testing on longitudinally oriented specimens. 

 

It is estimated that the above protocol will require at least five days to complete, but may take 

significantly longer. If it takes longer than the one week scheduled, the examination will 

continue on a weekly bases until complete.  This proposed test protocol may be altered during 

the examination depending upon the results of the testing.  Each party understands that should 

deviations from this protocol become necessary, the representatives present at the examination 

may participate in any discussions regarding these deviations.  Interested Parties who are not 

represented at the repair facility have no say about the process. 

 

Interested Parties may be present during this evaluation of evidence. The Interested Parties must 

notify Daniel Berglund (612-564-4885) if they plan to attend. Parties will follow the Revised 

Memorandum of Understanding. The data and photographs generated during the execution of 

this protocol will be made available upon request to all Interested Parties at cost.  
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TEST PROTOCOL NO. 6 

 

FOR SHERCO NO. 3 ALTEREX SHAFT FRACTURES: ALTEREX SHAFT 

FRACTURE ADJACENT TO THE NO. 11 BEARING (ENGEL EVIDENCE NUMBERS 

S15023/S14765); ALTEREX SHAFT FRACTURE ADJACENT TO THE NO. 12 

BEARING (ENGEL EVIDENCE NUMBERS S15024/S14767; AND THE ALTEREX 

SHAFT FRACTURE AT THE ALTEREX COLLECTOR RING (ENGEL EVIDENCE 

NUMBERS S14767/S14770). 

 

Date: April 17, 2012 

 

This protocol will be executed at Engel Metallurgical Ltd.  As per previous protocols, all of the 

components selected for metallurgical evaluation relative to the Sherco No. 3 failure were 

protected, crated and shipped to Engel Metallurgical Ltd. for storage.  These components were 

unpacked per the protocol dated March 12, 2012.  Laboratory testing is expected to commence at 

9:00 a.m. on May 1, 2012. 

 

The following metallurgical examination and testing protocol is proposed for the evaluation of 

the three Sherco No. 3 alterex shaft fractures: Alterex shaft fracture adjacent to the No. 11 

bearing (Engel evidence numbers s15023/s14765); Alterex shaft fracture adjacent to the No. 12 

bearing (Engel evidence numbers s15024/s14767); and the Alterex shaft fracture at the Alterex 

collector ring (Engel evidence numbers s14767/s14770).  All cutting will be performed without 

any coolant (that is, "dry cut") unless otherwise agreed by the parties present during the 

metallurgical testing.  Prior to the commencement of this protocol, the parts will have been 

photographed at Engel Metallurgical and will be made available to all parties attending. 

 

Data generated during the execution of this protocol will be shared amongst all parties present.  

To ensure that time is used efficiently, a single person designated by Les Engel shall take all 

photographs during the examination and testing.  All parties present will have an opportunity to 

identify regions of interest and ensure that the appropriate photographs have been taken by the 

designated photographer. Should any party determine that the photography process described 

herein is inefficient or ineffective, the parties present may agree on a different process for 

photographing the evidence.     

 

1. Perform a visual examination of the fracture surfaces, as-received.  Images will be taken of 

areas of interest. 

 

2. Remove lead bars if possible 

 

3. Energy dispersive spectroscopy (EDS) will be performed on surface deposits using cotton 

swabs and/or adhesive carbon tabs. 

 

4. Select and remove section(s) from the fracture surfaces for further evaluation. 

 

5. Perform visual examinations of the removed section(s) of the fracture surfaces at 

magnifications of 1X to 30X with the aid of a stereomicroscope.  Images may be taken in 

areas of interest. 
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6. Using a scanning electron microscope (SEM) with EDS capabilities, examine the removed 

section(s) of the fracture surfaces.  Perform EDS analyses of surface deposits 

 

7. Clean the fracture surface samples examined in step 6 ultrasonically in 1% Alconox 

solution, rinse with hot water and ethyl alcohol followed by drying in hot air.  If this 

methodology is insufficient to clean the fracture surfaces, other cleaning methods may be 

necessary.  Any further surface cleaning will be performed by agreement of parties present. 

 

8. Perform visual examinations of the cleaned fracture surface samples at magnifications of 

1X to 30X with the aid of a stereomicroscope.  Images may be taken of areas of interest. 

 

9. Perform SEM/EDS on the cleaned fracture surface samples.  Images will be taken of areas 

of interest. 

 

10. Select and remove metallographic cross sections from the shaft fractures. 

 

11. Metallographic cross sections will be prepared in accordance with standard metallographic 

practice. 

 

12. Examine the metallographic cross sections using a metallograph and/or SEM/EDS.  Images 

will be taken at areas of interest. 

 

13. If needed, perform microhardness testing on selected metallographic cross section(s). 

 

14. Sections will be removed from shaft for quantitative chemical analysis. 

 

15. Sections will be removed from shaft for hardness testing. 

 

16. Perform tensile testing of longitudinally oriented specimens.  

 

It is estimated that the above protocol will require at least five days to complete, but may take 

significantly longer.  If it takes longer than the one week scheduled, the examination will 

continue on a weekly bases until complete.  This proposed test protocol may be altered during 

the examination depending upon the results of the testing.  Each party understands that should 

deviations from this protocol become necessary, the representatives present at the examination 

may participate in any discussions regarding these deviations.  Interested Parties who are not 

represented at the repair facility have no say about the process. 

 

Interested Parties may be present during this evaluation of evidence. The Interested Parties must 

notify Daniel Berglund (612-564-4885) if they plan to attend. Parties will follow the Revised 

Memorandum of Understanding. The data and photographs generated during the execution of 

this protocol will be made available upon request to all Interested Parties at cost.  
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TEST PROTOCOL NO. 7 

 

 FOR SHERCO NO. 3 LP ROTOR-B FAILED L-1 RIM 

ENGEL METALLURGICAL PROJECT 954-001 

 

Date: March 29, 2012 

 

This protocol will be executed at Engel Metallurgical Ltd.  As per previous protocols, all of the 

components selected for metallurgical evaluation relative to the Sherco No. 3 failure were 

protected, crated and shipped to Engel Metallurgical Ltd. for storage.  These components were 

unpacked per the protocol dated March 12, 2012.  Laboratory testing is expected to commence at 

9:00 AM on April 3, 2012. 

 

The following metallurgical examination and testing protocol is proposed for the evaluation of 

the Sherco No. 3 LP Rotor-B failed L-1 wheel rim that was removed from LP rotor-B.  All 

cutting will be performed without any coolant (that is, "dry cut") unless otherwise agreed by the 

parties present during the metallurgical testing.  Photographs will be taken to document the 

location of each section removed from the rim.  Prior to the commencement of this protocol, the 

parts will have been photographed at Engel Metallurgical and will be made available to all 

parties attending. 

 

All data generated during the execution of this protocol will be shared amongst all parties 

present.  To ensure that time is used efficiently, a single person designated by Les Engel shall 

take all photographs of the rim during the examination and testing.  All parties present will have 

an opportunity to identify regions of interest and ensure that the appropriate photographs have 

been taken by the designated photographer. Should any party determine that the photography 

process described herein is inefficient or ineffective, the parties present may agree on a different 

process for photographing the evidence.     

 

1. Perform visual examination of rim as-received.  Images will be taken of areas of interest. 

 

2. Remove selected surface deposit samples from wheel rim for subsequent energy dispersive 

spectroscopy (EDS).  Samples will be removed using cotton swabs and/or adhesive carbon 

tabs. 

 

3. Perform EDS on the samples collected in Task 2, as well as samples removed at Xcel prior 

to shipment and at the GE Chicago repair shop during the removal of the rim. 

 

4. Select and remove area(s) from the wheel rim for further evaluation. 

 

5. Perform visual examinations of existing as-received fracture surfaces at magnifications of 

1X to 30X with the aid of a stereomicroscope.  Images may be taken of areas of interest. 

 

6. Open selected cracks to expose the fracture surfaces, as needed. 

 

7. Perform visual examinations of exposed crack, fracture surfaces in as-received condition at 

magnifications of 1X to 30X with the aid of a stereomicroscope.  Images may be taken of 

areas of interest. 
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8. Using a scanning electron microscope (SEM) with EDS capabilities, examine select 

fracture surface(s). 

 

9. If necessary, determine if and what further analytic method may be required for the surface 

analysis of the fracture surfaces.  Any further chemical analysis beyond EDS would likely 

need to be completed at a facility outside of Engel Metallurgical. 

 

10. Clean fracture surface(s) examined during Task 8 ultrasonically in 1% Alconox solution, 

rinse with hot water and ethyl alcohol followed by drying in hot air.  If this methodology is 

insufficient to clean the fracture surface(s), other cleaning methods may be necessary.  Any 

further surface cleaning will be performed by agreement of parties present. 

 

11. Perform visual examinations of the cleaned fracture surfaces at magnifications of 1X to 

30X with the aid of a stereomicroscope.  Images will be taken of areas of interest. 

 

12. Perform SEM/EDS on the cleaned fracture surfaces.  Images will be taken of areas of 

interest. 

 

13. Remove a radial section of the rim exhibiting an intact dovetail (finger portion to which the 

blades are attached) for subsequent dimensional evaluation.  The dimensions, measurement 

techniques and locations of the dimensional evaluation will be agreed upon by all parties 

present prior to commencement.  A single record of all dimensions will be collected. 

 

14. Select and remove metallographic cross section(s) from the rim. 

 

15. Metallographic cross section(s) will be prepared in accordance with standard 

metallographic practice. 

 

16. Examine the metallographic cross section(s) using a metallograph and/or SEM/EDS.  

Images will be taken at areas of interest. 

 

17. Perform microhardness testing on selected metallographic cross section(s). 

 

18. Perform hardness testing on selected radial section(s) from the rim. 

 

19. If needed and with the agreement of parties present, perform high sensitivity fluorescent 

penetrant inspection of the remaining portions of the rim. 

 

20. Perform radial room temperature tensile tests on samples from fingers of the dovetail 

region of the rim. 

 

21. Perform quantitative chemical analysis of wheel rim material. 

 

The evaluation of these components will continue on a weekly basis until completed.  It is 

estimated that the above protocol will require at least five days to complete, but may take 

significantly longer.  This proposed test protocol may be altered during the examination 

depending upon the results of the testing.  Each party understands that should deviations from 

this protocol become necessary, the representatives present at the examination may participate in 
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any discussions regarding these deviations.  Interested Parties who are not represented at the 

repair facility have no say about the process. 

 

Interested Parties may be present during this evaluation of evidence. The Interested Parties must 

notify Daniel Berglund (612-564-4885) if they plan to attend. Parties will follow the Revised 

Memorandum of Understanding. The data and photographs generated during the execution of 

this protocol will be made available upon request to all Interested Parties at cost.  
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PROPOSED TEST PROTOCOL NO.10 

 

FOR SHERCO NO. 3 

 Sherco No. 3 Deposits Analysis (Cotton, Misc Material). 

 

Date: May 7, 2012 

 

This protocol will be executed at Engel Metallurgical Ltd.  Laboratory testing is expected to start 

when the EDS is available and will continue until completed.   It is expected that this this 

protocol will occur contemporaneously with Protocol 7, but may occur shortly thereafter.  

The following examination and testing protocol is proposed for the evaluation of the Sherco No. 

3 deposits analysis (cotton, miscellaneous material). 

 

Data generated during the execution of this protocol will be shared amongst all parties present.   

 

1. Perform EDS analyses of surface deposits removed from various components of Sherco 

No. 3. The EDS analyses of the deposits are normally performed at 20,000 counts. The 

count level can be changed based on the concentration of particular elements to assure 

statistically sound test results. 

 

2. Determine if any additional work is needed on the samples 

 

It is estimated that the above protocol will require at least several days to complete.  The 

examination will continue on a weekly bases until complete.  This proposed protocol may be 

altered during the examination depending upon the results of the testing.  Each party understands 

that should deviations from this protocol become necessary, the representatives present at the 

examination may participate in any discussions regarding these deviations.  Interested Parties 

who are not represented at the repair facility have no say about the process. 

Interested Parties may be present during this evaluation of evidence. The Interested Parties must 

notify Daniel Berglund (612-564-4885) if they plan to attend. Parties will follow the Revised 

Memorandum of Understanding. The data and photographs generated during the execution of 

this protocol will be made available upon request to all Interested Parties at cost.  
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SHERCO UNIT NO. 3 

INSTRUMENTED DATA FROM NOVEMBER 17 TO 19, 2011 
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Run 1 
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GENERAL ELECTRIC US PATENT 7,387, 494 B2 

FINGER DOVETAIL ATTACHMENT 

BETWEEN TURBINE ROTOR WHEEL AND BUCKET 

FOR STRESS REDUCTION 
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GENERAL ELECTRIC TECHNICAL INFORMATION 

LETTERS 1121-3A, 1121-3AR and 1277-2 
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THIELSCH ENGINEERING, INC., letters, inspection reports, analysis

reports and engineering reports apply only to the specific materials,

products, or processes tested, examined, surveyed, inspected or

calculated;  and are not necessarily indicative of the qualities of apparently

identical or similar materials, products, or processes.  The liability of

THIELSCH ENGINEERING, INC., with respect to the services rendered,

shall be limited to the amount of the consideration paid for such services,

and shall not include any consequential damage.

XCEL_Sherco_5_0037519

 
 
 

MPUC Docket No. E999/AA-18-373, et al. 
OAH Docket No. 65-2500-38476 

Exhibit___(AAT-1), Schedule 3 
Page 490 of 491



THIELSCH ENGINEERING, INC. 
 
 195 Frances Avenue 
 Cranston, Rhode Island 02910-2211 
 Tel. (401) 467-6454 
 Fax. (401) 467-2398 
 
 
 
May 29, 2013 
 
 
 
 
Mr. Darin Schottler 
Xcel Energy 
414 Nicollet Mall, MP7 
Minneapolis, MN 55401 
 
SUBJECT: Sherburne County Unit No. 3 - Root Cause Analysis of Steam Turbine 

Generator Event of November 19, 2011 
 
Dear Mr. Schottler: 
 

Enclosed is a copy and a CD containing an Adobe Acrobat (.pdf) f i le of 
Report No. 14439 covering our root cause analysis of the steam turbine generator event 
of November 19, 2011 in Unit No. 3 at the Sherburne County plant. 
 
 We appreciate this opportunity to be of service. 
 

Very truly yours, 
 

THIELSCH ENGINEERING, INC. 
 
 
 
 

Ara Nalbandian, P.E. 
Vice President, Professional Engineering 
 
 
 
 
Anthony Tipton 
Senior Metallurgical Engineer 

 
Enclosures 
 
cc:  Mr. Tim Thornton, Briggs and Morgan, P.A. w/encl. 
 
kh/43110126 
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