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Q.  Reference:  Newfoundland and Labrador Hydro’s 2009 Capital Budget Application, 1 

Volume II, Tab 21, Hardwoods Gas Turbine Plant Life Extension Upgrades. 2 

 3 

In 2007, Hydro engaged Stantec Inc., an engineering consultant, to complete a 4 

condition assessment and life cycle cost analysis study of the Hardwoods and 5 

Stephenville gas turbine plants.  Please provide a copy of the final report(s) 6 

prepared by Stantec Inc. for Hydro. 7 

  8 

 9 

A. Please see NP-NLH-013 Attachment 1,  2007 Stantec Condition Assessment Study 10 

Report. 11 

  



FINAL REPORT 
CONDITION ASSESSMENT AND LIFE 
CYCLE COST ANALYSIS  
HARDWOODS AND STEPHENVILLE 
GAS TURBINE FACILITIES      

Prepared for: 

   

Newfoundland and Labrador Hydro 
St. John’s, NL 

Stantec Job #:  21061 
Ref. #:  2007-35410-OQ 
December 18, 2007 

    

 

NP-NLH-013, Attachment 1 
Page 1 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



Executive Summary 

Stantec (formerly Neill and Gunter) conducted a Condition Assessment and Life Cycle Cost 
Analysis Study of the Newfoundland and Labrador Hydro (“HYDRO”) Hardwoods and 
Stephenville Gas Turbine Facilities over the period July through December 2007.  The Gas 
Turbines at each site have been in service since the mid 1970’s.  The objective of the Study is 
to provide HYDRO with recommendations on the best course of action to achieve a high degree 
of operating reliability at each site, at least cost, for a further 15 years of operation.  

During the Study period meetings were held with HYDRO officials, visits were made to each site 
and available HYDRO documentation was reviewed in order to assess the current condition of 
the equipment and structures at each site and determine the best course of action to allow a 
further 15 years of reliable service.  The Gas Turbines at each site have operated over the 
years primarily as synchronous condensers providing MVAR support of system voltage.  While 
the Gas Turbines can provide 50 MWs of emergency generation capacity, there has been very 
little generation provided by the units over the past 30 years.  Refer to Report Section 2 for an 
overview of the Gas Turbine Facilities at each site.  

The Gas Turbine Facilities consist of major equipment such as the gas generator engines, 
power turbines and alternator supported by balance-of-plant auxiliary systems such as the oil 
fuel supply system; lube oil system; electrical systems (switchgear; motor control centres, dc 
batteries); control & instrumentation systems (distributed control system; temperature and 
vibration monitoring equipment).  Structures such as buildings, equipment enclosures and 
exhaust stacks comprise the balance of components that make up the Gas Turbine Facilities at 
each site.  

The condition assessment portion of the Study found that the gas generator engines and power 
turbines at each site show signs of operational wear and will require remedial work to allow 
reliable operation over the next 15 years.  Since HYDRO was unable to provide any historical 
electrical testing data or visual inspection information on the alternator at either site, it was not 
possible to assess the current condition of either alternator and determine the extent of remedial 
work required to allow reliable operation over the next 15 years.  HYDRO will have to conduct, 
at some point, a thorough electrical testing and visual inspection of the alternator’s stator and 
rotor in order to arrive at a decision as to whether refurbishment or replacement is required.  
The existing balance-of-plant system equipment, buildings and structures at each site are 
generally in good condition however there is some degree of minimal refurbishment work 
required in these systems.  Refer to Report Section 5 (Hardwoods) and Section 6 (Stephenville) 
for details on the condition assessment of each Gas Turbine Facility.  

A review of the Operator’s Logs provided by HYDRO, particularly over the past 5 years of 
operation, revealed numerous failed starts and trips of the Gas Turbines at both sites resulting 
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from sporadic mechanical and electrical issues associated with auxiliary equipment on the gas 
generators engines and alternator and in the balance-of-plant systems.  These sporadic issues 
are deemed fixable with the proper allocation of time, resources and budget.  Refer to Report 
Section 4 for details on these operational issues. 

In response to the findings of the condition assessment portion of the Study, options studied to 
provide reliable operation over the next 15 years included: (i) the refurbishment of the existing 
equipment and structures at each site; (ii) the replacement of specific major equipment items 
(gas generator engines, power turbines and alternator) with new equipment as well as the 
refurbishment of balance-of-plant systems at one or both sites; (iii) the addition of a new gas 
turbine to replace one or both existing gas turbines and (iv) for HYDRO’s consideration, the 
addition of a dynamic var compensator (D-VAR) to replace one or both gas turbines for system 
MVAR support only, the dominant operating mode of the Gas Turbines over the past 30 years.  
Refer to Report Section 7 for details on the costs and technical aspects of the Options 
considered.  

The 15 year life cycle cost analysis study of each Option included capital costs for engineering, 
equipment supply and installation, as well as fuel, operational and maintenance costs at each 
site.  The 15 year life cycle cost analysis of each Option was performed using HYDRO’s 
Cost/Benefit Financial Analysis Model which uses the Cumulative Net Present Value (CPW) 
approach to perform economic analyses comparisons of alternatives.  Refer to Report Section 8 
for details on the life cycle cost analysis of the various life extension Options considered.  The 
following Table provides a summary of the Options evaluated and the ranking and CPW of each 
Option. 

15 Year Life Extension Options 
Cumulative Net Present Value (CPW) 

CPW 
(2007 Cdn$) Ranking Option 

Sub-Case 
#1 

Sub-Case 
#2 

1 Option 4 – DVAR $8,995,597 $8,995,597 

2 Base Case 2B- Stephenville  Refurbishment - No GT 
Rental  $9,548,569 $24,996,028 

3 Base Case 1B- Hardwoods Refurbishment - No GT 
Rental  $11,467,914 $26,930,650 

4 Base Case 2A- Stephenville Refurbishment - GT Rental  $13,842,768 $27,711,405 
5 Base Case 1A- Hardwoods Refurbishment -  GT Rental  $16,010,747 $29,894,660 

6 Option 2 – New Alternator/Refurbish Engines & Turbines 
– GT Rental $16,248,954 $28,574,070 

7 Option 1 – New Engines & Turbines/Refurbish Alternator 
– GT Rental $33,088,681 $36,221,835 

8 Option 3 – Complete New GT Unit $38,145,919 $38,145,919 
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A decision on the role of the Hardwoods and Stephenville Gas Turbines in the HYDRO system 
beyond 2023 (the specified 15 years of further service) has not been determined by HYDRO at 
this time.  The financial analysis results in the Table reflect two scenarios beyond 2023.  The 
first scenario (Sub-Case 1) assumes further refurbishment work in 2023, whereas the second 
scenario (Sub-Case 2) assumes the equipment will generally be totally replaced in 2023 with 
new equipment.  The two scenarios however do not affect the overall ranking of the Options.  

While Option 4, the Dynamic VAR Compensator (D-VAR) addition at one site, is ranked 1 in the 
Options considered, primarily due to significantly reduced operations and maintenance costs 
going forward, the capital costs used in the life cycle cost analysis of this Option are at best 
ballpark estimates and can only be confirmed through a detailed study on the application of this 
technology at one or both sites.  In this Option, a D-VAR would replace a gas turbine at one or 
both sites for MVAR system voltage support only. The question that HYDRO must address 
regarding this Option is whether backup emergency generating capability is absolutely required 
at either site going forward.  If the answer is yes, this Option can be dismissed from further 
consideration.  If the answer is no, then a more detailed study of this Option should be 
conducted with the involvement of the equipment supplier to confirm costs and technical details.  
It is Stantec’s opinion that this Option would be competitive with the Base Case existing 
equipment refurbishment Options 1 and 2 for MVAR system voltage support only, should 
HYDRO decide to forego generation capability at either site.  Refer to Report Section 7 for 
details on the application of D-VAR technology. 

The Base Case Options (1A/1B – Hardwoods) and (2A/2B – Stephenville) rank 2, 3, 4 and 5 of 
the Options studied.  These Options, involving the refurbishment of the existing equipment at 
each site, assume the alternator will have to be extensively refurbished off-site at a supplier’s 
facilities, over an estimated 4 month period.  As noted previously, HYDRO will have to conduct, 
at some point, a thorough electrical testing and visual inspection of the stator and rotor in order 
to arrive at a decision as to whether refurbishment or replacement is required. Base Cases 1A 
and 2A assume that HYDRO will rent a mobile gas turbine to cover the alternator refurbishment 
period, whereas Base Cases 1B and 2B assume that HYDRO will schedule an estimated 4 
month outage at each site when the alternator is being refurbished.  The decision on the use of 
a rental unit is HYDRO’s. 

Option 2, ranked 6 of the Options studied would only be considered if pending a thorough 
testing and visual inspection of the alternator, it is determined the alternator cannot be 
refurbished and replacement is necessary to allow reliable operation over the next 15 years. 

Options 1 and 3 ranked 7 and 8 respectively, have high CPWs and are not be considered as 
Options to pursue. 

The Stantec team is of the opinion that the existing equipment, particularly the gas generator 
engines, power turbines and alternator, as well as the balance-of-plant equipment and 
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structures can be refurbished sufficiently to allow reliable operation over the next 15 years.  It is 
recommended that Base Case Options 1 and 2 at each site be pursued with a decision required 
on whether a rental mobile gas turbine will be employed at each site.  Since no information was 
available to assess the condition of the alternator, the decision on the extent of refurbishment 
work required on this equipment will not be known until a thorough electrical testing and visual 
inspection of the stator and rotor is conducted.  At that time, HYDRO will have to make a 
decision as to whether refurbishment or replacement is required.  If replacement is necessary at 
one site or the other, then Option 2 should be pursued. 

 

NP-NLH-013, Attachment 1 
Page 5 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



Table of Contents 
 

EXECUTIVE SUMMARY                                                                                                           E.1 

1.0 INTRODUCTION ................................................................................................................1.1 
1.1 GENERAL...........................................................................................................................1.1 
1.2 SCOPE OF WORK .............................................................................................................1.2 
1.3 CONDITION ASSESSMENT AND LIFE CYCLE COST ANALYSIS METHODOLOGY .....1.3 
1.4 INFORMATION SOURCES................................................................................................1.4 

1.4.1 Meetings and Discussions with Newfoundland and Labrador Hydro...................1.4 
1.4.2 Site Visits .............................................................................................................1.4 
1.4.3 Gas Turbine Plant Documentation.......................................................................1.4 
1.4.4 Equipment Supplier Contacts ..............................................................................1.5 
1.4.5 S&S Turbine Services Limited .............................................................................1.5 

2.0 GAS TURBINE FACILITIES OVERVIEW ..........................................................................2.1 
2.1 HARDWOODS GAS TURBINE FACILITY..........................................................................2.1 
2.2 STEPHENVILLE GAS TURBINE FACILITY .......................................................................2.2 
2.3 GAS TURBINE FACILITY STUDY BOUNDARIES.............................................................2.4 

3.0 RELIABILITY, AVAILABILITY, AND MAINTAINABILITY (RAM) .....................................3.1 
3.1 GAS TURBINE RAM PERSPECTIVE ................................................................................3.1 

3.1.1 Review of Performance Degradation Factors ......................................................3.1 
3.1.1.1 Gas Turbine Based Power Plant Ageing .............................................................3.1 
3.1.1.2 Major Factors that Affect Equipment Life.............................................................3.2 
3.1.1.3 The Accumulated Damage Mechanism...............................................................3.3 
3.1.1.4 Performance Degradation....................................................................................3.3 
3.1.1.5 Reliability Degradation .........................................................................................3.4 
3.1.2 Preventive Maintenance, Planning and Scheduling.............................................3.5 
3.1.3 Advanced Technology .........................................................................................3.5 

3.2 ALTERNATOR/EXCITER RAM PERSPECTIVE ................................................................3.6 

4.0 GAS TURBINE FACILITY OPERATIONAL ISSUES AND MAINTENANCE ....................4.1 
4.1 GENERAL...........................................................................................................................4.1 
4.2 OPERATIONAL ISSUES ....................................................................................................4.1 
4.3 FACILITY INSPECTION AND MAINTENANCE .................................................................4.2 

5.0 HARDWOODS GAS TURBINE FACILITY CONDITION ASSESSMENT..........................5.1 
5.1 GENERAL...........................................................................................................................5.1 
5.2 GAS GENERATORS/POWER TURBINES AND AUXILIARY SYSTEMS..........................5.1 

5.2.1 Rolls Royce Olympus C Gas Generator Engines A & B ......................................5.1 
5.2.2 Gas Generator/Power Turbines Auxiliaries..........................................................5.4 
5.2.3 Inlet Air Systems A & B........................................................................................5.5 
5.2.4 Exhaust Stacks A & B..........................................................................................5.7 

NP-NLH-013, Attachment 1 
Page 6 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



Table of Contents 
5.2.5 Curtiss Wright Power Turbines ............................................................................5.8 
5.2.6 SSS Power Turbine Clutches A & B ..................................................................5.10 
5.2.7 Main Power Train Bearings................................................................................5.11 
5.2.8 Main Lube Oil System........................................................................................5.11 
5.2.9 Glycol Cooler for Main Lube Oil Cooling System...............................................5.12 
5.2.10 Gas Generator/Turbines Enclosures A & B .......................................................5.13 
5.2.11 Fire Detection and Protection ............................................................................5.13 
5.2.12 Gas Generator/Turbine Spares..........................................................................5.14 

5.3 ALTERNATOR/EXCITATION SYSTEM ...........................................................................5.14 
5.3.1 Alternator Description ........................................................................................5.14 
5.3.2 Excitation System Description ...........................................................................5.16 
5.3.3 Alternator/Excitation General Assessment ........................................................5.16 
5.3.4 Alternator/Excitation Operational and Maintenance Issues ...............................5.18 
5.3.5 Alternator/Excitation Testing Program ...............................................................5.20 
5.3.6 Alternator/Excitation Recommendations Summary ...........................................5.21 
5.3.7 Alternator/Exciter Enclosure ..............................................................................5.22 

5.4 FUEL OIL SYSTEM ..........................................................................................................5.22 
5.4.1 Fuel Unloading and Storage ..............................................................................5.22 
5.4.2 Fuel Forwarding .................................................................................................5.24 
5.4.3 Fuel Piping .........................................................................................................5.24 

5.5 ELECTRICAL SYSTEMS..................................................................................................5.25 
5.5.1 13.8kV Switchgear .............................................................................................5.25 
5.5.2 13.8 kV/600 V Station Service Transformer.......................................................5.26 
5.5.3 13.8 kV Bus Duct ...............................................................................................5.27 
5.5.4 AC and DC Motor Control Centres ....................................................................5.27 
5.5.5 DC System – Station Battery and Charger ........................................................5.28 
5.5.6 Protection Relays and Synchronizer..................................................................5.29 
5.5.7 15 kV Power Cable ............................................................................................5.31 
5.5.8 Motors ................................................................................................................5.31 
5.5.9 Emergency Backup Diesel Generator................................................................5.32 

5.6 CONTROL AND INSTRUMENTATION SYSTEMS ..........................................................5.32 
5.6.1 Control Module...................................................................................................5.32 
5.6.2 Interposing Relays .............................................................................................5.33 
5.6.3 Vibration Monitoring ...........................................................................................5.33 
5.6.4 Temperature Monitoring.....................................................................................5.34 
5.6.5 Instrument Calibration........................................................................................5.34 
5.6.6 Control Valves....................................................................................................5.34 
5.6.7 Clutch Proximity Switch .....................................................................................5.35 
5.6.8 Fuel Temperature ..............................................................................................5.35 
5.6.9 Fuel Storage Tank Level Switch ........................................................................5.36 
5.6.10 Fuel Storage Tank Wiring Conduits ...................................................................5.36 
5.6.11 Remote Control and Monitoring .........................................................................5.36 
5.6.12 Junction Boxes...................................................................................................5.36 
5.6.13 General Comments............................................................................................5.37 

5.7 BUILDINGS.......................................................................................................................5.38 
5.7.1 Control Building..................................................................................................5.38 
5.7.2 Fuel Unloading Building .....................................................................................5.38 

NP-NLH-013, Attachment 1 
Page 7 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



Table of Contents 
5.7.3 Fuel Forwarding Building ...................................................................................5.39 
5.7.4 Auxiliary Module Building...................................................................................5.40 
5.7.5 Maintenance and Parts Storage Building...........................................................5.40 
5.7.6 High Voltage Switchgear Building......................................................................5.40 
5.7.7 Emergency Back-up Diesel Generator Building.................................................5.41 
5.7.8 General Comments............................................................................................5.41 

5.8 ENVIRONMENTAL...........................................................................................................5.42 

6.0 STEPHENVILLE GAS TURBINE FACILITY CONDITION ASSESSMENT.......................6.1 
6.1 GENERAL...........................................................................................................................6.1 
6.2 GAS GENERATORS/POWER TURBINES AND AUXILIARY SYSTEMS..........................6.1 

6.2.1 Rolls Royce Olympus C Gas Generator Engines A & B ......................................6.1 
6.2.2 Gas Generator/Power Turbines Auxiliary ............................................................6.3 
6.2.3 Inlet Air Systems A & B........................................................................................6.5 
6.2.4 Exhaust Stacks A & B..........................................................................................6.7 
6.2.5 Curtiss Wright Power Turbines A & B ..................................................................6.9 
6.2.6 SSS Power Turbine Clutches A & B ..................................................................6.10 
6.2.7 Main Power Train Bearings................................................................................6.11 
6.2.8 Main Lube Oil System........................................................................................6.11 
6.2.9 Glycol Cooler for Main Lube Oil Cooling System...............................................6.12 
6.2.10 Gas Generator/Power Turbine Enclosures A & B..............................................6.13 
6.2.11 Fire Detection and Protection ............................................................................6.14 
6.2.12 Gas Generator/Power Turbine Spares ..............................................................6.14 

6.3 ALTERNATOR/EXCITATION SYSTEM ...........................................................................6.15 
6.3.1 Alternator Description ........................................................................................6.15 
6.3.2 Excitation System Description ...........................................................................6.16 
6.3.3 Alternator/Excitation General Assessment ........................................................6.16 
6.3.4 Alternator/Excitation Operational and Maintenance Issues ...............................6.18 
6.3.5 Alternator/Excitation Testing Program ...............................................................6.19 
6.3.6 Alternator/Excitation Recommendations Summary ...........................................6.21 
6.3.7 Alternator/Excitation Enclosure..........................................................................6.21 
6.3.8 Alternator Air Cooling System............................................................................6.22 

6.4 FUEL OIL SYSTEM ..........................................................................................................6.24 
6.4.1 Fuel Unloading and Storage ..............................................................................6.24 
6.4.2 Fuel Forwarding .................................................................................................6.26 
6.4.3 Fuel Piping .........................................................................................................6.27 

6.5 ELECTRICAL SYSTEMS..................................................................................................6.27 
6.5.1 13.8 kV Switchgear ............................................................................................6.27 
6.5.2 13.8 kV/600 V Station Service Transformer.......................................................6.28 
6.5.3 13.8 kV Bus Duct ...............................................................................................6.29 
6.5.4 AC and DC Motor Control Centres ....................................................................6.29 
6.5.5 DC System – Station Battery and Charger ........................................................6.30 
6.5.6 Protection Relays and Synchronizer..................................................................6.31 
6.5.7 15 kV Power Cable ............................................................................................6.33 
6.5.8 Motors ................................................................................................................6.33 
6.5.9 Emergency Backup Diesel Generator................................................................6.34 

NP-NLH-013, Attachment 1 
Page 8 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



Table of Contents 
6.6 CONTROL AND INSTRUMENTATION SYSTEMS ..........................................................6.34 

6.6.1 Control Module...................................................................................................6.34 
6.6.2 Interposing Relays .............................................................................................6.35 
6.6.3 Vibration Monitoring ...........................................................................................6.35 
6.6.4 Temperature Monitoring.....................................................................................6.36 
6.6.5 Instrument Calibrations ......................................................................................6.37 
6.6.6 Control Valves....................................................................................................6.37 
6.6.7 Remote Control and Monitoring .........................................................................6.37 
6.6.8 Junction Boxes...................................................................................................6.38 
6.6.9 General Comments............................................................................................6.38 

6.7 BUILDINGS.......................................................................................................................6.39 
6.7.1 Control Building..................................................................................................6.39 
6.7.2 Fuel Forwarding Building ...................................................................................6.40 
6.7.3 Parts Storage Shed............................................................................................6.42 
6.7.4 Waste Oil Storage Shed ....................................................................................6.43 
6.7.5 Emergency Back-up Diesel Generator Building.................................................6.43 
6.7.6 General Comments............................................................................................6.44 

6.8 ENVIRONMENTAL...........................................................................................................6.44 

7.0 GAS TURBINE FACILITY 15 YEAR LIFE EXTENSION OPTIONS ..................................7.1 
7.1 GENERAL...........................................................................................................................7.1 
7.2 BASE CASE – REFURBISHMENT OF EXISTING GAS TURBINE FACILITIES ...............7.2 

7.2.1 Hardwoods Gas Turbine Facility Refurbishment Recommendations ..................7.2 
7.2.2 Stephenville Gas Turbine Facility Refurbishment Recommendations .................7.6 

7.3 OPTIONS – REPLACEMENT OF MAJOR COMPONENTS ............................................7.11 
7.3.1 Option 1 – New Gas Generator Engines and Power Turbines ..........................7.11 
7.3.2 Option 2 – New Alternator/Exciter......................................................................7.12 

7.4 OPTION 3 – NEW GAS TURBINE ...................................................................................7.14 
7.5 TEMPORARY MOBILE GAS TURBINE RENTAL ............................................................7.15 
7.6 OPTION 4 – NEW DYNAMIC VAR COMPENSATOR......................................................7.17 

8.0 LIFE CYCLE COST ANALYSIS OF REFURBISHMENT OPTIONS .................................8.1 
8.1 GENERAL...........................................................................................................................8.1 
8.2 FINANCIAL MODEL INPUT DATA/CRITERIA/COSTS......................................................8.1 

8.2.1 MWHRS AND MVAR OUTPUT ...........................................................................8.1 
8.2.2 Operations and Maintenance Budgets.................................................................8.2 
8.2.3 Gas Turbine #2 Oil Fuel Price Forecast...............................................................8.2 
8.2.4 Inflation and Escalation Forecast.........................................................................8.3 
8.2.5 Fuel Consumption at Each Site ...........................................................................8.3 

8.3 SUMMARY OF GAS TURBINE FACILITY REFURBISHMENT CAPITAL COSTS ............8.4 
8.4 LIFE CYCLE COST ANALYSIS ASSUMPTIONS AND COMMENTARY ...........................8.5 

8.4.1 Base Case 1A – Hardwoods Refurbishment with Mobile Gas Turbine Rental 
Allowance.............................................................................................................8.6 

8.4.2 Base Case 1B – Hardwoods Refurbishment with No Mobile Gas Turbine Rental 
Allowance.............................................................................................................8.7 

NP-NLH-013, Attachment 1 
Page 9 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



Table of Contents 
8.4.3 Base Case 2A – Stephenville Refurbishment with Mobile Gas Turbine Rental 

Allowance.............................................................................................................8.7 
8.4.4 Base Case 2B – Stephenville Refurbishment with No Mobile Gas Turbine Rental 

Allowance.............................................................................................................8.8 
8.4.5 Option No. 1 – Replacement of Engines and Power Turbines ............................8.8 
8.4.6 Option No. 2 – Replacement of Alternator and Exciter ........................................8.9 
8.4.7 Option No. 3 - New Gas Turbine Facility .............................................................8.9 
8.4.8 Option No. 4 - Dynamic Var Compensation.......................................................8.10 

8.5 LIFE CYCLE COST ANALYSIS RESULTS AND RANKING OF OPTIONS .....................8.10 

9.0 CONCLUSIONS AND RECOMMENDATIONS ..................................................................9.1 

10.0   CLOSURE....................................................................................................................10.1 
 
 
APPENDICES 
 
APPENDIX 1  Minutes of Study Kick-off Meetings – Hardwoods and Stephenville 
APPENDIX 2  Single Line Diagrams – Hardwoods and Stephenville 
APPENDIX 3 HYDRO JD Edwards Maintenance Activities Printout – Hardwoods and 

Stephenville 
APPENDIX 4  ALBA Report – Olympus C Engines Borescope Inspection – Hardwoods  
                                    and Stephenville  
APPENDIX 5  HYDRO Inspection Sheets – Hardwoods and Stephenville   
APPENDIX 6 Refurbishment Recommendations Cost Estimate Spreadsheet -   

Hardwoods and Stephenville  
APPENDIX 7  MAN TURBO Engines and Power Turbines Proposal  
APPENDIX 8  Brush New Generator Proposal 
APPENDIX 9  Caterpillar and Pratt & Whitney Gas Turbine Rental Units  
APPENDIX 10  Dynamic VAR Compensation Information  
APPENDIX 11  HYDRO Emails - Financial Model Input Information 
APPENDIX 12  Financial Cost Analysis Model Runs  
APPENDIX 13  Photographs – Hardwoods and Stephenville Gas Turbine Facilities   
 

NP-NLH-013, Attachment 1 
Page 10 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



FINAL REPORT 
CONDITION ASSESSMENT AND LIFE CYCLE COST ANALYSIS  
HARDWOODS AND STEPHENVILLE GAS TURBINE FACILITIES    
 

s f:\jobs\21061\pm\reports\final report\master copy - final report\final wgh - report (december 14, 2007 ) - nlh hardwoods & stephenville gas turbines study.doc 1.1  

1.0 INTRODUCTION  

1.1 GENERAL 

Newfoundland and Labrador Hydro (“HYDRO”) issued a Request for Proposals (“RFP”) 
Contract Agreement 2007-35410-OQ on May 23, 2007 requesting Proposals for all work 
required to perform a condition assessment and life cycle analysis on gas turbines facilities 
located at Hardwoods, in the St. John’s area, and Stephenville, Newfoundland and Labrador. 
Neill and Gunter (Nova Scotia) Limited (“NG”) was awarded a Contract for this work on July 6, 
2007.  Following the award of the Contract, Neill and Gunter was acquired by Stantec 
Consulting Ltd. (“Stantec”) on October 19, 2007.  The Contract was subsequently assigned to 
Stantec by HYDRO.  

The purpose of the Study is to provide HYDRO with a comprehensive Report that can be used 
as the basis in deciding the best course of action to achieve a high degree of operating 
reliability, at least cost, for the next 15 years at each site. 

This Final Report presents the findings of a Condition Assessment and Life Cycle Cost Analysis 
Study of the Hardwoods and Stephenville Gas Turbine Facilities carried out by Stantec over the 
period July through November 2007.  The Report documents Stantec’s observations and 
comments from a site visit to Stephenville on July 17/18, 2007, a site visit to Hardwoods on 
August 21/22, 2007, a review of the documentation provided by HYDRO and discussions with 
HYDRO personnel during and following the site visits.   

This Report is presented in ten sections. Section 1 outlines the scope of work, study 
methodology and information sources. Section 2 provides an overview of each Gas Turbine 
Facility and the equipment assessed. Section 3 presents a discussion on reliability, availability 
and maintainability (RAM) as it relates to the gas turbine and alternator. Section 4 reviews some 
of the operational issues affecting the performance of both Gas Turbines and the inspection and 
maintenance activities at each site. Section 5 provides a condition assessment of the 
equipment, buildings and structures at Hardwoods and Section 6 provides a similar assessment 
for the Stephenville site. Section 7 explores the options available for the 15 year life extension of 
both Gas Turbine Facilities. Section 8 presents a life cycle cost analysis of the various options. 
Section 9 provides the Study conclusions and recommendations. Section 10 relates to closure. 

The Report presents a multi-disciplinary engineering condition assessment of the Gas Turbine 
Facilities and a life cycle cost analysis of refurbishing the existing units as compared to other 
options available to HYDRO for continued reliable operation at each site.  The boundaries of the 
Study extend from the Fuel Unloading area up to the low voltage bushings of the Gas Turbine 
13.8/66 kV step-up transformer at each site.   

The focus of the technical aspects of the Study consisted of an evaluation of plant equipment, 
systems and components from an operational reliability, equipment availability and maintenance 
perspective in order to determine which components may require upgrade, replacement or 
repair due to equipment obsolescence, equipment ageing effects or maintenance practices in 
order to provide reliable operation over the next 15 years.   
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The focus of the life cycle cost analysis aspects of the study consisted of an economic 
evaluation of the costs associated with refurbishing the existing equipment, the replacement of 
existing equipment with new, as well as other economic opportunities for improvement.  The 15 
year life cycle analysis included capital costs for equipment supply and installation as well as 
maintenance and operational costs at each site.  As agreed with HYDRO, the future operational 
mode of each unit on an annual basis will reflect its annual operation over the past 5 years. 

An Interim Report on the Stephenville Gas Turbine Facility was issued on August 17, 2007.  An 
Interim Report on the Hardwoods Gas Turbine Facility was issued on October 3, 2007.  The 
Condition Assessment sections of each Interim Report have been incorporated in the Final 
Report.  The Life Cycle Cost Analysis section of the Final Report is a new section not previously 
issued. 

1.2 SCOPE OF WORK 

The Condition Assessment and Life Cycle Cost Analysis of the Hardwoods and Stephenville 
Gas Turbine Facilities includes the following work scope as contained in the HYDRO Request 
for Proposal (RFP) Contract Agreement 2007-35410-OQ dated May 23, 2007.   

 
o Perform a detailed assessment of the condition of the Hardwoods and Stephenville Gas 

Turbine Facilities.  The assessment will identify potential problems in continuing to operate 
the Facilities as they presently exist for the next 15 years.  Potential problems will include 
availability of service support by manufacturers.  The study will recommend solutions with 
associated cost estimates for maintaining and running the Facilities as reliable generating 
units for that time period.  

 
o Conduct Site investigations and inspections which will include where required opening 

and/or disassembly of major equipment components for internal inspection.  The study shall 
focus on the Gas Turbine Facility in its entirety which shall include the fuel unloading 
system, storage and distribution system, fuel forwarding module, control module, air intake 
structures, gas turbines, power turbines, exhaust stacks, building enclosures, clutches, 
alternator, exciter, control systems, power systems, and auxiliary systems (i.e. compressed 
air, lube oil, glycol, etc.).  

 
o Review information provided by HYDRO regarding significant upgrades or maintenance 

work performed on the Hardwoods and Stephenville Gas Turbine Facilities in the past for 
consideration in making assessments (i.e. gas turbine overhaul reports, alternator upgrades, 
etc.) on operating reliability over the next 15 years.  

 
o Review information provided by HYDRO regarding current operating problems at the 

Hardwoods and Stephenville Gas Turbine Facilities for consideration in making 
assessments of operating reliability over the next 15 years.   

 
o In addition the study will evaluate two other options for redeveloping the Hardwoods and 

Stephenville sites as follows:  
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Option 1:  Replace the major equipment items and systems with new at one site. 
 Existing infrastructures would be utilized where considered to be suitable for continued 

long term use.  The components removed would be used as spares for the other site. 
 

Option 2:  Replace major equipment items and systems with new at both sites. 
 Existing infrastructures would be utilized where considered to be suitable for continued 

long term use. 

o Provide HYDRO with a comprehensive report that can be used as a basis in deciding the 
best course of action to achieve a high degree of operating reliability at least cost for the 
next 15 years at the Hardwoods and Stephenville Gas Turbine Facilities. 

 
The Hardwoods and Stephenville Gas Turbine Facilities are located at terminal stations.  The 
Study does not include equipment and structures that are part of the terminal station such as 
transformers, switchyard circuit breakers, etc.  The Study also does not include the Gas 
Turbines SCADA remote control and monitoring equipment. 

1.3 CONDITION ASSESSMENT AND LIFE CYCLE COST ANALYSIS 
METHODOLOGY 

Stantec’s approach or methodology in conducting the Gas Turbine Condition Assessment and 
Life Cycle Cost Analysis Study consisted of three phases. 

Phase 1 involves -- (i) the visual inspection of the equipment, (ii) a review of operation and 
maintenance history, (iii) a review of data from regularly scheduled tests and inspections 
carried out on equipment and (iv) a review of equipment documentation – manuals, 
drawings, etc. Refer to Report Sections 4.0, 5.0 and 6.0 for details. 

Phase 2 involves -- (i) an assessment of the data collected from Phase 1, (ii) compiling a list 
of recommended refurbishments to the existing equipment to allow for reliable operation 
over the next 15 years, (iii) source pricing on the refurbishments, (iv) prepare a performance 
specification and obtain pricing on the Study options ie replace the major equipment items 
and systems with new at one or both sites. Refer to Report Section 7.0 for details. 

Phase 3 involves -- a life cycle cost analysis of (i) the refurbishment of the existing Gas 
Turbine Facilities and (ii) the Study options.  This will require information from HYDRO on (i) 
historical maintenance and operations costs (ii) forecast of unit operation over next 15 years 
(iii) cost of capital, etc. Refer to Report Section 8.0 for details. 

This methodology will provide HYDRO with a comprehensive report that can be used as a basis 
in deciding the best course of action to achieve a high degree of operating reliability at least cost 
for the next 15 years at the Hardwoods and Stephenville Gas Turbine Facilities. 
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1.4 INFORMATION SOURCES 

Information for the Condition Assessment Study was sourced in a number of ways.  

1.4.1 Meetings and Discussions with Newfoundland and Labrador Hydro 

Kick-off Meetings were held concurrently with the visits to each site.  A Stephenville Kick-off was 
held on July 17/18, 2007.  A Hardwoods Kick-off was held at HYDRO offices in St. John’s on 
August 21, 2007.  A copy of the Minutes of each Meeting is included in Appendix 1.  The Kick-
off Meetings provided a good introduction for Stantec to the Hardwoods and Stephenville Gas 
Turbine Facility sites and various operational issues under consideration by HYDRO. 

A list of HYDRO and Stantec personnel involved in the Study is included in Appendix 1.  

1.4.2 Site Visits 

A site visit followed the Kick-off Meetings.  Stantec personnel, accompanied by HYDRO 
personnel, spent parts of July 17 and 18 at the Stephenville site and August 21 and 22 on the 
Hardwoods site inspecting the Gas Turbine Facility equipment and related civil, mechanical, 
electrical, instrumentation and control systems.  Observations from the visit are documented in 
Sections 4.0, 5.0 and 6.0 of this Report. 

1.4.3 Gas Turbine Plant Documentation 

Stantec provided HYDRO with a List of Documentation required for review.  The Final Report 
reflects documentation received as of November 15, 2007.  Information requested for review 
included but was not limited to:  

 Gas Turbine Facility Maintenance Records  
 Gas Turbine Facility Operational Logs & Forced Outage Information 
 Gas Turbine Facility Major Refurbishment/Overhaul Work Reports  
 Equipment Inspection Reports including Oil Tanks (all equipment over past 10 years) 
 Equipment Test Reports (all equipment over past 10 years) 
 Gas Turbine O&M Manual 
 Electrical Equipment O& M Manuals 
 Control Equipment O&M Manuals 
 Control System Architecture including communication links 
 Programming software and platforms per control system 
 Various Drawings 
 List of major Spare Parts in inventory at Site 
 List of existing parts/service providers for the major equipment 
 Maintenance Plan and Schedule 
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HYDRO provided compact discs (CD’s) on August 22 and September 20, 2007 containing 
available information on each site. A printout of the operational logs and the various 
maintenance Work Orders carried out at the Hardwoods and Stephenville sites was provided as 
well as various O & M Manuals and drawings.  The area where little information was provided 
related to historical equipment test and inspection reports as well as reports on major 
refurbishment work carried out on the major Gas Turbine components – engines, power 
turbines and alternator.  The lack of test and inspection information on the alternator in 
particular made the condition assessment of this equipment very difficult. 

1.4.4 Equipment Supplier Contacts 

Section 7.0 outlines a number of options considered for the reliable operation of the Hardwoods 
and Stephenville Gas Turbine facilities for a further 15 years.  The options range from 
refurbishment of the existing Gas Turbine Facility equipment and structures to replacement of 
major components to replacement of the Gas Turbines themselves.  

The following equipment suppliers were contacted for costing purposes: 

 Brush Electrical Machines Ltd – Houston, USA – Mike Watkins 
 MAN TURBO – Calgary, Alberta – Pierre Bovon 
 Wood Group Generator Services – Louisiana – David Robinson 
 Siemens Canada Limited – Dartmouth NS and Hamilton, ON – Bob Sheehan 
 General Electric – Schenectady, NY – S. Wheeler 

 
While several suppliers were responsive to our requests, many were not.  

1.4.5 S&S Turbine Services Limited 

Robin Sipe of S&S Turbine Services Limited of Fort St. John, British Columbia was a member of 
the Stantec team for the Condition Assessment Study.  Mr. Sipe has extensive experience in 
the servicing and repair of Olympus C engines in particular.  Mr. Sipe’s experience was a 
valuable information source for both the Stantec team and HYDRO. 
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2.0 GAS TURBINE FACILITIES OVERVIEW 

2.1 HARDWOODS GAS TURBINE FACILITY 

The Hardwoods Gas Turbine Facility was placed in service in 1976 and operates as both a 
generator – peaking/emergency backup -- and a synchronous condenser, the latter being the 
dominant operating mode.  The Gas Turbine, while averaging approximately 1000 running 
hours annually over its 31 years of service has experienced frequent start/stops, estimated to be 
in excess of 170 starts per year. A photograph of the Gas Turbine (Photo: HWD-001) is included 
in Appendix 13. 

The Gas Turbine is located within a Terminal Station consisting of 66 kV and 230 kV bus work, 
circuit breakers, transformers and transmission lines.  The Gas Turbine alternator output voltage 
of 13.8 kV is connected via enclosed bus duct to a circuit breaker located in a 13.8 kV 
switchgear assembly.  A further run of enclosed 13.8 kV bus duct connects the circuit breaker to 
the LV terminals of a 13.8/66 kV, 45/60/75 MVA transformer.  A System Operating Diagram and 
Single Line Diagram for the Hardwoods Site are included in Appendix 2. 

The Facility consists of two Rolls Royce Olympus C, 25 MW Gas Generator Engines (A and B) 
fired on #2 Diesel Oil, each driving a Curtiss Wright Power Turbine equipped with a SSS size 
208T clutch.  Each Gas Generator Engine has an air intake structure and each power turbine 
has an exhaust stack.  Gas Generator Engine B was overhauled in 1993.  Gas Generator 
Engine A has never been overhauled since going into service in 1976.  It is our understanding 
that both exhaust stacks at Hardwoods were replaced in 1992. 

A 53 MW 13.8 kV Brush Alternator Frame BDAX8-280 is common to and driven by either or 
both, Power Turbines as required.  The Alternator has a rotating exciter connected to the shaft.  
Generator air cooling is provided by fan blades on the alternator shaft that induces filtered 
outside air through the stator and rotor.  

The lube oil system is common to each power turbine, clutch and the alternator.  Lube oil 
cooling is provided by an external Glycol Cooler.  The Glycol Cooler for the main lube oil system 
is located outdoors and a single glycol circulation pump and three-way temperature control 
valve are located in the Auxiliary Module Building dedicated for the main lube oil storage and 
pump facilities.  Air compressors for starting air and process purposes are also located within 
the Auxiliary Module Building in an enclosed room. Air receiver tanks are located outside the 
building. 

The fuel oil system consists of truck unloading facility pump sets located in a dedicated fuel oil 
unloading building at the storage tank area; one storage tank of 14,000 bbl (2,225,000L) 
nominal capacity and a piping system between the storage tank and fuel forwarding pump sets 
(AC and DC motor) located in a dedicated fuel forwarding building adjacent to the Gas Turbine.   
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Electrical equipment consists of a 13.8 kV switchgear assembly located in an outdoor 
enclosure; enclosed bus duct connecting the alternator to its circuit breaker and 13.8/66 kV 
step-up transformer.  Motor control centres (AC and DC), protection and control devices, battery 
charger and inverter are located in the Control Building.  The 125 V DC batteries are installed in 
a separate battery room within the Control Building. 

An ELSAG Bailey INFI 90 DCS system installed in 1997 and located in the Control Building 
provides the local human machine interface (HMI) and the control and monitoring functions for 
the Facility.  The Gas Turbine is also remotely started/stopped and monitored from the Energy 
Control Centre located in St. John’s via a SCADA system. 

From information provided by HYDRO in the Request for Proposals, the operational data on the 
Gas Turbine is as follows:  

o Gas Generator A 
o 1200 running hours since installed in 1976 
o 2100 start/stops since installed 

o Gas Generator B 
o 3935 running hours since year1993 overhaul 
o 3115 start/stops since year 1993 overhaul 

o Alternator 
o 27,250 synchronous condenser mode running hours 
 

2.2 STEPHENVILLE GAS TURBINE FACILITY 

The Stephenville Gas Turbine Facility was placed in service in 1975 and is a sister unit to the 
Gas Turbine at Hardwoods. Like Hardwoods, the Stephenville Gas Turbine operates as both a 
generator – peaking/emergency backup -- and a synchronous condenser, the latter being the 
dominant operating mode.  Based on information provided by HYDRO, the Gas Turbine, while 
having minimal running time, has experienced frequent start/stops, averaging in excess of 170 
starts per year, over its 30 years of service. A photograph of the Gas Turbine (Photo: SVL-001) 
is included in Appendix 13. 

While the alternators at Stephenville and Hardwoods are similar in terms of MW output and 
construction, they do have several major differences.  

 The Stephenville alternator cooling system uses a 50/50 glycol-water mixture to 
absorb heat from the air circulating inside the alternator casing and discharges the 
heat to ambient air by means of an external heat exchanger complete with fan 
cooling.  The Hardwoods alternator cooling does not use an external heat 
exchanger.  The Hardwoods cooling system consists of intake filters and discharge 
louvers located on the alternator enclosure.  The clean air is induced into the 
alternator by fan blades mounted on the alternator main shaft, and is rejected from 
the system via exhaust louvers.  
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 The Stephenville alternator rotor length is 1.64 meters longer than the rotor length at 

the Hardwoods site.  
 
The Gas Turbine is located within a Terminal Station consisting of 66 kV and 230 kV bus work, 
circuit breakers, transformers and transmission lines.  The Gas Turbine alternator output voltage 
of 13.8 kV is connected via enclosed bus duct to a circuit breaker located in a 13.8 kV 
switchgear assembly.  A further run of enclosed 13.8 kV bus duct connects the circuit breaker to 
the LV terminals of a 13.8/66 kV, 45/60/75 MVA transformer. A System Operating Diagram for 
the Stephenville Terminal Station is included in Appendix 2. 

The Facility consists of two Rolls Royce Olympus C, 25 MW Gas Generator Engines (A and B) 
fired on #2 Diesel Oil, each driving a Curtiss Wright Power Turbine equipped with a SSS size 
208T clutch.  Each Gas Generator Engine has an air intake structure and each power turbine 
has an exhaust stack. Gas Generator Engine B was overhauled in 2000.  Gas Generator 
Engine A has never been overhauled since going into service in 1975.  It is our understanding 
both exhaust stacks at Stephenville were replaced in 1992  

A 53 MW 13.8 kV Brush Alternator Frame BDAX8-280 is common to and driven by each Power 
Turbine.  The Alternator has a rotating exciter connected to the shaft.  The lube oil system is 
common to each power turbine, clutch and the alternator.  Lube oil cooling is provided by an 
external Glycol Cooler.  Generator air cooling is provided by an internal air heat exchanger and 
an external Glycol Cooler.  The two Glycol Coolers and pump sets are located outdoors.   

The fuel oil system consists of a truck unloading facility; three storage tanks, each of 477,000 
litre nominal capacity and fuel unloading and forwarding pump sets located in a Fuel Forwarding 
Building.  Air compressors for starting air and process purposes are located within the Control 
Building in an enclosed room.   

Electrical equipment consists of a 13.8 kV switchgear assembly located in an outdoor 
enclosure; enclosed bus duct connecting the alternator to its circuit breaker and 13.8/66 kV 
step-up transformer. Motor control centres (AC and DC), as well as 250 V and 125 V DC 
batteries, battery chargers and inverter are all located in the Control Building. 

An ELSAG Bailey INFI 90 DCS system installed in 1999 and located in the Control Building 
provides the local human machine interface (HMI) and the control and monitoring functions for 
the Facility.  The Gas Turbine is also remotely started/stopped and monitored from the Energy 
Control Centre located in St. John’s via a SCADA system. 

From information provided by HYDRO in the Request for Proposals, the operational data on the 
Gas Turbine is as follows:  
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o Gas Generator A 
o 3883 running hours since installed in 1975 
o 3416 start/stops since installed 

o Gas Generator B 
o 2015 running hours since year 2000 overhaul 
o 1770 start/stops since year 2000 overhaul 

o Alternator 
o 3765 synchronous condenser mode running hours 
 

2.3 GAS TURBINE FACILITY STUDY BOUNDARIES 

This sub-section lists the Gas Turbine Plant equipment and structures at each site included 
within the boundaries of the Gas Turbine Condition Assessment and Life Cycle Cost Analysis 
Study.  The Study boundaries encompass:  

Gas Generator Engines and Subsystems 

o Rolls Royce Olympus C Gas Generator Engines (2) 
 Fuel Piping 
 Woodward Governor 
 Gas Generator Engines Lube Oil System 
 Gas Generator Engines Bearings 
 Compressed Air Starting System 

o Air Inlet Systems (2) 
o Exhaust Stacks (2) 
o Fuel Oil System 

 Oil Unloading 
 Oil Storage and Secondary Containment 
 Fuel Forwarding Equipment 
 Fuel Piping 

o Gas Generator Engine and Power Turbine Enclosures (2) 
o Fire Fighting Systems 

Power Turbine, Alternator (Generator) and Subsystems 

o Curtiss Wright Power Turbines (2) 
o S.S.S. Power Turbine Clutches (2) 
o Bearings 
o Main Lube Oil System (common to the Power Turbines, Clutches and Alternator 

Bearings) 
o Main Lube Oil Cooling System / Glycol Cooler 
o Alternator Air Cooling System   
o Alternator (Generator) 
o Rotating Exciter 
o Automatic Voltage Regulator (AVR) 
o Alternator (Generator) Enclosure 
o Fire Fighting System 
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Electrical Ancillaries 

o 13.8 kV Switchgear (alternator breaker) 
o Alternator Output Bus Duct 
o Alternator protection relays 
o Sync-check relay 
o Motor Control Centres (AC & DC) 
o Station DC supply (batteries and chargers) 
o Inverter (AC supply for control systems) 
o Emergency Backup Diesel Generator 

Instrumentation and Control 

o Bailey Control System 
o SCADA interface (remote control and indication) 
o Temperature monitoring system 
o Vibration monitoring system 
o Auxiliary Systems Instrumentation Devices 

o Fuel oil tanks  
o Fuel forwarding system 
o Compressed Air System 
o Glycol cooling system 
o Lube oil system  

Buildings 

o Gas Turbine Control Building (both sites) 
o High Voltage Switchgear Building (both sites) 
o Fuel Unloading Building (Hardwoods) 
o Fuel Forwarding Building (Hardwoods) 
o Auxiliary Module Building (Hardwoods)  
o Maintenance and Parts Storage Building (Hardwoods) 
o Fuel Unloading and Forwarding Building (Stephenville) 
o Parts Storage Shed (Stephenville) 
o Waste Oil Storage Shed (Stephenville) 
o Emergency Backup Diesel Generator Building (both sites) 
 

A condition assessment of the equipment and structures along with refurbishment 
recommendations is contained in Section 5.0 for Hardwoods and Section 6.0 for Stephenville. 
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3.0 RELIABILITY, AVAILABILITY, AND MAINTAINABILITY (RAM) 

HYDRO’s requirements for reliability, availability and maintainability (RAM) are major factors in 
the decision making process for the Options presented to ensure continued operation of the 
Facilities for the next 15 years.  In this section of the Report, the factors that contribute to the 
RAM of the Facility are explained. 

3.1 GAS TURBINE RAM PERSPECTIVE 

3.1.1 Review of Performance Degradation Factors 

The Hardwoods and Stephenville Gas Turbines mechanically consist of gas generator engines, 
power turbines and clutches (collectively the gas turbine unit). There are a number of factors 
that impact on the performance and reliability of this equipment. The basic factor is the mode of 
operation that can range from base load through to peaking and emergency stand-by.  Most 
commonly, simple cycle gas turbine facilities such as those at the Hardwoods and Stephenville 
sites are used for peaking, emergency stand-by and synchronous condenser operation.  
However, installations designed and used regularly for synchronous condenser operations are a 
rarity.  

The unit operating mode and external operating environment determine the working 
environment of the gas turbine parts.  The unit operating conditions refer to the start/stop cycle, 
power load setting, and type of fuel.  The start/stop cycle can be normal load start/stop, part 
load start/stop, emergency start/stop, fast load start/stop, synchronous condenser start/stop and 
trips.  The following site factors impact upon the performance of the gas turbine: 

 Ambient conditions and site elevation 
 Inlet and exhaust loss 
 Fuel 
 Performance enhancement additions 

 
The unusual operating requirements of these simple cycle gas turbine units suggest that their 
maintenance requirements will be different from the norms of the power generation industry.  
From the discussions and review of the Hardwoods and Stephenville maintenance procedures 
to date, it appears that formalized inspection plans have only been applied to these units in 
recent years.  However, the facilities have given good service and are worthy of consideration 
for continued operation. 

3.1.1.1 Gas Turbine Based Power Plant Ageing 

Gas turbine engines, power turbines and clutches accumulate degradation as they accumulate 
operating hours, and the number of start/stop cycles.  Power output and heat rates deteriorate 
and the failure rates increase in some sort of relationship that reflects the specifics of the site.  
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The hot parts of the engine are working under severe environmental conditions, namely, high 
flow rate, hot gases, and frequent temperature changes due to start-up and shut-down, and 
therefore they can have a relatively short lifespan.  The hot gas path parts include combustion 
liners, end caps, fuel nozzle assemblies, crossfire tubes, transition pieces, turbine nozzles, 
turbine stationary shrouds, and turbine buckets.  The damage accumulation of the buckets of a 
gas turbine firing at peak load will be faster than those firing at base load or part load, and 
therefore more significant ageing would result on a higher capacity factor plant. 

3.1.1.2 Major Factors that Affect Equipment Life 

The gas turbine’s life is affected by many factors, and the mechanism of how these factors 
affect equipment life has to be well understood to produce effective maintenance planning and 
to project its life expectancy.  The most important factors include starting cycle, power setting, 
and type of fuel.  These factors have a direct impact on the life of critical gas turbine parts, and 
therefore they influence the maintenance interval. 

Fuel type and quality--- For distillate fuelled facilities like Hardwoods and Stephenville, 
the consideration is that the fuel is derived from crude oils that contain corrosive 
elements such as sodium, potassium, vanadium and lead.  Distillate fuels generally 
release higher amounts of radiant thermal energy, which results in a subsequent 
reduction in combustion hardware life.  The corrosive elements lead to accelerated hot 
corrosion of turbine nozzles and buckets.  Distillate fuels do not generally contain high 
levels of corrosive elements, but trace quantities of contaminants can be present in 
these fuels, which lead to higher maintenance requirements than with natural gas fuel. 

Load Setting---Firing temperature co-relates with the load setting of the gas turbine unit.  
Under higher firing temperatures, the hot gas path parts are subjected to higher 
temperature hot gas, and this leads to high metal temperature, which reduces hot gas 
path components lives.  However, a reduction in load does not necessarily mean an 
equivalent reduction in firing temperature, so there is always some degree of effect. 

Cyclic effects---The cyclic effects introduced during the frequent startup, operation, and 
shutdown of the gas turbine unit affect component life.  There appears to be a 
requirement almost daily for these units to be started and run as Synchronous 
Condensers.  Also, operating conditions other than the standard startup and shutdown 
sequence can potentially reduce the life of the hot gas path parts, rotors, and 
combustion parts.  The starting cycle results in the most severe hot end thermal 
gradients experienced during normal engine operation.  At ignition, the combustor exit 
temperature exceeds that during normal operation for a short time until the control 
system regulates the fuel and air flows to lower it.  Therefore, the oxidation and 
corrosion experienced by the hot gas path is most severe at this time and will add to the 
engine ageing process.  Frequent start/stops will further increase the ageing process. 
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3.1.1.3 The Accumulated Damage Mechanism 

The causes of wear of hot gas path components of peaking plants due to cyclic duty application 
include thermal mechanical fatigue, high-cycle fatigue, rubs/wear, and foreign object damage.  
Another example is when the gas turbine experiences a trip rather than a normal base load shut 
down.  This results in a more precipitous reduction in temperatures that promotes the 
development of cracks.  Turbine trips (shutdown of the turbine) occur when the protective 
functions of the control system act as a result of detecting such events as: electrical protection 
trip, over speed, over temperature, high rotor vibration, fire, loss of flame, or loss of lube oil 
pressure. 

The lengths of cracks that manifest in the hot gas parts are used as an indication of the safety of 
continued operation of the unit.  If cracks appear on the rotating components (discs and blades), 
it is risky to continue operating the machine.  Cracks on the stationary components can be 
tolerated provided they do not form a combination wherein a portion of material can be released 
into the gas stream.  From this, it can be inferred that a scheduled frequency of borescope 
inspections should be in place for these units.  The basis should be related to the number of 
starts together with the number of running hours.  The precise formula that incorporates these 
parameters requires review of past operating experience and the results of inspections.  

A certain limit for the crack length is set for a particular type of part, and a hot gas part whose 
crack length is beyond this limit is scheduled a repair or replacement.  For peaking gas turbine 
units, thermal mechanical fatigue is the dominant limiter of life and understanding the interaction 
between thermal mechanical fatigue, creep, oxidation, and corrosion is necessary for estimating 
the overall life expectancy for gas turbines. 

3.1.1.4 Performance Degradation 

All types of turbo-machinery experience losses of performance with time.  Even under normal 
operating conditions, with a good inlet air filtration system and using a clean fuel, the engine 
flow path components will become fouled, eroded, corroded, covered with rust scale, damaged, 
etc.  The result will be degradation in engine performance, which will get progressively worse 
with increasing operating time.  Thus, the gas turbine performance deteriorates as its operating 
hours accumulate, and the economic impact of engine performance degradation is significant.  
The majority of the power loss in a gas turbine is due to compressor degradation.  

Gas turbine performance degradation can be classified as recoverable and non-recoverable 
losses.  Recoverable losses are usually associated with compressor fouling and can be partially 
rectified by water washing.  The non-recoverable losses would be due to degradation of the 
blades that would have to be re-conditioned or replaced to restore performance.  Remember 
that performance degradation is a function of the operating mode, therefore the specific 
operating modes for these HYDRO units should be considered for performance degradation 
rate prediction and modeling.  
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Detection of the extent of the performance degradation is necessary before appropriate actions, 
such as online water wash or off line water wash, be taken.  This infers data acquisition and 
assessment that would call for more instrumentation than exists on these units.  Economic 
consideration is an important factor for determination of the optimal frequency of engine 
cleaning frequency.  Some experts recommend that the compressor should be water washed 
when the estimated mass flow decrease reaches the 2 to 3% level. HYDRO could install 
instrumentation to monitor LP compressor efficiency.  Once efficiency drops to a predetermined 
point, say 2%, a water wash request comes up as an operator alert. To incorporate this feature, 
five data points are required: 

 Mass airflow (bellmouth depression reading) 
 Inlet air temperature (RTD in bellmouth) 
 Outlet air temperature (RTD or thermocouple in LP compressor outlet 

casing) 
 Inlet pressure (piggybacked onto bellmouth depression) 
 Outlet pressure (LP compressor discharge pressure) 

3.1.1.5 Reliability Degradation 

Operational risk is evaluated as the product of probability of system failure and the economic 
consequences of system failure.  The gas turbine reliability is subject to degradation, and the 
degradation rate depends on the same factors as for performance degradation.  However, it 
must be noted at the Hardwoods and Stephenville sites that the simultaneous forced outage of 
both gas generator engines and power turbines is a rarity, and the alternator has a very high 
reliability record.  Industry indicates that 90% of all unscheduled shutdowns are caused by faulty 
electrical and control components in auxiliary systems.  

The gas turbine unit is subject to increasing operational risk as its operating time accumulates.  
To reduce the risk, some of the parts need to be repaired or replaced when the accumulated 
damage reaches limits that are machine design specific.  Therefore, to assess the operational 
risk of failure of a gas turbine unit and to schedule a reasonable maintenance interval, the 
damage accumulation mechanism needs to be fully appreciated. 

The damage accumulation process is highly dependent on the operating history (unit usage) of 
the system.  A good appreciation of the interdependency of the damage accumulation 
mechanisms due to cyclic duty application and continuous duty application is necessary for 
accurate accumulative damage modeling.  Damage limit is the criterion for maintenance 
decisions.  From this, it can be seen that a detailed review of the combination of operating 
history and the level of deterioration that it produced, is key to designing an outage plan for the 
units.  
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3.1.2 Preventive Maintenance, Planning and Scheduling 

It has been addressed above that the gas turbine unit reliability is greatly influenced by the 
operating conditions.  A reliability model, which is able to address the influence of operating 
conditions, is desirable for further maintenance analysis.  Furthermore, such a model would 
allow the plant operator to make a forecast of reliability given a future operating profile.  
However, most of the reliability models that are currently available consider the calendar time or 
service time as the only parameters that influence the reliability characteristics of machinery 
during its operation.  However, for HYDRO’s gas turbines, the system age evolves as a function 
of a site specific utilization pattern.  

The decision governing the timing of maintenance inspections is two-dimensional, one is to 
determine when the next inspection should occur, and the other is to determine the degree of 
intrusiveness that the maintenance work scope should take, i.e., what maintenance action to 
take.  A factor in this Study is a review of the preventive maintenance that was carried out in the 
past in order to obtain an appreciation of how the current status has evolved.  Also, to 
extrapolate the history of maintenance items and their costs to predict what can be expected 
over the next 15 years.  This implies a projected maintenance schedule that takes into account 
a HYDRO defined target for the reliability, availability, and maintainability (RAM) of each of the 
units. 

The operating conditions for the HYDRO gas turbines do not fit maintenance routines that are 
based on a fixed time interval that are in accordance with recommendations from the power 
plant supplier.  A unit specific maintenance philosophy is therefore needed for effective gas 
turbine maintenance scheduling.  For the unit specific maintenance approach, accurate 
historical reliability information and performance degradation for each gas turbine is necessary. 
Unfortunately in the case of the Hardwoods and Stephenville Gas Turbines such historical and 
performance degradation information does not appear to be available. 

The historical maintenance practice has a strong impact on current engine performance and 
restoration requirements.  Practices to restore performance and reliability would include; online 
water wash, off line water wash, combustion inspection/refurbishment, hot gas path inspection, 
and major inspection, steam cleaning, abrasive cleaning with hand scouring, and replacement 
of hot gas path parts with refurbished or brand new parts.  

3.1.3 Advanced Technology 

Application of new gas turbine technology is also an option for performance and reliability 
restoration.  Advanced technology packages can improve efficiency, increase output, or extend 
maintenance intervals.  HYDRO may consider individual upgrade packages such as new 
modern engines, power turbines and alternator as well as an entire new modern gas turbine to 
enhance the performance of its generating units, based on the increasing demand, needs of 
improving efficiency, or maintenance considerations. 
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A full evaluation of the economic benefit of advanced technology packages would require the 
consideration of the technical factors of the power plant, which include its configuration, 
performance, and reliability characteristics, and external market signals, such as price of fuel 
and price of electricity, future electric power demand and supply, electricity sales and fuel 
purchase contracts stipulations, etc.  While this Study will consider several advanced 
technology options, the analysis will be high level and will be used for comparison purposes 
only against the refurbishment option.   

3.2 ALTERNATOR/EXCITER RAM PERSPECTIVE 

During operation, alternators are continuously subjected to electrical, mechanical, thermal and 
environmental stresses.  These stresses act and interact in complex ways to degrade the 
machine’s components and reduce its useful life.  

The life expectancy of an alternator depends upon its mode of operation, design, maintenance 
practices and operating incidents.  Alternators that are operated as peaking units with many 
start-stops and also with high MVAR loads (high field currents), when in synchronous condenser 
mode, generally have a lower life expectancy – much shorter than a base load unit with few 
start-stops and operating near unity power factor with lower field current.  Frequent start-stops 
expose the alternator to thermal stress due to heating and cooling cycles.  This thermal cycling 
can reduce the life of the alternator and affect reliability.  More frequent start-stops also tend to 
induce more mechanical wear on the insulation and will lead to more long term distortion on the 
copper conductors. 

Alternators that operate primarily as base load units can expect to have an average useful life of 
approximately 30 years.  On the other hand, alternators that see frequent start-stops and/or load 
cycling can expect to have a much shorter lifespan.  Unfortunately, there is no exact formula to 
determine the useful life of a frequent start-stop machine; however, a unit operated in a frequent 
start-stop mode can expect an insulation life of from 30 to 50% that of a base load unit. 

With the type of operation the Hardwoods and Stephenville alternators have been subjected to 
over the years – frequent stop/starts and synchronous condenser mode operation - 
expectations are that the stator core, stator and rotor windings/insulation, rotor retaining 
rings/end caps and bearings will all show signs of ageing and would be a risk area of concern 
for available and reliable operation over the next 15 years 

In order to assess the condition and life expectancy of an alternator and its excitation system, it 
is important that electrical tests and inspections be carried out on a regular interval basis 
(annually; semi-annually; etc) over the years and the data recorded.  A comparison of the test 
results taken over a period of time will usually indicate trending patterns good or bad.  Refer to 
sub-sections 5.3.5 and 6.3.5 for further details on the type of tests and inspections that are 
typically carried out on an alternator as part of ongoing inspection and maintenance programs.  
Unfortunately for the purposes of this Study HYDRO was unable to locate information on 
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electrical test data and inspections carried out on the alternators at either site over their 30 plus 
years of service, making condition assessment very difficult. 

In addition, the frequent requirement to have the alternator available for service makes access 
for maintenance and testing difficult.  This also raises serious concerns for providing the same 
type of availability for the next 15 years as has been experienced in the past. HYDRO must 
establish with its System Operations group defined intervals where outages are scheduled to 
carryout regular tests and inspections of the alternator and its excitation system.  

The configuration of the Hardwoods and Stephenville Gas Turbines includes two engines, two 
power turbines and only one alternator.  This makes the alternator a critical component in the 
availability and reliability of the Gas Turbines at each site.  An alternator problem therefore can 
result in major unplanned outages. 
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4.0 GAS TURBINE FACILITY OPERATIONAL ISSUES AND 
MAINTENANCE 

4.1 GENERAL 

The Gas Turbine Facilities at Hardwoods and Stephenville have been in operation since the mid 
1970’s. While operational issues and maintenance information for the early years of operation 
were not available, HYDRO did provide a copy of the Operator’s Logs for each site covering the 
period 1992 to 2007.  In addition, HYDRO provided an extensive listing of work orders extracted 
from the J D Edwards work order system covering the period 1999 to 2007.  

4.2 OPERATIONAL ISSUES 

A review of the information provided, particularly over the past 5 years, revealed numerous 
failed starts and trips of the Gas Turbines at both sites resulting from: 

 Sporadic mechanical and electrical equipment issues in balance-of-plant systems 
such as the fuel forwarding system; air compressor system; glycol cooling system; 
inadequately rated interposing relays, etc.  

 Sporadic mechanical and electrical issues associated with auxiliary equipment on the 
gas generators engines and alternator such as exhaust gas temperature (EGT) 
spread in the engine burner system; clutch failed to engage or disengage; anti-icing 
issues; vibration trips; deflector rings disengageing; alternator reverse power trips; 
etc.   

 
A copy of a HYDRO email of July 13, 2007 illustrating various ongoing troublesome sporadic 
operational issues at each site is included in Appendix 3.  

The nature of these sporadic operational issues is such that any one issue might result in a 
failed start on a particular startup but not on the next.  Many of the start failures and trips were 
often due to repetitions of the same initiating event.  The failed starts occur whether the Gas 
Turbines are started locally or remotely from the Energy Control Centre (ECC) in St. John’s.  It 
appears there are also insufficient indications/alarms of the Gas Turbine operation taken back to 
the ECC.  There should be a full review of inputs to the distributed control system (DCS) to 
determine the adequacy of alarm functions in general and inhibits particularly to the ECC. 

The purpose of the condition assessment study is to identify potential problems in continuing to 
operate the Gas Turbine Facilities as they presently exist and identify solutions for maintaining 
and running the Facilities as reliable generating units for the next 15 years.  While the Study, in 
conjunction with input from HYDRO, serves to highlight these sporadic operational issues, the 
Study schedule, budget and scope did not allow for a detailed investigation and resolve of these 
numerous ongoing sporadic operational issues.  
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Operational issues, particularly in the balance-of-plant mechanical, electrical and control 
systems are readily identifiable and fixable if the proper resources and budget are applied. From 
the information provided, it appears that HYDRO in the past has addressed these operational 
issues on an ongoing ad hoc basis rather than on a concerted overall project approach basis. 
To address these sporadic operational issues, several recommendations follow: 

 It is recommended that HYDRO, as part of the Gas Turbines Refurbishment Project, 
assemble a dedicated in-house multi-disciplinary engineering team with responsibility 
to oversee the entire Refurbishment Project at each site.  
 

 For the balance-of-plant mechanical, electrical and control systems sporadic 
problems in particular, it is recommended that HYDRO, as part of the overall 
refurbishment budget at each site, allocate an amount of money to address and 
resolve the sporadic operational issues in these systems. It is suggested that a 
preliminary budget amount of $250,000 be allocated for each site to cover the labour, 
expenses and material costs associated with addressing these balance-of-plant 
operational issues. The budget figure can be finalized following an initial detailed 
investigation by the refurbishment project team. 

 
 For the sporadic operational issues pertaining to the major equipment – engines, 

power turbines and alternator - where repeated maintenance has not solved the 
problem, the major refurbishment recommendations and associated budget costs, 
arising from the Condition Assessment Study, are intended to address these issues. 
Report Section 7.0 provides details on these recommendations. 
 

In summary, a dedicated project team with the proper resources, budget and schedule is 
necessary to properly carryout the refurbishment work at each site to provide reliable operation 
of the generating units over the next 15 years. 

4.3 FACILITY INSPECTION AND MAINTENANCE 

HYDRO provided a copy of the daily, weekly, semi-annual, annual, 5 year and 6 year inspection 
check lists governing inspections carried out on the Gas Turbine equipment at each site.  The 
lists are included in Appendix 5.  While only a few completed inspection check lists were 
available for review, it is assumed that such inspections are regularly carried out at the intervals 
noted.  A review of these inspection check lists shows that with the exception of the 6 year 
protection and control (P&C) inspection, most inspections are of a mechanical nature.  There 
are no electrical tests or visual inspections of the alternator (stator/rotor/exciter) listed on any of 
these check lists. Further, HYDRO was unable to provide historical electrical test data on the 
alternators at either site.  It is recommended that HYDRO incorporate alternator tests and 
inspections similar to those listed in sub-sections 5.3.5 and 6.3.5 in these inspection lists on a 
go-forward basis.  
 
As noted above, HYDRO provided an extensive listing of maintenance work orders extracted 
from the J D Edwards work order system covering the period 1999 to 2007.  Many of the items 
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listed in the JD Edwards printout could be categorized as routine maintenance considering the 
age of the Gas Turbine equipment and devices.  There have however been a number of major 
work orders such as the replacement of the control systems at both sites with the ELSAG Bailey 
INFI 90 DCS system in 1997 (Hardwoods) and 1999 (Stephenville); a new AVR system at 
Hardwoods in 2006; refurbishment of one gas generator (engine) at each site in 1993 
(Hardwoods) and 2000 (Stephenville) and rotor refurbishment work at Hardwoods in 1995. A 
listing of the major work carried out at each site is included in Appendix 3.  Available Reports on 
the major refurbishment work carried out at each site over the 30 years of Gas Turbines 
operation were few. Several Reports on alternator rotor refurbishment work at Hardwoods were 
available, however there were no similar alternator refurbishment Reports available for 
Stephenville.  The absence of major refurbishment Reports could indicate either no other major 
refurbishment work, other than that listed in Appendix 3, was carried out at each site over the 
past 30 years or the Reports could not be found. 
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5.0 HARDWOODS GAS TURBINE FACILITY CONDITION 
ASSESSMENT 

5.1 GENERAL 

This Section documents Stantec’s observations and comments on the condition of equipment 
and structures at the Hardwoods Gas Turbine Facility.  These comments are based on 
observations during the site visit on August 21/22, 2007, discussions with HYDRO staff and a 
review of documentation provided by HYDRO.  Photographs taken during the site visit are 
included in Appendix 13. The Facility was broken down into the following areas for the condition 
assessment study: 

 Gas Generators / Power Turbines and Auxiliary Systems 
 Alternator / Excitation System 
 Fuel Oil System 
 Electrical Systems 
 Control & Instrumentation Systems 
 Buildings 

 
This Section contains a number of recommendations on refurbishment work that HYDRO 
should consider in order to provide for the reliable operation of the Facility (Photo: HWD-001) for 
a further 15 years.  The recommendations and associated costs are summarized in 
Appendix 6.  

5.2 GAS GENERATORS/POWER TURBINES AND AUXILIARY SYSTEMS 

5.2.1 Rolls Royce Olympus C Gas Generator Engines A & B 

The Gas Turbine consists of two Rolls Royce Olympus C, 25 MW Gas Generator Engines (A 
and B) fired on #2 Diesel Oil, each driving a Curtiss Wright Power Turbine equipped with an 
SSS clutch. Each Gas Generator Engine has an air intake structure and each power turbine has 
an exhaust stack. New Olympus C Gas Generator Engines are no longer available from Rolls 
Royce. At the present time there are approximately 14 Olympus C Gas Generator Engine 
assemblies available in the market. In addition to the refurbishment of the existing Gas 
Generator Engines as recommended herein and in line with HYDRO’s plans to keep the Gas 
Turbines at both sites operational for a further 15 years, it may be advantageous for HYDRO to 
consider obtaining a whole spare engine assembly as eventually all the spare Olympus C units 
will be scrapped. 

The Olympus “C” type 2022 gas generator is a straight flow tubo-jet employing axial flow 
compressors driven by an axial flow turbine. A diagram (Figure 2-3) illustrating a cross-sectional 
view of the Olympus C Gas Generator is included in Appendix 4 to illustrate the various 
components comprising the Gas Generator. The combustion system uses eight combustors 
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each with a burner contained in an annular outer casing. The eight combustion chambers are 
arranged equidistant around the turbine numbered from the top clockwise when viewed from the 
rear. An external air compressor system provides air to the starter motors. A Woodward 
Electronic Governor controls fuel flow. Further details on the Gas Generator auxiliary equipment 
can be found in sub-section 5.2.2. 

Provision is made for heating the compressor entry guide vanes, nose fairing and the leading 
edges of the air intake casing during adverse weather conditions. The heating medium is air 
tapped from the #6 vane of the compressor casing and conveyed through a pipe to an 
electrically operated anti-icing hot air valve. 

The lubricating oil system comprises an external tank that contains a heater system and a 
cooler that is cooled by means of the incoming fuel to the turbine combustors. The remainder of 
the system comprises pumps, level control system and oil delivery temperature control system. 
The return oil is pumped through a micro filter back to the reservoir tank. 

A vibration pick-up is mounted on the gas generator casing flange, and it has a frequency range 
of 20-400cps. The signal is modified to read amplitude peak to peak and the system includes for 
alarm and trip points at preset levels. 

Rolls Royce Olympus C Gas Generator Engine A (S/N 202205) has never been overhauled, 
and is currently in critical condition and not recommended to be run.  Damage to the HP Turbine 
blades has compromised the structural integrity of the unit, of which hot fired running comes 
with a significant risk of complete blade failure and subsequent catastrophic damage to the unit 
and downstream equipment. 

A fibreoptic borescope inspection of one (1) combustor assembly in the 10:30 position was 
conducted on Gas Generator Engine A and revealed significant damage and corrosion and 
depletion of the blade exterior coatings.  Damage to three (3) HP turbine blades was observed 
and two blades showed evidence of material loss from the leading edge that was right through 
to the internal cooling air passage.  There is significant risk of catastrophic failure within the 
turbine if this engine is operated.  Otherwise, the Unit hot gas path general condition is 
commensurate with total operating time since new.  Inlet air system deficiencies, allowing 
particulate such as rust to form and be ingested by the engine, have resulted in significant 
abrasive damage to the Compressor first stage blades, inlet bullet-nose assembly and 
Compressor front frame inlet guide vanes.   

The Gas Generator Engine A auxiliary systems appear to be in serviceable condition - oil 
supply, scavenge, starting, ignition, cooling air, fuel delivery and vibration monitoring systems.  
The on-engine controls also appear to be in serviceable condition - speed indication, 
temperature sensors and Woodward speed governor. 
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Should HYDRO choose to have the complete package refurbished and operate for an additional 
15 years, it is recommended that the Engine A assembly be removed, disassembled to allow for 
detailed internal inspection and major refurbishment as required. 

Rolls Royce Olympus C Gas Generator Engine B (S/N 202223) was overhauled in 1993 and 
appears to be in good condition, above average for the time in service since last overhaul.  Only 
minor exterior corrosion was noted, as well as minor depletion of the blade exterior coatings.   

A fibreoptic borescope inspection of one (1) combustor assembly in the 10:30 position was 
conducted on Gas Generator Engine B and revealed no unserviceable conditions to all visible 
engine internal components.  The inlet air bellmouth assembly is out of alignment and the 
resulting air turbulence will accelerate compressor blade root wear and will reduce power 
capacity by up to 500kW.  Inlet air system deficiencies allowing particulate such as rust to form 
and be ingested by the engine have resulted in minor abrasive damage to the compressor first 
stage blades.  

The Gas Generator Engine B auxiliary systems appear to be in serviceable condition - oil 
supply, scavenge, starting, ignition, cooling air, fuel delivery and vibration monitoring systems.  
The on-engine controls also appear to be in serviceable condition - speed indication, 
temperature sensors and Woodward speed governor. 

Should HYDRO choose to have the complete package refurbished and operate for an additional 
15 years, it is recommended that the Engine B assembly be removed, disassembled to allow for 
detailed internal inspection and major refurbishment as required. 

It is suggested that compressor washing be conducted every 6 months. Crank soak washing is 
recommended over fired wash.  A recommended cleansing agent – B&B 3100 – should be 
diluted with distilled or de-ionized water. Distilled or de-ionized water should also be used for the 
follow-on rinse.  

When removing a burner for borescope inspection, it was observed that one of the burners was 
off-center in the combustor can. The washers associated with the burners are discrete distance 
pieces to accommodate the difference between the casing and the actual combustion can such 
that the burner nozzle is at the center of the can. Incorrect installation of the washers when 
performing maintenance work will cause this problem. This off-center burner arrangement could 
contribute to the exhaust gas temperature variances that have resulted in numerous exhaust 
temperature spread alarms experienced at the site. It is also important that all combustor cans 
on an engine are the same model. Installing different models on the same engine could further 
contribute to the exhaust gas temperature variations. It is important that maintenance personnel 
are fully informed of correct burner assembly when doing maintenance work on the engines. 

HYDRO provided a copy of Inspection Report prepared by ALBA POWER reflecting their more 
extensive borescope inspection work carried out on the Hardwoods Olympus C Engines in May  

NP-NLH-013, Attachment 1 
Page 33 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



FINAL REPORT 
CONDITION ASSESSMENT AND LIFE CYCLE COST ANALYSIS  
HARDWOODS AND STEPHENVILLE GAS TURBINE FACILITIES    
4BHARDWOODS GAS TURBINE FACILITY CONDITION ASSESSMENT 
December 18, 2007 

s f:\jobs\21061\pm\reports\final report\master copy - final report\final wgh - report (december 14, 2007 ) - nlh hardwoods & stephenville gas turbines study.doc 5.4  

2007.  We have included the ALBA Report in Appendix 4 as the ALBA observations and 
recommendations are similar to the conclusions arrived at in this Study.  In addition, the ALBA 
photos clearly highlight the issues associated with each Engine. 

5.2.2 Gas Generator/Power Turbines Auxiliaries 

Some auxiliary system components are obsolete and are no longer supported by the 
manufacturer or have been supplanted by more modern equipment.  These include: 

- Ignition exciters 
- Vibration monitoring system 
- Speed governors/fuel valve assemblies. 

 
Replacement auxiliary assemblies of current design are readily available however they do entail 
costs that need to be considered.  HYDRO should decide on its requirement for plant availability 
so that alternative strategies of installing new systems versus holding a stock of spare parts on 
site can be compared. 

Woodward Governors 

The Woodward speed governors were observed to be in satisfactory condition.  Spares for the 
governors are readily available. 

Gas Generator Bearings 

The major line bearings were not accessible in the time allotted for inspection.  The gas 
generator engine line bearings (8) are of the rolling element type.  Inspection of the magnetic 
chip detectors indicated satisfactory bearings condition. 

Gas Generator Lube Oil System 

The engine’s lube oil supply/scavenge system is self contained and driven by the engine 
assembly.  It appears to be in satisfactory condition.  The oil is cooled by means of a heat 
exchanger that uses incoming fuel oil as a coolant for the engine lube oil. 

Compressed Air System 

The compressed air system is of standard design and appears to be in reasonable condition for 
a further 15 years of service however the exact same components may not be available for the 
coming 15 years.  A single spare compressor for both sites is probably adequate to provide for 
continuous plant availability.  There are two starting air compressors mounted on the auxiliary 
module in an enclosed room within the Auxiliary Module Building and two storage tanks for 
start-air located outside the Building.  The system provides sufficient air for three engine starts.  
The two air-cooled compressors are rated to deliver air at a discharge pressure of 500 psig.  

NP-NLH-013, Attachment 1 
Page 34 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



FINAL REPORT 
CONDITION ASSESSMENT AND LIFE CYCLE COST ANALYSIS  
HARDWOODS AND STEPHENVILLE GAS TURBINE FACILITIES    
4BHARDWOODS GAS TURBINE FACILITY CONDITION ASSESSMENT 
December 18, 2007 

s f:\jobs\21061\pm\reports\final report\master copy - final report\final wgh - report (december 14, 2007 ) - nlh hardwoods & stephenville gas turbines study.doc 5.5  

Each compressor contains an air inlet filter and silencers, and are driven by two 7-1/2 HP AC 
motors. 

The two compressed air storage tanks (receivers) are sized to provide sufficient volume for at 
least three repeated starts of the gas generators.  Relief valves are mounted on each tank to 
protect it from overpressure.  Water traps are provided to automatically remove the condensed 
water from the bottom of each of the storage tanks.  There is also a heating cable included in 
the drain circuits.  The control system provides conventional start/stop control with lead/lag 
compressor selection.  Compressor instrumentation appears to be in good working order. 

Starter Motors 

The starter motors have provided high reliability, but the model is no longer supported by Rolls 
Royce.  It is suggested that a spare unit compatible with all four gas generators, should be 
carried by HYDRO. (The inventory of spare parts dated 2004, included one starter motor 
assembly). 

5.2.3 Inlet Air Systems A & B 

The original inlet air filter system at Hardwoods was redesigned in the early 2000’s. The new 
filtering system consists of a monoclone pre-filter and a high efficiency second filter. This 
system is different than the inlet air filter system at Stephenville which still retains the original 
design. Refer to sub-section 6.2.3 for details on the Stephenville system. 

The inlet air structures (Photo: HWD-002) are constructed of structural steel plate and framing 
supported by a cast-in-place concrete foundation. The concrete foundation was found to be in 
adequate condition and there were no visible cracks or deterioration noted.  As well, no 
significant structural steel issues were noted during the inspection.  The exterior coating was 
found to be in poor condition with surface corrosion and flaking of the coating noted in several 
locations over the exterior of both Air Inlet structures.  Based on the condition of the existing 
coatings, we recommend that the Air Inlet structures be cleaned, prepared and recoated within 
the next two (2) years (Photo: HWD-003). 

There were several items noted during the inspection that require maintenance work.    The 
interiors of inlet air plenums A and B show signs of advanced corrosion damage.  Surface 
corrosion of the steel and flaking of the coating was noted inside the air inlet structures and is 
compromising the effectiveness of the air inlet filtering system (Photo: HWD-004).  The basic 
structural integrity is good, and can be returned to satisfactory condition with basic sand blasting 
and replacement of the surface coatings on the interior of the air inlet plenum and silencers.  
The concrete slab on grade was found to be in acceptable condition. 

Significant corrosion was also noted in the trough under the access doors for both air inlet 
structures.  This corrosion is likely a result of water accumulation in the trough over extended 

NP-NLH-013, Attachment 1 
Page 35 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



FINAL REPORT 
CONDITION ASSESSMENT AND LIFE CYCLE COST ANALYSIS  
HARDWOODS AND STEPHENVILLE GAS TURBINE FACILITIES    
4BHARDWOODS GAS TURBINE FACILITY CONDITION ASSESSMENT 
December 18, 2007 

s f:\jobs\21061\pm\reports\final report\master copy - final report\final wgh - report (december 14, 2007 ) - nlh hardwoods & stephenville gas turbines study.doc 5.6  

periods of time.  We recommend that the following items be completed to repair this problem 
and help prevent it from reoccurring: 

 Sand blast and coat all areas corroded under the access doors to the air inlet 
plenums (Photo: HWD-007). 

 Weld new plates inside the troughs that will drain water to the centre of the trough. 
 Drill a weep hole in the exterior of each air inlet structure to allow water to drain from 

the trough under the access doors. 
 Replace the weather stripping on the access doors (Photo: HWD-006). 
 Install a new drip cap over both access doors similar to the drip caps over the man 

doors on the gas generator/turbine modules and alternator modules (Photo: HWD-
004). 

 
Surface corrosion was also noted inside the filter enclosure at the top of both Air Inlet structures.  
We recommend that these interior spaces be cleaned, prepared and recoated when the exterior 
of the air inlet structures are recoated (Photo: HWD-005). 

It was noted that the kick plates on the ends of the platform attached to the air inlet structure for 
Unit A are missing.  This is in violation of fall protection regulations and should be repaired as 
soon as possible.  During the site inspection, it was also noted that the ladders providing access 
to these platforms were quite narrow and did not flare out at the top.  This made it quite difficult 
to exit and enter the ladder.  We recommend that these ladders be replaced with new ladders 
that have proper widths at the top (Photos: HWD-008 & HWD-009). 

The screens on the air inlet structure for Unit B were found to be highly corroded.  These 
screens should be cleaned, prepared and recoated when the exterior of the air inlet structures 
are recoated (Photo: HWD-010). 

In the case of Air Plenum A, there is evidence of silica sand, rust scale and small rocks in the 
inlet plenum, which eventually will be ingested by the turbine engine.  It was noted that the 
second, inner row of rubber sealing strips is missing, allowing debris to enter the inlet plenum 
assembly from the basic structure “C” channel.  In addition, impact damage to one of the inner 
silencer panels has torn the perforated sheet at that location. 

In the case of Air Plenum B, there is evidence of silica sand and rust scale in the inlet plenum, 
which eventually will be ingested by the turbine engine.  It was noted that the inlet bellmouth 
assembly on Engine B is not fitted correctly to the engine, causing inlet air turbulence and loss 
of efficiency.  The assembly is out of alignment approximately 1.0 cm. creating significant 
turbulence to the inlet air stream.  As the Engines during full power settings ingest over 240 
Lbs/Sec. of air, the importance of correct bellmouth fitment cannot be overemphasized.  
Misalignment will create turbulence in this air stream, accelerating compressor blade root wear, 
and costing 500kW, or more of potential power output loss. 
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There is a misalignment between the attachment plate of the lifting beam and the air plenum 
structure that needs correction. 

HYDRO staff should be made aware of the criticality of keeping the inlet air systems clean, and 
not allow small rocks and debris to remain in the systems following inspections and periodic 
maintenance.  In the case of air inlet system A, the inner row of rubber sealing strips are 
deteriorated to the point of cracking and no longer making effective seals against unwanted air 
leaks. 

5.2.4 Exhaust Stacks A & B 

The exhaust stacks (Photo: HWD-002) for both power turbines are constructed of a heavy 
gauge steel plate with light gauge steel cladding on the exterior.  The exterior cladding of the 
lower half of the exhaust stacks is constructed of heavy gauge steel plate.  The exhaust stacks 
are supported by a cast in place concrete foundations.  Based on information provided by N&L 
Hydro, these stacks were replaced in 1992. The interior silencer panels were reused. The snow 
doors on the exhaust stacks were modified from electric actuation to pneumatic operation in the 
mid 1980’s. New expansion joints were installed in the stacks in 2004. 

The foundation under the exhaust stacks was visually inspected and was found to be in 
acceptable condition with no visible cracking or significant deterioration.  A grid of steel bars 
spans the area immediately above the engine exhaust the purpose was reported to be for 
preventing silencer panels from dropping and damaging the turbine, and also as a support for 
scaffolding for maintenance.  Several of the internal grid bars retaining nuts have backed off to 
the inner end of the threads and should be re-tightened. 

The light gauge exterior cladding on the upper portion of the exhaust stacks was found to be in 
poor condition.  The cladding is very light gauge material with no corrugations.  The cladding 
was generally warped and bent and could easily be deflected with light pressure, even from 
wind loads.  Holes that appear to be pop rivet holes were noted in many locations on both 
exhaust stacks.  Larger holes have also developed in the light gauge cladding in several 
locations as a result of corrosion.  As well, the joints between panels of cladding are not sealed 
or lapped sufficiently to prevent water infiltration into the exhaust stack enclosure.  These 
unsealed joints, large holes and the pop rivet holes allow a significant amount of moisture and 
water into the exhaust stack enclosures, which will lead to excess corrosion of the main 
structural elements and failure of the insulation.  We therefore recommend that this cladding 
system be replaced with a new corrugated metal cladding system (Photos: HWD-011 & HWD-
012) 

The coating on the heavy gauge cladding on the lower portion of the exhaust stacks was also 
found to be in poor condition.  Surface corrosion and coating failure was noted in several 
locations on both exhaust stacks.  We recommend that this part of the exhaust stacks be 
cleaned, prepared and recoated within the next two (2) years (Photo: HWD-013). 
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In the A exhaust stack, cracking is evident at two of the corners of the stack access door 
opening in the inner liner.  As well, cracks in the inner liner were also noted directly below the 
door opening and in the internal rolled edge.  These cracks are easily repaired and we 
recommend that repairs be completed at the next available opportunity (Photos: HWD-014 & 
015 & 016).  The remainder of the exhaust system appears to be in satisfactory condition. 

The snow doors on the exhaust stack for Unit A were found to be in poor condition and in need 
of replacement.  Significant corrosion was noted on the main structural members and the end of 
two (2) beams has completely corroded away.  The snow doors on the exhaust stack for Unit B 
were also found to be in poor condition and in need of replacement.  Significant corrosion was 
noted on the main structural members.  We recommend that these doors be replaced within the 
next year given the level of deterioration in the structural steel members (Photos: HWD-020 & 
021). 

In the B exhaust stack, cracking is evident at the bottom edge of a lifting eye access hole on the 
internal rolled edge and at the upper two corners of the stack access door opening in the inner 
liner.  Several cracks in the welds, which holding the interior mesh and insulation in place were 
also noted.  Simple weld repairs will correct this cracking and should be carried out at the next 
available opportunity (Photos: HWD-017 7 018 & 019).  The remainder of the exhaust system 
appears to be in satisfactory condition. 

The doors providing access to the exhaust stacks are also in need of upgrades.  The current 
door design is heavy and is not supported by hinges and is simple bolted in place.  Therefore it 
is difficult and time consuming for staff to remove the doors.  As well, there are no drip caps 
over the doors and the seals are inadequate.  These doors are therefore leaking and causing 
corrosion in the exhaust stacks and gas turbine enclosures below.  The doors should be 
reworked so they are on hinges, have drip caps and have proper seals to make them weather 
tight.  The hatches below these doors in the roof of the gas turbine enclosure must also be 
modified to prevent water leaks when these exhaust stack doors are modified (Photo: HWD-
022). 

During the site inspection it was also noted that the ladders providing access to the platform on 
the exhaust stacks were quite narrow and did not flare out at the top.  This made it quite difficult 
to exit and enter the ladder.  We recommend that these ladders be replaced with new ladders 
that have proper widths at the top (Photo: HWD-008). 

5.2.5 Curtiss Wright Power Turbines 

There are two Curtiss Wright Power Turbines A and B. Each Curtiss Wright power turbine is a 
two-stage axial flow unit with the rotor assembly and main shaft supported as a cantilever by 
two white metal bearings housed in a pedestal. The power turbine unit is connected to the gas 
generator by a gas duct incorporating a bellows joint. The gas generators receives ambient air 
from the air inlet plenums and delivers high temperature and pressure gas to the power turbines 
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which converts the thermal energy into rotating mechanical power. The power turbines output 
shaft is coupled to the alternator through SSS clutches. 

The two-stage axial flow rotor consists of two rows of cast Stellite 31 blades. The blades are 
attached to a forged 422 stainless steel disc; the blades are secured to the disc by fir tree root 
fixings. The rotor assembly consists of a front labyrinth ring, first stage blade and disc assembly, 
spool spacer, interstage labyrinth, second stage blade and disc assembly and the main shaft. 
The components are fixed to the main shaft by tie bolts. A diagram (figure 2-58) illustrating the 
power turbine assembly is included in Appendix 4. 

The oil supply to the power turbine is supplied from the alternator module and provides 
lubrication to the front and rear main radial bearings and the thrust bearing.  

The stator casing was originally made of austenitic nodular cast iron alloy, split on the horizontal 
centre-line to facilitate access to the stator vanes and the rotor. The casings however were 
prone to severe cracking resulting in a de-rating of the gas turbine for a number of years.  In the 
1980’s new casings were designed, manufactured and installed on both gas turbines. The new 
casings used an incanol alloy that is less prone to cracking. There have been opportunities to 
inspect the blading of end B at Hardwoods when the gas generator was removed for extensive 
overhaul in1993. The Curtiss Wright Power turbines A&B have provided excellent service since 
the major modifications to the casings. There have been no records of significant problems 
noted or significant work carried out on the power turbines over the past 12 years other than a 
requirement to re-balance the A Power Turbine at Hardwoods in 1995. 

The elements that could impact on the reliability and availability of the Power Turbines are the 
blades, discs, bearings, and vibration characteristics. These are somewhat inter-related with 
uneven deterioration of the blades leading to degradation of bearings and vibration 
characteristics.  

Access to the exhaust stacks internals, during the site visit, allowed viewing of the Deflector 
Rings, Second Stage Power Turbine Blades and Second Stage Power Turbine Nozzles on both 
Power Turbines A and B.  No unserviceable conditions were noted, and all visible components 
appear to be in a condition above average for the total time since installation and run hours.  

From our review of operations of the Hardwoods Facility particularly the minimal running time on 
the power turbines and our visual examination during the site visit, there is no expectation that 
the Power Turbines performance will change significantly during the next fifteen years. We 
recommend however that upon removal of the Gas Generator Engine assemblies as noted in 
sub-section 5.2.1, the Curtiss Wright power turbine assemblies should be inspected in detail to 
verify the mechanical integrity of the units.  In order of priority the following points are 
recommended to be inspected/ refurbished: 

 Main line bearings to be removed and inspected; 

NP-NLH-013, Attachment 1 
Page 39 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



FINAL REPORT 
CONDITION ASSESSMENT AND LIFE CYCLE COST ANALYSIS  
HARDWOODS AND STEPHENVILLE GAS TURBINE FACILITIES    
4BHARDWOODS GAS TURBINE FACILITY CONDITION ASSESSMENT 
December 18, 2007 

s f:\jobs\21061\pm\reports\final report\master copy - final report\final wgh - report (december 14, 2007 ) - nlh hardwoods & stephenville gas turbines study.doc 5.10  

 Turbine blades to be removed and metallurgical sampling done to verify alloy 
composition, as well as check wear to the blade roots; 

 Turbine disks to be removed and metallurgical sampling done to verify alloy 
composition and creep growth. 

 
More modern and effective anti-corrosion/thermal protection coatings are available, and are 
recommended to be applied to the power turbine blades and nozzles to give superior 
protection/reliability for future operation. 

5.2.6 SSS Power Turbine Clutches A & B 

The SSS Clutch is designed for use between a turbine and an alternator to primarily engage 
and disengage the gas turbine from the alternator when the alternator operates as a 
synchronous condenser. When operating for generation purposes the clutch will remain 
engaged with the alternator. In the case of synchronous condenser operation, the clutch can 
automatically connect the turbine to the alternator at any speed, with engagement occurring 
immediately when the turbine speed exceeds that of the alternator. The design accommodates 
changes in the alignment of the gas turbine and alternator shafts to allow for thermal expansion 
effects. It acts as a double toothed flexible coupling with tooth surfaces that are designed for low 
stress and are hardened by nitriding. The clutch is lubricated by oil catchers on the input and 
output shafts. A dashpot system provides oil to maintain clutch engagement in the event of a 
reduction of turbine power to the idling mode. 
 
The Power Turbine Clutches A and B were not accessible in the time allotted for inspection 
during the site visit.  A review of available operational history indicates that most problems 
associated with the clutch assembly have originated with the various sub-systems such as – 
position indication, brake function and shifting mechanism.  All other history indicates 
satisfactory operation of the clutch assembly itself. 

During the site visit on August 21, 2007, when attempting to startup Engine A, and engage it 
with the rotating alternator (synchronous condenser mode), both the Alternator & Engine A 
tripped.  Indication was that the clutch had not engaged within a prescribed time, resulting in the 
trip.  Following a post mortem conducted by HYDRO it was determined that the clutch had 
actually engaged, however in doing so, the cover of the clutch proximity switch had been ripped 
off, while the clutch was engaging, causing the switch to malfunction and send an erroneous 
signal to the DCS system.  There appears to be a physical interference problem with the 
proximity switch when the clutch engages. HYDRO noted this problem has occurred before on 
both engines however more frequently on the A end than the B end of the Gas Turbine.  

A Report by Maxwell Reid on alternator refurbishment work carried out in 1995 (refer to sub-
section 5.3.4 for further details) also noted that the clutch cover, fabricated at the time by 
Mercer’s Machine Shop, was found to be too long and needed further work.  It was also found 
that the proximity switch on the “A” end clutch was mounted too close to the ring on the clutch 
cover fabricated by Mercer’s.  Since there are still problems with mechanical interference 
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between the clutch engagement and the proximity switch on the “A” end clutch, we recommend 
that HYDRO investigate the clutch assembly to determine if current interference problem 
between the clutch and the proximity switch is somehow related to the work done in 1995.  

There has been no reported significant work carried out on the Clutches over the past 12 years. 
The clutch system itself has provided good service and should continue to do so for the next 15 
years.  There have been a number of problems with the auxiliaries such as the hydraulic system 
and the position monitoring. These have resulted in difficulties to clutch operations when 
synchronizing the power turbine with the spinning alternator. It is advised that the components 
comprising the auxiliaries to the clutches be reviewed for potential replacement with currently 
available and proven reliability components. 

It is recommended that when the gas generator engines have been removed for refurbishment 
the drive clutches be completely disassembled and inspected.  No major structural problems are 
anticipated; however the brake, position indication and actuation systems should be refurbished 
and tested to achieve continued reliable operation.  It may be prudent to place spare internal 
components into inventory, as the availability of such parts into the future are unknown and may 
be cause for concern.  

5.2.7 Main Power Train Bearings 

The Main Power Train bearings support the power turbines, clutches, and the alternator/exciter. 
They are of the journal, pressure lubricated type, but they were not accessible in the time 
allotted for inspections.  Review of oil sampling results with operational staff indicated no 
anticipated problems with these bearing assemblies.  However it was noted that the unit 
vibrations were pronounced at the A assembly end and this could be caused by a defect in the 
bearing at that end.  

Significant ground and background vibration is evident while the alternator is operating in 
synchronous condenser mode.  The non-exciter end bearing location specifically appears to be 
the source of the vibration and a trim balance is recommended to be performed at the earliest 
opportunity to bring this vibration down to lower levels.  The station vibration monitoring 
equipment shows the non-exciter end of the generator to have four (4) times higher residual 
imbalance than the exciter end.  This vibration is exciting much of the package hardware and 
will contribute to metal component fatigue, and possible shortening of the gas generators’ rolling 
element bearings. 

5.2.8 Main Lube Oil System 

The main lube system is a closed loop that incorporates a tank that is partitioned internally to 
allow for entrained gas (air) in the return to evacuate.  The tank is large enough to store and 
maintain oil temperature.  Oil is delivered under pressure to the power turbine, clutches and 
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alternator and is returned to the tank by gravity and negative pressure generated by a vacuum 
fan on the tank. 

The oil is moved and pressurized by the lube oil pumps located in the Auxiliary Module Building.  
Constant pressure is maintained in the discharge header by means of a regulating valve which 
establishes a header discharge pressure of 30 psi (2.04 bars) by sensing discharge pressure 
after the cooler and filters.  The pumps are protected by a relief valve which is set at 100 psi 
(6.8 bars) and will bypass lube oil in the event of system blockage. 

The power turbines, clutches and alternator low pressure lube oil system proper all appear to be 
in satisfactory condition.  The high pressure rotor jacking oil system also appears to be in 
satisfactory condition. 

From the lube oil pumps, the oil flows to an oil/water-glycol cooler.  The cooler is a shell and 
tube type heat exchanger with internal baffles that allows a heat exchange from the oil to the 
coolant glycol, which is actually a glycol - water solution. 

The glycol coolant from the main lube oil cooler is circulated by pumping through a 3-way valve 
that controls the quantity re-circulated back to the oil-cooler or to the glycol/air heat exchanger 
(glycol-cooler).  As the main lube oil delivered from the oil tank gets warmer, the 3-way valve will 
operate under the control of its capillary, and will slowly restrict the re-circulating glycol coolant 
such that the coolant has to pass through the external glycol/air heat exchanger and then back 
via the 3-way valve where it is mixed with the warmer coolant still circulating, and then to the 
main lube oil cooler.  In this manner, the 3-way valve controls the flows in the coolant sections 
of the heat exchangers to maintain a steady delivery temperature of oil to the bearings.   

The main lube oil system electrical, mechanical and instrumentation equipment is generally in 
good condition but if certain components such as pumps or fans fail completely, it may be 
difficult to find the identical item for replacement.  The necessary precaution would be to acquire 
spares for HYDRO to stock.  This is particularly relevant to the single glycol circulating pump 
and the three-way valve, because the power plant will be unavailable for operation in the 
absence of these components.  HYDRO should decide on its requirement for plant availability 
so that the alternative strategies of installing a back-up pump or valve versus holding a spare 
pump/valve on site can be compared.  (Some replacement parts were identified in the spare 
parts inventory 2004, for a glycol pump.  It is not clear whether the pump associated with the 
spare parts is the Main Lube Oil Cooling System, or for the Alternator Cooling System at 
Stephenville). 

5.2.9 Glycol Cooler for Main Lube Oil Cooling System 

The external glycol heat exchanger (Photo: HWD-023) is of the finned tube air blast type with its 
electrically-driven cooling fans and the coolant circulating pump controlled by a sequencer.  The 
main lube oil external glycol cooler assembly is in satisfactory physical condition. 
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It is our understanding that maintenance work was completed on the existing glycol heat 
exchanger last year.  This work included the replacement of the bottom section of the heat 
exchanger and other minor repairs.  A visual inspection of the new and old steel structure was 
carried out and all steel members were found to be in satisfactory condition.  However, it was 
noted that the coating on the older structural steel members and canopy was failing.  Surface 
corrosion and flaking of the coating was noted in several locations.  We, therefore, recommend 
that the entire steel structure and associated cladding be cleaned, prepared and recoated within 
the next two (2) years (Photo: HWD-024). 

5.2.10 Gas Generator/Turbines Enclosures A & B 

The gas generator/turbine modules are constructed of structural steel framing with steel plate 
exterior cladding.  The exterior coating was found to be in poor condition with surface corrosion 
and coatings failure noted in several locations.  We recommend that the exterior of both gas 
turbine enclosures be cleaned, prepared and recoated within the next two (2) years (Photo: 
HWD-025).  The roofs of the gas turbine enclosures are not sloped and water ponds on the 
roofs in places.  This is contributing to the coatings failure and corrosion of the roof steel.  The 
concrete foundation under the gas generator/turbine modules was visually inspected and was 
found to be in acceptable condition with no visible cracking or significant deterioration. 

A visual inspection of the gas generator/turbine module supports and welds was carried out and 
no issues were noted.  A visual inspection of the exposed steel structure inside the gas turbines 
modules was also completed.  It was noted that there were some areas in which surface 
corrosion was present on structural members.  Water is also entering the gas turbine enclosure 
from the exhaust stack doors above.  These doors should be modified to make them weather 
tight prior to recoating the gas turbine enclosures and exhaust stacks.  These areas were 
generally small and the corrosion mild and therefore are not a significant concern at this time.  
However, if this facility is to remain in operation for the next 15 years, the next time the gas 
turbine equipment is removed for maintenance, we recommend that the interior of the gas 
generator/turbine modules be cleaned, areas with corrosion sandblasted and the interior of the 
modules be recoated (Photo: HWD-026). 

The existing man doors in the gas turbine modules do not have any windows.  We recommend 
that windows be added to the doors for safety purposes.  This will allow Hydro site personnel to 
view the interior of the module before opening the door.  This would be particularly helpful 
should there be a fire inside the gas generator/turbine modules. 

5.2.11 Fire Detection and Protection 

The fire suppression system consists of Inergen systems located in (i) the turbine enclosure 
(Modules A and B), (ii) the alternator enclosure (Clutch A and B compartments) (iii) in the fuel 
unloading building, (iv) in the fuel forwarding building,  (iv) the auxiliary module building and (v) 
the control building.  There are heat and smoke detectors located at each location.  The Inergen 
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fire suppression systems are in excellent condition and available for service for an additional 15 
years. 

5.2.12 Gas Generator/Turbine Spares 

An observation made during the visit to Hardwoods, and during inspection of the available 
outage/maintenance reports provided, is that if additional spare parts inventories were held on-
site, the overall reliability of the package could be enhanced.  Recommended Gas Generator 
Engine spares include: 

 Fuel injection nozzles:  A majority of unscheduled shut downs are caused by high 
exhaust gas temperature deviation.  A spare set of flow balanced fuel injection 
nozzles would allow mechanical staff to replace defective nozzles with 
serviceable units, to bring total temperature deviation to within acceptable limits. 

 
 Starter assembly:  These units are no longer available from the original 

manufacturer, and are understandably critical to the operation of the package.  A 
spare starter assembly would enhance current and future reliability. 

 
 Glycol Circulation Pump 

 
 Three-way Glycol Mixing Valve 

 
There are companies that hold spare parts and complete gas generators in anticipation of future 
requirements.  We recommend a strategy whereby HYDRO can set up a system of quick 
replacement if needed.  It is unlikely that both gas generators will become unserviceable 
simultaneously allowing the alternator to be operated as a synchronous condenser or at 50% 
MW output on one or other gas generator. 

5.3 ALTERNATOR/EXCITATION SYSTEM 

5.3.1 Alternator Description 

The Hardwoods Alternator and Excitation System were manufactured by the Brush Electrical 
Machines Ltd. of England in 1976.  The Alternator was designed to ANSI Specification C50-13.  
The 13,800 volt, 3 phase 3600 rpm Alternator is an air cooled machine rated at 63,340 KVA at a 
0.85 power factor.  The Alternator utilizes a rotating brushless type exciter mounted on a stub to 
the main rotating shaft.  

The Alternator cooling consists of an air supply system that includes a baffle system for cyclonic 
separation of particles, followed by a micro filter system. The clean air is induced into the 
alternator by fan blades mounted on the alternator main shaft, and is rejected from the system 
via exhaust louvers.  
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The Alternator/Exciter System is contained in a weatherproof, walk-in sound insulated 
enclosure.  The stator is fastened to the enclosure bedplate.  The Alternator is enclosed with 
two end canopies (bulkheads) and a top section canopy.  Each canopy is accessible via doors.  
The alternator enclosure is protected by an Inergen fire suppression system.  Refer to sub-
section 5.3.7 for further details on the Alternator/Exciter enclosure. 

The alternator’s inner stator frame is fabricated from structural steel, welded together to form a 
rigid structure.  The stator core consists of low loss, silicone steel segmental stampings 
insulated by a layer of varnish on both sides of each lamination.  The core is divided into short 
sections by radial ventilating ducts.  The core is bolted to the stator frame.  The stator copper 
winding is of the two layer diamond type with the coils held in open slots by epoxy paper 
laminate wedges.  The two coil layers are separated by epoxy paper laminate wedges.  The 
insulation is Class B synthetic resin bonded mica glass tape.  The stator winding laminations are 
transposed in a regular pattern to minimize circulating currents and losses.  The coils are 
protected against corona formation by coating in the slot length with conducting (graphite) paint 
and with corona relief paint at each end of the core.  The end winding coils are braced with 
glass cord and densified epoxy paper laminate blocks and supported from the core ends by 
insulated brackets. 

The stator line and neutral terminals are brought out to a cubicle containing the line and neutral 
bushings.  The line bushings are connected to a metal enclosed bus duct system.  The 
Alternator neutral is grounded via a grounding transformer and resistor (refer to section 5.5 for 
further details on the bus duct, the alternator circuit breaker and neutral grounding). 

The rotor consists of a solid carbon steel forging carried in two bearings with a shrunk on half 
coupling.  The field windings are located in slots milled into the rotor forging. The windings are 
held in place by steel and bronze wedges.  Intertooth slots are milled to provide a longitudinal 
air passage for the cooling air.  The windings consist of multi-turn copper coils insulated 
throughout with Class F mica.  The end windings are supported by non-magnetic end caps 
shrunk on to a spigot on the rotor body and braced with resin bonded asbestos fabric packing 
blocks and boxed in with a steel end bracket. The material used in the end caps could not be 
determined from a review of available documentation. Early end caps used 18%Mn / 4%Cr non-
magnetic material whereas more current designs use 18%Mn / 18%Cr. The former is 
susceptible to stress-corrosion cracking. It is recommended that the end caps be closely 
examined during the refurbishment project. 

The alternator and exciter bearings (3) are carried in a fabricated steel pedestal.  The housing is 
split horizontally on the shaft centerline.  The bearing is white metal lined and spherically 
seated.  Bearings are lubricated by pressurized oil at 20/30 psig (refer to sub-sections 5.2.7 and 
5.2.8 for further details).  The oil drain systems operate below atmospheric resulting in air being 
drawn in through the labyrinth seals providing the necessary ventilation.  A high pressure 
jacking oil system is provided for start-up and shut down purposes. 
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The stator winding temperature is measured by embedded resistance temperature detectors 
(RTD’s) distributed throughout the windings in the slots.  There are 4 RTDs per phase.  
Alternator air temperatures are measured by thermocouples fitted in the air outlets and inlets 
from the stator as well as the exciter air outlet.  The temperature of the drain oil in each pedestal 
bearing is measured by an immersed thermocouple.  A vibration detector is mounted on the 
pedestal of each rotor bearing and on the exciter bearing pedestal. 

5.3.2 Excitation System Description 

The main exciter is of the rotating brushless type mounted on a stub shaft which forms an 
extension of the main drive shaft at one end of the machine and is supported by a third bearing.  
The brushless exciter was designed to ANSI Specification C50-13. The excitation volts are 36.0 
volts dc.  The exciter has stationary field coils and a rotating armature.  The exciter field 
windings are on the stator and its armature is on the rotor.  The AC output from the exciter 
armature is fed through a set of diodes that are also mounted on the rotor to produce a DC 
voltage.  This is fed directly to the field windings of the main alternator which are also located on 
the rotor.  The excitation control system consists of a “Normal” and “Standby” automatic voltage 
regulator (AVR) backed up by a “Manual” control mode.  The AVR controls the strength of the 
magnetic field in the exciter by varying the amount of current through the stationary exciter field 
windings.  The Hardwoods Gas Turbine utilizes the original brushless exciter system provided in 
1976.  The original excitation AVR control system at Hardwoods was replaced in 2006.  

5.3.3 Alternator/Excitation General Assessment 

As noted previously, the configuration of the Hardwoods Gas Turbine includes two engines, two 
power turbines and only one Alternator. This makes the Alternator a critical component in the 
availability and reliability of the Gas Turbine. An Alternator problem therefore can result in major 
outages. 

While HYDRO personnel have indicated the Alternator and Exciter have generally provided 
good reliable service at Hardwoods, the actual condition of the stator, rotor, exciter and auxiliary 
components is unknown. HYDRO was not able to provide documentation, during the Study, 
outlining a history of Alternator and Exciter condition testing on this equipment ie data from 
electrical tests and inspections carried out on the equipment over the years.  In order to properly 
assess the present condition and life expectancy of the Alternator and Exciter, it is very 
important that data from such tests and inspections if carried out on the equipment over its 
years of operation be current and available for review.  Unfortunately, this information was not 
available.  A comparison of the test results taken over a period of time will usually indicate 
trending patterns good or bad.  Since this information was not available, such an assessment 
was not able to be carried out in the Study. 

With the type of operation the Alternator has been subjected to over the years – frequent 
stop/starts and synchronous condenser mode operation (refer to sub-section 2.1) - expectations 
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are that the stator core, stator and rotor windings/insulation, rotor retaining rings and bearings 
will all show signs of ageing and would be a risk area of concern for available and reliable 
operation over the next 15 years. In addition, as discussed in sub-section 5.3.4, the rotor at 
Hardwoods has had significant refurbishment work carried out in the past.  Typical alternator 
stator and rotor problems that can develop over time from such operation can include:  

Potential Alternator Stator Problems 
 

 Stator winding insulation integrity and cracking 
 Stator windings -- bar movement, sparking, bulging or puffy coils  
 Stator end windings – bar movement, loose/broken bracing and ties, corona 

(arcing) activity 
 Stator wedges – looseness, sparking damage 
 Stator core insulation – hot spots. Shorting or low resistances in the inter-

laminar insulation may result in abnormal currents, localized heating and iron 
damage. 

 Cracked connections 
 Contamination 

 
Potential Alternator Rotor Problems 
 

 Shorted turns and field grounds – occurs when the insulation in the field is 
damaged.  There are a number of factors that can lead to field insulation 
breakdown/degradation – (i) length of time the alternator has been in service 
(ii) mode of operation – frequent start-stops (thermal cycling) or base load 
operation and (iii) contamination introduced into the machine  

 Rotor wedges -- looseness, sparking damage 

 Thermal sensitivity – is a term used to describe an excessive vibration of the 
rotor induced by the heating effect of the field current.  As field current flows, 
the copper winding heats up and having a greater coefficient of thermal 
expansion, expands more than the steel forging.  The disparity in expansion 
transmits forces to the forging through the rotor slots, wedges and retaining 
rings.  The heat generated in this manner is normally drawn away by the 
cooling medium (air).  Problems can occur when the winding forces act 
unevenly or when a temperature differential exists across the rotor due to 
blocked ventilation.  These events will cause the rotor to bow somewhat 
resulting in an imbalance and subsequent vibration.  

 Negative sequence events -- operating incidents (closing the alternator 
breaker when at standstill; single phase operation; transients, etc)  that 
induce heating, arcing within the alternator 

 Contamination – problems that arise from contamination buildup on the rotor 
include low megger readings, overheating and creepage failures 
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 Forging/retaining ring damage – rotor forgings over time can develop 
cracking or burning caused by extraordinary events such as negative 
sequence currents flowing in the forging.  Retaining rings are the highest 
stressed components of the alternator.  Alternators operating in cycling 
modes that require frequent start-stops are susceptible to rotor tooth top 
cracking.  It is generally recommended that rotors that have been in service in 
excess of 25 years with approximately 5000 start-stops should be inspected 
for damage. 

 
In the absence of electrical testing and inspection records on the Alternator over its 30 years of 
service, it is difficult to determine if any of the potential problems listed above currently exist or 
might occur in the next 15 year period.  In order to determine the present condition of the 
Alternator and Exciter, the following recommendations are proposed: 

 A series of electrical tests in line with sub-section 5.3.5 be carried out on the 
Alternator at the earliest opportunity to provide a snapshot on the current 
condition of the Alternator.  

 In addition to the electrical tests noted above and in order to determine what 
specific refurbishment work might be necessary on the Alternator in particular, it 
is recommended that the Alternator itself or as a minimum the rotor be physically 
removed from its enclosure and the visual inspections and electrical tests noted 
above be carried out. This detailed examination will clearly determine the 
condition of the Alternator and its components and the specific refurbishment 
work (if any) that must be carried out to ensure its ability to operate reliably for a 
further 15 years.   

5.3.4 Alternator/Excitation Operational and Maintenance Issues 

The preceding sub-section listed potential alternator stator and rotor problems that can develop 
over time.  This sub-section will outline problems noted by HYDRO personnel and refurbishment 
work carried out on the alternator in the past. 

There are reported incidents of vibration alarms occurring on the exciter end of the Alternator on 
start-up.  The reason for or cause of the vibration alarm has not been identified to date.  This 
alarm could be caused by a number of factors: 

 faulty vibration detector, 
 shorted turns in a field coil, 
 rotor balance issue,  
 shaft alignment issue, or  
 bearing issues. 

 
Two Reports were provided by HYDRO on significant maintenance/refurbishment work carried 
out on the Hardwoods Alternator in 1983 and 1995. 
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 In 1983, after only 6 -7 years of operation, rotor earth faults caused significant 
damage to the rotor insulation primarily at the exciter end beneath the rotor end 
cap.  The indicator of this problem was a trip of the Gas Turbine due to high 
vibration during synchronous operation.  The repair procedure involved pulling 
the rotor from the stator and removing the rotor end caps to repair the fault. In 
fact, the under cap insulation on both ends of the rotor were brought in line with 
the current Brush rotor insulation at the time.  The rotor fan and balance ring 
were also replaced.  The rotor was demagnetized and realigned in the stator. 
(Reference: Report by Arden Turpin of Engineering Services dated September 
21, 1983.) 

 
 In 1995, further work was carried out on the rotor.  At that time, the rotor was re-

wedged and taped.  A Brush Report on the details of the work carried out was 
not provided, however there is a reference to this work in a FERN Engineering 
Inc Report No. 5444-08-2 dated September 27, 1995 and further reference in a 
Report prepared by Maxwell Reid, Acting GT Electrical Operator in August 1995. 

 
Following the work carried out by Brush and re-assembly of the Alternator, high 
vibration was noted at the “A” end of the Gas Turbine. The FERN work found the 
rotor to be unbalanced at both ends.  The rotor was balanced. In addition, the “A” 
end power turbine was also successfully balanced.  It was noted in the Fern 
Report that the power turbine high vibrations occurred at the rear bearing (clutch 
end) and this bearing has a tendency to be unstable because of its light loading.  
The instability is more noticeable at low power levels. 

The Maxwell Reid Report also noted that the clutch cover, fabricated at the time 
by Mercer’s Machine Shop, was found to be too long and needed further work.  It 
was also found that the proximity switch on the “A” end clutch was mounted too 
close to the ring on the clutch cover fabricated by Mercer’s.  There are still 
problems with mechanical interference between the clutch engagement and the 
proximity switch (refer to sub-section 5.2.6 for further details).  

These Reports indicate that significant work was carried out on the rotor over the years.  There 
is no reported significant work carried out on the alternator over the past 12 years.  Whether the 
significant work carried out on the Rotor in the past will be a factor in the future cannot be 
determined quantitatively or qualitatively without a further thorough examination of the rotor to 
assess its current condition. 

The original excitation AVR control system at Hardwoods was replaced in 2006 with an ABB 
DCS 500 Unitrol F Series System type AFT-O/C1F1-F63.  The new AVR control system is 
reported by HYDRO as performing well since installation.  
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5.3.5 Alternator/Excitation Testing Program 

In order to assess the condition and life expectancy of the Alternator and its Excitation System, 
it is important that electrical tests and inspections be carried out on a regular interval basis 
(annually; semi-annually; etc) over the years and the data recorded.  A comparison of the test 
results taken over a period of time will usually indicate trending patterns good or bad.  

The following types of electrical tests are often carried out on an alternator and excitation 
system as part of ongoing inspection and maintenance programs: 

Stator Electrical Tests 

 EL-CID tests --- detects problems in the stator core especially inter-laminar 
insulation defects (hot spots)  

 Partial Discharge Test --- detects stator winding insulation deterioration   
 Polarization Index Test --- tests the insulation resistance to ground  
 Hi-Pot Tests --- Insulation test  
 Megger Tests at 1000 or 5000 V DC  
 Thermocouple tests/calibrations  
 Inspection and tests of Alternator bushings 

Rotor Electrical Tests  

 Megger Tests at 500 V DC -- detects rotor winding insulation deterioration / 
contamination  

 Rotor winding resistance measurements 

Bearings Electrical Tests  

 Megger tests to indicate general cleanliness of bearing pedestal and 
insulation resistance  

 Thermocouple tests/calibrations 

Excitation System Electrical and Operational Tests 

 Exciter rotor and stator winding resistance measurements  
 Polarization Index measurements and Megger tests to determine condition of the 

exciter rotor and stator winding insulation   
 Thermocouple tests/calibrations  
 Diode checks - measurement of diode forward and reverse bias resistance and 

voltage drop; resistance of fuses; etc  
 Operational checks on the AVR 

The following Alternator visual inspections are often carried out as part of ongoing inspection 
and maintenance programs.  These inspections, carried out during major outages with the 
Alternator removed from the Unit, can assess the condition of the stator, rotor and bearings. 
Items typically inspected during major outages are as follows: 
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Stator Visual Inspection 

 Loose or damaged wedges;  
 Loose or cracked or failed connectors;  
 Dusting, greasing and other signs of movement of windings; 
 Indication of arcing (hot spots); damaged laminations;  
 Loose Core bolts;  
 Signs of contamination / excessive dirt 

Rotor Visual Inspection 

 Signs of physical damage;  
 Loose or cracked or failed connectors;  
 Slot wedge migration and possible contact with retaining ring; 
 Signs of overheating;  
 Loose rotor wedges;  
 Dye penetrant examinations and magnetic particle tests on forgings, retaining 

rings and fan components to detect fatigue cracks; ultrasonic examination of 
interior surfaces of the forging and retaining rings   

Bearings Visual Inspection 

 Assess general condition of the bearings 
 Do the bearings require re-babbiting or machining?  

 
HYDRO provided copies of its Gas Turbine daily, weekly, semi-annual, annual and 5 year 
inspection check lists as well as the 6 year P&C inspection check list.  Most of these inspection 
check lists were dated 2003.  There is essentially no reference to alternator and exciter tests or 
inspections on these lists.  Copies of these lists are included in Appendix 5.  In addition there 
are Alternator and Exciter tests and inspections listed in the O&M Manuals for each site.  It is 
not obvious that any of these recommended tests and inspections is being carried out by 
HYDRO. 

On a go-forward basis, it is recommended that a regular formal inspection and test program be 
established for the Alternator and its Excitation System and that some or all of the above listed 
tests and inspections are part of that program.  The electrical tests should be conducted on an 
annual basis with major visual inspections on a 5 year basis.  The test data and inspection 
information should be recorded and stored at a central location for easy access in the future.  In 
addition, a specific group at HYDRO should be charged with the responsibility for conducting 
such tests and inspections. 

5.3.6 Alternator/Excitation Recommendations Summary 

 It is recommended that a series of electrical tests be carried out on the Alternator 
at the earliest opportunity to provide a snapshot on the current condition of the 
Alternator. 
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 In addition to the electrical tests noted above, it is recommended that the 
Alternator itself or as a minimum the rotor be physically removed from its 
enclosure and the visual inspections and electrical tests noted above be carried 
out. This detailed examination will clearly determine the condition of the 
Alternator and its components and the specific refurbishment work (if any) that 
must be carried out to ensure its ability to operate reliably for a further 15 years.   

 The Curtiss-Wright Turbine-Alternator Manual (Book 3) recommends a minimum 
list of spare parts that should be carried for the Alternator and its Excitation 
System.  It is recommended that the suggested list of spares be stocked at one 
central location for both the Hardwoods and Stephenville sites.  

 On a go-forward basis, it is recommended that a regular (annually; semi-
annually; etc) formal inspection and test program be established for the 
Alternator and its Excitation System and that some or all of the tests and 
inspections listed in sub-section 5.3.5 be part of that program. 

5.3.7 Alternator/Exciter Enclosure 

The alternator module is constructed of structural steel framing with a steel plate exterior 
cladding.  The exterior coating was found to be in poor condition.  Surface corrosion and flaking 
of the coating were noted in several locations on the exterior of the enclosure.  We recommend 
that the exterior of the alternator enclosure be cleaned, prepared and recoated within the next 
two (2) years (Photo: HWD-027).  The concrete foundation under the generator module was 
visually inspected and was found to be in acceptable condition with no visible cracking or 
significant deterioration.  During the site inspection the alternator was operating in as a 
synchronous condenser.  Therefore we were not able to carry out a visual inspection of the 
interior of the module.  

The existing man doors in the alternator module do not have any windows.  We recommend that 
windows be added to the doors for safety purposes.  This will allow HYDRO site personnel to 
view the interior of the module before opening the door.  This would be particularly helpful 
should there be a fire inside the alternator module. 

5.4 FUEL OIL SYSTEM 

5.4.1 Fuel Unloading and Storage 

The Gas Generator Engine fuel is No. 2 diesel oil which is delivered to the Site by truck. Fuel 
storage comprises one storage tank with 14,000 bbl nominal capacity (2,225,000 litres) (Photo: 
HWD-028).  At 50 MW, the plant will use about 16,000 L/hour, so one tank-full lasts 
approximately 5.5 days.  The tank contained oil at the time of inspection, so only visual 
inspection of the exterior was carried out.   

A fuel storage tank farm upgrade was carried out in 1996/97.  Originally there were two tanks at 
the Hardwoods facility.  During the upgrade, one tank was completely removed; the remaining 
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tank was cleaned, repairs were carried out and the interior floor was recoated.  The containment 
dyke was also modified as part of this upgrade project.  A new section of dyke was added to 
reduce the size of the original containment area and the dyke was reshaped to meet the 
regulations for spill containment at the time.  The existing tank was also lifted at this time and a 
new dyke liner was installed throughout the entire containment area.  The existing tank exterior 
was recoated in 2000.  One storage tank may present logistical problems related to temporary 
fuel supply when the single tank has to be drained for internal inspection in the future.  

The tank was built to API Standard 650, and should be operated subject to API Standard 653 – 
Tank Inspection, Repair, Alteration and Reconstruction.  This standard calls for periodic 
inspections and records of construction, inspections, and repairs.  The frequency of inspections 
can be linked to a rate of corrosion or in the absence of measurements; the frequency of 
inspection must be less than every ten years. 

No records, as required by API 653, have been provided by HYDRO to date.  We recommend 
that HYDRO confirm that inspections have been carried out and inspections are properly 
documented.  The tank has been in service since the up-grade in 1997.  At that time, an internal 
inspection and checks on metal thickness should have been carried out and documented on file.  
From an external observation, the tank appears to be in generally good condition and should be 
serviceable for a further 15 years use.   

The exterior coating of the fuel storage tank was found to be well faded and in marginal 
condition.  In several locations surface corrosion and spot failures of the coating were noted.  
Peeling of the coating was also noted on the roof of the tank.  Coating failure and corrosion was 
most notable on the stairs and handrail on the tank.  Given the size and number of coating 
failures this is not an immediate concern.  However, the exterior of the tank will like require 
recoating within the next five (5) to seven (7) years (Photos: HWD-029 & 030).  However, the 
stairs and handrail will like require recoating within the next two (2) to three (3) years based on 
the current level of corrosion (Photo: HWD-031).     

During the inspection it was noted that two of the stair treads on the tank were badly corroded 
and in need of replacement.  As well, the hand rail on the top of the tank does not have a 
kickplate installed.  Since these issues are safety related they should be addressed at the 
earliest opportunity.  It was also noted during the site inspection that there was no grounding 
installed on this fuel storage tank.   

The storage tank is fitted with a float and tape level gauge, a conductivity level switch, a 
differential pressure level transmitter, a temperature gauge.  All instrumentation equipment 
appears to be in good working order.  

The fuel oil containment dyke was found to be in generally good condition at the time of 
inspection.  The dyke walls were found to be in good condition with adequate gravel and good 
grading.  The containment dyke area was well lit with four (4) light standards and there was an 
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eight foot high chain link fence surrounding the area that was in good condition.  The bottom of 
the tank is elevated above the bottom of the dyke to prevent submergence in water and 
premature corrosion of the tank bottom. 

It was noted that there was water in the containment dyke during the inspection.  Hydro site 
personnel indicated that the water was removed from the dyke by placing a submersible pump 
inside the dyke and pumping it as required.  HYDRO may wish to consider installing a sump, 
gravity feed drain pipe and manually operated valve to allow easier and more frequent draining 
of the containment dyke. 

5.4.2 Fuel Forwarding 

The function of the fuel forwarding module is to provide fuel at a positive and constant pressure 
to the gas generator engines for combustion. An inspection was made of the fuel forwarding 
equipment contained in a building adjacent to the Gas Turbine. The major equipment located 
inside the building consisted of the main pump and motor, the auxiliary fuel pump and motor, 
the electric fuel heater, fuel filters, pressure switches, control valves, regulator valve and the 
associated piping.  

The pumps, valves and piping were checked for evidence of problems.  Nothing significant was 
found and the equipment had a well cared for appearance.  There is sufficient back-up pumping 
and valves to provide a low risk of failure to deliver fuel.  However, there is only one fuel heater 
and a spare replacement element should be carried together with the necessary gaskets, etc. 
Nothing of this nature was noted in the inventory of spare parts. 

All instrumentation appears to be in good working order. 

5.4.3 Fuel Piping 

The piping from the fuel unloading building to the storage tank is above ground. The condition of 
the piping system is good and should be reliable for a further 15 years of service. 

The piping from the fuel storage tank to the fuel forwarding building is a combination of 
aboveground/underground and does not conform to current codes.  HYDRO is currently 
replacing the underground sections of the piping with double-walled piping with vacuum 
monitoring. The interior pipe is 4 inch and the exterior pipe is 6 inch.  

The piping from the fuel forwarding facility to the power plant is above ground and in cold 
weather the fuel temperature can be a problem for successful start-up.  HYDRO personnel 
stated that they are planning to consider a properly-designed fuel temperature control system or 
electrically heat trace the above ground piping in 2007. 
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5.5 ELECTRICAL SYSTEMS 

5.5.1 13.8kV Switchgear 

The switchgear serves to isolate the plant and its related systems electrically from the grid when 
it is not running or is down for maintenance.  The switchgear and associated protective relaying 
systems provide protection to equipment and personnel during abnormal loading or fault 
conditions. 

Switchgear is subject to deterioration over time due to breaker contact wear, arcing damage and 
insulation breakdown.  A typical switchgear installation includes integral instrumentation 
transformers, which are also subject to insulation degradation.  While generator breakers are 
infrequently called upon to interrupt heavy or short-circuit loads, the recommendations of the 
manufacturer should be followed with respect to inspections and maintenance schedules.  

Switchgear should be replaced when no longer supported by the manufacturer, parts availability 
wanes and safety of personnel or equipment potentially becomes compromised as a result. 

The 15 KV 3000A metal-clad walk-in switchgear assembly houses the 13.8 KV alternator circuit 
breaker, potential and current transformers, and the 600V breakers for the station transformer.  
The alternator breaker is a withdrawable magnetic air type circuit breaker manufactured by 
Westinghouse.  HYDRO provided a copy of a report on a condition assessment of the 
Hardwoods and Stephenville 15 kV Switchgear and outdoor Bus Duct carried out by Acres in 
1995.  It is our understanding that most of the recommendations outlined in that report have 
been carried out.  There was a budget proposal in 1998 to replace the alternator circuit breaker 
and use the existing beaker as a system spare to serve both the Stephenville and Hardwoods 
site.  According to the Hardwood site operator, the breaker was never replaced and it is the 
original installation at 1976.  While a detailed inspection of the switchgear was not carried out in 
this study, the physical condition of the switchgear and the associated equipment appears to be 
in good condition.  With the age of the breaker, it is recommended a thorough inspection and a 
complete over-hauled of the breaker should be carried out as soon as it is amiable.  It may be 
prudent to consider replacing the existing breaker with a vacuum-type circuit breaker because it 
could be difficult to purchase direct replacement parts for magnetic air type circuit breakers.  In 
addition, vacuum breakers require less maintenance.    

The Cable entrance cubical for the switchgear is in a state of mess.  The 600V power cable is 
mixed with the control and instrumentation cables.  The only separation between the cables and 
the 600V power terminals is the plastic cover on the 600V terminals.  Besides looking untidy, it 
is creating a safety hazard.  For a temporary fix, it is suggested that dividers to be installed to 
separate the power cables from the control and instrumentation cables.  Good house keeping 
should be applied to tidy up the control and instrument cables.  For a long term solution, the 
power cable should be installed in a separate compartment from the control and instrumentation 
cables.  If there is any sign of insulation deterioration, the cable should be replaced.  Any 
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conductor terminated into a spring type termination block should have a ferrule installed at the 
wire end to align with the terminal block.  There were comments from the P&C electrician about 
DC Ground alarms.  The DC ground may be caused by the insulation deterioration of the control 
and instrumentation cable or improper termination of the conductors.  It would be impractical to 
replace all the control and instrumentation cables at one time but if there is a chance of 
replacing any equipment and device, consideration should be given to replace the cables with 
the equipment. 

Another comment from the P&C electrician is that there is only one power supply feeding the 
protection and control devices for both turbines.  It is impossible to carry on the maintenance for 
one turbine and keep the other turbine running.  Consideration should be given to provide 
separate power sources to each turbine‘s protection and control systems.  This will enable one 
of the turbines to be in service while working on the protection and control devices for the other 
turbine. 

A regular maintenance program for the switchgear and its equipment should be followed. 
Attention should be paid to inspect the condition of the breaker contacts, check for arcing 
damage, check the operating mechanism of the breaker and conduct insulation tests for 
insulation breakdown.  

HYDRO should apply infrared thermography to monitor temperatures and thermal patterns while 
equipment is running in full load to detect changes in temperature.  Repair and/or replace any 
hot-spot area.  Safety procedures must be observed during scanning because the enclosure 
doors will be opened for scanning.   

5.5.2 13.8 kV/600 V Station Service Transformer 

The 750 KVA, 14.4 KV-600V station transformer which is the original installation at 1975, is 
located inside an enclosed cubicle.  Results of tests carried out on the transformer over the 
years were not available for review during the visit.  With the age of the transformer, it is 
recommended a thorough inspection and a complete over-haul of the transformer and its 
accessories be performed as soon as possible.  With regular maintenance, the transformer 
should be able to provide satisfactory service for the next 15 years. 

The transformer and its accessories, such as the lightning arrestors, the surge capacitors and 
the cable connections should be part of a regular maintenance program.  HYDRO could apply 
infrared thermography to monitor temperatures and thermal patterns while the transformer is 
running under load to detect changes in temperature.  Repair and/or replace any hot-spot area.  
Safety procedures must be observed during scanning because the enclosure doors will be 
opened for scanning.  The transformer insulation should be tested at regular intervals.  Over 
heating and overloading of the transformer will shorten the life of the transformer.  
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5.5.3 13.8 kV Bus Duct 

The 13.8 KV metal enclosed bus duct (Photo: HWD-032) connects the alternator phase 
bushings to the 13.8 kV alternator circuit breaker located in the 13.8 kV switchgear enclosure.  
The bus duct further connects the circuit breaker to the unit step-up transformers 13.8 kV 
bushings located in a low voltage termination box mounted on the transformer.  The bus bar 
material is copper and the bus duct is enclosed.   

The bus duct is also constructed of heavy gauge steel plate sections.  These sections of duct 
are bolted together using butt joints (Photo: HWD-033 & 034).  During our site inspection 
HYDRO personnel indicated that this bus duct regularly leaks and some times this water enters 
the high voltage switchgear building.  This may also be one of the sources of leaks for the high 
voltage switchgear building noted in sub-section 5.7.6.  In general the structure of the bus duct 
was found to be in acceptable condition. 

Butt joints are very difficult to make watertight and are likely the source of the leaks noted by 
site personnel.  It appears that attempts have been made in the past to seal these joints with a 
sealant, which was subsequently painted over.  Sealant should not be relied upon as the 
primary method of sealing joints as it will crack and deteriorate over time.  This is especially 
important at horizontal joints.  Cracking of the paint and sealant was noted during the site 
inspection. 

Given that the bus duct is leaking and water from these leaks can find its way onto the existing 
high voltage switchgear, we recommend that this problem be repaired as soon as possible.  
This bus duct could be made weather tight by applying hot applied rubberized asphalt roofing 
compound over the duct similar to how exterior HVAC ductwork is sealed commercially.  As 
well, the bus duct could be covered with cladding used for exterior HVAC ductwork to make it 
weather tight.  Both options are viable.  The hot asphalt option is likely cheaper and easier, 
while the cladding option will allow easier removal and access to the bus duct in the future.    

With regular maintenance, the bus duct should be able to provide satisfactory service for the 
next 15 years. Regular maintenance should include inspection for bus bar rusting and corrosion, 
insulator tracking and the physical appearance of the enclosure.  The bolts at the joints should 
be re-torqued regularly.  Infrared scanning of the bus bar, the joints and the terminations should 
be performed to identify hot-spots. 

5.5.4 AC and DC Motor Control Centres 

The motor control centres (MCC) provide protection and control for the auxiliary electrical 
devices for the gas turbine plant.  There are two motor control centres - one for the 125V DC 
equipment and another for the 600V AC equipment.  The MCC cabinets house the basic 
electro-mechanical devices such as circuit breakers, contactors and overload relays.  The 
MCCs were supplied by Cutler Hammer. Eaton/Cutler Hammer or other electrical equipment 
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distributors can supply compatible replacement parts or replacement kits for any MCC up-
grades.  The operating handles of the MCC are capable of padlocking.  This feature should 
satisfy HYDRO’s locking and tagging requirement.  

Unless the operating philosophy of the motor control changes drastically, such as operating the 
motors with variable frequency drives (VFD), adding feedback monitoring and network 
interfaces that would require changes to the structure of the MCC wrappers (any changes to the 
MCC structure will require CSA re-certification), the existing MCC should not require to be 
replaced and should be capable of operation for a further 15 years. 

In addition to regular inspection on the de-energized equipment, infrared thermography 
inspection should be performed on a regular basis with the equipment energized.  Safety 
procedures must be observed during scanning because the enclosure doors will be opened for 
scanning.  

5.5.5 DC System – Station Battery and Charger 

The station DC system has to provide sufficient capacity to supply the various DC motors and 
DC powered protection and control systems.  

Depending on the battery type, the station battery is subject to various forms of deterioration 
including: corrosion of posts, cables, hold-downs, and battery trays; cell damage due to severe 
discharge or overcharge conditions; high resistance connections; and reduced cell capacity.  
Routine maintenance will serve to detect and remedy these conditions, such that replacement is 
only required when the general condition deteriorates beyond the point that maintenance is 
ineffective or overall battery capacity no longer meets the plant requirements.  Manufacturers 
typically specify a design life of 15 to 20 years for wet-cell type batteries, and recommend that 
the banks be replaced after this period of time.  

Common charger and inverter failures include open or shorted rectifier diodes or deteriorated 
electrolytic capacitors.  Replacement is a consideration if vendor support is no longer available, 
improved output characteristics are desired (i.e. reduced ripple, improved regulation) or the 
charger or inverter load changes considerably due to changes in the station.   

The battery bank is located in a separate cubicle from the breaker cabinet. The 125V 1035 amp-
hour VRLA bank for the Hardwoods Gas Turbine was installed in 2005. No leaks or cracks are 
visible and they are in good conditions.  With regular maintenance, the batteries should be able 
to last for more than 15 years.  The 125V charger is the original installation supplied by Gentac. 
While it is working satisfactory now, it should be replaced in the near future because of the 
vintage of the charger. 
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The current inverter was supplied by Pylon. It replaced the original unit on March, 2006 when 
the original unit failed.  Under normal operating conditions, the inverter should be able to 
provide satisfactory service for the next 15 years.  

5.5.6 Protection Relays and Synchronizer 

The protective relaying systems provide protection to equipment and personnel during abnormal 
loading or fault conditions.  Their functions must be sufficient to protect the generating unit 
against all harmful conditions that may develop and act quickly and appropriately to isolate the 
abnormal conditions from the system and the alternator.  The synchronizing function is critical 
and requires accurate and reliable monitoring of voltage level, frequency and phase angle.  It 
ensures bump less transition of the alternator to the on-line state, thereby minimizing machine 
stress and power system transients. 

The measuring relays for the alternator protection system are electromechanical relays.  For 
electromechanical relays, ageing of the moving surfaces (such as bearings and bushings for 
induction discs) due to corrosion or excessive wear can lead to failure of the relay.  For 
measuring relays, ageing of components such as capacitors, resistors, coils and worn contacts 
are sources of failure.  Ageing mechanisms include: corrosion and overheating of contacts; 
vibration on bearings; wear of bearing surfaces that have exceeded the number of design 
operations; and failure of insulation material in capacitors and other components due to ageing 
of the materials.  

While a detailed alternator protection review and analysis is not within the scope of this study, a 
review comparing the existing protection functions with IEEE Std. C37.102-1995 IEEE Guide for 
AC Generator Protection is provided as follows:. 

IEEE recommendations: 

 Loss of excitation (40) 
 Phase and ground fault (87G, 87GN, 51/59GN) 
 Field fault (64F) 
 Unbalanced current (negative sequence) (46) 
 Over and under-voltage (59, 27) 
 Over and under frequency (81) 
 Stator thermal (49) 
 System back-up (51V) 
 Alternator turn to turn fault (61) 
 Voltage balance (60) 

Existing Protection Functions: 

 Loss of excitation (40) 
 Phase and ground fault (87G, 64G) 
 Field fault (64F) 
 Unbalanced current (negative sequence) (46) 
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 Over and under-voltage (59G, 27G) 
 Over and under frequency (81) 
 Stator thermal (49) 
 System back-up (51V) 

 
The existing protection provides adequate basic protection functions to protect the alternator.  
Compared with the IEEE Standard, the functions that are missing are the generator turn to turn 
protection (61) and the voltage balance relay (60).  An alternator turn to turn fault is difficult to 
detect. Alternator differential relay will provide protection for alternator internal faults.  
Depending on the setting sensitivity of the alternator differential relay, it will provide some 
degree of turn to turn fault protection.  The function of the 60 relay is to block the mis-operation 
of the relays using voltage as a restrain source.  There will be costs to incorporate these two 
functions into the existing protection system.  HYDRO’s protection design engineer may want to 
review the scheme and decide whether the level of reduced risk will warrant the level of 
expenditure required. 

Although the existing relays could provide adequate protection, the availability of any direct 
replacement of the electromechanical relays will be limited.  Unless HYDRO has spare relays 
stocked in their system, it will be difficult or even impossible to obtain direct replacement relays 
from the manufacturers.  The option of replacing the entire protection panel with digital 
protection relays should be considered because of the ageing considerations of the 
electromechanical relays, the unavailability of the replacement relays and the increased 
protection obtained through the multiplicity of advanced functions available in today’s digital 
relays at relatively low cost. 

The automatic synchronizing function is provided by the Bailey DCS system.  The sync-check 
relay, PRS-250 is provided by Basler Electric.  The design of the sync-check relay has not been 
changed for the last 15-20 years and is expected to remain that way unless a parts availability 
issue forces Basler to make a component change. 

Historically, the failure rate of electromechanical relays is low (with good maintenance, some of 
the relays are still in service after 40 years or more) but some of the relay components will age 
and will fail eventually.  The replacement parts and the skilled technicians that are 
knowledgeable enough to fix these relays are getting harder and harder to find.  We suggest 
that a protection replacement budget and protection modification program should be prepared 
for the Facility.  Replace the relays for the Facility when the opportunity arrives and possibly 
keep the replaced relays as spare for the other Facility for direct replacement. 

With today’s technology, one multifunctional digital protection relay could replace several 
electro-mechanical relays to provide the same protection functions. The GE Multilin Generator 
Protection Relay replaces the following existing protection functions – 40, 64,87G, 46,59,27,81, 
49 and 51V (refer to relay function numbers above). A cost estimate has been provided for one 
multi-functional digital generator protection relay. If HYDRO’s protection philosophy requires 
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additional relays for backup or for another redundant scheme, the cost estimate will increase 
accordingly. In the meantime, considering the age of the relays and the non fail-safe design of 
the electromechanical relays, it may be prudent to test the existing relays in a 2 or 3-year cycle 
rather than the 6-year cycle as recommended in the HYDRO maintenance program.   

5.5.7 15 kV Power Cable 

The power cables associated with the 750 kVA station service transformer are cross-linked 
polyethylene (XLPE) insulated cables. 

Medium voltage XLPE insulated cables were first installed in the late 1960’s.  The cable 
manufacturers and utilities expected the cables to perform reliably for 20-30 years. History has 
shown that the service life of some of these early cables was far shorter than expected.  Many 
cables failed after only 10-15 years in service.  It was later discovered that voids and 
contamination in the semi-conducting shields, as well as other design and manufacturing 
deficiencies, led to voltage stress concentrations within the cables.  The elevated voltage stress, 
combined with moisture ingress into the cable structure created what are known today as water 
trees.  These microscopic cavities degraded the insulation over time, ultimately causing the 
cable to fail.  To reduce water tree growth, a special engineered insulating material designed to 
limit water tree growth called XLP-TR was commercialized in the early 1980’s and has been 
performing reliably in service for over 20 years.  Furthermore, the design, manufacturing 
practice and quality control of power cables have improved drastically within the last 20 years.  
The design life for the XLPE insulated cable is 20-25 years.  The design life for XLP-TR (trees 
retarded) insulated cables is 30 years or more.  

It is our understanding that the 15 kV power cables in the Plant were the original installations 
that dated back to 1975.  The failure rate for power cables installed before early 1980s is high.  
Our recommendation is to replace the 15 kV power cables installed during 1975 with XLP-TR 
type insulated cables during the next major Plant shut down.  For a 13.8 KV system, the power 
cables should be shielded and terminated with stress cones. 

5.5.8 Motors 

Properly selected and installed motors are capable of operating for many years with a 
reasonably small amount of maintenance.  Routine maintenance should include inspection for 
dirt, corrosion, heat, noise, vibration and brush conditions; lubrication of bearings; measuring 
and trending of the winding insulation. 

Motors located inside the buildings seem to be in good physical conditions. All motors should be 
cleaned, check for signs of corrosion, perform internal inspection, and open the conduit box to 
check for deteriorating insulation or corroded terminals.  Insulation resistance (Megger) test and 
Polarization Index test should be incorporated into the maintenance program.  Any damage 
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parts discovered during inspection should be repaired and rebuilt.  Well maintained motors 
should provide satisfactory service for the next 15 years. 

5.5.9 Emergency Backup Diesel Generator 

An emergency backup diesel generating unit was installed in 2005. The diesel generator is a 
self contained package consisting of control panel, battery charger, etc. The 40 kW 600 AC volt 
diesel generator starts automatically on loss of the AC station service supply to the Gas Turbine 
and supplies power to a backup battery charger which in turn ensures the integrity of the 125 
Vdc supply to the Gas Turbine for protection and control purposes. The diesel generator also 
provides a backup AC supply for one of the air compressors.  The diesel generator is in 
excellent condition. 

5.6 CONTROL AND INSTRUMENTATION SYSTEMS 

5.6.1 Control Module 

The gas turbine control module features an ELSAG Bailey INFI 90 DCS installed in 1997 to 
replace a mainly electromechanical relay control system.  The DCS system incorporates three 
subsystem hot-swappable controllers with redundant backup controllers.  The DCS internal 
network utilizes a redundant communication module.  The operator interface uses an industrial 
PC running PCV and QNX software.  The PC is connected to a CRT monitor which displays 
system graphics and to a keyboard for operator input.  A communication link connects the PC to 
a SCADA system which allows remote control and monitoring of the gas turbine from the 
Energy Control Center in St. John’s, Newfoundland. 

There have been some failures recently of input channels at Stephenville.  There is very little in 
the way of replacement cards for the Bailey system other than some sequence of events cards.  
ABB still sells all of the Infi 90 cards and will support them for an additional 10 years once the 
product has been discontinued in a few more years.  In addition, newer technology is available 
that will directly replace the older technology and use the same footprint.  Stantec recommends 
stocking spares for all card types.  

The interface computer, an industrial PC has been functioning well with only one lock-up 
recorded in the station log.  The interface computer is an older vintage and as such has very 
little memory capacity and will not run today’s software.  There is significant risk in not replacing 
the existing PC since it is older technology and does not have a ready availability of parts.  ABB 
has issued a quotation to HYDRO P&C (copied to Stantec) for a new PC with the latest PCV 
and QNX software.  The new PC will also give HYDRO the ability to do more extensive trending.  
Stantec strongly recommends the PC and software upgrade be implemented.  
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The power supply system for the DCS is obsolete.  Stantec recommends replacing the power 
supply system in order to extend the life of the control system out 15 years.  ABB has provided 
a quotation to HYDRO P&C (copied to Neill and Gunter) for a new power supply.  

Conditions in the control room were quite humid at the time of the site visit. In addition to the 
humidity, there are also several sources of heat in the room.  Heat and humidity are known to 
speed the deterioration of electronic components.  Stantec recommends that the air conditioning 
unit for the control module be checked to ensure it is operating properly. 

5.6.2 Interposing Relays 

In August 2006 P&C staff discovered a problem with the control system design at the 
Stephenville site which also exists at the Hardwoods site.  There are at least 8 relays with 
contacts which are not rated for the DC current which is being interrupted.  The problem was 
detected when welded contacts were found on the relay which controls the fuel recirculation 
valve at the Stephenville site.  Pitting and carbon deposits may be forming on some or all of 
these relay contacts resulting in increased switch bounce and high impedance contacts.  High 
impedance contacts would cause a reduction of power to the device being controlled.  Partial 
welding would result in late break operation.  The overall result of using the incorrect relays 
could be inconsistent control, possibly with shutdowns or non-starts.  P&C staff has begun to 
install interposing relays at Hardwoods.  The final connections will be made when the units can 
be shut down long enough to do the work.  

5.6.3 Vibration Monitoring 

The existing vibration monitor by IRD was installed in 1975.  The monitor appeared to be 
functioning well at the time of start up during the site visit.   

There have been instances in the past when GGA would not start due to vibration problems.  In 
April 2000, GGA was sent to Scotland for this problem to be repaired.  The station log does not 
indicate any vibration problems since then.  Vibrations seem to be worse on cold days, when 
the machine is cold and has not been cycled for a while.  Stantec would recommend more 
frequent cycling in the winter months.   

Operations staff and P&C are of the opinion that the vibration monitoring equipment needs to be 
replaced.  In November 2005, some of the vibration cards burnt out.  The equipment is obsolete 
and there will likely be more failures in the next 15 years.  According to P&C staff, HYDRO has 
an approved capital budget item to replace the existing vibration monitors at both sites in 2008.  
The existing transducers are functioning well but are obsolete.  They are still available on the 
market, but Stantec recommends replacing these with newer accelerometers.  It would be also 
be advisable to purchase spares. 
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5.6.4 Temperature Monitoring 

Temperature monitoring is an integral part of the DCS system whereby critical temperatures are 
brought into the DCS either as analog inputs from RTD’s and thermocouples or as discrete 
signals from temperature switches.  Bearings, windings, glycol, oil, fuel, and air are some of the 
quantities being measured.  Critical temperatures can cause alarming, power limiting or unit 
shutdown as appropriate. 

The thermocouples should use terminal blocks designed for thermocouples.  P&C has indicated 
that proper terminal blocks are not being used in all cases.  Stantec was not able to open the 
terminal boxes to examine.  NLH should replace the terminal blocks on an upcoming planned 
maintenance.  

Temperature element failures are likely to occur over the next 15 years.  One approach which 
HYDRO could take with regards to thermocouple and RTD maintenance is to replace the 
elements on each sub-system at the time of a major overhaul.  Elements which can be easily 
changed and have no shutdown initiation can be replaced as they fail.  Dual element 
thermocouples are likely not a cause for concern since the second element is available when 
the first one fails.  Existing spares should be reviewed. 

Temperature switches have not shown any failures at Hardwoods.  Exact replacements will not 
likely be available over the next 15 years, but it is very easy to source an equivalent switch with 
a compatible temperature range.  Temperature switches are dry contact devices so there is no 
issue with supply voltage level.  Installation detail will not likely be an issue as the switches are 
normally surface-mounted or mounted with a standard pipe size and thread type.  Switch size 
should not be a problem since instrumentation generally shrinks in size over the years and will 
therefore fit in the footprint of the device being replaced.  

5.6.5 Instrument Calibration 

Stantec could not find any evidence that transmitters and switches are being periodically 
calibrated.  Operations could not recall these activities being done.  Stantec recommends 
routine calibrations of all instruments.  Initially all instruments should be calibrated and the 
frequency of recheck should be dependent on the stability of the instrument.  Non stable 
instruments should be replaced. 

5.6.6 Control Valves 

There are several control valves including a temperature regulating valve in the glycol system, a 
pressure controlled valve in the lube oil system, and control valves in the fuel system.  These 
valves are original equipment with the exception of the motorized valve at the fuel tank.  As 
such, it may be difficult to get spare parts and support, although the station logs have indicated 
replacing internals in some of these valves.  NLH should examine the design conditions for 
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these valves to determine if the conditions can be met today in a package that is a direct 
replacement.  If not, some redesign of piping will be required should a valve have to be 
replaced.  This is best determined in advance so a plan can be generated and sufficient spares 
stocked.  Stantec recommends one spare for each of the original equipment control valves.  

Anti-Icing Valve 

There have been several incidents of shutdown due to anti-ice valve failure.  Stantec 
recommends at least making the response to an anti-ice valve operation a power limited 
condition rather than a full shutdown.  The logic can likely accommodate this change.  

Fuel Tank Motorized Valve  

The motorized valve on the fuel tank is new and works well with one exception.  There appears 
to be a deficiency in the logic in which the valve will not open until a certain time delay after an 
engine has successfully completed its start up sequence.  Once the engine has started it is 
consuming fuel oil while the motorized valve is still closed.  Eventually it uses all of the fuel in 
the line between the engine and the fuel tank, and the unit shuts down.  Logic changes appear 
to be in order to correct this problem. 

5.6.7 Clutch Proximity Switch 

A proximity switch in the clutch detects the engagement of the clutch between the turbine and 
the alternator.  There have been failures of the proximity switch in the past and there was 
another failure during this site condition study.  There appears to be a physical interference 
issue between the clutch mechanism and the proximity switch when the clutch engages.  Refer 
to sub-section 5.2.6 for further details.  As a side issue, it was noted that the gas turbine unit is 
coming to a complete shutdown after a time delay when engagement is not detected.  Stantec 
recommends that the logic be investigated to see if a complete shutdown can be avoided.  It 
may be feasible to leave the machine in sync-condense mode. 

5.6.8 Fuel Temperature 

There have been failed light-offs due to cold fuel.  Stantec supports Hydro’s recommendation to 
put the cold fuel through a recirculation period to heat the fuel prior to light off during cold winter 
days.  This recirculation operation could be left as a manual operation or programmed into the 
logic to occur based on a given ambient temperature and cold machine starts.  

The fuel valve start position has been adjusted at times due to ambient temperature to achieve 
light off.  Perhaps this adjustment can be eliminated with the recirculation modification 
discussed above. 
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There is an additional issue with fuel temperature control.  The temperature sensing element for 
the fuel shutdown circuit is located directly in the fuel heater, whereas the sensing element for 
fuel temperature control is located in a pipe several feet away.  Stantec recommends that the 
two temperature sensing elements be located adjacent to one another to allow the control 
system to do its job before the shutdown system kicks in. 

5.6.9 Fuel Storage Tank Level Switch 

The Hardwoods site does not have a low level cutout switch on the storage tank, whereas the 
Stephenville site does have cutout switches on its storage tanks.  Stantec recommends the 
installation of a low level cut out switch to prevent  running the pumps dry or pumping out tank 
bottoms in the event of the level transmitter failing.  NLH should examine its current logic to 
determine if the existing risk of using a transmitter only is acceptable. 

5.6.10 Fuel Storage Tank Wiring Conduits 

There are a few holes in the liquid tight conduit around the Motor Operated valve and junction 
box.  There is also a separated PVC conduit joint in the conduit between the storage tank and 
the fuel unloading building.  These should be fixed to prevent further water ingress. 

5.6.11 Remote Control and Monitoring 

Remote control and monitoring of the Hardwoods Gas Turbine at the Energy Control Centre 
(ECC) in St. John’s is accomplished through a SCADA system interface to the DCS.  The 
SCADA system is not part of the Condition Assessment Study scope. 

P&C personnel have indicated that future upgrades are being considered. In particular, data 
transferred from the Gas Turbine sites to ECC could be expanded and stored on a PI historian 
at ECC.  According to P&C personnel, HYDRO has a central group that deals with SCADA 
maintenance and upgrades. 

5.6.12 Junction Boxes 

One of the junction boxes has some corroded terminals on the outside of GGA.  With the 
alternator operating as a synchronous condenser at the time, Stantec did not get an opportunity 
to look inside this box, but it was pointed out by the turbine operator.  Of course, all corroded 
terminals should be replaced.  The junction box covers are in general quite water tight due to 
the large number of bolts holding the covers on.  NLH has begun putting an extra stainless steel 
cover over some boxes where there have been water problems.  These are working well. 

The main junction box on the outside of the control module building is in a state of disarray. 
Wire ducts are overfilled (Photos: HWD-035 & 036).  Cables are hanging this way and that.  
Normal housekeeping practices were not followed during the rewiring of these cables for the 
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DCS installation.  Stantec suggests that the congestion and housekeeping issues be corrected 
to enable trouble shooting.  Since there have been a few examples of failed cables, NLH may 
want to consider replacing all cabling from this box to the field. 

Another issue in this junction box is the presence of the 600V cabling.  The terminals have been 
guarded with Plexiglas to prevent accidental contact by service personnel.  NLH should find a 
new location for the 600V terminals should it decided to mount a re-cabling effort. 

Both turbine units still have the original on-engine electrical junction boxes.  It is recommended 
that these boxes be moved off-engine, to isolate the terminations from engine vibration and 
heat.  

5.6.13 General Comments 

There is no guarantee that any particular instrumentation component will last another 15 years 
without repair or replacement.  However, most of the instrumentation will have suitable 
replacements.  

It would be a beneficial project for HYDRO to create a specification sheet for each piece of 
instrumentation.  Nameplate data, set points, ranges of operation, flange rating, face to face 
dimensions, etc, could be recorded.  Where nameplates and other information is unreadable or 
unavailable, the exercise of creating the spec sheets will require a bit of research but could be 
done under non-breakdown conditions.  

Having this information available electronically will make sourcing of suitable replacement 
instruments easier. Identifying replacements could be done in advance to build a spares 
inventory.  The spec sheets could identify several instruments which could use a common 
spare.  Maintenance notes could be added to the spec sheets to track repairs and calibration.  

Some of the more complicated retrofits, such as a control valve which requires piping 
modifications, could be done on a project basis when the valve nears the end of its 
serviceability. 

Stantec is not aware of the program used by HYDRO for the routine calibrations or testing of 
switches.  HYDRO should confirm that the current set points of all instrumentation are in line 
with manufacturer’s original operational design set points.  Further, HYDRO should confirm that 
all instrumentation is functioning properly. 

Spares should be stocked for each type of instrumentation device when delivery lead times are 
long. 
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5.7 BUILDINGS 

5.7.1 Control Building 

The existing gas turbine control building is a single story prefabricated and packaged steel 
structure supported by cast-in-place concrete foundations.  The exterior building envelop 
consists of heavy gauge steel plate and roofing.  The exterior coating on the building was found 
to be in poor condition.  Surface corrosion and coating failures were noted in several locations 
on the walls and roof of the building.  Based on the level of corrosion we recommend that the 
exterior of this building be cleaned, prepared and recoated within the next two (2) to five (5) 
years (Photo: HWD-037).   

The structural steel framing for this building was not visible from the interior of the building.  
Therefore, no structural inspection was carried on the interior of this building.  The concrete 
foundation was visually inspected and no significant cracking or deterioration was noted. 

Water stains on the ceiling tiles inside the building were noted in two locations, indicating roof 
leaks in the past.  A visual inspection of the roof revealed that there are lap joints in the roof 
panels approximately every four feet.  As well, it appears that the joints in the roof panels have 
been coated in the past in an attempt to seal them.  Lap joints are very hard to make watertight.  
This roof is also flat making it even harder to make a watertight joint at these locations.  Given 
the past leaks, difficulty making watertight joints with this type of roof and the equipment housed 
inside the building, we recommend that a new sloped metal roof be installed over the existing 
roof (Photo: HWD-038).    

5.7.2 Fuel Unloading Building 

The existing fuel unloading building (Photo: HWD-039) is a single-story prefabricated structure 
located adjacent to the fuel oil containment dyke.  The exterior of the building consists of sheet 
metal siding and roofing with sheet metal liner panels on the interior of the building.  The 
building is supported by cast-in-place concrete foundations and has a concrete slab on grade.  
The building is ventilated by a single exhaust fan and a supply louvre. 

The steel structure was not visible during our site assessment.  However, the interior ceiling and 
wall liner panels are in good condition and there are no signs of corrosion or water staining.  
This indicates that there has been limited water leakage and the structure of the building is likely 
to be in good condition. 

As part of this assessment we also reviewed the condition of the existing concrete slab on 
grade.  The slab on grade was found to be in generally good condition with minor shrinkage 
cracking in the floor slab.  There were no concrete containment curbs in this building.  
Therefore, should a pipe or pump leak inside the building, there is no way to contain the spill 
and this will likely result in a fuel oil spill. 
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The exterior cladding on the building was found to be in generally good condition with only some 
minor corrosion noted along the bottom of the wall panels.  The roof however was found to have 
a significant amount of corrosion and will likely require replacement within the next two (2) years 
(Photo: HWD-040). 

The existing concrete dyke at the off-loading station is in good condition with no visible cracking.  
However, the timber posts and guard rail protecting the concrete dyke and piping was in very 
poor condition and in need of replacement (Photo: HWD-042).  It was noted that the area 
surrounding the concrete off-loading dyke was just gravel (Photo: HWD-041).  We recommend 
that this area be paved to help contain and facilitate clean-up of any minor spills that may occur 
when the off-loading hose of the delivery truck is being hooked or unhooked to the oil transfer 
system. 

5.7.3 Fuel Forwarding Building 

The existing fuel forwarding building (Photo: HWD-043) is a single-story prefabricated structure.  
The exterior of the building consists of sheet metal siding and roofing with sheet metal liner 
panels on the interior of the building.  The building is supported by cast-in-place concrete 
foundations and has a concrete slab on grade.  The building is ventilated by a single exhaust 
fan and supply louvre. 

The steel structure was not visible during our site assessment.  However, the interior ceiling and 
wall liner panels are in good condition and there are no signs of corrosion or water staining.  
This indicates that there has been limited water leakage and the structure of the building is likely 
to be in good condition. 

As part of this assessment we also reviewed the condition of the existing concrete slab on 
grade.  The slab on grade was found to be in generally good condition.  While there are no 
concrete containment curbs in this building, there is a floor trench inside the building running 
parallel to the perimeter walls that collects all spills and transfers the fluid via an underground 
drain piping system to a sump pit that is fitted with a level alarm. The underground piping 
system from the floor drains to the sump was replaced 2 years ago.   

The exterior cladding on the building was found to be in generally good condition with only some 
minor corrosion noted along the bottom of the wall panels on the highway side of the building.  
Surface corrosion was noted on the roof in several locations.  We recommend that the roof be 
cleaned, corrosion removed and repainted within the next 2 years (Photo: HWD-044).  

The timber posts and guard rail protecting this building were found to be in very poor condition 
and in need of replacement (Photo: HWD-045). 
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5.7.4 Auxiliary Module Building 

The existing auxiliary building is a single-story prefabricated structure.  The exterior of the 
building consists of sheet metal siding and roofing with sheet metal liner panels on the interior of 
the building.  The building is supported by cast-in-place concrete foundations and has a 
concrete slab on grade.  It appears that the original building was expanded in the past to include 
the current compressor room. 

The exterior cladding on the building was found to be in generally good condition.  Surface 
corrosion was noted on the roof in several locations.  We recommend that the roof be cleaned, 
corrosion removed and repainted within the 2 years (Photo: HWD-046). 

The steel structure was not visible during our site assessment.  However, the interior ceiling and 
wall liner panels are in good condition and there are no signs of corrosion or water staining.  
This indicates that there has been limited water leakage and the structure of the building is likely 
to be in good condition.  We also reviewed the condition of the existing concrete slab on grade.  
The slab on grade was found to be in generally good condition. 

5.7.5 Maintenance and Parts Storage Building 

The existing maintenance and parts storage building (Photo: HWD-047) is a single-story 
prefabricated structure.  The exterior of the building consists of sheet metal siding and roofing 
with sheet metal liner panels on the interior of the building.  The building is supported by cast-in-
place concrete foundations and has a concrete slab on grade. 

The exterior cladding on the building was found to be in generally good condition.  It appears 
that the siding and windows on the front of the building have been repainted in the last couple of 
years.  The window located at the rear of the building requires painting and corrosion was noted 
at the bottom of the wall panels.  Surface corrosion was noted on the roof in several locations.  
We recommend that the roof be cleaned, corrosion removed and repainted within the next two 
(2) years. 

The steel structure was not visible during our site assessment.  However, the interior ceiling and 
wall liner panels are in good condition and there are no signs of corrosion damage or water 
staining.  This indicates that there has been limited water leakage and the structure of the 
building is likely to be in good condition.  We also reviewed the condition of the existing concrete 
slab on grade.  The slab on grade was found to be in generally good condition. 

5.7.6 High Voltage Switchgear Building 

The existing high voltage switchgear building (Photo: HWD-032) is a prefabricated and 
packaged building.  This building is constructed of structural steel with heavy gauge steel plate 
cladding and roofing.  The building is supported by cast in place concrete foundations.  No 
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significant cracking or deterioration was noted in the foundation during the visual inspection.  
The majority of the interior of this building is filled with high voltage switchgear and a large 
portion of the structure could not be inspected.  

During the site inspection surface corrosion and coating failure was noted in several locations 
on the exterior as well as the interior of the building.  Based on the level of corrosion we 
recommend that this building be recoated within the next five (5) years. 

During the site inspection HYDRO site personnel informed Neill and Gunter that they have had 
leaks in this building in the past.  They also indicated that they have had trouble determining the 
source of the leak and repairing it.  The roof is constructed of heavy gauge steel plate which is 
simply lapped at the joints.  It is very difficult to make a watertight seal with this type of joint.  We 
therefore recommend that a new roofing system, such as a modified bitumen roofing 
membrane, be applied with hot asphalt directly over the existing roof.  This new roof membrane 
will be a large improvement over the existing roofing.  

5.7.7 Emergency Back-up Diesel Generator Building 

The existing diesel generator building is a single-story structure that is approximate 150 square 
feet in size.  The exterior of the building consists of vertical sheet metal siding and asphalt 
shingle roofing.  The building is supported by cast-in-place concrete foundations and has a 
concrete slab on grade. For oil containment, the building has a floor trench that is piped 
underground to the same sump noted in sub-section 5.7.3 for the Fuel Forwarding Building. The 
interior of the building is finished with painted plywood.   
 
The exterior cladding, roofing and doors on the building were found to be in good condition and 
no deterioration or corrosion was noted.  The concrete slab on grade and interior plywood 
finishes were also found to be in good condition.  An exhaust fan and louvre have also been 
installed to provide ventilation for the building.   
 
It was noted that in one corner of the building the bottom one to two inches of the sheet metal 
siding was buried under the crushed stone gravel surrounding the building.  We recommend 
that this be remedied so that the sheet metal siding is no longer buried.  This will help prevent 
water migration into the building and premature corrosion of the cladding. 

5.7.8 General Comments 

Only visual inspections were carried out as part of this assessment.  Not all structural 
components were visible or accessible at the time of inspection.  No non-destructive or 
destructive testing was carried out on any of the structures noted above as part of the 
inspection.  Therefore, this assessment should not be considered an exhaustive inspection of all 
civil/structural components.  As well, it is important to note that no detailed analysis was 
completed as part of this assessment to determine the adequacy of different structures for their 
purpose. 
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5.8 ENVIRONMENTAL 

The Condition Assessment Study addressed several environmental issues as they relate to the 
Hardwoods site, specifically soils contamination and air emissions. 
 
Soil Contamination 
 
A review of several environmental reports provided by HYDRO indicates there have been a 
number of documented spills and leaks of petroleum products at the Hardwoods site over the 
past 30 years. The petroleum products include #2 diesel fuel, lubricating oils, transformer and 
capacitor oils. These spills and leaks resulted in soil contamination at various locations including 
the diesel fuel bulk storage tank area and the gas turbine / terminal station area. The following 
are a few examples of recorded spills and leaks: 
 

• In 1978 a spill of approximately 78,000 Litres  of diesel fuel resulted from a sump pit 
near the gas turbine overflowing when a valve was left open. The contaminated soils 
were cleaned to the satisfaction of the Department of the Environment. 

• In 1991 a spill of approximately 1,600 Litres of bearing oil resulted from a sump pit near 
the gas turbine overflowing. 

• In 1991 a spill of approximately 1,200 Litres of lubrication oil resulted from a pipeline 
failure and subsequent sump pit overflow. 

• In 1994 a spill of approximately 7,000 Litres of diesel fuel resulted from a rupture in the 
pipeline leading from one of the two bulk storage tanks. At the time, the dyke 
surrounding the tank was found inadequate to contain the spilled fuel. The 
contaminated soils were cleaned to the satisfaction of the Department of the 
Environment. In 1997, the storage tank was removed from the site, the dyke 
containment ability was increased and a new HDPE liner was installed beneath the 
remaining tank and around the dyke walls. The remaining storage tank was inspected 
and found to be in good condition. Refer to section 5.4 for further details on the fuel 
storage tank area and the remedial work carried out.  

• There are also recorded instances of a transformer leak (1.2 Litres) and a PCB oil leak 
(2 Litres) when PCB’s were used in capacitor banks. In recent years, the PCB 
capacitors have been phased out and replaced with components that meet regulatory 
requirements.  

 
While these spills and leaks were cleaned to the satisfaction of the Department of Environment, 
impacts to the soils are still being encountered at various locations throughout the site. Since 
1999, HYDRO has initiated a number of environmental studies to investigate these impacts. 
These studies include: 
 

• AGRA Phase I Environmental Site Assessment in 2000 
• AGRA Limited Phase II Environmental Site Assessment in 2001 
• Jacques Whitford Tier II Risk Assessment in 2002. 

 
The Jacques Whitford Study concluded that petroleum hydrocarbons are present in the surface 
soil and groundwater at the site but do not appear to be migrating off the site. In 2003, the 
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Newfoundland and Labrador Department of Environment in response to the Jacques Whitford 
Report issued a Letter of Closure stating that “the Department is satisfied, at this point in time, 
that the stated level of contamination remaining on the property, in the area addressed by the 
Report, does not pose an unacceptable risk to human health and the environment”. The 
Department issued two stipulations (i) workers engaged in future sub-surface excavations on 
site must be made aware of the potential risks of exposure to the remaining contamination and 
(ii) the on-site water supply shall not be used as a drinking water source. 
 
The Study did not take an exhaustive look at environmental issues at the Hardwoods site. The 
issue of soil contamination is noted in this Report for the express purpose of making the reader 
aware that such conditions exist at the Hardwoods site and any significant work carried out at 
the site, as a follow-up to this Report, depending on the nature of that work, could involve costs 
for soil remediation.  
 
Air Emissions   
 
The gas turbines produce air emissions related to the combustion of diesel oil. The exhaust 
emissions are not filtered or treated. There is no Continuous Emissions Monitor System (CEMS) 
on either exhaust stack. The various HYDRO inspection check lists included in Appendix 5, do 
not list exhaust stack emission manual sampling as an activity. Data on stack(s) emissions 
testing that may have been conducted by HYDRO in the past was not available for review.   
 
Exhaust emissions from the gas turbine fall under Newfoundland and Labrador Regulation 
39/04, Air Pollution and Control Regulations (O.C. 2004-232). The Regulations list limits on the 
concentration of air contaminants due to all emitting sources. The concentrations are defined by 
periods of time during which the concentrations exist. It would appear that the present 
operational mode of the gas turbine, as predominately synchronous condenser operation, would 
be within the criteria listed in the Regulations. If the predominant operational mode in the future 
is generation on a somewhat continuous basis, HYDRO should be aware of the potential 
application of the air contaminant limits in the Regulations.  
 
The Regulations state that an owner or operator who installs a new or modified emission source 
shall employ the best available control technology with respect to air emissions. This 
requirement however does not apply to parts replacement but would likely apply to the 
installation of a new gas turbine. 
 
The Study did not take an exhaustive look at air emission issues at the Hardwoods site. The 
issue of air emissions is noted in this Report for the express purpose of making the reader 
aware that any future generation operational mode changes or significant work carried out at the 
site, as a follow-up to this Report, depending on the nature of that work could involve the 
application of the criteria in the Regulations.  
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6.0 STEPHENVILLE GAS TURBINE FACILITY CONDITION 
ASSESSMENT 

6.1 GENERAL 

This Section documents Stantec’s observations and comments on the condition of equipment 
and structures at the Stephenville Gas Turbine Facility.  These comments are based on 
observations during the site visit on July 17/18, 2007, discussions with HYDRO staff and a 
review of documentation provided by HYDRO. Photographs taken during the site visit are 
included in Appendix 13. The Facility was broken down into the following areas for the condition 
assessment study: 

 Gas Generators/Power Turbines and Auxiliary Systems 
 Alternator/Excitation System 
 Fuel Oil System 
 Electrical Systems 
 Control & Instrumentation Systems 
 Buildings 

 
The Section contains a number of recommendations on refurbishment work that HYDRO should 
consider in order to provide for the reliable operation of the Facility (Photo: SVL-001) for a 
further 15 years.  The recommendations and associated costs are summarized in 
Appendix 6.  

6.2 GAS GENERATORS/POWER TURBINES AND AUXILIARY SYSTEMS 

6.2.1 Rolls Royce Olympus C Gas Generator Engines A & B 

The Gas Turbine consists of two Rolls Royce Olympus C, 25 MW Gas Generator Engines (A 
and B) fired on #2 Diesel Oil, each driving a Curtiss Wright Power Turbine equipped with a SSS 
clutch.  Each Gas Generator Engine has an air intake structure and each power turbine has an 
exhaust stack. New Olympus C Gas Generator Engines are no longer available from Rolls 
Royce. At the present time there are approximately 14 Olympus C Gas Generator Engine 
assemblies available in the market. In addition to the refurbishment of the existing Gas 
Generator Engines as recommended herein and in line with HYDRO’s plans to keep the Gas 
Turbines at both sites operational for a further 15 years, it may be advantageous for HYDRO to 
consider obtaining a whole spare engine assembly as eventually all the spare Olympus C units 
will be scrapped. 

The Olympus “C” type 2022 gas generator is a straight flow tubo-jet employing axial flow 
compressors driven by an axial flow turbine. A diagram (Figure 2-3) illustrating a cross-sectional 
view of the Olympus C Gas Generator is included in Appendix 4 to illustrate the various 
components comprising the Gas Generator. The combustion system uses eight combustors 

NP-NLH-013, Attachment 1 
Page 74 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



FINAL REPORT 
CONDITION ASSESSMENT AND LIFE CYCLE COST ANALYSIS  
HARDWOODS AND STEPHENVILLE GAS TURBINE FACILITIES    
5BSTEPHENVILLE GAS TURBINE FACILITY CONDITION ASSESSMENT 
December 18, 2007 

s f:\jobs\21061\pm\reports\final report\master copy - final report\final wgh - report (december 14, 2007 ) - nlh hardwoods & stephenville gas turbines study.doc 6.2  

each with a burner contained in an annular outer casing. The eight combustion chambers are 
arranged equidistant around the turbine numbered from the top clockwise when viewed from the 
rear. An external air compressor system provides air to the starter motors. A Woodward 
Electronic Governor controls fuel flow. Further details on the Gas Generator auxiliary equipment 
can be found in sub-section 5.2.2. 

Provision is made for heating the compressor entry guide vanes, nose fairing and the leading 
edges of the air intake casing during adverse weather conditions. The heating medium is air 
tapped from the #6 vane of the compressor casing and conveyed through a pipe to an 
electrically operated anti-icing hot air valve. 

The lubricating oil system comprises an external tank that contains a heater system and a 
cooler that is cooled by means of the incoming fuel to the turbine combustors. The remainder of 
the system comprises pumps, level control system and oil delivery temperature control system. 
The return oil is pumped through a micro filter back to the reservoir tank. 

A vibration pick-up is mounted on the gas generator casing flange, and it has a frequency range 
of 20-400cps. The signal is modified to read amplitude peak to peak and the system includes for 
alarm and trip points at preset levels. 

Rolls Royce Olympus C Gas Generator Engine A (S/N 202204) externally appears to be in fair 
condition, above average for the total time in service since installation in 1975.  Significant 
corrosion and depletion of the blade exterior coatings was noted.  A fibreoptic borescope 
inspection of one (1) combustor assembly in the 7:00 position, revealed no major unserviceable 
conditions to all visible engine internal components.  Unit hot gas path general condition is 
commensurate with total time since new.  Inlet air system deficiencies, allowing particulate such 
as rust to form and be ingested by the engine, have resulted in significant abrasive damage to 
the Compressor first stage blading, inlet bulletnose assembly and Compressor front frame inlet 
guide vanes.   

The Gas Generator Engine A auxiliary systems appear to be in serviceable condition - oil 
supply, scavenge, starting, ignition, cooling air, fuel delivery and vibration monitoring systems.  
The on-engine controls appear to be in serviceable condition - speed indication, temperature 
sensors and Woodward speed governor. 

Gas Generator Engine A has never been overhauled, and appears to be in fair condition.  
Should HYDRO choose to have the complete package refurbished and operate for an additional 
15 years, it is recommended that this engine assembly be removed, disassembled to allow for 
detailed internal inspection and major refurbishment as required. 

Rolls Royce Olympus C Gas Generator Engine B (S/N 202224) externally also appears to be in 
very good condition, above average for the time in service since last overhaul.  No exterior 
corrosion was noted, nor depletion of the blade exterior coatings.  A fibreoptic borescope 
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inspection of one (1) combustor assembly in the 7:00 position, revealed no unserviceable 
conditions to all visible engine internal components.  Inlet air system deficiencies allowing 
particulate such as rust to form and be ingested by the engine have resulted in minor abrasive 
damage to the compressor first stage blading.  

The Gas Generator Engine B auxiliary systems appear to be in serviceable condition - oil 
supply, scavenge, starting, ignition, cooling air, fuel delivery and vibration monitoring systems.  
The on-engine controls appear to be in serviceable condition - speed indication, temperature 
sensors and Woodward speed governor. 

Gas Generator Engine B was last overhauled in year 2000, and appears to be in good 
condition.  Should HYDRO choose to have the complete package refurbished and operate for 
an additional 15 years, it is recommended that this engine assembly be removed and 
disassembled to allow for detailed internal inspection and refurbishment as required. 

It is suggested that compressor washing be conducted every 6 months. Crank soak washing is 
recommended over fired wash.  A recommended cleansing agent – B&B 3100 – should be 
diluted with distilled or de-ionized water.  Distilled or de-ionized water should also be used for 
the follow-on rinse.  

HYDRO provided a copy of Inspection Report prepared by ALBA POWER reflecting their more 
extensive borescope inspection work carried out on the Hardwoods Olympus C Engines in May 
2007.  We have included the ALBA Report in Appendix 4 as the ALBA observations and 
recommendations are similar to the conclusions arrived at in this Study.  In addition, the ALBA 
photos clearly highlight the issues associated with each Engine. 

6.2.2 Gas Generator/Power Turbines Auxiliary 

Some auxiliary system components are obsolete and are no longer supported by the 
manufacturer or have been supplanted by more modern equipment.  These include; 

 Ignition exciters 
 Vibration monitoring system. 
 Speed governors/fuel valve assemblies. 

 
Replacement auxiliary assemblies of current design are readily available however they do entail 
costs that will need to be considered.  HYDRO should decide on its requirement for plant 
availability so that alternative strategies of installing new systems versus holding a stock of 
spare parts on site can be compared. 
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Woodward Governors 

The Woodward speed governors are covered in sub-section 6.2.1 wherein it was stated that the 
on-engine auxiliaries were observed to be in satisfactory condition. Spares for the governors are 
readily available. 

Gas Generator Bearings 

The major line bearings were not accessible in the time allotted for inspection.  The gas 
generator engine line bearings (8) are of the rolling element type.  Inspection of the magnetic 
chip detectors indicated satisfactory bearings condition.   
 
Gas Generator Lube Oil System 

The engine’s lube oil supply/scavenge system is self contained and driven by the engine 
assembly.  It appears to be in satisfactory condition.  The oil is cooled by means of a heat 
exchanger that uses incoming fuel oil as a coolant for the engine lube oil. 
 
Compressed Air System 

There are two starting air compressors mounted on the auxiliary module in an enclosed room 
within the Control Building and two storage tanks for start-air located outside the Control 
Building.  The system provides sufficient air for three engine starts.  The two air-cooled 
compressors are rated to deliver air at a discharge pressure of 500 psig.  Each compressor 
contains an air inlet filter and silencers, and are driven by two 7-1/2 HP AC motors. 

The two compressed air storage tanks (receivers) are sized to provide sufficient volume for at 
least three repeated starts of the gas generators.  Relief valves are mounted on each tank to 
protect it from overpressure.  Water traps are provided to automatically remove the condensed 
water from the bottom of each of the storage tanks.  There is also a heating cable included in 
the drain circuits. 

The control system provides conventional start/stop control with lead/lag compressor selection. 
Compressor instrumentation appears in good working order.  

The compressed air system is of standard design and appears to be in reasonable condition for 
a further 15 years of service however the exact same components may not be available for the 
coming 15 years.  A single spare compressor for both sites is probably adequate to provide for 
continuous plant availability.  
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Starter Motors 

The starter motors have provided high reliability, but the model is no longer supported by Rolls 
Royce.  It is suggested that a spare unit compatible with all four gas generators, should be 
carried by HYDRO. (The inventory of spare parts dated 2004, includes one starter motor 
assembly). 

6.2.3 Inlet Air Systems A & B 

The Stephenville inlet air system to the gas generators are in two plenum modules A and B 
(Photo: SVL-001).  Each contains the gas generator inlet air filters, bypass doors, silencers 
between the inlet filters and plenum, hoist provisions for gas generator removal and installation.  
The primary air flow is introduced into the filter enclosure passing through louver vanes for 
water separation and then through fiberglass filter packs for fine particle separation.  The 
primary airflow path then continues through the inlet silencer and into the inlet plenum. The inlet 
air filtration system at Stephenville is different to that installed at Hardwoods. 
 
In the event of extreme conditions where a high degree of contamination exists, blow-in doors 
located in the rear wall of the inlet filter enclosure will open when the pressure drop across the 
filters and silencers exceeds three inches of water.  Whenever the counterweighted blow-in 
doors open, an indicator light will be illuminated on the control panel in the control module to 
alert the operator that a filter inspection or media change is required. An access door is 
provided in the rear wall.   
 
The inlet silencer duct is located between the inlet filter and plenum.  Contained in the silencer 
duct are acoustically treated parallel baffles made of dense fiberglass sandwiched between 
perforated steel panels. The silencer is designed so that the sound power level in decibels is 
within specified limits. The system is designed to achieve noise levels at a distance of 1,000 feet 
less than 54 dBA or 95 dBA at a distance of 3 feet. 
 
Entrance to the inlet plenum is accessible through the hinged bolted doors located at the 
forward end and through a removable 24” x 12” panel.  At the rear of the plenum, a split septum 
door is located which is cut away to permit the gas generator inlet flare to protrude into the 
plenum area about 6½ inches. 
 
A secondary air supply is provided through a duct mounted on top of the turbine module.  The 
secondary air entrance is provided with a bird screen and the air passes through a fiberglass 
assembly consisting of 2’ x 2’ x 12” elements.  The air then passes through silencer baffles to 
two electrically operated fans and is discharged into the front end of the turbine module to limit 
the temperature of the air to 125oF (52oC).  The fans come on whenever the unit is started and 
remain on during operation and after shutdown until the temperature sensing probe at the rear 
of the turbine module senses a temperature below 115oF (46oC). 
 
The inlet structures are constructed of structural steel plate and framing supported by a cast-in-
place concrete foundation.  The concrete foundation was found to be in adequate condition and 
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there were no visible cracks noted.  As well, no significant structural steel issues were noted 
during the inspection.  The exterior of the air inlet structures was recoated approximately one (1) 
year ago.  The exterior coating was found to be in good condition and no corrosion was noted. 

There were several items noted during the inspection that require maintenance work.  It was 
noted that the coating on the concrete slab located inside the inlet plenum was peeling.  The 
paint peeling can then be sucked into the inlet of the gas turbine and potentially cause damage 
to the turbine.  We recommend that the concrete slab be cleaned, prepared and coated with 
breathable masonry paint such as Loxon by Sherwin Williams (Photo: SVL-003). 

Surface corrosion of the steel and flaking of the steel coating was noted inside the air inlet 
structures.  The corrosion has caused the steel coating to flake as well as rust flaking.  This 
loose material can then be sucked up by the gas turbine and potentially could cause damage.  
We recommend that the interior of the air inlet plenum and silencers be sand blasted and 
recoated (Photo: SVL-002). 

The interior of inlet air plenums A and B show signs of corrosion damage.  The basic structural 
integrity is good, and can be returned to satisfactory condition with basic cleaning and 
replacement of the surface coatings.   

Significant corrosion was also noted in the trough under the access doors for both air inlet 
structures.  This corrosion is likely a result of water accumulation in the trough over extended 
periods of time.  We recommend that the following items be completed to repair this problem 
and help prevent it from reoccurring: 

 Sand blast and coat all areas corroded under the access doors to the air inlet 
plenums (Photo: SVL-004). 

 Weld new plates inside the troughs that will drain water to the centre of the trough. 
 Drill a weep hole in the exterior of each air inlet structure to allow water to drain from 

the trough under the access doors. 
 Replace the weather stripping on the access doors. 
 Install a new drip cap over both access doors similar to the drip caps over the man 

doors on the gas generator/turbine modules and alternator modules (Photo: SVL-
005). 

 
The inlet bell-mouth assemblies are not fitted correctly to the engine, causing inlet air turbulence 
and loss of efficiency.  In the case of air inlet system A, the rubber sealing strips around the 
exterior doors are deteriorated to the point of cracking and no longer making effective seals 
against unwanted air leaks (Photo: SVL-005).  In the case of air inlet system B, the inlet bell-
mouth assembly is out of alignment approximately .250” creating significant turbulence to the 
inlet air stream.  As the units, during full power settings, ingest over 240 lbs/sec, the importance 
of correct bell-mouth fitment cannot be overemphasized.  Misalignment will create turbulence in 
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this air stream, accelerating compressor blade root wear, and costing up to 500kW of potential 
power output loss.   

Both inlet air systems show signs of significant deterioration and corrosion damage.  This 
deterioration is compromising the effectiveness of the inlet air filtration and contributing to 
abrasive wear to the engines’ compressor components.  HYDRO staff should be aware of the 
criticality of keeping the inlet air systems clean, and not allow small rocks and debris to enter 
into the systems during periodic maintenance. 

There is evidence of silica sand, rust scale, small rocks in the inlet plenums, which eventually 
will be ingested by the turbine engine.   

It was also noted that the steel grating on the platforms attached to the air inlet plenums was in 
poor condition having significant corrosion in some areas.  We recommend that the grating on 
both platforms attached to the air inlet structures be replaced (Photo: SVL-006). 

Access to the top of the air inlet structure is provided by a ladder.  However, it was noted that 
there was no fall arrest system in place at the top of the air inlet structure.  We recommend that 
new 42” high handrail with kick plates be installed around the perimeter of the top of each air 
inlet structure for fall protection. 

It was noted that holes in the existing structure for attaching hoist beams have enlarged 
significantly.  We recommend that new plates with holes of the proper size and location be 
welded to the existing structures to prevent pullout of bolts during lifting procedures for safety 
purposes (Photo: SVL-007). 

6.2.4 Exhaust Stacks A & B 

The exhaust stacks for both power turbines (Photo: SVL-008) are constructed of a heavy gauge 
steel plate with stiffeners on the exterior of the structure, with heavy gauge steel plate liners on 
the interior.  Based on the drawings viewed on site, the interior liners of the exhaust stacks are 
welded to the exterior structure with horizontal bent plates around the perimeter of the structure 
and installed at regular vertical intervals.  It is our understanding that the void between the 
interior liner and exterior structure is filled with insulation. The snow doors on the exhaust stacks 
were modified from electric actuation to pneumatic operation in 1989.  

The exteriors of the exhaust stacks were recoated approximately one (1) year ago.  The exterior 
coating was found to be in good condition and no corrosion was noted.  The concrete 
foundation under the exhaust stacks was visually inspected and was found to be in acceptable 
condition with no visible cracking or significant deterioration.  It was noted that the exterior 
gusset plates on the four corners of the exhaust stack for Power Turbine B were bent.  These 
gussets plates were likely damaged during transportation or erection of the exhaust stacks.  
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This does not present any structural concerns at this time as the steel structure in the vicinity of 
these gusset plates is in good condition and does not show any signs of deformation. 

The existing handrails on the platforms attached to the exhaust stacks are only 36” in height, do 
not have kick plates and therefore do not meet fall protection regulations.  We recommend that 
kick plates be added along with additional top rails to the existing handrails to extend the height 
of the railings to a full 42 inches.  It was also noted that the floor grating on these platforms 
consisted of expanded metal mesh which distorted significantly under foot.  We recommend that 
this be replaced with standard bar grating which is much stronger and durable (Photo: SVL-
008). 

The existing access hatch for the exhaust stack of Power Turbine B was also reviewed.  These 
access hatches are quite small, making access for HYDRO site personnel difficult.  The current 
hatch arrangement also makes removal and reinstallation difficult and time consuming.  To 
make the hatches water tight caulking must be applied to all joints.  Caulking should only be 
relied upon as a secondary seal and not the primary method of making a joint weather tight.  
Should the hatch have to be removed during the winter months, it would be very difficult to 
make the hatch weather tight as the caulking will not setup at low temperatures.  We 
recommend that the existing hatches be replaced with operable man doors with proper flashings 
and weather stripping (Photos: SVL-009 & 010 & 011). 

HYDRO personnel also indicated that they cannot easily access the pneumatic cylinders which 
operate the snow doors on top of the exhaust stacks.  We recommend that the existing 
platforms be modified to support new ladders that will allow site personnel to visually inspect the 
condition of the pneumatic cylinders and hoses (Photo: SVL-008). 

In both exhaust stacks, cracking is evident at the joint of three (3) flat planes within the vertical 
stacks in two (2) locations.  This cracking was noted in the bottom south-west and north-west 
corners of the exhaust stack liner for Power Turbine B.  These were viewed from the access 
door of the exhaust stack.  Cracking was also noted in the bottom south-east and north-east 
corners of the exhaust stack liner for Power Turbine A.  These cracks were viewed form inside 
the clutch module for Power Turbine A.  It is believed that this cracking exists in all four bottom 
corners of the liner in each exhaust stack.  The cracks do not appear to be compromising the 
structural integrity of the exhaust stacks as a whole, rather may be a result of thermal cycling 
over time, relieving stress at these points.    

Based on the drawings viewed on site for the exhaust stacks, it appears that the exhaust stack 
liner is rigidly fastened to the exterior structure.  With this arrangement, the interior liner will heat 
up and expand due to the hot exhaust gases from the gas turbines, while the exterior structure 
is insulated and will therefore remain relatively stable in temperature.  Since the liner is 
constricted by the outer exhaust stack structure, high stresses likely build up in the liner.  The 
stresses would be highest at the bottom of the liner where it gets the hottest and at locations of 
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discontinuities, such as joints and corners.  Given the location and orientation of the cracks 
noted above, it is believed that these cracks are a result of the thermal expansion and 
contraction of the exhaust liner which is constrained by the exterior structure.   

In the south-east corner of the exhaust stack for Power Turbine A, it appears that a former crack 
in the liner was repaired by welding the crack.  However, a similar crack in the liner has 
appeared adjacent to the repaired crack.  Simple weld repairs may repair the cracking, however 
over time, it is highly likely that the cracks will reappear, and if the areas in question are 
ruggedized (ie. weld repairs with reinforcing materials), it is also likely that the stress cracking 
may appear in the next weakest location due to the nature of thermal expansion/contraction in 
flat planes.  The remainder of the exhaust systems appears to be in satisfactory condition. 

6.2.5 Curtiss Wright Power Turbines A & B 

There are two Curtiss Wright Power Turbines A and B. Each Curtiss Wright power turbine is a 
two-stage axial flow unit with the rotor assembly and main shaft supported as a cantilever by 
two white metal bearings housed in a pedestal. The power turbine unit is connected to the gas 
generator by a gas duct incorporating a bellows joint. The gas generators receives ambient air 
from the air inlet plenums and delivers high temperature and pressure gas to the power turbines 
which converts the thermal energy into rotating mechanical power. The power turbines output 
shaft is coupled to the alternator through SSS clutches. 

The two-stage axial flow rotor consists of two rows of cast Stellite 31 blades. The blades are 
attached to a forged 422 stainless steel disc; the blades are secured to the disc by fir tree root 
fixings. The rotor assembly consists of a front labyrinth ring, first stage blade and disc assembly, 
spool spacer, interstage labyrinth, second stage blade and disc assembly and the main shaft. 
The components are fixed to the main shaft by tie bolts. A diagram (Figure 2-58) illustrating the 
power turbine assembly is included in Appendix 4. 

The oil supply to the power turbine is supplied from the alternator module and provides 
lubrication to the front and rear main radial bearings and the thrust bearing.  

The stator casing was originally made of austenitic nodular cast iron alloy, split on the horizontal 
centre-line to facilitate access to the stator vanes and the rotor. The casings however were 
prone to severe cracking resulting in a de-rating of the gas turbine for a number of years.  In the 
1980’s new casings were designed, manufactured and installed on both gas turbines. The new 
casings used an incanol alloy that is less prone to cracking. There have been opportunities to 
inspect the blading of end B at Stephenville when the gas generator was removed for extensive 
overhaul in 2000. The Curtiss Wright Power turbines A&B have provided excellent service since 
the major modifications to the casings. There have been no records of significant problems 
noted or significant work carried out on the power turbines over the past 12 years.  
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The elements that could impact on the reliability and availability of the Power Turbines are the 
blades, discs, bearings, and vibration characteristics. These are somewhat inter-related with 
uneven deterioration of the blades leading to degradation of bearings and vibration 
characteristics.  

From our review of operations of the Stephenville Facility particularly the minimal running time 
on the power turbines and our visual examination during the site visit, there is no expectation 
that the Power Turbines performance will change significantly during the next fifteen years. We 
recommend however that upon removal of the engine assemblies as noted in sub-section 6.2.1, 
the Curtiss Wright power turbine assemblies should be inspected in detail to verify the 
mechanical integrity of the units. In order of priority the following points are recommended to be 
inspected / refurbished; 

 Main line bearings to be removed and inspected. 
 Turbine blades to be removed and metallurgical sampling done to verify alloy 

composition, as well as check wear to the blade roots. 
 Turbine disks to be removed and metallurgical sampling done to verify alloy 

composition and creep growth. 
 

More modern and effective anti-corrosion/thermal protection coatings are available, and are 
recommended to be applied to the power turbine blades & nozzles to give superior 
protection/reliability for future operation. 

6.2.6 SSS Power Turbine Clutches A & B 

The SSS Clutch is designed for use between a turbine and an alternator to primarily engage 
and disengage the gas turbine from the alternator when the alternator operates as a 
synchronous condenser. When operating for generation purposes the clutch will remain 
engaged with the alternator. In the case of synchronous condenser operation, the clutch can 
automatically connect the turbine to the alternator at any speed, with engagement occurring 
immediately when the turbine speed exceeds that of the alternator. The design accommodates 
changes in the alignment of the gas turbine and alternator shafts to allow for thermal expansion 
effects. It acts as a double toothed flexible coupling with tooth surfaces that are designed for low 
stress and are hardened by nitriding. The clutch is lubricated by oil catchers on the input and 
output shafts. A dashpot system provides oil to maintain clutch engagement in the event of a 
reduction of turbine power to the idling mode. 
 
The Power Turbine Clutches A and B were not accessible in the time allotted for inspection 
during the site visit.  A review of available operational history indicates that all problems 
associated with the clutch assembly have originated with the various sub-systems such as - 
position indication, brake function and shifting mechanism.  All other history indicates 
satisfactory operation of the clutch assembly itself. 
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There has been no reported significant work carried out on the Clutches over the past 12 years. 
The clutch system itself has provided good service and should continue to do so for the next 15 
years.  There have been a number of problems with the auxiliaries such as the hydraulic system 
and the position monitoring. These have resulted in difficulties to clutch operations when 
synchronizing the power turbine with the spinning alternator. It is advised that the components 
comprising the auxiliaries to the clutches be reviewed for potential replacement with currently 
available and proven reliability components. 

It is recommended that when the gas generator engines have been removed for refurbishment, 
the drive clutches be completely disassembled and inspected.  No major structural problems are 
anticipated however the brake, position indication and actuation systems should be refurbished 
and tested to achieve continued reliable operation.  It may be prudent to place spare internal 
components into inventory, as the availability of such parts into the future are unknown and may 
be cause for concern.  

6.2.7 Main Power Train Bearings 

The major power train bearings were not accessible in the time allotted for inspections.  The 
power turbine and alternator bearings are of the journal, pressure lubricated type.  Review of oil 
sampling results with operational staff indicated no anticipated problems with these bearing 
assemblies. 

6.2.8 Main Lube Oil System 

The main lube system is a closed loop that incorporates a tank that is partioned internally to 
allow for entrained gas (air) in the return to evacuate.  The tank is large enough to store and 
maintain oil temperature.  Oil is delivered under pressure to the power turbine, clutches and 
alternator and is returned to the tank by gravity and negative pressure generated by a vacuum 
fan on the tank. 

The oil is moved and pressurized by the lube oil pumps.  Constant pressure is maintained in the 
discharge header by means of a regulating valve which establishes a header discharge 
pressure of 30 psi (2.04 bars) by sensing discharge pressure after the cooler and filters.  The 
pumps are protected by a relief valve which is set at 100 psi (6.8 bars) and will bypass lube oil 
in the event of system blockage. 

The power turbines, clutches and alternator low pressure lube oil system proper all appear to be 
in satisfactory condition.  The high pressure rotor jacking oil system also appears to be in 
satisfactory condition. 

From the lube oil pumps, the oil flows to an oil/water-glycol cooler.  The cooler is a shell and 
tube type heat exchanger with internal baffles that allows a heat exchange from the oil to the 
coolant glycol, which is actually a glycol - water solution. 
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The glycol coolant from the main lube oil cooler is circulated by pumping through a 3-way valve 
that controls the quantity re-circulated back to the oil-cooler or to the glycol/air heat exchanger 
(glycol-cooler).  As the main lube oil delivered from the oil tank gets warmer, the 3-way valve will 
operate under the control of its capillary, and will slowly restrict the re-circulating glycol coolant 
such that the coolant has to pass through the external glycol/air heat exchanger and then back 
via the 3-way valve where it is mixed with the warmer coolant still circulating, and then to the 
main lube oil cooler.  In this manner, the 3-way valve controls the flows in the coolant sections 
of the heat exchangers to maintain a steady delivery temperature of oil to the bearings.   

The main lube oil system electrical, mechanical and instrumentation equipment is generally in 
good condition but if certain components such as pumps or fans fail completely, it may be 
difficult to find the identical item for replacement.  The necessary precaution would be to acquire 
spares for HYDRO to stock.  This is particularly relevant to the single glycol circulating pump.  It 
is noisy and should be subjected to a major overhaul.  The power plant will be unavailable for 
operation in the absence of this pump. HYDRO should decide on its requirement for plant 
availability so that the alternative strategies of installing a back-up pump versus holding a spare 
pump on site can be compared. 

6.2.9 Glycol Cooler for Main Lube Oil Cooling System 

The external glycol heat exchanger (Photo: SVL-012) is of the finned tube air blast type with its 
electrically-driven cooling fans and the coolant circulating pump controlled by a sequencer. The 
main lube oil external glycol cooler assembly is in poor physical condition. 

The existing glycol lube oil heat exchanger is constructed of heavy gauge sheet steel frame with 
support posts and braces fabricated from structural steel angles.  At the time of inspection, this 
equipment was undergoing repairs to the structure to repair damage caused by corrosion.  The 
majority of the joints on this structure were stitch welded together.  This detail allows water to 
enter the joint and promotes corrosion at these locations.  The expansion of the steel (rust) as it 
corrodes causes the steel plate to deform between the welds.  In a couple of locations this 
expansive force has caused some of the welds to crack.  However, the main structural members 
are in acceptable condition. 

The repairs being completed entailed; new 3” x 3” hollow structural posts under each end of the 
fan and motor support channels, re-welding of broken welds and installation of gusset plates.  
These repairs are adequate to keep the unit operating for the next year.  However, the unit 
should be refurbished within the next couple of years to keep it operational for the next 15 
years.   

To refurbish this unit for the next 15 years, we recommend replacing the bottom section of the 
heat exchanger, replacement of the canopy cladding and recoating of the entire structure.  The 
replacement bottom section should be generally similar to the existing bottom of the unit.  
However, it should be designed to provide for adequate drainage of water and all joints should 
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be seal welded.  The existing bottom can be cut off, motor and fans remounted on the 
replacement bottom and this new bottom can then be welded into place.  The canopy on this 
heat exchanger is covered with corrugated light gauge sheet steel cladding.  Surface corrosion 
on the cladding was noted in several areas.  Therefore, at the time of refurbishment we 
recommend that this cladding be replaced as well (Photos: SVL-013 & 014). 

6.2.10 Gas Generator/Power Turbine Enclosures A & B 

The gas generator/turbine modules are constructed of structural steel framing with a steel plate 
exterior cladding.  The exterior of the gas turbine modules were recoated approximately one (1) 
year ago.  The exterior coating was found to be in good condition and no corrosion was noted.  
The concrete foundation under the gas generator/turbine modules was visually inspected and 
was found to be in acceptable condition with no visible cracking or significant deterioration. 

A visual inspection of the gas generator/turbine module supports and welds was carried out and 
no issues were noted.  A visual inspection of the exposed steel structure inside the gas turbines 
modules was also completed.  It was noted that there were some areas in which surface 
corrosion was present on structural members.  These areas were generally small and the 
corrosion mild and therefore are not a significant concern at this time.  However, if this facility is 
to remain in operation for the next 15 years, the next time the gas turbine equipment is removed 
for maintenance, we recommend that the interior of the gas generator/turbine modules be 
cleaned, areas with corrosion sandblasted and the interior of the modules be recoated (Photo: 
SVL-015). 

It was noted that the existing handrails on top of the gas generator/turbine modules do not meet 
fall protection regulations.  The handrails were only 36 inches high and did not have kick plates 
installed.  For fall protection purposes, we recommend that the railings be replaced or modified 
as soon as possible.  New railings should be a minimum of 42 inches high with a handrail, mid-
rail and kick plate.  Kick plates could also be added to the existing hand rails along with an 
additional top rail to make the handrail 42 inches high (Photo: SVL-016).  

The existing man doors in the gas turbine modules do not have any windows.  We recommend 
that windows be added to the doors for safety purposes.  This will allow Hydro site personnel to 
view the interior of the module before opening the door.  This would be particularly helpful 
should there be a fire inside the gas generator/turbine modules.  The handrails on the stair 
landings for these modules also do not meet code as they are not 42 inches in height and do 
not have kick plates.  We recommend that an additional top rail be added to extend the height of 
the handrail to a full 42 inches and kick plates be added to the bottom of the handrails (Photo: 
SVL-017).  

It was noted that holes in the existing structure for attaching hoist beams and other equipment 
have been enlarged significantly.  We recommend that new plates with holes of the proper size 

NP-NLH-013, Attachment 1 
Page 86 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



FINAL REPORT 
CONDITION ASSESSMENT AND LIFE CYCLE COST ANALYSIS  
HARDWOODS AND STEPHENVILLE GAS TURBINE FACILITIES    
5BSTEPHENVILLE GAS TURBINE FACILITY CONDITION ASSESSMENT 
December 18, 2007 

s f:\jobs\21061\pm\reports\final report\master copy - final report\final wgh - report (december 14, 2007 ) - nlh hardwoods & stephenville gas turbines study.doc 6.14  

and location be welded to the existing structures to prevent pullout of bolts during lifting 
procedures for safety purposes (Photo: SVL-018). 

6.2.11 Fire Detection and Protection 

The fire suppression system consists of Inergen systems located (i) in the turbine enclosure 
(Module A and B) and the alternator enclosure (Clutch A and B compartments) and (ii) in the 
fuel forwarding building.  There are heat and smoke detectors located at each location. 

There is not a fire suppression system located in the control building. In response to a HYDRO 
request, Stantec provided HYDRO with a preliminary cost estimate for installing an Inergen 
system in the control building.  For protection and insurance reasons, we recommend that an 
Inergen system be installed in the control building. 

The Inergen fire suppression systems are in excellent condition and available for service for an 
additional 15 years. 

6.2.12 Gas Generator/Power Turbine Spares 

An observation made during the visit to Stephenville, and during inspection of the available 
outage/maintenance reports provided, is that if additional spare parts inventories were held on-
site, the overall reliability of the package could be enhanced.  Recommended Gas Generator 
Engine spares include: 

Fuel injection nozzles:  A majority of unscheduled shut downs are caused by high 
exhaust gas temperature deviation.  A spare set of flow balanced fuel injection nozzles 
would allow mechanical staff to replace defective nozzles with serviceable units, to bring 
total temperature deviation to within acceptable limits. 

Starter assembly:  These units are no longer available from the original manufacturer, 
and are understandably critical to the operation of the package.  A spare starter 
assembly would enhance current and future reliability. 

There are companies that hold spare parts and complete gas generators in anticipation of future 
requirements.  We recommend a strategy whereby HYDRO can set up a system of quick 
replacement if needed.  It is unlikely that both gas generators will become unserviceable 
simultaneously allowing the alternator to be operated as a synchronous condenser or at 50% 
MW output on one or other gas generator. 
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6.3 ALTERNATOR/EXCITATION SYSTEM 

6.3.1 Alternator Description 

The Stephenville Alternator and Excitation System were manufactured by the Brush Electrical 
Machines Ltd. of England in 1975.  The Alternator was designed to ANSI Specification C50-13.  
The 13,800 volt, 3 phase 3600 rpm Alternator is an air cooled machine rated at 63,530 KVA at a 
0.85 power factor.  The Alternator utilizes a rotating brushless type exciter mounted on a stub to 
the main rotating shaft.  The Alternator cooling consists of an external glycol cooler and a 50/50 
glycol/water cooling medium to remove heat from the alternator heat exchangers (air to coolant) 
located at both ends of the alternator.  Refer to sub-section 6.3.8 for further details on the 
Alternator air glycol cooling system. 

The Alternator/Exciter is enclosed by a weatherproof, walk-in sound insulated enclosure.  The 
stator is fastened to the enclosure bedplate.  The Alternator is enclosed with two end canopies 
(bulkheads) and a top section canopy.  Each canopy is accessible via doors.  The alternator 
enclosure is protected by an Inergen fire suppression system.  Refer to sub-section 6.3.7 for 
further details on the Alternator enclosure. 

The alternator’s inner stator frame is fabricated from structural steel, welded together to form a 
rigid structure.  The stator core consists of low loss, silicone steel segmental stampings 
insulated by a layer of varnish on both sides of each lamination.  The core is divided into short 
sections by radial ventilating ducts.  The core is bolted to the stator frame.  The stator copper 
winding is of the two layer diamond type with the coils held in open slots by epoxy paper 
laminate wedges.  The two coil layers are separated by epoxy paper laminate wedges.  The 
insulation is Class B synthetic resin bonded mica glass tape.  The stator winding laminations are 
transposed in a regular pattern to minimize circulating currents and losses.  The coils are 
protected against corona formation by coating in the slot length with conducting (graphite) paint 
and with corona relief paint at each end of the core.  The end winding coils are braced with 
glass cord and densified epoxy paper laminate blocks and supported from the core ends by 
insulated brackets. 

The stator line and neutral terminals are brought out to a cubicle containing the line and neutral 
bushings.  The line bushings are connected to a metal enclosed bus duct system.  The 
Alternator neutral is grounded via a grounding transformer and resistor (refer to section 6.5 for 
further details on the bus duct, the alternator circuit breaker and neutral grounding). 

The rotor consists of a solid carbon steel forging carried in two bearings with a shrunk on half 
coupling.  The field windings are located in slots milled into the rotor forging. The windings are 
held in place by steel and bronze wedges.  Intertooth slots are milled to provide a longitudinal 
air passage for the cooling air.  The windings consist of multi-turn copper coils insulated 
throughout with Class F mica.  The end windings are supported by non-magnetic end caps 
shrunk on to a spigot on the rotor body and braced with resin bonded asbestos fabric packing 
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blocks and boxed in with a steel end bracket. Early end caps used 18%Mn / 4%Cr non-
magnetic material whereas more current designs use 18%Mn / 18%Cr. The former is 
susceptible to stress-corrosion cracking. It is recommended that the end caps be closely 
examined during the refurbishment project. 

The alternator and exciter bearings (3) are carried in a fabricated steel pedestal.  The housing is 
split horizontally on the shaft centerline.  The bearing is white metal lined and spherically 
seated.  Bearings are lubricated by pressurized oil at 20/30 psig (refer to sub-sections 6.2.7 and 
6.2.8 for further details).  The oil drain systems operate below atmospheric resulting in air being 
drawn in through the labyrinth seals providing the necessary ventilation.  A high pressure 
jacking oil system is provided for start-up and shut down purposes. 

The stator winding temperature is measured by embedded resistance temperature detectors 
(RTDs) distributed throughout the windings in the slots.  There are 4 RTDs per phase.  
Alternator air temperatures are measured by thermocouples fitted in the air outlets and inlets 
from the stator as well as the exciter air outlet.  The temperature of the drain oil in each pedestal 
bearing is measured by an immersed thermocouple.  A vibration detector is mounted on the 
pedestal of each rotor bearing and on the exciter bearing pedestal. 

6.3.2 Excitation System Description 

The main exciter is of the rotating brushless type mounted on a stub shaft which forms an 
extension of the main drive shaft at one end of the machine and is supported by a third bearing.  
The brushless exciter was designed to ANSI Specification C50-13. The exciter has stationary 
field coils and a rotating armature.  The exciter field windings are on the stator and its armature 
is on the rotor.  The AC output from the exciter armature is fed through a set of diodes that are 
also mounted on the rotor to produce a DC voltage.  This is fed directly to the field windings of 
the main alternator which are also located on the rotor.  The excitation control system consists 
of a “Normal” and “Standby” automatic voltage regulator (AVR) backed up by a “Manual” control 
mode. The AVR controls the strength of the magnetic field in the exciter by varying the amount 
of current through the stationary exciter field windings.  The Stephenville Gas Turbine utilizes 
the original brushless exciter and the AVR control system provided in 1975.  

6.3.3 Alternator/Excitation General Assessment 

As noted previously, the configuration of the Stephenville Gas Turbine includes two engines, 
two power turbines and only one Alternator. This makes the Alternator a critical component in 
the availability and reliability of the Gas Turbine. An Alternator problem therefore can result in 
major outages. 

While HYDRO personnel have indicated the Alternator and Exciter have generally provided 
good reliable service at Stephenville, the actual condition of the stator, rotor, exciter and 
auxiliary components is somewhat unknown.  HYDRO was not able to provide documentation, 
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during the Study, outlining a history of Alternator and Exciter condition testing on this equipment 
ie data from electrical tests and inspections carried out on the equipment over the years. In 
order to properly assess the present condition and life expectancy of the Alternator and Exciter, 
it is very important that data from such tests and inspections, if carried out on the equipment 
over its years of operation, be current and available for review.  Unfortunately, this information 
was not available.  A comparison of the test results taken over a period of time will usually 
indicate trending patterns good or bad.  Since this information was not available, such an 
assessment was not able to be carried out in the Study. 

With the type of operation the Alternator has been subjected to over the years – frequent 
stop/starts and synchronous condenser mode operation (refer to sub-section 2.2) - expectations 
are that the stator core, stator and rotor windings/insulation, rotor retaining rings and bearings 
will all show signs of ageing and would be a risk area of concern for available and reliable 
operation over the next 15 years.  HYDRO did not provide any reports on major refurbishment 
work carried out on the Alternator in the past.  This is not to say that there was no refurbishment 
work carried out.  Typical alternator stator and rotor problems that can develop over time from 
such operation can include:  

Potential Alternator Stator Problems 
 

 Stator winding insulation integrity and cracking 
 Stator windings -- bar movement, sparking, bulging or puffy coils  
 Stator end windings – bar movement, loose/broken bracing and ties, corona 

(arcing) activity 
 Stator wedges – looseness, sparking damage 
 Stator core insulation – hot spots. Shorting or low resistances in the inter-

laminar insulation may result in abnormal currents, localized heating and iron 
damage. 

 Cracked connections 
 Contamination 

 
Potential Alternator Rotor Problems 
 

 Shorted turns and field grounds – occurs when the insulation in the field is 
damaged.  There are a number of factors that can lead to field insulation 
breakdown/degradation – (i) length of time the alternator has been in service 
(ii) mode of operation – frequent start-stops (thermal cycling) or base load 
operation and (iii) contamination introduced into the machine  

 Rotor wedges -- looseness, sparking damage 

 Thermal sensitivity – is a term used to describe an excessive vibration of the 
rotor induced by the heating effect of the field current.  As field current flows, 
the copper winding heats up and having a greater coefficient of thermal 
expansion, expands more than the steel forging.  The disparity in expansion 
transmits forces to the forging through the rotor slots, wedges and retaining 
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rings.  The heat generated in this manner is normally drawn away by the 
cooling medium (air). Problems can occur when the winding forces act 
unevenly or when a temperature differential exists across the rotor due to 
blocked ventilation.  These events will cause the rotor to bow somewhat 
resulting in an imbalance and subsequent vibration.  

 Negative sequence events -- operating incidents (closing the alternator 
breaker when at standstill; single phase operation; transients, etc)  that 
induce heating, arcing within the alternator 

 Contamination – problems that arise from contamination buildup on the rotor 
include low megger readings, overheating and creepage failures 

 Forging/retaining ring damage – rotor forgings over time can develop 
cracking or burning caused by extraordinary events such as negative 
sequence currents flowing in the forging.  Retaining rings are the highest 
stressed components of the alternator.  Alternators operating in cycling 
modes that require frequent start-stops are susceptible to rotor tooth top 
cracking.  It is generally recommended that rotors that have been in service in 
excess of 25 years with approximately 5000 start-stops should be inspected 
for damage. 

 
In the absence of electrical testing and inspection records as well as any major refurbishment 
work reports on the Alternator over its 30 years of service, it is difficult to determine if any of the 
potential problems listed above currently exist or might occur in the next 15 year period.  In 
order to determine the present condition of the Alternator and Exciter the following 
recommendations are proposed: 

 A series of electrical tests in line with sub-section 6.3.5 be carried out on the 
Alternator at the earliest opportunity to provide a snapshot on the current 
condition of the Alternator.   

 In addition to the electrical tests noted above and in order to determine what 
specific refurbishment work might be necessary on the Alternator in particular, it 
is recommended that the Alternator itself or as a minimum the rotor be physically 
removed from its enclosure and the visual inspections and electrical tests noted 
above be carried out.  This detailed examination will clearly determine the 
condition of the Alternator and its components and the specific refurbishment 
work (if any) that must be carried out to ensure its ability to operate reliably for a 
further 15 years.  

6.3.4 Alternator/Excitation Operational and Maintenance Issues 

The preceding sub-section listed potential typical and potential Alternator stator and rotor 
problems that can develop over time.  This sub-section will outline problems noted by HYDRO 
personnel and any refurbishment work carried out on the Alternator in the past 
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There were reports of the operation of a negative sequence relay on start-up on several 
occasions.  This was attributed to possible faulty settings of the relay.  This may indeed be the 
reason; however, it is likely the relay detected a negative sequence event. Negative sequence 
currents can lead to rotor forging and retaining ring damage. 

There are reported incidents of vibration alarms occurring on the exciter end of the Alternator on 
start-up.  The reason for or cause of the vibration alarm has not been identified to date.  This 
alarm could be caused by a number of factors – (i) faulty vibration detector (ii) shorted turns in a 
field coil (iii) rotor balance issue (iv) shaft alignment issue or (v) bearing issue. 

As noted previously, there were no reports provided by HYDRO on any major refurbishment 
work that may have been carried out on the Stephenville Alternator over the past 30 years. This 
does not necessarily mean that no major refurbishment work was done.  It could also be due to 
the fact any such reports could not be found. 

Hydro does have plans to replace the existing original excitation AVR control system at 
Stephenville with an AVR similar to what was installed at Hardwoods in 2006.  

6.3.5 Alternator/Excitation Testing Program 

In order to assess the condition and life expectancy of the Alternator and its Excitation System, 
it is important that electrical tests and inspections be carried out on a regular interval basis 
(annually; semi-annually; etc) over the years and the data recorded.  A comparison of the test 
results taken over a period of time will usually indicate trending patterns good or bad.  

The following types of electrical tests are often carried out on an Alternator and Excitation 
System as part of ongoing inspection and maintenance programs: 

Stator Electrical Tests 

 EL-CID tests --- detects problems in the stator core especially interlaminar 
insulation defects (hot spots)  

 Partial Discharge Test --- detects stator winding insulation deterioration   
 Polarization Index Test --- tests the insulation resistance to ground  
 Hi-Pot Tests --- Insulation test  
 Megger Tests at 1000 or 5000 V DC  
 Thermocouple tests/calibrations  
 Inspection and tests of Alternator bushings 

Rotor Electrical Tests  

 Megger Tests at 500 V DC -- detects rotor winding insulation deterioration/ 
contamination  

 Rotor winding resistance measurements 
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Bearings Electrical Tests  

 Megger tests to indicate general cleanliness of bearing pedestal and 
insulation resistance  

 Thermocouple tests/calibrations 

Excitation System Electrical and Operational Tests 

 Exciter rotor and stator winding resistance measurements  
 Polarization Index measurements and Megger tests to determine condition of 

the exciter rotor and stator winding insulation   
 Thermocouple tests/calibrations  
 Diode checks - measurement of diode forward and reverse bias resistance 

and voltage drop; resistance of fuses; etc  
 Operational checks on the AVR 

The following Alternator visual inspections are often carried out as part of ongoing inspection 
and maintenance programs.  These inspections, carried out during major outages with the 
Alternator removed from the Unit, can assess the condition of the stator, rotor and bearings.  
Items typically inspected during major outages are as follows: 

Stator Visual Inspection 

 Loose or damaged wedges;  
 Loose or cracked or failed connectors;  
 Dusting, greasing and other signs of movement of windings; 
 Indication of arcing (hot spots); damaged laminations;  
 Loose Core bolts;  
 Signs of contamination / excessive dirt 

Rotor Visual Inspection 

o Signs of physical damage;  
o Loose or cracked or failed connectors;  
o Slot wedge migration and possible contact with retaining ring; 
o Signs of overheating;  
o Loose rotor wedges;  
o Dye penetrant examinations and magnetic particle tests on forgings, retaining 

rings and fan components to detect fatigue cracks; ultrasonic examination of 
interior surfaces of the forging and retaining rings   

Bearings Visual Inspection 

o Assess general condition of the bearings 
o Do the bearings require re-babbiting or machining?  

 
HYDRO provided copies of its Gas Turbine daily, weekly, semi-annual, annual and 5 year 
inspection check lists as well as the 6 year P&C inspection check list. Most of these inspection 
check lists were dated 2003.  There is essentially no reference to alternator and exciter tests or 
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inspections on these lists.  Copies of these lists are included in Appendix 5.  In addition, there 
are Alternator and Exciter tests and inspections listed in the O&M Manuals for each site.  It is 
not obvious that any of these recommended tests and inspections are being carried out by 
HYDRO. 

On a go-forward basis, it is recommended that a regular formal inspection and test program be 
established for the Alternator and its Excitation System and that some or all of the above listed 
tests and inspections are part of that program.  The electrical tests should be conducted on an 
annual basis with major visual inspections on a 5 year basis.  The test data and inspection 
information should be recorded and stored at a central location for easy access in the future.  In 
addition, a specific group at HYDRO should be charged with the responsibility for conducting 
such tests and inspections. 

6.3.6 Alternator/Excitation Recommendations Summary 

 It is recommended that a series of electrical tests be carried out on the Alternator at 
the earliest opportunity to provide a snapshot on the current condition of the 
Alternator. 

 In addition to the electrical tests noted above, it is recommended that the Alternator 
itself or as a minimum the rotor be physically removed from its enclosure and the 
visual inspections and electrical tests noted above be carried out. This detailed 
examination will clearly determine the condition of the Alternator and its components 
and the specific refurbishment work (if any) that must be carried out to ensure its 
ability to operate reliably for a further 15 years.   

 The Curtiss-Wright Turbine-Alternator Manual (Book 3) recommends a minimum list 
of spare parts that should be carried for the Alternator and its Excitation System. It is 
recommended that the suggested list of spares be stocked at one central location for 
both the Hardwoods and Stephenville sites.  

 On a go-forward basis, it is recommended that a regular (annually; semi-annually; 
etc) formal inspection and test program be established for the Alternator and its 
Excitation System and that some or all of the tests and inspections listed in sub-
section 6.3.5 be part of that program. 

6.3.7 Alternator/Excitation Enclosure 

The alternator module is constructed of structural steel framing with a steel plate exterior 
cladding.  It is our understanding that the exterior of the alternator module was recoated 
approximately one (1) year ago.  The exterior coating was found to be in good condition and no 
corrosion was noted.  The concrete foundation under the generator module was visually 
inspected and was found to be in acceptable condition with no visible cracking or significant 
deterioration. 
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The interior structure of the alternator module was also reviewed.  This module contains a great 
deal of equipment and access to structural members was quite limited resulting in the inspection 
of this module being also limited.  No structural issues were noted. 

The roof of the alternator module requires access from time to time for repair and maintenance 
activities; however, the roof of the existing generator module is over 10’-0” high and currently 
does not have any handrails.  Therefore, this area does not meet fall protection and safety 
regulations.  There are several existing eye-bolts attached to the roof of the generator module 
that may be adequate as fall arrest anchors; however, they are not close enough to immediately 
tie to once you have climbed to the roof level and are spaced far enough apart that HYDRO 
staff may have to unhook and hook to move to different areas of the alternator roof.  It is 
important to note that no structural analysis has been carried out by Stantec to determine the 
capacity of these anchors for fall arrest purposes.  We recommend that proper handrails be 
installed on the roof along the north and south sides of the alternator module for fall protection 
purposes (Photo: SVL-019). 

The existing man doors in the alternator module do not have any windows.  We recommend that 
windows be added to the doors for safety purposes.  This will allow HYDRO site personnel to 
view the interior of the module before opening the door.  This would be particularly helpful 
should there be a fire inside the alternator module.  The handrails on the stair landings for this 
module also do not meet code as they are not 42 inches in height and do not have kick plates.  
We recommend that an additional top rail be added to extend the height of the handrail to a full 
42 inches and kick plates be added to the bottom of the handrails. 

6.3.8 Alternator Air Cooling System 

The alternator cooling system uses a 50/50 glycol-water mixture to absorb heat from the air 
circulating inside the alternator casing and to discharge the heat to ambient air by means of an 
external heat exchanger complete with fan cooling. 

Inside the alternator, air is passed through the air-gap behind the stator end windings and under 
the rotor winding.  The space behind the stator core is divided into inlet and outlet 
compartments and air passes via radial ducts in the core to and from these compartments to the 
air-gap.  Air from under the rotor windings flows through vents in the rotor surface in line with 
the outlet compartments of the stator core. 

Under normal conditions, air is passed through a glycol/water finned tube heat exchanger 
(Photo: SVL-020) and circulated back to the machine.  The glycol/water is pumped to an 
external heat exchanger where fans blow ambient air over a nest of finned tubes to cool the 
glycol.  There are two glycol/water pumps for this system and two fans for the external heat 
exchanger.  
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At the time of our visit, the glycol cooler had been taken out of service.  The alternator was 
being operated with the access doors to the canopy above the alternator wide open to allow 
circulation of unfiltered ambient air in the alternator.  Open doors, in addition to allowing 
contaminants to enter the generator enclosure, may compromise the Inergen fire suppression 
system.  It was reported that an alternator high temperature alarm had come up during recent 
operations and while the cause of the alarm has not been identified, there is concern that the 
glycol/air heat exchanger may be unable to dissipate sufficient thermal energy.  High 
temperatures in the alternator have been the source of shutdowns in the past.  HYDRO will 
commence investigations to determine the cause of the high temperature alarm.  

The cooling system should be capable of dissipating about 5GJ/hour during the highest ambient 
temperatures, say 30oC.  Calculations by Neill and Gunter, using test data provided by HYDRO, 
suggest that the external cooler is operating at about 67% of its design capacity. If this is indeed 
the case, there is a limit on the maximum output (MW) that the unit can provide on a continuous 
basis.  The limit is a function of the ambient temperature. 

The finned tubing of the external heat exchanger was observed to have a grey dust coating on 
the fins.  This will impair heat exchange, and it is proposed that a test be undertaken to measure 
temperatures of coolant in/out, and air in/out of the external heat exchanger.  Also, if possible, a 
means of measuring the flow of coolant should be devised.  These data can be used to 
calculate the capacity of the exchanger, and to establish the improvements achieved by 
cleaning the external fins. 

Similar data should be collected for the heat exchanger inside the alternator casing to verify that 
it is still operating at or near design conditions. 

The external glycol cooling heat exchanger is constructed of structural steel columns, braces 
and framing.  The exterior of the heat exchanger and the canopy of the heat exchanger are clad 
with heavy gauge steel plate. 

Surface corrosion on the main structural steel framing members was noted in several areas.  
However, this corrosion was generally light and the steel framing members were found to be in 
acceptable condition. 

The heavy gauge exterior cladding on the heat exchanger and the canopy was stitch welded to 
the structural steel framing.  Over time water has entered the joints between the cladding and 
structural framing which were not welded and this has resulted in corrosion of the steel at these 
locations.  The expansive forces created by the steel turning to rust has caused the heavy 
gauge steel cladding to deform along the panel perimeter between the stitch welds. 

Given the level of deterioration, we recommend that the heat exchanger support system be 
recoated within the next two (2) years if it is to remain in service for the next 15 (15) years.  At 
that time, the existing cladding should be removed and replaced with new heavy gauge sheet 
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steel.  All joints between the cladding and structural framing should be seal welded to minimize 
corrosion at these joints in the future (Photos: SVL-021 & 022 & 023). 

The cooling equipment itself should be adequate for a further 15 years, subject to the 
refurbishment to the structural components noted and the resolution of the alternator high 
temperature alarm (if a glycol cooler problem) being rectified by cleaning the tubes and external 
fins.  This also assumes that a maintenance schedule is put into operation that provides for 
cleaning the tubes regularly.  

Instrumentation on the alternator cooling system appears in good working order.  There have 
been no significant instrumentation problems in the last year and a half.  At the time of the site 
visit, the coolant had been drained and the low level switch did not operate. There may have 
been some coolant left in the tank.  The operator was to verify at a later time.  

6.4 FUEL OIL SYSTEM 

6.4.1 Fuel Unloading and Storage 

The Gas Generator Engine fuel is No. 2 diesel oil which is delivered to the Site by truck.  The 
trucks are unloaded via pumps at the Fuel Forwarding Building. Fuel storage comprises three 
interconnected storage tanks each with 126,000 nominal gallons capacity (477,000 litres) 
(Photo: SVL-024).  At 50 MW, the plant will use about 16,000 L/hour, so one tank lasts 
approximately one day.  All three storage tanks contained oil at the time of inspection.  
Therefore, only visual inspection of the exterior of the tanks was carried out.   

The tanks were built to API Standard 650, and should be operated subject to API Standard 653 
– Tank Inspection, Repair, Alteration and Reconstruction.  This standard calls for periodic 
inspections and records of construction, inspections, and repairs.  The frequency of inspections 
can be linked to a rate of corrosion or in the absence of measurements the frequency of 
inspection must be less than every ten years. 

The tanks have been in service since 1977. The tanks were inspected in 1999 by fga-
CANSPEC (Reports provided by HYDRO) in accordance with API 653 -1995. The tank shell 
was found to have no internal and external corrosion and no areas of pitting or weld attack. 
Inspections of the tank floors consisted of magnetic flux leakage scanning and a systematic 
ultrasonic thickness survey. The remaining useful life of the tank floors as estimated by fga-
CANSPEC are as follows: Tank 1 (16 years); Tank 2 (8 years) and Tank 3 (15 years). The roof 
and roof rafters on all tanks were found to be in good condition. All tanks were deemed to be 
meeting the requirements of API 653-1995. It is recommended that HYDRO conduct within the 
next 2 years a further detailed inspection of the tanks and in particular an ultrasonic thickness 
survey of the tank floors. 
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As part of the tank inspection program, HYDRO refurbished the tanks – interior cleaned, floor 
painted; reshaped the dyke, installed a new dyke liner throughout and installed new piping 
within the dyke area. The exterior of the tanks was painted in 2004. 

From an external observation, the tanks appear to be in good condition and should be 
serviceable for a further 15 years use.   

The exteriors of the fuel storage tanks were recoated approximately three years ago.  This 
coating was found to be in good condition and no signs of surface corrosion were noted during 
the inspection.  As well, no significant pitting due to earlier corrosion was noted during the 
inspection.  In general the exterior of all three fuel storage tanks were found to be in good 
condition. 

All three tanks have proper ladders with climber safety systems.  The climber safety system 
consists of a rigid rail attached to the rungs of the ladder at equal intervals.  Fall arrestors, 
lanyards and harness are fastened to the climbers for fall arrest.  The ladders were generally in 
good condition.  However, HYDRO site personnel indicated that three (3) rungs at the top of the 
ladder of tank “35b” are missing welds on the inside of one rail.  We recommend that these 
rungs be welded and the area affected by welding recoated. 

The landing platforms on the top of the tanks were found to be in good condition and had proper 
handrails installed.  As well, a static fall arrest lifeline has been installed between the landing 
platforms at the top of the ladder and the vent stack in the centre of the tank.   

Each storage tank is fitted with a float and tape level gauge, a conductivity level switch, a 
differential pressure level transmitter, a temperature gauge and two grounding cables.  All 
instrumentation equipment appears to be in good working order.  

It is our understanding that the containment dyke containing the three (3) oil storage tanks was 
replaced approximately three (3) years ago.  At that time, HYDRO reported that a liner was 
installed, and the dyke was covered in gravel.   

The dyke was found to be in generally good condition at the time of inspection.  Three (3) of the 
dyke walls were in very good condition and the slopes are holding up well.  However, the north 
wall of the dyke facing the fuel forwarding building did appear to be lower in elevation than the 
other three (3) dyke walls.  As well, the slopes of this wall were not in as good a condition as the 
other three walls.  The lower elevation of the wall allows water from the site to drain into the 
dyke.  This combined with site personnel walking down the slopes of this dyke wall to access 
the oil storage tanks have resulted in some deterioration of this dyke wall.  We recommend that 
the top of the dyke wall be raised to the same elevation of the other three dyke walls to prevent 
runoff from entering the containment dyke.  Also, installation of access stairs on the north side 
of the dyke will help prevent slope deterioration caused by site personnel walking down the 
slope of the dyke (Photo: SVL-025). 
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A drainage pipe with a manually operated valve in the south-west corner of the property is 
currently used to drain the fuel storage containment dyke.  The containment dyke is adequately 
graded to this outlet pipe.  At the time of inspection, there was approximately 12 inches of water 
over the top of the outlet pipe.  We recommend that site personnel regularly drain the 
containment dyke to help prevent buildup of excess water in the dyke and help prevent 
premature rot of the timber posts supporting the access platform for the outlet pipe.  The 
bottoms of the tanks are elevated approximately two to three feet above the bottom of the dyke 
to prevent submergence in water and corrosion.  As well, it was noted that a light standard has 
been installed on all four sides of the containment dyke and should provide adequate lighting for 
the tank lot. 

During the inspection it was noted that the containment dyke liner around several of the round 
concrete pilaster pipe supports inside the dyke were not sealed and could allow leakage should 
a spill occur.  In these locations, the clamps holding the liner in place are loose and the caulking 
around the top of the liner has failed.  We recommend that the clamps around all concrete 
pilasters be retightened and caulking reapplied to the joints where necessary (Photo: SVL-026).   

It was noted that the containment dyke liner was not visible around the concrete block 
surrounding the oil transfer piping entering the ground in the north-west corner of the dyke.  It is 
therefore possible that there is not a proper seal between the concrete block and the 
containment liner.  We recommend that an investigation be carried out to determine if the joint 
between the concrete block and the containment liner is adequately sealed (Photo: SVL-027). 

6.4.2 Fuel Forwarding 

The function of the fuel forwarding module is to provide fuel at a positive and constant pressure 
to the gas generator engines for combustion.  An inspection was made of the fuel forwarding 
equipment contained in a building integrated with the spill containment dyke surrounding the 
tanks.  The major equipment located inside the building consisted of the main pump and motor, 
the off-loading fuel pump and motor, the auxiliary fuel pump and motor, the electric fuel heater, 
fuel filters, pressure switches, control valves, regulator valve and the associated piping.  

The pumps, valves and piping were checked for evidence of problems.  Nothing significant was 
found and the equipment had a well cared for appearance.  There is sufficient back-up pumping 
and valving to provide a low risk of failure to deliver fuel.  However, there is only one fuel heater 
and a spare replacement element should be carried together with the necessary gaskets, etc. 

The fuel forwarding area contains a motorized valve with position indication in each of the three 
fuel lines coming from the storage tanks.  A local control panel permits the operator to select 
one of three tanks as a supply.  The panel also contains the instrumentation for tank level 
alarms, including local annunciation for tank overfull.  A common fuel line contains a recently 
installed Coriolis meter for accurate measurement of fuel consumption.  A heater preheats the 
fuel.  As well, a single filter is installed in-line within the common line. 
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All instrumentation is in good working order with the exception of the differential pressure switch 
on the fuel filter.  This switch has had its sensing lines removed.  HYDRO has opted to change 
the filter on a schedule correlated to fuel consumption.  It is suggested that the differential 
pressure switch remain in service in case maintenance cycles are missed or the filter clogs 
more quickly than expected.  

6.4.3 Fuel Piping 

The installed system of above ground interconnecting piping and valves from the fuel forwarding 
building to the storage tanks allows for any combination of tanks to be filled or drained 
simultaneously.  The condition of the piping system is good and should be reliable for a further 
15 years of service. 

The piping from the fuel forwarding building to the storage tanks is above ground. The piping 
from the fuel forwarding building to the power plant is underground and does not conform to 
current codes.  HYDRO is currently replacing this piping with double-walled piping with vacuum 
monitoring. The interior pipe is 4 inch and the exterior pipe is 6 inch.  

6.5 ELECTRICAL SYSTEMS 

6.5.1 13.8 kV Switchgear 

The switchgear serves to isolate the plant and its related systems electrically from the grid when 
it is not running or is down for maintenance.  The switchgear and associated protective relaying 
systems provide protection to equipment and personnel during abnormal loading or fault 
conditions. 

Switchgear is subject to deterioration over time due to breaker contact wear, arcing damage and 
insulation breakdown.  A typical switchgear installation includes integral instrumentation 
transformers, which are also subject to insulation degradation.  While generator breakers are 
infrequently called upon to interrupt heavy or short-circuit loads, the recommendations of the 
manufacturer should be followed with respect to inspections and maintenance schedules.  

Switchgear should be replaced when no longer supported by the manufacturer, parts availability 
wanes and safety of personnel or equipment potentially becomes compromised as a result. 

The 15 KV 3000A metal-clad walk-in switchgear assembly houses the 13.8 KV alternator circuit 
breaker, potential and current transformers, station service power fuse and the disconnect 
switch. HYDRO provided a copy of a report on a condition assessment of the Hardwoods and 
Stephenville 15 kV Switchgear and outdoor Bus Duct carried out by Acres in 1995. It is our 
understanding that most of the recommendations outlined in that report have been carried out. 
A new 15 kV metal enclosed switchgear assembly was installed in 1998.  Switchgear & Controls 
Ltd, Markham Electric supplied the complete assembly.  The alternator breaker, a withdrawable 
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vacuum type breaker, was replaced in 1998 because of a short circuit developed at the bus 
duct. While a detailed inspection of the switchgear was not carried out in this study, the physical 
condition of the switchgear and the associated equipment appears to be in good condition.  The 
typical operating life for switchgears and breakers could be assumed to be 35 - 40 years.  With 
regular maintenance, the switchgear and the breaker should be able to operate normally for 
another 15 years or more.  Replacement parts and services can be expected to be obtained 
locally or though switchgear equipment suppliers.  

A regular maintenance program for the switchgear and its equipment should be followed. 
Attention should be paid to inspect the condition of the breaker contacts, check for arcing 
damage, check the operating mechanism of the breaker and conduct insulation tests for 
insulation breakdown.  

The disconnect switch should be operated occasionally and a set of spare power fuse should be 
stored at site or readily obtainable upon emergency replacement.  

HYDRO should apply infrared thermography to monitor temperatures and thermal patterns while 
equipment is running in full load to detect changes in temperature.  Repair and/or replace any 
hot-spot area. Safety procedures must be observed during scanning because the enclosure 
doors will be opened for scanning.  Arc flash labels should be posted at the switchgear cubicles 
to provide guidelines on personal protection equipment requirements.  Another option is to 
install infrared scanning ports to allow scanning without opening the door.   

A rain shield should be installed at the air vent to prevent rain and snow blowing into the 
switchgear enclosure (Photo: SVL-028). 

The delivery time for a replacement switchgear and breaker could be in the area of 20-24 
weeks.  A back-up plan should be prepared to cater for a total failure (for example a fire) of the 
switchgear and/or breaker.  

6.5.2 13.8 kV/600 V Station Service Transformer 

The 750 KVA, 14.4 KV-600V dry-type transformer located inside the switchgear building 
enclosure appears to be in good physical condition.  Results of tests carried out on the 
transformer over the years were not available for review during the visit.  With regular 
maintenance and adequate ventilation, the transformer should be able to provide satisfactory 
service for the next 15 years. 

The transformer and its accessories, such as the lightning arrestors, the surge capacitors and 
the cable connections should be part of a regular maintenance program.  HYDRO could apply 
infrared thermography to monitor temperatures and thermal patterns while the transformer is 
running under load to detect changes in temperature.  Repair and/or replace any hot-spot area. 
Safety procedures must be observed during scanning because the enclosure doors will be 
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opened for scanning.  Arc flash labels should be posted at the transformer cubicle to provide 
guidelines on personal protection equipment requirements.  

The transformer insulation should be tested at regular intervals.  Temperature inside the 
transformer cubicle should be monitored and additional ventilation may be necessary if the room 
temperature is too high.  Over heating and overloading of the transformer will shorten the life of 
the transformer.  

6.5.3 13.8 kV Bus Duct 

The 13.8 KV metal enclosed non-segrated bus duct (Photos: SVL-029 & 030) connects the 
alternator phase bushings to the 13.8 kV alternator circuit breaker located in the 13.8 kV 
switchgear enclosure.  The bus duct further connects the circuit breaker to the unit step-up 
transformers 13.8 kV bushings located in a low voltage termination box mounted on the 
transformer.  The bus bar material is copper and the bus duct is enclosed.  Two (2) sections of 
bus between the alternator bushings and the switchgear assembly and between the switchgear 
and the step-up transformer were replaced in 1998 due to a reported short circuit between two 
phases.  The robust bus duct metal enclosure was replaced at the same time.  With regular 
maintenance, the bus duct should be able to provide satisfactory service for the next 15 years.  

Regular maintenance should include inspection for bus bar rusting and corrosion, insulator 
tracking and the physical appearance of the enclosure.  The bolts at the joints should be re-
torqued regularly.  Infrared scanning of the bus bar, the joints and the terminations should be 
performed to identify hot-spots. 

The bus duct at Stephenville has a history of corrosion and rusting.  If it is necessary to replace 
the bus duct, cable duct should be considered.  Cable ducts are gaining popularity over bus 
ducts because of their flexibility, and easier and cheaper to install.  Providing that the design 
and specification of the cables are done correctly, cable duct may have less chances of having 
a phase-to-phase or phase-to-ground flash over caused by moisture penetration or moisture 
condensation inside the duct than non-segregated bus.  

6.5.4 AC and DC Motor Control Centres 

The motor control centres (MCC) provide protection and control for the auxiliary electrical 
devices for the gas turbine plant.  There are two motor control centres - one for the 250V DC 
equipment and another for the 600V AC equipment.  The MCC cabinets house the basic 
electro-mechanical devices such as circuit breakers, contactors and overload relays.  The 
original MCCs were supplied by Westinghouse. Eaton/Cutler Hammer took over the MCC 
product lines from Westinghouse.  Eaton/Cutler Hammer or other electrical equipment 
distributors can supply compatible replacement parts or replacement kits for any MCC up-
grades.  The operating handles of the MCC are capable of padlocking.  This feature should 
satisfy HYDRO’s locking and tagging requirement.  
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Unless the operating philosophy of the motor control changes drastically, such as operating the 
motors with variable frequency drives (VFD), adding feedback monitoring and network 
interfaces that would require changes to the structure of the MCC wrappers (any changes to the 
MCC structure will require CSA re-certification), the existing MCC should not require to be 
replaced and should be capable of operation for a further 15 years. 

In addition to regular inspection on the de-energized equipment, infrared thermography 
inspection should be performed on a regular basis with the equipment energized.  Safety 
procedures must be observed during scanning because the enclosure doors will be opened for 
scanning.  Arc flash label should be posted at the MCC to provide guidelines on personal 
protection equipment requirements.  

6.5.5 DC System – Station Battery and Charger 

The station DC system has to provide sufficient capacity to supply the various DC motors and 
DC powered protection and control systems.  

Depending on the battery type, the station battery is subject to various forms of deterioration 
including: corrosion of posts, cables, hold-downs, and battery trays; cell damage due to severe 
discharge or overcharge conditions; high resistance connections; and reduced cell capacity.  
Routine maintenance will serve to detect and remedy these conditions, such that replacement is 
only required when the general condition deteriorates beyond the point that maintenance is 
ineffective or overall battery capacity no longer meets the plant requirements.  Manufacturers 
typically specify a design life of 15 to 20 years for wet-cell type batteries, and recommend that 
the banks be replaced after this period of time.  

Common charger and inverter failures include open or shorted rectifier diodes or deteriorated 
electrolytic capacitors.  Replacement is a consideration if vendor support is no longer available, 
improved output characteristics are desired (i.e. reduced ripple, improved regulation) or the 
charger or inverter load changes considerably due to changes in the station.   

There are three banks of batteries (125 Vdc and 250 Vdc) inside the battery room.  The 125 V 
battery bank was replaced in 2005. The battery cells are in good condition. No leaks or cracks 
are visible.  With regular maintenance, the batteries should be able to last for more than 15 
years.  The 250V and 125V chargers are Power Tronic, Type 668, Class “D” chargers (Photo: 
SVL-031).  They are no longer being supported by the vendor.    

The original inverter was supplied by CTS Canada. It failed and was replaced with a unit 
supplied by Pylon in 2004.  Under normal operating conditions, the inverter should be able to 
provide satisfactory service for the next 15 years.  

The regular battery and charger maintenance program should be followed.  Defected cells/parts 
should be repaired or replaced as soon as they are detected.  Re-assess the rating of the 
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batteries and charger if there is a major addition of DC loads.  A replacement program should 
be prepared to replace the chargers as the opportunities arise if the vendor does not continue to 
support the service of this type and model of charger anymore.  The batteries should be able to 
operate satisfactory for the next 15 years.  

6.5.6 Protection Relays and Synchronizer 

The protective relaying systems provide protection to equipment and personnel during abnormal 
loading or fault conditions.  Their functions must be sufficient to protect the generating unit 
against all harmful conditions that may develop and act quickly and appropriately to isolate the 
abnormal conditions from the system and the alternator.  The synchronizing function is critical 
and requires accurate and reliable monitoring of voltage level, frequency and phase angle.  It 
ensures bump less transition of the alternator to the on-line state, thereby minimizing machine 
stress and power system transients. 

The measuring relays for the alternator protection system are electromechanical relays (Photo: 
SVL-032).  For electromechanical relays, ageing of the moving surfaces (such as bearings and 
bushings for induction discs) due to corrosion or excessive wear can lead to failure of the relay.  
For measuring relays, ageing of components such as capacitors, resistors, coils and worn 
contacts are sources of failure.  Ageing mechanisms include: corrosion and overheating of 
contacts; vibration on bearings; wear of bearing surfaces that have exceeded the number of 
design operations; and failure of insulation material in capacitors and other components due to 
ageing of the materials.  

While a detailed alternator protection review and analysis is not within the scope of this study, a 
review comparing the existing protection functions with IEEE Std. C37.102-1995 IEEE Guide for 
AC Generator Protection is provided as follows:. 

IEEE recommendations: 

 Loss of excitation (40) 
 Phase and ground fault (87G, 87GN, 51/59GN) 
 Field fault (64F) 
 Unbalanced current (negative sequence) (46) 
 Over and under-voltage (59, 27) 
 Over and under frequency (81) 
 Stator thermal (49) 
 System back-up (51V) 
 Alternator turn to turn fault (61) 
 Voltage balance (60) 

Existing Protection Functions: 

 Loss of excitation (40) 
 Phase and ground fault (87G, 64G) 
 Field fault (64F) 
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 Unbalanced current (negative sequence) (46) 
 Over and under-voltage (59G, 27G) 
 Over and under frequency (81) 
 Stator thermal (49) 
 System back-up (51V) 

 
The existing protection provides adequate basic protection functions to protect the alternator.  
Compared with the IEEE Standard, the functions that are missing are the generator turn to turn 
protection (61) and the voltage balance relay (60).  An alternator turn to turn fault is difficult to 
detect. Alternator differential relay will provide protection for alternator internal faults.  
Depending on the setting sensitivity of the alternator differential relay, it will provide some 
degree of turn to turn fault protection.  The function of the 60 relay is to block the mis-operation 
of the relays using voltage as a restrain source.  There will be costs to incorporate these two 
functions into the existing protection system.  HYDRO’s protection design engineer may want to 
review the scheme and decide whether the level of reduced risk will warrant the level of 
expenditure required. 

Although the existing relays could provide adequate protection, the availability of any direct 
replacement of the electromechanical relays will be limited.  Unless HYDRO has spare relays 
stocked in their system, it will be difficult or even impossible to obtain direct replacement relays 
from the manufacturers.  The option of replacing the entire protection panel with digital 
protection relays should be considered because of the ageing considerations of the 
electromechanical relays, the unavailability of the replacement relays and the increased 
protection obtained through the multiplicity of advanced functions available in today’s digital 
relays at relatively low cost. 

The automatic synchronizing function is provided by the Bailey DCS system.  The sync-check 
relay, PRS-250 is provided by Basler Electric.  The design of the sync-check relay has not been 
changed for the last 15-20 years and is expected to remain that way unless a parts availability 
issue forces Basler to make a component change. 

Historically, the failure rate of electromechanical relays is low (with good maintenance, some of 
the relays are still in service after 40 years or more) but some of the relay components will age 
and will fail eventually.  The replacement parts and the skilled technicians that are 
knowledgeable enough to fix these relays are getting harder and harder to find.  We suggest 
that a protection replacement budget and protection modification program should be prepared 
for the Facility.  Replace the relays for the Facility when the opportunity arrives and possibly 
keep the replaced relays as spare for the other Facility for direct replacement.  

With today’s technology, one multifunctional digital protection relay could replace several 
electro-mechanical relays to provide the same protection functions.  The GE Multilin Generator 
Protection Relay replaces the following existing protection functions – 40, 64,87G, 46,59,27,81, 
49 and 51V (refer to relay function numbers above).  A cost estimate has been provided for one 
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multi-functional digital generator protection relay.  If HYDRO’s protection philosophy requires 
additional relays for backup or for another redundant scheme, the cost estimate will increase 
accordingly.  

In the meantime, considering the age of the relays and the non fail-safe design of the 
electromechanical relays, it may be prudent to test the existing relays in a 2 or 3-year cycle 
rather than the 6-year cycle as recommended in the HYDRO maintenance program.  In 
conversation with Craig Warren (HYDRO P&C Engineer), he indicates that more than once, the 
negative sequence relay operated immediately after the unit was put on line.  We recommend 
the setting of this relay be reviewed and the relay tested and re-calibrated if necessary. 

6.5.7 15 kV Power Cable 

The power cables associated with the 750 kVA station service transformer (Photo: SVL-033) are 
cross-linked polyethylene (XLPE) insulated cables. 

Medium voltage XLPE insulated cables were first installed in the late 1960’s.  The cable 
manufacturers and utilities expected the cables to perform reliably for 20-30 years.  History has 
shown that the service life of some of these early cables was far shorter than expected.  Many 
cables failed after only 10-15 years in service.  It was later discovered that voids and 
contamination in the semi-conducting shields, as well as other design and manufacturing 
deficiencies, led to voltage stress concentrations within the cables.  The elevated voltage stress, 
combined with moisture ingress into the cable structure created what are known today as water 
trees.  These microscopic cavities degraded the insulation over time, ultimately causing the 
cable to fail.  To reduce water tree growth, a special engineered insulating material designed to 
limit water tree growth called XLP-TR was commercialized in the early 1980’s and has been 
performing reliably in service for over 20 years.  Furthermore, the design, manufacturing 
practice and quality control of power cables have improved drastically within the last 20 years.  
The design life for the XLPE insulated cable is 20-25 years.  The design life for XLP-TR (trees 
retarded) insulated cables is 30 years or more.  

It is our understanding that the 15 kV power cables in the Plant were the original installations 
that dated back to 1975.  The failure rate for power cables installed before early 1980s is high.  
Our recommendation is to replace the 15 kV power cables installed during 1975 with XLP-TR 
type insulated cables during the next major Plant shut down.  For a 13.8 KV system, the power 
cables should be shielded and terminated with stress cones. 

6.5.8 Motors  

Properly selected and installed motors are capable of operating for many years with a 
reasonably small amount of maintenance.  Routine maintenance should include inspection for 
dirt, corrosion, heat, noise, vibration and brush conditions; lubrication of bearings; measuring 
and trending of the winding insulation. 
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Motors located inside the buildings seem to be in good physical conditions.  The motors located 
outside are covered with fine dust and show sign of corrosion.  All motors should be cleaned, 
check for signs of corrosion, perform internal inspection, and open the conduit box to check for 
deteriorating insulation or corroded terminals.  Insulation resistance (Megger) test and 
Polarization Index test should be incorporated into the maintenance program.  Any damage 
parts discovered during inspection should be repaired and rebuilt.  Well maintained motors 
should provide satisfactory service for the next 15 years. 

6.5.9 Emergency Backup Diesel Generator 

An emergency backup diesel generating unit was installed in 2005. The diesel generator was 
relocated from another HYDRO site. The diesel generator is a self contained package 
consisting of control panel, battery charger, etc. The 40 kW 600 volt AC diesel generator starts 
automatically on loss of the AC station service supply to the Gas Turbine and supplies power to 
a backup battery charger which in turn ensures the integrity of the 125 Vdc supply to the Gas 
Turbine for protection and control purposes. The diesel generator also provides a backup AC 
supply for one of the air compressors.  The diesel generator is in excellent condition. 

6.6 CONTROL AND INSTRUMENTATION SYSTEMS 

6.6.1 Control Module 

The gas turbine control module features an ELSAG Bailey INFI 90 DCS installed in 1999 to 
replace a mainly electromechanical relay control system.  The DCS system incorporates three 
subsystem hot-swappable controllers with redundant backup controllers.  The DCS internal 
network utilizes a redundant communication module.  The operator interface uses a PC running 
PCV and QNX software.  The PC is connected to a color screen which displays system graphics 
and to a keyboard for operator input.  A communication link connects the PC to a SCADA 
system which allows remote control and monitoring of the gas turbine from the Energy Control 
Center in St. John’s, Newfoundland. 

There have been some failures recently of input channels.  Stantec has requested a report from 
HYDRO on the number of failures and the availability of spares.  It appears that there may be 
no spares since the operator has rewired the inputs from the failed channels to channels which 
are working, rather than replace the faulty input module itself.  ABB still sells these input cards 
and will support them for an additional 10 years once the product has been discontinued.  In 
addition, newer technology is available that will directly replace the older technology and use the 
same footprint.  Stantec recommends replacing faulty modules since the failure of one or more 
channels could be an indication that other channels are soon to fail.  

The interface computer (PC) was out of service at the time of the site visit due to a motherboard 
failure.  There have also been video card and hard drive failures in the past. A similar PC from 
the operator’s home is temporarily replacing the interface computer.  The interface computer is 
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an older vintage and as such has very little memory capacity and will not run today’s software.  
There is significant risk in not replacing the existing PC since it is older technology and does not 
have a ready availability of parts. ABB has issued a quotation to HYDRO P&C (copied to 
Stantec) for a new PC with the latest PCV and QNX software.  The new PC will also give 
HYDRO the ability to do more extensive trending.  Stantec strongly recommends the PC and 
software upgrade be implemented.  

The power supply system for the DCS is obsolete.  Stantec recommends replacing the power 
supply system in order to extend the life of the control system out 15 years.  ABB has provided 
a quotation to HYDRO P&C (copied to Stantec) for a new power supply.  

Conditions in the control room were quite hot and humid at the time of the site visit. In addition 
to the hot weather during the site visit there are also many sources of heat in the room.  Heat 
and humidity are known to speed the deterioration of electronic components.  Stantec 
recommends the installation of an air conditioning unit in the control equipment room. 

6.6.2 Interposing Relays 

In August 2006, P&C staff discovered a problem with the control system design.  There were at 
least 8 relays with contact that were not rated for the current which was being interrupted.  The 
problem was detected when welded contacts were found on the relay which controls the fuel 
recirculation valve.  Pitting and carbon deposits may have been forming on some or all of these 
relays resulting in increased switch bounce and high impedance contacts.  High impedance 
contacts would cause in a reduction of power to the device being controlled.  Partial welding 
would result in late break operation.  The overall result of using the incorrect relays could have 
been inconsistent control, possibly with shutdowns or non-starts.   

6.6.3 Vibration Monitoring 

The existing vibration monitor by IRD was installed in 1975.  The monitor appeared to be 
functioning well at the time of start up during the site visit.  Vibration was a little high on the 
lower speed range but dropped down as the speed was increased.  

Some vibration problems (non specific) were reported in 1993 but the actions were not recorded 
in the Station Log.  There were no further problems recorded until 2007; however, some of the 
alternator trips in the log are not descriptive and could have been caused by vibration problems 
or vibration monitoring equipment faults.  

In April 2007 the alternator exciter was giving a vibration trip. Initial troubleshooting seemed to 
indicate the accelerometer was at fault but continued testing included a shaker table test 
indicated that the accelerometer was calibrated correctly.  There was a true vibration issue, not 
a faulty monitoring problem. 
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Operations staff and P&C are of the opinion that the vibration monitoring equipment needs to be 
replaced.  Stantec has not seen evidence of troubleshooting activities which support the 
conclusion that the monitoring equipment is faulty.  That having been said, the equipment is 
obsolete and could fail during the next 15 years.  According to P&C staff, HYDRO has an 
approved capital budget item to replace the existing vibration monitors at both sites in 2008.  
The existing transducers are functioning well and will not be replaced.  The transducers are still 
available on the market.  It would be advisable to have a few spares at each site. 

6.6.4 Temperature Monitoring 

Temperature monitoring is an integral part of the DCS system whereby critical temperatures are 
brought into the DCS either as analog inputs from RTDs and thermocouples or as discrete 
signals from temperature switches.  Bearings, windings, glycol, oil, fuel, and air are some of the 
quantities being measured.  Critical temperatures can cause alarming, power limiting or unit 
shutdown as appropriate. 

HYDRO staff reported that the type J and K thermocouple wire and terminal blocks in various 
junction boxes were replaced during the controls upgrade in 1999.  There are sufficient 
temperature monitoring instrumentation and indications both in the field and at the DCS 
according to operations and P&C staff.  There were no deficiencies observed in the temperature 
monitoring equipment at the time of the site visit.  

Faulty temperature instrumentation has been replaced in the past on an as-needed basis.  In 
1994 and 2002, thermocouples were replaced on Gas Generators A and B; however, the 
Station Log does not specify which units or sub-system was at fault.  In 2005, an exhaust 
thermocouple was giving a bad quality signal on Gas Generator B.  Again, the Station Log does 
not specify what action was taken. 

Temperature element failures are likely to occur over the next 15 years.  One approach which 
HYDRO could take with regards to thermocouple and RTD maintenance is to replace the 
elements on each sub-system at the time of a major overhaul.  Elements which can be easily 
changed and have no shutdown initiation can be replaced as they fail.  Dual element 
thermocouples are likely not a cause for concern since the second element is available when 
the first one fails. Existing spares should be reviewed. 

Temperature switches have not shown any failures at Stephenville.  Exact replacements will not 
likely be available over the next 15 years, but it is very easy to source an equivalent switch with 
a compatible temperature range.  Temperature switches are dry contact devices so there is no 
issue with supply voltage level.  Installation detail will not likely be an issue as the switches are 
normally surface-mounted or mounted with a standard pipe size and thread type.  Switch size 
should not be a problem since instrumentation generally shrinks in size over the years and will 
therefore fit in the footprint of the device being replaced.  
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6.6.5 Instrument Calibrations 

Stantec could not find any evidence that transmitters and switches are being periodically 
calibrated.  Operations could not recall these activities being done.  Stantec recommends 
routine calibrations of all instruments. Initially all instruments should be calibrated and the 
frequency of recheck should be dependent on the stability of the instrument.  Non stable 
instruments should be replaced. 

6.6.6 Control Valves 

There are several control valves including a temperature regulating valve in the glycol system, a 
pressure controlled valve in the lube oil system, and control valves in the fuel system.  These 
valves are original equipment with the exception of the motorized valve at the fuel tank.  As 
such, it may be difficult to get spare parts and support, although the station logs have indicated 
replacing internals in some of these valves.  NLH should examine the design conditions for 
these valves to determine if the conditions can be met today in a package that is a direct 
replacement.  If not, some redesign of piping will be required should a valve have to be 
replaced.  This is best determined in advance so a plan can be generated and sufficient spares 
stocked.  Stantec recommends one spare for each of the original equipment control valves.  

Anti-Icing Valve 

There have been several incidents of shutdown due to anti-ice valve failure.  Stantec 
recommends at least making the response to an anti-ice valve operation a power limited 
condition rather than a full shutdown.  The logic can likely accommodate this change.  

Fuel Tank Motorized Valve  

The motorized valve on the fuel tank is new and works well with one exception.  There appears 
to be a deficiency in the logic in which the valve will not open until a certain time delay after an 
engine has successfully completed its start up sequence.  Once the engine has started it is 
consuming fuel oil while the motorized valve is still closed.  Eventually it uses all of the fuel in 
the line between the engine and the fuel tank, and the unit shuts down.  Logic changes appear 
to be in order to correct this problem. 

6.6.7 Remote Control and Monitoring 

Remote control and monitoring of the Stephenville Gas Turbine at the Energy Control Centre 
(ECC) in St. John’s is accomplished through a SCADA system interface to the DCS.  The 
SCADA system was recently upgraded in 2006.  The SCADA system is not part of the Condition 
Assessment Study scope. 
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P&C personnel have indicated that future upgrades are being considered.  In particular, data 
transferred from the Gas Turbine sites to ECC could be expanded and stored on a PI historian 
at ECC.  According to P&C personnel, HYDRO has a central group that deals with SCADA 
maintenance and upgrades. 

6.6.8 Junction Boxes 

Some of the junction boxes mounted on the exterior of the Gas Turbine enclosure (Photos: 
SVL-034 & 035) have corroded terminal blocks and are partially opened to the weather.  The 
corroded terminal blocks need to be replaced in 2007 or 2008.  The junction boxes should be 
made water tight by installing a weather tight box around each existing box.  There is one 
installation like this already existing on the unit.  The new box is surface mounted around the 
existing one.  This would be the cheapest and easiest solution.  

Both turbine units still have the original on-engine electrical junction boxes.  It is recommended 
that these boxes be moved off-engine, to isolate the terminations from engine vibration and 
heat.  

6.6.9 General Comments 

There is no guarantee that any particular instrumentation component will last another 15 years 
without repair or replacement.  However, most of the instrumentation will have suitable 
replacements.  

It would be a beneficial project for HYDRO to create a specification sheet for each piece of 
instrumentation.  Nameplate data, set points, ranges of operation, flange rating, face to face 
dimensions, etc, could be recorded.  Where nameplates and other information are unreadable 
or unavailable, the exercise of creating the spec sheets will require a bit of research but could 
be done under non-breakdown conditions.  

Having this information available electronically will make sourcing of suitable replacement 
instruments easier. Identifying replacements could be done in advance to build a spares 
inventory.  The spec sheets could identify several instruments which could use a common 
spare.  Maintenance notes could be added to the spec sheets to track repairs and calibration.  

Some of the more complicated retrofits, such as a control valve which requires piping 
modifications, could be done on a project basis when the valve nears the end of its 
serviceability. 

Stantec is not aware of the program used by HYDRO for the routine calibrations or testing of 
switches.  HYDRO should confirm that the current set points of all instrumentation are in line 
with manufacturer’s original operational design set points.  Further, HYDRO should confirm that 
all instrumentation is functioning properly. 
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Spares should be stocked for each type of instrumentation device when delivery lead times are 
long.  

6.7 BUILDINGS 

6.7.1 Control Building 

The existing control building is a single story prefabricated steel structure supported by cast-in-
place concrete foundations and with a concrete slab on grade.  The exterior building envelop 
consists of sheet metal siding and roofing. 

Based on the degree of fading and corrosion of the existing cladding and roofing it appears that 
they are original and therefore were likely installed in 1975 when the gas turbines were installed.  
The typical design life of this type of material is between 35 and 40 years of age.  If this cladding 
is original, it is nearing its design life.   

The cladding is generally quite faded and corrosion is appearing in many places over all the 
buildings cladding.  Typically corrosion of the cladding is evident along the bottoms of the 
cladding panels, there are many areas where spots of surface corrosion are developing on the 
exterior of the panel and in many places small pin holes have developed in the coating of the 
cladding and corrosion is visible in these locations.  Corrosion of the sheet metal roof is also 
evident along the entire perimeter of the building.  Based on the condition of the existing 
cladding and roofing it is likely that these items will have to be replaced within the next five (5) 
years (Photos: SVL-036 & 037). 

There are also several locations where the existing cladding requires immediate repairs to 
prevent water intrusion into the wall system.  The cladding on the corner adjacent to the air 
tanks on the rear of the control building is damaged and could allow water intrusion.  The 
cladding must be properly sealed around the air piping penetrating the cladding and there are 
two holes in the rear of the building which are approximately 2” in diameter which should be 
properly sealed. 

The windows in the building are in acceptable condition.  However, the exterior wood fascia is in 
need of painting this year.  The interior of the building is generally in acceptable condition and 
no significant issues were noted.  The roof structure was visible in two locations where ceiling 
tiles had been removed.  The roof structure which was visible for inspection was found to be in 
good condition. 

We have noted two areas that are potential safety hazards.  The steps up to the platform 
containing the controls for the gas turbine units are quite large with a rise of 12 ½”.  The 
National Building Code does not permit a step over 7 ½” in height.  We therefore recommend 
that intermediate steps be installed at these locations (Photo: SVL-038).  In one location at the 
south-east corner of the room the step will have to be removable since an electrical trench with 
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removable covers is located directly below the step (Photo: SVL-039).  As well, one of the steel 
covers for the exterior electrical trench at the rear of the building is not properly supported or 
fastened down.  A person can easily trip over the cover or step through the cover and it 
presents a safety hazard.  We recommend that this particular item be addresses as soon as 
possible. 

6.7.2 Fuel Forwarding Building 

The existing fuel forwarding building is a single-story prefabricated structure located on the 
south-west corner of the property.  The building is approximately 20’ x 28’ in plan and 8’ high.  
The exterior of the building consists of sheet metal siding and roofing with sheet metal liner 
panels on the interior of the building.  The building is supported by cast-in-place concrete 
foundations and has a concrete slab on grade floor approximately 52” below the exterior 
finished grade.  This arrangement provides approximately 12’ of head room inside the building.  
The building is ventilated by a single exhaust fan and supply louvre. 

During the site inspection, it was noted that there was a strong diesel odour in the building even 
with the door open and the exhaust fans running for some time before entering.  The likely 
cause of this odour is the drainage system in the building.  Currently, the floor slopes to in-floor 
channels that then drain to a sump which retains some liquids.  The fact that the sump does not 
completely drain is likely contributing to the fumes and odour inside the building.  As well, this 
sump drains through underground piping to a large concrete sump to the south of the building 
inside the fuel storage containment dyke.  This exterior sump does not have an outlet and 
simply stores all material collected from the building.  HYDRO site personnel indicated that this 
sump is pumped out roughly on a yearly basis.  It is quite likely that fumes from this sump are 
migrating back into the building through the underground piping.  It is unknown if a p-trap has 
been installed in the underground piping.  If a p-trap was installed, it is likely that it is not 
functioning properly since it can dry out when there are low volumes flowing through the 
drainage system.  Given that there is no water supply in the building, it is very unlikely that a p-
trap primer has been installed to prevent dry-out of the p-trap.  As well, anything that does 
collect in the p-trap likely has a high concentration of hydrocarbons and will contribute to the 
odour in the building. 

The existing concrete dyke at the off-loading station is in good condition with no visible cracking.  
This dyke drains, via underground piping, to the storage sump noted above inside the fuel 
storage containment dyke.  Site personnel indicated that the drain in the concrete dyke is 
plugged before beginning any off-loading of diesel fuel to help contain any spills.  However, it 
was noted that the bleed valve used to remove air from the system is not located over the 
containment dyke.  Therefore, any diesel fuel which is released through this valve through the 
bleed process falls to the grade and is not captured by the concrete containment dyke.  We 
therefore recommend that the existing piping be modified so that the bleed valve is located over 
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the concrete containment dyke thus any diesel fuel escaping from the system can be properly 
contained (Photo: SVL-040). 

It was noted that the area surrounding the concrete off-loading dyke was just gravel.  We 
recommend that this area be paved to help contain and facilitate clean-up of any minor spills 
that may occur when the off-loading hose of the delivery truck is being hooked up to the oil 
transfer system (Photo: SVL-041). 

It was noted that the existing gutters on the fuel forwarding building are badly corroded with 
perforations in several areas.  These gutters and downspouts require full replacement (Photo: 
SVL-042).  Based on the degree of fading and corrosion of the existing cladding and roofing, it 
appears that they are original and therefore were likely installed in 1975 when the gas turbines 
were installed.  The typical design life of this type of material is between 35 and 40 years of age.  
If this cladding is original, it is nearing its design life.  The cladding is generally faded and light 
corrosion is appearing in several places.  The west wall of the building is in the worst condition 
with more advanced corrosion at the corners.  We recommend that the cladding on the west 
wall be replaced in the next year and the remainder of the cladding and roofing will likely have to 
be replaced within the next five (5) years (Photo: SVL-043). 

The steel structure was not visible during our site assessment.  However, the interior ceiling and 
wall liner panels are in good condition and there are no signs of corrosion or water staining.  
This indicates that there has been limited water leakage and the structure of the building is likely 
to be in good condition. 

As part of this assessment, we also reviewed the condition of the existing slab on grade, 
concrete foundation wall and concrete equipment plinths.  All were found to be in generally good 
condition with minor shrinkage cracking in the floor slab and foundation walls. 

At the July 17, 2007 Kick-off Meeting, Stantec was asked to consider whether the building 
should be classified as a hazardous location due to the diesel oil odours and the fact the interior 
floor is approximately 52” below the exterior finished grade.  

A Class 1 hazardous location is one in which flammable gases or vapours are or may be 
present in the air in quantities sufficient to produce explosive gas atmospheres.  Class 1 
locations may be further divided into three Zones based on the frequency of occurrence and 
duration of an explosive gas or atmosphere.  Zone 0 is a location in which explosive gas 
atmospheres are present continuously or are present for long periods; Zone 1 is a location in 
which explosive gas atmospheres are likely to occur in normal operation; Zone 2 is a location in 
which explosive gas atmospheres are not likely to occur in normal operation and if they do occur 
they will exist for a short time only.  

API Recommended Practice 505, Section 5.2.1 identifies Class III liquids as having a flash point 
above 60C (140F).  Diesel Oil and Fuel Oil #2 have flash points of about 77C (170F) ie they are 
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Class III liquids. Article 5.2.4.1 says: “Class III liquids normally do not produce vapours of 
sufficient quantity to be considered for electrical classification purposes.  Class III liquids will 
release vapour in the flammable range at their surfaces if heated above their flash points, but 
the extent of the classified location ordinarily will be very small and near the point of release”.  

With a well applied maintenance program, the possibilities of leaks from pipe joints and valve 
heads are low.  Also considering the vapour from the diesel fuel is heavier than air, we could 
expect any vapour will be settled towards the floor.  The diesel fuel is a “combustible liquid”, not 
a “flammable liquid”.  Our interpretation is that with adequate ventilation, the fuel forwarding 
building could be considered as a non-classified area and the electrical equipment and wiring 
does not have to comply with the requirement for a Zone 1 or Zone 2 area usually applied to a 
hydrocarbon pumping station.  

We recommend that HYDRO review the buildings ventilation system and possibly install 
additional air intake louvers and ducting to convey incoming air to foundation level and provide 
adequate ventilation to the building (API RP505 outlines a number of methods for demonstrating 
or meeting the requirement for “adequate ventilation”).  The proposed inlet air system should be 
at the diametrically opposite wall from the existing ventilation fan. HYDRO should also consider 
the need for a larger or additional exhaust fan.  As well the sump in the building should be 
cleaned on a more frequent basis.    

6.7.3 Parts Storage Shed 

The parts storage shed located in the north-west corner of the facility was also reviewed as part 
of this assessment.  The storage shed is constructed of timber framed walls and roof on a 
concrete slab on grade.  The building envelop consists of an asphalt shingled roof and vinyl 
siding. 

The existing asphalt shingles have been installed over old shingles and are in acceptable 
condition.  However, the shingles are weathered and will likely require replacement within the 
next five (5) to seven (7) years (Photo: SVL-044).  The vinyl siding is in acceptable condition. 

The existing overhead door is showing signs of rot and is in poor condition.  We recommend 
replacement of the door with a new commercial grade overhead door complete with proper 
weather stripping.  The existing entry door and frame are also in poor condition.  There are large 
gaps along the bottom of the door which can allow rodents, snow and water to enter.  The door 
is also quite difficult to operate.  We recommend that the existing man door and frame be 
replaced with a new commercial grade door and frame with proper weather stripping and 
commercial grade hardware (Photo: SVL-045 7 046).  The existing windows in the west and 
east sides of the building are in acceptable condition, but painting of the exterior wood fascia is 
required. 
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The interior drywall and plywood sheathing is in generally good condition with only one crack in 
the drywall which is located over the electrical panel on the south-east corner of the building.  
The concrete slab on grade was also reviewed and was found to be in good condition.  The 
timber framing for this structure was not visible or accessible so we cannot comment on the 
condition of this item. 

It was noted that the existing brackets to support the ladder were damaged and were quite high.  
We recommend that these brackets be replaced with new ones installed lower on the wall to 
make storing the ladder easier and safer.  HYDRO site personnel also indicated that rodents 
were entering the storage shed and chewing up the filters stored in this building.  Installation of 
a new man door and overhead door will minimize the number of places for rodents to enter.  
However, overhead doors are difficult to seal completely and consideration should be given to 
installing rodent proof metal cabinets for storage of the filters (Photo: SVL-047). 

6.7.4 Waste Oil Storage Shed 

The existing waste oil storage shed (Photo: SVL-049) located just east of the control building is 
an old transportation container converted to a shed.  The shed has a steel exterior with timber 
framing on the interior.  A timber-framed roof with asphalt shingles has been added to the 
container.  The roofing and door of this shed are in very poor condition and are in need of 
replacement (Photo: SVL-048).  The shed is not equipped with any ventilation, fire detection or 
suppression systems. 

Given the timber construction of the shed, the waste oil stored in the shed, the high 
temperatures noted during warm weather and lack of fire alarm or sprinkler system, we 
recommend that the waste oil storage shed be relocated a minimum of 100 feet from the 
existing control building for safety purposes.  Given that waste oil is stored in this structure, it is 
advisable to relocate the waste oil storage shed inside the oil storage containment dyke to 
contain any spills that may occur.  Based on the condition of the existing shed, we recommend 
that this structure be replaced with a new non-combustible structure such as a new steel 
transportation container. 

6.7.5 Emergency Back-up Diesel Generator Building 

The existing diesel generator building is a single-story structure that is approximate 150 square 
feet in size.  The exterior of the building consists of vertical sheet metal siding and asphalt 
shingle roofing.  The building is supported by cast-in-place concrete foundations and has a 
concrete slab on grade.  For oil containment, the building has a 150 mm high containment wall 
that extends up from the floor slab around the perimeter of the building. The wall is 
approximately 65 mm high near the door. The interior of the building is finished with painted 
plywood.   
 
The building was built in 2005. The exterior cladding, roofing and doors on the building were 
found to be in good condition and no deterioration or corrosion was noted.  The concrete slab 
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on grade and interior plywood finishes were also found to be in good condition.  An exhaust fan 
and louvre have also been installed to provide ventilation for the building. 

6.7.6 General Comments 

Only visual inspections were carried out as part of this assessment.  Not all structural 
components were visible or accessible at the time of inspection.  No non-destructive or 
destructive testing was carried out on any of the structures noted above as part of the 
inspection.  Therefore this assessment should not be considered an exhaustive inspection of all 
civil/structural components.  As well, it is important to note that no detailed analysis was 
completed as part of this assessment to determine the adequacy of different structures for their 
purpose. 

6.8 ENVIRONMENTAL 

The Condition Assessment Study addressed several environmental issues as they relate to the 
Stephenville site, specifically soils contamination and air emissions. 
 
Soil Contamination 
 
A review of several environmental reports provided by HYDRO indicates there have been a 
number of spills and leaks of petroleum products at the Stephenville site over the past 30 years. 
The petroleum products include #2 diesel fuel, lubricating oils and transformer oils. These spills 
and leaks resulted in soil contamination at various locations including the diesel fuel bulk 
storage tank area and the gas turbine / terminal station area. The following are a few examples 
of recorded spills and leaks: 
 

• In 1991 an oil/water separator overflowed and impacted surrounding soils. 
• In 1992 a diesel fuel spill of approximately 18,630 Litres due to mechanical failure. 
• In 2000 during diesel fuel bulk storage tank upgrading there was remediation of 

contaminated soil in the vicinity of the leveling valve at Tank 1. Remediation was also 
conducted in the offloading area during the storage tank upgrading. 

 
In all cases, these spills and leaks were cleaned to the satisfaction of the Department of 
Environment and confirmatory sampling revealed no unacceptable levels of impacts in the 
remaining soil. 
 
Since 2001, HYDRO has initiated a number of environmental studies to investigate these 
impacts. These studies include: 
 

• Jacques Whitford Phase I Environmental Site Assessment in 2002 
• Jacques Whitford Phase II Environmental Site Assessment and Health and Screening 

Level Ecological Risk Assessment in 2006 
 

The Jacques Whitford 2006 Study concluded that under existing conditions and for the identified 
concentrations of Chemicals or Contaminant of Concern (COC) found at the site, the potential 

NP-NLH-013, Attachment 1 
Page 117 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



FINAL REPORT 
CONDITION ASSESSMENT AND LIFE CYCLE COST ANALYSIS  
HARDWOODS AND STEPHENVILLE GAS TURBINE FACILITIES    
5BSTEPHENVILLE GAS TURBINE FACILITY CONDITION ASSESSMENT 
December 18, 2007 

s f:\jobs\21061\pm\reports\final report\master copy - final report\final wgh - report (december 14, 2007 ) - nlh hardwoods & stephenville gas turbines study.doc 6.45  

for unacceptable risks to human health and ecological health is not likely. While petroleum 
hydrocarbons were detected in a number of soil samples and in several monitoring wells, their 
concentrations were well below unacceptable levels. The Jacques Whitford 2006 Study also 
tested for numerous other soil and water contaminants and while concentrations of a number of 
contaminants were detected their concentrations, with the exception of zinc, were well below 
unacceptable levels. 
 
The Stephenville site, as of 2006, had an excellent soils environmental record.   
 
Air Emissions   
 
The gas turbine produces air emissions related to the combustion of diesel oil. The exhaust 
emissions are not filtered or treated. There is no Continuous Emissions Monitor System (CEMS) 
on either exhaust stack. The various HYDRO inspection check lists included in Appendix 5, do 
not list exhaust stack emission manual sampling as an activity. Data on stack(s) emissions 
testing that may have been conducted by HYDRO in the past was not available for review.   
 
Exhaust emissions from the gas turbine fall under Newfoundland and Labrador Regulation 
39/04, Air Pollution and Control Regulations (O.C. 2004-232). The Regulations list limits on the 
concentration of air contaminants due to all emitting sources. The concentrations are defined by 
periods of time during which the concentrations exist. It would appear that the present 
operational mode of the gas turbine, as predominately synchronous condenser operation, would 
be within the criteria listed in the Regulations. If the predominant operational mode in the future 
is generation on a somewhat continuous basis, HYDRO should be aware of the potential 
application of the air contaminant limits in the Regulations.  
 
The Regulations state that an owner or operator who installs a new or modified emission source 
shall employ the best available control technology with respect to air emissions. This 
requirement however does not apply to parts replacement but would likely apply to the 
installation of a new gas turbine. 
 
The Study did not take an exhaustive look at air emission issues at the Stephenville site. The 
issue of air emissions is noted in this Report for the express purpose of making the reader 
aware that any future significant generation operational mode change or significant work carried 
out at the site, as a follow-up to this Report, depending on the nature of that work, could involve 
the application of the criteria in the Regulations.  
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7.0 GAS TURBINE FACILITY 15 YEAR LIFE EXTENSION OPTIONS 

7.1 GENERAL 

The primary focus of the Study involved a condition assessment of existing Gas Turbine Facility 
equipment in order to determine which components may require refurbishment, repair or 
replacement due to equipment ageing effects, obsolescence or maintenance practices in order 
to provide reliable operation over the next 15 years.  The HYDRO Request for Proposal (RFP) 
included the following work scope: 

 Assess both sites for potential problems in continuing to operate the Facilities as 
they presently exist for the next 15 years.  The Study will recommend solutions with 
associated cost estimates for maintaining and running the Facilities as reliable 
generating units. 
 

In addition, the RFP required that the Study evaluate two other options for redeveloping the 
sites as follows: 

 Option 1 - Replace the major equipment items and systems with new at one site. 
Existing infrastructures would be utilized where considered to be suitable for 
continued long term use.  The components removed would be used as spares for 
the other site. 

 
 Option 2 - Replace major equipment items and systems with new at both sites. 

Existing infrastructures would be utilized where considered to be suitable for 
continued long term use. 

In order to address these requirements, the Study identified and provided cost estimates for the 
following base cases and options: 

Base Case: 

 Base Case 1 - Refurbishment of the existing Gas Turbine Facilities at Hardwoods 
 

 Base Case 2 - Refurbishment of the existing Gas Turbine Facilities at Stephenville 

Replacement Options at one or both sites: 

 Option 1 – New Gas Generators (Engines) & Power Turbines  

 Option 2 – New Alternator / Exciter  

 Option 3 - New Gas Turbine  

 Option 4 - New Dynamic VAR Compensator  

Temporary Gas Turbine Rental 

 To provide backup for MWs or MVARs while refurbishment or replacement work is 
underway at a site 
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This section of the Report will provide an overview of the technical aspects of the Base Cases 
and the Options as well as the costs associated with each. The costs are summarized in 
Appendix 6. Costs are considered to have an accuracy of (+/-) 30% and serve as a comparison 
of the relative costs of each Option to the Base Cases in the life cycle cost analysis that follows 
in Section 8.0.  If HYDRO decides to proceed with either the Base Case or any of the Options, a 
more in-depth detailed capital cost estimate should be developed. 

7.2 BASE CASE – REFURBISHMENT OF EXISTING GAS TURBINE FACILITIES 

7.2.1 Hardwoods Gas Turbine Facility Refurbishment Recommendations 

Report Section 5.0 provided a condition assessment of the existing equipment and structures at 
the Hardwoods Gas Turbine site.  The various refurbishment recommendations contained in 
Section 5.0 along with associated costs are summarized in a spreadsheet included in Appendix 
6.  The following is a summary of the costs on an equipment or structure basis. 

Table 1 
Hardwoods GT Facility Refurbishment Costs 

(2007 Costs) 
 

Item Equipment / Structure Cost (Cdn$) 
   
1 Gas Generator Engines / Power Turbines Equipment $1,263,720.00 
2 Inlet Air Systems A & B        62,300.00 
3 Exhaust Stacks A & B        95,000.00 
4 Glycol Cooler for Main Lube Oil          9,500.00 
5 Gas Generator / Power Turbine Enclosures A & B         22,600.00 
6 Alternator and Excitation System    2,122,000.00 
7 Alternator Enclosure         10,600.00 
8 Fuel Oil System         45,250.00 
9 Electrical Systems       123,100.00 

10 Control & Instrumentation Systems         70,100.00 
11 Buildings         44,700.00 
13 Miscellaneous HYDRO Work on Ongoing  

Operational Issues (labour & materials) 
      250,000.00 

                                                            Sub-Total:  $4,118,870.00 
 HYDRO labour & overhead costs relative to 

Items 1 – 13 (assume 8% of sub-total) 
      329,510.00 

14 Spare Parts (common to both Sites)         58,500.00 
   
 Total: $4,506,880.00
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Commentary follows on each category of costs: 

 
1. Gas Generator Engines / Power Turbines Equipment 

 
Refurbishment costs for this category were provided by Robin Sipe of S&S Turbines 
Services Limited. Mr. Sipe has extensive experience servicing Olympus C engines.  
The engines would be removed and reinstalled by S&S Turbine’s personnel and 
shipped to Fort St. John BC for refurbishment.  Approximately 90 days turn around 
time would be required to refurbish and test run an engine at the Fort St. John 
facility.  S&S Turbines can provide, at HYDRO’s discretion, an engine on a 
temporary basis to replace an engine shipped to Fort St. John.  With a rental engine 
on site, the engines would be shipped piecemeal such that each site always has 2 
engines in service.  The costs include replacing the ignition exciters, the speed 
governors and fuel valve assemblies. It should be noted that previous refurbishment 
work on a single engine in 2000 by another service provider was at a substantially 
higher cost approaching $1.1 million.   
 
The power turbines will be thoroughly inspected, when an engine has been removed, 
and refurbished as required.  The cost estimate for the power turbine refurbishment 
anticipates minimal refurbishment work based on observations during the site visits.  
The condition of the power turbines will be better known when removed from the 
enclosures.  There could however be additional costs involved following a thorough 
examination of the power turbines, following the removal of the gas generator 
engines.  There is also a cost included to dismantle and inspect the power turbine 
clutches. 
 

2. Inlet Air Systems A & B 
 

These costs include a number of miscellaneous civil refurbishments to the inlet air 
systems on each end of the Gas Turbines.  Refer to Appendix 6 for details.  The 
recommended refurbishments are for structural integrity and safety reasons.  The 
civil cost estimates were derived from the RS Means 2007 Cost Estimating Data 
Books adjusted to reflect the construction scene in Newfoundland and Labrador. 
 

3. Exhaust Stacks A & B 
 

These costs include a number of miscellaneous civil refurbishments to the exhaust 
stacks on each end of the Gas Turbines.  Refer to Appendix 6 for details.  The 
recommended refurbishments are for structural integrity and safety reasons.  The 
civil cost estimates were derived from the RS Means 2007 Cost Estimating Data 
Books adjusted to reflect the construction scene in Newfoundland and Labrador. 
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4. Glycol Cooler for Main Lube Oil 
 

The costs cover the refurbishment of the existing glycol cooler.  Refer to Appendix 6 
for details.  The civil cost estimates were derived from the RS Means 2007 Cost 
Estimating Data Books adjusted to reflect the construction scene in Newfoundland 
and Labrador. 
 

5. Gas Generator/Power Turbine Enclosures A & B 
 

The costs cover the removal of corrosion and re-coating the enclosures A & B where 
required.  Also included are modifications to the man doors on each enclosure.  The 
civil cost estimates were derived from the RS Means 2007 Cost Estimating Data 
Books adjusted to reflect the construction scene in Newfoundland and Labrador. 
 

6. Alternator and Excitation System 
 

As discussed in sub-section 5.3.3, due to the absence of electrical testing and visual 
inspection records on the Alternator over its 30 years of service, it is not possible to 
determine the present condition of the alternator and exciter and make an 
assessment of its life expectancy and reliability over the next 15 years.  In order to 
determine the present condition of the alternator and exciter, certain basic electrical 
tests and visual inspections are necessary.  Therefore, the costs in this category 
include: (i) conducting electrical tests on the stator, rotor and exciter with the 
alternator in its enclosure (ii) removing the alternator or as a minimum the rotor from 
its enclosure and carrying out visual inspections and other electrical tests on the 
stator and the rotor (removed from the stator).  The cost estimate assumes major 
refurbishment work on the alternator and the carrying out the necessary 
refurbishment work at a supplier’s shop.  The estimate should be considered a worst 
case upper end cost for alternator refurbishments.  Input to the refurbishment 
estimate was provided by MAN TURBO. 

 
7. Alternator Enclosure 

 
The costs cover the removal of corrosion and re-coating of the enclosures where 
required.  Also included are modifications to the man doors on each enclosure.  The 
civil cost estimates were derived from the RS Means 2007 Cost Estimating Data 
Books adjusted to reflect the construction scene in Newfoundland and Labrador. 

 
8. Fuel Oil System 

 
These costs include a number of miscellaneous civil refurbishments to the oil storage 
tank.  Refer to Appendix 6 for details.  The recommended refurbishments are for 
structural integrity and safety reasons.  The civil cost estimates were derived from 
the RS Means 2007 Cost Estimating Data Books adjusted to reflect the construction 
scene in Newfoundland and Labrador. 
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9. Electrical Systems 
 

The Hardwoods electrical equipment was generally in good condition and should 
perform reliably over the next 15 years.  Appendix 6 lists a number of refurbishment 
recommendations and associated costs for HYDRO’s consideration.  Pricing of the 
listed equipment was sourced from equipment suppliers.  Costs associated with the 
recommended cabling modifications are at best a ballpark estimate as the detailed 
work to identify the number of affected power cables, their lengths and routing was 
not included in the scope of this Study.  A more detailed evaluation of the extent and 
costs associated with replacing and installing the power cables in a separate 
compartment (item 38) is best left to HYDRO. 

 
10. Control & Instrumentation Systems 
 

The ELSAG Bailey INFI 90 DCS system installed in 1997 appears to be working 
relatively well.  While there are currently shortcomings in the existing 
software/hardware, the storage of data and trending capability, the equipment 
modifications proposed by HYDRO as outlined in sub-section 5.6.1 should address 
current problems and improve system capacity and reliability for a further 15 years.  
In addition, the supplier of this equipment will support the equipment for years to 
come.  Refer to Appendix 6 for further details on other proposed recommendations 
and costs. 

 
11. Buildings 

 
This category of costs addresses recommendations for refurbishment work on 
various buildings on the site.  Buildings include: (i) Control Building (ii) Fuel 
Unloading Building (iii) Fuel Forwarding Building (iv) Auxiliary Module Building (v) 
Maintenance and Parts Storage Building and (vi) High Voltage Switchgear Building.  
The refurbishments include roofing, cladding and other maintenance work on the 
Buildings to ensure their structural integrity for a further 15 years.  The civil cost 
estimates were derived from the RS Means 2007 Cost Estimating Data Books 
adjusted to reflect the construction scene in Newfoundland and Labrador. 
 

12. HYDRO Labour and Overhead Costs Relative to Above Items 
 

It is recommended that HYDRO establish a refurbishment project team to organize, 
award and oversee the work on the Hardwoods items 1 through 11.  A preliminary 
budget cost of 8% of the total capital dollars for these items has been allowed for the 
labour and expenses of the project team. 

 
13. Miscellaneous Work on Ongoing Operational Issues 

 
Section 4.0 of this Report provided commentary on ongoing operational issues and 
routine maintenance work carried out at each site over the past 8 years.  The Study 
schedule, budget and scope did not allow the investigation of these sporadic 
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operational issues.  It is recommended that HYDRO allocate, as part of the overall 
refurbishment work budget at each site, an amount of money to thoroughly 
investigate, engineer and implement solutions to these ongoing sporadic operational 
issues.  It is proposed that a figure of $250,000.00 be allowed for this purpose as 
part of an overall refurbishment budget. 
 

14. Spare Parts 
 

The spare parts list in Appendix 6 is not comprehensive by any means.  A 
comprehensive review of existing spare parts at the sites was not conducted in the 
Study.  The spare parts list, provided by HYDRO, of currently held spares at the sites 
was dated 2004 and likely not current.  In addition to the spares listed in Appendix 6, 
it is recommended that HYDRO stock spare cards for each type of card in the DCS 
System as well as other long term delivery equipment items where a failure of the 
item could seriously jeopardize the reliability and availability of the Gas Turbine.  
 

7.2.2 Stephenville Gas Turbine Facility Refurbishment Recommendations 

Report Section 6.0 provided a condition assessment of the existing equipment and structures at 
the Stephenville Gas Turbine site.  The various refurbishment recommendations contained in 
Section 6.0 along with associated costs are summarized in a spreadsheet included in Appendix 
6.  The following is a summary of the costs on an equipment or structure basis. 
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Table 2 
Stephenville GT Facility Refurbishment Costs 

(2007 Costs) 
 

 

 

Item Equipment / Structure Cost (Cdn$) 
   
1 Gas Generator Engines / Power Turbines Equipment  $1,142,520.00 
2 Inlet Air Systems A & B         34,700.00 
3 Exhaust Stacks A & B         36,900.00 
4 Glycol Cooler for Main Lube Oil         10,000.00 
5 Gas Generator / Power Turbine Enclosures A & B         18,300.00 
6 Fire Detection and Protection         45,000.00 
7 Alternator and Excitation System    2,347,000.00 
8 Alternator Enclosure           3,600.00 
9 Alternator Air Cooling System Glycol Cooler         21,900.00 

10 Fuel Oil System         19,750.00 
11 Electrical Systems       129,600.00 
12 Control & Instrumentation Systems         69,000.00 
13 Buildings         74,400.00 
15 Miscellaneous HYDRO Work on Ongoing  

Operational Issues 
      250,000.00 

                                                            Sub-Total:  $4,202,670.00 
 HYDRO labour & overhead costs relative to 

Items 1 – 15 (assume 8% of sub-total) 
      336,213.00 

  
                 Total: $4,538,883.00

Commentary follows on each category of costs: 

1. Gas Generator Engines / Power Turbines Equipment 
 

Refurbishment costs for this category were provided by Robin Sipe of S&S Turbines 
Services Limited.  Mr. Sipe has extensive experience servicing Olympus C engines. 
The engines would be removed and reinstalled by S&S Turbine’s personnel and 
shipped to Fort St. John BC for refurbishment.  Approximately 90 days turn around 
time would be required to refurbish and test run an engine at the Fort St. John 
facility.  S&S Turbines can provide, at HYDRO’s discretion, an engine on a 
temporary basis to replace the engine shipped to Fort St. John.  With a rental engine 
on site, the engines would be shipped piecemeal such that each site always has 2 
engines in service.  The costs also include replacing the ignition exciters, the speed 
governors and fuel valve assemblies. It should be noted that previous refurbishment 
work on a single engine in 2000 by another service provider was at a substantially 
higher cost approaching $1.1 million. 

 
The power turbines will be thoroughly inspected, when an engine has been removed, 
and refurbished as required.  The cost estimate for the power turbine refurbishment 
anticipates minimal refurbishment work based on observations during the site visits.  
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The condition of the power turbines will be better known when removed from the 
enclosures.  There could however be additional costs involved following a thorough 
examination of the power turbines, following the removal of the gas generator 
engines.  There is also a cost included to dismantle and inspect the power turbine 
clutches. 

 
2. Inlet Air Systems A & B 
 

These costs include a number of miscellaneous civil refurbishments to the inlet air 
systems on each end of the Gas Turbines.  Refer to Appendix 6 for details.  The 
recommended refurbishments are for structural integrity and safety reasons.  The 
civil cost estimates were derived from the RS Means 2007 Cost Estimating Data 
Books adjusted to reflect the construction scene in Newfoundland and Labrador. 

 
3. Exhaust Stacks A & B 
 

These costs include a number of miscellaneous civil refurbishments to the exhaust 
stacks on each end of the Gas Turbines.  Refer to Appendix 6 for details.  The 
recommended refurbishments are for structural integrity and safety reasons.  The 
civil cost estimates were derived from the RS Means 2007 Cost Estimating Data 
Books adjusted to reflect the construction scene in Newfoundland and Labrador. 

 
4. Glycol Cooler for Main Lube Oil 

 
The costs cover the refurbishment of the existing glycol cooler including replacement 
of the bottom section, canopy cladding plus re-coating the entire structure as well as 
cleaning the tubes in the heat exchanger.  The civil cost estimates were derived from 
the RS Means 2007 Cost Estimating Data Books adjusted to reflect the construction 
scene in Newfoundland and Labrador. 
 

5. Gas Generator / Power Turbine Enclosures A & B 
 

The costs cover the removal of corrosion and re-coating the enclosures A & B where 
required.  Also included are modifications to the man doors on each enclosure.  The 
civil cost estimates were derived from the RS Means 2007 Cost Estimating Data 
Books adjusted to reflect the construction scene in Newfoundland and Labrador. 

 
6. Fire Detection and Protection 

 
The costs include the supply and installation of an Inergen fire suppression system in 
the Control Building.  Prices were obtained from an Inergen supplier. 

 
7. Alternator and Excitation System 
 

As discussed in sub-section 6.3.3, due to the absence of electrical testing and visual 
inspection records on the Alternator over its 30 years of service, it is not possible to 
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determine the present condition of the alternator and exciter and make an 
assessment of its life expectancy and reliability over the next 15 years.  In order to 
determine the present condition of the alternator and exciter, certain basic electrical 
tests and visual inspections are necessary.  Therefore, the costs in this category 
include: (i) conducting electrical tests on the stator, rotor and exciter with the 
alternator in its enclosure (ii) removing the alternator or as a minimum the rotor from 
its enclosure and carrying out visual inspections and other electrical tests on the 
stator and the rotor (removed from the stator).  The cost estimate assumes major 
refurbishment work on the alternator and carrying out the necessary refurbishment 
work at a supplier’s shop.  The estimate should be considered a worst case upper 
end cost.  Input to the refurbishment estimate was provided by MAN TURBO. 

 
8. Alternator Enclosure 

 
The costs cover the removal of corrosion and re-coating the enclosures where 
required.  Also included are modifications to the man doors on each enclosure.  The 
civil cost estimates were derived from the RS Means 2007 Cost Estimating Data 
Books adjusted to reflect the construction scene in Newfoundland and Labrador. 

 
9. Alternator Air Cooling System Glycol Cooler 

 
The costs cover the refurbishment of the existing glycol cooler including replacement 
of the canopy cladding plus re-coating the entire structure including the support 
structure, sealing of joints as well as cleaning the tubes in the heat exchanger.  The 
civil cost estimates were derived from the RS Means 2007 Cost Estimating Data 
Books adjusted to reflect the construction scene in Newfoundland and Labrador. 

 
10. Fuel Oil System 

 
These costs include a number of miscellaneous civil refurbishments to the oil storage 
tank as well as modifications to the containment dyke.  Refer to Appendix 6 for 
details.  The recommended refurbishments are for structural integrity and safety 
reasons.  The civil cost estimates were derived from the RS Means 2007 Cost 
Estimating Data Books adjusted to reflect the construction scene in Newfoundland 
and Labrador. 

 
11. Electrical Systems 

 
The Stephenville electrical equipment was generally in good condition and should 
perform reliably over the next 15 years.  Appendix 6 lists a number of refurbishment 
recommendations and associated costs for HYDRO’s consideration.  Pricing of the 
listed equipment was sourced from equipment suppliers.  
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12. Control and Instrumentation Systems 
 

The ELSAG Bailey INFI 90 DCS system installed in 1999 appears to be working 
relatively well.  While there are currently shortcomings in the existing 
software/hardware, the storage of data and trending capability, the equipment 
modifications proposed by HYDRO as outlined in sub-section 6.6.1 should address 
current problems and improve system capacity and reliability for a further 15 years.  
In addition, the supplier of this equipment will support the equipment for years to 
come.  Refer to Appendix 6 for further details on other proposed recommendations 
and costs. 

 
13. Buildings 

 
This category of costs addresses recommendations for refurbishment work on 
various buildings on the site.  Buildings include: (i) Control Building (ii) Fuel 
Forwarding Building (iii) Parts Storage Building and (iv) Waste Oil Storage Shed.  
The refurbishments include roofing, cladding and other maintenance work on the 
Buildings to ensure their structural integrity for a further 15 years.  The civil cost 
estimates were derived from the RS Means 2007 Cost Estimating Data Books 
adjusted to reflect the construction scene in Newfoundland and Labrador. 

 
This category of costs addresses recommendations for refurbishment work on 
various buildings on the site.  Buildings include: (i) Control Building (ii) Fuel 
Unloading Building (iii) Fuel Forwarding Building (iv) Auxiliary Module Building (v) 
Maintenance and Parts Storage Building and (vi) High Voltage Switchgear Building.  
The refurbishments include roofing, cladding and other maintenance work on the 
Buildings to ensure their structural integrity for a further 15 years.  The civil cost 
estimates were derived from the RS Means 2007 Cost Estimating Data Books 
adjusted to reflect the construction scene in Newfoundland and Labrador. 

 
14. HYDRO Labour & Overhead Costs Relative to Above Items 

 
It is recommended that HYDRO establish a refurbishment project team to organize, 
award and oversee the work on the Stephenville items 1 through 13.  A preliminary 
budget cost of 8% of the total capital dollars for these items has been allowed for the 
labour and expenses of the project team. 

 
15. Miscellaneous Work on Ongoing Operational Issues 

 
Section 4.0 of this Report provided commentary on ongoing operational issues and 
routine maintenance work carried out at each site over the past 8 years.  The Study 
schedule, budget and scope did not allow for the investigation of these sporadic 
operational issues.  It is recommended that HYDRO allocate, as part of the overall 
refurbishment work budget at each site, an amount of money to thoroughly 
investigate, engineer and implement solutions to these ongoing sporadic operational 
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issues.  It is proposed that a figure of $250,000.00 be allowed for this purpose as 
part of an overall refurbishment budget. 
 

7.3 OPTIONS – REPLACEMENT OF MAJOR COMPONENTS 

The major components considered for replacement included the engine, power turbines and 
alternator.  The costs for these replacements are summarized in a spreadsheet included in 
Appendix 6.  

7.3.1 Option 1 – New Gas Generator Engines and Power Turbines 

Several equipment suppliers were contacted regarding the replacement of the gas generators 
and power turbines.  MAN TURBO of Europe was the only supplier to provide a qualified cost. 
MAN TURBO offered two (2) FT8-36 gas turbine engines and power turbines.  Each engine/ 
power turbine is rated at 25 MW.  The FT8 aero-derivative machines are Pratt & Whitney 
machines provided through a cooperation agreement between Pratt & Whitney and MAN 
TURBO.  A copy of the MAN TURBO proposal is included in Appendix 7. 

The FT8 engines and power turbines will be supplied complete with auxiliary systems such as 
lube oil, dryer, fire and CO2 protection, control panel, MCC, etc.  It may be possible to utilize 
existing auxiliary systems however this can only be determined following a detailed review of 
the existing systems by MAN TURBO.  More importantly, excluded from the price provided by 
MAN TURBO was the air inlet filter assemblies, exhaust stacks, acoustic enclosures or 
modifications to existing enclosures.  It is intended that these structures be reused however any 
required modifications (and associated costs) to these existing structures would require a 
detailed review by MAN TURBO.  Also excluded from MAN TURBO’s scope was any work 
associated with the existing alternator and SSS clutches, all of which would be re-used following 
refurbishment (by others) with the new engines and power turbines. 

The costs provided by MAN TURBO, converted to present day 2007 Canadian dollars, are as 
shown in Table 3:  
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Table 3 
Replace Engines and Power Turbines – One Site 

MAN TURBO Proposal 
(2007 Costs) 

 
Item Description Cost (Cdn$) 

   
1 USA Portion of Equipment Supply $14,100,000.00 
2 European Portion of Equipment Supply     6,800,000.00 
3 Transportation to Site (Estimate)        200,000.00 
4 Erection and Commissioning     2,000,000.00 
5 Other refurbishments - average of Table 1

(Hardwoods) and Table 2 (Stephenville) 
    3,319,761.00 

 Sub-Total: $26,419,761.00 
6 Modifications to existing engine & power 

Turbine enclosures and exhaust stacks 
as required 

 To be advised  
pending further study  
by supplier 

 Total: $  
 

The costs do not include modifications to the existing air inlet filter assemblies, exhaust stacks 
and existing enclosures.  Further, there potentially could be some cost savings in utilizing some 
of the existing balance of plant equipment such as lube oil, MCCs etc.  Weighed against this 
would be liability issues if there should be an engine problem arising from the faulty or non-
operation of existing balance of plant equipment 

The costs in Table 3 apply to one Gas Turbine site only.  The figures would double for both 
sites.  Retrofitting the new engines and power turbines at one site would free up the replaced 
equipment for use at the second site. 

In this option, the existing alternator would be retained and refurbished as required. In addition 
to the costs for new engines and power turbines at either site, all other refurbishment costs (with 
the exception of the engines/power turbine refurbishment costs) listed in Table 1 (Hardwoods) 
and Table 2 (Stephenville) would apply to this option.  These additional refurbishment costs 
would be $3,243,160.00 for Hardwoods and $3,396,363.00 for Stephenville.  For the purpose of 
Table 3, an average of the cost at both sites - $3,319,761.00 - is included. 

7.3.2 Option 2 – New Alternator/Exciter 

It is important to note that the alternators at the Hardwoods and Stephenville sites, while of 
similar electrical capacity, are different physically.  The Stephenville alternator rotor length is 
1.64 meters longer than the rotor length at Hardwoods.  This difference in length reflects the 
different cooling systems on each alternator.  The Stephenville alternator uses a glycol-water 
mixture to absorb heat from the air circulating inside the alternator casing and to discharge the 
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heat to ambient air by means of an external heat exchanger complete with fan cooling.  The 
Hardwoods alternator cooling does not use an external heat exchanger.  The Hardwoods 
cooling system consists of intake filters and discharge louvers located on the alternator 
enclosure.  

Brush Electrical Machines Ltd. in Loughborough, England, the supplier of the original alternator/ 
exciter, was contacted to provide a price for a new replacement alternator/exciter for one of the 
sites.  Brush has pointed out that their alternator design today is different than it was 30 years 
ago.  Modifications to the existing alternator enclosure and bearings arrangement would likely 
be required in order to retrofit a new alternator.  

Brush provided preliminary ballpark information on the costs of a new generator as summarized 
in Table 4 below.  Brush pointed out that the budget estimates are strictly for guidance and do 
not cover special features that may be required for the project.  The estimates do not include 
line or neutral cubicles or off generator support systems – external radiators, oil services, 
clutches, etc.  Brush notes that there would need to be careful consideration of the major 
interfaces to make their current machine fit.  The big unknown in the preliminary estimate 
provided by Brush is the cost associated with these interfaces, modifications to the existing 
enclosure, bearings, etc.  Brush is not prepared to invest at this time, the effort required to 
define the overall scope and costs of retrofitting a new alternator at either site.  These costs 
could be significant and are not known at this time.  For the purposes of Table 4, we have 
provided a rough estimate of $1,000,000 for the modifications required to incorporate a new 
alternator into the existing infrastructure. The final estimate will have to be provided by Brush 
following a more detailed study of the existing infrastructure.  Refer to Appendix 8 for details on 
the Brush proposal. 

Table 4 
New Alternator / Exciter – One Site 

(2007 Costs) 
 

Item Description Cost (Cdn$) 
   
1 New alternator / exciter $2,500,000.00 
2 Top Mounted standard air filter house      300,000.00 
3 Acoustic & weather Protection Canopy      250,000.00 
4 Erection & Commissioning (estimate)      750,000.00 
5 Transportation (estimate)       75,000.00 
6 Interface costs to existing infrastructure & 

auxiliary systems (estimate) 
  1,000,000.00 

7 Other refurbishments - average of Table 1
(Hardwoods) and Table 2 (Stephenville) 

 2,288,381.00  

                                      Total: $7,163,381.00 
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In this option, the existing engines and power turbines would be retained and refurbished. In 
addition to the costs for a new alternator/exciter at either site, all other refurbishment costs (with 
the exception of the alternator refurbishment costs) listed in Table 1 (Hardwoods) and Table 2 
(Stephenville) would apply to this option.  These additional refurbishment costs would be 
$2,384,880.00 for Hardwoods and $2,191,883.00 for Stephenville.  For the purpose of Table 4, 
an average of the cost at both sites - $2,288,381.00 - is included. 

7.4 OPTION 3 – NEW GAS TURBINE 

Primarily for cost comparison purposes with the other options considered, several equipment 
suppliers including Siemens, Alstom and General Electric were contacted regarding the supply 
of a new 50 MW gas turbine for one or both sites.  In spite of repeated requests for costing 
information, the suppliers were unresponsive to our requests.  A new gas turbine would replace 
the Hardwoods or Stephenville Gas Turbines in their entirety, with the exception of the Fuel 
unloading/storage infrastructure and step-up transformer/grid interconnection infrastructure at 
each site.  A new gas turbine would include: 

 Single aero-derivative engine (similar to General Electric LM6000 Gas Turbine) 
 Clutch 
 50 MW alternator c/w synchronous condenser capability 

 Mechanical Auxiliary Equipment 
o Fuel Forwarding Module 
o Air Compressor Module 
o Lube Oil System 

 Electrical Auxiliary Equipment 
o 13.8 kV Switchgear 
o Motor Control Centre; Battery & Charger; Digital Protection Relays; Bus Duct; 

Motors; Cabling; etc. 
o Station Service Transformer 

 Control & Instrumentation Auxiliary Equipment 
o DCS Control System 
o Vibration Monitoring System 
o Temperature Monitoring System 
o New Instrumentation Devices  

 Civil Works 
o Site Preparation 
o Foundations 

 
Based on previous work carried out by Stantec for other clients, we would estimate the cost of a 
new 50 MW Gas Turbine (similar to the General Electric LM 6000 Gas Turbine) installed at 
either site to be approximately $30 to $35 million.  The existing buildings at Stephenville for 
example would have to be reviewed to determine their suitability in housing the new 
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mechanical, electrical and controls auxiliary equipment which would be supplied as part of the 
standard gas turbine package.  At Hardwoods, it would be advisable to build a new all purpose 
building adjacent to the new gas turbine to house all auxiliary equipment. 

Table 5 
New Gas Turbine – One Site 

(2007 Costs) 
 
Item Description Cost (Cdn$) 
   
   1 New Gas Turbine – Includes supply, 

erection and commissioning 
$35,000,000.00 

   2 Allowance for HYDRO engineering staff 
involvement in new gas turbine procurement
and installation. (estimate) 

      400,000.00 

 Sub-Total: $35,400,000.00 
   3 Dismantling of existing Gas Turbine and 

demolition of buildings as required 
   1,500,000.00   

   
 Total: $36,900,000.00 

 
The new gas turbine would require a new physical location within the fenced area at either site. 
The new gas turbine could be installed to a large degree independently of the operation of the 
existing gas turbine.  Following the installation of the new gas turbine, the existing Gas Turbine 
could be disassembled with the components used as spare parts for the other site.  There would 
be costs involved to dismantle the existing Gas Turbine and remove equipment from the 
existing buildings. For the purposes of Table 5, we have provided a rough estimate of 
$1,500,000 for dismantling of the existing Gas Turbine and demolition of surplus buildings and 
structures.  

The installation of a new gas turbine on either site, while the most costly of all options, would 
have an operational timeframe well beyond 15 years.  The installation of a new gas turbine at 
the Hardwoods site could proceed to the point where connection to the grid and switchover of 
the fuel supply is required.  This would allow the existing Gas Turbine to remain in service for a 
considerable period while the new gas turbine is being installed. 

7.5 TEMPORARY MOBILE GAS TURBINE RENTAL 

If the alternator at either Hardwoods or Stephenville requires major refurbishment work at a 
vendor’s shop it could be out of service for a period of 3 to 4 months.  If the electrical system 
cannot tolerate an outage of this duration at either site, the option of using a rental mobile gas 
turbine(s) was explored.  From information provided by HYDRO, the existing machines operate 
predominantly as synchronous condensers with MVAR loadings typically in the range of 10 to 
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20 MVAR with peaks up to 25 MVAR.  A rental mobile gas turbine rated at approximately 25 
MW was sourced.  Pratt and Whitney and Caterpillar were contacted on this matter.  

Pratt and Whitney 

Pratt & Whitney has a mobile 25 MW 13.8 kV gas turbine (“MobilePac”) that could be available 
as a rental from a third party.  Refer to Appendix 9 for information on the Pratt & Whitney 
MobilePac gas turbine.  Pratt & Whitney currently does not have MobilePac units available for 
rent directly however they are contemplating getting into the leasing/rental business within the 
next 2 years. Pratt & Whitney has a number of customers who own MobilePac units and have 
offered to speak to these customers for the rental of one of their units. In particular, Pratt & 
Whitney has a European customer with 7 MobilePac units that may be available for lease in the 
summer months. The European customer requires the units for winter peak loads. Pratt & 
Whitney stated that HYDRO should contact them (Phil Vecchiarelli at 860-565-7877) if there is 
an interest in pursuing such a rental arrangement. Pratt & Whitney submitted the following 
preliminary cost estimate ($USA) based on a 4 month rental arrangement. Costs would be 
firmed up if HYDRO has an interest in the MobilePac gas turbine. 

Table 6A 
P&W MobilePac Gas Turbine 

2007 Preliminary Rental Costs (USA$) 
 

Description Unit Cost Total Cost 
(4 Months) 

P & W  25MW GT – 4 Month Rental   
     o  Transportation to Site    $  625,000.00 
     o  Site Set up Fee (per site)        150,000.00 
     o  HV Connection         50,000.00 
     o  Fuel Connection           7,500.00 
     o  Monthly rental – 4 months  $400,000.00   1,600,000.00 
     o  Full Time Site Supervisor – 4 months     25,000.00      100,000.00 
     o  Site Dismantle Fee (per site)           150,000.00 
     o  Transportation back to Europe                 625,000.00 
   

Total:   $3,307,500.00 
 

These costs while in USA$ are equivalent to Cdn$ at the present time. Since Pratt & Whitney 
are involving a European customer in this potential transaction, Euros$ will likely play a role in 
any final rental arrangement. The costs in Table 6A apply to one site. If the work at both sites 
can be accommodated in a single year, there would be a saving on the transportation costs.  
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Caterpillar 

Caterpillar has mobile 5.2 MW, 13.8 kV gas turbines available for rent. For a 25 MW capacity, 
this would involve 5 Caterpillar machines.  Refer to Appendix 9 for information on the Caterpillar 
machines.  The following is a summary of rental costs provided by Caterpillar.  The costs are 
based on 4 months rental duration for one site.  

Table 6B 
Caterpillar Mobile Gas Turbine 

2007 Rental Costs (Cdn$) 
 

Description Unit Cost Total Cost 
(4 Months) 

Caterpillar 5 MW GT – 4 Month Rental   
     o  Rent 5 GT’s = 25 MW Capacity   
     o  Monthly rental (capacity charge) per GT $105,000.00 $2,100,000.00 
     o  Fired hours charge per GT per hour 
           (Assume 1000 hours for 4 months) 

         $42.00        42,000.00 

     o  Mobilization & Consumables cost per GT   $16,000.00        80,000.00 
     o  Setup, Commissioning & Testing per GT $106,000.00      530,000.00 
     o  Decommissioning Costs per GT   $48,500.00      242,500.00 
     o  Full Time Site Supervisor – 4 months         $10,000.00        40,000.00 
   

Caterpillar Sub-Total:   $3,034,500.00 
     o  Costs to connect 5 GT’s to existing 
         13.8 kV circuit breaker & step-up 
          transformer (estimate) 

       50,000.00 

     o  Costs to connect Fuel supply piping (estimate)        7,500.00 
   

Total:  $3,092,000.00
 

The costs in Table 6 are based on 5 gas turbines for 4 months duration.  Obviously, if less than 
5 machines are required and the alternator refurbishment duration is less than 4 months, the 
rental costs will be reduced.  The costs in Table 6B apply to one site.  If 5 rental units for 4 
months are required for the second site, the costs will double.  

Caterpillar can also provide a technician/operator 12 hours per day and on call for the remainder 
of the day at a negotiated rate per week. 

7.6 OPTION 4 – NEW DYNAMIC VAR COMPENSATOR 

The HYDRO RFP scope focused on what should be done to ensure the reliable operation of the 
Hardwoods and Stephenville Gas Turbines for a further 15 years of service.  While the concept 
of replacing one or both of the Gas Turbines with another technology for MVAR support of 
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system voltage is beyond the scope of this Study, we are presenting the concept of dynamic var 
compensation for HYDRO’s consideration only.  

The Gas Turbines at both the Hardwoods and Stephenville sites operate primarily as 
synchronous condensers providing system voltage support on the eastern and western regions 
of Newfoundland.  From information provided by HYDRO, the Gas Turbines at each site operate 
as synchronous condensers in excess of 90% of the running hours of the alternator.  An option 
for HYDRO to consider would be the replacement of either one or both Gas Turbines with 
dynamic var compensators for system voltage support.  

Since Hardwoods has many more operational hours than does Stephenville, the option 
presented in this Report for HYDRO’s consideration is the replacement of the Hardwoods Gas 
Turbine with dynamic var compensation and retention of the Stephenville Gas Turbine.  With the 
Holyrood Generating Station located in the eastern portion of Newfoundland, there is significant 
existing generation in the region served by Hardwoods.  Components from the retired 
Hardwoods Gas Turbine can then be used as spare parts for the Stephenville Gas Turbine. In 
addition, elimination of the Hardwoods Gas Turbine would result in operational and 
maintenance savings. 

American Superconductor Corporation of Wisconsin has developed a Dynamic VAR 
Compensation system that dynamically stabilizes and regulates voltage on transmission grids 
and industrial operations.  The system denoted as D-VAR detects and instantaneously 
compensates for voltage disturbances by injecting leading or lagging reactive power at points of 
interconnection on the transmission or distribution grid. The variable output of the D-VAR device 
is typically the first source used to regulate voltage.  As additional compensation is required, the 
D-VAR system will switch a capacitor bank (or reactor) in or out.  At the exact moment of 
switching, the D-VAR device instantaneously injects (or absorbs) the same amount of VAR’s as 
the capacitor bank, eliminating the step voltage change that would otherwise occur.  The D-VAR 
system then resumes its normal voltage regulation mode, dynamically injecting or absorbing 
VAR’s as required.  Information provided by HYDRO on MVAR loadings at the Hardwoods site 
illustrates that the MVAR loadings at that site rarely exceed 25 MVAR with most loadings in the 
10 – 20 MVAR range.  D-VAR systems are flexible and scalable ranging from 2 MVAR to 
hundreds of MVAR.  

The application of a D-VAR system at the Hardwoods site however would require an in-depth 
study with involvement by the D-VAR supplier.  A system study would likely be involved to 
determine the size, configuration, terminal station interconnection requirements, operational 
requirements and costs of the D-VAR system.  Such a study is beyond the scope of this Study. 

This Study has not sourced capital costs associated with the supply and installation of a D-VAR 
system at the Hardwoods site for the reasons noted above.  It is our opinion however that the 
costs associated with this option would be competitive with the other options outlined herein.  A 
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ballpark estimate for a D-VAR system at Hardwoods would likely be in the range of $5-10 
million.  Stantec would be willing to undertake a more detailed study on this technologies 
potential application at HYDRO’s discretion.  Again, the application of D-VAR technology at 
Hardwoods is introduced solely for HYDRO’s consideration.  While some information on D-VAR 
technology, obtained from the Web, is included in Appendix 10, discussions with the D-VAR 
supplier are mandatory to obtain more detailed information on the potential application of this 
technology at Hardwoods.   

Following the installation of the D-VAR system, the existing Gas Turbine could be retained with 
minor refurbishments for standby power generation purposes or disassembled with the 
components used as spare parts for the other site.  There would be costs involved to dismantle 
the existing Gas Turbine, buildings, fuel storage tank and other infrastructure.  These costs 
would be in addition to the figures presented in the preceding paragraph. 
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8.0 LIFE CYCLE COST ANALYSIS OF REFURBISHMENT OPTIONS 

8.1 GENERAL 

The primary focus of the life cycle cost analysis aspects of the study involves an economic 
evaluation of the costs associated with the Base Cases and the various Options outlined in 
Section 7.0 ie refurbishing the existing units, the replacement of existing equipment with new, as 
well as other economic opportunities for improvement.  The 15 year life cycle analysis includes 
capital costs for equipment supply and installation as well as operational and maintenance costs 
at each site.  

The life cycle cost analysis of each Gas Turbine option was performed by using HYDRO’s 
Cost/Benefit Financial Analysis Model.  The HYDRO cost/benefit analysis template uses the 
Cumulative Net Present Value (CPW) approach to perform economic or financial analyses of 
alternatives as part of the justification of a project.  For the purposes of this Study, the CPW 
approach compares the various options available for the Hardwoods and Stephenville Gas 
Turbines to provide reliable operation for a further 15 years.   

8.2 FINANCIAL MODEL INPUT DATA/CRITERIA/COSTS 

In discussions with HYDRO, it was agreed that the future operational mode of the Gas Turbines 
at each site, on an annual basis, will reflect to a large degree its annual operation over the past 
5 years in terms of MW and MVAR output, operational and maintenance budgets.  In a series of 
emails throughout October 2007, HYDRO provided the following Financial Model Input 
information.  A copy of the various emails is included in Appendix 11. 

8.2.1 MWHRS AND MVAR OUTPUT 

The MWhrs loadings forecast for each Gas Turbine for the next 15 years is a very variable 
number as dictated by changing power system operational conditions.  It was recommended in 
an October 26, 2007 HYDRO email (Email No. 1) to use 1200 MWhrs annually for each of the 
Hardwoods and Stephenville Gas Turbines.  It is recognized this number could change 
significantly over the next 15 years. 

A HYDRO email of November 2, 2007 (Email No. 2) provided daily MVAR loadings on each Gas 
Turbine over the period June 10, 2006 – November 1, 2007.  The daily average for both 
Hardwoods and Stephenville was typically under 10 MVAR with occasional peaks up to 25 
MVAR.  It will be assumed that this MVAR mode of operation will continue for the next 15 years.  

The synchronous condenser operating hours, over the past 5 years at each site, as advised in a 
HYDRO email of October 26, 2007 (Email No. 1), are as follows: 
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 Hardwoods  – 15,512 hours or an average of 3102 hours annually 
 Stephenville –   4,799 hours or an average of 960 hours annually 

 
The average annual hours of synchronous condenser operation will be carried forward as the 
annual MVAR operating mode for the next 15 years. 

8.2.2 Operations and Maintenance Budgets 

HYDRO, in an email of October 24, 2007 (Email No. 3) provided the following information on 
Operations and Maintenance Budgets at Hardwoods and Stephenville over the period 2002 
through 2006 with a forecast for 2007.  These Budget costs exclude fuel costs. 

Table 7 
Operational and Maintenance Costs 

Hardwoods and Stephenville 
(Excludes Fuel Costs) 

 
Year Hardwoods Stephenville 
2002 $178,000 $83,000
2003 $236,000 $105,000
2004 $114,000 $175,000
2005 $425,000 $114,000
2006 $486,000 $355,000

2007 (Forecast) $300,000 $160,000
      
5 Yr Ave (Excluding 2007)        $287,800          $166,400 

 
The 5 year average will be carried forward, adjusted for inflation, as an annual operations and 
maintenance cost for the next 15 years. 

8.2.3 Gas Turbine #2 Oil Fuel Price Forecast 

HYDRO, in an email of October 11, 2007 (Email No. 4), provided a forecast of #2 Oil fuel prices 
per liter over the period 2008 through 2037.  For the purposes of the options life cycle cost 
analysis exercise, the 15 year forecast costs between 2008 and 2023 will be used. 
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Table 8 
# 2 Oil Fuel Price Forecast (Cdn$/l) 

2008 - 2023 
 

Year  Hardwoods  Stephenville 
     
2008  0.624  0.686 
2009  0.552  0.613 
2010  0.557  0.619 
2011  0.578  0.640 
2012  0.606  0.668 
2013  0.631  0.694 
2014  0.666  0.730 
2015  0.686  0.752 
2016  0.721  0.788 
2017  0.751  0.820 
2018  0.786  0.856 
2019  0.816  0.888 
2020  0.847  0.919 
2021  0.867  0.941 
2022  0.882  0.957 
2023  0.902  0.979 

 
These annual fuel forecasts will be carried forward to compute fuel costs at each site for the 
next 15 years. 

8.2.4 Inflation and Escalation Forecast 

HYDRO, in an email of October 26, 2007 (Email No. 5), provided a forecast of inflation and 
escalation for the period 2000 through 2027.  The forecast, included in Appendix 11, provides 
forecasts for General Inflation, Electric Utility Construction Price Escalation (5 categories) and 
Operating and Maintenance Cost Escalation. 

The figures for the period 2008 through 2023 will be used in the life cycle cost analysis of the 
various Gas Turbine options. 

8.2.5 Fuel Consumption at Each Site 

HYDRO, in an email of November 13, 2007 (Email No. 6) provided the following information on 
fuel consumption at Hardwoods and Stephenville over the period 2004 through 2007. The 2007 
figures are for a partial year assumed to cover 9 months. The consumption numbers are as 
follows: 
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Table 9 
#2 Fuel Oil Consumption (litres) 

Hardwoods and Stephenville 
(2004 - 2007) 

 
Year Hardwoods Stephenville 
2004 95,288 50,241
2005 433,380 147,566
2006 738,552 389,686

2007 (partial year) 262,691 204,485
 

2007 (full year forecast) 350,255 272,646
3 Yr Ave (Excluding 2004)           507,395             269,966 

 
The 3 year average will be carried forward as an annual fuel consumption figure for the next 15 
years. 

8.3 SUMMARY OF GAS TURBINE FACILITY REFURBISHMENT CAPITAL 
COSTS 

The following Table 10 is a summary of the capital costs of the Gas Turbine Facility 
refurbishments – Base Case and Options - presented in Section 7.0 of this Report, which will be 
the subject of the life cycle cost analysis exercise.  As noted in the various Tables in Section 
7.0, there are further costs, associated with a number of the options, primarily modifications to 
existing enclosures to accommodate new equipment that will require further detailed 
investigation by the new equipment suppliers. 
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Table 10 
Gas Turbine Facility Refurbishment Capital Costs 

(2007 Costs) 
 

Cost 
Analysis 

Alternatives 
 Description  Capital 

Costs (Cdn$) 

     
Base Case     

1A  Refurbish Existing Equipment - Hardwoods GT 
Allowance for Temporary Gas Turbine Rental (1) 

   $4,506,880.00 
    3,307,500.00 

1B  Refurbish Existing Equipment - Hardwoods GT 
 No allowance for Temporary Gas Turbine Rental 

   $4,506,880.00 
 

2A  Refurbish Existing Equipment - Stephenville GT 
Allowance for Temporary Gas Turbine Rental (1) 

   $4,538,883.00 
    3,307,500.00 

2B  Refurbish Existing Equipment - Stephenville GT 
No allowance for Temporary Gas Turbine Rental 

   $4,538,883.00 
 

     
Options     

1  New Engines & Power Turbines – Refurbish 
Balance of Equipment (2) – one site 
Allowance for Temporary Gas Turbine Rental (1) 

 $26,419,761.00 
 
     3,307,500.00 

2  New Alternator / Exciter – Refurbish Balance of 
Equipment (2) – one site 
Allowance for Temporary Gas Turbine Rental (1) 

   $7,163,381.00 
 
    3,307,500.00 

3  New Gas Turbine – Dismantle existing Gas 
Turbine and use as Spare Parts – one site 

 $36,900,000.00 

4  Dynamic Var Compensation – Ballpark estimate at 
this time as a more detailed study is required to 
define scope and costs 

 $10,000,000.00    

 
Note (1):  The Gas Turbine rental covers a period of 4 months at the site. 
 
Note (2): There are further costs associated with these options, primarily 
modifications to existing enclosures to accommodate the new equipment, which 
will require further detailed investigation by the new equipment suppliers. 
 
 

8.4 LIFE CYCLE COST ANALYSIS ASSUMPTIONS AND COMMENTARY 

A life cycle cost analysis of each option was performed using HYDRO’s Cost/Benefit Financial 
Analysis Model.  The following sub-sections provide an overview of the analysis, assumptions 
and other criteria.  Commentary is provided on the financial analysis of each Gas Turbine 
Facility Option.  A copy of the various Life Cycle Cost Analysis Model runs is included in 
Appendix 12. 
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For the purposes of this study, the following assumptions have been used throughout all of the 
options: 

Initial project capital cost is incurred end of year 2008  

• Annual costs (fuel and O&M) begin 2009 
• Annual costs are escalated through 2023 using the default indices in the NLH 

financial analysis tool 
• The average fuel consumption over the past three years has been used as the base 

case for projections of future fuel consumption at both the Hardwoods and 
Stephenville sites 

• The 2007 project capital costs provided in Section 7.0 have been escalated to 2008 
to determine the “Project In-Service Cost,” using the built-in “Hydro and Thermal 
Plant Indices” escalation factors in the NLH financial analysis tool 

• O&M costs have been assumed as 50% materials and 50% labour 
• Cumulative net present values are expressed in January 2007 dollars 
 

Each of the options described below were analyzed to determine the comparative cumulative 
net present value (CPW) over 15 years of operation. Note that two sub-cases were run for each 
scenario, in order to gauge the possible impact of future HYDRO maintenance requirements: 

 
Sub-Case #1: Additional refurbishment costs are assumed to be required in 15 years, 
and are accounted for in the financial model as replacement costs occurring in 2023. 
Future refurbishment costs are adjusted to reflect the degree of work completed in 2008 
for each option. 

 
Sub-Case #2: It is assumed that equipment refurbished in 2008 will require replacement 
in 15 years. These costs are accounted for in the financial model as replacement costs 
occurring in 2023. 
 

8.4.1 Base Case 1A – Hardwoods Refurbishment with Mobile Gas Turbine Rental 
Allowance 

This scenario considers refurbishment at the Hardwoods site, with an allowance included for 4 
months of rental mobile equipment during the refurbishment period. 

For projecting future annual costs, 100% of historical fuel consumption and 90% of historical 
O&M costs have been assumed. This is to reflect that fuel consumption is unlikely to change 
significantly following refurbishment, and that annual O&M costs are expected to modestly 
improve. 

For Sub-Case #1, it is assumed that a complete refurbishment of the unit will again be required 
in 2023 at identical refurbishment costs as incurred in 2008 escalated forward to 2023.  For 
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Sub-Case #2, an allowance is made for complete replacement of the unit in 2023 with a new 
gas turbine.  Future costs are escalated using the default value in the NLH model.  Resulting 
replacement costs in 2023 dollars are $11.8 million and $55.6 million for Sub-Cases #1 and #2, 
respectively. 

The estimated CPW of costs for this option is $16.0 million and $29.9 million for Sub-cases #1 
and #2, respectively. 

8.4.2 Base Case 1B – Hardwoods Refurbishment with No Mobile Gas Turbine Rental 
Allowance 

This option considers refurbishment at the Hardwoods site (ie. identical to the Hardwoods base 
case), except that no allowance for rental equipment is included.  

For projecting future annual costs, 100% of historical fuel consumption and 90% of historical 
O&M costs have been assumed.  This is to reflect that fuel consumption is unlikely to change 
significantly following refurbishment, and that annual O&M costs are expected to modestly 
improve. 

For Sub-Case #1, it is assumed that a complete refurbishment of the unit will again be required 
in 2023 at identical refurbishment costs as incurred in 2008 escalated forward to 2023.  For 
Sub-Case #2, an allowance is made for complete replacement of the unit in 2023 with a new 
gas turbine.  Future costs are escalated using the default value in the NLH model.  Resulting 
replacement costs in 2023 dollars are $6.8 million and $55.6 million for Sub-Cases #1 and #2, 
respectively. 

The estimated CPW of costs for this option is $11.5 million and $26.9 million for Sub-cases #1 
and #2, respectively.  The lower costs than Base Case 1A illustrate the financial impact of rental 
unit expenses during refurbishment. 

8.4.3 Base Case 2A – Stephenville Refurbishment with Mobile Gas Turbine Rental 
Allowance 

This scenario is for refurbishment at the Stephenville site, with an allowance included for 4 
months of rental mobile equipment during the refurbishment period. 

For projecting future annual costs, 100% of historical fuel consumption and 90% of historical 
O&M costs have been assumed. This is to reflect that fuel consumption is unlikely to change 
significantly following refurbishment, and that annual O&M costs are expected to modestly 
improve. 

For Sub-Case #1, it is assumed that a complete refurbishment of the unit will again be required 
in 2023 at identical refurbishment costs as incurred in 2008 escalated forward to 2023.  For 
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Sub-Case #2, an allowance is made for complete replacement of the unit in 2023 with a new 
gas turbine.  Future costs are escalated using the default value in the NLH model.  Resulting 
replacement costs in 2023 dollars are $11.8 million and $55.6 million for Sub-Cases #1 and #2, 
respectively. 

The estimated CPW of costs for this option is $13.8 million and $27.7 million for Sub-cases #1 
and #2, respectively.  Note that while the Stephenville refurbishment capital costs are similar to 
Hardwoods, the CPW is considerably lower due to Stephenville’s lower utilization and fuel costs. 

8.4.4 Base Case 2B – Stephenville Refurbishment with No Mobile Gas Turbine Rental 
Allowance 

This option considers refurbishment at the Stephenville site (ie. identical to the Stephenville 
base case), except that no allowance for rental equipment is included.  

For projecting future annual costs, 100% of historical fuel consumption and 90% of historical 
O&M costs have been assumed. This is to reflect that fuel consumption is unlikely to change 
significantly following refurbishment, and that annual O&M costs are expected to modestly 
improve. 

For Sub-Case #1, it is assumed that a complete refurbishment of the unit will again be required 
in 2023 at identical refurbishment costs as incurred in 2008 escalated forward to 2023.  For 
Sub-Case #2, an allowance is made for complete replacement of the unit in 2023 with a new 
gas turbine.  Future costs are escalated using the default value in the NLH model.  Resulting 
replacement costs in 2023 dollars are $6.8 million and $55.6 million for Sub-Cases #1 and #2, 
respectively. 

The estimated CPW of costs for this option is $9.5 million and $25.0 million for Sub-cases #1 
and #2, respectively.  The lower costs than Base Case 2A illustrate the financial impact of rental 
unit expenses during refurbishment. 

8.4.5 Option No. 1 – Replacement of Engines and Power Turbines 

This option is for replacement of the gas engines and power turbines, and refurbishment of the 
alternator and auxiliaries.  The Hardwood site is assumed as the base case. An allowance for 4 
months of rental mobile equipment during the refurbishment period is included. 

For projecting future annual costs, 90% of historical fuel consumption and 75% of historical 
O&M costs have been assumed.  This is to reflect that fuel consumption is expected to improve 
following installation of modern engines, and that less maintenance will be required on the new 
machines. 
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For Sub-Case #1, it is assumed that partial refurbishment/major maintenance of the unit will 
again be required in 2023.  This is to account for the fact that the original alternator would still 
be in place at that time, and that the engines will have been operating for 15 years.  A cost of 
$5.9 million in 2023 dollars is assumed, based on 50% of the complete 2008 refurbishment cost 
estimate.  For Sub-Case #2, an allowance is made for complete replacement of the alternator in 
2023 as well as other required balance-of-plant refurbishments similar to that work done in 
2008.  Future costs are escalated using the default value in the NLH model, for a total cost of 
$15.8 million in 2023 dollars. 

The estimated CPW of costs for this option is $33.1 million and $36.2 million for Sub-cases #1 
and #2, respectively.  This is one of the highest cost options, due to the high costs of the engine 
replacement which are incurred early in the project’s life. 

8.4.6 Option No. 2 – Replacement of Alternator and Exciter 

This option considers replacement of the alternator, and refurbishment of the gas engines and 
power turbines.  The Hardwood site is assumed as the base case.  An allowance for 4 months 
of rental mobile equipment during the refurbishment period is included. 

For projecting future annual costs, 100% of historical fuel consumption and 80% of historical 
O&M costs have been assumed.  This is to reflect that fuel consumption is unlikely to change 
significantly following refurbishment, and that annual O&M costs will be improved by installation 
of the new alternator. 

For Sub-Case #1, it is assumed that partial refurbishment/major maintenance of the unit will 
again be required in 2023.  This is to account for the fact that the original engines would still be 
in place at that time, and that the alternator will have been operating for 15 years.  A cost of 
$5.9 million in 2023 dollars is assumed, based on 50% of the complete 2008 refurbishment cost 
estimate.  For Sub-Case #2, an allowance is made for complete replacement of the engines in 
2023 as well as other required balance-of-plant refurbishments similar to that work done in 
2008.  Future costs are escalated using the default value in the NLH model, for a total cost of 
$44.8 million in 2023 dollars. 

The estimated CPW of costs for this option is $16.2 million and $28.6 million for Sub-cases #1 
and #2, respectively.  

8.4.7 Option No. 3 - New Gas Turbine Facility 

This option is for installation of a complete new gas turbine, including engine, alternator and 
auxiliaries. The Hardwoods site is assumed as the base case. No allowance is included for 
rental equipment, as it is assumed that the new unit would be installed while the old system was 
still operational.   
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For projecting future annual costs, 90% of historical fuel consumption and 70% of historical 
O&M costs have been assumed. This is to reflect that fuel consumption is expected to improve 
following installation of modern engines, and that less maintenance will be required on the new 
unit.  A capital maintenance expense of $2.0 million in 2023 is allowed for both Sub-Cases. 

The estimated CPW of costs for this option is $38.1 million for both Sub-cases #1 and #2.  It is 
assumed that only routine major maintenance will be required in 2023. 

8.4.8 Option No. 4 - Dynamic Var Compensation 

Although this option requires additional investigation, a scenario was developed to gauge the 
potential of dynamic VAR compensation.  No allowance is included for rental equipment, as it is 
assumed that the new equipment would be installed while the old system was still operational.   

For future annual costs, it is assumed that fuel consumption will be eliminated and O&M costs 
will be reduced to 10% of historical.   

With these assumptions, the DVAR option appears very competitive with the refurbishment 
options.  The CPW of this option is $9.0 million, placing it ahead of all the alternatives.  
Additional work is required to further develop the technical and financial aspects of this option; 
however, it is evident that it deserves additional consideration. 

8.5 LIFE CYCLE COST ANALYSIS RESULTS AND RANKING OF OPTIONS 

The results of the life cycle cost analysis are summarized below in Table 11.  In general, the 
refurbishment options are the least cost alternatives, regardless of the capital expenditure that is 
assumed to be incurred in 15 years time. 

Table 11 
CPW of Alternatives 

 
CPW 

(2007 Cdn$) Ranking Option 
Sub-Case #1 Sub-Case #2 

1 Option 4 – DVAR $8,995,597 $8,995,597 

2 Base Case 2B- Stephenville  Refurbishment, 
No Rental Allowance $9,548,569 $24,996,028 

3 Base Case 1B- Hardwoods Refurbishment, 
No Rental Allowance $11,467,914 $26,930,650 

4 Base Case 2A- Stephenville Refurbishment 
with Rental Allowance $13,842,768 $27,711,405 

5 Base Case 1A- Hardwoods Refurbishment 
with Rental Allowance $16,010,747 $29,894,660 
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CPW 
(2007 Cdn$) Ranking Option 

Sub-Case #1 Sub-Case #2 

6 Option 2 – New Alternator/Refurbish Engines 
& Turbines $16,248,954 $28,574,070 

7 Option 1 – New Engines/Refurbish Alternator $33,088,681 $36,221,835 
8 Option 3 – Complete New GT Unit $38,145,919 $38,145,919 

 
 
Figures 1 and 2 provide a graphical summary of the options for Sub-Case #1.  Note that the 
annual operating costs of each alternative have a relatively minor impact on life cycle costs 
compared to the required capital expenditures.  This is due primarily to the ongoing projected 
synchronous condenser mode of operation of the Facilities over the next 15 years.  If generation 
at each site should increase significantly in the next 15 years, O&M costs will increase 
accordingly.  The lower O&M and fuel savings expected for the options where major equipment 
replacements are completed in 2008 therefore do not outweigh the early capital expenditure.   
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Figure 1 
Sub-Case #1 – Base Cases and DVAR Compensation 
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Figure 2 
Sub-Case #1 – Base Cases and Equipment Replacement Options 
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9.0 CONCLUSIONS AND RECOMMENDATIONS 

Stantec conducted a Condition Assessment and Life Cycle Cost Analysis Study of the 
Newfoundland and Labrador Hydro Hardwoods and Stephenville Gas Turbine Facilities over the 
period July through November 2007.  The Gas Turbines at each site have been in service since 
the mid 1970’s.  The objective of the Study is to provide HYDRO with recommendations on the 
best course of action to achieve a high degree of operating reliability at each site, at least cost, 
for a further 15 years of operation.  

The Study assessed the condition of equipment and structures at each site, Report Sections 5 
and 6, and evaluated a number of potential options, Report Section 7, to achieve HYDRO’s 
objective.  The 15-year life cycle cost analysis and ranking of each option is summarized in 
Table 11 of Report Section 8.  The Table is repeated here for convenience. 

Table 11 
CPW of Alternatives 

 
CPW 

(2007 Cdn$) Ranking Option 
Sub-Case #1 Sub-Case #2 

1 Option 4 – DVAR $8,995,597 $8,995,597 

2 Base Case 2B- Stephenville  
Refurbishment, No Rental Allowance $9,548,569 $24,996,028 

3 Base Case 1B- Hardwoods 
Refurbishment, No Rental Allowance $11,467,914 $26,930,650 

4 Base Case 2A- Stephenville 
Refurbishment with Rental Allowance $13,842,768 $27,711,405 

5 Base Case 1A- Hardwoods 
Refurbishment with Rental Allowance $16,010,747 $29,894,660 

6 Option 2 - New Alternator / Refurbish 
Engines & Turbines $16,248,954 $28,574,070 

7 Option 1 – New Engines / Refurbish 
Alternator $33,088,681 $36,221,835 

8 Option 3 – Complete New GT Unit $38,145,919 $38,145,919 

 
 
Option 4 
 
While Option 4, the D-VAR addition at one site, has the No. 1 ranking in the options considered 
primarily due to significantly reduced operations and maintenance costs going forward, the 
capital costs used in the life cycle cost analysis are at best ballpark estimates and can only be 
confirmed through a detailed study on the application of this technology at one or both sites.  
The question that HYDRO must address regarding this Option involves whether backup 
emergency generating capability is absolutely required at either site. 
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 Recommendation: If the answer to the above question is yes, then dismiss this Option 

from further consideration. If the answer to the above question is no, then proceed with a 
more detailed study of this Option with the involvement of the equipment supplier to 
confirm costs and technical details. It is Stantec’s opinion that this Option would be 
competitive with the Base Case existing equipment refurbishment Options for MVAR 
system voltage support only should HYDRO decide to forego generation capability at 
either site.  

 
Base Case Options: 1A – 1B – 2A – 2B 

The Base Case options of refurbishing the existing equipment including the gas generator 
engines, power turbines and alternator are ranked as follows: 

o No. 2 Ranking – Stephenville refurbishment (Case 2B) with no allowance for a 
temporary mobile gas turbine rental.  It is estimated that a 4 month outage would be 
required for an alternator major off-site refurbishment.  

o No. 3 Ranking -- Hardwoods refurbishment (Case 1B) with no allowance for a 
temporary mobile gas turbine rental.  It is estimated that a 4 month outage would be 
required for an alternator major off-site refurbishment.  

o No. 4 Ranking – Stephenville refurbishment (Case 2A) with an allowance for an 
estimated 4 month mobile gas turbine rental to cover the outage period. 

o No. 5 Ranking – Hardwoods refurbishment (Case 1A) with an allowance for an 
estimated 4 month mobile gas turbine rental to cover the outage period. 

 
The Stantec team is of the opinion that the existing equipment, particularly the gas generator 
engines, power turbines and alternator, as well as the balance-of-plant equipment and 
structures can be refurbished sufficiently to allow reliable operation over the next 15 years.  If 
HYDRO selects the Base Case refurbishment options, HYDRO will have to make a decision on 
whether to pursue a temporary mobile gas turbine rental arrangement with equipment suppliers 
or tolerate an estimated 4-month outage at each site.  The rental costs used in the analysis are 
strictly budget figures provided by two equipment suppliers.  Final rental costs could be more or 
less. 

The existing balance-of-plant systems and equipment at each site are generally in good 
condition.  This includes the mechanical fuel unloading and forwarding equipment; electrical 
equipment – transformer; switchgear; motor control; batteries; etc; control and instrumentation 
equipment – Bailey DCS equipment; instrumentation devices; etc.  As discussed in Report 
Sections 4, 5 and 6, there is some degree of minimal refurbishment work required in these 
systems.  Refurbishment recommendations are outlined in Report Appendix 6. 
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Since no information was available to assess the condition of the alternator, the decision on the 
extent of refurbishment work required on this equipment will not be known until a thorough 
electrical testing and visual inspection of the stator and rotor is conducted.  At that time, HYDRO 
will have to make a decision as to whether refurbishment or replacement is required.  A new 
alternator was assessed under Option 2. 

 Recommendation:  The Base Case existing equipment refurbishment option at each 
site has the lowest CPW of the Options and is the recommended approach for HYDRO 
to pursue in order to provide a further 15 years of reliable service. The major unknown is 
the current condition of the alternator and whether it needs refurbishment or replacement 
in order to provide reliable service for a further 15 years. If replacement is required, then 
Option 2 should be pursued. 
 

Option 2 
 
Option 2, involving the procurement of a new alternator coupled with the refurbishment of the 
existing gas generator engines and power turbines, as well as other balance-of-plant equipment 
and structures has a No. 6 Ranking of the refurbishment options considered.  While this Option 
could reduce the outage time that would apply to refurbishing the existing alternator off-site,  a 
4-month allowance for a rental gas turbine is included in this Option.  Again, HYDRO would 
have to decide if the rental unit is required or an estimated 4 month outage at each site can be 
tolerated.  This Option would involve major modifications to the existing alternator enclosure as 
well as tie-ins to existing auxiliary systems to accommodate the current design of alternator.  
While a ballpark estimate has been provided for these costs, the costs would have to be 
finalized following a more detailed investigation of the enclosure and other interfaces by the 
alternator supplier.  This Option would provide a new alternator with a life span greater than 15 
years. 

 Recommendation:  As discussed above, this Option would likely only be pursued, if 
following a thorough electrical testing and visual inspection of the existing stator and 
rotor (rotor removed from stator), it is determined that alternator replacement is a better 
option than refurbishment to allow reliable operation for a further 15 years. Further 
review by the equipment supplier is required to confirm the final alternator costs. 

 
Option 1 
 
Option 1, the procurement of new gas generator engines and power turbines coupled with the 
refurbishment of the existing alternator, as well as other balance-of-plant equipment and 
structures has a No. 7 Ranking of the refurbishment options considered.  Since the alternator is 
refurbished off-site in this Option, a 4 month allowance for a rental gas turbine is included in this 
Option.  Again, HYDRO would have to decide if the rental unit is required or a 4-month outage 
at each site can be tolerated.  This Option would involve modifications to the existing engines 
and power turbine enclosures to accommodate the design of new engines and power turbines 
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proposed.  These costs are not included and would follow a more detailed investigation of the 
enclosure by the equipment supplier.  This Option would provide new engines and power 
turbines with a life span greater than 15 years. 

 Recommendation:  This Option should not be pursued due to its high CPW value as 
well as unknown additional costs to incorporate the engines and power turbines in the 
existing enclosures and connection to the alternator. 

 
Option 3 
 
Option 3, a complete new gas turbine, has a No. 8 Ranking of the refurbishment options 
considered.  This Option would have the least impact on operations at either site as outage time 
to connect the gas turbine to the electrical grid via the existing 13.8/66 kV transformer would be 
minimal.  An estimate is provided for demolition costs associated with removal of the gas turbine 
replaced by the new unit. This Option would provide a gas turbine with a 30 year life span with 
lower O&M costs. 
 

 Recommendation:  This Option should not be pursued due to its high CPW value and 
the fact the existing equipment can be refurbished to provide reliable service for the 15 
year period specified by HYDRO.  

 
A decision on the role of the Hardwoods and Stephenville Gas Turbines in the HYDRO system 
beyond 2023, the specified 15 years of further service, has not been determined by HYDRO at 
this time.  The financial analysis results in Table 11 reflect two scenarios beyond 2023.  The first 
scenario (sub-case 1) assumes further refurbishment work in 2023, whereas the second 
scenario (sub-case 2) assumes the equipment will be replaced in 2023 with new.  The two 
scenarios do not affect the overall ranking of the Options.  
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10.0 CLOSURE  

This Report was prepared for the sole benefit of Newfoundland and Labrador Hydro. The Report 
may not be used by any other person or entity without the express written consent of Stantec 
Consulting Ltd (“Stantec”) and Newfoundland and Labrador Hydro. 
 
Any use which a third party makes of this Report or any reliance on decisions made based on it, 
are the responsibility of such third parties. Stantec accepts no responsibility for damages, if any, 
suffered by any third party as a result of decisions made or actions taken based on this Report. 
 
The information and conclusions contained in this Report are based upon work undertaken by 
trained professional and technical staff in accordance with generally accepted engineering 
practices current at the time the work was performed. Any site-specific information and 
documentation provided by other parties and used or referenced by Stantec has been assumed 
by Stantec to be accurate. Conclusions presented in this Report should not be construed as 
legal advice. 
 
This condition assessment and life cycle cost analysis study was undertaken exclusively for the 
purpose outlined herein. This work was specific to the Hardwoods and Stephenville sites. The 
Report cannot be used or applied under any circumstances to another location.  
 
 
 

 

 

 

 

 

 

 

 

 

 

NP-NLH-013, Attachment 1 
Page 154 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



 
 
 
 
 
 
 
 
 
 
 
 

ENGINEERING CONDITION ASSESSMENT 
AND LIFE CYCLE COST ANALYSIS 

 
HARDWOODS & STEPHENVILLE 

GAS TURBINE FACILITIES 
 
 
 
 
 
 

APPENDICES  
 

NP-NLH-013, Attachment 1 
Page 155 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



 
 
 
 
 
 
 
 
 

 
 

APPENDIX 1 
MINUTES OF STUDY KICK-OFF MEETINGS  

HARDWOODS AND STEPHENVILLE 
 
 
 
 
 
 
 
 
 
 
 

NP-NLH-013, Attachment 1 
Page 156 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 157 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 158 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 159 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 160 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 161 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 162 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 163 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 164 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 165 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 166 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 167 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 168 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 169 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 170 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 171 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 172 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 173 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 174 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 175 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 176 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 177 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 178 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 179 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 180 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 181 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 182 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 183 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 184 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 185 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



 
 
 
 
 
 
 
 
 

 
 

APPENDIX 2 
SINGLE LINE DIAGRAMS 

HARDWOODS AND STEPHENVILLE 
 
 
 
 
 
 
 
 
 
 
 

NP-NLH-013, Attachment 1 
Page 186 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 187 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 188 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 189 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 190 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 191 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



 
 
 
 
 
 
 
 
 

 
 

APPENDIX 3 
HYDRO JD EDWARDS MAINTENANCE ACTIVITIES PRINTOUT 

HARDWOODS AND STEPHENVILLE  
 
 
 
 
 
 
 
 
 
 
 

NP-NLH-013, Attachment 1 
Page 192 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 193 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 194 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 195 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 196 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 197 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 198 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 199 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 200 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 201 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 202 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 203 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 204 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 205 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 206 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 207 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 208 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 209 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 210 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 211 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 212 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 213 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 214 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 215 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 216 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 217 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 218 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 219 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 220 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 221 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 222 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 223 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 224 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 225 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 226 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 227 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 228 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 229 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 230 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



 
 
 
 
 
 
 
 
 

 
 

APPENDIX 4 
ALBA REPORT – OLYMPUS ENGINES BORESCOPE INSPECTION 

HARDWOODS AND STEPHENVILLE  
 
 
 
 
 
 
 
 
 
 

NP-NLH-013, Attachment 1 
Page 231 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 232 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 233 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 234 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 235 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 236 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 237 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 238 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 239 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 240 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 241 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 242 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 243 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 244 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 245 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 246 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 247 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 248 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 249 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 250 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 251 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 252 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 253 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 254 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 255 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 256 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 257 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 258 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 259 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 260 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 261 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 262 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 263 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 264 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 265 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 266 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 267 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 268 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 269 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 270 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 271 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 272 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



 
 
 
 
 
 
 
 
 

 
 

APPENDIX 5 
HYDRO INSPECTION SHEETS 

HARDWOODS AND STEPHENVILLE  
 
 
 
 
 
 
 
 
 

NP-NLH-013, Attachment 1 
Page 273 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 274 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 275 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 276 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 277 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 278 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 279 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 280 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 281 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 282 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 283 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 284 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 285 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 286 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 287 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 288 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 289 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 290 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 291 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 292 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 293 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 294 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 295 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 296 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 297 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 298 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 299 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 300 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 301 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 302 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 303 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 304 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 305 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 306 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



 
 
 
 
 
 
 
 
 

 
 

APPENDIX 6 
REFURBISHMENT RECOMMENDATIONS COST ESTIMATE SPREADSHEET 

HARDWOODS AND STEPHENVILLE  
 
 
 
 
 
 
 
 
 
 
 

NP-NLH-013, Attachment 1 
Page 307 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



 
 
 
 
 
 
 

COST ESTIMATE SPREADSHEET No. 1 
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Newfoundland and Labrador Hydro
Stephenville and Hardwoods Gas Turbine Condition Assessment Study
NG Job No. 21061
Rev 1 ------ 2007-12-14

       COST ESTIMATE SPREADSHEET No. 1
HARDWOODS GAS TURBINE REFURBISHMENT RECOMMENDATIONS

Item Hardwoods Recommendations     Cost Total

   1-- Gas Generators / Power Turbines Equipment

1 Engine A assembly be removed, disassembled to allow for
detailed internal inspection with major refurbishments as required
(Report para. 5.2.1)
   o  S&S Turbines Cost to refurbish and test engine assembly in BC $515,000.00
   o  Cost to transport engine assembly to BC & back 3,200.00
   o  Engine removal & reinstallation by S&S Turbines Technicians 14,000.00

2 Engine B assembly be removed, disassembled to allow for
detailed internal inspection with major refurbishments as required
(Report para. 5.2.1)
   o  S&S Turbines Cost to refurbish and test engine assembly in BC $460,000.00
   o  Cost to transport engine assembly to BC & back 3,200.00
   o  Engine removal & reinstallation by S&S Turbines Technicians 14,000.00

3 Inspect the Power Turbine assemblies A & B in detail upon removal of $120,000.00
the Engines as noted in Items 1 & 2 to verify the mechanical integrity
of the units. Inspect and refurbish the following: (Report para. 5.2.5)
   o  Main line bearings inspection
   o  Remove turbine blades and perform metallurgical sampling to
       verify alloy composition and wear to the blade roots
   o  Remove turbine disks and perform metallurgical sampling to verify
       alloy composition and creep growth.
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   o  Apply anti-corrosion/thermal protection coatings to the turbine 
       blades and nozzles.

4 Completely disassemble and inspect the Power Turbine Clutches A & B. $13,000.00
Determine and resolve the interference problem between the clutches
and the proximity switches. (Report para. 5.2.6)

5 Spare Item

6 Spare Item

7 It is recommended that HYDRO replace the following obsolete 
auxiliary components with components of current design:
(Report para. 5.2.2)
Quantity Device

 o Replace Ignition Exciters $24,000.00
 o Replace Speed Governors/fuel valve assemblies $56,000.00

8 Option:
S&S Turbines provides a rental engine for the period when an engine
leaves site for refurbishment in BC until its return to site (estimated at
120 days per engine - assumes only one engine off-site at any time)
   o  120 days per engine x 2 = 240 days (8 months)
   o  Fee for installation and removal = $14,000.00
   o  Monthly on-site rental fee = $2,450.00 x 8 = $19,600.00
   o  Fired hour charge = $42.00 per hour  
          (Assume 60 hours in 8 months = $2,520.00)
   o  Return transport from/to BC = $5,200.00

                                                   Total: $41,320.00 $1,263,720.00

   2-- Inlet Air Systems A & B

9 Interior of both Inlet Air Plenums A and B be sand blasted and the 18,000$           
surface of the Inlet Air Plenums and the silencers re-coated.
(Report para. 5.2.3)

10 The exterior of both Inlet Air Structures be cleaned of surface corrosion 24,000$           
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& flaking and re-coated. (Report para. 5.2.3)

11 Clean the surface corrosion inside the filter enclosure at the top of 4,000$             
each Inlet Air Structure and re-coat. (Report para. 5.2.3)

12 Replace the inner row of rubber sealing strips in Inlet Air Plenum A 1,500$             
(Report para. 5.2.3)

13 Complete following items regarding the access doors to both Air
Plenum structures: (Report para. 5.2.3)
   o  Sand blast and coat all areas corroded under the access doors 700$                
   o  Weld new plates inside the troughts 600$                
   o  Replace the weather stripping on the access doors 1,000$             
   o  Install a new drip cap over both access doors

14 Replace the ladders providing access to the platforms attached to each 5,500$             
Inlet Air Structure and install kick plates on the ends of the platforms.
(Report para 5.2.3)

15 Clean the highly corroded screens on the Unit B Inlet Air Structure and 2,000$             
re-coat. (Report para. 5.2.3)

16 Re-align the inlet bellmouth assembly on Engine B (Report para. 5.2.3) $5,000 62,300$                 

   3-- Exhaust Stacks A & B

17 Replace the light gauge exterior cladding on the upper portion of each 22,000$           
Exhaust Stack with a new corrogated metal cladding system. (Report
para. 5.2.4)

18 Clean the surface corrosion and coating failures on the heavy gauge 15,000$           
cladding on the lower portion of each Exhaust Stack and re-coat.
(Report para. 5.2.4)

19 Repair cracks at two corners of the Exhaust Stack A access door 800$                
opening in the inner liner, as well as cracks in the welds holding the 
interior mesh and insulation in place. (Report para. 5.2.4)
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20 Repair cracks at two corners of the Exhaust Stack B access door 1,200$             
opening in the inner liner, as well as cracks in the inner liner below the
door opening and the internal rolled edge. (Report para. 5.2.4)

21 Replace the snow doors on each Exhaust Stack. (Report para. 5.2.4) 34,000$           

22 Replace existing access doors on the Exhaust Stacks with 16,500$           
operable hinged doors with proper flashings and weather stripping
In addition, modify the hatches below these doors, in the roof of the
gas turbine enclosures, to prevent water leaks. (Report para. 5.2.4)

23 Replace the ladders providing access to the platforms on each 5,500$             
Exhaust Stack. (Report para. 5.2.4) 95,000$                 

   4-- Glycol Cooler for Main Lube Oil

24 The entire Glycol Cooler steel structure and associated cladding be  9,500$             
cleaned, prepared and re-coated within next 2 years. (Report para. 5.2.9) 9,500$                   

   5-- Gas Generator / Power Turbine Enclosures A & B

25 The exterior of both Gas Generator / Power Turbine Enclosures be 10,000$           
cleaned of corrosion, prepared and re-coated within next 2 years.
(Report para. 5.2.10)

26 The interior of both Gas Generator / Power Turbine Enclosures be 11,000$           
cleaned, areas with corrosion sandblasted and re-coated.
(Report para. 5.2.10)

27 Modify the existing man doors to both Power Turbine Modules to 1,600$             
have inspection windows added. (Report para. 5.2.10) 22,600$                 

   6-- Alternator & Excitation System

28 Conduct Electrical Tests on the Alternator and Exciter while in its $7,000.00
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enclosure to determine condition as follows: (Report para. 5.3.3)
   o  Alternator Stator EL-CID Test
   o  Alternator Stator Polarization Index Test
   o  Alternator Stator Partial Discharge Test
   o  Alternator Rotor Megger Test - 500 vdc
   o  Measure Alternator Rotor Winding Resistance
   o  Rotating Exciter Stator and Rotor Megger Tests
   o  Measure Rotating Exciter Stator and Rotor Winding Resistance

29 Remove & replace the Alternator from its Enclosure and remove the rotor $50,000.00
for a complete visual inspection of the stator / rotor / exciter. Inspections
shall include: (Report para. 5.3.3)

Stator Inspection to include but not limited to:
   o  Loose or damaged Wedges
   o  Loose or cracked or failed winding connections
   o  Dusting, greasing and other signs of windings movement
   o  Indications of arcing (hot spots) and damaged core laminations
   o  Loose core bolts
   o  Signs of corrosion, contamination and excessive dirt

Rotor Inspection to include but not limited to:
   o  Signs of physical damage
   o  Loose or cracked or failed winding connectors
   o  Slot wedge migration and possible contact with retaining rings
   o  Signs of overheating
   o  Loose rotor wedges
   o  Dye penetrant examinations and magnetic particle tests on
       forgings; retaining rings and fan components to detect
       fatigue cracks.

Bearings Inspection to include but not limited to:
   o  Assess general condition of the bearings
   o  Determine if the bearings require re-babbiting or machining.

Carry out refurbishment work as required following  
completion of electrical tests (Item 27) and visual inspections 
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(Item 28). Estimate includes:
   o  Rewind of stator at supplier's shop $1,200,000.00
   o  Rewind of rotor c/w new end caps and overspeed testing at $800,000.00
       supplier's shop
   o  Rewind /refurbishment of exciter $25,000.00
   o  Transport costs to/from supplier's shop - assume UK $30,000.00

30 Perform a trim balance on the rotor to address the vibration issue $10,000.00
observed physically and noted on the vibration monitoring system. 
There is a residual imbalance between the non-exciter and exciter  
of the alternator. (Report para. 5.2.7) $2,122,000.00

   7-- Alternator Enclosure

31 The exterior of the Alternator Enclosure be cleaned to remove surface 9,000$             
corrosion and flaking, prepared and re-coated within next 2 years.
(Report para. 5.3.7)

32 Add inspection windows to the man doors in the alternator module 1,600$             
for safety purposes. (Report para. 5.3.7) 10,600$                 

   8-- Fuel oil System

33 Clean, prepare and re-coat the storage tank exterior within the next  40,000$           
5 to 7 years. (Report para. 5.4.1)

34 Clean, prepare and re-coat the storage yank stairs and handrail within 4,000$             
the next 2 to 3 years. (Report para. 5.4.1)

35 Replace two corrode stair treads on the storage tank stairs. (Report 750$                
para. 5.4.1)

36 Install a kickplate at the handrail on the top of the storage tank. 500$                
(Report para. 5.4.1) 45,250$                 
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   9-- Electrical Systems

37 Replace the alternator existing 13.8 kV circuit breaker with a new $60,000
circuit breaker. (Report para. 5.5.1)

38 Modify cabling in the 13.8 kV cable entrance cubicle as follows:
   o  Short term - install dividers to separate the power cables from the $3,500.00
      control and instrumentation cables.
   o  Long term - Replace and install power cables in a separate $9,500
      compartment from the control and instrumentation cables.
(Report para. 5.5.1)

39 Repair bus duct leaks by either (i) applying rubberized asphalt roofing $6,000
compound over the duct or (ii) cover the bus duct with cladding.
(Report para. 5.5.3)

40 Replace the existing 125 Vdc Battery Charger due to obsolence. $17,000
(Report para. 5.5.5)

41 Recommendation for HYDRO to prepare a replacement program and $21,000
budget to replace over time the electro-mechanical generator
protection relays with digital relays. (Report para. 5.5.6)

42 Replace the 15 kV  power cable supplying the 750 kVA Station Service $6,100
Transformer. (Report para. 5.5.7) $123,100

   10-- Control & Instrumentation Systems

43 Stock spares for input channel modules in the ELSAG Bailey INFI 90 $8,000
DCS System. (Report para. 5.6.1)

44 Replace the existing DCS System interface computer (PC) with a new $4,500
PC with the latest PCV and QNX software. (Report para. 5.6.1) $8,000

45 Replace the existing obsolete DCS power supply system with a new $24,000
power supply. (Report para. 5.6.1)
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46 Due to hot and humid conditions in the Control Building, it is $1,000
recommended that an air conditioning unit be installed in the area of 
the DCS equipment. (Report para. 5.6.1)

47 Replace the obsolete vibration monitoring system. (Report para. 5.6.3) $20,000

48 Replace the existing obsolete vibration transducers with new
accelerometers. (Report para. 5.6.3)

49 Replace the existing terminal blocks for thermocouple terminations $600
with terminal blocks designed for thermocouple use. (Report para. 5.6.4)

50 Install a low level cut out switch in the oil storage tank as a backup $2,500
to the level transmitter. (Report para. 5.6.9)

51 Relocate the on-engine electrical junction boxes off the engines to $1,500 $70,100
isolate the terminations from vibration and heat. (Report para. 5.6.12)

   11-- Buildings

52 Control Building Refurbishments: (Report para. 5.7.1)
   o  The exterior of the Building be cleaned of corrosion, prepared and 11,000$           
       re-coated within next 2 to 5 years. 
   o  Install a new sloped roof over the existing flat roof for water 7,000$             
      tightness purposes.

53 Fuel Unloading Building Refurbishments: (Report para. 5.7.2)
   o  Replace the roof of the Building within next 2 years. 5,000$             
   o  Pave the area surrounding the concrete off-loading containment  1,200$             
       dyke to facilitate the clean up of any spills.
   o  The timber posts and guardrail protecting the concrete off-loading 1,000$             
       dyke and piping should be replaced.

54 Fuel Forwarding Building Refurbishments: (Report para. 5.7.3)
   o  Clean the roof, remove corrosion and repaint within 1 year. 3,000$             
   o  Clean the roof, remove corrosion and repaint within 1 year. 1,500$             
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   o  The timber posts and guardrail protecting the Building should
       be replaced.

55 Auxiliary Module Building Refurbishments: (Report para. 5.7.4) 2,500$             
   o  Clean the roof, remove corrosion and repaint within 1 year.

56 Maintenance and Parts Storage Building Refurbishments:
(Report para. 5.7.5) 5,000$             
   o  Clean the roof, remove corrosion and repaint within the next 2 years.

57 High Voltage Switchgear Building Refurbishments: (Report para. 5.7.6) 4,500$             
   o  Clean, remove surface corrosion and re-coat the exterior walls of
      the Building within the next 5 years. 3,000$             
   o  Install a new roofing system such as a modified bitumen roofing
      membrane applied with hot asphalt directly over the existing roof
     to ensure water tightness. 44,700$                 

   12-- Miscellaneous Work on Ongoing Operational Issues
58 A number of ongoing operational issues were identified by HYDRO $250,000.00 $250,000.00

personnel during the Study. It was not possible to provide detailed  
solutions to these issues during the Study due to schedule and budget
constraints. It is recommended that HYDRO, as part of the overall
refurbishment works, include money to address these issues. A figure 
of $250,000 is proposed.

SUB-TOTAL: 4,118,870$            

HYDRO labour & overhead costs for Items A - K 329,510$               
at 8% of Sub-total:

   13-- Spare Parts -- (Common To both Sites)
59 It is recommended that HYDRO stock the following spare parts to 

increase the overall reliability of the Gas Turbine:
Quantity Device
     -1-  o Fuel Injection Nozzles (spare set) $16,500.00
     -1-  o Spare Starter Assembly $12,000.00
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     -1-  o Spare Glycol Circulation Pump Set $2,000.00
     -1-  o Spare 3-way Glycol Mixing Valve $14,000
     -1-  o Spare Pressure Control Valve for Lube oil System $6,000
     -1-  o Spare Control Valve for Fuel Oil System $6,000
     -1-  o Install the facility for hook-up of a rental compressor. $2,000 $58,500.00

TOTAL: 4,506,880$           
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Newfoundland and Labrador Hydro
Stephenville and Hardwoods Gas Turbine Condition Assessment Study
NG Job No. 21061
Rev 1 ------ 2007-12-14

           COST ESTIMATE SPREADSHEET No. 2
STEPHENVILLE GAS TURBINE REFURBISHMENT RECOMMENDATIONS

Item Stephenville Recommendations     Cost Total

   1-- Gas Generators / Power Turbines Equipment

1 Engine A assembly be removed, disassembled to allow for
detailed internal inspection with major refurbishments as required
(Report para. 6.2.1)
   o  S&S Turbines Cost to refurbish and test engine assembly in BC $505,000.00
   o  Cost to transport engine assembly to BC & back 2,600.00
   o  Engine removal & reinstallation by S&S Turbines Technicians 14,000.00

2 Engine B assembly be removed, disassembled to allow for
detailed internal inspection with major refurbishments as required
(Report para. 6.2.1)
   o  S&S Turbines Cost to refurbish and test engine assembly in BC $350,000.00
   o  Cost to transport engine assembly to BC & back 2,600.00
   o  Engine removal & reinstallation by S&S Turbines Technicians 14,000.00

3 Inspect the Power Turbine assemblies A & B in detail upon removal of $120,000.00
the Engines as noted in Items 1 & 2 to verify the mechanical integrity
of the units. Inspect and refurbish the following: (Report para. 6.2.5)
   o  Main line bearings inspection
   o  Remove turbine blades and perform metallurgical sampling to
       verify alloy composition and wear to the blade roots
   o  Remove turbine disks and perform metallurgical sampling to verify
       alloy composition and creep growth.
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   o  Apply anti-corrosion/thermal protection coatings to the turbine 
       blades and nozzles.

4 Completely disassemble and inspect the Power Turbine Clutches A & B. $13,000.00
(Report para. 6.2.6)

5 Spare Item

6 Spare Item

7 It is recommended that HYDRO replace the following obsolete 
auxiliary components with components of current design:
(Report para. 6.2.2)
Quantity Device

 o Replace Ignition Exciters $24,000.00
 o Replace Speed Governors/fuel valve assemblies $56,000.00

8 Option:
S&S Turbines provides a rental engine for the period when an engine
leaves site for refurbishment in BC until its return to site (estimated at
120 days per engine - assumes only one engine off-site at any time)
   o  120 days per engine x 2 = 240 days (8 months)
   o  Fee for installation and removal = $14,000.00
   o  Monthly on-site rental fee = $2,450.00 x 8 = $19,600.00
   o  Fired hour charge = $42.00 per hour  
          (Assume 60 hours in 8 months = $2,520.00)
   o  Return transport from/to BC = $5,200.00

                                                   Total: $41,320.00 $1,142,520.00

   2-- Inlet Air Systems A & B

9 Interior of both Inlet Air Plenums A and B and silencers be sand 18,000$           
blasted and recoated (Report para. 6.2.3)

10 The concrete slab of Air Plenums A & B be cleaned, prepared and 1,800$             
coated with breathable masonry paint (Report para. 6.2.3)
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11 Re-align the inlet bellmouth assembly on Engine B $5,000
(Report para. 6.2.3)

12 Replace the rubber sealing strips around the exterior door in Inlet 1,500$             
Air Plenum A (Report para. 6.2.3)

13 Complete following items regarding the access doors to both Air
Plenum structures: (Report para. 6.2.3)
   o  Sand blast and coat all areas corroded under the access doors 700$                
   o  Weld new plates inside the troughts 600$                
   o  Replace the weather stripping on the access doors 1,000$             
   o  Install a new drip cap over both access doors

3,400$             
14 Replace grating on platforms attached to both Air Plenum structures

(Report para: 6.2.3)

15 Install new 42" high handrail with kick plates around the perimeter 2,200$             
of the top of each Air Plenum structure. (Report para. 6.2.3)

16 Weld new plates with proper size holes to existing structures to 500$                
prevent pullout of bolts during lifting. (Report para. 6.2.3) 34,700$           

   3-- Exhaust Stacks A & B

17 Install kick plates along with additional top rails to extend the height 2,000$             
of the existing handrails to 42" on the platforms attached to both
Exhaust Stacks (Report para. 6.2.4)

18 Replace metal mesh floor grating on the Exhaust Stacks 3,400$             
platforms with standard bar grating (Report para. 6.2.4)

19 Replace existing access hatches on the Exhaust Stacks with 16,500$           
operable man doors with proper flashings and weather stripping
(Report para. 6.2.4)

20 Modify existing snow door access platforms to support new ladders  15,000$           
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that will provide operators with better access to inspect the snow 36,900$           
doors (Report para. 6.2.4).

   4-- Glycol Cooler for Main Lube Oil

21 Refurbish Glycol Cooler for Main Lube Oil as follows: 
(Report para. 6.2.9)
   o  Replace bottom section of the heat exchanger 3,500$             
   o  Replace the canopy cladding and re-coat the entire structure 4,000$             
   o  Clean Tubes in Heat Exchanger to remove surface coating of $2,500
       grey substance. 10,000$           

   5-- Gas Generator / Power Turbine Enclosures A & B

22 Interior of both Gas Generator / Power Turbine Modules A and B be 11,000$           
cleaned, areas with corrosion sandblasted and the interior of the 
Modules be re-coated. (Report para. 6.2.10)

23 Replace or modify the railings on top of the Gas Generator / Power 500$                
Turbine Modules for safety reasons. The new railings should be 42"
high with a handrail, mid-rail and kick-plate. (Report para. 6.2.10)

24 Modify the existing man doors to both Power Turbine Modules to 1,600$             
have inspection windows added. (Report para. 6.2.10)

25 Add an additional top rail to the handrail on the stair landing for the 1,500$             
Gas Generator / Power Turbine Modules to extend the height to 42"
and add kick plates to the bottom of the handrails. All for safety
reasons. (Report para. 6.2.10)

26 Weld new plates with proper size holes to existing structures to 3,700$             
prevent pullout of bolts during lifting. (Report para. 6.2.10) 18,300$           

   6-- Fire Detection and Protection

27 Install an Inergen fire suppression system in the Control Building $45,000
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o

(Report para. 6.2.11) 45000

   7-- Alternator & Excitation System

28 Conduct Electrical Tests on the Alternator and Exciter while in its $7,000.00
enclosure to determine condition as follows: (Report para. 6.3.3)
   o  Alternator Stator EL-CID Test
   o  Alternator Stator Polarization Index Test
   o  Alternator Stator Partial Discharge Test
   o  Alternator Rotor Megger Test - 500 vdc
   o  Measure Alternator Rotor Winding Resistance
   o  Rotating Exciter Stator and Rotor Megger Tests
   o  Measure Rotating Exciter Stator and Rotor Winding Resistance

29 Remove & replace the Alternator from its Enclosure and remove the rotor f $50,000.00
for complete visual inspection of the stator / rotor / exciter. Inspections
shall include: (Report para. 6.3.3)

Stator Inspection to include but not limited to:
   o  Loose or damaged Wedges
   o  Loose or cracked or failed winding connections
   o  Dusting, greasing and other signs of windings movement
   o  Indications of arcing (hot spots) and damaged core laminations
   o  Loose core bolts
   o  Signs of corrosion, contamination and excessive dirt

Rotor Inspection to include but not limited to:
   o  Signs of physical damage
   o  Loose or cracked or failed winding connectors
   o  Slot wedge migration and possible contact with retaining rings
   o  Signs of overheating
   o  Loose rotor wedges
   o  Dye penetrant examinations and magnetic particle tests on
       forgings; retaining rings and fan components to detect
       fatigue cracks.

Bearings Inspection to include but not limited to:
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   o  Assess general condition of the bearings
   o  Determine if the bearings require re-babbiting or machining.

30 Carry out refurbishment work as required following following 
completion of electrical tests (Item 27) and visual inspections.  
(Item 28). Estimate includes:  
   o  Rewind of stator at supplier's shop $1,200,000.00
   o  Rewind of rotor c/w new end caps and overspeed testing at $800,000.00
       supplier's shop
   o  Rewind /refurbishment of exciter $25,000.00
   o  Transport costs to/from supplier's shop - assume UK $30,000.00

31 Perform a trim balance on the rotor to address the vibration issue $10,000.00
observed physically and noted on the vibration monitoring system. 

32 Replace the AVR control system with an ABB Unitrol F Series $225,000.00
System as was done at Hardwoods. (Report para. 6.3.4) $2,347,000.00

   8-- Alternator Enclosure

33 Install 42" handrails on the north and south sides of the alternator 1,500$             
enclosure roof for fall protection purposes. (Report para. 6.3.7)

34 Add inspection windows to the man doors in the alternator module 1,600$             
for safety purposes. (Report para. 6.3.7)

35 Add an additional top rail on the handrails on the stair landings for $500
the alternator module to increase the height of the handrails to 42"
for safety purposes. As well kickplates should be added to the
bottom of the handrails. (Report para. 6.3.7) 3,600$             

   9-- Alternator Air Cooling System & Glycol Cooler

36 Glycol Cooler  be refurbished as follows: (Report para. 6.3.8)
   o  Heat exchanger support system be re-coated 9,500$             
   o  Remove existing cladding and replace with heavy guage steel 5,500$             
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   o  Seal weld all joints between the cladding and structural framing 4,400$             
   o  Clean the tubes and external fins to remove the build up of the $2,500 21900
       grey dust coating.

   10-- Fuel oil System

37 Re-weld and re-coat 3 rungs at the top of the ladder on storage tank 750$                
35b. (Report para. 6.4.1)

38 Raise the top of the north dyke wall to the same elevation as the other 14,000$           
3 walls. Suggest adding an access stairs on the north wall of the dyke
to prevent slope deterioration from pedestrian traffic accessing the
dyke interior. (Report para. 6.4.1)

39 Re-tighten the clamps around all concrete pilasters with caulking 5,000$             
applied where required. (Report para. 6.4.1)

40 Conduct an investigation to determine if the joint between the concrete
block, surrounding the oil transfer piping entering the ground in the 
northwest corner of the dyke, and the containment liner is adequately
sealed. (Report para. 6.4.1)

41 HYDRO to install new piping between the fuel forwarding facility and  
the Gas Turbine in a properly designed/environmentally acceptable 19,750$           
trench. (Report para. 6.4.3)

   11-- Electrical Systems

42 Recommended that HYDRO consider conduct an Arc Flash Study of $5,000
all electrical power equipment - switchgear; motor control centres, etc
for safety reasons (personnel protection). (Report para. 6.5.1)

43 Recommended that HYDRO develop a back-up plan to cater for a 
13.8 kV Switchgear breaker failure. (Report para. 6.5.1)
   o  Spare 13.8 kV circuit breaker (common to both sites) $60,000
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44 Install a rain shield at the air vent on the 13.8 kV Switchgear Building $2,500
to prevent the ingress of rain and snow. (Report para. 6.5.1)

45 Replace the following Power Tronic Battery Chargers as the existing
Chargers are no longer supported by the supplier. (Report para. 6.5.5)
   o  125 Volt dc Battery Charger $14,000
   o  250 Volt dc Battery Charger $21,000

46 Recommendation for HYDRO to prepare a replacement program and $21,000
budget to replace over time the electro-mechanical generator
protection relays with digital relays. (Report para. 6.5.6)

47 Replace the 15 kV  power cable supplying the 750 kVA Station Service $6,100
Transformer. (Report para. 6.5.7) $129,600

   12-- Control & Instrumentation Systems

48 Replace faulty input channel modules in the ELSAG Bailey INFI 90 8000
DCS System. (Report para. 6.6.1)

49 Replace the existing DCS System interface computer (PC) with a new 4500
PC with the latest PCV and QNX software. (Report para. 6.6.1) 8000

50 Replace the existing obsolete DCS power supply system with a new 24000
power supply. (Report para. 6.6.1)

51 Due to hot and humid conditions in the Control Building, it is 1000
recommended that an air conditioning unit be installed in the area of 
the DCS equipment. (Report para. 6.6.1)

52 Replace the obsolete vibration monitoring system. (Report para. 6.6.3) 20000

53 Make a number of junction boxes on the exterior of the Gas Turbines 2000
water-tight by installing a weather tight box over each existing box.
In addition, corroded terminal blocks in various junction boxes
should be replaced at earliest opportunity. (Report para. 6.6.8)
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54 Relocate the on-engine electrical junction boxes off the engines to $1,500
isolate the terminations from vibration and heat. (Report para. 6.6.8) 69000

   13-- Buildings

55 Control Building Refurbishments: (Report para. 6.7.1)
   o  Replace cladding and roofing on the Control Building within next 28,000$           
       5 years.
   o  In addition, exterior wood fascia on windows should be painted. 600$                
   o  For safety reasons, install intermediate steps on the existing 1,100$             
      steps up to the floor area containing the control and power 
      distribution equipment..
   o  For safety reasons, support or fasten down a steel cover for an 6,500$             
      exterior electrical trench at the rear of the Building.

56 Fuel Forwarding Building Refurbishments: (Report para. 6.7.2)
   o  Relocate the bleed valve used to remove air from the truck unloading 1,700$             
       system from its present location to over the concrete containment
       dyke to prevent any diesel fuel released through the operation of
       the valve from falling on the ground.
   o  Pave the area surrounding the off-loading containment dyke to 2,500$             
       facilitate the clean up of any spills.
   o  Replace the badly corroded gutters and downspouts on the Building 500$                
   o  Replace the cladding on the west Building wall in the next year 5,800$             
      and the remainder of the cladding and roofing within the next 5 years.
   o  Install additional air intake louvres and ducting to convey incoming 6,000$             
      air to the foundation level and install an additional or larger exhaust 
      fan on the opposite wall to provide better air movement in the
      Building.

57 Parts Storage Shed Refurbishments: (Report para. 6.7.3)
   o  Replace asphalt shingles in next 5 to 7 years 3,200$             
   o  Replace existing overhead door with a new commercial grade 1,800$             
      door complete with proper weather stripping.
   o  Replace existing man door with a new commercial grade door 1,500$             
      complete with proper weather stripping.
   o  Replace brackets on ladder with new ones. 300$                
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58 Waste Oil Storage Shed Refurbishments: (Report para. 6.7.4)
   o  Replace existing shed with a new non-combustible structure 7,900$             
      such as a new steel transportation container.
   o  Relocate the new structure to inside the oil storage containment 7,000$             
      dyke area. 74400

   14-- Miscellaneous Work on Ongoing Operational Issues
59 A number of ongoing operational issues were identified by HYDRO $250,000.00 $250,000.00

personnel during the Study. It was not possible to provide detailed  
solutions to these issues during the Study due to schedule and budget
constraints. It is recommended that HYDRO, as part of the overall
refurbishment works, include money to address these issues. A figure 
of $250,000 is proposed.

SUB-TOTAL: 4202670

HYDRO labour & overhead costs for Items A - M 336213.6
at 8% of Sub-total:

TOTAL: 4538883.6
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Newfoundland and Labrador Hydro
Stephenville and Hardwoods Gas Turbine Condition Assessment Study
NG Job No. 21061
Rev 1 ------ 2007-12-14

   COST ESTIMATE SPREADSHEET No. 3
        HARDWOODS & STEPHENVILLE GAS TURBINES MAJOR EQUIPMENT REPLACEMENT OPTIONS

Item Major Equipment Options    Cost Total

   1-- New Gas Turbine to replace entire existing GT at one site          $35.000,000.00
(Report para. 7.4)
   o  New 50 MW GT c/w synchronous condenser capability
   o  Includes all new mechanical auxiliary equipment
          o  New fuel forwarding module
          o  New Air Compressor Package
          o  New lube oil system
   o  Includes all new electrical auxiliary equipment
          o  New 13.8 kV switchgear / motor control centres / batteries&chargers /
             digital protection relays / bus duct / cabling / motors
          o  New station service transformer
   o  Includes all new control & instrumentation auxiliary equipment
          o  New DCS Control System
          o  New vibration monitoring system
          o  New temperature monitoring system
          o  New Instrumentation Devices throughout
   o  Requires a new concrete foundation for GT
   o  Includes installation and commissioning

   o  Allowance for HYDRO engineering staff involvement in new gas turbine 400,000.00
       procurement and installation.

Sub-Total: $35,400,000.00
   o  Allowance for Dismantling the existing Gas Turbine and the Demolition of $1,500,000.00
       surplus buildings and structures

Total: $36,900,000.00
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   o  Retain existing fuel oil storage tanks and truck unloading equipment
   o  Retain existing step up transformer 
   o  Review role of existing buildings at each site 
   o  Requires new physical location at site (old GT not removed)

   2-- New alternator and rotating exciter at one site 
(Report para. 7.3.2)
   o  Purchase new alternator and exciter c/w new AVR $2,500,000.00
   o  Top mounted standard air filter house $300,000.00
   o  Acoustic and weather protection canopy $250,000.00
   o  Installation & Commissioning (estimate) $750,000.00
   o  Transportation Costs $75,000.00
   o  Interface costs to existing infrastructure & auxiliary systems (estimate) $1,000,000.00
   o  Carry out other refurbishment work at each site in accordance with $2,288,381.00
       Spreadsheets No. 1 and 2 (See Report para. 7.3.2)

Total: $7,163,381.00

   3-- New gas generators (engines) and power turbines for one site 
(MAN TURBO Proposal -- $Cdn)  (Report para. 7.3.1)

   o  Purchase 2 new gas generators & 2 new power turbines $20,900,000.00
   o  Transportation to site 200,000.00
   o  Erection and Commissioning 2,000,000.00

   o  Carry out other refurbishment work at each site in accordance with $3,319,761.00
       Spreadsheets No. 1 and 2 (See Report para. 7.3.1)

Sub-Total: $26,419,761.00
   o  Modifications to existing engine/power turbine enclosures as required      To be advised
       to accommodate new equipment pending further study

Total:     To be Advised

   4-- Rental of temporary mobile gas turbines for one site 
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   (To provide required MW and MVAR service while alternator is being
    refurbished or replaced)   (Report para. 7.5)

  (i)    o  Pratt & Whitney 25 MW MobilePac gas turbine (4 month rental)
          o  Transportation to Site from Europe $625,000.00
          o  Site Set up Fee 150,000.00
          o  HV Connection 50,000.00
          o  Fuel Connection 7,500.00
          o  Monthly Rental = $400,000 per month 1,600,000.00
          o  Full Time Supervisor = $25,000 per month 100,000.00
          o  Site Dismantle Fee 150,000.00
          o  Transportation Back to Europe 625,000.00

Total: $3,307,500.00

 (ii)    o  Caterpillar 5 MW gas turbine (4 month rental)
          o Rent 5 machines = 25  MW capacity
          o  Monthly rental cost (capacity charge) per gas turbine = $105,000 $2,100,000.00
          o  Fired Hours Charge per gas turbine = $42.00 per hour $42,000.00
                 (Assume 1000 hour total for 4 months)
          o  Mobilization & Consumables Cost per gas turbine = $16,000 $80,000.00
          o  Setup, Commissioning & Test per gas turbine = $106,000 $530,000.00
          o  Decommissioning per gas turbine = $48,500 $242,500.00
          o  Full Time Site Supervisor at $10,000 per month $40,000.00

Sub-Total: $3,034,500.00

          o  Connect 5 machines to existing 13.8 kV circuit breaker $50,000.00
              and step-up transformer (estimate)
          o  Connect existing fuel line to rental GT's $7,500.00

Total: $3,092,000.00

   5-- Dynamic Var Compensator at Hardwoods Site only
   (To replace the Hardwoods Gas Turbine)   (Report para. 7.6)
   o  High level ballpark estimate $10,000,000.00
         o  Purchase new 30 MVAR dynamic var compensator equipment
         o  Includes civil site costs - preparation & concrete works
         o  Includes terminal station bus work
         o  Retain existing 13.8 / 138 kV step-up transformer
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         o  Retain existing 13.8 kV switchgear assembly
         o  Dismantling costs of existing gas turbine

This is a ballpark estimate only. If HYDRO is interested in pursuing this option
an indepth study with involvement by a D-VAR supplier is required to   
investigate the application of this technology at the site, define scope and confirm costs.
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APPENDIX 7 
MAN TURBO NEW ENGINES AND POWER TURBINES PROPOSAL 

 
 
 
 
 
 
 
 
 
 
 
 
 

NP-NLH-013, Attachment 1 
Page 335 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 336 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 337 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 338 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 339 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 340 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 341 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 342 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 343 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 344 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 345 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 346 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 347 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 348 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 349 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 350 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 351 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 352 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 353 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 354 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 355 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 356 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 357 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 358 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 359 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 360 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 361 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 362 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 363 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 364 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 365 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 366 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 367 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 368 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 369 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 370 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 371 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 372 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 373 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 374 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 375 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 376 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 377 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 378 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 379 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 380 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 381 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 382 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 383 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 384 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 385 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 386 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 387 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 388 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 389 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 390 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 391 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 392 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 393 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 394 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 395 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 396 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 397 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 398 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 399 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 400 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 401 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 402 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 403 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 404 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 405 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 406 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 407 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 408 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 409 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 410 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 411 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 412 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 413 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 414 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 415 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 416 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 417 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 418 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 419 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 420 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 421 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 422 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 423 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 424 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 425 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 426 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 427 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 428 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 429 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 430 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 431 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 432 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 433 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 434 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



NP-NLH-013, Attachment 1 
Page 435 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



 
 
 
 
 
 
 
 
 

 
 

APPENDIX 9 
CATERPILLAR AND PRATT & WHITNEY 

GAS TURBINE RENTAL UNITS  
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XQ5200 
Mobile Power Unit 

Rental Power—When and Where You Need It 
The XQ5200 is the answer to your need for short term generating capacity that is both economical and environ-
mentally friendly.  Designed as an on-site generating system where low emissions, fast setup and reliable opera-
tion are critical, the XQ5200 is based on the proven Solar®  5.2 MW Taurus™  60 gas  turbine generator set a 
proven industry standard. 

Easy to Install and Relocate 
• Highway Transportable 
• Modular Design for Quick Set-up and Connection 
• No Concrete Foundation Required 
• Compact Footprint to Minimize Space Requirements 
• CSA certified 
 
Environmentally Friendly 
• Low Emissions, Utilizing SoLoNOx™ Combustion  
       System 
• No Visible Emissions 
• Sound Attenuation Package for Quiet Operation 
• Low Profile Design to Minimize Installed Height 
• Easy to Permit 
 
Flexible Solution 
• Short and Long Term Rental Options Available 
• 5.2 MW Output, 12.47 kV  to 13.8 kV, 60 Hertz 

• Fuel Flexibility, Natural Gas or Diesel 

Complete Systems Solution 
• Set-up and Commissioning 
• Maintenance Included in Rental 
• Operators Available  
• Site Preparation Available 
• Transformer Options  
 
Operational Features 
• Dispatchable to be On Line in Six Minutes  

(from cold start) 
• Range of Control System Options for Remote  
       Operation  
• Utility Grade Switchgear with Programmable  
       Protective Relay Module  

• KVAR Control for Excellent Reactive Power  
       Capability 
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Nominal Generator Set  Performance        
                                                                  
At the core of the XQ5200 is Solar's 5.2 MW Taurus™ 
60 industrial gas turbine, with a population of more 
than 1,000 units in the field.  The XQ5200 combines 
the features and benefits of the proven Taurus™ 60 
industrial gas turbine with a mobile system that is easy 
to relocate and connect. 
 
 
Output Power, kWe 
ISO: 15º C (59º F), sea level                      5,200 
 
Heat Rate, (Btu/kWe-hr)                          11,263 
                                                                                                           *Total operating cost includes fuel @ $3.50/MMBtu, Rental, Sales Tax and Maintenance 

Typical Dimensions 

Mobile Power– When and Where You Need It  
 

Caterpillar is a trademark of Caterpillar Inc.                                                                         
Solar, Taurus and SoLoNOx are trademarks of Solar Turbines Incorporated  
Specifications subject to change without notice.  Printed in U.S.A.                      
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CATERPILLAR:  WHERE THE WORLD TURNS FOR POWER 

XQ5200 
Mobile Power Unit 
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TAURUS 60
Gas Turbine Generator Set

Package Arrangement

Gas Turbine
• Taurus™ 60 Industrial, Single-Shaft
• Axial Compressor – 12 Stages
• Annular Combustion Chamber

– 12 Fuel Injectors
• Coatings

– Compressor: Inorganic Aluminum
– Turbine and Nozzle Blades:

Precious Metal Diffusion Aluminide
• Proximity Probe Vibration Transducers

Main Reduction Drive
• Epicyclic

– 1800 or 1500 rpm
– Acceleration Vibration Transducers

Generator
• Salient Pole, 3 Phase, 6 Wire,

Wye Connected, Synchronous with
Brushless Exciter

• Open Drip-Proof Construction
• Sleeve Bearings
• Velocity Vibration Transducers
• Solid-State Voltage Regulation with

Permanent Magnet Generator
• NEMA Class F Insulation with F Rise
• Continuous Duty Rating

Package
• Steel Base Frame with Drip Pans
• Direct-Drive AC Start System
• Natural Gas Fuel System

Features
• Industrial Gas Turbine Package
• Compact, Integrated Package

Providing Ease of Installation

• Factory Tested
• Dry, Low Emission (SoLoNOx™)

Combustion Available

• Control System
– Microprocessor-Based PLC
– Generator Control
– Vibration and Temperature Monitoring
– Auto Synchronizing

• Integrated Lube Oil System
– Turbine-Driven Lube Pump
– AC Pre/Post Lube Pump
– Backup Lube Pump
– Air/Oil Cooler
– Integral Lube Oil Tank
– Lube Oil Tank Heater
– Lube Oil Filter

• Documentation
– Drawings
– Quality Control Data Book
– Inspection and Test Plan
– Test Reports
– O&M Manuals

• Factory Testing of Turbine and Package

Optional Equipment/Services
• Generator Options:

– WPII, TEWAC
– Standby Duty Rating
– Standard Voltages:

3300, 6600, 11,000 50 Hz;
4160, 6900, 12,470, 13,800 60 Hz

• Fuel Systems
– Liquid
– Dual (Gas/Liquid)

– SoLoNOx, Dry, Low Emission
– Alternate Fuels (such as naphtha,

propane, low Btu)
• Lube Oil System

– Water/Oil Lube Cooler
– Electrostatic Demister
– Duplex Lube Oil Filters

• Control System
– Remote Display/Control Terminal
– Heat Recovery Application Interface
– Serial Link Supervisory Interface
– KW Control
– KVAR/Power Factor Control
– Turbine Performance Map
– Historical Displays
– Printer/Logger
– Predictive Emissions Monitoring
– Field Programming Terminal

• Accessory Equipment
– 24-VDC Battery/Charger System
– Turbine Cleaning System: On-Crank

and On-line
– Package Lifting Kit

• Weatherproof Acoustic Enclosure
• Ancillary Equipment: Various Air Inlet

and Exhaust Systems
– Inlet and Exhaust Silencers
– Self-Cleaning or Prefilter/Barrier

Air Inlet Filter
– Inlet Evaporative Cooler
– Inlet Chiller Coils
– Ancillary Support Frame

• Onskid Microprocessor-Control
with Auto Sync Capability

• Multiple Fuel Capability

Industrial/Utility Grade
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Solar Turbines Incorporated

Caterpillar is a trademark of Caterpillar Inc.
Solar, Taurus and SoLoNOx are trademarks of Solar Turbines Incorporated.
Specifications subject to change without notice. Printed in U.S.A.
©1998 Solar Turbines Incorporated. All rights reserved.
DS60IPG/1198/5M

FOR MORE INFORMATION

TAURUS 60
Gas Turbine Generator Set

Available PerformanceNominal Performance*

Output Power, kWe
ISO: 15°C (59°F), sea level 5200

Heat Rate, kJ/kWe-hr 11 882
(Btu/kWe-hr) (11,263)

Exhaust Flow, kg/hr 79 284
(lb/hr) (174,798)

Exhaust Temperature, °C 486
(°F) (906)

* No inlet or exhaust losses
Relative humidity 60%
Natural gas fuel with
LHV = 31.5 to 43.3 MJ/nm3

(800 to 1100 Btu/scf)

Forward End
• Turbine Control Box

Left Side
• Lube Oil: Drain, Vent, Cooler
• Generator Control Box, Power
• Generator Drip Pan Drain
• AC Power

–  Lube Tank Heater
–  Pre/Post Lube Pump
–  Backup Lube Pump

Right Side
• AC Power - Start Motor
• Generator Monitor Box

Aft End
• Fuel Inlet
• Turbine Cleaning
• Fuel Filter, Combustor and

Exhaust Collector Drains
• Auxiliary Air (optional) for:

–  Liquid Fuel Atomizing
–  Self-Cleaning Filter

• AC Power
–  Liquid Fuel Pump (optional)

• Package Ground

Typical Service Connections
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DS60IPG-002M

Length: 9754 mm (32’ 0”)

Width: 2438 mm (8’ 0”)

Height: 2591 mm (8’ 6”)

Approx.
Weight: 29 300 kg (64,590 lb)

DS60IPG-003M

Aft EndLeft SideForward End
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Please request site and application specific data for formal proposals.  
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XQ5200 Data Sheet 
SoLoNox, Dual Fuel  

60 Hz.  
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Table 1.  XQ5200 Designation 
  
Manufacturer Solar Turbines Inc.  
Turbine Model Taurus 60, T7300S 
Package Model Designation XQ5200 
Combustion System So Lo Nox™ 
Fuel  Natural Gas & Diesel #2 
 

 

Table 2.  Dual Fuel Performance Data ISO*, XQ5200 Mobile Power Unit 
 Natural Gas Natural Gas Diesel #2 Diesel #2 
 English Metric English Metric 
Power Output 5,200   kWe 5,200   kWe 5,089   kWe 5,089   kWe 
Heat Rate(LHV) 11,263 Btu/kWe-hr 11,900 kJ/kWe-hr 11,376 Btu/kWe-hr 12,002 kJ/kWe-hr 
Fuel Flow (LHV) 58.6     mmBTU/hr 61.8     mmkJ/hr 57.9     mmBTU/hr 61.0     mmkJ/hr  
Emissions** NOX 48        PPMvd 48        PPMvd 96        PPMvd 96        PPMvd 
 11.16   LBM/HR 5.06     kg/hr      22.41   LBM/HR 10.16   kg/hr 
                  CO 50        PPMvd 50        PPMvd 50        PPMvd 50        PPMvd 
 7.1       LBM/HR 3.22     kg/hr 7.1       LBM/HR 3.22     kg/hr 
Gen. Voltage @ 
60 hz.  

12.47 to 13.8 KV 12.47 to 13.8 KV 12.47 to 13.8 KV 12.47 to 13.8 KV 

Voltage Steady 
State 

0.5% 0.5% 0.5% 0.5% 

Short Circuit  300% for 10 sec. 300% for 10 sec. 300% for 10 sec. 300% for 10 sec. 
 
*  ISO = Sea Level, 60% Relative Humidity, No inlet or exhaust losses.   
**  Emissions valid if Load factor is > 50% on natural gas and > 80% on diesel fuel.  
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Table 3.  Natural Gas Site Performance data, METRIC 

TAURUS 60-T7300S       Heat Rate Data Given is Lower Heating Value 
GSC STANDARD            
Std. Natural Gas Fuel        
Rel Humid, % 60       
SITE ELEVATION: 0 metre      
BAROMETRIC PRESSURE: 760.0 mmHg      
INLET DUCT LOSS: 76.2 mmH2O      
EXHAUST DUCT LOSS: 76.2 mmH2O      

Nominal Data Single Unit        
AMBIENT AIR TEMPERATURE  (T1): -7 4 15 27 38 48 °C  
PART POWER ( kWe), % LOAD,  or 0 for MAX: 100% 100% 100% 100% 100% 100% kWe 
Nominal OUTPUT POWER: (@terminals) 5,869 5,488 5,095 4,661 4,214 3,827 kWe 
FUEL FLOW (LHV): 67,563 64,765 61,323 57,681 54,254 51,485 MJ/hr 
Nominal HEAT RATE: (@terminals) 11,511 11,802 12,037 12,375 12,875 13,452 kJ/kWe-hr 
EXHAUST GAS TEMPERATURE (T7): 484 485 488 495 504 516 °C 
EXHAUST GAS FLOW: 83,982 81,689 78,819 74,939 70,718 66,866 kg/hr 
Nominal THERMAL EFFICIENCY: (@terminals) 31.28 30.51 29.92 29.10 27.97 26.77 % 
PCD PRESSURE: 1,202 1,159 1,110 1,061 1,002 946 kPaG 
EXHAUST HEAT (from T7 to T9): 31,886 31,167 30,277 29,369 28,405 27,712 MJ/hr 

 
      Table 4.  Natural Gas Site Performance data, ENGLISH 

TAURUS 60-T7300S       Heat Rate Data Given is Lower Heating Value 
GSC STANDARD            
Std. Natural Gas Fuel        
Rel Humid, % 60       
SITE ELEVATION: 0 Feet      
BAROMETRIC PRESSURE: 29.9 "Hg      
INLET DUCT LOSS: 3 "H2O      
EXHAUST DUCT LOSS: 3 "H2O      

Nominal Data Single Unit        
AMBIENT AIR TEMPERATURE  (T1): 20 40 59 80 100 118 °F  
PART POWER ( kWe), % LOAD,  or 0 for MAX: 100% 100% 100% 100% 100% 100% kWe 
Nominal OUTPUT POWER: (@terminals) 5,869 5,488 5,095 4,661 4,214 3,827 kWe 
FUEL FLOW (LHV): 64 61 58 55 51 49 mmBTU/hr 
Nominal HEAT RATE: (@terminals) 10,911 11,186 11,409 11,729 12,203 12,750 BTU/kWe-hr 
EXHAUST GAS TEMPERATURE (T7): 903 906 910 923 939 960 °F 
EXHAUST GAS FLOW: 185,149 180,094 173,767 165,212 155,908 147,414 lb/hr 
Nominal THERMAL EFFICIENCY: (@terminals) 31.28 30.51 29.92 29.10 27.97 26.77 % 
PCD PRESSURE: 174 168 161 154 145 137 PsiG 
EXHAUST HEAT (from T7 to T9): 30 30 29 28 27 26 mmBTU/hr   
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Table 5.  Diesel #2 Site Performance data, METRIC 
Diesel 2-D Fuel        
RELATIVE HUMIDITY 76 %      
SITE ELEVATION: 0 metre      
BAROMETRIC PRESSURE: 760.0 mmHg      
INLET DUCT LOSS: 76.20 mmH2O      
EXHAUST DUCT LOSS: 76.20 mmH2O      
Distillate Fuel Formulas, (Diesel #2)        
Heat Value KJ/kg 41,925.00       
   kg/litre 0.8543       
   Fuel Temp.   29 C       
AMBIENT AIR TEMPERATURE  (T1): -6.7 4.4 15.0 26.7 37.8 47.8 °C  

PART POWER ( kWe), % LOAD,  or 0 for MAX: 100% 100% 100% 100% 100% 100% kWe 

Nominal OUTPUT POWER: (@terminals) 5,750 5,377 4,990 4,565 4,118 3,738 kWe 

Nominal HEAT RATE: (@terminals) 11,625 11,907 12,152 12,507 13,029 13,634 kJ/kWe-hr 

EXHAUST GAS TEMPERATURE (T7): 484 487 489 496 505 518 °C 

EXHAUST GAS FLOW: 84,182 81,858 78,985 75,067 70,838 66,999 kg/hr 

Nominal THERMAL EFFICIENCY: (@terminals) 30.98 30.24 29.63 28.79 27.64 26.41 % 

PCD PRESSURE: 1,197 1,152 1,109 1,057 999 945 kPaG 

EXHAUST HEAT (from T7 to T9): 29,429 28,894 28,013 27,264 26,404 25,874 MJ/hr 

Liters per Hour     1,866 1,788  1,693    1,594      1,498          1,423 Nominal 

Liters per kW-HR       0.325         0.332          0.339          0.349           0.364          0.381 Nominal 

Liters per MW-HR             325             332            339            349              364             381 Nominal 

Table 6.  Diesel #2 Site Performance data, ENGLISH  
Diesel 2-D Fuel        
RELATIVE HUMIDITY 60 %      
SITE ELEVATION: 0 feet      
BAROMETRIC PRESSURE: 29.9 "Hg      
INLET DUCT LOSS: 3.00 "H2O      
EXHAUST DUCT LOSS: 3.00 "H2O      
Distillate Fuel Formulas, (Diesel #2)        
   Heat Value, BTU/LB in LHV 18,390       
   Lbs./Gal.  7.001       

   Fuel Temp.  
85 deg. 

F       
AMBIENT AIR TEMPERATURE  (T1): 20 40 59 80 100 118 °F  

PART POWER ( kWe), % LOAD,  or 0 for MAX: 100% 100% 100% 100% 100% 100% kWe 

Nominal OUTPUT POWER: (@terminals) 5,750 5,377 4,990 4,565 4,118 3,738 kWe 

Nominal HEAT RATE: (@terminals) 11,018 11,286 11,518 11,854 12,350 12,923 BTU/kWe-hr 

EXHAUST GAS TEMPERATURE (T7): 903 909 911 926 941 964 °F 

EXHAUST GAS FLOW: 185,589 180,465 174,132 165,494 156,170 147,708 lb/hr 

Nominal THERMAL EFFICIENCY: (@terminals) 30.98 30.24 29.63 28.79 27.64 26.41 % 

PCD PRESSURE: 174 167 161 153 145 137 PsiG 

EXHAUST HEAT (from T7 to T9): 28 27 27 26 25 25 mmBTU/hr 

Gallons per Hour       492.1        471        446        420         395         375 Nominal 

Gallons per kW-HR       0.086     0.088     0.089     0.092      0.096      0.100 Nominal 

Gallons per MW-HR 85.6 87.7 89.5 92.1  95.9  100.4 Nominal  
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Table 7.  Dimensional Data & Weights, Installed  XQ5200 Mobile Power Unit 
 English Metric 
Length  48 ft.  14.6 meters 
Width 21 ft.  6.4   meters 
Height 26.6 ft.  8.1   meters  
Installed  Weights    
    Turbine Section  118,000 lbs  54 M tons 
    PCR Trailer  55,000 lbs.  25 M tons 
 
Table 7A.  Dimensional Data and Weights, Ocean Shipping. 
Item #. Lbs.     

(Metric 
tons) 

Dimensions L X W X H 
English (Meters) 

Description 

1 118,000 
(53.6) 

48'3" X 9' X 14'2"          
(14.7 x 2.75 x 4.32) 

Turbine Enclosure w/ Integral Trailer.  
Air ride, 3 Axle, Mfg.  by Solar Turbines 
Inc..  

1A 6,900      
(3.2) 

14’1” X 8’6” X 3’6”         
(4.3 x 2.6 x 1.1) 

Two Axle Air Ride Booster. Connects to 
Item 1 for highway transport but is 
removed for ocean transit and when 
assembled for operation.  

2 55,000     
(25) 

46'  X 8' 6" X 13'9.5"       
(14 X 2.6 X 4.2) 

Power Control Room w/ Integral Trailer.  
Air ride, 2 Axle.  Manufactured by Solar 
Turbines Inc. 

3 35,000     
(15.9) 

40' X 8' X 8' 6"            
(12.2 x 2.5 x 2.6) 

40 ft. shipping container packed with 
turbine auxiliary components. 

3A 8,500      
(3.9) 

41' x 8' x 4'               
(12.5 x 2.5 x 1.2) 

Chassis for Item 3.  Optional 40 ft. fixed 
chassis for container.    

4 35,000     
(15.9) 

40' X 8' X 8' 6"            
(12.2 x 2.5 x 2.6) 

40 ft. shipping container packed with 
special tooling and spare parts 

4A 8,500      
(3.9) 

41' x 8' x 4'               
(12.5 x 2.5 x 1.2) 

Chassis for Item 4.  Optional 40 ft. fixed 
chassis for container.    

 
 Table 7B.  Dimensional Data and Weights, Highway Shipping. 
Item #. Lbs.     

(Metric 
tons) 

Dimensions L X W X H 
English (Meters) 

Description 

1 & 1A 124,900 
(56.7) 

62’1” x 9’ X 14”2” 
(19 x 2.75 x 4.32) 

 

Turbine Enclosure w/ Integral Trailer 
& Booster.  Item 1 & 1A configured for 
highway transport by Truck.  5 axles.  

2 55,000      
(25) 

46'  X 8' 6" X 13'9.5"        
(14 X 2.6 X 4.2) 

Power Control Room w/ Integral 
Trailer.  Air ride, 2 Axle.  
Manufactured by Solar Turbines Inc. 

3 & 3A 43,500     
(15.9) 

41' X 8' X 12' 6"            
(12.5 x 2.5 x 3.8) 

40 ft. container w/ Chassis packed 
with turbine auxiliary components. 

4 & 4A 43,500     
(15.9) 

41' X 8' X 12' 6"            
(12.5 x 2.5 x 3.8) 

40 ft. container w/ Chassis packed 
with special tooling & spares.  
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Table 8.  Installation Requirements  XQ5200 Mobile Power Unit 
 English Metric 
Natural Gas    

                   Gas Pres. 250 PSIG 1,723 KPAG 
  Max. Gas Demand 1,400 SCFM 39.6 M3/MIN.  

Diesel #2    
                 Fuel Pres. 25 – 50 PSIG 172 – 345 KPAG 
                Fuel Flow 8 GPM 30.3 L/Min 

Foundation   
Gravel Compacted to 2,500 lbs./ft.2 120 kPA 

Fuel Quality   
Clean dry fuel Per Solar 

Spec. ES 9-98. 
  

 
 
Table 9.  Infrastructure  Requirements, XQ5200 Mobile Power Unit 
 
Connections 
Black Start, if needed  (480V 60 hz., 200kW) 
Telephone Line, ether net, broadband connection for Remote    
     Communication & Control  
Set Up & Commissioning 
Three – Five days 
Small crane to lift components on roof, & fork Lift.  
 
 
Table 10.  Solar Turbotronic Controller,  XQ5200 Mobile Power Unit 
Allen Bradley, PLC-5  
Provides sequencing to the package’s operating systems during starting, 
running & shutdown, and provides package monitoring and protection 
during all phases of operation.  Key features include…  
       *Local operator interface and monitoring.  
       *Interface and monitoring in power control trailer 
       *Remote interface and monitoring.  
       *Operational summary displays of alarms, shutdowns, temperatures,  
       pressures, vibration, engine performance, generator kW, voltage, p.f.,  
       hz., amps, current. 
       *Relay backup in event of PLC failure 
      *Flexibility to change logic or add features 
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Table 11.  Switchgear,  XQ5200 Mobile Power Unit 
Operating Features, (One Line Available upon request) 
Parallel operation with the utility. 
Island operation single or multiple units. 
Protective Relays, (See Table 8) 
Vacuum Circuit Breakers, 1,200A, 500MVA @ 15 KV 
    Breaker #1 customer load connection  
    Breaker #2 feeds Aux. Transformer & MCC to power turbine Accessories. 
C.T.’s, Draw Out P.T.’s.   
Lightning Arrestors, & Surge Capacitor 
 
 
Table 12.  Grounding, XQ5200 Mobile Power Unit 
  
Option 1 Low Resistance grounding  
Option 2 Ungrounded generator  
 
 
Table 13.  Protective Relays, XQ5200 Mobile Power Unit 
Beckwith M-3425                        Designation 
Impedance 21 
Undervoltage 27 
RPR 32 
Loss of Field Protection 40 
Negative Phase Sequence 46 
PT Blown Fuse  60FL 
Phase overcurrent  51V 
Inadvertent energization  50/27 
Ground Overcurrent   50N, 51N 
Overvoltage 59 
Bus Ground Fault Detection  59N 
Over/Under Frequency 81 
Phase Differential  
    overcurrent 

87 

Ground differential  87GD 
   Settings Programmable for 
   resistance grounding or  
   ungrounded operation.  

 

Basler BE-1, Overcurrent  50/51B 
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Table 14.  XQ5200 Rental Power Benefits  
Flexible Rental Solution Easy to Install & Relocate 

Short & Long Term Rental Options Highway transportable 
Rental/Purchase Options 3 to 5 day setup 

50 or 60 hz. Units available  No concrete foundation required 
Environmentally Friendly Complete Systems Solution 

Low Emissions, 25 ppmv Nox Set-up & Commissioning  
Quiet Operation, 87 dba @ 3 ft. (1M) Maintenance Included 

No Visible Emissions Operators available 
Low Profile Design Site Preparation (if needed)  

Easy to Permit Transformers (if needed) 
Worldwide Support Operational Features 

Caterpillar’s Worldwide Rental Network On line in six minutes 
Solar Turbines Worldwide Service 

Network 
Range of Control System Options 

KVAR Control & KW Control 
 
 
Table 15.  XQ5200 Photo Overview  
  

5.2 MW Solar Mobile Power Unit (XQ5200)

Neutral 
Grounding 
Resistor

Lube oil  cooler

Leveling jacks & 
pads

Access stairs & 
platforms

Exhaust 
Silencer

Ventilation air 
intake

Gas & Liquid 
Fuel Connections

Air inlet & 
silencer

13.8 to 480 vac Aux. 
Power Transformer

Ventilation
air exhaust

Power Control Room &
Trailer
-13.8 KV switchgear
-CO2 fire system
-480 VAC MCCC for turbine
accessories

-120VDC battery systems
-Allen Bradley TT4000
Monitor/control
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TAURUS 60 MOBILE POWER UNIT 

 
 
Turbine Generator Set Module (Basic Package): 
 
The Taurus 60 Industrial Power Generator (PG) is a compact, rugged gas turbine generator 
set that has been designed to meet the requirements for industrial power generation 
applications. The gas turbine engine, gearbox, generator, control system, fuel system, 
lubrication system, start system, and ancillary equipment are included in the package.   
 
Features included in this proposal are: 
 
Base.  The base provides structural support for the Taurus 60 gas turbine engine, gear 
box, generator, enclosure, and all operating systems.  The base is manufactured by Solar 
using structural steel with welds per AWS D1.1.  
 
Drip pans are welded beneath the package frame to collect potential liquid spills.  The drip 
pans also provide a tight seal for containment of fire suppression agent. 
 
Piping.  All tubing and piping up to 4 inches nominal diameter is stainless steel.  Package 
piping is designed and fabricated to ANSI B31.3. 
 
Tube Fittings.  All tube connections use compression fittings.  Tube fittings are zinc plated 
carbon steel. 
 
Note:  Throughout the proposal, all references to the package orientation (left, right, 
clockwise, counterclockwise, etc.) are based on standing at the "aft" (e.g. turbine exhaust) 
end of the package looking forward. 
 
Electrical System.   The Taurus 60 IPG generator set is designed to comply with the 
requirements of the National Electrical Code and is intended to be installed in a non-
hazardous location per NFPA 37. 
 
Unless otherwise noted package motors and heaters are rated for 480 Vac, 60 Hertz, 3 
phase. Unless otherwise noted single phase loads are rated for 220 Vac, 60 Hertz. 
 
GAS TURBINE ENGINE 
The Taurus 60 gas turbine engine is a single shaft axial flow engine.  The output gearbox,  
including accessory drive pads, is a separate, close-coupled unit located at the inlet end of 
the turbine. 
 

NP-NLH-013, Attachment 1 
Page 451 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



 
     XQ5200 Proposal, Performance, & Technical Data 

 3/2/2004 
 

1-3 

 
The engine assembly consists of: 
 

• Gear unit with accessory drive pads 
• Air inlet collector with flexible flange connection 
• Axially split case in the vertical plane, twelve-stage axial flow compressor with 

variable geometry control on inlet guide vanes and first three rows of stators 
• Annular combustor with 12 fuel injectors 
• Three-stage turbine assembly 
• Turbine exhaust collector 

 
The components of the Taurus 60 engine are maintained in accurate alignment by mating 
flanges with pilot surfaces and are bolted together to form a rigid assembly.  The speed 
reducing gear box is driven by the compressor rotor shaft.  Accessory pads drive the main 
lube oil pump and other accessories, depending on the application, and supports the starter 
motor. 
 
The gas turbine output shaft is mechanically coupled to both the compressor and turbine 
sections of the engine to form a "solid" or "single" shaft configuration.  This feature 
enhances speed stability and response under constant and varying load conditions -- a 
highly desirable feature in generator applications requiring precise frequency control. 
 
SPEED REDUCING GEARBOX 
 
The speed-reducing gearbox is an epicyclic star-gear industrial design manufactured by 
Solar specifically for the Taurus 60 PG generator.  The gearbox mounts directly on the 
Taurus 60 gas turbine to reduce engine speed to 1800 rpm (60 Hz). 
 

GENERATOR 
- Salient Pole, 3 Phase Generator with the follow characteristics: 
 
Rating.  The generator is rated per NEMA standards so that the generator will not limit 
turbine performance over the range of site ambient temperatures. Generator standard 
features include: 
 

• Sleeve Bearings with pressure fed sumps 
• Six-lead WYE connection 
• Terminal box 
• Form wound stator windings 
• Damper windings 
• Rotor balance to 125% rated speed 
• Permanent magnet pilot exciter 
• Anti-condensation space heaters 

NP-NLH-013, Attachment 1 
Page 452 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



 
     XQ5200 Proposal, Performance, & Technical Data 

 3/2/2004 
 

1-4 

• 300% short circuit capability for 10 seconds 
• Overload capacity per NEMA: 

• 150% rated current for 1 minute 
• 110% for 2 hours 

 
Voltage Regulator Characteristics 

 
• Solid state 
• Single-phase sensing 
• ±10% voltage adjustment range 
• 0.5% steady state voltage regulation 
• Reactive load sharing to within 5% nameplate rating 
• Crosscurrent compensation capability 
 

Wave Form Characteristics 
 

• Deviation Factor [maximum]  6% 
• Harmonic Content [maximum]  3% 
• Telephone Interference Factor 50 
• Balanced Residual   75 

 
Voltage Drift.  The change in voltage will not exceed 1.0% over a 30 minute period when 
the generator is operating at rated voltage and 0.8 to 1.0 power factor and with a constant 
load between no load and full rated load. 
 
Generator Construction.  An open drip proof generator per NEMA standards is provided. 
 
Generator Voltage.  The generator output is 12,470 – 13,800 Volt, 3 phase, 60 Hz.  
Insulation conforms to NEMA class F with class F (1050C) temperature rise.   
  
FUEL SYSTEM 
 
The fuel system, in conjunction with the electrical control system, includes all necessary 
components to control the fuel pressure, to schedule fuel flow during start-up, and to  
modulate fuel flow during operation. 
 
Dual Natural Gas or Liquid Fuel.  A system capable of operating on natural gas or liquid 
fuel is provided with all components necessary to maintain turbine speed to provide a 
constant generator output frequency and/or load depending on the generator set mode of 
operation.  Solar's Specification ES 9-98 contains specific requirements for fuel and 
combustion air. The dual fuel system, which operates on either natural gas or liquid fuel, 
includes the controls for automatic changeover from one type of fuel to the other during 
operation. 
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Natural Gas Fuel. The natural gas fuel system includes: 
 

• Primary fuel shutoff valve 
• Pilot-operated secondary fuel shutoff valve 
• Electronic actuated fuel control valve 
• 10-micron pilot gas filter 
• Compressor discharge pressure gauge 
• 12 fuel injector assemblies 
• Valve check pressure switch 
• Low gas fuel pressure alarm and transfer software for use with discrete input signal 

from user fuel source 
• High gas fuel pressure shutdown switch 
• Gas strainer  

System  Requirements 
   
• Requires a constant supply of gas at a maximum flow demand rate of 32.2 nm3/min  

(1200 scfm) at 1725 kPa gauge (250 psig) minimum and 2070 kPa gauge (300 psig) 
maximum pressure.  Gas fuel pressure is used to operate the fuel system pilot valve. 

• The gas fuel should be free of sulfur, contaminants, entrained water, and liquid 
hydrocarbons 

• Gas fuel must conform to Solar's Specification ES 9-98 
  
 
Liquid Fuel System. The Liquid Fuel System includes: 
 

• 7.5-hp VFD ac motor-driven main fuel pump 
• 12 fuel injector assemblies 
• Duplex low pressure fuel filters with replaceable 10-micron filter elements 
• Low pressure fuel filter changeover valve 
• Simplex 25-micron high pressure fuel filter 
• Low fuel pressure transmitter 
• Liquid fuel solenoid-operated valves -- main fuel shutoff, purge, bypass, and torch 

shutoff valves 
• Drain to off skid liquid fuel purge tank (supplied by others) 
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System Requirements 
 

• Requires a constant supply of liquid fuel at a maximum flow demand rate of 30.3 
L/min (8.0 gpm).  

• Fuel must conform to Solar's Specification ES 9-98.  Typical acceptable fuels 
include: 

 - Grades 1 and 2 fuel oil 
 - Grades 1 and 2 diesel 
 - Kerosene (JP-8, JP-5, or commercial grade) 
  
 
NEC, NON-HAZARDOUS ELECTRICAL CLASSIFCATION 
 

• CSA and CSANRTL Certification  
 
DIRECT START SYSTEM 
 
A direct drive AC motor is provided to start the gas turbine engine.  A variable frequency 
drive [VFD] motor controller is included. The control system provides all required 
sequencing to quickly and reliably start the turbine. 
 
LUBE OIL SYSTEM 
 
A complete lube oil system suitable for operation with lube oil conforming to Solar's 
Specification ES 9-224 is included.  The lube oil system provides oil to the bearings in the  
Taurus 60 gas turbine engine, gear box and generator.  Instrumentation, flow control and 
on frame piping are included. 
 
Main Lube Oil Pump.  An engine driven lube oil pump is provided with suction strainer. 
 
Pre/Post Lube  Pump.  A 2 hp (1.5 kW) AC motor driven pump is provided to supply lube 
oil flow prior to start up and after shutdown of the gas turbine. 
 
Post Lube  Backup  Pump.  A  1.5 hp (1.1 kW) DC motor driven pump is provided to 
supply post operation lube oil flow in the event of power failure.  Power is provided by a 120 
Vdc battery system.  
 
Drain Line Sight Glasses.  Sight glasses are provided on the drain lines from all gas 
turbine, generator and gear box bearings.  Note that some of the gas turbine bearings have 
a common drain line. 
 
Lube Oil Tank.  A carbon steel lube oil tank is provided integral with the package frame.  
Lube oil level indicator, fill connection with inlet strainer and drain connections are included. 
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Lube Oil Tank Heater.  A thermostatically controlled 4.5 kW lube oil tank heater is 
provided. 
 
Lube Oil Cooler.  An air/oil lube oil cooler is provided.  A  5-hp (3.7 kW) AC motor drives 
the fan. The lube oil cooler is mounted on the Power Control Room trailer. Quick  
Disconnect-Interconnect hoses between the Power Control Room trailer and Turbine trailer 
is included. 
 
Lube Oil Type.  Lube oil is included.  The lube oil complies with Solar specification ES 9-
224.  This project will be configured for petroleum base oil, viscosity grade C32. 
 
Lube Oil Filter.  A simplex 5 micron oil filter is provided with drain, fill and vent valves, 
differential pressure alarm transmitter.  
 
PLC BASED CONTROL SYSTEM (with 120 VDC Battery Supply): 
 
Solar's TurbotronicTM control system is provided.  The Turbotronic control system is a 
highly integrated programmable logic controller [PLC] based control system.  The control 
system is installed on the package frame to minimize interconnect wiring. The control 
system includes a microprocessor, remote communications modules, chassis  based and 
flex input/output modules, line synchronization module, power supplies and a hardware 
backup shutdown system. The control system provides for control of all phases of package 
operation to include start and shutdown sequencing, normal operation, and malfunction 
shutdown. 
 
Local Display.  The control system is installed on the package frame in weather proof 
enclosures.  A digital control panel [DCP] with all necessary switches and indicators is 
provided. In addition to display of "first out" malfunctions, the DCP can display: 
 
 System summary/normal running data 
 System status 
 Digital display of engine and generator parameters 
 Alarms and Shutdowns 
 
Audible Alarm.  An audible alarm horn is provided to sound whenever the unit has an 
alarm or shutdown condition.  A horn silence push button is mounted on the face of the 
control panel. 
 
Vibration Monitoring.  Vibration monitoring is provided to include three proximity probes, 
one per bearing, on the engine.  One accelerometer is provided with the gearbox.  Two 
velocity transducers, one per bearing are provided with the generator.  Preset warning 
indications and malfunction shutdown initiations are provided. 
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Temperature Monitoring.  Temperature monitoring is provided to include the engine thrust 
bearing,  lube oil header, generator bearings and stator windings.  Preset warning 
indications and malfunction shutdown initiations are provided.  Ambient, lube oil tank and 
enclosure temperatures are also monitored. 
 
GENERATOR CONTROL AND MONITORING SYSTEM 
Integrated monitoring and control of the generator is provided using a specially designed 
module in the PLC to receive input data from potential and current transformers.  The 
system calculates real and reactive power, power factor and the variables required for 
synchronization. 
 
Automatic Synchronizing.  An automatic synchronizer is provided with the control system 
to automatically synchronize the unit to the bus through push-button control on the digital 
control panel [DCP] or by receipt of an appropriate remote signal.  A synch check relay is 
provided as an additional permissive and for backup protection. 
 
Motorized Voltage Adjust.  Raise/lower voltage push button control is provided on the 
digital control panel to control a motorized potentiometer for voltage control.  An additional  
raise/lower switch, supplied by others, may be used to control voltage from a remote 
location. 
 
KW Controller.  A kW controller is provided to control the real load (kW) on the generator  
set while operating in parallel with a utility or other large source.   The kW controller 
monitors the load carried by the generator set and adjusts the turbine's fuel flow to maintain 
a constant load as plant load changes.   Protection against excessive kW load while in 
parallel with a large source is provided by the control system "T5" temperature limiter.  The 
kW control system provides additional operational flexibility by allowing unit kW load level to 
be set at any desired level within the capacity if the unit.  The kilowatt load level select 
switch and level adjustment is located on the digital control panel.   
 
KVAR/Power Factor Controller.  A kVAR/power factor controller is provided to maintain a 
constant reactive load (kVAR) output or constant power factor (pf) on the generator set 
while the unit is operating in parallel with a utility or other large source.  The controller 
applies a signal directly to the voltage regulator adjust circuit to maintain a constant reactive 
load or power factor with changes in the infinite bus voltage level.  The system incorporates 
a set point adjust rheostat to set the desired kVAR or pf, a selector switch to choose kVAR 
or pf control mode, and a switch to turn the controller on and off. 
 
Supervisory Interface.  An RS 232C/422 interface module is provided to give the user's 
supervisory computer access, such as SCADA, to the Turbotronic control system data.  
Limited control capability is provided to allow the supervisory computer to start and stop the 
unit, reset alarms, and raise/lower speed and load set points.   
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The communications protocol is Allen Bradley's DF1.   
 
The interface module may be located up to 10,000 feet (3,048 meters) from the turbine 
control system and located up to 50 feet (15 meters) from the supervisory computer for the 
RS 232C module or 4,000 feet (1,219 meters) for the RS 422 module. 
 
Engine Performance Map.  A display of real time engine performance is provided on the 
remote VDT.  Performance data is corrected to standard conditions.  The performance map 
is provided for reference and to monitor trends. 
 
Historical Displays.  The following maintenance and diagnostic programs are provided to 
assist in routine monitoring of gas turbine condition as well as to assist in making informed 
predictions of the future health of the unit. 
 
Run Time Display - This feature provides a four channel strip chart format display on  
the VDT.  It provides simultaneous, real time display of multiple operator selected 
parameters. 
 
Elapsed Time Display - This feature is used for plotting and determining trends in the unit's 
performance.  Selected parameters are stored on disk regardless of whether the unit is 
running.  Data is saved at pre-determined intervals and can be retrieved for analysis. 
 
Predictive Trend Monitoring - This feature analyzes historical data and approximates future 
analog trends.  Deteriorating trends will result in a display that has the trend line 
intersecting a predetermined alarm or shutdown level at an indicated future time. 
 
Remote VDT and Control.  A remote video display terminal [VDT] is also provided. The 
VDT displays an expanded set of operating information including all of the data available on 
the panel and provides the capability to start and stop the unit, initiate automatic  
synchronization and open circuit breaker. Data which may be displayed on the remote VDT 
includes: 
 
 
Turbine Engine Parameters:    
 
 T5 temperature   Fuel actuator current 
 Lube oil temperature  Fuel actuator minimum setting 
 Lube oil tank temperature  Control mode 
 Lube oil pressure   Operation mode 
 Start sequence status  Status lights 
 
Generator Parameters 
 
 KW load    Generator Voltage, each phase 
 KVA/KVAR    Average Voltage 
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 Power factor    Generator current, each phase 
 Frequency    Average current 
 
Commands which may be sent to the PLC include: 
 
 Start 
 Stop 
 Initiate synchronization 
 Open circuit breaker 
 Raise or lower kW control setpoint 
 
The remote VDT consists of an industrial type personal computer mounted in the Power 
Control Room trailer.  
 
Remote Dial Up Monitoring and Control. Included in the Remote Video Display is the 
ability to dial the unit from a remote location, display monitoring screens, and execute 
control actions to start and stop the unit, reset alarms, and raise/lower speed and load set 
points. The VDT is connected to the generator set PLC via Controlnet.   The Power Control 
Room is equipped with a telephone line connection. 

TURBINE COMPRESSOR CLEANING 
 
An On-Crank and On-Line engine cleaning system is provided. The systems are 
independent of each other and include separate distribution manifolds and injectors in the 
engine air inlet collector and associated on-skid plumbing to deliver water and/or approved  
cleaning solution to the manifold. Water and cleaning solutions used for engine cleaning 
must comply with Solar Specification ES 9-62. Requires Optional Water Wash Supply Cart 
(one per site)  
 
WEATHERPROOF ACOUSTIC ENCLOSURE 
Ventilation Silencers and Fans, Lights, Fire Detection and Gas Monitoring System with Auto 
Shutdown and Fuel Supply Shutoff, High Temperature Detection and Alarm, CO2 Fire 
Suppression System. 
 
Language.  Package labels and screen displays will be in English. 
 
COMBUSTION INLET SYSTEM 

- High Efficiency Barrier Filter and Silencer mounted on top of Generator Set enclosure. 
 
EXHAUST SYSTEM 
Included is a trailer mounted exhaust silencer with a 25-foot Stainless Steel Rains Stack. 
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The stack is equipped with flanged emission ports for emission sampling. 
 
FACTORY TESTING  (Performed on new units @ time of Manufacture) 
 
Gas Turbine Engine Testing.  The gas turbine engine is tested in accordance with Solar 
specifications to confirm that power, heat rate, and vibration levels meet Solar standards. 
 
Generator Testing.  The generator is tested in accordance with IEEE Standard 
Specifications and Solar's specifications at the manufacturer's plant.  These tests satisfy  
requirements for NEMA and Solar.  Supplier testing is under periodic Solar quality control 
review to ensure compliance with required specifications. 
 
Radiography Inspection.  Radiographic inspection is performed in accordance with ASME 
Section V.  Five (5) percent of each welder's work (circumferential butt welds only) is 
inspected by radiographic examination in accordance with ANSI/ASME B31.3. The specific 
manifolds on a given unit may or may not be part of the 5% of each welder's work which is 
examined. 
 
Quality Assurance.  All testing operations are conducted under the direct control of Solar's 
Quality Assurance Activity.  This Activity ensures compliance with the specified test limits 
and procedures. 
 
In addition to final in-plant testing of the finished generator set, Quality Control engineers 
maintain surveillance over the manufacture of all purchased parts and subassemblies, and 
are responsible for functional testing of incoming components.  The same rigid standards 
applied to parts manufactured by Solar are applied to all parts from suppliers. 
 
TURBINE TRAILER (Model TK95LCS) 
• Tri-Axle Transport Trailer with Two Axle Pivoting Booster 
• Trailer Length 48’ + 14’1” Booster (removable at site) 
• Width 8’6”, 9’0” across trailer axles 
• 133” Swing Clearance            
• 49” 5th wheel Height (loaded) 
• Air Ride Suspension and Air Raise and Lowering Kit 
• Steel Disc Wheels with 275/70R x 22.5 Tire 
• Three Tail Light Package 
• Landing Gear  (2) 
• 6 Additional Landing Gears with Soil Bearing Plates for Leveling/Stabilization at Site 
• Overall transport height: 14’2” 
• Approximate transport weight:  118,000 lbs (without tractor) 
 
POWER CONTROL MODULE (consists of the following): 
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• Power Control Room (PCR) mounted on Two Axle Transport Trailer. 
• Power Control Room HVAC system 
• Generator Main Circuit Breaker. Single interface point to power grid 
• Auxiliary Transformer Feeder Circuit Breaker 
• Bus PTs, Feeder CTs, Metering CTs and PTs 
• Beckwith M-3425 Protective Relay Module with the following relays: 
 

- Impedance (21) 
- Reverse Power Protection (32) 
- Loss of Field Protection (40) 
- Negative Phase Sequence Protection (46) 
- PT Blown Fuse Protection (60) 
- Time Overcurrent Protection (50/51 V) 
- Neutral Overcurrent Protection (51 N) – utilized in grounded site design 
- Bus Ground Fault Detection (59N) – utilized in ungrounded site design 
- Generator Differential Fault Protection (87 G) 
- One High Speed Tripping Relay (86) for Circuit Breaker Trip, Lockout, 

and Turbine Shutdown Settings, Programming, and Testing are included.
   

• Lightning Arrestor and Surge Capacitor 
• Motor Control Center. Serves Turbine Generator Auxiliary Loads 
• 120VDC Turbine Generator Battery System with Charger 
• Dedicated 120VDC Switchgear Battery System with Charger    
• Start Motor Variable Frequency Drive (VFD) 
• DC Backup Lube Oil Pump Contactor 
• Interior Lighting. Photocell Controlled Exterior Lighting at Access Doors 
• Emergency Eyewash Station 
 

Ancillary Equipment. Installed onto the Power Control Room Module are the following: 

• Gas Turbine Lube Oil Cooler 
• Neutral Ground Resistor   
• Auxiliary Load Transformer  
 

Power Control Room Trailer (Model TK70LCS) 
 
• Two Axle Transport Trailer 
• Trailer Length 46’ Overall 
• Width 8’6” 
• 49” 5th wheel Height (loaded) 
• Air Ride Suspension and Air Raise and Lower Kit 
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• Steel Disc Wheels with 255/70R x 22.5 Tires 
• Three Tail Light Package 
• Landing Gear   
• 4 Additional Landing Gears with Soil Bearing Plates for Leveling/Stabilization at Site 
• Overall Transport Height:  14’0” 
• Approximate transport weight:  48,000 lbs. (without tractor) 
 

On site commissioning 
• Solar’s Mobile Power Unit is designed for rapid setup and commissioning.  The turbine 

package(s) proposed has been commissioned previously by Solar Factory Service 
Engineers.    A checklist outlining the proposed setup & commissioning procedure is 
attached for your reference.    
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Solar Turbines

2718 TEAGARDEN STREET
SAN LEANDRO,  CA  94577
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PROACTIVE POWER . . . FAST 
Cat dealer provides Canadian government a turnkey power 
project, including 115 MW of peaking power, in just six weeks. 
 

 
The word impressive just doesn’t seem to cut it when trying to 

describe Toromont Power Systems’ latest mega power project. 
The Cat dealer, with the help of Cat Rental Power and 

Peterson Power Systems, the Northern California Dealer 
responsible for world wide marketing of mobile turbines, provided 
115 MW of peaking power to the Ontario Provincial Government. 
That in itself is an impressive job. But to install it and have it all 
online in a mere six weeks is phenomenal.  

“The Ontario Independent Electricity Market Operator (IEMO) 
is the group that looks after the electrical system. They were 
forecasting a power shortage potential through summer and fall,” 
explains Peter Ronson, account manager for Toromont. The 
province very nearly implemented rolling blackouts during the 
summer of 2002, so there was a lot of concern for the summer of 
2003. 

 “We put the idea in front of the government that on short 
notice, they could bring in significant amounts of temporary 
generation to use during peak power periods,” Ronson notes.  

The government took Toromont up on their offer and sent out 
a request for proposal for 200 to 400 MW of peak generation. 
When all was said and done, out of the original seven companies 
awarded contracts for about 450 MW, only three companies came 
through for approximately 250 MW of natural-gas-fueled peaking 
power. Cat dealer Toromont was awarded the largest share at 115 
MW. The contract gave the suppliers only six weeks to put all the 
capacity online. 

 

TURNKEY FROM DAY ONE 
“Our single biggest challenge was simply the logistics of the 

project,” explains Ronson. “Because this was a turnkey project, we  
provided not only the generation (32 Cat power modules and 
turbines), but also all the distribution equipment, transformers, 
high-voltage disconnects, natural gas piping, valves, regulators, 
meters, etc., to complete the project. We were engineering, 
procuring, shipping, installing and commissioning all at the same 
time, while keeping our regular day-to-day business going.  

”At the same time, Toromont was responsible for all emission 
and noise approvals, permits and contracts with land owners and 
utilities. “I spent much of my time trying to keep contracts and 
other needed paperwork from holding up our engineering and 
construction personnel, ”exclaims Ronson.  

But before any of that could even begin, appropriate sites for 
the equipment had to be identified. “Our customer wanted a 
complete turnkey project,” explains Ronson. “That meant they 
looked to us to identify not only the equipment, but also where to 
hook it up as well ashow to hook it up — and then operate it for 
the duration of the contract. “Toromont identified three sites for the 
temporary generation:  

1. Markham — This is the largest site and is located adjacent 
to a local utility-owned transformer station. The step-down 
transformer station has the capacity to house 100 additional MW. 
It also has a high-pressure natural-gas line (crucial as the 
government accepted only natural-gas-fueled generation). It’s 
here that Toromont placed 19 Cat XQ5200 mobile power modules 
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powered by Solar Taurus 60 Turbines (The 5.2 MW Turbines were 
made available by Peterson Power Systems.) 

2. Bear Road Landfill — This site is an existing landfill gas 
power plant with four Cat G3516 engines and a natural-gas line for 
fuel blending. “It met our two biggest requirements — an electrical 
connection with existing parallel generation protection equipment 
and natural-gas connection point,” Ronson notes. Six XQ1250G 
power modules are located here. Each is powered by a Cat 
G3516B engine and is rated at 1,250 kW continuous.  

3. Concord — This site is Toromont’s main head-office 
location. Seven XQ1250G power modules were installed here. 

 
ADDRESSING THE CHALLENGES 
Sheer numbers were the theme for this project. For example, 

at times, there were more than 100 people working at just one of 
the three installation sites.  

Challenges were plentiful, but so were solutions. “Once we 
began construction, locating Cat generator sets and turbines was 
the easiest part, thanks to the Cat dealer network,” says Ronson. 
Especially with the help from Gene Hamilton, Mobile Turbine 
Specialist at Peterson Power Systems. “We were ready as soon 
as they called to work on the technical aspects of the proposal,” 
says Hamilton. “It is really great when the CATERPILLAR Network 
mobilizes to get the job done.” Sourcing materials was the most 
challenging and risky. Because most of the generation came from 
the United States, a difference in standard voltage had to be 
addressed. Cat XQ1250s run at 480 volts in the U.S., but in 
Canada the standard voltage at that level is 600 volts. The Solar 
Turbines generate at 13,800 volts in the U.S.; standard distribution 
level voltage in Ontario is 27, 600 volts.  

“Finding enough step-up transformers became an issue. We 
ended up contracting out for custom-made, brand-new 
transformers,” says Ronson.  

All brand-new cable and suitably sized high-voltage 
disconnects also had to be sourced. “Materials and logistics 
played a huge roll in this project,” he adds. “And coordination, 
teamwork and a lot of long hours and hard work were the key to it 
all.” The dealer had cooperation from contractors, the local 
electrical utilities, the gas company, as well as the Ontario Ministry 
of Environment (for air and noise emissions permits).  

Toromont’s Electric Power Field Service staff took on the job of 
commissioning all the Cat XQ1250 packages, while a team of 
Solar Turbine technicians from Peterson Power Systems worked 
tirelessly at commissioning two turbines a day – a job that 
normally takes three days per turbine. 

 

 
 

Remote start-up, shutdown and monitoring is handled by Point guard, a 
caterpillar affiliate company, and requires no site-staffed technician. 

 

 
 

The province of Ontario peaks at around 26,000 MW.  This project’s 115 MW 
may not seem like a drop in the bucket, but when energy is stretched, it could 
make a huge difference. 

 
FOLLOWING THROUGH 
With the sheer effort and determination of a lot of folks, the 

115-MW Ontario project was completed on time. As of this writing, 
the last generator was brought online and successfully tested. 

The contract details that the customer can call the dealer 
anytime weekdays between 7 a.m. and 11 p.m. to provide 
generation. Within 15 minutes, all 23 units must be online. “There 
are significant financial penalties if the generation doesn’t perform, 
”explains Ronson.  

To assure that penalties aren’t incurred, and to address the 
need to immediately and remotely start all of the equipment, 
Toromont turned to PointGuard, a Caterpillar affiliate company, to 
provide system monitoring and management solutions. 
PointGuard remotely starts, stops and monitors the generation. 

Before they can bring the units to full load, the PointGuard staff 
has to obtain permission from the utilities. “It’s a tough job, but 
we’re confident they will perform it to a tee,” Ronson concludes.  

The dealer will complete weekly testing and preventive 
maintenance with in-house field service staff. The rental is 
scheduled to continue until at least the end of the year.  

The temporary generators have already proved themselves 
very useful during the August cascading blackout in cities across 
the Midwest and Northeast United States, as well as the Canadian 
province of Ontario.  

“As soon as the power was restored to the main transformer 
stations where the generators are connected, we started them up 
and supplied power on a continuous 24/7 basis for several days 
until the nuclear power plants in Ontario could be brought back 
online,” Ronson says. “It was unfortunate that we could not 
provide emergency power immediately during the blackout, but the 
sites are simply not technically setup to do so. However, if the 
blackout had continued longer than 12 hours at our sites, we 
would have definitely made the needed changes to provide 
emergency power.  

“Would you believe that the very same afternoon of the 
blackout, we were providing a tour of the sites to a number of the 
provincial government representatives, the IEMO, utility reps and 
others?” he reveals. “It just goes to show that proactive power 
planning really does pay off.”  
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IDEAL ELECTRIC CO.
330 EAST FIRST STREET  •  MANSFIELD,  OHIO  44902  •  USA
      TELEPHONE (419)  522 - 3611   •    FAX  (419)  522 - 9386

3194EE -GENERATOR DATA SHEET

Manufacture Data
SABModel
21320-32  Frame No.

Generator Rating
0.8P.F.6625KVA5300KW

7967(Phase)13800Voltage  (Line)
277(Phase)277Amps     (Line)

WyeConnection4Poles3Phase
0.788Pitch (P.U.)1800RPM60Hertz

FInsulation Class

°C  (Stator by RTD)80Temperature Rise
°C  (Field by Resistance)80

Exciter Rating
168Amps125 Volts21KW

Ohms at 25°C16.3Field Resistance
°C  (Armature)80Temperature Rise
°C  (Field)80

Excitation Requirements
Amps VoltsExciter Field

1.122Generator No Load
3.366Generator Full Load
10200Fault Current Forcing320%

PMA Rating
10Amps240Volts2.4KVA

1Phase120Hertz
60 °CTemperature Rise

Generator Operating Characteristics
Efficiency (%)

  1.0 P.F.0.80 P.F.Load
97.196.6100%
96.896.4 75%
95.995.6 50%
92.992.8 25%

Rev. 1   Page 1      
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IDEAL ELECTRIC CO.
330 EAST FIRST STREET  •  MANSFIELD,  OHIO  44902  •  USA
      TELEPHONE (419)  522 - 3611   •    FAX  (419)  522 - 9386

3194EE -GENERATOR DATA SHEET

  No LoadFull LoadLosses (KW)
46.146.1Core
47.147.1Friction & Windage
0.031.3Stray load
0.040.5Stator I2R loss
2.417.4Rotor I2R loss
0.32.0Exciter

96.0184.3Total

(per unit at KVA rating)Reactances
Unsaturated            Saturated

1.9761.786XdDirect Axis Synchronous
0.2880.268X'dDirect Axis Transient
0.1820.173X"dDirect Axis Subtransient
1.0321.032XqQuadrature Axis Synchronous
1.0321.032X'qQuadrature Axis Transient
0.2020.192X"qQuadrature Axis Subtransient
0.1920.187X2Negative Sequence
0.0710.067XoZero Sequence

Time Constants
5.540T'doDirect Axis O.C. Transient
0.751T'dDirect Axis S.C. Transient
0.050T"doDirect Axis O.C. Subtransient
0.032T"dDirect Axis S.C. Subtransient
0.082TaArmature Short Circuit

Resistance at 25 °C
ohms0.129RaDC Armature
ohms0.891RfDC Field
p.u.0.006R1Positive Sequence
p.u.0.016R2Negative Sequence
p.u.0.007RoZero Sequence

0.560SCR  Short Circuit Ratio

  kW-sec/kVA0.893H  Inertia Constant   (Generator Only)

Residual40Balanced50  TIF (1960 weighting)

at no load6%  Waveform Deviation Factor

Total3.0%Individual3.0%  Harmonic Content

40Short Time    K=Continuous10%  Allowable Negative Sequence Current

110  Guaranteed Noise Level  (dBA at 1 meter)

Rev. 1   Page 2      
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IDEAL ELECTRIC CO.
330 EAST FIRST STREET  •  MANSFIELD,  OHIO  44902  •  USA
      TELEPHONE (419)  522 - 3611   •    FAX  (419)  522 - 9386

3194EE -GENERATOR DATA SHEET

ShutdownAlarm  Initial Temperature Detector Settings
°C130°C120Windings
 °F190 °F185Bearings

  Heat Rejection at Rated Load (Btu / Hr)
1601Exterior Surfaces of Generator

627191Generator Exhaust

(per unit)(Lb-Ft)Max. Torque  Transient Torques
8.801824223-Phase Short Circuit
8.92184841L-L Short Circuit

22.894742983-Phase Out of Phase With an Infinite Bus
23.694909181-Phase Out of Phase With an Infinite Bus

w = 377.0  radians / secL-L Short Circuit Torque Equation (per unit of rated torque)

 6.09e(-13.6)t sin(wt- 0.16)  -3.59e(- 2.7)t sin(2wt- 0.07) + 0.73e(-17.2)t

Peak AsymmetricalRMS Symmetrical  Short Circuit Current
kA4.53kA1.603-Phase
kA3.77kA1.33L-L

Limited by Neutral Grounding DeviceL-N

Motor HPInrushVoltage  Voltage Dip
(Code F)(SKVA)DipMotor Starting (0.0 P.F.)

490274710%
779436215%

1104618020%
1471824025%
18921059430%

VoltageAppliedAppliedStep Loads (0.80 P.F.)
DipLoad (KVA)Load
4.0%165625%
7.9%331350%

15.3%6625100%

Voltage Regulator System Recommendations

125-12  SSRModel:Basler Electric Co.Manufacturer:

Rev. 1   Page 3      
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IDEAL ELECTRIC CO.
330 EAST FIRST STREET  •  MANSFIELD,  OHIO  44902  •  USA
      TELEPHONE (419)  522 - 3611   •    FAX  (419)  522 - 9386

   REACTIVE CAPABILITY CURVE

Class B Temperature RiseRating:
KVA6625
Volts13800
Amps277
P.F.0.80
RPM1800
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IDEAL ELECTRIC CO.
330 EAST FIRST STREET  •  MANSFIELD,  OHIO  44902  •  USA
      TELEPHONE (419)  522 - 3611   •    FAX  (419)  522 - 9386

SHORT CIRCUIT DECREMENT CURVES

Class B Temperature RiseRating:
KVA6625
Volts13800
Amps277
P.F.0.80
RPM1800
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IDEAL ELECTRIC CO.
330 EAST FIRST STREET  •  MANSFIELD,  OHIO  44902  •  USA
      TELEPHONE (419)  522 - 3611   •    FAX  (419)  522 - 9386

EFFICIENCY CURVES

100% Load = 5300 kW

Class B Temperature RiseRating:
KVA6625
Volts13800
Amps277
P.F.0.80
RPM1800
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GAS TURBINE ON WHEELS

Gas Power Technologies 

Caterpillar helps ensure stable energy supply during Western U.S. power crisis with 
new XQ5200 mobile turbine rental units powered by Solar Taurus™ 60 gas turbines.

The first customer to take
advantage of the Cat XQ5200
Mobile Power Units is Equilon
Enterprises LLC. The company
is one of the Top 10 largest oil
refineries in the United States.
It is a joint venture between
Shell Oil Company and
Texaco Inc. and consists of
four refineries that produce a
combined capacity of
480,000 barrels of oil a day.  

Equilon engineer Bill Tezak
recently called on Cat rental
dealers N C Power Systems
(Tukwila, Wash.) and Peterson
Power Systems (San Leandro,
Calif.) for a short-term source
of on-site power generation at
the company’s Puget Sound
Refining Company (PSRC) in
Anacortes, Wash. 

“Peak wholesale power
prices in Washington state
spurred Equilon to look to
other power alternatives,”
explains Gene Hamilton, sales
engineer with Peterson Power.

“As an oil refinery, we need
consistent power all the time,”
notes Tezak. “It became cost
prohibitive for us to purchase
all our power from the grid.”

Working in conjunction
with N C Power, Peterson
Power responded to Equilon’s
temporary power needs with
four Cat XQ5200 Mobile
Power Units. The units provide
21 MW of electrical power for
the refinery — approximately
60 percent of the refinery’s
total electrical load. 

The four turbines are
contracted for one year with
an option to extend the rental.
“These turbines are part of our
solution for this year,” says
Tezak. “We don’t know what’s
going to happen with the
power market in the future and

we want to be prepared.” 
Currently, the refinery is

running the units continuously.
Tezak plans to continue this
operation schedule as long as
it is economical.

THE BENEFITS OF GAS
Gas turbines were a natural

choice for the refinery, says
Tezak, because of quick setup
time and low emission levels.
Fuel cost savings were also a
key factor in the decision to
use natural gas turbines.

“The modules have
performed flawlessly,” notes
Hamilton, “with no
unscheduled downtime during
the first four months of
operation.” Scheduled
maintenance is conducted
every three months, and no
full-time operator is needed to
monitor the units due to the
high reliability of the modules.
Remote starting and
monitoring functions are
controlled inside the refinery.

Overall, Tezak is very happy
with the XQ5200s as well as
the Cat dealers who support
them. “Peterson Power is an
extremely helpful dealer,” he
reveals. “They’ve dealt with
every problem and they’ve
always gone beyond what they
needed to do.”

he recent power crisis in the
Northwest region of the United
States still has everyone,
especially power producers,

thinking about ways to reduce the demand
on the electricity grid while continuing to
provide adequate, quality power to
consumers. Customers are responding by
looking for alternatives to utility power from
the grid due to concerns over power
reliability and price volatility.

Caterpillar has taken a lead role during
this power crunch by providing quality
temporary power to customers in all areas
of the U.S. Recently, the Caterpillar
network expanded its temporary power

alternatives by adding Taurus™ 60 Mobile
Turbine Power Units. The units are
manufactured by Solar Turbines Inc. (a
Caterpillar company) and are being
debuted in the Cat Rental Power fleet.

Designated the XQ5200 based on its
ISO rating of 5,200 kW, these new
industrial gas turbine power modules are
portable, low-cost power alternatives
incorporating Solar Taurus 60 gas turbine
generator set packages and prefabricated
power control room modules.

The increased electrical power prices
in the Northwest, as well as the
challenges associated with bringing a
complete power plant online quickly, are

two important reasons the XQ5200 is
playing an important role in meeting
peak seasonal and emergency power
demands, according to Steve Garceau,
Caterpillar rental power manager. 

“Plans to build additional U.S. power
stations are in the works,” he notes, “but
Northwest customers need power now.”
The XQ5200 provides that necessary
power, quickly and cleanly.

MOBILE POWER PLANTS
The new gas turbine power module

is similar to traditional Caterpillar diesel
power modules in its mobility. The
trailer-mounted system is highway

Washington refinery relies 
on Caterpillar XQ5200 rental units

transportable and requires no concrete foundation, allowing it to be
easily redeployed to other sites as needed.

Quick setup is accomplished with a modular design including plug-
in connections. The XQ5200 is dispatchable to be online in six minutes
from cold start, which makes it ideal for utility rental applications.

The compact footprint of this turbine power module is a perfect fit
for minimum space requirements common at substations and industrial
customer sites. “Each XQ5200 is designed for less than 350 square
feet per MW,” confirms Dave Dunlevy, power generation manager for
Solar Turbines.

At the core of the unit is the proven 5.2 MW Taurus 60 industrial
gas turbine. The turbine is rated at 5,200 kW with a heat rate of
11,263 Btu/kW per hour. It has a proven history all over the world in
more than 900 applications, from cogeneration and base load to
distributed generation and standby.

Utility-grade switchgear and a programmable protective relay
module are standard. A range of control system options for remote
operation and Supervisory Control and Data Acquisition System
(SCADA) compatibility are also available.

POLLUTION PREVENTION
Meeting peak seasonal or emergency power demands with an

XQ5200 is also an environmentally friendly alternative. Each gas
turbine power module can be configured for natural gas, diesel fuel or
dual fuel operation. (Dunlevy notes that the turbines are typically most
economical when natural gas is the primary fuel.) 

The system also utilizes a dry low emissions combustion system
(SoLoNOx™) for low emission levels. This type of system uses a lean
premix combustion system, as opposed to water injection, to control
emissions. Water injection, notes Dunlevy, can be costly for the
operator as well as a logistical burden for the site. 

Further environmental features include a low-profile design that
minimizes installed height and meets most permitting requirements,
and a sound-attenuated enclosure for quiet operation.

DEALER NETWORK SUPPORT
Each XQ5200 is fully supported by the worldwide network of Cat

Rental Power dealers. The network maintains the largest, most
comprehensive rental fleet in the industry with more than 6,000 MW of
power generation capacity, 50,000 tons of temperature control
capacity, and a complete line of oil-free and oil-flooded air compressors
and ancillary equipment.

For information on the XQ5200, contact Cat Rental Power at 
800-RENT-CAT or visit www.CAT-rental.com. ■

This Cat XQ5200
Mobile Power Unit
incorporates gas 
turbine technology to
provide an environ-
mentally friendly power
source that can be 
easily deployed and
permitted.
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Project Title

Project In-Service Year

Number of Years in Study Analysis

Discount Rate

Present Worth Year
            (costs are present worthed to January of that year)

REV 07.01

Project Cost/Benefit Analysis Template
Home Page

Current year
2007

2007

7.0%

Hardwoods/Stephenville GT's (Base Cases - Subcase 1)

2008

16
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 8,017,554$    
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 11,782,903$   
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   8,017,554    -                      -                      8,017,554    7,002,842    7,002,842      
2 2009 271,602       0.55             280,083       -                   551,685       -                      -                      551,685       450,339       7,453,181      
3 2010 277,849       0.56             282,620       -                   560,469       -                      -                      560,469       427,579       7,880,760      
4 2011 284,240       0.58             293,275       -                   577,514       -                      -                      577,514       411,760       8,292,520      
5 2012 291,346       0.61             307,482       -                   598,827       -                      -                      598,827       399,024       8,691,544      
6 2013 298,629       0.63             320,167       -                   618,796       -                      -                      618,796       385,355       9,076,899      
7 2014 306,095       0.67             337,926       -                   644,021       -                      -                      644,021       374,826       9,451,725      
8 2015 313,747       0.69             348,074       -                   661,821       -                      -                      661,821       359,987       9,811,712      
9 2016 321,591       0.72             365,833       -                   687,423       -                      -                      687,423       349,451       10,161,163    
10 2017 329,631       0.75             381,054       -                   710,685       -                      -                      710,685       337,641       10,498,804    
11 2018 337,871       0.79             398,813       -                   736,685       -                      -                      736,685       327,097       10,825,901    
12 2019 346,318       0.82             414,035       -                   760,353       -                      -                      760,353       315,520       11,141,421    
13 2020 354,976       0.85             429,764       -                   784,741       -                      -                      784,741       304,336       11,445,757    
14 2021 363,851       0.87             439,912       -                   803,763       -                      -                      803,763       291,321       11,737,077    
15 2022 372,947       0.88             447,523       -                   820,470       -                      -                      820,470       277,922       12,014,999    
16 2023 382,271       0.90             456,656       -                   12,621,830  -                      -                      12,621,830  3,995,748    16,010,747    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

Date Revised
Date Printed 17-Dec-2007 11:26 AM

Year

A           B

Hardwoods/Stephenville GT's (Base Ca
Hardwoods Refurb - Base Case 1A
HW Refurb - BC1A
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 4,624,059$    
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 6,795,693$     
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   4,624,059    -                      -                      4,624,059    4,038,832    4,038,832      
2 2009 271,602       0.55             280,083       -                   551,685       -                      -                      551,685       450,339       4,489,171      
3 2010 277,849       0.56             282,620       -                   560,469       -                      -                      560,469       427,579       4,916,750      
4 2011 284,240       0.58             293,275       -                   577,514       -                      -                      577,514       411,760       5,328,510      
5 2012 291,346       0.61             307,482       -                   598,827       -                      -                      598,827       399,024       5,727,534      
6 2013 298,629       0.63             320,167       -                   618,796       -                      -                      618,796       385,355       6,112,889      
7 2014 306,095       0.67             337,926       -                   644,021       -                      -                      644,021       374,826       6,487,715      
8 2015 313,747       0.69             348,074       -                   661,821       -                      -                      661,821       359,987       6,847,702      
9 2016 321,591       0.72             365,833       -                   687,423       -                      -                      687,423       349,451       7,197,153      

10 2017 329,631       0.75             381,054       -                   710,685       -                      -                      710,685       337,641       7,534,794      
11 2018 337,871       0.79             398,813       -                   736,685       -                      -                      736,685       327,097       7,861,891      
12 2019 346,318       0.82             414,035       -                   760,353       -                      -                      760,353       315,520       8,177,411      
13 2020 354,976       0.85             429,764       -                   784,741       -                      -                      784,741       304,336       8,481,747      
14 2021 363,851       0.87             439,912       -                   803,763       -                      -                      803,763       291,321       8,773,067      
15 2022 372,947       0.88             447,523       -                   820,470       -                      -                      820,470       277,922       9,050,989      
16 2023 382,271       0.90             456,656       -                   7,634,620    -                      -                      7,634,620    2,416,925    11,467,914    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

Date Revised
Date Printed 17-Dec-2007 11:26 AM

HW Refurb - BC1B

Hardwoods/Stephenville GT's (Base Ca
Hardwoods Refurb - Base Case 1B

A           B

Year
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 8,050,389$    
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 11,831,159$   
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   8,050,389    -                      -                      8,050,389    7,031,522    7,031,522      
2 2009 157,035       0.61             165,489       -                   322,524       -                      -                      322,524       263,276       7,294,797      
3 2010 160,647       0.62             167,109       -                   327,755       -                      -                      327,755       250,043       7,544,840      
4 2011 164,341       0.64             172,778       -                   337,120       -                      -                      337,120       240,362       7,785,202      
5 2012 168,450       0.67             180,337       -                   348,787       -                      -                      348,787       232,412       8,017,614      
6 2013 172,661       0.69             187,356       -                   360,018       -                      -                      360,018       224,201       8,241,814      
7 2014 176,978       0.73             197,075       -                   374,053       -                      -                      374,053       217,702       8,459,517      
8 2015 181,402       0.75             203,014       -                   384,417       -                      -                      384,417       209,097       8,668,614      
9 2016 185,937       0.79             212,733       -                   398,670       -                      -                      398,670       202,664       8,871,278      

10 2017 190,586       0.82             221,372       -                   411,958       -                      -                      411,958       195,718       9,066,996      
11 2018 195,350       0.86             231,091       -                   426,441       -                      -                      426,441       189,345       9,256,341      
12 2019 200,234       0.89             239,730       -                   439,964       -                      -                      439,964       182,569       9,438,910      
13 2020 205,240       0.92             248,099       -                   453,339       -                      -                      453,339       175,813       9,614,723      
14 2021 210,371       0.94             254,038       -                   464,409       -                      -                      464,409       168,323       9,783,046      
15 2022 215,630       0.96             258,357       -                   473,988       -                      -                      473,988       160,556       9,943,602      
16 2023 221,021       0.98             264,567       -                   12,316,747  -                      -                      12,316,747  3,899,167    13,842,768    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

Date Revised
Date Printed 17-Dec-2007 11:29 AM

Hardwoods/Stephenville GT's (Base Ca
Stephenville Refurb - Base Case 2A
SV ReFurb - BC2A

Year

A           B
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 4,656,894$    
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 6,843,949$     
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   4,656,894    -                      -                      4,656,894    4,067,512    4,067,512      
2 2009 157,035       0.61             165,489       51,765         374,289       -                      -                      374,289       305,531       4,373,043      
3 2010 160,647       0.62             167,109       -                   327,755       -                      -                      327,755       250,043       4,623,086      
4 2011 164,341       0.64             172,778       66,488         403,607       -                      -                      403,607       287,766       4,910,853      
5 2012 168,450       0.67             180,337       -                   348,787       -                      -                      348,787       232,412       5,143,264      
6 2013 172,661       0.69             187,356       93,138         453,156       -                      -                      453,156       282,203       5,425,467      
7 2014 176,978       0.73             197,075       -                   374,053       -                      -                      374,053       217,702       5,643,169      
8 2015 181,402       0.75             203,014       98,044         482,461       -                      -                      482,461       262,427       5,905,596      
9 2016 185,937       0.79             212,733       -                   398,670       -                      -                      398,670       202,664       6,108,260      
10 2017 190,586       0.82             221,372       -                   411,958       -                      -                      411,958       195,718       6,303,978      
11 2018 195,350       0.86             231,091       -                   426,441       -                      -                      426,441       189,345       6,493,323      
12 2019 200,234       0.89             239,730       -                   439,964       -                      -                      439,964       182,569       6,675,892      
13 2020 205,240       0.92             248,099       -                   453,339       -                      -                      453,339       175,813       6,851,705      
14 2021 210,371       0.94             254,038       -                   464,409       -                      -                      464,409       168,323       7,020,028      
15 2022 215,630       0.96             258,357       -                   473,988       -                      -                      473,988       160,556       7,180,584      
16 2023 221,021       0.98             264,567       150,491       7,480,028    -                      -                      7,480,028    2,367,985    9,548,569      

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

Date Revised
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 10,000,000$  
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable)
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) U          

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   10,000,000  -                      -                      10,000,000  8,734,387    8,734,387      
2 2009 27,479         -                   -                   27,479         -                      -                      27,479         22,431         8,756,819      
3 2010 28,304         -                   -                   28,304         -                      -                      28,304         21,593         8,778,412      
4 2011 29,153         -                   -                   29,153         -                      -                      29,153         20,786         8,799,197      
5 2012 30,028         -                   -                   30,028         -                      -                      30,028         20,009         8,819,206      
6 2013 30,928         -                   -                   30,928         -                      -                      30,928         19,261         8,838,466      
7 2014 31,856         -                   -                   31,856         -                      -                      31,856         18,541         8,857,007      
8 2015 32,812         -                   -                   32,812         -                      -                      32,812         17,847         8,874,854      
9 2016 33,796         -                   -                   33,796         -                      -                      33,796         17,180         8,892,035      
10 2017 34,810         -                   -                   34,810         -                      -                      34,810         16,538         8,908,573      
11 2018 35,854         -                   -                   35,854         -                      -                      35,854         15,920         8,924,493      
12 2019 36,930         -                   -                   36,930         -                      -                      36,930         15,325         8,939,817      
13 2020 38,038         -                   -                   38,038         -                      -                      38,038         14,752         8,954,569      
14 2021 39,179         -                   -                   39,179         -                      -                      39,179         14,200         8,968,769      
15 2022 40,354         -                   -                   40,354         -                      -                      40,354         13,669         8,982,439      
16 2023 41,565         -                   -                   41,565         -                      -                      41,565         13,158         8,995,597      

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
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Alternative Comparison
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16,010,747 7,015,150
11,467,914 2,472,317
13,842,768 4,847,171
9,548,569 552,972
8,995,597 0

Date Printed: 17-Dec-2007 11:29 AM
Date Revised:

Alternative Comparison
Hardwoods/Stephenville GT's (Base Cases - Subcase 1)

Stephenville Refurb - Base Case 2A
Stephenville Refurb - Base Case 2B

Cumulative Net Present Value
To The Year

2023

Alternatives

DVAR - Hardwoods

CPW Difference between
Alternative and the

Least Cost Alternative

Cumulative
Net Present
Value (CPW)

Hardwoods Refurb - Base Case 1A
Hardwoods Refurb - Base Case 1B
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 8,017,554$    
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 55,639,618$   
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   8,017,554    -                      -                      8,017,554    7,002,842    7,002,842      
2 2009 271,602       0.55             280,083       -                   551,685       -                      -                      551,685       450,339       7,453,181      
3 2010 277,849       0.56             282,620       -                   560,469       -                      -                      560,469       427,579       7,880,760      
4 2011 284,240       0.58             293,275       -                   577,514       -                      -                      577,514       411,760       8,292,520      
5 2012 291,346       0.61             307,482       -                   598,827       -                      -                      598,827       399,024       8,691,544      
6 2013 298,629       0.63             320,167       -                   618,796       -                      -                      618,796       385,355       9,076,899      
7 2014 306,095       0.67             337,926       -                   644,021       -                      -                      644,021       374,826       9,451,725      
8 2015 313,747       0.69             348,074       -                   661,821       -                      -                      661,821       359,987       9,811,712      
9 2016 321,591       0.72             365,833       -                   687,423       -                      -                      687,423       349,451       10,161,163    
10 2017 329,631       0.75             381,054       -                   710,685       -                      -                      710,685       337,641       10,498,804    
11 2018 337,871       0.79             398,813       -                   736,685       -                      -                      736,685       327,097       10,825,901    
12 2019 346,318       0.82             414,035       -                   760,353       -                      -                      760,353       315,520       11,141,421    
13 2020 354,976       0.85             429,764       -                   784,741       -                      -                      784,741       304,336       11,445,757    
14 2021 363,851       0.87             439,912       -                   803,763       -                      -                      803,763       291,321       11,737,077    
15 2022 372,947       0.88             447,523       -                   820,470       -                      -                      820,470       277,922       12,014,999    
16 2023 382,271       0.90             456,656       -                   56,478,545  -                      -                      56,478,545  17,879,661  29,894,660    

-                   -                   -                   -                    
-                   -                   -                   -                    
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 4,624,059$    
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 55,639,618$   
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   4,624,059    -                      -                      4,624,059    4,038,832    4,038,832      
2 2009 271,602       0.55             280,083       -                   551,685       -                      -                      551,685       450,339       4,489,171      
3 2010 277,849       0.56             282,620       -                   560,469       -                      -                      560,469       427,579       4,916,750      
4 2011 284,240       0.58             293,275       -                   577,514       -                      -                      577,514       411,760       5,328,510      
5 2012 291,346       0.61             307,482       -                   598,827       -                      -                      598,827       399,024       5,727,534      
6 2013 298,629       0.63             320,167       -                   618,796       -                      -                      618,796       385,355       6,112,889      
7 2014 306,095       0.67             337,926       -                   644,021       -                      -                      644,021       374,826       6,487,715      
8 2015 313,747       0.69             348,074       -                   661,821       -                      -                      661,821       359,987       6,847,702      
9 2016 321,591       0.72             365,833       -                   687,423       -                      -                      687,423       349,451       7,197,153      

10 2017 329,631       0.75             381,054       -                   710,685       -                      -                      710,685       337,641       7,534,794      
11 2018 337,871       0.79             398,813       -                   736,685       -                      -                      736,685       327,097       7,861,891      
12 2019 346,318       0.82             414,035       -                   760,353       -                      -                      760,353       315,520       8,177,411      
13 2020 354,976       0.85             429,764       -                   784,741       -                      -                      784,741       304,336       8,481,747      
14 2021 363,851       0.87             439,912       -                   803,763       -                      -                      803,763       291,321       8,773,067      
15 2022 372,947       0.88             447,523       -                   820,470       -                      -                      820,470       277,922       9,050,989      
16 2023 382,271       0.90             456,656       -                   56,478,545  -                      -                      56,478,545  17,879,661  26,930,650    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 8,050,389$    
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 55,639,618$   
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   8,050,389    -                      -                      8,050,389    7,031,522    7,031,522      
2 2009 157,035       0.61             165,489       -                   322,524       -                      -                      322,524       263,276       7,294,797      
3 2010 160,647       0.62             167,109       -                   327,755       -                      -                      327,755       250,043       7,544,840      
4 2011 164,341       0.64             172,778       -                   337,120       -                      -                      337,120       240,362       7,785,202      
5 2012 168,450       0.67             180,337       -                   348,787       -                      -                      348,787       232,412       8,017,614      
6 2013 172,661       0.69             187,356       -                   360,018       -                      -                      360,018       224,201       8,241,814      
7 2014 176,978       0.73             197,075       -                   374,053       -                      -                      374,053       217,702       8,459,517      
8 2015 181,402       0.75             203,014       -                   384,417       -                      -                      384,417       209,097       8,668,614      
9 2016 185,937       0.79             212,733       -                   398,670       -                      -                      398,670       202,664       8,871,278      

10 2017 190,586       0.82             221,372       -                   411,958       -                      -                      411,958       195,718       9,066,996      
11 2018 195,350       0.86             231,091       -                   426,441       -                      -                      426,441       189,345       9,256,341      
12 2019 200,234       0.89             239,730       -                   439,964       -                      -                      439,964       182,569       9,438,910      
13 2020 205,240       0.92             248,099       -                   453,339       -                      -                      453,339       175,813       9,614,723      
14 2021 210,371       0.94             254,038       -                   464,409       -                      -                      464,409       168,323       9,783,046      
15 2022 215,630       0.96             258,357       -                   473,988       -                      -                      473,988       160,556       9,943,602      
16 2023 221,021       0.98             264,567       -                   56,125,206  -                      -                      56,125,206  17,767,803  27,711,405    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 4,656,894$    
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 55,639,618$   
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   4,656,894    -                      -                      4,656,894    4,067,512    4,067,512      
2 2009 157,035       0.61             165,489       51,765         374,289       -                      -                      374,289       305,531       4,373,043      
3 2010 160,647       0.62             167,109       -                   327,755       -                      -                      327,755       250,043       4,623,086      
4 2011 164,341       0.64             172,778       66,488         403,607       -                      -                      403,607       287,766       4,910,853      
5 2012 168,450       0.67             180,337       -                   348,787       -                      -                      348,787       232,412       5,143,264      
6 2013 172,661       0.69             187,356       93,138         453,156       -                      -                      453,156       282,203       5,425,467      
7 2014 176,978       0.73             197,075       -                   374,053       -                      -                      374,053       217,702       5,643,169      
8 2015 181,402       0.75             203,014       98,044         482,461       -                      -                      482,461       262,427       5,905,596      
9 2016 185,937       0.79             212,733       -                   398,670       -                      -                      398,670       202,664       6,108,260      
10 2017 190,586       0.82             221,372       -                   411,958       -                      -                      411,958       195,718       6,303,978      
11 2018 195,350       0.86             231,091       -                   426,441       -                      -                      426,441       189,345       6,493,323      
12 2019 200,234       0.89             239,730       -                   439,964       -                      -                      439,964       182,569       6,675,892      
13 2020 205,240       0.92             248,099       -                   453,339       -                      -                      453,339       175,813       6,851,705      
14 2021 210,371       0.94             254,038       -                   464,409       -                      -                      464,409       168,323       7,020,028      
15 2022 215,630       0.96             258,357       -                   473,988       -                      -                      473,988       160,556       7,180,584      
16 2023 221,021       0.98             264,567       150,491       56,275,697  -                      -                      56,275,697  17,815,444  24,996,028    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 10,000,000$  
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable)
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) U          

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   10,000,000  -                      -                      10,000,000  8,734,387    8,734,387      
2 2009 27,479         -                   -                   27,479         -                      -                      27,479         22,431         8,756,819      
3 2010 28,304         -                   -                   28,304         -                      -                      28,304         21,593         8,778,412      
4 2011 29,153         -                   -                   29,153         -                      -                      29,153         20,786         8,799,197      
5 2012 30,028         -                   -                   30,028         -                      -                      30,028         20,009         8,819,206      
6 2013 30,928         -                   -                   30,928         -                      -                      30,928         19,261         8,838,466      
7 2014 31,856         -                   -                   31,856         -                      -                      31,856         18,541         8,857,007      
8 2015 32,812         -                   -                   32,812         -                      -                      32,812         17,847         8,874,854      
9 2016 33,796         -                   -                   33,796         -                      -                      33,796         17,180         8,892,035      
10 2017 34,810         -                   -                   34,810         -                      -                      34,810         16,538         8,908,573      
11 2018 35,854         -                   -                   35,854         -                      -                      35,854         15,920         8,924,493      
12 2019 36,930         -                   -                   36,930         -                      -                      36,930         15,325         8,939,817      
13 2020 38,038         -                   -                   38,038         -                      -                      38,038         14,752         8,954,569      
14 2021 39,179         -                   -                   39,179         -                      -                      39,179         14,200         8,968,769      
15 2022 40,354         -                   -                   40,354         -                      -                      40,354         13,669         8,982,439      
16 2023 41,565         -                   -                   41,565         -                      -                      41,565         13,158         8,995,597      

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

Date Revised
Date Printed 17-Dec-2007 11:37 AM

Hardwoods/Stephenville GT's (Base Ca
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A           B
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Alternative Comparison
Cumulative Net Present Value
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29,894,660 20,899,063
26,930,650 17,935,053
27,711,405 18,715,807
24,996,028 16,000,431
8,995,597 0

Date Printed: 17-Dec-2007 11:37 AM
Date Revised:

Alternative Comparison
Hardwoods/Stephenville GT's (Base Cases - Subcase 2)

Stephenville Refurb - Base Case 2A
Stephenville Refurb - Base Case 2B

Cumulative Net Present Value
To The Year

2023

Alternatives

DVAR - One Site

CPW Difference between
Alternative and the

Least Cost Alternative

Cumulative
Net Present
Value (CPW)

Hardwoods Refurb - Base Case 1A
Hardwoods Refurb - Base Case 1B
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Project Title

Project In-Service Year

Number of Years in Study Analysis

Discount Rate

Present Worth Year
            (costs are present worthed to January of that year)

REV 07.01

2007

7.0%

Hardwoods/Stephenville GT's (Options Subcase 1)

2008

16

Project Cost/Benefit Analysis Template
Home Page

Current year
2007

Print NLH's Official O&M IndicesPrint NLH's Official Utility Escalation IndicesPrint Home Page
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 8,017,554$    
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 11,782,903$   
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   8,017,554    -                      -                      8,017,554    7,002,842    7,002,842      
2 2009 271,602       0.55             280,083       -                   551,685       -                      -                      551,685       450,339       7,453,181      
3 2010 277,849       0.56             282,620       -                   560,469       -                      -                      560,469       427,579       7,880,760      
4 2011 284,240       0.58             293,275       -                   577,514       -                      -                      577,514       411,760       8,292,520      
5 2012 291,346       0.61             307,482       -                   598,827       -                      -                      598,827       399,024       8,691,544      
6 2013 298,629       0.63             320,167       -                   618,796       -                      -                      618,796       385,355       9,076,899      
7 2014 306,095       0.67             337,926       -                   644,021       -                      -                      644,021       374,826       9,451,725      
8 2015 313,747       0.69             348,074       -                   661,821       -                      -                      661,821       359,987       9,811,712      
9 2016 321,591       0.72             365,833       -                   687,423       -                      -                      687,423       349,451       10,161,163    
10 2017 329,631       0.75             381,054       -                   710,685       -                      -                      710,685       337,641       10,498,804    
11 2018 337,871       0.79             398,813       -                   736,685       -                      -                      736,685       327,097       10,825,901    
12 2019 346,318       0.82             414,035       -                   760,353       -                      -                      760,353       315,520       11,141,421    
13 2020 354,976       0.85             429,764       -                   784,741       -                      -                      784,741       304,336       11,445,757    
14 2021 363,851       0.87             439,912       -                   803,763       -                      -                      803,763       291,321       11,737,077    
15 2022 372,947       0.88             447,523       -                   820,470       -                      -                      820,470       277,922       12,014,999    
16 2023 382,271       0.90             456,656       -                   12,621,830  -                      -                      12,621,830  3,995,748    16,010,747    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

-Refurbishment of engines, alternator and BOP
-Includes allowance for rental mobile equipment during refurbishment period
-Fuel costs based on HYDRO price forecast and historical consumption
-O&M costs based on 90% of historical average
-Assumes refurbishment required in 2023 (reflected as replacement cost)

Date Revised
Date Printed 17-Dec-2007 11:39 AM

Hardwoods/Stephenville GT's (Options
Hardwoods Refurb - Base Case 1A
HW Refurb - BC1A

A           B

Year

NP-NLH-013, Attachment 1 
Page 579 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 8,050,389$    
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 11,831,159$   
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   8,050,389    -                      -                      8,050,389    7,031,522    7,031,522      
2 2009 157,035       0.61             165,489       -                   322,524       -                      -                      322,524       263,276       7,294,797      
3 2010 160,647       0.62             167,109       -                   327,755       -                      -                      327,755       250,043       7,544,840      
4 2011 164,341       0.64             172,778       -                   337,120       -                      -                      337,120       240,362       7,785,202      
5 2012 168,450       0.67             180,337       -                   348,787       -                      -                      348,787       232,412       8,017,614      
6 2013 172,661       0.69             187,356       -                   360,018       -                      -                      360,018       224,201       8,241,814      
7 2014 176,978       0.73             197,075       -                   374,053       -                      -                      374,053       217,702       8,459,517      
8 2015 181,402       0.75             203,014       -                   384,417       -                      -                      384,417       209,097       8,668,614      
9 2016 185,937       0.79             212,733       -                   398,670       -                      -                      398,670       202,664       8,871,278      

10 2017 190,586       0.82             221,372       -                   411,958       -                      -                      411,958       195,718       9,066,996      
11 2018 195,350       0.86             231,091       -                   426,441       -                      -                      426,441       189,345       9,256,341      
12 2019 200,234       0.89             239,730       -                   439,964       -                      -                      439,964       182,569       9,438,910      
13 2020 205,240       0.92             248,099       -                   453,339       -                      -                      453,339       175,813       9,614,723      
14 2021 210,371       0.94             254,038       -                   464,409       -                      -                      464,409       168,323       9,783,046      
15 2022 215,630       0.96             258,357       -                   473,988       -                      -                      473,988       160,556       9,943,602      
16 2023 221,021       0.98             264,567       -                   12,316,747  -                      -                      12,316,747  3,899,167    13,842,768    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

-Refurbishment of engines, alternator and BOP
-Includes allowance for rental mobile equipment during refurbishment period
-Fuel costs based on HYDRO price forecast and historical consumption
-O&M costs based on 90% of historical average
-Assumes refurbishment required in 2023 (reflected as replacement cost)

Date Revised
Date Printed 17-Dec-2007 11:39 AM

A           B

Year

Hardwoods/Stephenville GT's (Options
Stephenville Refurb - Base Case 2A
SV ReFurb - BC2A
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 30,500,170$  
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 5,891,452$     
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   30,500,170  -                      -                      30,500,170  26,640,030  26,640,030    
2 2009 226,335       0.55             252,074       -                   478,409       -                      -                      478,409       390,525       27,030,554    
3 2010 231,541       0.56             254,358       -                   485,898       -                      -                      485,898       370,690       27,401,244    
4 2011 236,866       0.58             263,947       -                   500,814       -                      -                      500,814       357,073       27,758,317    
5 2012 242,788       0.61             276,734       -                   519,522       -                      -                      519,522       346,179       28,104,496    
6 2013 248,858       0.63             288,150       -                   537,008       -                      -                      537,008       334,421       28,438,918    
7 2014 255,079       0.67             304,133       -                   559,212       -                      -                      559,212       325,467       28,764,385    
8 2015 261,456       0.69             313,266       -                   574,722       -                      -                      574,722       312,611       29,076,995    
9 2016 267,992       0.72             329,249       -                   597,242       -                      -                      597,242       303,607       29,380,603    
10 2017 274,692       0.75             342,949       -                   617,641       -                      -                      617,641       293,437       29,674,040    
11 2018 281,560       0.79             358,932       -                   640,491       -                      -                      640,491       284,386       29,958,426    
12 2019 288,599       0.82             372,632       -                   661,230       -                      -                      661,230       274,387       30,232,813    
13 2020 295,814       0.85             386,788       -                   682,601       -                      -                      682,601       264,725       30,497,537    
14 2021 303,209       0.87             395,921       -                   699,130       -                      -                      699,130       253,397       30,750,934    
15 2022 310,789       0.88             402,771       -                   713,560       -                      -                      713,560       241,707       30,992,642    
16 2023 318,559       0.90             410,991       -                   6,621,001    -                      -                      6,621,001    2,096,039    33,088,681    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

-New engines, refurbishment of alternator and BOP
-Includes allowance for rental mobile equipment during refurbishment period
-Fuel costs based on HYDRO price forecast and historical consumption, with an adjustment for improved efficiency of new engines (10%)
-O&M costs based on 75% of historical average
-Assumes partial refurbishment required in 2023 (reflected as replacement cost)

Date Revised
Date Printed 17-Dec-2007 11:40 AM

Year

A           B

Hardwoods/Stephenville GT's (Options
New GT/Refurb Alt - Option 1
New GT - Opt1
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 10,743,124$  
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 5,891,452$     
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   10,743,124  -                      -                      10,743,124  9,383,461    9,383,461      
2 2009 241,424       0.55             280,083       -                   521,507       -                      -                      521,507       425,705       9,809,165      
3 2010 246,977       0.56             282,620       -                   529,596       -                      -                      529,596       404,027       10,213,192    
4 2011 252,657       0.58             293,275       -                   545,932       -                      -                      545,932       389,242       10,602,434    
5 2012 258,974       0.61             307,482       -                   566,456       -                      -                      566,456       377,453       10,979,888    
6 2013 265,448       0.63             320,167       -                   585,615       -                      -                      585,615       364,692       11,344,579    
7 2014 272,084       0.67             337,926       -                   610,010       -                      -                      610,010       355,031       11,699,611    
8 2015 278,886       0.69             348,074       -                   626,960       -                      -                      626,960       341,025       12,040,635    
9 2016 285,859       0.72             365,833       -                   651,691       -                      -                      651,691       331,287       12,371,922    
10 2017 293,005       0.75             381,054       -                   674,059       -                      -                      674,059       320,241       12,692,163    
11 2018 300,330       0.79             398,813       -                   699,143       -                      -                      699,143       310,428       13,002,591    
12 2019 307,838       0.82             414,035       -                   721,874       -                      -                      721,874       299,552       13,302,143    
13 2020 315,534       0.85             429,764       -                   745,299       -                      -                      745,299       289,040       13,591,183    
14 2021 323,423       0.87             439,912       -                   763,335       -                      -                      763,335       276,668       13,867,850    
15 2022 331,508       0.88             447,523       -                   779,032       -                      -                      779,032       263,885       14,131,735    
16 2023 339,796       0.90             456,656       -                   6,687,904    -                      -                      6,687,904    2,117,219    16,248,954    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

-New alternator, refurbishment of engines and BOP
-Includes allowance for rental mobile equipment during refurbishment period
-Fuel costs based on HYDRO price forecast and historical consumption
-O&M costs based on 80% of historical average
-Assumes partial refurbishment required in 2023 (reflected as replacement cost)

Date Revised
Date Printed 17-Dec-2007 11:40 AM

Year

A           B

Hardwoods/Stephenville GT's (Options
New Alt/Refurb GT - Option 2
New Alt - Opt2
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 37,859,400$  
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 2,000,000$     
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   37,859,400  -                      -                      37,859,400  33,067,866  33,067,866    
2 2009 211,246       0.55             252,074       -                   463,320       -                      -                      463,320       378,208       33,446,074    
3 2010 216,105       0.56             254,358       -                   470,462       -                      -                      470,462       358,914       33,804,987    
4 2011 221,075       0.58             263,947       -                   485,023       -                      -                      485,023       345,814       34,150,802    
5 2012 226,602       0.61             276,734       -                   503,336       -                      -                      503,336       335,394       34,486,196    
6 2013 232,267       0.63             288,150       -                   520,417       -                      -                      520,417       324,090       34,810,285    
7 2014 238,074       0.67             304,133       -                   542,207       -                      -                      542,207       315,569       35,125,855    
8 2015 244,026       0.69             313,266       -                   557,292       -                      -                      557,292       303,130       35,428,985    
9 2016 250,126       0.72             329,249       -                   579,376       -                      -                      579,376       294,525       35,723,510    
10 2017 256,379       0.75             342,949       -                   599,328       -                      -                      599,328       284,737       36,008,246    
11 2018 262,789       0.79             358,932       -                   621,721       -                      -                      621,721       276,051       36,284,298    
12 2019 269,359       0.82             372,632       -                   641,990       -                      -                      641,990       266,403       36,550,701    
13 2020 276,093       0.85             386,788       -                   662,881       -                      -                      662,881       257,077       36,807,777    
14 2021 282,995       0.87             395,921       -                   678,916       -                      -                      678,916       246,070       37,053,848    
15 2022 290,070       0.88             402,771       -                   692,841       -                      -                      692,841       234,689       37,288,537    
16 2023 297,322       0.90             410,991       -                   2,708,312    -                      -                      2,708,312    857,382       38,145,919    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

-New complete unit
-Does not include allowance for rental mobile equipment during refurbishment period
-Fuel costs based on HYDRO price forecast and historical consumption, with an adjustment for improved efficiency of new engines (10%)
-O&M costs based on 70% of historical average
-Allowance for major maintenance included in 2023 (reflected as replacement cost)

Date Revised
Date Printed 17-Dec-2007 11:40 AM
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Alternative Comparison
Cumulative Net Present Value
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16,010,747 2,167,979
13,842,768 0
33,088,681 19,245,913
16,248,954 2,406,186
38,145,919 24,303,151

Date Printed: 17-Dec-2007 11:40 AM
Date Revised:
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 8,017,554$    
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 55,639,618$   
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   8,017,554    -                      -                      8,017,554    7,002,842    7,002,842      
2 2009 271,602       0.55             280,083       -                   551,685       -                      -                      551,685       450,339       7,453,181      
3 2010 277,849       0.56             282,620       -                   560,469       -                      -                      560,469       427,579       7,880,760      
4 2011 284,240       0.58             293,275       -                   577,514       -                      -                      577,514       411,760       8,292,520      
5 2012 291,346       0.61             307,482       -                   598,827       -                      -                      598,827       399,024       8,691,544      
6 2013 298,629       0.63             320,167       -                   618,796       -                      -                      618,796       385,355       9,076,899      
7 2014 306,095       0.67             337,926       -                   644,021       -                      -                      644,021       374,826       9,451,725      
8 2015 313,747       0.69             348,074       -                   661,821       -                      -                      661,821       359,987       9,811,712      
9 2016 321,591       0.72             365,833       -                   687,423       -                      -                      687,423       349,451       10,161,163    
10 2017 329,631       0.75             381,054       -                   710,685       -                      -                      710,685       337,641       10,498,804    
11 2018 337,871       0.79             398,813       -                   736,685       -                      -                      736,685       327,097       10,825,901    
12 2019 346,318       0.82             414,035       -                   760,353       -                      -                      760,353       315,520       11,141,421    
13 2020 354,976       0.85             429,764       -                   784,741       -                      -                      784,741       304,336       11,445,757    
14 2021 363,851       0.87             439,912       -                   803,763       -                      -                      803,763       291,321       11,737,077    
15 2022 372,947       0.88             447,523       -                   820,470       -                      -                      820,470       277,922       12,014,999    
16 2023 382,271       0.90             456,656       -                   56,478,545  -                      -                      56,478,545  17,879,661  29,894,660    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

-Refurbishment of engines, alternator and BOP
-Includes allowance for rental mobile equipment during refurbishment period
-Fuel costs based on HYDRO price forecast and historical consumption
-O&M costs based on 90% of historical average
-Assumes complete new unit required in 2023 (reflected as replacement cost)

Date Revised
Date Printed 17-Dec-2007 11:42 AM
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 8,050,389$    
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 55,639,618$   
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   8,050,389    -                      -                      8,050,389    7,031,522    7,031,522      
2 2009 157,035       0.61             165,489       -                   322,524       -                      -                      322,524       263,276       7,294,797      
3 2010 160,647       0.62             167,109       -                   327,755       -                      -                      327,755       250,043       7,544,840      
4 2011 164,341       0.64             172,778       -                   337,120       -                      -                      337,120       240,362       7,785,202      
5 2012 168,450       0.67             180,337       -                   348,787       -                      -                      348,787       232,412       8,017,614      
6 2013 172,661       0.69             187,356       -                   360,018       -                      -                      360,018       224,201       8,241,814      
7 2014 176,978       0.73             197,075       -                   374,053       -                      -                      374,053       217,702       8,459,517      
8 2015 181,402       0.75             203,014       -                   384,417       -                      -                      384,417       209,097       8,668,614      
9 2016 185,937       0.79             212,733       -                   398,670       -                      -                      398,670       202,664       8,871,278      

10 2017 190,586       0.82             221,372       -                   411,958       -                      -                      411,958       195,718       9,066,996      
11 2018 195,350       0.86             231,091       -                   426,441       -                      -                      426,441       189,345       9,256,341      
12 2019 200,234       0.89             239,730       -                   439,964       -                      -                      439,964       182,569       9,438,910      
13 2020 205,240       0.92             248,099       -                   453,339       -                      -                      453,339       175,813       9,614,723      
14 2021 210,371       0.94             254,038       -                   464,409       -                      -                      464,409       168,323       9,783,046      
15 2022 215,630       0.96             258,357       -                   473,988       -                      -                      473,988       160,556       9,943,602      
16 2023 221,021       0.98             264,567       -                   56,125,206  -                      -                      56,125,206  17,767,803  27,711,405    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

-Refurbishment of engines, alternator and BOP
-Includes allowance for rental mobile equipment during refurbishment period
-Fuel costs based on HYDRO price forecast and historical consumption
-O&M costs based on 90% of historical average
-Assumes complete new unit required in 2023 (reflected as replacement cost)

Date Revised
Date Printed 17-Dec-2007 11:42 AM

SV ReFurb - BC2A

Hardwoods/Stephenville GT's (Options
Stephenville Refurb - Base Case 2A

A           B

Year

NP-NLH-013, Attachment 1 
Page 588 of 614, Gas Generator Engine Refurbishment – Hardwoods and Stephenville



PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 30,500,170$  
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 15,788,505$   
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   30,500,170  -                      -                      30,500,170  26,640,030  26,640,030    
2 2009 226,335       0.55             252,074       -                   478,409       -                      -                      478,409       390,525       27,030,554    
3 2010 231,541       0.56             254,358       -                   485,898       -                      -                      485,898       370,690       27,401,244    
4 2011 236,866       0.58             263,947       -                   500,814       -                      -                      500,814       357,073       27,758,317    
5 2012 242,788       0.61             276,734       -                   519,522       -                      -                      519,522       346,179       28,104,496    
6 2013 248,858       0.63             288,150       -                   537,008       -                      -                      537,008       334,421       28,438,918    
7 2014 255,079       0.67             304,133       -                   559,212       -                      -                      559,212       325,467       28,764,385    
8 2015 261,456       0.69             313,266       -                   574,722       -                      -                      574,722       312,611       29,076,995    
9 2016 267,992       0.72             329,249       -                   597,242       -                      -                      597,242       303,607       29,380,603    
10 2017 274,692       0.75             342,949       -                   617,641       -                      -                      617,641       293,437       29,674,040    
11 2018 281,560       0.79             358,932       -                   640,491       -                      -                      640,491       284,386       29,958,426    
12 2019 288,599       0.82             372,632       -                   661,230       -                      -                      661,230       274,387       30,232,813    
13 2020 295,814       0.85             386,788       -                   682,601       -                      -                      682,601       264,725       30,497,537    
14 2021 303,209       0.87             395,921       -                   699,130       -                      -                      699,130       253,397       30,750,934    
15 2022 310,789       0.88             402,771       -                   713,560       -                      -                      713,560       241,707       30,992,642    
16 2023 318,559       0.90             410,991       -                   16,518,055  -                      -                      16,518,055  5,229,193    36,221,835    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

-New engines, refurbishment of alternator and BOP
-Includes allowance for rental mobile equipment during refurbishment period
-Fuel costs based on HYDRO price forecast and historical consumption, with an adjustment for improved efficiency of new engines (10%)
-O&M costs based on 75% of historical average
-Assumes replacement of alternator required in 2023 (reflected as replacement cost)

Date Revised
Date Printed 17-Dec-2007 11:43 AM
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 10,743,124$  
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 44,824,213$   
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   10,743,124  -                      -                      10,743,124  9,383,461    9,383,461      
2 2009 241,424       0.55             280,083       -                   521,507       -                      -                      521,507       425,705       9,809,165      
3 2010 246,977       0.56             282,620       -                   529,596       -                      -                      529,596       404,027       10,213,192    
4 2011 252,657       0.58             293,275       -                   545,932       -                      -                      545,932       389,242       10,602,434    
5 2012 258,974       0.61             307,482       -                   566,456       -                      -                      566,456       377,453       10,979,888    
6 2013 265,448       0.63             320,167       -                   585,615       -                      -                      585,615       364,692       11,344,579    
7 2014 272,084       0.67             337,926       -                   610,010       -                      -                      610,010       355,031       11,699,611    
8 2015 278,886       0.69             348,074       -                   626,960       -                      -                      626,960       341,025       12,040,635    
9 2016 285,859       0.72             365,833       -                   651,691       -                      -                      651,691       331,287       12,371,922    
10 2017 293,005       0.75             381,054       -                   674,059       -                      -                      674,059       320,241       12,692,163    
11 2018 300,330       0.79             398,813       -                   699,143       -                      -                      699,143       310,428       13,002,591    
12 2019 307,838       0.82             414,035       -                   721,874       -                      -                      721,874       299,552       13,302,143    
13 2020 315,534       0.85             429,764       -                   745,299       -                      -                      745,299       289,040       13,591,183    
14 2021 323,423       0.87             439,912       -                   763,335       -                      -                      763,335       276,668       13,867,850    
15 2022 331,508       0.88             447,523       -                   779,032       -                      -                      779,032       263,885       14,131,735    
16 2023 339,796       0.90             456,656       -                   45,620,665  -                      -                      45,620,665  14,442,334  28,574,070    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

-New alternator, refurbishment of engines and BOP
-Includes allowance for rental mobile equipment during refurbishment period
-Fuel costs based on HYDRO price forecast and historical consumption
-O&M costs based on 80% of historical average
-Assumes replacement of engines/turbines required in 2023 (reflected as replacement cost)
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PROJECT COST / BENEFIT ANALYSIS TEMPLATE

Note: Costs are shown as positive values;Benefits as negative values

Current Year 2007
Present Worth Year 2007

Number of Years in Study 16
Discount Rate 7.0%

Total In-service Project Cost 37,859,400$  
In-service Year 2008

Other Project Cost after In-service (if applicable)
Other Project Year (if applicable)
Replacement Cost (if applicable) 2,000,000$     
Replacement Year (if applicable) 2023

Project cost in Ending (E) or Beginning (B) Year $$ E
O&M costs - 75% Materials, 25% Labour (75) or  50% Materials, 50% Labour (50) or User (U) 50

C D E F G H I J K L
Annual O&M Annual Fuel Annual Fuel Other Total Benefit 1 Benefit 2 P.W. Cumulative 

Cost Price Cost Cost Costs  (specify)  (specify) NET January Present
$ (if applicable) $ $ $ $ $ $ 2007 Worth

0 2007 -                   -                   -                   -                   -                      -                      -                   -                   -                    
1 2008 -                   -                   -                   37,859,400  -                      -                      37,859,400  33,067,866  33,067,866    
2 2009 211,246       0.55             252,074       -                   463,320       -                      -                      463,320       378,208       33,446,074    
3 2010 216,105       0.56             254,358       -                   470,462       -                      -                      470,462       358,914       33,804,987    
4 2011 221,075       0.58             263,947       -                   485,023       -                      -                      485,023       345,814       34,150,802    
5 2012 226,602       0.61             276,734       -                   503,336       -                      -                      503,336       335,394       34,486,196    
6 2013 232,267       0.63             288,150       -                   520,417       -                      -                      520,417       324,090       34,810,285    
7 2014 238,074       0.67             304,133       -                   542,207       -                      -                      542,207       315,569       35,125,855    
8 2015 244,026       0.69             313,266       -                   557,292       -                      -                      557,292       303,130       35,428,985    
9 2016 250,126       0.72             329,249       -                   579,376       -                      -                      579,376       294,525       35,723,510    
10 2017 256,379       0.75             342,949       -                   599,328       -                      -                      599,328       284,737       36,008,246    
11 2018 262,789       0.79             358,932       -                   621,721       -                      -                      621,721       276,051       36,284,298    
12 2019 269,359       0.82             372,632       -                   641,990       -                      -                      641,990       266,403       36,550,701    
13 2020 276,093       0.85             386,788       -                   662,881       -                      -                      662,881       257,077       36,807,777    
14 2021 282,995       0.87             395,921       -                   678,916       -                      -                      678,916       246,070       37,053,848    
15 2022 290,070       0.88             402,771       -                   692,841       -                      -                      692,841       234,689       37,288,537    
16 2023 297,322       0.90             410,991       -                   2,708,312    -                      -                      2,708,312    857,382       38,145,919    

-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    
-                   -                   -                   -                    

Assumptions & Notes:

-New complete unit
-Does not include allowance for rental mobile equipment during refurbishment period
-Fuel costs based on HYDRO price forecast and historical consumption, with an adjustment for improved efficiency of new engines (10%)
-O&M costs based on 70% of historical average
-Allowance for major maintenance included in 2023 (reflected as replacement cost)
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Alternative Comparison
Cumulative Net Present Value
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29,894,660 2,183,255
27,711,405 0
36,221,835 8,510,430
28,574,070 862,665
38,145,919 10,434,515

Date Printed: 17-Dec-2007 11:43 AM
Date Revised:

Alternative Comparison
Hardwoods/Stephenville GT's (Options Subcase 2)

New GT/Refurb Alt - Option1
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CPW Difference between
Alternative and the
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Net Present
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Stephenville Refurb - Base Case 2A
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HARDWOODS AND STEPHENVILLE GAS TURBINE FACILITIES 
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HWD-001 – Gas Turbine 

 
 
 

 

Newfoundland and Labrador Hydro 
St. John’s, NL 

 
HARDWOODS 
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HWD-002 – Air Inlet & Exhaust 

 

 
HWD-004 – Air Inlet 

 
HWD-003 – Air Inlet 
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HWD-005 – Air Inlet 

 
HWD-006 – Air Inlet 

 

 
HWD-007 – Air Inlet 

 
HWD-008 – Air Inlet 

 
HWD-009 – Air Inlet 

 
HWD-010 – Air Inlet 
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HWD-011 – Exhaust Stack 

 
HWD-012 – Exhaust Stack 

 
HWD-013 – Exhaust Stack 

 
HWD-014 – Exhaust Stack 

 
HWD-015 – Exhaust Stack 

 
HWD-016 – Exhaust Stack 
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HWD-017 – Exhaust Stack 

 
HWD-018– Exhaust Stack 

 
HWD-020– Exhaust Stack  

HWD-019 – Exhaust Stack 

 
HWD-021– Exhaust Stack 

 
HWD-022– Exhaust Stack 
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HWD-023– Lube Oil Glycol Cooler 

 
HWD-024– Lube Oil Glycol Cooler 

 
HWD-025 – Engine & Turbine Enclosure 

 
HWD-026 – Engine & Turbine Enclosure 

 
HWD-027 – Alternator Enclosure 

 
HWD-028 – Oil Storage Area 
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HWD-029 – Oil Storage Area 

 
HWD-030 – Oil Storage Tank 

 
HWD-031 – Oil Storage Tank 

 
HWD-032 – 13.8 kV Bus Duct 

 
HWD-033 – 13.8 kV Bus Duct 

 
HWD-034 – 13.8 kV Bus Duct 
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HWD-035 – Control Module Cabling 

 
HWD-036 – Control Module Cabling 

 
HWD-038 – Control Module Building 

 
HWD-037 – Control Module Building 
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HWD-039 – Fuel Unloading Building 

 
HWD-040 – Fuel Unloading Building

 
HWD-041 – Fuel Unloading Building 

 
HWD-042 – Fuel Unloading Building 

 
HWD-043 – Fuel Forwarding Building 
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HWD-044 – Fuel Forwarding Building 

 
HWD-045 – Fuel Forwarding Building 

 
HWD-046 – Auxiliary Module Building 

 
HWD-047 – Maintenance Building 

 
HWD-048 – HV Switchgear Building 
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SVL-001 – Gas Turbine 

 
 
 

 
Newfoundland and Labrador Hydro 

St. John’s, NL 

STEPHENVILLE 
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SVL-002 – Air Inlet 

 
SVL-003 – Air Inlet 

 
SVL-004 – Air Inlet 

 

 
SVL-005 – Air Inlet 

 
SVL-006 – Air Inlet 

 
SVL-007 – Air Inlet 
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SVL-008 – Exhaust Stack 

 

 
SVL-009 – Exhaust Stack 

 
SVL-010 – Exhaust Stack 

 
SVL-011 – Exhaust Stack 
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SVL-012 – Lube Oil Glycol Cooler 

 
SVL-013 – Lube Oil Glycol Cooler 

 
SVL-014 – Lube Oil Glycol Cooler 

 
SVL-016 – Engine & Turbine Enclosure 

 
SVL-015 – Engine & Turbine Enclosure 
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SVL-017 – Engine & Turbine Enclosure 

 
SVL-018– Engine & Turbine Enclosure 

 
SVL-019 – Alternator Enclosure 

 
SVL-020– Alternator Glycol Cooler 

 
SVL-021– Alternator Glycol Cooler 

 
SVL-022– Alternator Glycol Cooler 
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SVL-023– Alternator Glycol Cooler 

 
SVL-024–Oil Storage Area 

 
SVL-025 – Oil Storage Area 

 
SVL-026 – Oil Storage Area 

 
SVL-027 – Oil Storage Piping 

 
SVL-028 – HV Switchgear Building 
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SVL-029 – 13.8 kV Bus Duct 

 
SVL-030 – 13.8 kV Bus Duct 

 
SVL-031 – Battery Chargers 

 
SVL-032 – Protection Relays 

 
SVL-033 – 15 kV Transformer Cabling 
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SVL-034 – GT Junction Box 

 
SVL-035 – GT Junction Box 

 
SVL-036 – Control Building 

 
SVL-037 – Control Building 

 
SVL-038 – Control Building  

SVL-039 – Control Building 
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SVL-040 – Fuel Forwarding Building 

 
SVL-041 – Fuel Forwarding Building

 
SVL-042 – Fuel Forwarding Building 

 
SVL-043 – Fuel Forwarding Building 

 
SVL-044 – Parts Storage Shed 

 
SVL-045 – Parts Storage Shed 
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SVL-046 – Parts Storage Shed 

 
SVL-047 – Parts Storage Shed

 
SVL-049 – Waste Oil Storage Shed 

 
SVL-048 – Waste Oil Storage Shed 
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