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Project Title: TRES - U&U Turbine Governor Refurbishment 

• Capital Project Authorization 

o ATO 

o Final Cost 

YEAR 

2010 

Budget Estimate Project Estimate 

648,220 .r-STTrn;nHIl Start Date 

In-SelVice Date 

.r"Tlm~Hpn Close Date 

This item is submitted pursuant to section 35 

CI Number: 39663 

Head Office Use: 

Project Number: 

Date: July 30,2010 
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FP# : 39663

Title : TRE5 - (UU) Turbine Governor Refurbishment

Item Description Acct Actv Unit Quantity Unit Price Total
1

1.1 Wormwheel (March outage) Each 1
1.2 Governor regulating bush & adaptor (July outage) Each 1
1.3 Governor regulating bush (July outage) Each 1
1.4 Governor springs (July outage) Each 2
1.5 Baffle plates with caulking strip (July outage) Each 2
1.6 Governor gland bush - top (July outage) Each 2
1.7 Governor gland bush - bottom (July outage) Each 2
1.8 Governor valve spindle (July outage) Each 1
1.9 Shaft overspeed governor sleeve (July  outage) Each 2
1.10 Miscellaneous materials Lot 1

121,000.00$        

2
2.1 Miscellaneous rentals Lot 1 2,000.00$           2,000.00$             

2,000.00$            

3
3.1 Plant regular labour (March) Lot 1 31,000.00$         31,000.00$           
3.2 Plant OT labour (March) Lot 1 46,000.00$         46,000.00$           
3.3 Term Labour (March) Lot 1 45,000.00$         45,000.00$           
3.4 Crane operator (July) Lot 1 3,200.00$           3,200.00$             
3.5 Utility labour (July) Lot 1 2,800.00$           2,800.00$             
3.6 -$                     
3.7 -$                     

128,000.00$        

4
4.1 Ttechnical direction & governor refurbishment (March) Lot 1
4.2 Service rep (March) Lot 1
4.3 Pipe bore inspection (March) Lot 1
4.4 Vibration monitoring during start-up (March) Lot 1
4.5 Oil flush (March) Lot 1
4.6 NDT Services (March) Lot 1
4.7 Piping mods for oil flush (March) Lot 1
4.8 Crane services (March) Lot 1
4.9 Millwright labour (July) Lot 1
4.10 Siemens technical director (July) Lot 1
4.11 Insulation services (March) Lot 1

314,200.00$        

5
5.1 Consulting design (March) Lot 1
5.2 Contract Supervisor (March) Lot 1
5.3 Contract Supervisor (July) Lot 1
5.4 -$                     
5.5 -$                     

24,000.00$          
Project Sub-Total Before Indirect Costs 589,200.00$        

6
6.1 Interest 094 N/A Lot 1 10,515.39$         10,515.39$           
6.2 Thermal Regular Labour AO 095 005 Lot 1 9,793.90$           9,793.90$             
6.3 Thermal Overtime Labour AO 095 005 Lot 1 6,088.10$           6,088.10$             
6.4 Thermal & Hydro Contracts AO 095 005 Lot 1 20,711.10$         20,711.10$           
6.5 Thermal Term Labour AO 095 005 Lot 1 11,911.50$         11,911.50$           
6.6 -$                     

59,019.99$          

648,219.99$ 
7 Retirement Costs

7.1 Retirement Costs 097 Lot 1 350,000.00$       350,000.00$         

Contractor Labour Sub-Total

TRENTON GENERATING STATION - PROJECT COST ESTIMATE (2010)

Supply of Materials

Equipment Rental & Charges

Plant Labour

Total Project Cost Estimate

Plant Labour Sub-Total

Equipment Rental & Charges Sub-Total

Supply of Materials Sub-Total

Indirect Costs Sub-Total

Contractor Labour

Engineering & Project Management

Indirect Costs

Engineering & Project Management Sub-Total
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!lIm S101l4. TRE5 (UU) Turbine Governor Refurbishment flO... Summary of Alternatives 
.ltt _til(l>j;;~ 

Budget Year: Date: 
Division: CI Number: 
Department: Project No. : 
Originator: 

Recommendation: 
~~~~~~~~ 

Copy of Copy of 39663 EAM.xls 8/23/2010 
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NSPI, TRENTON G.S., Unit 5, MC 3902 - EMERGENCV OUTAGE 0 RAFT CO PY 
2.0 INTRODUCTION 

Nova Scotia Power, Trenton Generating Station contacted Siemens with a request for TFA 
support for a forced outage on Unit 5, Parsons Machine 3902. 

The machine was taken out of service with high vibration, noise and poor control from the 
governing system. 

The work was completed by Nova Scotia Power trades personnel, with first line supervision from 
in-house. Technical direction was provided by one Siemens TFA covering two shifts. 

From the onset of the outage, the priority was a speedy and safe return to service. The major 
problem became evident as soon as the number one (1) pedestal cover was removed for 
inspection. The wheel on the cross shaft was severely worn by the worm on the end of the HP 
spindle. 

Other additional problems became evident as the inspection unfolded. 

Five key items were identified for repair. 

(i) the removal and replacement of the worm and wheel driving the cross shaft 
(Ii) The main and auxiliary governors, which are secured to opposing ends of the 

cross shaft. 
(iii) Left and right hand reheat emergency stop valves. 
(iv) The main thrust bearing 
(v) The clean up of the large amount of brass particulate, spread throughout the oj( 

system from the wheel disintegration. 

All items were addressed in a timely and safe manor, with a successful return to service Saturday 
2ih March 2010. 

The two mechanical trip bolts were tested and deemed acceptable to Siemens specifications prior 
to loading the machine to 160MW. 
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NSPI, TRENTON G.S., Unit 6, Me 3902 - EMERGENCY OUTAGE 0 RA FT CO PY 

3.0 CONCLUSIONS 

The wheel on the cross shaft was severely worn, which in turn caused the noise and vibration at 
the #1 pedestal area. The cause of the rapid deterioration of the wheel was the absence of 
sufficient back lash and tooth clearance between the worm and wheel. The poor condition of the 
main and auxifiary governors created the unstable control condItion. The slight rise in speed after 
the machine was tripped was caused by the poor condition of the seating area in the left and right 
hand reheat emergency stop valves. 
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NSPI, TRENTON 6.S., Unit 5, Me 3902 - EMERGENCV OUTAGE 0 RAFT CO PY 

4.0 RECOMMENDATIONS 

Due to the nature of this outage and the quick turn around, the following items are Identified for 
extra work at your earliest convenience: 

• The #1 bearing should be rebabbitted and the journal dressed to return clearances to 
original specifications. 

• The spherical seat and spherical pads bedded and blue checked. 

• The #1 pedestal oil baffle brass inserts should be replaced and machined to original 
specifications. 

• The main and auxiliary governor bushes should be replaced as wear is evident from 
before the governors were rebuilt. 

• The number 1 and 2 trip plungers require new operating sleeves 

• The number 2 and 3 pedestal sliding feet should be removed, cleaned and grease lines 
checked. 

• ALL other bearings should be inspected during the next outage 

• The LH#2 governor valve was identified as excessively tight at the spindle to bushing 
area and should be repaired. 

Siemens Energy 
A Division of Siemens Canada Um/ted 
Siemens EneffJY Services 

10·844 
NSPI, Trenton G.S., Unit 5, m-c 3902 EMERGENCY OUTAGE 
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NSPI, TRENTON G.S., Unit 5, Me 3902 - EMERGENCY OUTAGE 0 RAFT CO Pl' 

5.0 REPORT 

The work required to return the components to acceptable condition for return to service are 
detailed below: 

• The main and auxiliary governors were shipped off-site and refurbished to original 
specifications by Siemens. 

• The speed and axial pickup collar was removed and machined to suit the new 
clearances required for the larger wheel. The coliar is held into position by an 
interference fit of 0.005" The key on the shaft Is no longer used to secure the coliar. 
Nova Scotia Power declined the opportunity to fill the keyway with a half key. 

• The new worm was fitted to HP spindle with a 0.002" interference fit and a 0.001" 
clearance on the .999" key. 

• The cross shaft was checked for run out journal to wheel fit area to other journal at 
0.001~, The new wheel was fit to the cross shaft with a 0.004" interference fit. 

• The auxiliary hub of the cross shaft was 'found' and 'left' at a size for sIze fit with a 
new drive key fit to provide a sliding fit. 

• The cross shaft with the new wheel was placed into position to find zero backlash. 
The required move to achieve the correct backlash was 0.022". 

• The four (4) brass sliding feet under #1 pedestal was removed and 0.022" machined 
from the blank side. There is no relief in the fir tree design OF THE GREASE 
PATTERN OF THE SLIDING FEET. They must lift to alleviate pressure from the 
grease injection. The grease lines were cleaned and sliding feet installed in their 
perspective pOSitions. Final sizes were 'x'-side generator end 0.925·, turbine end 
0.973" and 'y' side generator end 0.940", turbine end 0.970". 

• Turbine end HP cylinder palm support shim packs were removed and 0.022" added to 
the four packs. They were cleaned and placed back in position at 'x'-side generator 
end 0.56", turbine end 0.560" and 'y'-side generator end 0.556", turbine end .555". 

• The #1 bearing was removed, NDE inspected and shimmed up 0.022". This places 
the #1 journal back In the 'as found' alignment position relative to overall centenary. 

• The run out was checked #1 journal to collar to worm at 0.001". 

• The cross shaft was placed Into position with the cross shaft thrust bearing adjusted to 
suit the correct blue pattern. Final position was left at main side 0.252 and auxiliary 
side at 0.250 with a backlash of 0.016", This position is 0.015~ more towards the 
auxiliary governor than 'as found'. 

• The cross shaft was removed and the refurbished main and auxiliary govers fitted and 
checked for run out. They were outside of specifications at 0.010" to 0.012" 
adjustments were made to achieve 0.002". 

• Due to lack of time, a new set of coupling bolts was not fitted. 
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NSPI, TRENTON 6.S., Unit 5, Me 3902 - EMERGENCY OUTAGE 0 RAFT CO PV 
• The cross shaft was placed back in position end float checked at 0.0015". 

• The main and auxiliary housings and bush assemblies were installed with new '0'­
rings, except the square ring at the bush. 

• The keep nip was adjusted to 0.001" and radial probes set on bearing. 

• The main thrust bearing at bearing two (2) was opened and inspected. The stop gap 
reading 'as found' was 0.102 hard on the turbine side pads and 0.113 on the 
generator side. 

• The top half thrust pads had been slightly damaged last time the top half was 
assembled. 

• The pads both generator and turbine sides were removed cleaned up and blue 
checked. They were then installed with instrumentation and keep nip check at 0.002". 
The stop gap was rechecked at 0.094" turbine side and 0.113" on the generator side, 
the axial probes were then set at the #1 pedestal and subsequently boxed up. 

• The reheat emergency stop valves were a parallel event with simUltaneous 
completion. 

• The seats were lapped and blue checked to a suitable contact. 

• The steam strainers were in poor operating condition with a cross section of 100 holes 
showing debris lodged In 60 of the 100. They were totally cleaned out before being 
reassembled. 

• The cleaning of the brass particulate from the oil system was also a parallel event with 
simUltaneous completion. The cleaning was completed under the supervision of Nova 
Scotia Power with the assistance of an outside contractor. 

• The filters were changed, oil from the tank cleaned and drain lines flushed. 

• The oil available at start up was of sufficient cleanliness to provide system stability. 

The oil system was started up and the jacking oil check at: 
• #3 950 psi 
• #4 1100 psi 
• #5 1050 psi 

.• #6 1050 psi 
• #7 850 psi 
• #8 1000 psi 

The lube oil at 93,4 kpa and the power oil at 1064 kpa on the auxiliary oil pump. The 
#1 and #2 trip plungers were reset and all valves were stroked, the only anomaly was 
the left hand #2 governor valve. The customer was available to witness the tightness 
of the leak off gland area to the spindle 

• The machine was warmed up and slowly raised to 3600 rpm with a very prominent 
critical at 2200 rpm. 

• The governor took control at 3340 rpm with successful run to 3600 rpm. 
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NSPI, TRENTON G.S., Unit 5, Me 3902 - EMERGENCY OUTAGE 0 RA H CO PV 
• With the gauge rods, the main and auxiliary were set at 3600 rpm and the pilot oil 

regulating valve set. The machine was then loaded to 60 megawatts and a trip 
initiated. 

• The inner bolt tripped at 3965 rpm with no unusual rise in speed after the trip. 
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