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Industrial Customers Group 
c/o #301 – 2298 McBain Avenue 
Vancouver, BC  V6L 3B1 
 
Attention: Mr. Robert Hobbs 
  
Dear Mr. Hobbs: 
 
Re: FortisBC Inc. (FBC) 

Project No. 1599088 

Application for a Certificate of Public Convenience and Necessity for the 
Kelowna Bulk Transformer Addition Project (the Application) 

Response to the Industrial Customers Group (ICG) Information Request (IR) No. 
2 

 
On April 24, 2020, FBC filed the Application referenced above.  In accordance with the 
British Columbia Utilities Commission Order G-107-20 setting out the Regulatory Timetable 
for review of the Application, FBC respectfully submits the attached response to ICG IR No. 
2. 
 
If further information is required, please contact the undersigned. 
 
Sincerely, 
 
FORTISBC INC. 
 
 
Original signed:  
 

 Diane Roy 
 
 
Attachments 
 
cc (email only): Commission Secretary 
 Registered Parties  
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1.0 Reference: Exhibit B-2, BCUC IR 1.4.4 1 

“The hour for each peak (excluding self-generating customers and wheeling losses) in 2 

January, February, November, December, as well as June, July and August for each 3 

year in the period 2000-2019 is recorded.” 4 

1.1 Please explain how the effect of self-generating customers was excluded from 5 

the recorded peaks?  6 

  7 

Response: 8 

Please refer to the response to BCOAPO IR2 20.2. 9 

 10 

 11 

 12 

1.2 Please provide a table which shows the amount of self-generation excluded from 13 

each of the monthly peaks for each of the identified months from 2015 to 2019. 14 

  15 

Response: 16 

Please refer to the response to BCOAPO IR2 20.2. 17 

 18 

 19 

 20 

1.3 Why are wheeling losses excluded from the monthly peak loads, and for which 21 

elements on the FBC system are such wheeling losses excluded? 22 

  23 

Response: 24 

 Please refer to the response to BCOAPO IR2 20.2. 25 

 26 

 27 

 28 

1.4 Please provide a table which shows the amount of wheeling losses, by element if 29 

possible, excluded from each of the monthly peaks for each of the identified 30 

months from 2015 to 2019.   31 

  32 

Response: 33 

Please refer to the response to BCOAPO IR2 20.2.  34 
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2.0 Reference:  Exhibit B-2, BCUC IR 1.4.4; Exhibit B-5, ICG IR 1.1.9 and ICG IR 1.5.2 1 

 “The substation load data is based on the annual “1 in 20” load forecast and distributed 2 

among Kelowna substations as described in the response to BCUC IR1 4.4.” (ICG IR 3 

1.5.2) 4 

“Forecast net energy growth rates are used to escalate the peaks into future years…”  5 

(BCUC IR 1.4.4) 6 

“FBC does not forecast energy requirements at the area level…”  (ICG IR 1.1.9) 7 

2.1 Please explain the use of net energy growth rates used to calculate the peaks 8 

into future years, and the comment that FBC does not forecast energy 9 

requirements at the area level? 10 

  11 

Response: 12 

Please refer to the response to BCOAPO IR2 20.5.  As explained in the revised response to 13 

BCUC IR1 4.4, the growth rates used are gross energy, not net energy.  14 

 15 

 16 

 17 

2.2 Please explain the different growth rates of the Kelowna area summer peak 18 

demand forecast as compared to the Kelowna area winter peak demand 19 

forecast? 20 

  21 

Response: 22 

FBC attributes the higher growth rate in the summer peak load, as compared to the winter peak 23 

load, to the fact that new residential and commercial developments typically have significant air 24 

conditioning load, which is a major factor driving increases to the summer peak. With the 25 

exception of the Big White substation, most areas of the city also see higher demand related to 26 

tourism in the summer months (e.g. hotels, wineries, vacation properties, etc.). 27 

 28 

 29 

 30 

2.3 Please identify and explain the growth rates for each substation summer peak 31 

demand forecast provided in response to ICG IR 1.5.2? 32 

  33 
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Response: 1 

The table below shows the annual growth rate for each substation summer peak based on the forecast provided in the response to 2 

ICG IR1 5.2.  In the early years of the forecast, growth rates vary based on recent growth trends and other adjustments in the 3 

distribution load forecast as described in the response to BCOAPO IR2 21.1.  In later years, the growth rate for most stations is the 4 

same since it is driven by the system peak forecast and the distribution forecast summer regional growth rate without further 5 

adjustments. 6 

 7 

 8 

 9 

 10 

2.4 Please identify and explain the growth rates for each substation winter peak demand forecast provided in response to 11 

ICG IR 1.5.2? 12 

  13 

Name 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

Glenmore 0.8% 1.3% 1.9% 1.8% 1.8% 2.1% 1.4% 1.8% 1.8% 1.8% 1.6% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 1.6% 1.6%

Hollywood 0.9% 1.1% 1.5% 1.9% 1.9% 2.1% 1.3% 1.8% 1.8% 1.8% 1.6% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 1.6% 1.6%

OK Mission 1.9% 1.6% 1.5% 1.1% 2.1% 2.3% 1.4% 1.7% 1.7% 1.8% 1.7% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 1.6% 1.6%

Recreation 3.6% 3.2% 2.2% 1.5% 1.8% 2.2% 1.4% 1.9% 1.8% 1.8% 1.6% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 1.6% 1.6%

Sexsmith 1.7% 0.9% 2.5% 1.7% 1.7% 2.1% 1.4% 1.9% 1.8% 1.8% 1.6% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 1.6% 1.6%

Saucier 2.0% 3.2% 1.2% 0.4% 2.2% 2.4% 1.5% 1.6% 1.7% 1.8% 1.7% 1.7% 1.7% 1.7% 1.6% 1.7% 1.6% 1.6% 1.6%

Joe Rich 1.0% 1.6% 1.3% 1.7% 1.9% 2.1% 1.4% 1.8% 1.8% 1.8% 1.6% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 1.6% 1.6%

Duck Lake 17.0% 3.6% 2.6% 3.6% 1.9% 2.1% 1.4% 1.7% 1.8% 1.8% 1.6% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 1.6% 1.6%

DUC BCH 0.6% 0.6% 0.6% 0.6% 1.2% 1.2% 1.5% 1.4% 0.9% 1.3% 1.3% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.1%

D.G. Bell 2.0% 1.6% 1.1% 1.9% 1.9% 2.1% 1.4% 1.8% 1.8% 1.8% 1.6% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 1.6% 1.6%

Lee 1.0% 1.6% 1.3% 1.7% 1.9% 2.1% 1.4% 1.8% 1.8% 1.8% 1.6% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 1.6% 1.6%

Ellison 4.5% 0.6% 0.8% 3.7% 2.1% -2.0% 6.8% 1.8% 1.9% 1.8% 1.6% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 1.6% 1.6%

Black Moutain 2.6% 2.4% 2.8% 1.8% 1.9% -1.7% 5.3% 1.8% 1.8% 1.8% 1.6% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 1.6% 1.6%

Big White -1.1% -0.4% 1.2% 4.3% 1.2% -1.1% 4.0% 2.0% 2.1% 1.8% 1.4% 1.6% 1.7% 1.7% 1.6% 1.6% 1.6% 1.7% 1.6%

Benvoulin 4.7% 1.8% 1.6% 1.6% 1.9% 2.1% 1.4% 1.8% 1.8% 1.8% 1.6% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 1.6% 1.6%

Summer Growth Rate
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Response: 1 

The table below shows the annual growth rate for each substation winter peak based on the forecast provided in ICG IR1 5.2. In the 2 

early years of the forecast, growth rates vary based on recent growth trends and other adjustments in the distribution load forecast as 3 

described in the response to BCOAPO IR2 21.1. In later years, the growth rate for most stations is the same since it is driven by the 4 

system peak forecast and the distribution forecast winter regional growth rate without further adjustments. 5 

 6 

 7 

Name 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

Glenmore -0.4% 1.1% 1.5% 1.2% 1.1% 1.1% 1.2% 1.2% 1.1% 1.1% 1.1% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

Hollywood -0.3% 0.8% 1.1% 1.4% 1.2% 1.1% 1.1% 1.2% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

OK Mission 0.0% 0.7% 1.3% 1.1% 1.3% 1.1% 1.1% 1.2% 1.1% 1.1% 1.1% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

Recreation 5.0% 1.4% 0.9% 1.8% 1.0% 1.4% 0.9% 1.2% 1.2% 1.1% 1.1% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

Sexsmith 1.8% 0.8% 1.4% 0.9% 1.2% 1.2% 1.1% 1.2% 1.1% 1.1% 1.1% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

Saucier 3.4% 1.0% 1.3% 0.0% 1.4% 1.7% 1.1% 1.1% 1.0% 1.1% 1.2% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

Joe Rich 0.0% 0.6% 1.3% 1.2% 1.2% 1.1% 1.1% 1.2% 1.2% 1.1% 1.1% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

Duck Lake 17.2% 2.7% 2.6% 3.1% 1.2% 1.2% 1.1% 1.2% 1.2% 1.1% 1.1% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

DUC BCH 0.6% 0.6% 0.6% 0.6% 1.2% 1.2% 1.5% 1.4% 0.9% 1.3% 1.3% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.1%

D.G. Bell 1.8% 0.1% 1.4% 1.2% 1.2% 1.2% 1.1% 1.2% 1.2% 1.1% 1.1% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

Lee 0.0% 0.6% 1.3% 1.2% 1.2% 1.1% 1.1% 1.2% 1.2% 1.1% 1.1% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

Ellison 3.2% 1.3% 0.9% 2.8% 1.3% 1.1% 2.8% 1.2% 1.1% 1.1% 1.1% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

Black Moutain 1.9% 1.7% 2.5% 1.3% 1.2% 1.1% 1.1% 1.2% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

Big White -0.2% 0.7% 1.4% 1.3% 1.1% 1.1% 1.1% 1.2% 1.1% 1.1% 1.1% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

Benvoulin 3.9% 1.2% 1.2% 1.3% 1.2% 1.1% 1.2% 1.2% 1.2% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1% 1.1%

Winter Growth Rate
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3.0 Reference: Exhibit B-2, BCUC IR 1.4.4.1 1 

“If FBC acquired resources to meet the 1-in-20 forecast level, it would result in FBC 2 

entering into contacts or procuring resources that would not be fully utilized and add 3 

costs to customer rates.” 4 

3.1 Does FBC consider a one year deferral of the KBTA project, provided that it also 5 

resulted in a corresponding delay to an increase in customer rates, to be 6 

meaningful to customers, as long as the forecast summer peak was served in 7 

2022?   8 

  9 

Response: 10 

The current project schedule would see the new transformer in service after summer peak in 11 

2022.  12 

The Kelowna summer peak load for year-to-date is 313.1 MW, which exceeds the forecast 13 

value of 309.5 MW. This demonstrates that there is continued load growth in the Kelowna area, 14 

as peak load has almost reached the 315 MW load level. 15 

FBC submits that further deferral is not possible, as the new transformer is required to be in 16 

service before summer 2023 to mitigate the risk of significant customer outages. 17 

  18 
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4.0 Reference: Exhibit B-2, BCUC IR 1.4.9 and BCUC IR 1.4.10 1 

“Please refer to Attachment 4.10 for fully functioning Excel spreadsheets containing 2 

historical load data for each of the three transformers for summer and winter periods 3 

from 2015 to 2019. Dates and times of the peak load on each transformer are provided 4 

at the top of each column. Peak values are highlighted in yellow.” 5 

4.1 Attachment 4.10 appears to capture 15 minute interval peaks. Is the updated 6 

table 3-4 provided in the response to BCUC IR 1.4.9 based on 15 minute 7 

intervals, one hour averages, or some other period?   8 

  9 

Response: 10 

The updated table 3-4 provided in the response to BCUC IR1 4.9 is based on 15 minute interval 11 

data. 12 

  13 
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5.0 Reference: Exhibit B-2, BCUC IR 1.5.1 1 

“To date, FBC has not identified a significant impact on load that is attributable to the 2 

COVID-19 pandemic. Energy consumption since mid-March of 2020 is less than 1 3 

percent different from the most recent three year average for the same period after 4 

adjusting for weather and load growth. FBC does not believe these changes would result 5 

in a materially different peak forecast and therefore has not updated the peak forecast.” 6 

5.1 Has the Conference Board of Canada provided updated GDP growth rates for 7 

2020 and 2021 to reflect the effects of the COVID-19 pandemic?  If so, please 8 

provide these values compared to the pre-pandemic forecasts.   9 

  10 

Response: 11 

Yes, the Conference Board of Canada (CBOC) Provincial Outlook for British Columbia dated 12 

June 17, 2020 reflects the effects of the pandemic, at -3.8 percent for 2020 and +7.0 percent for 13 

2021.  The CBOC GDP values used for the forecast in the Application were 2.7 percent for 2020 14 

and 2.1 percent for 2021 from the Provincial Outlook British Columbia, June 7, 2019.  Please 15 

note that the CBOC projections are only used to forecast the commercial class which represents 16 

approximately 25 percent of the gross load.  17 

FBC also notes that, to date, system-wide energy consumption since mid-March of 2020 18 

remains within the same range in comparison to the most recent three-year average as in the 19 

response to BCUC IR1 5.1 and, as set out in the response to ICG IR2 3.1, peak load has 20 

exceeded the forecast for the Kelowna area and has almost reached the 315 MW load level. 21 

  22 
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6.0 Reference: Exhibit B-2, BCUC IR 1.7.3 1 

“FBC’s equipment is not dynamically rated, that is, ratings are not adjusted for 2 

temperatures different from 40 degrees in summer and 0 degrees in winter.” 3 

6.1 Given that the “warmest average daily temperature recorded in the prior 20 years 4 

was 27.5C recorded July 30, 2018” (BCUC IR 1.4.5) is it possible to calculate 5 

dynamic emergency ratings for the LEE and DGB transformers at the lower 6 

summer ambient temperature, and thereby defer the need for the KBTA project?     7 

  8 

Response: 9 

For clarity, the warmest average daily temperature is recorded over a 24-hour period and is not 10 

relevant to the determination of transformer loading levels.  Rather, temperatures over a six-11 

hour as well as a fifteen minute period are relevant when examining loading in excess of 12 

transformer normal and emergency ratings, consistent with the time frames in FBC’s operating 13 

procedures.  14 

The warmest temperature recorded at the Kelowna Airport is 39.5C in July, 1994. On July 30, 15 

2018, which was referenced in the response to BCUC IR1 4.5, temperatures at the Kelowna 16 

airport peaked at 37C and exceeded 35C for a period of more than six hours. As such, FBC 17 

submits that ratings at 40C ambient temperature are appropriate and that it would not be 18 

possible to defer the project based on dynamic ratings at 27.5C. 19 

 20 

 21 

 22 

6.2 If possible, please calculate the emergency rating for the LEE and DGB 23 

transformers at an average daily ambient of 27.5C.  24 

  25 

Response: 26 

Average daily temperature is not an appropriate measure for use in determining peak loads.  27 

Peak loads are impacted by the daily high temperature, not the average.  For this reason FBC 28 

does not believe that this would be a useful exercise and respectfully declines to undertake the 29 

calculation requested.  Please also refer to the response to ICG IR2 6.1. 30 

 31 

 32 

 33 

6.3 Please provide the loadings of the LEE and DGB transformers at the actual 34 

power factors (as derived from the past summer peak power factors) of the 35 

substation loads during the summer peak and identify when and for what period 36 
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the remaining LEE transformer would be overloaded for a failure of a LEE 1 

transformer.  2 

  3 

Response: 4 

Please refer to the response to BCOAPO IR2 24.3 where FBC provided the loadings of the LEE 5 

and DGB transformers during normal and contingency conditions.  As explained in footnote 19 6 

at page 19 of the Application, substation-specific power factors are used in modeling load flows. 7 

FBC estimates the duration of overloading to be 5 hours in 2022 and 7 hours in 2023, with the 8 

duration increasing as load increases in future. 9 

  10 
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7.0 Reference: Exhibit B-2, BCUC IR 1.7.5 1 

7.1 Please discuss the consequences of reconfiguring the system by opening Line 2 

58L at LEE in order to reduce the loading on the remaining LEE transformer for a 3 

failure of a LEE transformer during the summer peak in 2022.  4 

  5 

Response: 6 

FBC assumes the question is referring to reconfiguration after the outage of a LEE transformer. 7 

The premise of the question, that opening 58L at LEE would reduce the loading on the 8 

remaining LEE transformer, is incorrect.  After an outage of a LEE transformer, the power flow 9 

on lines 54L/58L is from DGB to LEE.  Opening 58L would increase the post contingency flow 10 

on the remaining LEE transformer because 58L does not support the LEE 138 kV bus (please 11 

refer to the diagram in the response to BCUC IR1 7.5 showing the normal system 12 

configuration).   In year 2022, the post contingency flow on the remaining LEE transformer is 13 

195 MVA with 58L in service; when it is opened, the flow increases to 239 MVA.  14 

  15 
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8.0 Reference: Exhibit B-2, BCUC IR 1.12.2 1 

LEE T4, 2017: “Load tap changer beyond its life expectancy and leaking into the main 2 

tank. All three units were replaced.” 3 

8.1 Please provide a cost breakdown of the LEE T4 tap changer replacement and 4 

the “before” and “after” project reports, including condition assessments. 5 

  6 

Response: 7 

Please see the table below for the cost breakdown of the LEE T4 tap changer replacement: 8 

. 9 

Please refer to Attachment 8.1A for the “before” report including condition assessment. 10 

Please refer to Attachment 8.1B for the "after” report.   11 

   12 

 13 

 14 

8.2 Please provide the dissolved gas analysis for LEE T4 for the five years preceding 15 

the tap changer replacement up to the most recent.   16 

  17 

Response: 18 

Please refer to the table below for the requested data. 19 

Station Equipment and Apparatus 1,022$      

Construction 71            

Engineering 24            

Project Management 20            

Cost of Removal 1              

Total 1,138$      

Cost ($000s)
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 1 

  2 

Sample 

Date Fluid Temp. oC H2 CH4 C2H6 C2H4 C2H2 CO CO2 O2 N2 Comment 

1/21/2012 8 43 31 8 42 54 221 1053 1756 20290

11/25/2013 28 43 32 9 45 57 247 1220 3125 27411

1/2/2014 1 44 33 8 46 61 259 1339 9800 54789

3/17/2014 10 38 27 9 42 55 227 1027 851 17795

4/2/2014 7 0 1 0 0 1 4 116 12781 42556 Oil filtration PCB decontamination 

6/3/2014 20 3 2 0 2 8 31 356 9169 25763

2/18/2015 26 14 2 1 3 20 39 460 2692 9569

4/9/2015 11 13 3 0 4 24 44 578 6876 23219

9/15/2015 15 15 3 1 4 24 59 583 3245 11813

4/1/2016 15 22 3 1 5 26 68 536 2257 8228

3/29/2017 11 47 7 1 8 40 102 617 2992 10615 Before LTC replacement 

6/27/2017 23 0 1 0 0 1 6 115 2661 6813 After LTC Replacement 

11/10/2017 9 2 2 0 1 8 39 306 1982 6540

5/3/2018 22 3 2 1 2 10 51 322 1621 8444

5/15/2019 19 4 3 1 3 14 91 545 3838 15494 Stable

7/15/2019 24 4 3 1 3 15 96 616 959 8027 Stable

5/15/2020 19 4 4 1 4 15 124 572 1745 8824 Stable
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9.0 Reference:  Exhibit B-2, BCUC IR 1.21.1 and BCUC IR 1.25.1 1 

“…FBC does not have the capacity to complete the design…” (BCUC IR 1.21.1) 2 

 “FBC does not have the internal construction resources to complete such a large 3 

project.” (BCUC IR 1.21.1) 4 

 “The cost estimates for Alternative A and Alternative B are defined to an AACE Class 3 5 

level…” (BCUC IR 1.25.1) 6 

“FBC notes, however, that the accuracy range and cost estimate for any given project is 7 

still an estimate based on professional judgement and the information available to the 8 

Company at the time. FBC believes that all prudently incurred costs associated with 9 

safely and reliably completing necessary capital work is legitimately included in rate 10 

base.” (BCUC IR 1.25.1) 11 

9.1 Please explain the tendering process and schedule for both engineering and 12 

construction?   13 

  14 

Response: 15 

Engineering: 16 

Similar to contractor selection (provided in FBC’s response to BCUC IR1 21.1.1), an 17 

engineering scope of work and FBC standards will be issued to a group of pre-qualified 18 

engineering firms in a Request for Proposal (RFP).  FBC will then review and award a contract 19 

to the successful bidder following a commercial and technical review of the proposals, as well 20 

as factoring in the engineering schedule to ensure it meets construction timelines. 21 

Construction: 22 

Construction drawings, work summary, and detailed scope of work are issued in a RFP to 23 

obtain competitive estimates. The vendor submissions are then reviewed and scored based on 24 

several criteria including cost, schedule, and safety record/safety management plan.   25 

Major material delivery milestones, schedule details received from the awarded contractor, and 26 

outage windows/opportunities are used to develop/alter the schedule. 27 

 28 

 29 

 30 

9.2 Please explain how AACE Class 3 estimates are prepared prior to complete 31 

design?  32 

  33 
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Response: 1 

In accordance with AACE International Recommended Practice No. 18R-97 Cost Estimate 2 

Classification System, a Class 3 estimate should contain 10-40 percent project definition, which 3 

correlates to the percentage of engineering and design complete for the Project. 4 

The estimate methodology incorporates:   5 

 Budget estimate with risks identified; 6 

 Budgetary equipment and material pricing; 7 

 Develop construction labour and equipment crew cost and incorporate in cost estimate; 8 

and 9 

 Budgetary pricing on work components (if required). 10 

 11 

 12 

 13 

9.3 Please explain how FBC could have the capacity to tender the construction 14 

contracts, and not have the capacity to complete the design?  15 

  16 

Response: 17 

FBC does not staff its engineering or construction workforces to meet its peak requirements.  18 

Staffing to peak requirements is less efficient since staff would likely be underutilized during 19 

certain periods of low work volume.  Accordingly, FBC prioritizes its internal resources on 20 

sustainment and other engineering activities which are more difficult to contract out.  21 

Regardless, contracting the engineering design for the KBTA Project or performing that work 22 

internally is not expected to negatively impact the Project. 23 

 24 

 25 

 26 

9.4 Please comment on whether FBC intends to update project costs and/or scope of 27 

work after entering into final engineering and construction contracts?   If so, does 28 

FBC intend to seek approval for such updates? 29 

  30 

Response: 31 

Following approval of the Project, FBC will file reports and updates as directed by the BCUC, 32 

which may include updates to the Project’s cost, scope and schedule.  However, it is 33 

unnecessary for FBC to reapply for approval of the Project after entering into final engineering 34 

and construction contracts.  Further, should a material change occur, FEI will file a Material 35 

Change report in accordance with the requirements of the BCUC. 36 
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 1 

 2 

 3 

9.5 Please comment on whether Commission approval of engineering and 4 

construction contracts is appropriate?   5 

  6 

Response: 7 

In FBC’s view, such approvals are not required.  The BCUC’s decision on the Application will be 8 

based on its determinations of whether the Project is in the public interest and on the 9 

reasonableness of the cost estimates.  Once approved, responsibility for the prudent 10 

management and execution of the Project, including the negotiation of contracts, lies with the 11 

utility.  While FBC will provide reports and updates to the BCUC as may be directed, approval of 12 

the engineering and construction contracts by the BCUC would be unnecessary and 13 

burdensome.   14 

 15 

 16 

 17 

9.6 Please confirm that costs not prudently incurred should be excluded from rate 18 

base whether incurred by FBC or any contractor or agent of FBC? 19 

  20 

Response: 21 

A utility’s statutory rights under section 59 of the UCA to have rates set so as to recover its cost 22 

of service and to have an opportunity to earn a fair return on its investment extend only to 23 

recovering prudently incurred costs.  Therefore, a regulator, following an appropriate process, 24 

may disallow costs that it finds have been imprudently incurred. 25 

 26 

 27 

 28 

9.7 Please confirm that project costs incurred for capital work that has not been 29 

approved by the Commission should be excluded from rate base?  30 

  31 

Response: 32 

Not confirmed.  The cost estimates in the Application are based on the scope of work identified 33 

in the development of AACE Class 3 estimates as provided in the BCUC’s CPCN Guidelines.  34 

Certain changes in scope may be subsequently identified in the detailed project design phase, 35 

which is conducted following receipt of a decision granting a CPCN for the Project, or due to 36 

unforeseen conditions during construction of the project.  Expenditures for such items, although 37 
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not included in an application, are prudent and necessary to ensure the successful execution of 1 

the project and as such, should not be excluded from rate base.  Please also refer to the 2 

response to ICG IR2 9.6. 3 

  4 
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10.0 Reference:   Exhibit B-2, BCUC IR 1.27.4 1 

 “Material costs for the Project are based on AACE Class 3 estimates that rely on current 2 

budgetary pricing…” 3 

10.1 Please explain the use of “current budgetary pricing” in AACE Class 3 estimates 4 

and provide references to the AACE Class 3 Recommended Practice that refer to 5 

the use of  “current budgetary pricing’?  6 

  7 

Response: 8 

FBC’s AACE Class 3 estimates use current budgetary pricing, which refers to a combination of 9 

vendor budgetary quotes, material contracts already in place, and historical pricing information.  10 

Please refer to AACE International Recommended Practice 36R-08 Development of Cost 11 

Estimate Plans, under bulk commodity material and process equipment pricing (set out below). 12 

Bulk Commodity Material Pricing:  Indicate  expected  percent  of  bulk  13 

material  costs  which  will  be  budget  quotes,  firm  quotes,  in-house  pricing  14 

or other sources. Include basis for equipment (process, non-process, electrical, 15 

instrumentation) shop inspections and testing. Separately address material 16 

supplied to fabricators and material for site installation. A table could be used to 17 

summarize this as well.  Address any special considerations such as whether a 18 

concrete batch plant will be used at site. 19 

Process Equipment Pricing: Indicate expected rough percent of equipment 20 

costs to be based on budget quotes, firm bids, in-house pricing or other basis. 21 

This varies depending on desired estimate accuracy and level of engineering 22 

development. A summary of  the  bidding  process  may  be  included  such  as  23 

minimum  number  of  bidders,  how  bids  are  normalized  for evaluation  24 

purposes  including  exchange  rate  basis  of  foreign  currencies  and  bid  25 

validity  periods.  The planned method of estimating shop inspection, testing, 26 

witnessing, and related travel requirements should be described. Identify  27 

whether  electrical  and  instrumentation/automation  equipment  are  covered  28 

under  the  respective  bulk commodity  material  sections.  This should be 29 

consistent with the coding/formatting requirements.  Freight and vendor 30 

representatives for construction, commissioning, and start-up should be 31 

separately identified whether or not they are part of the equipment account.  32 

Specify  whether  ladders  and  platforms  will  be  included  with  the equipment,  33 

“dressed”  onsite  or  offsite  and  other  similar  clarifications.  E.g.:  equipment 34 

insulation is in bulk materials if not supplied by the equipment vendor. Provide a 35 

current version of the equipment list with targeted items for firm quotes identified. 36 

A “priced equipment list” should be specified as an estimate deliverable. Discuss 37 

how  any  design  allowances  for  equipment  will  be  developed  such  as  38 

guidance  from  the  discipline  specialists, project execution and procurement 39 
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personnel. Design allowances for equipment are discussed here and included 1 

with the table of bulk commodity material allowances shown in Appendix A.    2 

 3 

 4 

 5 

10.2 Please identify and explain the AACE Class 3 estimates that rely on current 6 

budgetary pricing, and please provide the source of such “current budgetary 7 

pricing”? 8 

  9 

Response: 10 

Please refer to the response to ICG IR2 10.1. 11 

 12 

 13 

 14 

10.3 Please confirm that the AACE Class 3 estimates, not including contingencies, 15 

filed with the Application should determine whether the KBTA project is over or 16 

under budget?  17 

  18 

Response: 19 

For reporting purposes, the Project’s base estimate plus its contingency is the Project’s Class 3 20 

estimate and is referred to as the control budget.  The Class 3 estimate, when used as a control 21 

budget, is always inclusive of contingency.  The application of this contingency is typically to 22 

achieve a 50 percent probability of project cost underrun versus cost overrun for a given scope.  23 

As such, the contingency is always included in the Project’s control budget and is expected to 24 

be spent.   25 

For further clarity, it is important to note that an AACE Class 3 estimate is not a single point 26 

value (the same applies for all other Classes).  Thus, a key characteristic of an estimate is its 27 

expected accuracy range, represented by +/‐ percentage values, which represents typical 28 

percentage or degree of variation of actual costs from the cost estimate after the application of 29 

an appropriate contingency.  That is, while the single point budget value is used to measure 30 

over and under variation from the project’s control budget, the AACE Class 3 estimate should 31 

be thought of as a range of values with any value in that range being likely to occur.   32 

In summary, for reporting purposes a single point project control budget value that includes 33 

contingency is used to measure over or under variation but the actual cost during project 34 

execution is expected to vary within the project specific risk based +/- accuracy range.  35 
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11.0 Reference:   Exhibit B-1, p. 22, Section 4.2(c) Local Generation; Exhibit B-5, ICG 1 

IR 1.1.8 2 

 “The installation of firm generation resources, such as a gas turbine, near Kelowna and 3 

connected to the 138 kV transmission system could increase the Kelowna area 4 

transmission capacity and meet the N-1 transmission planning criteria.  However, this 5 

option was considered and rejected, due to its high capital cost.” (Exhibit B-1, p. 22) 6 

 “… since winter peak in the Kelowna area typically occurs after sunset.  Accordingly, 7 

solar resources is not a feasible alternative to the proposed Project.” (ICG IR 1.1.8) 8 

11.1 Please confirm that since winter peak in the entire FBC service area occurs after 9 

sunset solar resources located anywhere in the FBC service area are unlikely to 10 

be a feasible generation alternative to any Project designed to meet load growth?   11 

If not confirmed, please describe the circumstances when solar resources could 12 

be a feasible generation resource?   13 

  14 

Response: 15 

As set out in the response to ICG IR1 1.8, solar generating resources are not a feasible 16 

alternative to the proposed Project.  As future projects designed to meet load growth will each 17 

involve examination of the circumstances at that time, it is not possible for FBC to accurately 18 

speculate about the feasibility of solar resources with respect to all future projects.  However, 19 

FBC confirms that the timing of winter peak in the Kelowna area is likely to be a consideration in 20 

assessing the feasibility of solar resources for such projects. 21 

 22 

 23 

 24 

11.2 Please comment on the technical feasibility of a third party owned solar resource 25 

as an alternative to the KBTA Project?   26 

  27 

Response: 28 

Please refer to the response to ICG IR2 11.1.  In addition, the ownership of a solar resource is 29 

not relevant to its technical feasibility as an alternative to the KBTA Project.  30 

  31 
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12.0 Reference:   Exhibit B-5, ICG IR 1.3.4 1 

“FBC does not believe that there are any other alternatives that are 2 

viable.”  3 

12.1 Please identify and discuss any meetings or correspondence with BC Hydro to 4 

consider alternatives to the KBTA Project?  5 

  6 

Response: 7 

The question to which the quotation above responded concerned “any other potential 8 

interconnection points for power purchases from BC Hydro or any upgrades to the BC Hydro 9 

transmission and distribution system that may either be an alternative to or delay the KBTA 10 

Project”. 11 

Since the existing 138 kV BC Hydro line supplying West Kelowna load does not have the 12 

capacity to act as a back up to FBC in case of major outages in the FBC System (such as an 13 

outage of a LEE transformer), FBC has not had any meetings or correspondence with BC Hydro 14 

to consider alternatives to the KBTA Project.  15 

The possibilities for interconnecting BC Hydro and FBC electrical system for the purposes of 16 

resolving the supply situation at BC Hydro’s West Kelowna load center remains a matter of 17 

future discussions. 18 

 19 

 20 

 21 

12.2 In the discussions with BC Hydro, has FBC examined the possibility of 22 

reinforcing BC Hydro’s West Kelowna system so that it is a source, rather than a 23 

load?  If not, why not?   24 

  25 

Response: 26 

BC Hydro is currently studying alternatives for the West Kelowna Transmission Project. More 27 

information can be found on BC Hydro website: https://www.bchydro.com/energy-in-28 

bc/projects/wktp.html    29 

Based on FBC’s understanding of BC Hydro project costs and timeline, the possibility of 30 

reinforcing BC Hydro’s West Kelowna system will not be a feasible option to replace the KBTA 31 

Project. 32 

 33 

 34 

 35 

https://www.bchydro.com/energy-in-bc/projects/wktp.html
https://www.bchydro.com/energy-in-bc/projects/wktp.html
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12.3 In the discussions with BC Hydro, has FBC suggested operating the FBC 1 

Kelowna area system and the BC Hydro West Kelowna system as a “combined 2 

system” so that combined system could benefit from a greater N-1 capacity than 3 

each system considered separately?  If not, why not?  Are there benefits that 4 

could be realized from such a coordinated approach?  5 

  6 

Response: 7 

Where feasible and appropriate, FBC and BC Hydro have collaborated on system expansion 8 

projects to the benefit of both utilities.   9 

For example, FBC’s CPCN application for the Okanagan Transmission Reinforcement (OTR) 10 

project cited benefits to the then British Columbia Transmission Corporation (BCTC), as 11 

described below: 12 

The OTR Project, combined with BCTC planned transformer upgrades at the 13 

Selkirk Substation, will also help address current short-term capacity shortfalls 14 

within the BCTC transmission system, resulting in a provincial grid benefit, in 15 

addition to resolving the system limitations.1 16 

In 2009, BCTC and FBC entered into the Duck Lake Wheeling Agreement in lieu of BCTC 17 

constructing network upgrades to serve BC Hydro’s designated load in the Woods Lake service 18 

area near Kelowna.2 19 

FBC has not discussed a collaboration with BC Hydro with respect to the KBTA Project for the 20 

reasons explained in the responses to ICG IR2 12.1 and 12.2. 21 

 22 

 23 

 24 

12.4 Please explain why FBC does not believe there are any viable alternatives to the 25 

KBTA Project that involve a joint project with BC Hydro?  26 

  27 

Response: 28 

Please refer to the responses to ICG IR2 12.1, 12.2, and 12.3. 29 

  30 

                                                
1  FBC Application for a Certificate of Public Convenience and Necessity for the Okanagan Transmission 

Reinforcement Project, Exhibit B-1-1, page 2, lines 24-27.  The OTR project was approved by Order C-5-08. 
2  The Duck Lake Wheeling Agreement was approved by Order G-19-10. 
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13.0 Reference:   Exhibit B-5, ICG IR 1.5.3 1 

“As noted in the response to BCUC IR1 4.2, FBC has been using a “1 in 20” peak load 2 

forecast for planning purposes since at least 2011.  The following discussion of the 3 

Kelowna 138 kV system was included in FBC’s 2014-2018 PBR application, and 4 

describes the expectations regarding its timing based on earlier forecasts:”  5 

13.1 Please provide a table which compares the Kelowna area loads on a year-by-6 

year basis from the initial year in the load forecast referenced in FBC’s 2014-7 

2018 PBR application with actual and forecast Kelowna area loads to 2025.  8 

Please also “weather normalize” the load forecast referenced in FBC’s 2014-9 

2018 PBR application so that it may be more readily compared against the actual 10 

loads to separate the effects of load growth and weather.  11 

  12 

Response: 13 

A table comparing the forecast and actual Kelowna summer peak loads is given below: 14 

 15 

FBC notes the following with respect to the table above: 16 

 2014 and 2015 forecast values are not available.  17 

 The forecast numbers for 2016 through 2019 are based on re-forecasting an annual 18 

basis.   19 

 2020 actual figures are updated to July 30, 2020. 20 

 As described in Section 3.3.2 of the Application, and in the response to CEC IR1 5.1 and 21 

BCUC IR1 4.4.1, FBC does not weather-normalize the load forecasts for system 22 

planning purposes because it must account for possible weather extremes. 23 

 24 

 25 

 26 

13.2 Please provide any other Kelowna area load forecasts submitted by FBC in any 27 

application or proceeding since the FBC 2014-2018 PBR application?   28 

  29 

Response: 30 

FBC submitted a system-wide peak load forecast in its 2016 Long Term Electric Resource Plan.  31 

FBC has not submitted a Kelowna area load forecast since its 2014-2018 PBR Application.  32 

Kelowna Load 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Forecast 296.7 286.6 290.6 301.5 309.5 314.6 319.8 325.5 331.5 336.5

Actual 281.4 288.1 301.0 300.5 313.1

Summer Peak Load (MW)
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14.0 Reference:   Exhibit B-5, ICG IR 1.7.1 1 

“while the Kelowna area load is forecast to first exceed the transformer capacity limit in 2 

summer.” 3 

14.1 Please confirm that with this Application FBC is seeking, for the first time, a 4 

CPCN where the load “is forecast to first exceed the transformer limit in 5 

summer.”  6 

  7 

Response: 8 

Not confirmed.  Capacity constraints are of greater importance in summer than in winter for the 9 

Okanagan area, which contains the majority of FBC’s customers and load.   Specifically, FBC 10 

previously received BCUC approval for the construction of two new substations in the Kelowna 11 

area based on summer capacity constraints. 12 

In its application for the Black Mountain Substation, approved by Order C-7-07, FBC stated that: 13 

Based on the forecast for the distribution feeders serving this area, the peak load 14 

will exceed the summer capacity of Hollywood Transformer 3 in the summer of 15 

2008. For this reason, Hollywood Transformer 3 can not supply back up capacity 16 

to Hollywood Transformer 1 under situations of contingency. 3 17 

In its application for the Benvoulin Substation, approved by Order C-1-09, FBC stated: 18 

The need for a new substation in the south/central area of Kelowna is driven by 19 

increasing demand, which in this area, peaks in the summer. The growing load in 20 

the Kelowna area would have overloaded the transformers (summer load rating 21 

of 28 MVA) at Hollywood Substation in the summer of 2008…4 22 

  23 

                                                
3  Black Mountain Substation CPCN Application, Exhibit B-1, page 21, lines 1-4. 
4  Benvoulin Substation Project CPCN Application, Exhibit B-1, page 10, lines 1-5. 
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15.0 Reference:   Exhibit B-5, ICG IR 1.7.2 1 

“Please refer to Figure 1 below for a load duration curve for Kelowna 2019 summer peak 2 

loads. The Y-axis shows load in MW and the X-axis shows the total hours in the months 3 

of July and August.” 4 

15.1 Please provide the number of hours for which the forecast 2022 and 2023 5 

summer peak loads will exceed the N-1 capability of the Kelowna area system.  6 

  7 

Response: 8 

An Expected Energy Not Served (EENS) analysis based on the 2019 load duration curve for 9 

Kelowna summer peak load showed that there could be loss of energy for 5 hours in 2022 and 7 10 

hours in 2023 in the event of a LEE transformer outage.  Based on FBC’s operating procedures, 11 

no curtailment of load would be expected in 2022, but the potential transformer overloading in 12 

2023 exceeds six hours, which could result in the need for load curtailment.  13 

 14 

 15 

 16 

15.2 Please perform a Loss of Load Probability (LoLP) analysis for the forecast 2022 17 

and 2023 summer peaks. 18 

  19 

Response: 20 

Loss of Load Probability (LoLP) analysis is typically used in generation adequacy planning and 21 

is not used by FBC for transmission planning purposes. For transmission planning, a more 22 

suitable analysis is Expected Energy Not Served (EENS). Please refer to the response to ICG 23 

IR2 15.1. 24 

 25 

 26 

 27 

15.3 Is FBC aware of any utilities that use LoLP analysis in combination with the N-1 28 

criterion in order to schedule system improvements so that investment is 29 

balanced with economic impact? 30 

  31 

Response: 32 

FBC is not aware of any utilities using LoLP analysis in combination with the N-1 criterion. 33 
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 Transformer Inspection Report 


ABB Ref: 


524859-180 


 


June 10th, 2014 Rev 0     Inc. 
Transformer Remanufacturing and Engineering Services 


 
Business Area Power Transformers 201 Westcreek Blvd Telephone: (905) 460-3210 
Power Technology Products Division Brampton, Ontario L6T 5S6   
 


TRANSFORMER IDENTITY 
Rating 90.0/120/150/168 MVA 55/65C rise, 3 phase, 60 HZ. 


230 kV - 138 kV- 63 kV Grd Wye, Auto Transformer with OLTC and 13.2 kV Delta 
tertiary 


Manufacturer   Canadian General Electric 
Serial Number  289172 
Inspection Date March 4th, 2014 
Manufacture Date:  1978 
Site    Lee Terminal (LEE – T4); Kelowna, BC  
 


INSPECTION AND FINDINGS 
The above transformer was inspected. The findings are listed below:  


 There were several areas exhibiting evidence of leakage at spare radiator blanking plates as well 
as a few valves. There is no dripping at this time but these areas could be an issue when the time 
comes to pull vacuum. (See picture 1 & 2) 


 We contacted Fortis-BC to review on site.   As requested by Paul Gheorghe, we opened and 
inspected the tap changer compartments, flushed each one and installed new gaskets. Pressure 
gauges were installed on each compartment and a pressure test was conducted.  After 
pressurizing the main tank with dry air a positive pressure was observed in the tap changer 
compartment. 


 It was found that the Snorkel type relief device vent membrane had been blanked off with a solid 
metal plate.  Fortis-BC requested that a replacement pressure relief device (PRD) be installed. 
 


WORK PERFORMED 


 Main tank oil samples (syringe/container) and a general transformer condition inspection. 
 Transformer as found testing: DC insulation resistance, transformer turns ratio, winding resistance, 


and overall power factor tests. 
 Drained oil from main tank and LTC compartment into Storage tank for disposal. 
 Cleaned old bushing flanges, removed old bushings, replaced all bushing gaskets, installed new 


bushings, and replaced hardware. 
 Pulled vacuum and filled transformer as per Fortis-BC specification. 
 Transformer as-left testing: DC insulation resistance, transformer turns ratio, winding resistance, 


and overall power factor and bushing tests. 
 Replaced the existing PRD with Qualitrol unit supplied by Fortis-BC and supplied a replacement for 


Fortis-BC stock. 
  


CONCLUSION AND RECOMMENDATIONS 


 On Load Tap changers cylinders are leaking.  
TWO OPTIONS AVAILABLE:  


ABB will be providing a quote for each option 
 
 


Inspected by:   Shawn Martin 
    Field Service Technologist, ABB Service 
Report Approved by:  Myra Mikhail 


Senior Design Engineer, TRES Brampton 


o On Load Tap changers need to be replaced. 
o Refurbish the Load Tap changers 
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 Transformer Inspection Report 


ABB Ref: 


524859-180 


 


June 10th, 2014 Rev 0     Inc. 
Transformer Remanufacturing and Engineering Services 


 
Business Area Power Transformers 201 Westcreek Blvd Telephone: (905) 460-3210 
Power Technology Products Division Brampton, Ontario L6T 5S6   
 


 
 


Photo 1 – Rusty blank cover for spare radiators. 


 


 


 
 


Photo 2 – Rust on transformer cover. 
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 Transformer Inspection Report 


ABB Ref: 


524859-180 


 


June 10th, 2014 Rev 0     Inc. 
Transformer Remanufacturing and Engineering Services 


 
Business Area Power Transformers 201 Westcreek Blvd Telephone: (905) 460-3210 
Power Technology Products Division Brampton, Ontario L6T 5S6   
 


 


 
 


Photo 3 - View of the Tap changer Cylinders inside the Tank. 
 


 


 


Photo 4 –After completed repair Transformer viewed from the OLTC side. 
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 Transformer Inspection Report 


ABB Ref: 


524859-180 


 


June 10th, 2014 Rev 0     Inc. 
Transformer Remanufacturing and Engineering Services 


 
Business Area Power Transformers 201 Westcreek Blvd Telephone: (905) 460-3210 
Power Technology Products Division Brampton, Ontario L6T 5S6   
 


 


 
 


Photo 5 – After completed repair Transformer viewed from the HV side. 
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Manufacturer
Manuf. Job NO.


Manuf.Year
Serial NO.


OK
OK
OK
OK
OK
OK
OK
OK
OK


N/A
OK
OK
OK
OK


Transformer Bushings_ New


Transformer DGA results are acceptable (Pass/Fail)


Transformer Oil Test


Tap Changer Oil Qualty are acceptable (Pass/Fail)
Tap Changer DGA results are acceptable (Pass/Fail)


Date


H0M0X0


General


Contractor
Transformer Oil Qualty  sample results are acceptable (Pass/Fail)


Check that all oil circulation valves are open


N/A


Y3


Visual and Mechanical Inspection


Record the date when an oil and a Dissolved Gas Analysis oil sample was sent to laboratory (after transformer oil filling and prior energization)


9LTC Tap As Left


M1


X2


X3


Y1


X1


Plate. PF (%)BIL (kV)KV


H2


H3


Check for new oil leaks
Check that transformer neutral is grounded as per drawings (see ES04.2-10.07)
Visaly check  oil level gauges and record as left level


1ZUA 1000075009


108 650 1200
950 600


AMPBusing
H1


Y2


M3


Manuf.
600 0.28 ABB


0.3 ABB


47 350 2000 0.26 ABB


M2


Check for signs of damage to main tank, LTC compartment, conservator, radiators, pipes, valves


Compare bushings nameplate data with drawings and specifications


TEST FORM TF110 Rev0.2


Oil Filled Power Transformers For PCB Project 


Substation LEE Operating Designation: T4


230CGE


Nameplate Data


TV Voltage(kV)
MVA 


LV Voltage(kV)


168


Type


HV Voltage(kV)


Job# PI Number 22171


9


138 / 63


13.2


Open Hydan Sudden pssure  valves
Check that breathers and vents are not blocked


Serial #


 DETC Tap As Found


156


1978


289172


156 950 EEMAC 1ZUA 1000075067


156 950 600 0.28 ABB EEMAC 1ZUA 1000075068


0.28 ABB EEMAC 1ZUA 1000075069


O Plus C II


O Plus C II


2000 0.26 ABB EEMAC


1ZUA 1000075007


108 650 1200 0.3 ABB
1ZUA 1000074983


O Plus C IIABB0.31200650108 1ZUA 1000075008


EEMAC 1ZUA 1000074984


47 350


110


47 350 2000 0.26 ABB EEMAC
10 110 4000 0.25 ABB EEMAC


10 110 2000 0.26 ABB EEMAC


Check Xo neurtal conetction


Torque all current carrying connections and grounding connections using a torque wrench


N/A


LTC Tap As Found


 DETC Tap As Left


Check bushings condition: free of cracks, no chips or burns
Clean bushings in accordance with manufacturer instruction
Check if oil level is correct for oil filled bushings
Verify quality of glazing
Check as left CAP tap plugs (apply manufacturer recommended silicon grease if required)


1ZUA 1000074927


4000 0.26 ABB EEMAC


1ZUA 1000074985


1ZUA 1000074960


1ZUA 1000074961


10 110 4000 0.25 ABB EEMAC 1ZUA 1000074962


10


Adobe Acrobat 
Document
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TEST FORM TF110 Rev0.2


Oil Filled Power Transformers For PCB Project 


Substation LEE Operating Designation: T4


Nameplate Data


Job# PI Number 22171


Error Error Error


Found 
Left
Found 
Left
Found 
Left


Error Error Error


Found 
Left


Error Error Error


Found 
Left


Error Error Error


Found 
Left


Test Equipment Data


Make: Omicron Serial No.
Model CPC100 Calibration Date:


 Test PASS/FAIL PASS


335.09 434.276 334.832 433.942 333.394 432.078


329.142 444.671 328.861 444.292 327.25 442.115


Use a 10kV Power Factor (Doble)  tester- If an automated tester is used attach the report and record below if the test has passed. pdf 
and electronic format are required. Test Values shall corrected at 20 C and shall be as per NETA Table 100.3 .


OLTC 
Neut.


Field (85°C) 
(mΩ)Field  (mΩ)


LC342S
16-Aug-10


Field (85°C) 
(Ω)


Attach Doble hard copy report and forward the soft copy to FBC Engineering


Power Factor Test


108.194


6.925 7.005


PASS


6.97 7.05


108.661 108.36


2.79


184.871


5775.00


PASS


2017.50
5.00


2.86


329.169


H3-M3


Field  (mΩ)


Field (85°C) 
(mΩ)


444.707


Winding HV and TV, to Gnd.


Field (85°C) 
(mΩ) Field  (mΩ)


277.495 359.633 277.343 359.437 276.452 358.281


272.687 368.4


442.084


(FOUND) M3-X0 / (LEFT) M3-X3


Pass5.00


Field  (mΩ)


Field (85°C) 
(mΩ)


(FOUND) M1-X0 / (LEFT) M1-X1


327.227


184.713185.304


(FOUND) M2-X0 / (LEFT) M2-X2


272.338 367.928 271.531 366.838


137.161


328.793


HV Winding Resistance Test 


H2-M2


Field  (Ω)


136.84


335.435 334.926 333.393


136.723


Field (85°C) 
(Ω)Field  (Ω)


LV Winding Resistance Test 


X1-X0 X2-X0 X3-X0


Field  (Ω)


Field (85°C) 
(Ω) Field  (Ω)


Field (85°C) 
(Ω) Field  (Ω)


Field (85°C) 
(Ω)


Pass


444.199


Y2-Y3


Field  (mΩ) 


Transformer Winding Resistance Tests 


11100.00


9.314 9.355 9.463


140.825 140.434


LV Test PASS/FAIL


TV Winding Resistance Test 


Tap 
Min,N 
, Max


10575.00


Field (85°C) 
(mΩ)


Field (85°C) 
(Ω)


Field  (mΩ)


Field (85°C) 
(mΩ)


Y1-Y2


Winding TV, to HV and Gnd.


Field  (Ω)


LV Winding Resistance Test


Y3-Y1


4672.50
Pass/Fail


2.38
TEST (kV)


5.00
10min(MΩ)


For test Voltage and minimum insulation values see NETA Table 100.5 and correct values as per Table 100.14
Top Oil Temp. (°C) Polar. Index15


Winding HV, to TV and Gnd. Pass


Winding and Bushings  Insulation 


6.969 9.032 9.034 9.136


TV Test PASS/FAIL


6.894


Insulation Resistance Test 


140.219


H1-M1


1min(MΩ)


434.724 434.064 432.078


DLTC tap N/A


3787.50


Notes/Comments/Deficiencies 


Electrical Tests


LV Test PASS/FAIL PASS


30.265 41.023 30.399 41.069 30.395 41.064


30.675 39.755 30.754 39.857 30.748 39.849


LEE T4 FortisBC PCB TF110 - Oil Filled Power Trans_R0 2.xlsx Page 2
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TEST FORM TF110 Rev0.2


Oil Filled Power Transformers For PCB Project 


Substation LEE Operating Designation: T4


Nameplate Data


Job# PI Number 22171


Tested by: Witnessed by: Approved by:
Signature: Signature: Signature:
Test Date: Test Date:  Date:2-Apr-14 Jun 9,2014


ABB Myra Mikhail


LEE T4 FortisBC PCB TF110 - Oil Filled Power Trans_R0 2.xlsx Page 3
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Report generated on 4/3/2014 11:35:49 AM 
 


 


1 - 3 
 


 


 


Lee T4 As Found - 289172_AT 


 


 


 


  


     


      


Report Source 
 


AutotransformerWithTertiary 
 


 


   


Session Test Date 
 


3/14/2014 11:13:06 AM 
 


 


   


Nameplate - Autotransformer with Tertiary 
 


 


  


Company Fortisbc Serial Number 289172 


Location LEE Special ID 22171 


Division Okanagan Circuit Designation T4 


Manufacturer Canadian GE Co. Configuration Y_Y_D 


Year Manufactured 1978 Tank Type Sealed Conservation 


Mfr Location Guelph, Ontario Coolant Oil 
Phases Three Class ONAN/ONAF/ONAF 


Oil Volume 21994.000 IG BIL 900 kV 


Weight 493149.000 LB   


kV 230, 138 VA Rating 90, 120, 150, 168, MVA 
 


  


 


  


 


Test Date 3/14/2014 Test Time 11:13 AM Weather Cloudy 


Air Temperature 9°C Tank Temperature 7°C Rel. Humidity 51 % 


Tested By  Work Order#  Last Test Date 6/18/2012 


Checked By Myra Mikhail Test Set Type M4000 Retest Date  


Checked Date Jun 9, 2014 Set Top S/N  Reason   
Last Sheet#  Set Bottom S/N  Travel Time  


P.O.#  Ins. Book#  Duration  


Copies  Sheet#  Crew Size  
   


 


  


 


Arrester Nameplate 
 


 


  


Location Serial # Manufacturer Overall Catalog Unit Catalog Type Rated kV Order 


H1 21053019108 Cooper Power 
Systems 


UH192152A445A11  STATION *  


H2 21053019109 Cooper Power 
Systems 


UH192152A445A11  STATION *  


H3 21053019110 Cooper Power 
Systems 


UH192152A445A11  STATION *  


X1 21053017992 Cooper Power 
Systems 


UH1888845845A11  STATION *  


X2 21053017993 Cooper Power 
Systems 


UH1888845845A11  STATION *  


X3 21053017994 Cooper Power 
Systems 


UH1888845845A11  STATION *  


Y1 91K5013 Joslyn 8110D0001J015  Z5 *  


Y2 91K5015 Joslyn 8110D0001J015  Z5 *  


Y3 91K5014 Joslyn 8110D0001J015  Z5 *  
   


 


  


 


 


Attachment 8.1A







[Header] 
 


 


Report generated on 4/3/2014 11:35:49 AM 
 


 


2 - 3 
 


 


Bushing Nameplate 
 


 


  


Designation Serial # Manufacturer Type C1 %PF C1 Cap C2 %PF C2 Cap Rated kV Amps 


H1 253152 Canadian GE Co. U 0.35 410 * 394 156 600 


H2 253153 Canadian GE Co. U 0.39 416 * 391 156 600 


H3 253155 Canadian GE Co. U 0.39 411 * 392 156 800 


M1 252499 Canadian GE Co. U 0.27 328 * 472 138 600 


M2 252730 Canadian GE Co. U 0.27 335 * 454 138 600 


M3 252525 Canadian GE Co. U 0.32 334 * 475 138 600 


N 251271 Canadian GE Co. LC 0.88 * * * 102 2000.000 


X1 253353 Canadian GE Co. U 0.32 391 * * 69 2000.000 


X2 253354 Canadian GE Co. U 0.43 385 * * 69 2000.000 


X3 253352 Canadian GE Co. U 0.32 385 * * 69 2000.000 


Y1 253330 Canadian GE Co. LC 0.74 * * * 15 3000.000 


Y2 253329 Canadian GE Co. LC 0.72 * * * 15 3000.000 


Y3 253328 Canadian GE Co. LC 0.7 * * * 15 3000.000 
   


 


  


 


Overall Tests 
 


 


  


 Insulation Test kV mA Watts % PF 
corr 


Corr Fctr Cap(pF) FRANK™ Manual 


1 CH+CHT 10.011 207.74 6.207 * 0.99 55104.7   


2 CH 10.005 206.26 6.192 0.3 0.99 54711.9 Good  


3 CHT(UST) 10.005 1.463 0.004 0.03 0.99 388.11 Investigate  


4 CHT * 1.48 0.015 0.1 0.99 392.8 Investigate  


5 CT+CHT 7.004 161.51 6.809 * 0.99 42840.3   


6 CT 7.004 160.06 6.787 0.42 0.99 42456.2 Good  


7 CHT(UST) 7.004 1.463 0.015 0.1 0.99 388.2 Good  


8 CHT * 1.45 0.022 0.15 0.99 384.1 Investigate  
   


 


  


 


Bushing C1 
 


 


  


ID Serial # NP %PF NP Cap Test kV mA Watts % PF corr Corr Fctr Cap(pF) FRANK™ Manual 


H1 253152 0.35 410 10.011 1.525 0.049 0.32 1.01 404.47 Good  


H2 253153 0.39 416 10.009 1.547 0.05 0.32 1.01 410.33 Good  


H3 253155 0.39 411 10.009 1.534 0.056 0.37 1.01 407.02 Good  


M1 252499 0.27 328 10.009 1.224 0.03 0.25 1.01 324.58 Good  


M2 252730 0.27 335 10.008 1.25 0.032 0.26 1.01 331.59 Good  


M3 252525 0.32 334 10.008 1.249 0.036 0.29 1.01 331.18 Good  


X1 253353 0.32 391 10.008 1.441 0.036 0.25 1.01 382.2 Good  


X2 253354 0.43 385 10.008 1.421 0.036 0.25 1.01 376.97 Investigate  


X3 253352 0.32 385 10.009 1.423 0.036 0.25 1.01 377.55 Good  
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289172_AT 


 


 


 


  


     


      


Report Source 
 


AutotransformerWithTertiary 
 


 


   


Session Test Date 
 


4/1/2014 2:33:07 PM 
 


 


   


Nameplate - Autotransformer with Tertiary 
 


 


  


Company ABB Inc. Serial Number 289172 


Location Kelowna, BC Special ID Lee Terminal 
Division TRES Circuit Designation T4 


Manufacturer Canadian GE Co. Configuration Y_Y_D 


Year Manufactured 1978 Tank Type Sealed Conservation 


Mfr Location Guelph Coolant Oil 
Phases Three Class ONAN/ONAF/ONAF 


Oil Volume 186949.000 LB BIL 900 kV 


Weight 493149.000 LB   


kV 230, 138 VA Rating 90, 120, 150, 168, MVA 
 


  


 


  


 


Test Date 4/1/2014 Test Time 2:33 PM Weather Sunny 


Air Temperature 13°C Tank Temperature 15°C Rel. Humidity 23 % 


Tested By  Work Order#  Last Test Date  


Checked By Myra Mikhail Test Set Type M4000 Retest Date  


Checked Date Jun 9, 2014 Set Top S/N 070001380 Reason BUSHING REPL. 


Last Sheet#  Set Bottom S/N  Travel Time  


P.O.#  Ins. Book#  Duration  


Copies  Sheet#  Crew Size 2 
   


 


  


 


Bushing Nameplate 
 


 


  


Designation Serial # Manufacturer Type C1 %PF C1 Cap C2 %PF C2 Cap Rated kV Amps 


H1 1ZUA 
1000075067 


ABB (ASEA-Brown 
Boveri) 


OTHER 0.28 501 0.28 6147.000 156 600 


H2 1ZUA 
1000075068 


ABB (ASEA-Brown 
Boveri) 


OTHER 0.28 507 0.28 6167.000 156 600 


H3 1ZUA 
1000075069 


ABB (ASEA-Brown 
Boveri) 


OTHER 0.28 508 0.28 6160.000 156 600 


L1 1ZUA 
1000075007 


ABB (ASEA-Brown 
Boveri) 


O+C 0.3 420 0.3 3889.000 108 1200.000 


L2 1ZUA 
1000075008 


ABB (ASEA-Brown 
Boveri) 


O+C 0.3 421 0.3 3894.000 108 1200.000 


L3 1ZUA 
1000075009 


ABB (ASEA-Brown 
Boveri) 


O+C 0.29 419 0.3 4085.000 108 1200.000 


X0 1ZUA 
1000074927 


ABB (ASEA-Brown 
Boveri) 


OTHER 0.26 420 0.2 328 10 2000.000 


X1 1ZUA 
1000074983 


ABB (ASEA-Brown 
Boveri) 


OTHER 0.26 306 0.29 266 47 2000.000 


X2 1ZUA 
1000074984 


ABB (ASEA-Brown 
Boveri) 


OTHER 0.26 306 0.29 267 47 2000.000 


X3 1ZUA 
1000074985 


ABB (ASEA-Brown 
Boveri) 


OTHER 0.26 306 0.29 271 47 2000.000 


Y1 1ZUA 
1000074960 


ABB (ASEA-Brown 
Boveri) 


OTHER 0.26 512 0.56 123 10 4000.000 


Y2 1ZUA 
1000074961 


ABB (ASEA-Brown 
Boveri) 


OTHER 0.26 514 0.65 124 10 4000.000 


Y3 1ZUA 
1000074962 


ABB (ASEA-Brown 
Boveri) 


OTHER 0.25 514 0.62 124 10 4000.000 
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Overall Tests 
 


 


  


 Insulation Test kV mA Watts % PF 
corr 


Corr Fctr Cap(pF) FRANK™ Manual 


1 CH+CHT 10.023 208.269 5.902 0.284 1.003 55245.136   


2 CH 10.005 206.776 5.888 0.285 1.003 54848.481   


3 CHT(UST) 10.004 1.455 0.012 0.081 1.003 385.998   


4 CHT 0 1.494 0.014 0.092 1.003 396.655   


5 CT+CHT 10.009 162.104 5.142 0.318 1.003 42999.144   


6 CT 10.004 160.616 5.146 0.321 1.003 42604.690   


7 CHT(UST) 10.003 1.455 0.016 0.109 1.003 386.044   


8 CHT 0 1.488 -0.004 -0.026 * 394.454   
   


 


  


 


Bushing C1 
 


 


  


ID Serial # NP %PF NP Cap Test kV mA Watts % PF corr Corr Fctr Cap(pF) FRANK™ Manual 


H1 1ZUA 
1000075067 


0.28 501 10 1.867 0.055 0.295 1 495.217   


H2 1ZUA 
1000075068 


0.28 507 10 1.899 0.056 0.296 1 503.819   


H3 1ZUA 
1000075069 


0.28 508 10 1.900 0.056 0.297 1 503.924   


L1 1ZUA 
1000075007 


0.3 420 10 1.567 0.048 0.298 0.966 415.600   


L2 1ZUA 
1000075008 


0.3 421 10.006 1.567 0.049 0.301 0.966 415.712   


L3 1ZUA 
1000075009 


0.29 419 10.006 1.566 0.048 0.297 0.966 415.414   


X0 1ZUA 
1000074927 


0.26 420 10 1.572 0.044 0.280 1 417.113   


X1 1ZUA 
1000074983 


0.26 306 10.008 1.139 0.030 0.267 1 302.074   


X2 1ZUA 
1000074984 


0.26 306 10 1.138 0.031 0.270 1 301.964   


X3 1ZUA 
1000074985 


0.26 306 10 1.139 0.031 0.269 1 302.258   


Y1 1ZUA 
1000074960 


0.26 512 10 1.917 0.050 0.263 1 508.545   


Y2 1ZUA 
1000074961 


0.26 514 10.007 1.931 0.052 0.268 1 512.318   


Y3 1ZUA 
1000074962 


0.25 514 10 1.929 0.052 0.269 1 511.770   
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Bushing C2 
 


 


  


ID Serial # NP %PF NP Cap Test kV mA Watts % PF corr Corr Fctr Cap(pF) FRANK™ Manual 


H1 1ZUA 
1000075067 


0.28 6147.000 2 23.103 0.671 0.291 1 6128.176   


H2 1ZUA 
1000075068 


0.28 6167.000 2 23.173 0.674 0.291 1 6146.721   


H3 1ZUA 
1000075069 


0.28 6160.000 2 23.158 0.713 0.308 1 6142.705   


L1 1ZUA 
1000075007 


0.3 3889.000 2 14.595 0.433 0.297 1 3871.322   


L2 1ZUA 
1000075008 


0.3 3894.000 2 14.612 0.428 0.293 1 3875.948   


L3 1ZUA 
1000075009 


0.3 4085.000 2.000 15.332 0.435 0.284 1 4066.846   


X0 1ZUA 
1000074927 


0.2 328 0.500 1.239 0.030 0.239 1 328.592   


X1 1ZUA 
1000074983 


0.29 266 0.5 1.155 0.032 0.276 1 306.374   


X2 1ZUA 
1000074984 


0.29 267 0.500 1.101 0.030 0.271 1 291.965   


X3 1ZUA 
1000074985 


0.29 271 0.500 1.170 0.032 0.277 1 310.427   


Y1 1ZUA 
1000074960 


0.56 123 0.493 0.498 0.032 0.639 1 132.088   


Y2 1ZUA 
1000074961 


0.65 124 0.499 0.490 0.022 0.455 1 129.888   


Y3 1ZUA 
1000074962 


0.62 124 0.5 0.488 0.021 0.433 1 129.462   
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Test Report Transformer Auto w/ tert 
 


  


 


 Client Fortis BC Name / WO Fortis BC -  Lee T4 


 Execution date 3/12/2014 2:54:46 AM Reason of the job Bushing Replacement 


 Tested by Bruce Hayter / Elmir Jasarevic Location Lee Terminal 


 Approved by  Asset T4 


 Report ID  Asset type Auto w/ tert 


 Report issue date 4/3/2014 10:40:48 AM Asset serial number 289172 


   Manufacturer CGE 


 


 Summary 


  


 


 Performed tests Assessment 


 TTR H-M : 230-138 – As Found Not assessed  
 TTR H-Y : 230-13.2 – As Found Not assessed  


 DC Winding Resistance H – As Found Not assessed  
 DC Winding Resistance M – As Found Not assessed  
 DC Winding Resistance X – As Found Not assessed  
 DC Winding Resistance Y – As Found Not assessed  
 TTR H-M : 230-138 – As Left Not assessed  
 TTR H-Y : 230-13.2 – As Left Not assessed  
 DC Winding Resistance H – As Left Not assessed  
 DC Winding Resistance Y – As Left Not assessed  
 DC Winding Resistance M – As Left Not assessed  
 DC Winding Resistance X – As Left Not assessed  
 
 Tested by:  Approved by:  


   Myra Mikhail  
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Location & company information 


 
Location 


 
Company 


 
Name Fortis BC 


 
Company ABB Inc 


 
Region  


 
Department Field Service 


 
Division  


 
Address #104 – 1641 Commerce Ave. 


 
Area Kelowna 


 
City Kelowna 


 
Plant Lee Terminal 


 
State/Province British Columbia 


 
Address 1955 McCurdy Rd 


 
Postal code V1X 8A9 


 
City Kelowna 


 
Country Canada 


 
State/Province British Columbia 


 
Phone No. +1 250 762 3378 


 
Postal code  


 
E-mail  


 
Country  


 


 


 
Geo coordinates  


 


 


 
Contact person 


 


 
Name Michael Heenan 


 


 
Phone No. 1 +1 250 762 3378 


 


 
Phone No. 2 +1 250 869 9641 


 


 
E-mail michael.heenan@ca.abb.com 
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Transformer nameplate data 
 


Serial number 289172 
 


Apparatus ID LEE T4 
 


Manufacturer CGE 
 


No. phases 3 
 


Manufacturing year 1978 
 


Vector group YyNaD1 
 


Manufacturer type ONAF 
 


Feeder  
 


 
Comment 


 


 


 


 


 


 
Voltage ratings 


 
Winding Voltage L-L (kV) 


 
Voltage L-N (kV) Insul. level L-L (kV) 


 


 
H 230.000 kV 132.791 kV 900 kV 


 


 
X 138.000 kV kV 350 kV 


 


 
Y 13.200 kV kV 110 kV 


 


 


 
Power ratings 


 


 
Rated power Cooling class Temp. rise wind. 


 


 
90.000 MVA ONAN 55 


 


 
120.000 MVA ONAF 55 


 


 
150.000 MVA ONAF 55 


 


 
168.000 MVA ONAF 65 


 


 


 


 


Test set information 
 


Test set model Test set serial number Calibration date 
 


 
CPC100 LC342S 08/16/2010 15:18:08 
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TTR H-M : 230-138 As Found 
 


Test voltage 150 V 
 


Use CP SB1 Yes 
 


Type of tap changer OLTC 
 


Automatic tap control No 
 


 
Comments 


 


  


 


 
Standard test 


 


 Phase A Phase B Phase C  


 
Tap Nom. ratio TTR Ratio dev TTR Ratio dev TTR Ratio dev Assessment 


 
1 1.8333 1.832 -0.07 % 1.8313 -0.11 % 1.8308 -0.14 % Not ass. 


 
9 1.6667 1.6666 -0.01 % 1.6659 -0.05 % 1.666 -0.04 % Not ass. 


 
17 1.5 1.5026 0.17 % 1.5021 0.14 % 1.502 0.13 % Not ass. 


 


 


TTR H-Y : 230-13.2 As Found 
 


Test voltage 150 V 
 


Use CP SB1 Yes 
 


Type of tap changer OLTC 
 


Automatic tap control No 
 


 
Comments 


 


 Manual Investigate - Confirm ratio deviation with factory results. 


 


 
Standard test 


 


 Phase A Phase B Phase C  


 
Tap Nom. ratio TTR Ratio dev TTR Ratio dev TTR Ratio dev Assessment 


 
1 11.0659 11.0898 0.22 % 11.0966 0.28 % 11.1122 0.42 % Man. inv. 


 
9 10.0599 10.0854 0.25 % 10.0922 0.32 % 10.1052 0.45 % Man. inv. 


 
17 9.0539 9.0948 0.45 % 9.0992 0.50 % 9.1085 0.60 % Man. inv. 
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DC Winding Resistance H As Found 
 


Test current 6.0 A 
 


Use CP SB1 Yes 
 


Winding temperature 2 °C 
 


Automatic tap control No 
 


Temperature corr. factor (K) 1.351 
 


 
Type of tap changer DETC 


 


 


 
Comments 


 


  


 


 
Standard test 


 


 Phase A Phase B Phase C  


 
Tap R meas R dev R corr R meas R dev R corr R meas R dev R corr Assessment 


 
1 329.169 mΩ 0.043 % 444.707 mΩ 328.793 mΩ 0.036 % 444.199 mΩ 327.227 mΩ 0.045 % 442.084 mΩ Not ass. 


 
9 272.687 mΩ 0.048 % 368.400 mΩ 272.338 mΩ 0.047 % 367.928 mΩ 271.531 mΩ 0.043 % 366.838 mΩ Not ass. 


 
17 329.142 mΩ 0.046 % 444.671 mΩ 328.861 mΩ 0.034 % 444.292 mΩ 327.250 mΩ 0.045 % 442.115 mΩ Not ass. 


 


 


DC Winding Resistance M As Found 
 


Test current 6.0 A 
 


Use CP SB1 Yes 
 


Winding temperature 2 °C 
 


Automatic tap control No 
 


Temperature corr. factor (K) 1.351 
 


 
Type of tap changer None 


 


 


 
Comments 


 


 Resistance measured between M and Neutral X0 Terminal 


 


 
Standard test 


 


 Phase A Phase B Phase C  


 
Tap R meas R dev R corr R meas R dev R corr R meas R dev R corr Assessment 


 
n/a 137.161 mΩ 0.089 % 185.304 mΩ 136.840 mΩ 0.094 % 184.871 mΩ 136.723 mΩ 0.085 % 184.713 mΩ Not ass. 
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DC Winding Resistance X As Found 
 


Test current 6.0 A 
 


Use CP SB1 Yes 
 


Winding temperature 2 °C 
 


Automatic tap control No 
 


Temperature corr. factor (K) 1.351 
 


 
Type of tap changer None 


 


 


 
Comments 


 


  


 


 
Standard test 


 


 Phase A Phase B Phase C  


 
Tap R meas R dev R corr R meas R dev R corr R meas R dev R corr Assessment 


 
n/a 30.365 mΩ 0.071 % 41.023 mΩ 30.399 mΩ 0.099 % 41.069 mΩ 30.395 mΩ 0.085 % 41.064 mΩ Not ass. 


 


 


DC Winding Resistance Y As Found 
 


Test current 6.0 A 
 


Use CP SB1 Yes 
 


Winding temperature 2 °C 
 


Automatic tap control No 
 


Temperature corr. factor (K) 1.351 
 


 
Type of tap changer None 


 


 


 
Comments 


 


  


 


 
Standard test 


 


 Phase A Phase B Phase C  


 
Tap R meas R dev R corr R meas R dev R corr R meas R dev R corr Assessment 


 
n/a 6.894 mΩ 0.092 % 9.314 mΩ 6.925 mΩ 0.066 % 9.355 mΩ 7.005 mΩ 0.085 % 9.463 mΩ Not ass. 
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TTR H-M : 230-138 As Left 
 


Test voltage 150 V 
 


Use CP SB1 Yes 
 


Type of tap changer DETC 
 


Automatic tap control No 
 


 
Comments 


 


  


 


 
Standard test 


 


 Phase A Phase B Phase C  


 
Tap Nom. ratio TTR Ratio dev TTR Ratio dev TTR Ratio dev Assessment 


 
1 1.8333 1.8334 0.01 % 1.8326 -0.04 % 1.8317 -0.09 % Not ass. 


 
9 1.6667 1.6673 0.04 % 1.6669 0.01 % 1.666 -0.04 % Not ass. 


 
17 1.5 1.5032 0.21 % 1.5028 0.19 % 1.5022 0.15 % Not ass. 


 


 


TTR H-Y : 230-13.2 As Left 
 


Test voltage 150 V 
 


Use CP SB1 Yes 
 


Type of tap changer DETC 
 


Automatic tap control No 
 


 
Comments 


 


  


 


 
Standard test 


 


 Phase A Phase B Phase C  


 
Tap Nom. ratio TTR Ratio dev TTR Ratio dev TTR Ratio dev Assessment 


 
17 9.0539 9.1004 0.51 % 9.0977 0.48 % 9.1044 0.56 % Not ass. 


 
9 10.0599 10.096 0.36 % 10.0912 0.31 % 10.0986 0.39 % Not ass. 


 
1 11.0659 11.102 0.33 % 11.0957 0.27 % 11.102 0.33 % Not ass. 
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DC Winding Resistance H As Left 
 


Test current 6.0 A 
 


Use CP SB1 Yes 
 


Winding temperature 12 °C 
 


Automatic tap control No 
 


Temperature corr. factor (K) 1.296 
 


 
Type of tap changer DETC 


 


 


 
Comments 


 


  


 


 
Standard test 


 


 Phase A Phase B Phase C  


 
Tap R meas R dev R corr R meas R dev R corr R meas R dev R corr Assessment 


 
1 335.435 mΩ 0.047 % 434.724 mΩ 334.926 mΩ % 434.064 mΩ 333.393 mΩ 0.071 % 432.078 mΩ Not ass. 


 
9 277.495 mΩ 0.084 % 359.633 mΩ 277.343 mΩ 0.065 % 359.437 mΩ 276.452 mΩ 0.076 % 358.281 mΩ Not ass. 


 
17 335.090 mΩ 0.030 % 434.276 mΩ 334.832 mΩ 0.081 % 433.942 mΩ 333.394 mΩ 0.049 % 432.078 mΩ Not ass. 


 


 


DC Winding Resistance Y As Left 
 


Test current 6.0 A 
 


Use CP SB1 Yes 
 


Winding temperature 12 °C 
 


Automatic tap control No 
 


Temperature corr. factor (K) 1.296 
 


 
Type of tap changer None 


 


 


 
Comments 


 


  


 


 
Standard test 


 


 Phase A Phase B Phase C  


 
Tap R meas R dev R corr R meas R dev R corr R meas R dev R corr Assessment 


 
n/a 6.969 mΩ 0.227 % 9.032 mΩ 6.970 mΩ 0.574 % 9.034 mΩ 7.050 mΩ 0.254 % 9.136 mΩ Not ass. 
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DC Winding Resistance M As Left 
 


Test current 6.0 A 
 


Use CP SB1 Yes 
 


Winding temperature 12 °C 
 


Automatic tap control No 
 


Temperature corr. factor (K) 1.296 
 


 
Type of tap changer DETC 


 


 


 
Comments 


 


 Resistance measured between M and X bushing terminals. 


 


 
Standard test 


 


 Phase A Phase B Phase C  


 
Tap R meas R dev R corr R meas R dev R corr R meas R dev R corr Assessment 


 
1 108.661 mΩ 0.052 % 140.825 mΩ 108.360 mΩ 0.084 % 140.434 mΩ 108.194 mΩ 0.056 % 140.219 mΩ Not ass. 


 


 


DC Winding Resistance X As Left 
 


Test current 6.0 A 
 


Use CP SB1 Yes 
 


Winding temperature 12 °C 
 


Automatic tap control No 
 


Temperature corr. factor (K) 1.296 
 


 
Type of tap changer None 


 


 


 
Comments 


 


  


 


 
Standard test 


 


 Phase A Phase B Phase C  


 
Tap R meas R dev R corr R meas R dev R corr R meas R dev R corr Assessment 


 
n/a 30.675 mΩ 0.189 % 39.755 mΩ 30.754 mΩ 0.196 % 39.857 mΩ 30.748 mΩ 0.189 % 39.849 mΩ Not ass. 
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Lab Control Number: 6637019 6620286 6608525 6606164 6505522


Date Sampled: 03/17/2014 01/02/2014 11/25/2013 11/18/2013 01/21/2013


Order Number: 439507 435368 432720 432197 409899


Oil Temp: 10 1 28


Fortis BC Inc Serial#: 289172 Mfr: CGE Control#: 6637019


ABB INC. Location: LEE - (F.A.) LEE
TERMINAL T4


kV: 230 Order#: 439507


#104, 1641 COMMERCE AVENUE Equipment: TRANSFORMER kVA: 100000 Account: 6064


KELOWNA, BC V1X 8A9 CA Compartment: MAIN(BOTTOM) Year Mf'd: 1978 Received: 03/19/2014


ATTN: MICHAEL HEENAN Breathing: DES Syringe ID: 6002714 Reported: 03/24/2014


PO#: 4700002656 Bank: T4 Phase: 3 Bottle ID: 289172


Project ID: 524859 Fluid: MIN Sampled By: ABB


Customer ID: 22171


WEIDMANN DIAGNOSTIC SOLUTIONS


110, 7304 30TH STREET S.E. + CALGARY, AB + T2C1W2
403 203 0550 + 403 203 0549


WWW.WEIDMANN-DIAGNOSTICS.COM


TEST REPORT


01-6637019-439507-00


Dissolved Gas Analysis (DGA) Hydrogen (H2) (ppm): 38 44 43 43


ASTM Methane (CH4) (ppm): 27 33 32 31


D-36121 Ethane (C2H6) (ppm): 9 8 9 8


Ethylene (C2H4) (ppm): 42 46 45 42


Acetylene (C2H2) (ppm): 55 61 57 54


Carbon Monoxide (CO) (ppm): 227 259 247 221


Carbon Dioxide (CO2) (ppm): 1027 1339 1220 1053


Nitrogen (N2) (ppm): 17795 54789 27411 20290


Oxygen (O2) (ppm): 851 9800 3125 1756


Total Dissolved Gas (TDG) (ppm): 20071 66379 32189 23498


Total Dissolved Combustible Gas (TDCG) (ppm): 398 451 433 399


Equivalent TCG (%): 1.3128 0.4624 0.9115 1.1544


DGA


Diagnostics


DGA Keys Gas / Interpretive Method:


PER IEEE C57.104-2008


(most recent sample)


Hydrogen within condition 1 limits (100 ppm).


Methane within condition 1 limits (120 ppm).


Ethane within condition 1 limits (65 ppm).


Ethylene within condition 1 limits (50 ppm).


Acetylene: Condition 4 Indications of severe arcing activity (35 ppm).


Carbon Monoxide within condition 1 limits (350 ppm).


Carbon Dioxide within condition 1 limits (2500 ppm).


TDCG within condition 1 limits (720 ppm).


DGA TDCG Rate Interpretive Method:


PER IEEE C57.104-2008


(two most recent sample)


Retest Annually.


1-Continue normal operation.


DGA Cellulose (Paper) Insulation: CO2/CO Ratio not applicable - neither gas exceeds its limit.


WDS DGA Condition Code:


WDS Recommended Action:


NORMAL


Continue normal operation. Resample for testing within one year.


Comment:


General Oil Quality (GOQ)


D-15331 Moisture in Oil (ppm): 2 3 5 2


D-9711 Interfacial Tension (dynes/cm): 33.53 31.27


D-9741 Acid Number (mg KOH/g): 0.014 0.011


D-15001 Color Number (Relative): L2.0 L2.0


D-15241 Visual Exam. (Relative): CLR&SPRK CLR&SPRK


D-15241 Sediment Exam. (Relative): ND ND


D18161 Dielectric Breakdown 1 mm (kV mm-C): 28 (1-22C) 34 (1-23C)


D-9241 Power Factor @ 25C (%): 0.091 0.062


D-2668 Oxidation Inhibitor (wt. %) 0.169


GOQ Diagnostics Moisture in Oil: Acceptable for in-service oil (20 ppm max).


PER IEEE C57.106-2006 Interfacial Tension: Acceptable for in-service oil (32 dynes/cm min).


Notations: 1. Analysis is ISO/IEC 17025:2005 accredited, L-A-B Accredited Certificate Number L2303.01  2. This test is conducted by a subcontracted laboratory. 3. Subcontracted laboratory has received ISO Standard 17025 accreditation for this test.  5.
This test is conducted by Weidmann Laboratory other than Primary Lab. 6. Weidmann Laboratory has received ISO Standard 17025 accreditation for this test. 7. Imported Sample: WEIDMANN Diagnostic Solutions accepts no responsibility for these results;
accreditation status does not apply to these results. 8. Imported Equipment


Accreditation applies to current analysis only. The analyses, opinions or interpretations contained in this report are based upon material and information supplied by the client. WEIDMANN Diagnostic Solutions does not imply that the contents of the sample
received by this laboratory are the same as all such material in the environment from which the sample was taken. Our test results relate only to the sample or samples  tested. Any interpretations or opinions expressed represent the best judgment of
WEIDMANN Diagnostic Solutions. WEIDMANN Diagnostic Solutions assumes no responsibility and makes no warranty or representation, expressed or implied as to the condition, productivity or proper operation of any equipment or other property for which
this report may be used or relied upon for any reason whatsoever.  This test report shall not be reproduced except in full, without written approval of the laboratory.


A Member of the WICOR Group
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Lab Control Number: 6637019 6620286 6608525 6606164 6505522


Date Sampled: 03/17/2014 01/02/2014 11/25/2013 11/18/2013 01/21/2013


Order Number: 439507 435368 432720 432197 409899


Oil Temp: 10 1 28


Fortis BC Inc Serial#: 289172 Mfr: CGE Control#: 6637019


ABB INC. Location: LEE - (F.A.) LEE
TERMINAL T4


kV: 230 Order#: 439507


#104, 1641 COMMERCE AVENUE Equipment: TRANSFORMER kVA: 100000 Account: 6064


KELOWNA, BC V1X 8A9 CA Compartment: MAIN(BOTTOM) Year Mf'd: 1978 Received: 03/19/2014


ATTN: MICHAEL HEENAN Breathing: DES Syringe ID: 6002714 Reported: 03/24/2014


PO#: 4700002656 Bank: T4 Phase: 3 Bottle ID: 289172


Project ID: 524859 Fluid: MIN Sampled By: ABB


Customer ID: 22171


WEIDMANN DIAGNOSTIC SOLUTIONS


110, 7304 30TH STREET S.E. + CALGARY, AB + T2C1W2
403 203 0550 + 403 203 0549


WWW.WEIDMANN-DIAGNOSTICS.COM


TEST REPORT


01-6637019-439507-00


(most recent sample) Acid Number: Acceptable for in-service oil (0.1 mg KOH/g max).


Color Number and Visual: Diagnostic not applicable. Diagnostic not applicable.


Dielectric Breakdown D-1816: Exceeds limit for in-service oil (30 kV min @ 1mm).


Power Factor @25C: Acceptable for in-service oil (0.5% max).


Comment:


PCB Concentration (ppm): 1.7 PPM


ASTM Method D-40591 PCB Type (Arocolor): 1260/1254


Reporting Limit: 1


Comment:


End of Test Report


Authorized By:


ROB BELFROY
SUPERVISING CHEMIST


Notations: 1. Analysis is ISO/IEC 17025:2005 accredited, L-A-B Accredited Certificate Number L2303.01  2. This test is conducted by a subcontracted laboratory. 3. Subcontracted laboratory has received ISO Standard 17025 accreditation for this test.  5.
This test is conducted by Weidmann Laboratory other than Primary Lab. 6. Weidmann Laboratory has received ISO Standard 17025 accreditation for this test. 7. Imported Sample: WEIDMANN Diagnostic Solutions accepts no responsibility for these results;
accreditation status does not apply to these results. 8. Imported Equipment


Accreditation applies to current analysis only. The analyses, opinions or interpretations contained in this report are based upon material and information supplied by the client. WEIDMANN Diagnostic Solutions does not imply that the contents of the sample
received by this laboratory are the same as all such material in the environment from which the sample was taken. Our test results relate only to the sample or samples  tested. Any interpretations or opinions expressed represent the best judgment of
WEIDMANN Diagnostic Solutions. WEIDMANN Diagnostic Solutions assumes no responsibility and makes no warranty or representation, expressed or implied as to the condition, productivity or proper operation of any equipment or other property for which
this report may be used or relied upon for any reason whatsoever.  This test report shall not be reproduced except in full, without written approval of the laboratory.


A Member of the WICOR Group
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Lab Control Number: 6642401 6637019 6620286 6608525 6606164


Date Sampled: 04/02/2014 03/17/2014 01/02/2014 11/25/2013 11/18/2013


Order Number: 440745 439507 435368 432720 432197


Oil Temp: 7 10 1 28


Fortis BC Inc Serial#: 289172 Mfr: CGE Control#: 6642401


ABB INC. Location: LEE - (F.A.) LEE
TERMINAL T4


kV: 230 Order#: 440745


#104, 1641 COMMERCE AVENUE Equipment: TRANSFORMER kVA: 100000 Account: 6064


KELOWNA, BC V1X 8A9 CA Compartment: MAIN(BOTTOM) Year Mf'd: 1978 Received: 04/04/2014


ATTN: MICHAEL HEENAN Breathing: DES Syringe ID: 6003439 Reported: 04/07/2014


PO#: 4700002656 Bank: T4 Phase: 3 Bottle ID: 289172


Project ID: Fluid: MIN Sampled By:


Customer ID: 22171


WEIDMANN DIAGNOSTIC SOLUTIONS


110, 7304 30TH STREET S.E. + CALGARY, AB + T2C1W2
403 203 0550 + 403 203 0549


WWW.WEIDMANN-DIAGNOSTICS.COM


TEST REPORT


01-6642401-440745-00


Dissolved Gas Analysis (DGA) Hydrogen (H2) (ppm): <2 38 44 43


ASTM Methane (CH4) (ppm): 1 27 33 32


D-36121 Ethane (C2H6) (ppm): <1 9 8 9


Ethylene (C2H4) (ppm): <1 42 46 45


Acetylene (C2H2) (ppm): 1 55 61 57


Carbon Monoxide (CO) (ppm): 4 227 259 247


Carbon Dioxide (CO2) (ppm): 116 1027 1339 1220


Nitrogen (N2) (ppm): 42556 17795 54789 27411


Oxygen (O2) (ppm): 12781 851 9800 3125


Total Dissolved Gas (TDG) (ppm): 55459 20071 66379 32189


Total Dissolved Combustible Gas (TDCG) (ppm): 6 398 451 433


Equivalent TCG (%): 0.0065 1.3128 0.4624 0.9115


DGA


Diagnostics


DGA Keys Gas / Interpretive Method:


PER IEEE C57.104-2008


(most recent sample)


Hydrogen within condition 1 limits (100 ppm).


Methane within condition 1 limits (120 ppm).


Ethane within condition 1 limits (65 ppm).


Ethylene within condition 1 limits (50 ppm).


Acetylene within condition 1 limits (1 ppm).


Carbon Monoxide within condition 1 limits (350 ppm).


Carbon Dioxide within condition 1 limits (2500 ppm).


TDCG within condition 1 limits (720 ppm).


DGA TDCG Rate Interpretive Method:


PER IEEE C57.104-2008


(two most recent sample)


Retest Annually.


1-Continue normal operation.


DGA Cellulose (Paper) Insulation: CO2/CO Ratio not applicable - neither gas exceeds its limit.


WDS DGA Condition Code:


WDS Recommended Action:


NORMAL


Continue normal operation. Resample for testing within one year.


Comment:


General Oil Quality (GOQ)


D-15331 Moisture in Oil (ppm): 2 2 3 5


D-9711 Interfacial Tension (dynes/cm): 44.94 33.53


D-9741 Acid Number (mg KOH/g): 0.007 0.014


D-15001 Color Number (Relative): L0.5 L2.0


D-15241 Visual Exam. (Relative): CLR&SPRK CLR&SPRK


D-15241 Sediment Exam. (Relative): ND ND


D18161 Dielectric Breakdown 1 mm (kV mm-C): 40 (1-22C) 28 (1-22C)


D-9241 Power Factor @ 25C (%): 0.006 0.091


D-2668 Oxidation Inhibitor (wt. %) 0.169


GOQ Diagnostics Moisture in Oil: Acceptable for in-service oil (20 ppm max).


PER IEEE C57.106-2006 Interfacial Tension: Acceptable for in-service oil (32 dynes/cm min).


Notations: 1. Analysis is ISO/IEC 17025:2005 accredited, L-A-B Accredited Certificate Number L2303.01  2. This test is conducted by a subcontracted laboratory. 3. Subcontracted laboratory has received ISO Standard 17025 accreditation for this test.  5.
This test is conducted by Weidmann Laboratory other than Primary Lab. 6. Weidmann Laboratory has received ISO Standard 17025 accreditation for this test. 7. Imported Sample: WEIDMANN Diagnostic Solutions accepts no responsibility for these results;
accreditation status does not apply to these results. 8. Imported Equipment


Accreditation applies to current analysis only. The analyses, opinions or interpretations contained in this report are based upon material and information supplied by the client. WEIDMANN Diagnostic Solutions does not imply that the contents of the sample
received by this laboratory are the same as all such material in the environment from which the sample was taken. Our test results relate only to the sample or samples  tested. Any interpretations or opinions expressed represent the best judgment of
WEIDMANN Diagnostic Solutions. WEIDMANN Diagnostic Solutions assumes no responsibility and makes no warranty or representation, expressed or implied as to the condition, productivity or proper operation of any equipment or other property for which
this report may be used or relied upon for any reason whatsoever.  This test report shall not be reproduced except in full, without written approval of the laboratory.


A Member of the WICOR Group
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Lab Control Number: 6642401 6637019 6620286 6608525 6606164


Date Sampled: 04/02/2014 03/17/2014 01/02/2014 11/25/2013 11/18/2013


Order Number: 440745 439507 435368 432720 432197


Oil Temp: 7 10 1 28


Fortis BC Inc Serial#: 289172 Mfr: CGE Control#: 6642401


ABB INC. Location: LEE - (F.A.) LEE
TERMINAL T4


kV: 230 Order#: 440745


#104, 1641 COMMERCE AVENUE Equipment: TRANSFORMER kVA: 100000 Account: 6064


KELOWNA, BC V1X 8A9 CA Compartment: MAIN(BOTTOM) Year Mf'd: 1978 Received: 04/04/2014


ATTN: MICHAEL HEENAN Breathing: DES Syringe ID: 6003439 Reported: 04/07/2014


PO#: 4700002656 Bank: T4 Phase: 3 Bottle ID: 289172


Project ID: Fluid: MIN Sampled By:


Customer ID: 22171


WEIDMANN DIAGNOSTIC SOLUTIONS


110, 7304 30TH STREET S.E. + CALGARY, AB + T2C1W2
403 203 0550 + 403 203 0549


WWW.WEIDMANN-DIAGNOSTICS.COM


TEST REPORT


01-6642401-440745-00


(most recent sample) Acid Number: Acceptable for in-service oil (0.1 mg KOH/g max).


Color Number and Visual: Diagnostic not applicable. Diagnostic not applicable.


Dielectric Breakdown D-1816: Acceptable for in-service oil (30 kV min @ 1mm).


Power Factor @25C: Acceptable for in-service oil (0.5% max).


Comment:


PCB Concentration (ppm): < 1.0 PPM 1.7 PPM


ASTM Method D-40591 PCB Type (Arocolor): ND 1260/1254


Reporting Limit: 1 1


Comment:


End of Test Report


Authorized By:


ROB BELFROY
SUPERVISING CHEMIST


Notations: 1. Analysis is ISO/IEC 17025:2005 accredited, L-A-B Accredited Certificate Number L2303.01  2. This test is conducted by a subcontracted laboratory. 3. Subcontracted laboratory has received ISO Standard 17025 accreditation for this test.  5.
This test is conducted by Weidmann Laboratory other than Primary Lab. 6. Weidmann Laboratory has received ISO Standard 17025 accreditation for this test. 7. Imported Sample: WEIDMANN Diagnostic Solutions accepts no responsibility for these results;
accreditation status does not apply to these results. 8. Imported Equipment


Accreditation applies to current analysis only. The analyses, opinions or interpretations contained in this report are based upon material and information supplied by the client. WEIDMANN Diagnostic Solutions does not imply that the contents of the sample
received by this laboratory are the same as all such material in the environment from which the sample was taken. Our test results relate only to the sample or samples  tested. Any interpretations or opinions expressed represent the best judgment of
WEIDMANN Diagnostic Solutions. WEIDMANN Diagnostic Solutions assumes no responsibility and makes no warranty or representation, expressed or implied as to the condition, productivity or proper operation of any equipment or other property for which
this report may be used or relied upon for any reason whatsoever.  This test report shall not be reproduced except in full, without written approval of the laboratory.


A Member of the WICOR Group
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LEE T4 BUSHING NAMEPLATE PHOTOS 


H1 


 


H2 


 


H3 
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M1 


 


M2 


 


M3 
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X1 


 


X2 


 


X3 


 


Attachment 8.1A







Y1 


 


Y2 


 


Y3 
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ENGINEERING NOTICE 
Bushing Replacement 


  
  EN : XCG200601 - 524859 
      JOB No: 524859 - 360 


        
    Rev:  1 
    Page  1 of 7 


 


CUSTOMER Fortis BC - (LEE T4) LEE Terminal  – T4 


 


  
Rev 1: Oil quantity corrected. Devices tags coreected 


Changes shown by preceding @ 


 
Prepared By / Date 
M. Mikhail/  Jul 29, 2013            


Approved By / Date 
 Mustafa Lahloub     August 21, 2013       


Last Changed By / Date 
MM / Oct 16, 2013             


 


 


SERIAL NO: 289172 PHASES 3                                 


MVA 90.0 / 120.0/ 150 // 168  Auto Transf. COOLING TYPE ONAN/ONAF/ONAF     


KV 230.0/ 138.0/63.0 GrdY – 13.2 D FREQUENCY  60               Hz   


RISE                      55 // 65        °C   


 
1. Transformer and Bushing Information - See Table Below 


 


Location Lee Terminal – North Okanagan Region 


Transformer ID LEE – T4 


Manufacturer Canadian General Electric 


Type ONAN/ONAF/ONAF, Auto Transformer 


Power Rating 90/120/150/168 MVA  55/65°C Rise, 3 Phase, 60Hz 


HV Rating 230 000 Grd Y ± 10 % in 16 steps 


MV Rating 138 000 Grd Y  


LV Rating  63 000 Grd Y 


TV Rating 13200 D 


Serial number 289172 


Manufacture Date 1978 


Transformer Oil Volume   


                   Main Tank 99 987 L (186949 Lbs) 


                   LTC  ?? L  


                   PCB concentration (ppm) 2 ppm in main tank, <1 ppm in LTC 


                   Replace oil? Yes 


Nameplate Drawing Number CGE # 274912 Rev2 


Outline Drawing Number Fortis BC # 3-372-9001, 3-372-9002 & 3-372-9003  


Transformer Weight  


                   Core & Coils 191200 Lbs 


                   Tank & Fittings 115000 Lbs 
 
 
2. Information Required During Site Visit before Scheduled Outage 
 


- Dimensions and estimated length of any bus bars connected to bushings. 
- Use the Form “oil Spill/Leak/Likelihood of Leak Observation form” to record location and state of the leaking 


components.  
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3. Work Scope 
 


 Replace PCB contaminated bushings on LEE – T4 as required. See bushing list in Table 1. 
 Replace PCB contaminated oil in main tank. 


 
 


 
General View of the Transformer 
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Top: Transformer view from the top, Bottom left is the Tertiary Bushings & on the 


Right is transformer view with LTC   
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4. Safety Management – Isolation and Grounding Plan 
 


Equipment required out of service:  LEE T4 
 


Isolation devices: 


 LEE T4-2 230 kV disconnect switch 
 LEE T4-1 138 kV disconnect switch 
 Confirm nothing connected to 66 kV bushings – 
 LEE GT4-1 13 kV disconnect switch 
 LEE SS2-FU removed 
 LEE VTT-FU removed  
 LEE T4-R1 13 kV disconnect switch 
 Isolate control, tripping and indication to control house. 


 
De-energizing devices: 


 PPG placed on 230 kV bus between LEE T4-2 AND LEE T4 230KV bushings. 
 PPG placed on 138 kV bus between LEE T4-1 and Lee T4 138 kV bushings. 
 PPG placed on T4 tertiary bus between LEE GT4-1 and LEE T4 13 kV “D” bushings.  


 
System loading:  


 Total LEE tertiary load: 


 2012 2013 2014 
Summer 14047 13380 8948 
Winter 13614 12817 8216 


 
 Total load that must be supplied 230 to 138kv by remaining two in service transformers. 


 2012 2013 2014 
Summer 253661 264850 277554 
Winter 263485 273986 282455 


 
System implications: 


 With LEE T4 out of service, LEE T3 must have capability to feed the 13kv load out of LEE Station. 
 D.G. Bell must have 230/138 kV transformer in service. 
 Lines 60, 54 and 58 must be in service to transfer energy from D. G. Bell to balance of North 


Kelowna. 
 LEE VTT4T will be out of service.   
 The following facilities must also be in service – 


o LEE T2 
o DGD T2 
o LEE SS1 
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5. Actions to be Performed Before Any Work 
 


 Send factory bushing drawings to Fortis BC Engineering for review. 


 Send factory bushing test results to Fortis BC Engineering for review. 


 Perform pre-electrical test as below: 
 Winding resistance test on Max. position, Min. position and Neutral position of HV LTC.  
 Megger test for core and windings. 
 Turns ratio test on Max position, Min. position and Neutral position of HV LTC.   
 Doble power factor test. 


 Take oil sample for DGA analysis and Oil Quality to confirm the status of the transformer oil prior to 
commencing the work. 
 


6. Transformer Bushing Replacement 
 


 Visual inspection for any signs of damage or leaks.  


 Confirm all materials are at site, hardware and gasket material to make gaskets at site as 
necessary. 


 Perform isolation and grounding of equipment. (By Fortis BC) 


 Test power factor of the bushings prior to installation. 


 Disconnect transformer from network: Connections, bus drops,.. etc 


 Inspect all gaskets and seals. Any deficiencies shall be reported in writing to Fortis BC.  Any leak 
repair work will be done only with Fortis BC approval and by change order process. 


 Drain insulating oil from main tank and LTC compartment into storage tank. (JSA – PA001-E- BE) 


 Take dew point measurement. 


 Establish confined space, complete with purging of main tank with extra dry breathable air. Test and 
continually monitor air quality in main tank. (JSA-PAC01-E-BE) 


 Position and ground, crane, boom truck,…etc. for lifting bushings. (JSA – PAR01 –E –BE) 
 Remove contaminated bushings and place in containment for transport and disposal (SWP -033) 
 Measure the approximate cable length required for the new HV bushings and cut the existing pins 


off. Braze or crimp the new draw lead pins to the existing cables. (If the length of the cable suits the 
new bushing and the new pin is same as the existing pin then reuse as is) 
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 Replace/repair any damaged lead insulation.  


 Replace all gaskets for replaced bushings.   


 Install new replacement bushings for all others, bottom connected, and secure in place in 
accordance with manufacturers specification. (JSA – PAR01 – E – BE), (SWP – 016), See bushings 
information below: 


 
 


Table 1 - Bushing Information  


ID Old Existing 
Bushing New Bushings Voltage 


Class Connection Hardware 


HV CGE Type U     
Cat # 6340 


ABB T245G0600LK 
Static Shield Part # P4B237G03       


Dwg # 1ZUA274801 – AMA 
245 kV Draw Lead For shield 


MV CGE Type U     
Cat # 6330-1 


ABB T145Z1200BA 
Static Shield Part # P4B237G01        


Dwg # 1C30885 
145 kV Bottom 


Connected For shield 


LV CGE Type U     
Cat # 6318 ABB T072G2000HB 72 kV Bottom 


Connected N/A 


TV CGE Type LC    
Cat # 1353-1 ABB T015G4000LA 15 kV Bottom 


Connected N/A 


HVN CGE Type LC  
Cat # 1352-1 ABB T015G2000GA 15 kV Bottom 


Connected N/A 


 
 Replace all gaskets for the opened manhole covers and seal the unit. 


 Begin vacuum of transformer for leak rate test and take dew point measurement. 


 Fill transformer in accordance with Fortis BC filling procedure.(JSA – PA001 – E – BE and MT-001) 
 
 
After bushing replacement the following tests and inspections shall be completed: (JSA – PAE01 –E –BE) 


 Perform visual inspection of bolted connections including verification of correct torque values.  


 Inspection of gaskets and seals for oil leaks. 


 Perform winding resistance measurements at the same taps used before work. 


 Perform turns ratio test at the same taps used before work. 


 Perform insulation power factor for transformer and bushings.  
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 DC insulation and polarization index tests. DC insulation resistance tests from winding to ground 
and winding to winding using one minute readings at 2500 volts DC for HV windings. 1000 volts DC 
for TV winding. Polarization index readings shall also be obtained after 1 minute and 10 minutes. 


 Core to tank ground resistance test.  When insulation testing a transformer core, a 1000V Megger 
shall be used.  The testing time is 1 minute.  Core to ground, core-clamp to ground, and core to 
core-clamp shall all be measured if accessible. 


 Send all raw test results immediately to Fortis BC engineering for approval. 


 Take oil sample and test for PCB, DGA and Oil Quality and confirm the status of the transformer oil 
prior to re-energization. 


 Reconnect transformer to system. 


 Re-energize transformer after Fortis BC engineering approval of test results. (By Fortis BC) 


 Prepare report with test results, oil results and summary of repair. Submit to Fortis BC for approval. 


 Update job binder for as built information. 
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Introduction 


1.1 Project summary  


The detailed work in this report concerns the replacement of an on-load-tap-changer type CLR-100 on 
a Canadian General Electric transformer (serial number 289172). The works has been performed on 
the transformer T4 installed at Lee Substation, Kelowna, British Columbia, and took place from May 1st 
to June 2nd 2017. Reinhausen Canada took possession of the equipment on May 2nd at 7:30 AM and 
started the work which included the following main steps: 


 As found testing of the transformer. 


 Transformer and tap changer oil draining. 


 Tap changer and motor drive removal. 


 Installation of new tap changers, motor drive and accessories. 


 Transformer and tap changer oil processing and filling under vacuum. 


 As left testing of the transformer. 


 


Additionally to the original scope defined in the contract, Reinhausen Canada was given the task of 
designing and installing the oil piping system between the tap changers and the oil conservator, and 
also the air piping system from the oil conservators to the transformer and the tap changers 
dehydrating breathers (MTrab). For a complete listing of work executed and a day to day steps listing, 
refer to sections, appendix A & appendix B respectively, at the end of this report. 


Despite the difficult weather conditions, the work conducted went as planned with only taking the two 
days of buffer scheduled. Furthermore, there was no outstanding problem or deviation required from 
the original engineering plan.     


 


 


 


1.2 Report Content 


The first purpose of this report is to provide information about the condition of the transformer, found 
during the initial internal and external inspection. Then, it will present details of the work worth 
mentioning, including the ‘’as delivered” electrical connections of the transformer winding with the new 
Reinhausen VM OLTCs. The fourth section will give an overview of the oil quality, treatment and filling 
process. Following, the transformer electrical testing results will be presented.  


All the data, test results, day to day information about the work, information about equipment used to 
conduct the tests and other references used in this report will be included in the appendix sections at 
the end of the document. 
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1.0 Transformer condition (before start of work) 


2.1 External transformer condition 


The main tank was overall in good condition. The paint is deteriorated and rust is apparent but there is 
no structural impact as it is just surface corrosion and paint stain.  No major oil leaks were found on 
the main tank.  


 
Figure 1.  Main tank showing surface corrosion 


2.2 Internal transformer condition 


The internal inspection of the transformer, carried out following the first manhole opening, showed a 
good state of the tank, tap leads and the structure supporting the tap leads from the regulating 
windings   to the OLTC selectors.  


Here are some observations and details noted during the inspection:  


 As assumed in the planning of the work, the tap lead cable size were 4/0 AWG. The radial 
paper insulation thickness was 12 mm. 


 


   Figure 2.  Lead connection to CLR100 selector 
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 The paint coating inside the OLTC compartment section was in good condition as shown in 


the following picture. 


 
Figure 3.  Internal paint condition 


 


 


 Remaining oil in the transformer tank was clear and there was no oil sludge. There was a 


small amount of carbon residue in the bottom as you can see bellow in figure 4. 


 


 


Figure 4.  Bottom of main transformer tank 
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  Some Composite hardware fastening the insulated lead structure has been found broken and 
the parts were lying at the bottom of the tank (figure 5). However, the integrity of the structure 
was not affected.  


 


Figure 5.  Broken composite hardware 


 


 


 All the tap lead identification tags were attached, well identified and in good condition. 
 The tap leads going to each phase selector were correctly attached together and there was no 


sign of insulating paper degradation or wear  
 There was no loose connector or sign of connector overheating  


 


Figure 6: General view of the OLTC tap leads 


 


After conducting this internal inspection, it was concluded that there was no factor preventing 
Reinhausen Canada to proceed with the tap changer replacement as planned. 
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2.0 Summary of OLTC replacement work 


2.1 General views of the work performed 


 
Figure 7.  Motor drive unit & drive shaft assembly 


 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 8.  Breathers & PRD Outlet piping 


 
 


 


Figure 9.  OLTC cover arrangement Figure 10.  Oil piping system 
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3.2 Sealing of OLTC adapter flange 


After the removal of the GE CLR100 tap changers, the mating faces were cleaned and new custom 
gaskets were installed. The gasket material used is Transeal TG-65. The Gasket stoppers were 
reused to protect the new gasket from environment and over-compression. 


 


 


Figure 11.  OLTC adapter flange gasket installation 


 


3.3 Welding of the support plates on main tank cover 


Only two support plates were welded on the surface of the main tank for the installation of the drive 
shaft assembly. Those plates were welded in multiple pass, on alternate edges to minimize the 
heating effect on the tank interior paint coating. As presented below in the picture, the paint coating 
showed a sign of heat by changing color but there was no paint crumbling 


 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 12.  Effect of welding on interior paint coating 
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3.4 Tap lead electrical connections ‘’as delivered” 


Most of the lead connections, 39 in total, between the active part of the transformer and the OLTC, 
needed extensions in order to be re-connected to the new VM tap changers.  


 


Figure 13.  Lead extension with sleeve 


 


 


The new lugs and sleeves used were of size 250 MCM. The 4\0 flex leads were fitting perfectly in the 
connectors and the result was optimal. The die used was 250 MCM – yellow color coded hexagonal. 
Figure 14 is showing a section cut of the sample test carried out to validate the quality of the crimping. 


 


Figure 14.  Section cut of the crimped lead 
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The insulating paper used for the cable extensions and the cable insulation built inside the transformer 
were all thermally upgraded crepe paper.  The extension cable specification was AWG 4/0 - 259 
Strands - 8mm radial paper thickness (figure 15). This value, which is less than the original 12mm 
thickness, has been calculated by MR specialist and is meeting the requirement of the transformer 
power and insulation class rating for this application. 


 


 


 


 


 


 


 


 


 


Figure 15.  Example of lead extension 


 


In order to ensure good insulation distances, spacers were added between cables with higher 
difference in potential. Spacers were also used to support the lead extension correctly when 
connected to point higher than it was before on the tap changers (figure 16). 


 


 


 


 


 


 


 


 


 


Figure 16.  Use of spacers for good insulation distances 


 


At the end of the re-connection process, all connectors were fastened to the specified torque setting 
and the insulation distances have been inspected and validated. 
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3.5 Final condition of the OLTC compartment section 


Figure 17 and 18 are showing that all the surfaces of the OLTC compartment were cleaned and left in 
same or better condition than as they were found. 


 


 


Figure 17.  Main tank bottom 


 


 


 


 


 


Figure 18.  OLTC compartment floor 


Attachment 8.1B







Page 13 of 102 
          TRANSFORMER SERVICE REPORT                   


 


  Reinhausen Canada  Inc. 
Reinhausen Canada Inc. reserves all rights in this document and in the information contained therein.The reproduction, the use and/or the 
disclosure to third parties without express authority is strictly forbidden. 
© Reinhausen Canada Inc. 2017                3755,  Place Java, suite 180                 Tel: (514) 370-5377 
                Brossard (Quebec), J4Y 0E4 Fax: (450) 659-3092 


 


4.0 Oil quality, treatment and filling process 


4.1 Oil analysis  


The samples were taken just after the completion of the main tank and OLTC vacuum oil filing. As 
shown in the complete oil analysis results (DGA) in appendix C, both main tank and OLTC samples 
showed similar results. No irregularities are detected, with low water content of 2ppm and 4 ppm and 
as expected after oil processing, low quantity of all dissolved gas. 


4.2 Oil processing 


The measured dew point for the start of the final oil processing was 2,99%, with an ambient 
temperature colder than expected (8ºC in the morning). In consequence, it was decided to do a hot oil 
circulation to heat the active part of the transformer. After the 8 hour of hot oil circulation process, the 
vacuum was pulled and once the pressure was satisfying, the vacuum hold time of 48 hours could 
begin.  


During the vacuum hold time, a pressure rise test was performed and the leak rate obtained was good 
at a value of 120,2 mm Hg L/min. Then the moisture by dry weight has been calculated at a value of  
0,55% M/dw using the Piper calculation method. This value being better than original moisture by dry 
weight found in the transformer (1,023 %). The oil processing was considered successful.   


Thereafter, the final oil filling was performed, maintaining a vacuum level of under 0,75 Torr. The full 
process record and the Vacuum leak test and moisture determination sheet are shown in the 
appendix D of this report.  


 


5.0 Electrical Testing 
The complete results of electrical testing of the transformer are presented in the appendix E at the 
end of this report. The measurements have been performed using the following instrumentation; 
Omicron CPC100, Doble M4000, Doble M5400 and Megger S1-568 test sets. Calibration certificates 
of the instrumentations can be found in the appendix F of this report. 


5.1 Ratio test 


The transformer turn ratio (TTR) has been performed on all tap positions of the OLTC at HV-MV 
bushing terminals. All measured values were within ±0.5% of the turn ratio for the ‘’As found’’ and the 
‘’As left’’ test results shown on figure 19 (page 15). This confirmed that the re-connection of the new 
VM tap changers was done correctly. 


5.2 DC Winding resistance test 


The DC winding resistances have been performed for all transformer windings, i.e. H, M, X and Y. 
Regarding the resistance result of winding H, both measurements ‘’As found’’ and ‘’As left’’ showed 
values within the acceptable limit of ±2% variation, on a phase to phase comparison basis. In addition, 
the figure 20 (page 15) compares the results of the measurements ‘’As found’’ and ‘’As left’’ with 
respect to the original GE values. The maximum deviation from the original values is less than 3%. No 
problem has been detected with the new tap changer connections. 


Attachment 8.1B







Page 14 of 102 
          TRANSFORMER SERVICE REPORT                   


 


  Reinhausen Canada  Inc. 
Reinhausen Canada Inc. reserves all rights in this document and in the information contained therein.The reproduction, the use and/or the 
disclosure to third parties without express authority is strictly forbidden. 
© Reinhausen Canada Inc. 2017                3755,  Place Java, suite 180                 Tel: (514) 370-5377 
                Brossard (Quebec), J4Y 0E4 Fax: (450) 659-3092 


 


5.3 Dynamic resistance test (DRM) 


The dynamic resistance test was performed at 5A, as recommended by Omicron and the results 
showed good timing of all the tap changes and the traces compare well among the three phases. The 
test has been performed after the tap changer replacement and can be use in the future for 
comparison and diagnostic of the OLTC operation. 


5.4 Insulation resistance test 


The insulation resistance has been measured in three different ways. Firstly from main winding and 
tertiary winding to ground, secondly from tertiary to main winding and ground and finally, from main 
winding to tertiary and ground. The calculated polarization index (PI) for the ‘’as left’’ measurements 
are 2,36, 3,28 and 1,88 respectively and are acceptable considering they are over the minimum value 
of 1,25.  


5.5 Doble Exciting current test 


An excitation current measurement was made on nominal and extreme tap positions. Both the ‘’As 
found’’ and the ‘’As left’’ test showed a High-low-High current phase pattern as expected for the 
winding configuration of the tested transformer. The phase A and C current are consistent on the 3 tap 
positions in which the test has been performed. 


5.6 Doble power factor test 


Winding insulation power factor test has been performed on the transformer. The measured values of 
CH & CT are respectively 0,284% and 0,300%. Those values are acceptable considering the age of 
the transformer. Although, since we don’t know the winding configuration/design of the transformer, a 
comparison in time is more interesting. Fortunately, we had access to previous Power factor test result 
made in 2012. The new results are quite similar to the previous 2012 results and also, crosscheck 
between measured and calculated capacitance values compares to each other in time. No abnormal 
trend is visible.  


5.7 Doble SFRA test 


Since there is no fingerprint measurements on the unit or measurements on an identical sister 
transformer available for interpretation, therefore the measurements on separately tested phases are 
compared. No significant deviation exists in the SFRA results for the separately tested phases. The 
slight deviations between different phases are likely due to lead assembly, tank design and tap 
changer. Should the unit be relocated in future, these SFRA results could be used as fingerprint for 
future analysis.   
 


6.0 Conclusion 
Considering the results of the final electrical tests proving that the connections of the new VM tap 
changers was correctly done and the transformer was in good condition. Also, with the calculated final 
moisture level and the DGA analysis showing that the liquid insulation is in good condition, it was 
stated that the T4 transformer and the OLTC were ready to return in service. 


The CGE T4 Transformer has been hand back to Fortis BC at 10:00 AM on Friday 2nd of June 2017. 
T4 Transformer was then energized without load by Fortis BC at 11:00 AM on Friday 2nd of June 2017. 
No problem occurred during the energization.  


Reinhausen Canada would recommend Fortis BC to perform an oil analysis on transformer tank and 
OLTC after six month of service to verify any abnormal condition. 
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Figure 19.  Comparison of TTR measurements carried out before and after OLTC replacement. 


 


 


 


Figure 20.  Presentation of corrected winding resistance measurements results 
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Projet Name :  LEE T4 LTC Replacement  


RCA Site Manager :  Luc Peloquin MR Service Technician : Markus Liebl 


RCA Site Engineer Francis Beauchemin RCA Service Technicians : 
Joanie Hubert  
 Marc Nadon 


 
 
Transformer data : 


Manufacturer :  CGE Serial no. :   289172 – T4 Power :  168 MVA (205.8 MVA 0 °C) 


Voltage :  230/138/63/13.2 Type :  Autotransfo Vector group : Ynyyd 


No. of 
positions : 


110034 Regulating 
range :  


+/- 10% Imax OLTC : 469 A (574 A) 


 
 


Installed components :  


OLTC Type :  3 X VM I 651-170/B-10 18 2WP Serial no. : 1818455 


MDU Type :  ED100L Serial no. : 1818455 


Messko :  2 x M-Trab + 4 x M-Prec Serial no. : 1818456 - 461 
 
 


Work performed :  


 RCA Customer Notes 


Removal OLTC: x   


Removal old drive: x   


Removal drive shafts: x   


Removal pipes: x   


Removal bushings:   No 


Removal / installation cooling system:   No 


Removal / installation fan:   No 


Removal / installation active part:   No 


Installation MTRAB: x  By Sub-Contractor (Ridge View) 


Installation oil filter unit:   No 


Installation control cabinet:   No 


Welding work: x  By Sub-Contractor (Ridge View) 


Installation OLTC: x   


Installation Messko components: x   


Installation drive shafts: x   


Oil handling / oil purification: x  By Sub-Contractor (Pace) 


Electrical connection MDU:  x Fortis BC 


Laying el. cables: x  By Sub-Contractor (Ridge View) 


Crane work: x  By Sub-Contractor  


Transformer drying: x  By Sub-Contractor (Pace) 


Tap selector connection: x   


OIl piping system (OLTC) x  Installed by Sub-Contractor (Ridge View) 


Air piping system (MTrab) x  Installed by Sub-Contractor (Ridge View 
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Measurements : 


 Pass Fail As found As left Instrumentation used 


DC winding resistance H x  x x Omicron 


DC winding resistance M x  x x Omicron 


DC winding resistance X x  x x Omicron 


DC winding resistance Y x  x x Omicron 


TTR Test x  x x Omicron 


DRM Test x   x Omicron 


Insulation Resistance x  x x Megger 


Overall PF & CAP x  x x Doble 


Exciting current x  x x Doble 


SFRA x   x Doble 
 
 
 
 
 
Commissioning by RCA :  
OLTC Pass Fail Notes 


 Functional test of the tap changer (Selector) x   


 Syncronisation of the 3 diverters x   


 Same service position MDU and OLTC x   


Motor Drive    


 Shaft Alignment x   


 Raise and Lower Electrical test x   


 Raise and Lower Mechanical test x   


 Remote operation test x  From the control room with Fortis BC 


 Limit switch x   


 End position x   


 Motor operating current  x  At 2.6 Amps 


Accessories    


 Mtrab (Silica gel breathers) operator x   


 Temperature sensor \ Relay adjustment x   


 PRD alarm x   


 Gaz relay alarm (RS2001)) x   


Oil Commissioning    


 Pressure Leakage test  x  24h at 3 PSI 


 Oil Level Main tank x   


 Oil level tap changer (3) x   


 Oil level conservator x   


 Oil power factor x   


 % Moisture (%M/dw) x   
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Appendix B 


Day to day work report  
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Transformer LTC Installation Report 


 


TRANSFORMER IDENTITY 


Rating    90/120/150//168 MVA, 3 phase, 230kV / 13.2kV  


Manufacturer    Canadian General Electric 


Serial Number   289172 


Manufacture Date:   1978 


Site     Fortis BC Lee substation: Kelowna, BC  


Designation   T4 


LTC manufacturer  Canadian General Electric 


LTC type   CLR100 


LTC serial number  289172 


 


Replacement tap changer 


LTC manufacturer  MR 


LTC type   VM 


LTC serial number  1818455 


Manufacture date  2017 


 


 


FINDINGS AND WORK DONE 


 


Sunday, April 30th 2017 


 Joanie Hubert and Luc Peloquin travel from 
Montreal to Kelowna 
 


Monday, May 1st 2017 


 Site mobilization from MR and Pace 
Technologies 


 Transformer isolation and grounding by Fortis 
BC 


 Site orientation, preliminary meeting 
 Material and equipment reception 


 


Tuesday, May 2nd 2017 


 Materiel and equipment reception 


 Bushings disconnections 
 Tankers reception 


 
 TTR and winding resistance testing 


 


 


Wednesday, May 3rd 2017 


 Markus Liebl, from MR Germany, arrival on site 
 Doble testing, dynamic resistance testing 
 Run drain hoses 
 Start of transformer draining 


 


Thursday, May 4th 2017 


 Francis Beauchemin, from MR Canada, arrival 
on site 


 Testing 
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 Oil draining of the transformer and diverter 
switches 


 


 


 


 


Friday, May 5th 2017 


 Oil draining 
 Motor drive removal 
 Material reception 
 Due to high humidity (88%), no internal work 


possible 
 


Saturday, May 6th 2017 


 Initial moisture by dry weight measured at 
1,023% 


 New motor drive supports installation 
 Internal measurements and disconnections 
 Old tap changer shafts removal 


 


Monday, May 8th 2017 


 Crane mobilization 
 Removal of the first diverter/selector 
 Assembly and installation of a new 


diverter/selector 
 Rain delay 
 Removal of the second diverter/selector 


 


Tuesday, May 9th 2017 


 Removal of the third diverter/selector 
 Assembly and installation of the second new 


diverter/selector 
 Internal connections 
 Crane demobilization 


 


Wednesday, May 10th 2017 


 Internal connections 
 New motor drive installation 
 Electrical connections 


 


Thursday, May 11th 2017 


 Drive shafts brackets welding 
 I-beams modification for drive shafts 
 Rain delay 
 Internal connections 


 


Friday, May 12th 2017 


 Internal connections 
 Dive shafts installation 
 Install electrical conduits for motor drive 


 


Saturday, May 13th 2017 


 Crane mobilization 
 Assembly and installation of 3rd diverter/selector 
 Internal connections 
 Crane demobilization, and processor installation 
 Prepare for vacuum 
 Flash vacuum for 2.5 hours (down to 0.8 torr) 
 Pressurisation 


 


Monday, May 15th 2017 


 Marc Nadon, from MR Canada, arrives on site 
 Internal connections 
 PRD and gas relay installation 
 Electrical connections on motor drive 
 Rain delay 


 


Tuesday, May 16th 2017 


 Rain delay 
 Francis Beauchemin, from MR Canada, leaves 


site 
 Electrical connections 


 


Wednesday, May 17th 2017 


 Internal connections 
 Electrical connections 
 Main tank PRD installation 
 Silicagel breathers installation 


 


Thursday, May 18th 2017 


 Internal connections 
 Piping 


 


Friday, May 19th 2017 


 Internal connections 
 Piping 


 


Saturday, May 20th 2017 


 Internal connections 
 Commissioning 
 TTR test 
 Drive shaft alignment 
 Piping 


 


Sunday, May 21st 2017 


 Final internal inspection and cleaning 
 Replace gaskets on manholes 
 Finalizing and cleaning gas piping 
 Piping  
 Marcus Liebl, from MR Germany, leaves site 
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 Flash vacuum for 4 hours, then pressurization 
 Marc Nadon, from MR Canada, leaves site 


 


Tuesday, May 23rd 2017 


 Winding resistance and dynamic resistance tests 
 Piping 
 Tap changer diverter switches draining 


 


Wednesday, May 24th 2017 


 Final dew point before oil process at 2.99% 
MBDW 


 Start of vacuum at 10:00 
 Leak test at 15:00.  Passed with a leak rate of 


117.2 mm Hg L/min 
 Start of oil filling(for heating the active part) at 


19:00 
 Piping 
 Electrical connections 


 


Thursday, May 25th 2017 


 Oil circulation until 15:00 
 Oil draining until 20:00 
 Start of vacuum for 48 hours 
 Piping 


 


Friday, May 26th 2017 


 Vacuum 
 Vacuum leak test at 17:00 
 Piping and supports 
 Electrical connections on silicagel breathers 


 


Saturday, May 27th 2017 


 Vacuum 
 Vacuum leak test at 8:30.  Passed with a leak 


rate of 120.2 mm Hg L/min 
 Calculated % moisture by dry weight at 0.55% 
 Piping 


 


Sunday, May 28th 2017 


 Vacuum 
 Start oil filling at 8:35 at 60 liters/min.  Vacuum 


below 0.75 torr 
 


Monday, May 29th 2017 


 End of oil filling at 14:00 
 Oil circulation and adding inhibitor to T4 


grounding transformer 
 Piping 


 


Tuesday, May 30th 2017 


 Topping up oil on grounding transformer 


 Dynamic resistance testing 
 SFRA testing 
 Piping 


 


Wednesday, May 31st 2017 


 Testing 
 Clean-up 
 Bushing connections 
 Paint touch-ups 


 


Thursday, June 1st 2017 


 Testing (megger) 
 Bushing connections 
 Clean-up 
 Joanie Hubert, from MR Canada, leaves site 


 


Friday, June 2nd 2017 


 Piping 
 Clean-up 
 Luc Peloquin, from MR Canada, leaves site 
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Oil processing: 


The measured dew point for the start of the final oil processing of 2,99% with a ambient temperature colder than expected ( 8 
deg celcius in the morning), it was decided to do a hot oil circulation to heat the active part of the transformer. The final leak test 
was done during the 48h vaccum. The leak rate found was 120,2 mmhg L/min and is acceptable. Then the moisture by dry 
weigh was calculated at ,55% with the Piper method. Being better than original moisture by dry weight found in the transformer 
(1,023 %), the oil processing was considered successful.  After that ,The final filing was performed maintaining a vacuum of 
under ,75 torr. In the next section 


 


 


Report Prepared by:   Luc Peloquin 


Senior service engineer 


Reinhausen Canada 
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Appendix C 


DGA Results 
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Appendix D 


Vacuum leak test and processing record log 
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Appendix E-1 


 Transformer Electrical Testing Results “As Found” 
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Overall PF / CAP and Exciting Current Tests Results “As Found” 
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Appendix E-2 


Transformer Electrical Testing Results “As Left” 
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Appendix F 


Calibration Certificates of measurement instrumentations 
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