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Q. Reference: Newfoundland Power’s 2027 Capital Budget Application, 2.2 1 

Substation Power Transformer Strategy, page 7, Footnote 20 2 
 3 

a) In addition to the diagnostic maintenance inspections identified for 4 
Newfoundland Power’s power transformer fleet, provide an outline of 5 
any additional physical inspection activities carried out. Detail how the 6 
results are used to assess the transformer’s condition, remaining life, 7 
and replacement timing. 8 

b) Provide the maintenance history for each transformer from 2016 to 9 
2026 and explain how that history supports replacement rather than 10 
further maintenance or repair. 11 

c) Identify all maintenance or repair actions considered before concluding 12 
that replacement is required. 13 

 14 
A. GENERAL 15 

 16 
Newfoundland Power completes major transformer overhauls on each of its substation 17 
power transformers approximately every 12 years. The frequency of power transformer 18 
maintenance activities is as follows: 19 

 20 
(i) Full transformer maintenance for each transformer is scheduled every 12 years.1 21 

This frequency is subject to change depending on transformer oil analysis, 22 
physical condition and coordination with other ongoing projects.2   23 

(ii) Transformer protection checks are completed every six years (if applicable).3 24 
(iii) Transformer main tank and tap changer oil is tested annually. This includes 25 

dissolved gas analysis and furan analysis. For units above 50 years of age, 26 
transformer main tank oil is tested twice per year.4 27 

(iv) Infrared scans are completed annually.5 28 
(v) Visual inspections are completed approximately every six weeks during routine 29 

substation inspections.6  30 

 
1  Full transformer maintenance includes megger testing, power factor testing, capacitance testing, winding 

resistance testing, and transformer turns ratio testing. Transformer deficiencies are corrected during the 
maintenance. 

2  The 12-year full transformer maintenance interval could be lower or higher. The cycle depends on the condition 
reflected in the latest oil samples and other factors, such as whether there is an opportunity to coordinate with 
the deployment of a portable substation for capital work.   

3   Transformer protection checks are completed on gas detector relays and temperature gauges. Checks include a 
visual inspection of protection equipment, megger testing, voltage tests, alarm checking, cooling checks, and 
moisture prevention.  

4  Oil tests include standard oil tests and dissolved gas in oil analysis. Standard oil tests check for contaminants and 
moisture, which at unacceptable levels can lower the dielectric strength of oil and cause a fault. Dissolved gas 
analysis is used to monitor and diagnose internal transformer electrical problems, such as the presence of arcing 
or poor electrical connections. 

5  Infrared scans use a thermal imaging camera to check the temperature of equipment and its connections. If a 
problem is detected, corrective work will be completed, such as replacement of a terminal connection.  

6  Visual inspections on power transformers include checks for tank and cooler leaks, cooling fan and pump 
operation, operation of liquid and winding temperature equipment, oil level, tank pressure, breather operation 
and controls operation.  
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A 12-year overhaul cycle enables Newfoundland Power to plan and complete overhauls 1 
efficiently, without creating operational pressure on the system or critical assets, such as 2 
portable substations required for transformer offloading. Based on Newfoundland 3 
Power's operating experience, a 12-year overhaul interval has proven to be appropriate 4 
and effective. Refer to Attachment A for additional details on standard transformer 5 
maintenance practices. 6 
 7 
In addition to routine maintenance activities, Newfoundland Power completes 8 
transformer repairs and life extension activities when necessary. These activities are not 9 
performed on a prescribed schedule and are evaluated on a case-by-case basis using 10 
inspection results, oil analysis, electrical testing, operating history, physical condition 11 
assessments and system requirements. 12 
 13 
The scope of repair or life extension work considered for an individual transformer 14 
depends on the age of the transformer, the condition of critical components, the 15 
estimated service life extension that can reasonably be achieved, and economic 16 
justification relative to replacement. In some cases, targeted repairs or refurbishment 17 
can provide an appropriate life extension. In such cases, full replacement of the 18 
transformer would be deferred. In other cases, repairs may only address individual 19 
deficiencies while the underlying deterioration of critical components such as the 20 
transformer insulation system continues. Where the expected reliability improvement, 21 
life extension, or economic benefit of future repair activities is limited, replacement may 22 
be determined to be the recommended option. 23 
 24 
Major transformer repairs may require the unit to be removed from service and shipped 25 
to a third-party facility outside of the province. Repair costs can be significant and often 26 
approach the cost of a replacement transformer without providing comparable service 27 
life, reliability, or warranty coverage. In addition, repaired transformers typically retain 28 
some of the original components, such as the transformer tank, which may continue to 29 
deteriorate over time and remain susceptible to corrosion.  30 
 31 
Replacement decisions are not based on a single test result or inspection finding. 32 
Rather, replacement is typically considered when multiple indicators demonstrate that 33 
continued maintenance is no longer expected to provide an economic or reliable long-34 
term solution. These indicators may include deteriorating oil analysis results, evidence of 35 
insulation degradation, recurring maintenance requirements, increasing levels of physical 36 
deterioration, elevated risk assessments, or situations where major repairs are no longer 37 
considered practical or cost-effective relative to replacement. 38 
 39 
RESPONSE 40 

 41 
a) Visual inspections on power transformers are completed approximately every six 42 

weeks during routine substation inspections. These inspections include checks for 43 
tank and cooler leaks, cooling fan and pump operation, operation of liquid 44 
winding temperature equipment, oil level, tank pressure, breaker operation, and 45 
controls operation. 46 
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For each transformer considered for replacement, the results of physical 1 
inspections, oil analysis, electrical testing, infrared inspections, maintenance 2 
history, and condition assessment tools are considered collectively to determine 3 
overall condition and necessary replacement timing. Typically, no single 4 
inspection or test result determines the replacement timing. Rather, replacement 5 
decisions reflect the cumulative condition of the transformer, the observed rate 6 
of deterioration, operational impacts, reliability risks, procurement lead times, 7 
and the practicality of continued maintenance or repair. 8 

 9 
b) The maintenance history of each of LAU-T1, LBK-T1, HAR-T2, and RRD-T3 is 10 

included in the Substation Power Transformer Strategy.7 The maintenance 11 
histories demonstrate that Newfoundland Power has continued to perform 12 
routine maintenance, repair activities, and major overhauls on these 13 
transformers throughout their service lives. The histories indicate that corrective 14 
actions have been taken where practical to address issues such as oil leaks, 15 
instrumentation failures, tap changer maintenance requirements, cooling system 16 
deficiencies, corrosion, and protection equipment concerns.  17 

 18 
Condition assessments on these power transformers show that deterioration has 19 
continued despite these maintenance activities. Maintenance activities 20 
temporarily addressed individual deficiencies but did not stop the underlying 21 
aging and deterioration of critical transformer components such as insulation 22 
systems, tap changers, tanks, bushings, and cooling systems.  23 

 24 
As a result, replacement of these four transformers, rather than continued 25 
maintenance or repair, is now deemed necessary. The replacement is therefore 26 
recommended in the 2027 Capital Budget Application. 27 
 28 
LAU-T1 29 
Key considerations for the 50-year-old LAU-T1 include both recurring 30 
maintenance requirements and continued deterioration of critical components. 31 
 32 
Tap changer maintenance was completed in 2004, 2010, 2017, and 2025. While 33 
these maintenance activities improved operating conditions, subsequent testing 34 
identified recurring deterioration of the tap changer system.  35 
 36 
The transformer has also required repeated corrective work associated with 37 
physical deterioration. Painting was completed in 2010, 2017, and 2025. 38 
Conservator piping and various deteriorated components were replaced in 2017. 39 
In 2025, a steel box was installed to contain oil leakage from a deteriorated 40 
valve. 41 

42 

 
7  See the 2027 Capital Budget Application, report 2.2 Substation Power Transformer Strategy, Appendix A, 

Attachment A; Appendix B, Attachment A; Appendix C, Attachment A; Appendix D, Attachment A. 
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The PTX assessment indicates that the Normal Degradation index of LAU-T1 is 1 
approaching the 0.60 threshold, which is highly correlated with transformers 2 
whose paper insulation is no longer capable of providing reliable service. Since 3 
insulation degradation cannot typically be addressed through standard 4 
maintenance activities, these indicators collectively indicate that continued 5 
maintenance is unlikely to provide a reliable long-term solution. 6 
 7 
LBK-T1 8 
Key considerations for the 64-year-old LBK-T1 relate primarily to widespread 9 
physical deterioration affecting multiple major transformer components.  10 
 11 
Radiator repairs were completed in 2021, but the condition continued to 12 
deteriorate. The existing radiators exhibit advanced corrosion and require 13 
replacement. The radiators are non-standard in design, are welded directly to the 14 
transformer tank, and are not equipped with isolation valves, significantly 15 
increasing repair complexity.8 16 
 17 
In addition to radiator deterioration, inspections identified corrosion on the main 18 
transformer tank, evidence of oil leakage at a bushing base, and deterioration of 19 
the sealing system. Repairing these deficiencies would require recoating and 20 
remediation work that would further reduce the remaining wall thickness of the 21 
tank and increase future leak risk. Inspections also identified mechanical damage 22 
to high voltage and low voltage bushings, including chipped porcelain sheds that 23 
reduce creepage distance and compromise insulation performance.  24 
 25 
Collectively, these conditions indicate widespread deterioration affecting multiple 26 
major transformer components. Addressing these issues would require 27 
refurbishment or replacement of radiators, bushings, coatings, seals, and 28 
associated equipment on a 64-year-old transformer. Given the age of the unit 29 
and extent of deterioration, replacement was recommended over repair. 30 
 31 
HAR-T1 32 
Key considerations for the 57-year-old HAR-T1 relate primarily to insulation 33 
deterioration and abnormal internal conditions. 34 
 35 
The PTX assessment indicates the Normal Degradation Index of HAR-T1 exceeds 36 
the 0.60 threshold, which is highly correlated with transformers whose paper 37 
insulation is no longer capable of providing reliable service. 38 
 39 
Oil analysis also produced a Code 2 assessment score, indicating abnormal 40 
internal heating. Standard maintenance activities are generally unable to reverse 41 
paper insulation degradation or reliably address deterioration within the 42 
transformer insulation system. 43 

 
8  See the 2027 Capital Budget Application, report 2.2 Substation Power Transformer Strategy, Appendix B, page 

B-3. 
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Combined, the PTX results and oil analysis findings indicate continued 1 
deterioration of critical internal components and support replacement rather than 2 
continued maintenance.  3 
 4 
RRD-T3 5 
Key considerations for the 51-year-old RRD-T3 include recurring physical 6 
deterioration and continued insulation aging. 7 
 8 
Corrosion-related issues have been addressed through maintenance activities. 9 
The transformer was painted in 1992 and again in 2020. Leak repairs were 10 
completed in 1997, 2011, and 2015. Conservator and gas detector piping, 11 
gauges, and related components were replaced in 2020.  12 
 13 
While these maintenance activities successfully addressed individual deficiencies, 14 
they did not prevent continued deterioration of the transformer insulation 15 
system. The PTX assessment indicates that the Normal Degradation Index of 16 
RRD-T3 is approaching the 0.60 threshold. This degradation is primarily 17 
associated with aging of the paper insulation system, in which mechanical 18 
strength declines as a function of time and temperature. Standard maintenance 19 
activities are generally unable to reverse paper insulation degradation or reliably 20 
address deterioration within the transformer insulation system. Replacement is 21 
deemed necessary and, as such, it is recommended in the 2027 Capital Budget 22 
Application. 23 

 24 
c) Prior to concluding that replacement was required, Newfoundland Power 25 

considered the following maintenance and repair activities where appropriate: 26 
 27 

• Routine visual inspections 28 
• Annual oil analysis and diagnostic testing 29 
• Infrared inspections 30 
• Major transformer maintenance and overhauls 31 
• Tap changer maintenance and refurbishment 32 
• Internal inspections 33 
• Instrumentation replacement 34 
• Cooling system repairs 35 
• Leak repairs 36 
• Corrosion mitigation activities 37 
 38 
The maintenance histories document the maintenance and repair activities 39 
completed on each transformer. Once the determination was made that 40 
continued maintenance or refurbishment is not expected to provide an 41 
acceptable long-term reliability outcome, practical life extension, or economic 42 
justification, replacement of the transformer was deemed necessary. The 43 
replacement is therefore recommended as part of the 2027 Capital Budget 44 
Application.  45 
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famte11an.c.e Sta.ndard _ uml>~r: IlifSM9 
H rerth-e Dat,e: 2002-04-15 

Supeirseding Di,tre: 191L-09-10 

Po , vER TRANSF'ORl\llER..~ 

CFeated br: M.. Rideom: 
R.e.i.'i.sed by: M. Greening 

Reviewed by: M GFeemng 
Approved by: G. Samm:s 

The foUo,wiD.g steps. m;e comidieI,ed as standlli!Id procedures for maiintenmce on power Gransfm:mers.. Oilier ooope may 
be completed as requrur,ed 0 11 a c--llli.e-by-case basis. 

form MSF009, "Power T nmsformer-' taintenance Report", is used ill Feportirng Mainteuanoe L ill I\ or 'I. ili.rm1gh 
paper furm or PowerDB. .AJso, Mairnrenance Stand!arrd Form MSFOO . "Nameplate and Descrip ti011 " .is co:mp!e .ed 
dmiD.g Mainteuance I. 

I,;-pe on ,t"ti.ntenanee 
I ill IV Y 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

1. Assign andl install m ID number. 

2. &eoord l!h.e complete n<:l'.IIl.epfate .iD.furmarlion on MSFOOL Tus will i11dude the maiin 
ruuneplarte th.e rape-hanger (if it has a separate nil'.IIIBpfate), bushiings_ lightniing 
a.rrestera gas detector Felays fm motors, and any oilier a.ooessories lbat womd lia\i\e 
a n<amep ate. 

3. An internal inspection ib.ouldl be made 011 all new trmsfwme,rs andl on transformers 
i1:h11t have been ill storage or lllu;re been moved from one location. to anol!h.er. For 
transformers fua have been e,ner~ p:re,viorn:ly., t!hi-s. :iintemal mspec,tio:n may be 
omiitted irf the S1rbs,tmion Asset Management (honp has determined that ii .is not 
practical or neoessru:y. Refer to IlifSRO 17 for detailed 211lidelines to be folloi.vedl iin 
completing iliis irntemal inspection. 

4. P,erfurm a dew point test .if moiistJ.l!Fe is susipected to have ,entered 1he tank. 

5. Ensure contmuity of all CT raps; checl:: tha1t the CI .is not grmmded; and check all 
ratios. Refer to MST005 for ratio checking procedures, 

6. ][foot alre.ad:y installed, iiru,taU a full arrest bracl::et on lhe unit 

Ensure an appropriate PCB fabe] iis installed on l!lre unit. Record! the ~CB level on 
MSF009. Pilace a label on the in.side ofl!h.e control cabiine,t ind!icating PCB le,,eJ. If 
1m ]ab oil est has been previm1'lily conducted on the unit, W::,e an oil ample for lab 
testiing. 

8. Make a vimal fillli)eotion, noting the general cond!ili.on of ffte il:ransfonner. C=heak for 
suc.ih things as dents oil le.ah (particul:my around! grurneted jomts), paint oondi,tion, 
damaged! bushings, broken g]as;, 011 gauges abnorm11ll Feadlirngs on l!hermometers, 
oil level gauges. etc. Re,port issues to l!lre electrical Ma.in emmce PJ.anne,r Group. 

9. Ensure thait the tank 1s properly growided. A good!, pennan-ent, low-resistance 
ground :is es'Sential. All grol!ID.diD.g and neutral connectiom. to be upgraded to 19 ;9 
copper clad steel unless otherwise noted. 

10. Cb.eok l!b.e oil Ie,,.·e] as indicated by the gauge on th.e comervator · a:nk or on fue maiin 
rank .if ther,e is. no conservator tank. Top up as r,equi.red. 

11. Ch.eok bushings for oil leakage and oil leve] wh.ere possible. Report :iSS111es to fue 
electrical Maintenance P];mner Groi.m 
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PO"lER TR l\l~SFORM[ERS 

Procedm-e 

12. Ch.eok ndiartors fm paint condition, o.il leaks and posiiticm of :ill valves:. Emure 
Ra.di•a1tor:s are .vell paiim:ed to prevent corrosion and ms,ting l!IDless othff111<ise n.oted_ 

13. Ch.ecik lhe condition ofilie ilica gel. Replace as. requmi,ed. Breather piping and! :silic--a 
gd canisl:er shall be replaced 11l11ess: oilierwi.se noted. Refer · o MSROO0 fur :silica 
ge] breather requ!irem.enrls. 

14. J!nstal!l or r,eplace hmm.dirty absorbent pack,ets iin the gas. de .ector relay as req1med if 
re]ay is not replaced_ 

1 :5 . ]f tlte unit is ,equipped with a spill pan, cheok th.1it heat tracing and! valve 1s 
operationfil. Enmre pan is free of oil and drn:iined. 

16. Cle.an bushings and lightniing anester .vlie.re they exist Th.e porcefai.l:li shouJld be 
kept elem and :tree from admo..l)lieric. pollution. Ins-pec,t closely for chips and! 
cracks_ A1!l chips and era.ob are to be reported to tb.e Eilectrical Maintenanoe 
Planner •Group and painted m lh glyptol to prevent mo:i.stme ingress, In cases: wifu 
exoessi.ve damage bushing:s may require rep cement 

1 Paintiing :is done at intemtls detem:ri:ned by l>mtal inspection. Refer to MSRQ ] 4 for 
pairnbng gri:idelirnes. The entire tnmsfomier liail be painted lll11ess: othen,;ise noted. 

18. Cheok thid tb.e upper diaphragm on tlte explosion vent is intact PRD an p1pmg 
shall he imtaDed iif identmed in the soope ofworl: by lhe Plllllller_ 

19. Ch.ecik lhe operation of the gas detector Felay. Refer to MST0O7 . 

_o_ Record ilie Fead!mg of the marinmm indicating pointer on the temperamre _gMig;es 
and! cbeok thait the melhod ofFesetting the po.inter is operational. 

21 . Cheok the operation of tb.e tempern1tme gauges .indmiing the settings of S'\,'i1tches. 
Refer to MSTO 10. 

22 . Ch.eok the oooling funs for proper operation. Enmre lhat drain plugs or adhesive 
tape i:s. removed from fan motor,ic H the writ is ,equipped wirlh. a fan exerciser, ensure 
it is operational and lliat an aµpropriaite time, i.nten.-raJ is established. 

2.3 . Ch.eok the di.electric ,rallue of the insulating o.il. Refer to titsRO 13 for melhod. of 
te~. Refer to 1'1SR!H O for oil diclectri.c requirements_ 

24. Obtai:ui an oil :sample with. a :syringe and hottle for gas analyses. Refer to MSR0 13 
for sampliing prooedmes_ Record resuDts on MSFOO0. Do this during Maintenance 
if requested. 

2 :5 . Me-.girer tb.e wiindings. To do so, all bushings should be wiped ck.:m and dry and al] 
connec,tions to, fare bus bar:s and llightniing arresteIS should be d!iscormected. Give 
the measuFed res-ii.stanoe on MSF'009 (do, not m<aik,e the, tempenture correc-tion 
conven'.ion). Refer to lv1SR012 for evaluation of megger reading;;. and maximum 
megge,ring vol ges. Refer to :!i,>1STOCl8 for transformer meggeriing procedure_ 
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Po,vER TR .\N ,FORl\ll ERS 

P:1.·oced.m-e 

26. Megger ooFe ground with a 500,V megger. li this ,vill req,u!ir,e removing oil which 
may not be practic--al, this step may be omilied This must be done as part of fue 
aoceptmce pmced'nre for a ne,,· writ 

2· . Carry out nil:io tests l\ll!lli ratiometer. Refer o MSTm 1 for TI'R. prooedure. 

2 8:. Carry om power fuotor md winding Fesistmce testing:. See appropri:i e maimfucture 
mmll!lal for the est equipmell that is. bemg nsed.. 

29. Carry out a Transfonner Protection Devices Impection as per maiutenau e staudiard 
MSTO 17. Ensure · o inspect a]l jmiction bo.-res making special note of ll!IIY 
wear/cracking or any point at which waiter could enter th.e boK.. Ensure all gas!kets 
and! sea]s ar,e checked and! replaced as necessaiy. linsWl lmmidiwrb packs iin all 
junction boxes:. 

30. Ensure that all acces_.ories aFe tested. Examine all apparatus, e,leotrical cables: 
oond\.1 tors, ignaliug mid operating devices:. A meg.ger test is recomme,nded irf 
applicable. 

31 . Obser'lle d!rop leads for signs of s•tmin on bushings or associated equipment. If 
trains-former is. de-energiz.ed, d1ecl: line connections. for tiighlness. 

32 . Ensure that lhe control cabiue is. d ean md my. Ensure llie cabiue IJ.e.ater is 
operating to p.i;event coade,nsation bwld up. 

33 . Ifpresent, ,e,nsi.we that any bushing ,,.-np, is. removed. 

34. IH ransformer is to be kept as. spare wrap bmbings w.ifu p]astic wrap. 

35. For l!lllplallllecll maiutenanoe as .i. result ofb:reakdown or diagnostic ec.sts. m:l!l:ie fue 
necessary Fepairs and note on MSF009. 

36. Any changes made or abnormal condirtion:s found! sh.0111ld be noted on MSF009 and 
reported to the S111b.startion Asse Management Group. 

37. end copies of form :MSF009 to the Bleotrica:F Mmtenan.ce Planners' group ong 
wilh any uurewlil.ied issues with the ,equipment or wifu the prooedures. Any 
outstanding worl: slJ.,all be ,entered into an Avanti:s wad: r,eauest and submitted.. 

38:. Update mamtenmce lri;;,torv and nameplate imonntioninAva:n.tis. 
* OI1ly i:f the t1·1111:sfonnfr is dM•nergiz.esd. and. i:f it is deemed neces..sary to, ma.b these ,ehecks. 

Caunon: for some transformer maintenance, oontrol. wiring may bm,e to, be, wsoollllec,ted to, disable alarrms and trip 
circmts. This no:i:mally applies to gas detector re]ays, remperatme gauges, pFessure rel!ief dei,,,ices, etc., ihat are 
connected to e,,11Jtemal trip schemes. An approved protection plan. may be Fequired. for &uch cases. 

~,ot,e: For transfmmers ,,.-itb. IID! on-.load tapdhauger, Fefer to 1'fSP012 far &tm dard mai.nten.mce procedures. 


