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Equipment Monitoring | Roy Sassaman

Å1999 graduate of Pennsylvania State University

ÅDegree in Electrical Engineering

ÅPE license from the state of Pennsylvania

ÅStrong background in variable frequency drives and 
automation

ÅRoy has been with PPL for the past 17 years

Å10 years in relay test

Å5 years in System Engineering

Å2 years in services group in Enterprise standards
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Equipment Monitoring Program

Battery Monitors 

Circuit Breakers

InconCB Monitor

MOLBAB

CCVT

Continuous voltage Monitoring

Transformers

DGA TCUL Monitor

Bushing Monitors Electronic Temperature Monitor
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Equipment Monitoring Program

Data Overview

Data is continuously saved in PI data system 

Data is processed and algorithms are setup to look for deviations 
in the data

Alarm triggers are setup to bring attention to data deviations

Emails are sent to alert of possible issues
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Battery Monitors
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Battery Monitors
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Battery Monitors
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Breaker Monitor
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Breaker Monitor
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Molbab
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CCVT Moonitor
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Transformer Monitor



BUSINESS USE © 2024 PPL Electric Utilities14

Transformer Monitor
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Transformer Monitor
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Case Study Battery Monitor

ÅBattery monitor measures the resistance between the DC system + and ð 
terminals and ground every few seconds using an internal test resistance.

ÅGround fault resistances should be balanced between positive and negative 
and be in the 10-30k Ohm range
ÅLow ground resistance indicates that there is an unintentional lower resistance path from 

terminal to ground somewhere in a DC circuit

ÅHigh ground resistance indicates that an intentional ground reference has been lost and 
the DC system is floating

ÅImbalanced ground resistance indicates that one side of the DC terminals has a different 
reference resistance applied to ground causing the ground reference voltage to swing 
from the center of the total DC voltage 

ÅGround Fault issues can lead to control circuit trips and failures, battery energy 
loss, human performance errors that allow for unintentional relay operations 
and other problems.  
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Case Study Battery Monitor
Typical ground fault 

level at this site was 

around 30 k Ohms.

Low Ground Fault Alarm occurred 

and cleared as ground fault 

resistances returned to normal over 

a few days

These occurrences were 

investigated but finding was 

that it happened after 

extensive rain and the control 

house had a lot of water 

around it. Levels returned to 

normal as the are dried up.

Low Ground Fault Alarm occurred this 

time and was also attributed to rain and 

water around control house getting to DC 

circuits

This time, as the site 

dried the levels got 

closer to normal but 

never really stabilized. 

Cause was unknown.

LACK T1 Tipped due to water inside oil level 

gauge shorting contacts. Field crews 

isolated the gauge, and the ground fault 

resistances went back to normal.
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Case Study Battery Monitor

The moment the crews isolated the 

defective water-soaked gauge from 

the DC circuit, the ground fault 

levels returned to normal.

The transformer tripped 

once the contaminants in 

the water filled gauge or 

contact corrosion allowed 

for current to flow between 

the normal open contacts.

Fluctuating ground 

resistances are indicative 

of water and contaminants 

between DC terminal to 

ground which is not a 

constant resistance. 
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Case Study Battery Monitor
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Case Study Breaker Monitor

Å Continuous monitoring of gas 

pressure

Å Able to identify slow gas leaks 

before call outs

Å Gas leaks can be fixed as a 

planned outage minimizing 

downtime and O&M expense
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Case Study Breaker Monitor

Å Monitor tank heater current

Å Can see number of 

heaters working in a 

particular breaker

Å Able to see a large number of 

tank heaters off line at one 

time.

Å Found issue with breaker 

sizing on AC circuit.



BUSINESS USE © 2024 PPL Electric Utilities22

Case Study MOLBABS

Å Tracking fault current that 

MOLBABS see.

Å Conditional maintenance 

program

Å After Fault current >200A 

crew is sent to service
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Case Study MOLBABS

Å Tracking and trending close 

proximity of MOLBABS

Å Have found where mice chew 

the wires for the proximity 

switches.
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Thank you!

Questions?



New Breaker Technologies | Domenic Repice

ÅÉƖЮШEŰŊŔŰĲĲƖШŔŰШÂE9§ќƚШÑѼÉШEƕƨŔƓůĲŰƣШEŰŊŔŰĲĲƖŔŰŊ

ÅHe has been with PECO 4 years

ÅSubject matter expert for substation circuit breakers, 
disconnect switches, and gas insulated switchgear

ÅPrior to PECO, Domenic spent 6 years working as a 
transformer engineer for various nuclear power plants



April 8, 2025

Breaker Technology 
(Clean Air Breaker)
PECO | Domenic Repice, T&S Equipment Engineering
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Agenda

ÅAbout PECO

ÅWhy the desire to move away from SF6?

ÅPECOôs approach to SF6 reduction (Path to Clean)

ÅAvailable alternatives to SF6 circuit breakers

ÅClean air breaker design

ÅConsiderations for piloting new breaker technology
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Who We Are

22,659 
distribution miles

1.7 million 
electric customers

553,000 
natural gas customers

10% 
commercial/industrial

90% 
residential

Breaker Technology (Clean Air Breaker)
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PECO T&S SF6 Populations

ÅActive population of SF6 circuit breakers exist at 34.5kV, 

69kV, 138kV, 230kV, and 500kV.

ÅAlso have 120 oil breakers on system at 69kV, 138kV, and 

230kV that potentially would be replaced with SF6 circuit 

breakers.

Å34kV replacements are being purchased as vacuum 

breakers and this has been our standard since 2010.

ÅDue to the large volume of SF6 in 500kV dead tank 

breakers, PECOôs preferred style is live tank.
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Sulfur Hexafluoride (SF6) ï Use and Impact

ÅSF6 is odorless, tasteless, nontoxic, noncorrosive, nonflammable, chemically inert, and has excellent dielectric 

properties.

ÅSignificant downside is its large Global Warming Potential (GWP).

ïGWP of 23,500 times more than carbon dioxide (CO2). Atmospheric lifetime of SF6 is 3,200 years. 

ïSecond highest GWP gas Nitrous Oxide (N2O) has a GWP of 265 with an average atmospheric lifetime of 114 years.

ÅElectric utility industry remains the largest emitter of SF6 in the US.
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Exelonôs Path to Clean Initiative

ÅPECO and the collective Exelon utilities will reduce our 

operations-driven emissions by 50 percent by 2030.

ÅWe are further deepening this commitment and will achieve 

net-zero operations-driven emissions by 2050.

ÅSF6 Initiatives:

ïRemove large two pressure SF6 breakers from system 

(known leakers) ï Complete

ï Improve SF6 handling and reporting practices ï 

Complete.

ï Investigate the use of non-SF6 alternatives to reduce 

new SF6 being added on system ï Ongoing.
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Non-SF6 Circuit Breaker Options

ÅVacuum/Clean Air Breakers: Siemens Energy, MEPPI, 

Meiden

ïVacuum bottle in tank pressurized with synthetic air.

ïZero GWP impact for emissions.

ÅFluorinated gas alternatives: GE Vernova, Hitachi 

Energy

ïUtilizes a fluoronitrile gas (C4-FN) mixed with CO2 & 

O2 in a puffer interrupter.

ïMixture has a significantly lower GWP impact compared 

to SF6 (99% less).

ïBase gas for both GE and Hitachi are the same, but 

different mix percentages

Table from https://www.epa.gov/eps-partnership/moving-toward-sf6-free-high-voltage-circuit-breakers
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Availability of Clean Air Technology

https://www.siemens-energy.com/us/en/home/products-services/product-offerings/blue-high-voltage-products.html
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Availability of Clean Air Technology

https://www.meppi.com/products/mv-vacuum-circuit-breakers
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Clean Air Breaker Design

ÅTraditional SF6 breakers use gas for both arc quenching 

and insulation. The clean air breaker separates out these 

two functions and uses different solutions:

ïThe vacuum bottle performs the switching and arc 

quenching. 

ïSynthetic air acts as the insulation between live parts 

and the grounded tank.

ÅSynthetic Air Í Atmospheric Air

ïSynthetic Air = O2-20%, N2-80% 

ïAtmospheric Air = N2-78.08%, O2-20.95%, Ar-0.93%, 

CO2-0.04%. 

ïGas pressure is set higher to achieve required dielectric 

strength: 99psig vs. 87psig (typical for SF6).

ÅBreaker is slightly larger, but overall shape is the same.

ÅAll other breaker parts are fairly similar: spring-spring 

mechanism, density gauges with low gas alarm and trip, 

hollow bushings, etc.

https://www.meidensha.com/meg/products/vcb/prod_01/

35
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https://www.siemens-energy.com/us/en/home/products-services/product/dead-tank.html#Ourdeadtankstandardportfolio

SF6:

Clean Air:
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Clean Air Breaker Application Capabilities

ÅRatings Requirements

ïWhat was available at the time we started pilot 

discussions: 

ÅSiemens Energy 145kV - 63kA, 72.5kV* - 40kA

ÅMEPPI 72.5kV, 3000A, 31.5kA

ÅMeiden 72.5kV, 3000A, 40kA

ÅPerformance compared to SF6

ïBetter lower temperature: -60C vs SF6ôs -30C (without 

heaters).

ïCapable of more fault interruptions: 30 @63kA vs 6 

@63kA.

ÅSwitching applications:

ïSiemens Energy Blue breakers are not currently rated 

for shunt capacitor or reactor switching.

ÅUnique requirements with vacuum bottles passing IEEE 

C37.04/C37.09 chopped wave testing.

ïSpecial considerations may need to be taken for this 

testing.

ïSurge arresters may be required to meet 100% of IEEE 

requirements.

37
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Considerations:
Pilot Selection

ÅDetermining Location:

ïMinimal impact from a system standpoint

ÅDo you pick a location where this will see a lot of operation or somewhere safer?

ïWe chose the latter

ÅHow to select your candidate

ïWhile we have a large oil breaker population but selected a leaking SF6 breaker.

ïUtilized existing equipment health scoring, age, and equipment history to pick candidate

38
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Considerations:
Installation

ÅVendor Support:

ïWill bring the manufacturer on site for support only during commissioning.

ÅThis will also be a small training opportunity for technicians dealing with the breaker.

ÅBreaker is shipped with ~5psig of synthetic air so no evacuation is required.

Å Installation steps are almost identical to what is done for a SF6 breaker installation

ïException is the need for a hi pot to verify vacuum bottle integrity

ïSiemens Energy has also indicated they donôt require travel testing, but PECO will still perform 

since this is standard for all breakers.

39
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Considerations:
Required Equipment

ÅDo you have everything necessary for commissioning or will 

you rely on contracted resources?

ïFill hoses, gas bottles, regulator, etc.

ïHi pot test set

ïTravel/Timing test set

ïDuctor test set

ïGas analyzer

ÅCanôt use your SF6 devices to check moisture/purity

ïMethod/Plan for Leak Detection

ÅCanôt use SF6 cameras

https://www.doble.com/product/tdr9100/

https://www.fluke.com/en-us/product/industrial-imaging/fluke-ii915

40
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Considerations:
Hi-Pot Testing

ÅTypically, it is recommended to verify vacuum integrity. This 

can be done by performing a 1 minute hi-pot test. 

ÅNot an issue with medium voltage, but for a 145kV breaker 

the required test voltage likely exceeds your standard test 

sets.

ÅAdditional concern is when you apply a high voltage to a 

vacuum bottle with open contacts, you generate x-rays.

ïPer manufacturer literature, not a concern at rated 

voltage.

ÅCompromise: Manufacture has confirmed that loss of 

vacuum has become evident at voltages as low as 7kVac. 

ÅSolution: Test at highest value of available hi pot test set 

(50kVac for PECO).

Rated Voltage 
(kV)

Factory Test AC 
Voltage (kV)

Maintenance Test AC Voltage 
(75% of Factory) (kV)

4.76 19 14.25

15 36 27

38 80 60

145 275 206.25

245 425 318.75

550 860 645

https://hvinc.com/products/ac-dielectric-test-sets/pft-series/

41
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Considerations:
Monitoring & Long-Term Planning 

ÅCurrently substation equipment is inspected on a five-week interval (Gas pressure, overall condition, 

spring charge).

ÅMore frequent monitoring is limited in effectiveness while the breaker is energized. For example, gas 

testing is not necessary if there are no evidence of leaks.

ÅAlso need to ensure you have necessary parts/equipment/procedures for long term installation:

ïSpare parts (density monitor, gaskets/seals, desiccant, coils, charging motor, etc.)

ÅManufacturer does not recommend stocking spare vacuum bottles. Instead, they recommend a 

complete pole.

ïExtra gas

ïVacuum pump 

ÅGas cart is not required since you do not need to reclaim gas.

ïDefine required maintenance tasks and frequencies.

ïDevelop new procedures for periodic maintenance and gas filling. Create training plans as 

required.

42
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PECOôs Next Steps

ÅPECO will also be looking to pilot the 72.5kV vacuum breaker manufactured by Siemens Energy.

ÅChanging to clean air as a standard breaker will require the following milestones:

1. Factory visit for production and witnessing of testing for each new voltage class.

2. Successful pilot of 145kV and 72.5kV clean air breakers.

3. Review of results of EPRIôs P37 Supplemental project ñSF6-Free Breaker Pilotsò.

ÅAt this time, we are just monitoring the success of the alternative gas options before we begin a pilot.

ïOther Exelon utilities will be piloting this technology, and we will follow their progress. 

ïGIS application would be more desirable for PECO.

ïSimilar milestones to the above will be required for any future PECO pilot of the alternative gas 

options.

43



Thank you

Contact Info:

Domenic Repice

domenico.repicejr@exeloncorp.com

973-897-6600



New Breaker Technologies | Bill Lang

ÅBSEE from PennState in the 80s, PE in 1989, MBA from Drexel in 1994

Å41 years in the utility industry: started at PECO, now 12th year at PPL

ÅExperience in all things Substation related and some T&D experience

ÅHeld various positions as individual contributor, Supervisor, Manager, 
and Presently a Principal Engineer

ÅWorked 5 years with the electrical technician curriculum committee at 
Eastern Center for Arts and Technology in Montgomery County

Åparticipant in NATF peer reviews, EEI and IEEE events and committees

ÅxŸŸťŔŰŊШŉŸƖƽċƖĬШƣŸШŊĲƣƣŔŰŊШĤċĦťШƣŸШĲċƚƣĲƖŰШÂ ШŉŸƖШŉŔƖƚƣШŊƖċŰĬĬċƨŊőƣĲƖќƚШ
1-year old birthday party this weekend!
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PPL 

New Breaker Technologies 

69kV & 138kV Vacuum 
Breakers



PPL EU T&S Overview

468 Substations & Switchyards

Å 380 Distribution

Å 80 Transmission

Å 8 GIS Stations

2,249 High Voltage Circuit Breakers

Å 55 500kV

Å 200 230kV

Å 54 138kV

Å 480 69kV

Å 1,460 12kV

About 285,000 lbs of SF6 Gas

Å 210,000 lbs in Breakers

Å 74,000 lbs in GIS

Å 1,000 lbs in other equipment 
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Technology Advantages Disadvantages

Oil Proven technology

Easy to scale to higher voltages

Environmental concerns with high oil quantities

High maintenance cost and needs

Large equipment footprint

Older technology no longer commonly being used

Air Blast No environmental concerns

Works for EHV classes

High maintenance cost and needs

Large equipment footprint

Older technology no longer commonly being used

SF6 Works well for EHV classes

Very compact footprint

Low maintenance cost and needs

Several techniques exist for locating leaks

Extremely harmful to environment

SF6 loss rate tracking and reporting requirements with threat of regulation

SF6 Bi-products can be toxic

Threat of regulation  

Mixed Gas Very similar to SF6

Less environmental impact

Still has environmental impacts 

Multiple gas mixes create management and human performance issues

Vacuum 

(Dry-air)

No environmental issues

Lower maintenance requirements 

Excellent interrupter life

Externally similar to SF6 designs

Higher switching transients in some applications

Newer technology with challenges of applying at EHV classes

More difficult to find leaks if they occur

CO2/O2 Non-environmental impact gas

Appears to be more scalable to higher voltages

Technology still being proven

Expected higher operating pressures

Assessment of Alternative HV SF6 Breaker Technologies
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Most interested in Vacuum (Dry air) alternatives for breakers

Å No environmental issues

Å Lower maintenance requirements 

Å Excellent interrupter life

Å Externally similar to SF6 designs

Å Clean air is easy to procure

Å No tank heaters needed

Å Already commercially available

Recognize the major challenges of taking this technology 
to higher voltage levels of 230 and 500kv.

ÅWatching the CO2/O2 idea closely as it may prove to be 
more easily scalable to higher voltages. 

PPLõs View on Alternative SF6 Breaker Technologies
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Higher Initial Cost 

Å Higher purchase cost 

Å Savings from no SF6 gas 
handling

Lower Reoccurring Maintenance

Å Longer interrupter life

Å No SF6 handling

Å Lower anticipated failure rate 

Return of some of the initial higher 
investment expected but the 
remaining value is in environmental 
impact and risk savings.

Business Case ð Comparing VCB to GCB

Purchasing & Installation Comparison

69kV CB

SF6 Gas ð Vacuum 

Engineering, Project Management, Construction 

Management

-

Circuit Breaker Unit Cost + $12k

Supporting Material -

Monitoring Equipment -

Installation -

Testing & Commissioning -

SF6 Handling & Fill -$2k

TOTAL + $10k

Maintenance Cost Comparison (32 years)

Assuming 32-year life
69kV CB

SF6 Gas ð Vacuum 

Total cost of preventative condition-based 

maintenance
- $2k

Total cost of corrective and repair maintenance - $3k

TOTAL - $5k
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Å Vacuum available currently at 69kV and 138kV

Å 59 installed on the LG&E and KU system

Å 45 installed in PA

Å 2020 - 3

Å 2021 - 8

Å 2022 - 26

Å 2023 - 4

Å 2024 - 4

Å 2025 - 

Å 1 installed at Jepson Substation in RIE

Overview
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ÅFaster interrupting time

ÅGreater Dielectric Strength

Å Increased durability for maximum 
operations required before interrupter 
replacement

ÅCannot apply this to IPO 
configurations at this time

ÅHitachi and Siemens are close to 
completing 145kV options

Å230kV technology will not be 
available for a while

Å345kV and above is not possible with 
Vacuum Technology

Specification Comparison

Unit GAS VACUUM

Rated Maximum Voltage kV 72.5 72.5

Symmetrical Short Circuit Capability KA 40 40

Continuous Current Rating A Up to 3000 Up to 3000

BIL kV 350 350

Rated Interrupting Time Cycles 5 3

Permissible number of operations at full 

fault current

Operations 10 40

Permissible number of open-close 

operations at continuous current

Operations 6000 10000

Breaker Weight Lbs. 4367 3900-6382

IPO Design Available YES NO



Physical Comparison

Hitachi 69kv Vacuum/Dry Air Circuit Breaker SF6 Equivalent

*Image courtesy of Hitachi 

*Image courtesy of Siemens 
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Interrupter Design

*Images courtesy of Hitachi 
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69kv Single Gas system
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69kV Vacuum CB

Å72KV

Å2000amp

Å40KA

ÅSpring Operated

ÅAirGas Pressure 

ÅNorm - 72

ÅAlarm - 65

ÅTrip     - 58
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       138kV Vacuum CB

Å145kV

Å3000amp

Å40KA

ÅSpring Operated

ÅAirGas Pressure(s)

               Intrptr     Link 

ÅNorm ð 130        23

ÅAlarm ð 123        20

ÅTrip     - 116         17
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145kv Vac Breaker
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6161

ÅContinuing to install Vacuum breakers on 69kv system

ÅExploring different vendor designs of vacuum technology in 
HVCBs.

ÅLooking for Vacuum/Dry Air technology for IPO breakers

ÅContinuing to monitor and push the market for greenhouse-gas 
free alternatives to SF6 for higher transmission voltage dead 
tank circuit breakers:  138kV, 230kV and 500kV

ÅUsing monitors to collect extensive operational data on breaker 
fleet

Closing
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Questions?



Substation Contamination | Casey Hensley

ÅSr. Engineer in PECO Relay Protection and Control
Å7ċĦőĲũŸƖќƚШĬĲŊƖĲĲШŔŰШĲũĲĦƣƖŔĦċũШĲŰŊŔŰĲĲƖŔŰŊШŉƖŸůШìŔĬĲŰĲƖ
Å~ċƚƣĲƖќƚШĬĲŊƖĲĲШŔŰШƓŸƽĲƖШĲŰŊŔŰĲĲƖŔŰŊШŉƖŸůШéŔũũċŰŸƻċ
ÅBeen with PECO for over 7 years, with previous roles in 

Distribution Projects and T&S Substation Equipment
ÅCompleted several equipment failure investigations on a 

variety of equipment ranging from 34kV circuit breakers 
to 230kV transformers
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Transmission Line/Substation 
Technology Case Study
PECO | Casey Hensley
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Printz Substation 
Contamination
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Outline

1. Printz Sub and Area Overview

2. Reliability History

3. Insulator Flashover Damage

4. Primer on the Pollution Flashover Process

5. Contamination Mitigation Strategies

6. Future ñPie-in-the-Skyò Options
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Printz Sub and Surrounding Area Overview

ÅPrintz Substation:

ïBuilt: 2001

ïUse: To connect IPP (~600MW)

ïVoltage: 230kV

ïConfiguration: Ring Bus

ïLines:

Å (3) Generator lines

Å (2) Network lines

ÅSurrounding Area (1 mile):

ï (1) 230kV Line passing through

ï (4) 138kV Lines Passing through
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Primary Contamination Sources

Liberty 

Power Plant


