


Equipment Monitoring | Roy Sassaman

A 1999 graduate of Pennsylvania State University
ADegree in Electrical Engineering
APE license from the state of Pennsylvania

A Strong background in variable frequency drives and
automation
ARoy has been with PPL for the past 17 years
A10 years in relay test
A5 years in System Engineering
A2 years in services group in Enterprise standards
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Equipment Monitoring Program

Battery Monitors
Circuit Breakers
Incon CB 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 Pl 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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ALARMS/STATUSES

NORM

Major Alarm

Alarm Message: N/A

NORM

Minor Alarm

Alarm Message: N/A

NORM
ELSi Alarm

Alarm Message: N/A

NORM

Hardware Failure

FALSE
Discharge Status

Normal
ELSi Controller Status

Normal
Operating Mode

MONITOR VALUES

66.52

Ambient Temperature (°F)

480
Float Current (mA)

GROUND FAULT RESISTANCE

1.1
Positive (KQ)

CHARGER CABLE RESISTANCE

15,196
Positive (pQ)

133.49
Overall Voltage (VDC)

0.00
Ripple Current (A)

1.6
Negative (KQ)

14,507
Negative (pQ)

Data as of 03/26/25 01:13:39 PM
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Battery Monitors
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Battery Monitors

CELL VOLTAGES Eell # Cell Voltage (VDC)  Cell Resistance (pf)) | Intercell Resistance (u(3) Electrolyte Level | Cell Temp (°F})
01 2.243 156 19 Normal 66.2

Max 2.263 VDC 02 2.250 156 18 Normal 66.2
03 2.258 153 19 Normal 6.2

04 2.220 163 13 Normal 65.3

Avg 2.215 VDC 05 2.189 153 19 Normal 67.1
06 2.234 162 19 Normal B5.3

Min 2188 VDC o7 2.193 158 19 Normal 65.2
08 2.224 158 21 Normal 66.2

09 2.214 155 18 Normal 66.2

10 2.203 177 29 Normal 6.2

11 2.191 154 18 Normal 66.2

CELL RESISTANCES 12 2.200 160 20 Normal 65.3
13 2.216 156 18 Normal 66.2

Max 177 MO 14 2.210 156 19 Normal 6.2
15 2.223 158 101 Normal 66.2

16 2.212 158 19 Normal 67.1

Avg 158 uQ 17 2190 153 18 Normal 67.1
18 2.204 155 19 Normal 67.1

Min 151 uQ 19 2.198 157 18 Normal 67.1
20 2.197 165 27 Normal 68.0

21 2193 153 19 Normal A7.1

Data as of 03,/26/25 01:13:39 PM

PPL Electric Utilities
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Battery Monitors

CELL VOLTAGE

01 02 03 04 05 06 OF 02 00 10 11 12 12 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 32 24 35 26 37 38 30 40 41 42 43 44 45 46 AT A8 49 50 51 52 53 5S4 55 56 57 58 59 50

CELL RESISTANCE

01 02 03 04 05 06 OF7 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 22 29 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 A5 46 47 48 40 50 51 52 53 54 55 55 57 58 59 &0

INTER-CELL RESISTANCE

TEMPERATURE

Data as of 03/26/25 01:13:39 PM
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Breaker Monitor

Load Current 229 Amps 235 Amps 237 Amps 2
COPP.CB.DAU I_D—1 Last Arc Time NO DATA NO DATA NO DATA
SF6 CB Monitor Last Interrupt Time 28 mS 28 mS 28 mS
[ Log in to Monitor Webpage | Contact Life 100 % 100 % 100 %
NO DATA Contact Wear 12T 0 A2Sec 0 A2Sec 0 A2Sec
Ala rms Restrike Alarm E
b ' Op Metrics ‘
Close Time Algm Non-Fault Interrupt Count 6 <
Close Travel Time Alarm Fault Interrupt Count 0 =
Open Time Alarm Since Last Op 60 Days S
Open Travel Time Alarm Last Operation Metrics:
A-B Logic Alarm f Operation Number 6
Op was a Fault False
S F6 Data : Op was an Interrupt False
SF6 Sensor Status E P Close Time 31mS
SF6 Low Gas Close Travel Time 18 mS
Open Time 28 mS
SF6 Gas Trend Open Travel Time Ims
>ER asEomeadt e Charge Motor Metrics
Gas Temperature  47.68 °F o Charge Motor Current 0 Amps
Pressure 64.40 PSIG [N Avg Time BetweenRun 3278 Hours % Temp
Pressure Trend -0.02 PSIG/Day Avg Run Time 6 Seconds F . . 83°F
Trend Confidence 98 % Avg Run Frecueticy 0.00 Runs/Day -
Density 2.16 bt Total Run Time . 0.00 Runs DC Supply
Density Trend 0.00 Ib/fts/day Heater Metrics 131 Volts
Mass Loss 0.04 Ibs Cabinet Heater Current ~ 0.93 Amps
Low Gas Forecast 1000 Days [mm Tank Heater Current NO DATA S

PPL Electric Utilities
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Breaker Monitor

Operation 16 Wavelorm

N\
\y.
Operation 17 Waveform

0 1T Wi onm

Operation 17 Wavelomn
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Molbab

MOLBAB Data:

Switch# NO DATA
Alarms

. Control Status

Tripped
Battery Trouble

Fault Indication Status

ke F.|. Battery Fail /]
RN o FICommFail [/

o L 1 :

e T

-l Fault Status
4 A Phase o

s 1]; B Phase o
. C Phase ]

AC Supply AC Norma
Communication Status NO

-
Battery Fail NORI
--

EELI.MOLBAB.WHEM-HUMM_TIE

Plot-2
1 *AC Normal
A arma o OMORM
+5CADA
} Z“._ | = SNORM
EHNORM
SCADA 4
" 2

Plot-1
1 B E Fl Status|F| Alarm [Battery Fail)
Mo Data
= O E.FI Status|FI Alarm (COM Fail)
o Mo Data
26/2024 11:08:47 AM 385.00 days 3/28/2025 11:08:47 AM
Flot-0
1.5 #MNo Data
QMo Data
= #No Dats
H0.5

W28/2024 11.08:47 AM

&, & 265.00 days<[> ;2

W2H2025 11:08:47 AM
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CCV MMoonitor

~ 30 VT Monitoring Display SU10.LINE.MOUN
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= ok 1372 ! z3t40
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— - — ___'_'_,__,—'-'—’_,"'a-_:“é T [ | T
== |1 L—1 | e—| . 5
s — L] ] P |
_o—'—'-'-'- 1
'1 1
-
)
]
b
11433 Al F = Z4.00 o b s 11435 Al
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11433 AN F & 2400 houst b s T4 Al
T e
i WE.Voltaga DiFf (-8
- Mo Data
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o Data
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I 1Y ‘l : ." :‘
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| f Monitor
- T rs B E Tamparating fumbiant 24
000 e
To.00 18] "
0o o Top OF 1 ™ .
= . et -
- [ -
30.00 ‘ . _
i
3 e
"':"":'- . o | ] |s 5 - - v
F20EE 34445 P FO i s TR AT A :: i = . v LT LA L
Fan Bank Data Fan Bank 1 Fan Bank 2
el 0A Sank2 0A Alarms DR System [

Coaoler Fail H

Loading Data

Floed Loading Trend
MW A, 17.586 r.!‘u’A| i L e A Phase Amps 141 Amps
O 100 Zo0 300 400 T . e a -:.I 500 000 1500 Zo00
[~ "'--FF'- ™ E i
MWAR SSMVar Rl 1% M B Phazse Amps 173 Amps
| - B _'_,_,.-E-—_':&ﬂ—\_,_\_ - I
: © Frasa
200 - o 0z L o 50 {7 R = v v
W 18 MV C Phase Amps 135 Amps
0 -100 o I ! ) oD 150 2-:-:-:||
W 3 (R = Faze i 'QE =

PPL Electric Utilities
13 BUSINESS USE © 2024 PPL Electric Utilities



e N e
Transformer Monitor

HELA0ES 10530 ANT W 2 00 s TP AIEI0ES 1005302 AN
TCUL Data Oil Moisture Data
Tap Position Total Relative .
5 Tap Position Trend 0 PPK 0.00 % Oil Mgjsture Trend
1 25 5 e SE.O Maishue
DEO Moisting Satraio
14
0| pran] Lt
13
1y 15| 15| 1z
E]
c 10 10 1
4
. I
a Q Q
SIZZSAR PR T O 153 cays W ro Saeates 1046 42 A I - -l
Ol Gas Data Last il Test Temperature =NO DATA

C2HZ CZH4 C2ZHE CH4 CO H2Z TDCG coz mz  oz2
1 4 41 mroa i 844 NODATRO DATAPFM

e 3o000[ ] 7 1 1 1 = o WE.CH ois
L. o= o
120) #5001 DEL M2
] _l_>q‘l| r-,j"I“ SELH DEA HE
160 1 WE.ON DEA TR
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AETN D36 CIHS
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Transformer Monitor

Bushing Data Power Factor Trend

| E Bi s hireg fn:-.-n:-' f\;.q:?:-' H1
HI  HZ  H3 X1 X2 X3 AT o P Eae
PF (%) | 0.29 033 0.3 063 062 065 SE Bushing Pover Factor X2
OEBushing Power Fachor X3
=  cap(pF)| 459 480 454 321 39 N7 |
— SCimb 0.01 % 0.28 %
h Sum Current Imbalance Trend Capacitance Trend
c 3 ST b 2ncs H .E Bishing Capacitamnca Hi
AT rhlarce X E Bishing Capaciancs HE
$EBighing Capacit@anca H3
SEBushing Capacitanca X1
HEBushing Capaciamnce X2
OE Bishing Capacitanca X3

A
(W]

) U
i

S hnnat s

Dl X
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Case Study Battery Monitor

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

AGround fault resistances should be balanced between positive and negative
and be in the 1030k Ohm range

A Low ground resistance indicates that there is an unintentional lower resistance path from
terminal to ground somewhere in a DC circuit

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

A Imbalanced 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

AGround 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.
ppl &

PPL Electric Utilities
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Case Study Battery Monitor

Typical ground fault Low (grolund I;ault AlarmefCCllJtrred _Low Ground Fault Algrm occurre_d this LACK T1 Tippe_d due to water_inside oil level
level at this site was and cleared as groun auI time and was also attributed to rain and | ~ gauge shorting contacts. Field crews
around 30 k Ohms. resistances re:urng to normal over| | water around con_trol _house getting to DC |solate_d the gauge, and the ground fault
a e days CIreuits resistances went back to normal.
7 N A\
Start Time: | / |E b | End Time: |= \ \ |m D e|=

® Locations (Monitoring)| LACK |BATT|LACK.BATT.2|Groynd Fault Resistance (MEG) © Loxations (Monitoring)| LACK|BATT |LACK.BATT.2 |Ground Fault Resistance (POS)
33.745 F
K
Ground Fault Resistance (MNegative)
45 45

35

30

These occurrences were
2 i investigated but finding was
that it happened after q | This time, as the site

extensive rain and the control|’ ° dried the levels got
’ house had a lot of water closer to normal but

around it. Levels returned to never really stabilized.
A, normal as the are dried up. s o Cause was unknown. s ssss | [5hbi

Add Attributes... | | AddPIPoints... | | Traces... Clase b :::.::.E

e e e e | O

PPL Electric Utilities
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Case Study Battery Monitor

Start Time: |-H

|E ¥ | End Time: |"

33.4943
K

3 35

33

30.5 26
— | 11/13/2021 9:00:00 PM

Ground Fault Resistance (Megative)

Fluctuating ground
resistances are indicative
of water and contaminants
between DC terminal to
ground which is not a
constant resistance.

33.8918
K2

=R EIRE

® Locations (Monitoring)| LACK|BATT|LACK.BATT.2|Ground Fault Resistance (NEG) © Locations (Monitoring) | LACK|BATT|LACK.BATT.2|Ground Fault Resistance (POS)

Ground Fault Resistance (Positive)

The transformer tripped
once the contaminants in

the water filled gauge or
contact corrosion allowed
for current to flow between

10.62 days

the normal open contacts.

—

11/20/2021 11:37:00 AM|

The moment the crews isolated the
defective watersoaked gauge from
the DC circuit, the ground fault
levels returned to normal.

11242021 12:00:00 PM

Add Attributes. .. Add PI Paints... Traces. .. Cloze
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Case Study Breaker Monitor

-z
Gas Pressure

A Continuous monitoring of gas =
pressure .

A Able to identify slow gas leaks =
before call outs 1

A Gas leaks can be fixed as a 100 ¢
planned outage minimizing
downtime and O&M expense

60

40

20
11/24/2024 12:00:00 PM 55.96 days 1/19/2025 1:

AN
\:‘:" H o'::::' s
1]
ppl &
<
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Case Study Breaker Monitor

A Monitor tank heater current
A Can see number of
heaters working in a
particular breaker

A Able to see a large number of
tank heaters off line at one
time.

A Found issue with breaker
sizing on AC circuit.

0 ) .
1212572022 12:00:00 AM

122312022 12:00:00 PM

-

A

A r
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AT LA

%* 'o:,‘
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Case Study MOLBABS

A Phase Current B Phase Current
{ .
300 300
A Tracking fault current that ]
MOLBABS see. ; /
A Conditional maintenance
program —
A After Fault current >200A |
crew is sent to service
150
100
50
0 10 _
rsl,;zs,rznzs 9:03:00 AM ) 12 hours 325/2025 9:03:00 PM

v
N
v ha
s

4.
. Cd
X L T
s e
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Case Study MOLBABS

A Tracking and trending close
proximity of MOLBABS

A Have found where mice chew
the wires for the proximity
switches.

*
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Thank you!
Questions?

PPL Electric Utilities
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New Breaker Technologies | Domenic Repice

AEI IOWEUNRUWVWI WRUWAE9 8§kt WNCE WE q LWE
AHe has been with PECO 4 years

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

APrior to PECO, Domenic spené years working as a
transformer engineer for various nuclear power plants

OF PENNSYLVANIA
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April 8, 2025

Breaker Technology
(Clean Air Breaker)

PECO | Domenic Repice, T&S Equipment Engineering



Agenda

A About PECO

A Why the desire to move away from SF6?
APECOOG6s approach to SF6
A Available alternatives to SF6 circuit breakers

A Clean air breaker design

A Considerations for piloting new breaker technology

reduct i

peco Breaker Technology (Clean Air Breaker)

on

(Path

t

0)

Cl ean)
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Who We Are
22,659

D distribution miles

@ 1.7 million

/) | 553,000
iz

natural gas customers

10%

PECO’s service area:

B Electric and Natural Gas Customers

Electric Customers

I Natural Gas Customers

LANCASTER

commercial/industrial

90%

residential

peCO Breaker Technology (Clean Air Breaker) 28



PECO SF6 Circuit Breaker Populations

PECO T&S SF6 Populations

m 34.5kV
m 69kV

m 138kV
m 230kV
m 500kV

A Active population of SF6 circuit breakers exist at 34.5kV,
69kV, 138kV, 230kV, and 500kV.

A Also have 120 oil breakers on system at 69kV, 138kV, and
230kV that potentially would be replaced with SF6 circuit
breakers.

A 34kV replacements are being purchased as vacuum
breakers and this has been our standard since 2010.

SF6 Weight (Ibs) by Voltage Class

A Due to the large volume of SF6 in 500kV dead tank
breakers, PECOG6s preferred st

m 34.5kV
m 69kV

m 138kV
m 230kV
m 500kV

peCO Breaker Technology (Clean Air Breaker) 29



Sulfur Hexafluoride (SF6) 1 Use and Impact

A SF6 is odorless, tasteless, nontoxic, noncorrosive, nonflammable, chemically inert, and has excellent dielectric
properties.

A Significant downside is its large Global Warming Potential (GWP).
I GWP of 23,500 times more than carbon dioxide (CO2). Atmospheric lifetime of SF6 is 3,200 years.
I Second highest GWP gas Nitrous Oxide (N20) has a GWP of 265 with an average atmospheric lifetime of 114 years.

A Electric utility industry remains the largest emitter of SF6 in the US. US SF6 Emissions
US Emissions of SF6 in 2022 25

Electrical Transmission and
Distribution

Electronics  Other Product Use
Industry 8% _ 20 Magnesium Production and
11% S Processiong
) I Electronics Industry
Magnesium =
Production and 3 15
Processiong w
14% 8
O 10
|_
=
= 5
Electrical
Equipment

67%
0
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Year
Data from Inventory of U.S. Greenhouse Gas Emissions and Sinks (USEPA, 2024)
peCO Breaker Technology (Clean Air Breaker)
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Exel onds Pat h

A PECO and the collective Exelon utilities will reduce our
operations-driven emissions by 50 percent by 2030.

A We are further deepening this commitment and will achieve
net-zero operations-driven emissions by 2050.

A SF6 Initiatives:
I Remove large two pressure SF6 breakers from system
(known leakers) i Complete

I Improve SF6 handling and reporting practices i
Complete.

I Investigate the use of non-SF6 alternatives to reduce
new SF6 being added on system i Ongoing.

peco

Breaker Technology (Clean Air Breaker)

Cl

120000

t o

100000
80000
60000
40000
20000

0

2015

ean | ni1 t |

SF6 Volume on System (Ibs)

—

2015 2016 2017 2018 2019 2020 2021 2022 2023

—PECO

% Leak Rate by Year

2016 2017 2018 2019 2020 2021 2022 2023

=g=PECO
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Non-SF6 Circuit Breaker Options

A Vacuum/Clean Air Breakers: Siemens Energy, MEPPI,
Meiden

I Vacuum bottle in tank pressurized with synthetic air.
I Zero GWP impact for emissions.

A Fluorinated gas alternatives: ~ GE Vernova, Hitachi

Energy

I Utilizes a fluoronitrile gas (C4-FN) mixed with CO2 &
O2 in a puffer interrupter.

I Mixture has a significantly lower GWP impact compared
to SF6 (99% less).

I Base 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
peco Breaker Technology (Clean Air Breaker)

SIEMENS
ENCIGY

Chemical formula
100-Year GWP (CO,e) of Gas

Typical Mixture Composition

100-Year GWP (CO,e) of Mixture

Dielectric Strength of Mixture
(with respect to SFg)

Carrier Gases

Condensation Point of Mixture (°C)

Arc Impact — Decomposition Products

Sks
22,800°

100% SFe

22,800°
1
N,
_30:

HF, SO,, sulfur
compounds

N, and 0,
0

70-80% N,,

20-30% 0,
0
0.43-0.77

N, and O,
—50

0,

(CF3),CFCN
2,100

3-5% (CF,),CFCN,
95-97% CO, and O,

<500
0.87-0.92

co,
_30:

CO, CO,, HF,
other F-gases

32



Avallablility of Clean Air Technology

Roadmap from Zero to Zero
Offering a fully F-gas-free, climate-neutral Blue portfolio by 2030

72.5kV GISWTG" ! =

145 kV GIS

72.5kV GIS

245 kV GIS

420 kV GIS?2

Dead tank CB

Live tank CB

DC live tank

2017 2019 2021 2023 2025 2027 2029

2024 VI factory

TWTGT25kVI 25 kKA 1 WTG 725 kV/31.5kA

0 145 kV/ 40 kKA 145 kv/I 50 kA 6 WTG 145 kV/ 31.5 kA
5 145 kV/ 63 kA

24 WTG 725 KM/ 31.5 kA 5 72.5 KV/ 50 kA

B P PP P TP

420 kV/ 63 kA (BP)

B T e
2 GIB 420 kV/ 63 kA

— —
2018 145 kV/ 40 kA 2023 145 KV/ 63 kA 2025725 KV/40KA 2027 245 kKV/ 63 kKA 2029 362 kV/ 63 kKA 2031
390 KV/ 63 kA

420 kV/ 63 kA 28 300 kv/ 63 kA FIIFG

2017 FG 145 kV/ 40 kA 1G 2025 T 245 KVI 63 KA 420 KW/ 80 kA 2030 800 kV/ 63 kA
FIFG 550 kv/ 63 kKA

2024 indoor commutation 8
and high-speed switches multiterminal switches
All dates/milestones shown as sales readiness | status: August 2024

= Gas-insulated switchgear 1) OneCB Fl — Single drive

® Pilot sales now read
g == Dead tank circuit breaker 2) Double break FG — Common drive

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

peco

Breaker Technology (Clean Air Breaker)
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Avallabllity of Clean Air Technology

Development Roadmap
Dry Air Vacuum Interrupter Solutions

; 1, Breaker
o e ey

Available 2023 2024 2025 2026 2027 2028 2029 2030

P 725kV yZ A\ 362 kV

Wkl )4« Ecological 145 kv 550 kV

e ¥t . Dry Air Insulated

. * #1+, Switchgear (e-DIS) 170 kV 420 kV

https://www.meppi.com/products/mv-vacuum-circuit-breakers

peco Breaker Technology (Clean Air Breaker) 34



Clean Air Breaker Design

A Traditional SF6 breakers use gas for both arc quenching
and insulation. The clean air breaker separates out these
two functions and uses different solutions:

I The vacuum bottle performs the switching and arc
qguenching.

I Synthetic air acts as the insulation between live parts
and the grounded tank.

ASynthetic Air | Atmospheric

I Synthetic Air = 02-20%, N2-80%
I Atmospheric Air = N2-78.08%, 02-20.95%, Ar-0.93%,
C02-0.04%.

I Gas pressure is set higher to achieve required dielectric

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

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

peco

Breaker Technology (Clean Air Breaker)

A Breaker is slightly larger, but overall shape is the same.

A All other breaker parts are fairly similar: spring-spring
mechanism, density gauges with low gas alarm and trip,
hollow bushings, etc.

Dry-air insulated

Vacuum Interrupter (VI)

35
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et OPERATIONS COUNTER 10 TRIP HANDLE
GROUND PAD 3.7 & POSITION INDICATOR ¢WHEN REQUIRED>
€2 . 500-13UNC | [13641 WINDOW | >
HOLES ON 1. 7S GROUND PAD
[44, 5] CENTERS. (2> . 500-13UNC
2y HOLES DN 1. 75
r - D
L ' X 0343 [44.5) CENTERS.
S5.0 30.1
£1143) J (886)
15.5 72.5
94,7 (2404) | s ( Bedin)

https://www.siemens-energy.com/us/en/home/products-services/product/dead-tank.html#Ourdeadtankstandardportfolio
peCO Breaker Technology (Clean Air Breaker)



Clean Air Breaker Application Capabilities

A Ratings Requirements

I What was available at the time we started pilot
discussions:

A Siemens Energy 145kV - 63kA, 72.5kV* - 40kA
A MEPPI 72.5kV, 3000A, 31.5kA
A Meiden 72.5kV, 3000A, 40kA

A Performance compared to SF6
I Better lower temperature: -6 0 C
heaters).

I Capable of more fault interruptions: 30 @63kA vs 6
@63KA.

v s -38C (@ithaut

A Switching applications:

I Siemens Energy Blue breakers are not currently rated
for shunt capacitor or reactor switching.

peco

Breaker Technology (Clean Air Breaker)

A Unique requirements with vacuum bottles passing IEEE

C37.04/C37.09 chopped wave testing.

Special considerations may need to be taken for this
testing.

Surge arresters may be required to meet 100% of IEEE
requirements.
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Considerations:
Pilot Selection

A Determining Location:
I Minimal impact from a system standpoint
A Do you pick a location where this will see a lot of operation or somewhere safer?
I We chose the latter

A How to select your candidate
I While we have a large oil breaker population but selected a leaking SF6 breaker.
I Utilized existing equipment health scoring, age, and equipment history to pick candidate

Replacement Candidate

16
14

12

iy
o

@ Breaker Model
$3 Closed Leak WO

SF6 ADD WOs
[e=]

2 8
e O 8 o
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Age(yrs)
peCO Breaker Technology (Clean Air Breaker)
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Considerations:
Installation

A Vendor Support:
I Will bring the manufacturer on site for support only during commissioning.

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

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

A Installation steps are almost identical to what is done for a SF6 breaker installation
I Exception is the need for a hi pot to verify vacuum bottle integrity

I St emens Energy has also indicated they
since this is standard for all breakers.

peco Breaker Technology (Clean Air Breaker)

donot

require

t
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Considerations:

Required Equipment

A Do you have everything necessary for commissioning or will

you rely on contracted resources?

I Fill hoses, gas bottles, regulator, etc.

I Hi pot test set
I Travel/Timing test set
I Ductor test set
I Gas analyzer
ACandét use your
I Method/Plan for Leak Detection
ACandét use SF6

https://www.doble.com/product/tdr9100/
https://www.fluke.com/en-us/product/industrial-imaging/fluke-ii915

peco

SF6 devi ces

camer as

Breaker Technology (Clean Air Breaker)

= TOR

mm =®
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Considerations:
Hi-Pot Testing

A Typically, it is recommended to verify vacuum integrity. This
can be done by performing a 1 minute hi-pot test.

A Not an issue with medium voltage, but for a 145kV breaker
the required test voltage likely exceeds your standard test
sets.

A Additional concern is when you apply a high voltage to a
vacuum bottle with open contacts, you generate x-rays.

T Per manufacturer literature, not a concern at rated
voltage.

A Compromise: Manufacture has confirmed that loss of
vacuum has become evident at voltages as low as 7kVac.

A Solution: Test at highest value of available hi pot test set
(50kVac for PECO).

https://hvinc.com/products/ac-dielectric-test-sets/pft-series/
peCO Breaker Technology (Clean Air Breaker)

Rated Voltagg Factory Test AC| Maintenance Test AC Voltag
(kV) Voltage (kV) (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
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Considerations:
Monitoring & Long-Term Planning

A Currently substation equipment is inspected on a five-week interval (Gas pressure, overall condition,
spring charge).

A More 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.

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

peco

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

A Manufacturer does not recommend stocking spare vacuum bottles. Instead, they recommend a
complete pole.

Extra gas

Vacuum pump

A Gas cart is not required since you do not need to reclaim gas.
Define required maintenance tasks and frequencies.

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

Breaker Technology (Clean Air Breaker)
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PECOOs Next Steps

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

A Changing 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 EPRI 6sFrPe3e7r BSruepapkl eermehitladt spar.oj ect fS

A At this time, we are just monitoring the success of the alternative gas options before we begin a pilot.
I Other Exelon utilities will be piloting this technology, and we will follow their progress.
I GIS application would be more desirable for PECO.

I Similar milestones to the above will be required for any future PECO pilot of the alternative gas
options.

peco Breaker Technology (Clean Air Breaker) 43
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New Breaker Technologie8|ll Lang

A BSEE fronPennStatein the 80s, PE in 1989MBA from Drexel in 1994
A 41 years in the utility industry started at PECO, now 1% year at PPL
A Experience in all things Substation related and some T&D experience

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

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

A participant in NATF peer reviews, EEnd IEEE events and committees

Ax YYt RUDWnY!I s¢l T WgqYWNWagqaqRUNDWAHE #t WagYWJIct qldl UWA
1-year old birthday party this weekend!



PPL
New Breaker Technologies

69kV & 138kV Vacuum
Breakers




PPL EU T&S Overview

468 Substations & Switchyards About 285,000 Ibs of SF6 Gas
A 380 Distribution A 210,000 Ibs in Breakers
A 80 Transmission A 74,000 Ibsin GIS

A 8 GIS Stations A 1,000 Ibs in other equipment
2,249 High Voltage Circuit Breakers
A 55 500kV | C()2 COz EMI$SION
A 200 230kV REDUCTION GOAL
A 54 138kV
A 480 69KV O/ BY2050
A 1,460 12kV O FROM 2010 LEVELS
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Assessment of Alternative HV SF6 Breaker Technologies ppl &

PPL Electric Utilities

Technology Advantages Disadvantages

o]]

Air Blast

SF6

Mixed Gas

Vacuum
(Dry-air)

CQ/o,

Proven technology
Easy to scale to higher voltages

No environmental concerns
Works for EHV classes

Works well for EHV classes

Very compact footprint

Low maintenance cost and needs

Several techniques exist for locating leaks

Very similar to SF6
Less environmental impact

No environmental issues

Lower maintenance requirements
Excellent interrupter life
Externally similar to SF6 designs

Nonenvironmental impact gas
Appears to be more scalable to higher voltages

Environmental concerns with high oil quantities
High maintenance cost and needs

Large equipment footprint

Older technology no longer commonly being used

High maintenance cost and needs
Large equipment footprint
Older technology no longer commonly being used

Extremely harmful to environment

SF6 loss rate tracking and reporting requirements with threat of regulation
SF6 Biproducts can be toxic

Threat of regulation

Still has environmental impacts
Multiple gas mixes create management and human performance issues

Higher switching transients in some applications
Newer technology with challenges of applying at EHV classes
More difficult to find leaks if they occur

Technology still being proven
Expected higher operating pressures
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PPLOs View on Alternati ve

PPL Electric Utilities

Most interested in Vacuum (Dry air) alternatives for breakers
A No environmental issues

A Lower maintenance requirements
A Excellent interrupter life

A Externally similar to SF6 designs
A Clean air is easy to procure

A No tank heaters needed

A Already commercially available

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

A Watching the CQIO, idea closely as it may prove to be
more easily scalable to higher voltages.

49



Business Cas& Comparing VCB to GCB ppl &

PPL Electric Utilities

Higher Initial Cost
69kV CB
A Higher purchase cost SF6 Gas Vacuum
i Engineering, Project Management, Construction -
A Savings from no SF6 gas Management
hand“ng Circuit Breaker Unit Cost + $12k
Supporting Material -
Monitoring Equipment
Lower Reoccurring Maintenance Installation
Testing & Commissioning -
A Longer interrupter life SF6 Handling & Fill $2k
TOTAL + $10k

A No SF6 handling
A Lower anticipated failure rate

Maintenance Cost Comparison (32 years)

: : 69kV CB
Assuming 32year life SF6 Gasd Vacuum
Return of some of the initial higher Total cost of preventative conditioiased _$2k
investment expected but the maintenance
remaining value is in environmental Total cost of corrective and repair maintenance - $3k

Impact and risk savings. TOTAL - $5k

50



Overview

A Vacuum available currently at 69kV and 138kV
A 59 installed on the LG&E and KU system
A 45 installed in PA

A 2020 -3
A 2021 -8
A 2022 -26
A 2023 -4
A 2024 -4
A 2025 -
A 1 installed at Jepson Substation in RIE

© PPL Corporation 2023



Specification Comparison ¥ ﬂ

- TuieTeas  lvacum
. L o 725 725
A Faster interrupting time A a0 40
A Upt03000  Upio3000
: . v 350 350
A Greater Dielectric Strength oyeiEs 5 3

A Increased durability for maximum operaﬁons 5D e
operations required before interrupter T E———

Breaker Weight

—

bs. 4367 3900-6382

replacement . vES NG
. : - =3
A Cannot apply this to IPO € = = _
configurations at this time Z. E=E8= A
itachi - Z. == N
A Hitachi and Siemens are close to = N

completing 145kV options

A 230kV technology will not be
available for a while

A 345kV and above is not possible with
Vacuum Technology ppl

— PPL Electric Utilities
42019 PPL Electric Utilities 52



Physical Comparison ppl &

PPL Electric Utilities

Hitachi 69kv Vacuum/Dry Air Circuit Breaker SF6 Equivalent

*Image courtesy of Hitachi

*Image courtesy of Siemens



Interrupter Design

PPL Electric Utilities

100000
Interruption
o — — NVBOA-60732BB / NVBOA-6083288
Capability
Conductor Line NVBOA-60740BB / NVBOA-6084088

100 N

CT

Number of breaking 5 [times)
g

Intermuption
Acceptable
100 T
10
0.1 1 10 100
Tank Breaking current | [lA]
Dry Air
Breaking Current [kA] Number of breaking
“Images courtesy of Hitachi Rated Breaking Current 31.5 /7 40 kA 40
Rated Mormal Current 2 / 3 KA 10,000
Mo Load 0 kKA 10,000
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SPECIFIC ATTRIBUTES NOTES

1. TOTAL BREAKF R WEIGHT = 6822
1. BREAKER BUSHINGS SHALL BE i WEIGHT = 12 LBS
NUMBERED 1-5 WITH PERMANENT EgrﬁidELﬁl-:l DETAL E DETALL B DETAIL
LASELS OR MARKINGS ON THE BCT . SCALE 5=1 SCALE 5=1 SCALE AutoCAD SHX Text  |maxivum voLTace 725KV
COVERS (NOT TANKS) a7 4.02 238 CONTINUOUS CURRENT 20004
[zg] D250 [M60.5] X @.55 2B SHORT CIRCUIT CURRENT A0
2. WCE NAMEPLATE TO INCLUDE ENSRAVED 125 MOUNTING BOLT y A @14 @120 e _“_f'-“ 3 POWER FREQUENCY WITHETAND VOLTAGE 160V
CIDE AMD POE INSTALLED INSIDE CABIMET AND HDW SUPPLIED T o [[ ] 276 FULL WAVE IMPULSE WITHETAND VOLTAGE 350KV
SOoR @ BY CUSTOMER i 2.3 - 5 F17o) . DRY AIR. PRESSURE AT 20 DEGREE C TL5 pelg
- 5p 121100 L o vl TEMPERATURE RAMGE OF OPERATION -CTO+50C
3. BREAKER SHALL HAVE HIGH CONTRAST 300 ¥ L R E| [50.0] 2og ) U_l 4. DIMENSIONS [] ARE IN INCHES
LABEL ON EXTERIOR OF CABINET STATING 5.2~ |31.E';5'u 1'563 P FOR DADLOCH 5 BUSHING DATA:
HIGHEST YOLTAGE IN CABINET: "240 WAC™ neq 3.00 CREEPAGE = 88,37 IN
[3z3.0] STRIKE = 257 IN
4. THEJUMPER WIRES OM TERMINAL BLOCK I FROM FOUNDATION HEIGHT = 34.0 IN
“TE™ ARE TO HAVE VINYL TAPE LAEELS r E. SURFACE TREATMENTS
THAT STATE “Disconnect jumpers to SUPPORT STRUCTURE: HOT DIP GALVANIZED PER ASTM A12
Gizzhle the automatic low Sirtrip o CONTROL HOUSING: UNPAINTED ALUMINUK
function®, NEXT TO THE TERMINAL BLOCK [1‘2|] MECHANISM COMPOMNENTS: PAINT WHITE
S0 THAT IT 15 VISIELE FOR THE USER TO DRY AIR ENCLOSURE: UNPAINTED ALUMINUM
= LOCATE THE JUMPERS COMPOZITE: ANSI NO.TO LIGHT GRAY

T. MECHAMICAL LOADING
3. THIS 5 AN ASME U-STAMPED TANK
WIND LOAD: 135 MILESHCUR
ICE LOAD: 0.7 INCHES
SEISMIC LOAD: 0.5 G
HIGH SEISMIC GUALIFICATICN LEVEL ZOME 4
[0.5g)PER IZEE £93,05.2, 201E

COMDIUIT ENTRANCE —.
(REMOWABLE PLATE) ™

TERMINAL LOAD:
STATIC HORIZONTAL LONGITUDINAL FORCE: 169 LBS.

) T "‘5|:I'.;": e T STATIC HORIZONTAL TRANSVERSE FORCE: 112LES.
R Al -%@g} - STATIC VERTICAL FORCE: 189LBS.
ey oWl o s e o - £. FOUNDATION LOADS (BASED ON 0.5g AND 135 mph WIND LOADING)
Ca . Mg £| e [5ED.5] - TOTAL WEIGHT: 7.200 s MAX
& =1 =5 QUALIFIED BY: 05 DYMAMIC ANALYSIS (HIGH SEISMIC
e 'n | ]
= oA MAXIMUM REACTION 3 20KLBS SHEAR - (X) 3 25KLBS SHEAR - (¥}
m’\h‘*‘% ﬁ / ﬁ% l‘lmi &l PER LEG ATBASE:  13.04KLBS - UPLIFT 15.5KLES - DOWN
[ ." , JlF ]
= L.-?. i ! == VCB COMPLIANT WITH ALL RELEVANT ANSUIEEE STANDARDS
¥ STET ; 5. TRAMSPORTATION DIMENSIONS: Injmm]
r ¥ || (13871 3E50 HEIGHT =  104.61 [2754]
7.87 o [532.00 LENSTH =  B1.18[3067]
USHING NUMBER 0.0y WIDTH = 103.37 [25
y
S E208
157507 SECTION AY-AY
BCT COMDUIT ENTRANCE — SCALE 1:1
(REMOVASLE PLATE)
3540 MINIMUM
Lﬂg‘r;leEN CLEARAMCE FOR
s - BUSHING REMOVAL @3
5 171.55 o=
- g [357.3] =
& b 2315 &
2 £| 14278 [FE3.0] F- £
w ACENTER a [B626.0] £
5 OF GRAMITY & DEMSITY MONITOR 57.08 4
. [1450.) =
PR
A9 CHARGEDDISCHARGED MINIMUM Jx" ul;
] 12967 [12.3] OPENICLOSE CLEARANCE FOR s
[B2937) il s MECH. COUNTER  qpagi INTERRUFTER —
D [27SE.T] or t REMOWVAL Tr
ok R3128] ~¢ L]
343 i 3383 — L Ry
675 | eiw the=—|| : T R
LN -~ B R131.7] T \.“‘.{.'.c.u‘
Bl il s v .-'.-
. : R [y ' el
— 0003 i o .
A= ancea [118.9] u : o
- . (e 1271 . - :
55 | -8 I» ~—"[3227] P . Electric Utilities
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N L 8118 o AT p— —_—




69kv S

iIngle G

as system

3 I = = I I I
f.-"-- 7 —INTERPHASE PIPE RATED 725 PSI — g L[ 030 MPa — g ]
i " H‘“Hu__________ ALAREM 603 PSIG + o~ — 2PSI — o [045 MPa — ol
P ' —'\ LOCKDUT 580 PSIG + or — 2PSI — g [040 MPa — gl
-~ POLE A . POLE C |\  loo=rmewe mooew ror cieas
: -FILL PORT IS 2" SWAGELOK
. -DENSITY MONMITOR CAN BE ISOLATED WITH "3-WAY"
| . WALVE TO TEST AIR SYSTEM ALARM AND LOCKOUT
'-II Effﬂ
]
- : <] - %_
W CJ}*’ [e] /EEJ N o) o y o FILL PORT = Hi
R 1 o o - / o N FILL VALVE — =
R -'&'_ \ 5 — WA r Eﬁ‘“*;;
P ' —1° W TEST WALV ] E 1:1 =
.__\____‘- L @ | -':‘::' - - ..
e il 1 \ \ | =
DRY AIR DIAGRAM \ 1‘;\ | AR
- DEW POINT SENSOR - \\-\ A . .
~N @/
C POLE 1 L =7
i " b
5 POLE 2 i e
S T DETAIL A | ORY S SENSOR /
N e e— - } DENSITY MONITOR
2 = Bl e JDFTAIL B
£ 4 POLE 3 - o S W
— o e D3 R
(e} =
O | .
N + — FILL VALVE
- e HEFESENCE DHAMLG |.
S—WAY - FILL PORT MEIDEN AMERICA SWITCHGEAR
S TEST VALVE DENSITY MONITOR — EEaEs sip SYTEM bidCaay
TEST PORT DENSITY SENSOR MAS31A00079 ]O1
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69kV Vacuum CB

A72KV

A2000amp ?"W H”f

A40KA
ASpring Operated

AAirGasPressure
ANorm-72
AAlarm- 65
ATrip -58

v il
(W]

SRR YT
AN

R o.:.,

=

[ L]

Ny,

0:\

“®
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138kV Vacuum

145kV

3000amp

40KA

Spring Operated

iIrGasPressure(s)
Intrptr  Link
ANormd 130 23
AAlarmd 123 20
ATrip -116 17

PPL Electric Utilities




145kv Vac Breaker

g E = o 4 3 2
25.07 NOTES:
1500 [636.9] 1INTERRUPTER VACUUM INTERRUFTER
A [381.07 2INSULATING GAS DRY AIR
ad 7087 3.RATINGS
= 1288 11300.2] _[20??225] FREQUEMNCY B0Hz
=) (4780 . RATED VOLTAGE 145kV
. = RATED BREAKING CURRENT aoka .
A A3 ,} ] | RATED SHORT-CIRCUIT CURRENT aoka, 35 )]
| 1 1 e Il [ RATED CURRENT 30004
— T AC WITHSTAND VOLTAGE 275k
CONDUIT ENTRANCH - [3%535] | [,gd‘g] RATED BIL WITHSTAND VOLTAGE 50k
REMOVABLE FLATE CHOPPED WAVE 205 WITHSTAND VOLTAGE B38kV
1 [:E RATED LINE-CHARGING BREAKING CURRENT 1604, CLASS C2
[153 ?%] [2304321] RATED CABLE-CHARGING BREAKING CURRENT DA, CLASS €O
- T [B‘D‘D‘%{ . CAPACITOR BANK BREAKING NfA
38.65 N 3015 RATED AIR PRESSURE 0.90Pa-G / 0 16MPa-G
[£81.8] [ee4.5]
4.BUSHING DATA
‘ X _——‘ ’——_ CREEPAGE DISTANCE MIN_ 3821 —
I I STRIKE DISTANCE 1260 mm
51 — 20.44 2044 o HEIGHT DISTANCE 1580 mm
[124 L P i e a7 T ) POLLUTION LEVEL VERY HEAVY: IV
[?!BE|1D81 5. SURFACE TREATMENT
: SECTION BN-EN SUPPORT STRUCTURE HOT DIP GALVANIZING 70;.m, 580g/m2
SCALED-1 LOCAL CONTROL CABINET ALUMINUM, W/0 PAINTING
DRY AR ENCLOSURE ALUMINUM, W/0 PAINTING
BCT COVER ALUMINUM, W/0 PAINTING
6.MECHANICAL LOADING
WIND LOAD s4.mifs
TRANSPORT WIDTH 170,64 ICE LOAD 0.79in [20mm]
- TRANSPORT WIDTH 117.93 em0s 3 31 SEISMIC LOAD HIGH SEISMIC QUALIFICATION LEVEL -
[2005.4] 42851 TERMIMAL LOAD PER BUSHING:
74.02 STATIC HORIZONTAL LONGITUDINAL FORCE 12508
L — 16300 STATIC HORIZONTAL TRANSVERSE FORCE 750N
5 a5+ T ase STATIC VERTICAL FORCE 1000N
27.56 [FU0.0] i [EIE] \ Tmass
CLEARANCE FOR %"—[154]3 o 67.05 -# L~ TOTAL MaSS 6,671 kg [14,7101bs]
BUSHING REMOVAL [1725.9] x TRANSPORTATION MASS 5,831 kg [15,069 Ibs]
e DRY AIR MASS 10kg [42lbs]
- T
— 5 (1
CENTER OF— g
GRAVITY E
-
E
. _ asiae
/AN CHTRT [4526.0] [3844.5] il
/ - H
0.20 MFa-G DENSITY MONITOR: St
e "LINK CASE” =
C s 0.16 MPa-G IS
o ——— [2810.5] 1S
B VCB BASE STRUCTURE ”‘7 = B
: A38 STRUCTURAL STEEL == :
HOT DIF GALVANIZED TeT2 102 85 o108 =
OT LT BALVANIZED 2025012612 4] + By H )
B — 7218 |kl :
—— | T nasE o ; [
| - & X <
P - 60,00 [1524] — "
h MIN CLEARANCE FOI - = ||
< INTERUPTER REMOVAI = L
= [%9%2] 1 .1?,3%1—-' 18.50
! Mea.0]
42 41[1078]
(SEPARATE TRANSPORT)
1 ,
| T l‘t"l roi— L TR T
11 f [ 1]
¥ B — .y H—
A SRR = = I ad = — A
I ]
- 7 o = < 1 | S
3 AL T MEIDEN AMERICA SWITCHGEAR
- 45=VCE—40-30004
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CABINET GROUND
COPPER NEMA 2 HOLE

PRIMARY TERMINAL
5052 ALUMINUM NEMA 4 HOLE

FRAME GROUND
304 STAINLESS NEMA 2 HOLE
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DENGITY -~ TEST VALVE / | v
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0.16MPa-G
T AREA

LINK CASE

ctempac | AS -D M
TANK
0.90 MPa-G
INTERCONNECTING
PIPING

SECTION A-A
SCALE 1=1

RATED
"LINK CASE"

ALARM

LOCKOUT | TRIP

23.2 PSIG 0.16 Mpa-G

RATED
"INTERUPTER UNIT"

MIN: 20.3 PSIG 0,14 MPA-G

MIN: 17.4 PSIG 0.12 MPA-G

MAX: 23.0 PSIG 0.2 MPA-G

ALARM

MAX: 31.9 PSIG 0.22 MPA-G

LOCKOUT | TRIP

130.5 PSIG 0,90 Mpa-G

123.3 PSIG 0.85 MPA-G

116.0 PSIG 0.60 MPA-G

0.16 MPa-G
DEMNSITY
MONITOR

0.90 MPa-G
DENSITY
MONITOR

|1J._H

TEST
PORT/VENT

TEST
VALWE

FILL VALVE :ﬂ

0.16 MPa-G
DENSITY
o MDP-.!JT'DH
:r[ | |
- I -
e
VALVE h I
e
[=——0
FILL VALVE ™
i
i
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SECTION B-B
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A Continuing to install Vacuum breakers on 69kv system

A Exploring different vendor designs of vacuum technology in
HVCBs.

A Looking for Vacuum/Dry Air technology for IPO breakers

A Continuing to monitor and push the market for greenhousgas
free alternatives to SF6 for higher transmission voltage dead
tank circuit breakers: 138kV, 230kV and 500kV

A Using monitors to collect extensive operational data on breaker
fleet
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Questions?
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Substation Contamination | Casey Hensley

ASr. Engineer in PECO Relay Protection and Control
A7¢cHGIOGY! k4 W 1IN PIJWRULWIIG I1JH
A~ct ql kt W JINI JUWRUWGY s 1IJ1 W

ABeen with PECO for over 7 years, with previous roles in
Distribution Projects and T&S Substation Equipment

ACompleted several equipment failure investigations on a
variety of equipment ranging from 34KkV circuit breakers
to 230kV transformers

OF PENNSYLVANIA
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Transmission Line/Substation
Technology Case Study

PECO | Casey Hensley

Confidential Information i For Internal Use Only
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Printz Substatio
Contamination
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Outline

Printz Sub and Area Overview

Reliablility History

Insulator Flashover Damage

Primer on the Pollution Flashover Process
Contamination Mitigation Strategies
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Printz Sub and Surrounding Area Overview

A Printz Substation:
T Built: 2001
I Use: To connect IPP (~600MW)
I Voltage: 230kV
i Configuration: Ring Bus
I Lines:
A (3) Generator lines
A (2) Network lines

A Surrounding Area (1 mile):
I (1) 230kV Line passing through
I (4) 138kV Lines Passing through
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Primary Contamination Sources
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