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Power Line Systems

Founded in 1984

Creator of the Industry Standard line design software:
PLS-CADD, PLS-POLE, and TOWER

The World-Wide Industry Standard in Overhead Line

Design and Analysis Software
- Used by over 1600 organizations
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PLS-CADD

= PLS-CADD (Power Line Systems —
Computer Aided Design and Drafting)

= |ntegrates all aspects of line design in one platform

Terrain (Survey, LiDAR, Imagery, etc.)
Meteorological Loadings (Wind, Ice, Temperature)

Structure Integration (Lattice Towers, Wood, Steel, Concrete
FRP, Laminated Wood Poles)

Integrated (and Accurate) Conductor and Wire Sag-Tension
Drawings, Reports, KML, XML, SHP, etc.
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PLS-CADD

= Nearly 80% of all lines 100kV and above in North
America have already been modeled in PLS-CADD
- NERC Facility Ratings Alert

——
NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Inspection Methods — High Priority

High: Top 5 Inspection Categories

Survey,
cADD
6%
RELTABILITY | ACCOUNTABILITY E E I



PLS-CADD

= PLS-CADD was the “"Digital Twin" of the Electric Grid
before the term “Digital Twin” was ever dreamed of

EEIl -



Electrical Modeling in PLS-CADD

1998 - Conductor Temperature (IEEE 738 and CIGRE 601)
- Dynamic Line Rating
2004 - Single Span EMF Calculator
2016 - Positive Sequence Line Constants
2017 - Rolling Sphere Lightning Protection
2018 - Zero Sequence Line Constants
2019 - Mutual Coupling Between Spans
- Variable Earth Resistivity
- 3D EMF on Multiple Spans
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What is Line Impedance?

All Transmission lines have a resistance to the flow of current

Comprised of real and reactive components to describe the electrical
characteristics of a line

It is broken down into Symmetrical Components of 3 networks for
applicability, analysis and modeling of the system:

- Positive Sequence

- Negative sequence

- Zero Sequence

The characteristics are used for transmission line modeling and overall
system protection.
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Transmission Line Modeling

= Positive Sequence Impedance (Z,)
- Fault Types: All fault types, typically 3-phase fault protection
- Applicability: Max load conditions; sensitivity to phase spacing

= Negative Sequence Impedance (Z,)
- Fault Types: Unbalanced loads, Phase-to-Phase and Ground Faults protection
- Applicability: System Imbalance

= Zero Sequence Impedance (Z,)
- Fault Types: Unbalanced loads, Ground Fault protection
- Applicability: System Imbalance, Mutual Coupling*, sensitivity to soil resistivity

EEIl



Transmission Line Protection

Relay Setting: Positive & Zero Sequence impedance (magnitude & angle) are directly entered into
relays; Negative Sequence impedance is assumed to be same as Positive Sequence

Distance Element Operations:
- Zones of Protection: Z1: 80%, Z2: ~120%, Z3/Z4: varies based on scheme.

- Current Compensating Factor (k,): Relates Positive and Zero Sequence impedances used in
phase to ground faults

Directional Element Operations

- Requires use of proper polarizing quantity to calculate forward or reverse thresholds for a fault
Types of Line Protection:

- Distance Protection

- Directional/Non-Directional Overcurrent Protection

- Directional comparison protection

- Line Current Differential Protection
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Uses of Line Impedance

System
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Line Impedance Calculation: Manual Methodology

= Manual Data Inputs

Phase-Phase Voltage
Pole Tower Configuration
Distance between poles

Data Outputs

Length (miles)
Positive Sequence
Zero Sequence

- Conductor Type - Capacitance
- Static Type
| ransmession Line Number B Caicutate Line Characlenstics BC 0668
Phase-Phase Voltage (kV) 138 R 000345| X 002440 | DISTANCE 6201086742
Farth Resstvity (Q°m) 100 | (standard vaiue of 100) RO 002057 | xo |006840
Dsstance 10
Pole/Tower next Pole (n Pnase Statc 2 Type (f Drawng
Pole/Tower Number Configuration feet) Conductor Type Statc 1 Type Appicable) R1(%) | X1(%) | RO() | XO(%) BCA (%) Number
Substataton Bay 62822 147 33 954 ACSR (45X7) CC54/472 WA 0002| 0010 0010 0031 0003 CAK-TS
286 62822 349 1 954 ACSR (45X7) CC54/472 NA 0004] 0023 0023] 0072 0008 CAK-TS
285 62840 317.32 954 ACSR (45X7) CC54/472 WA 0004| 0021 0020 0068 0007 CAK-T5
284 62821 319 47 954 ACSR (45X7) CC54/4T2 NA 0004| 0021 0020 0067] 0007 CAK-TS
283 62821 310 47 954 ACSR (45X7) CC54/4T2 NA 0004] 0021 0020 0067 0007 CAK-TS
282 11635-550 300 52 954 ACSR (45X7) CC54/472 NA 0003| 0020 0020 0062] 0006 CAK-TS

EEI




Assumptions of Many Conventional Methods

Flat Ground

Consistent Structures

Consistent Wire Spacing

Average Sag Value

Single Earth Resistivity

Untransposed or Approximated Transposition
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Advantages PLS-CADD

Use existing line models

Exact same models built for structural design and analysis
Structure positions and ground elevations based on survey data
Wire positions and phase spacing based on LIiDAR data

Accurate modeling of wire locations under different operating and
weather conditions
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PLS-CADD Structures and Ground

Ground elevation data throughout right of way
Specific structure placement for entire line
Support for multiple lines
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PLS-CADD Wires

= Every wire and every attachment modeled
= Wire position calculated for operating condition and weather
= Wires have cable properties, phase, and circuit information
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Rolling Phases
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How Line Constants Are Calculated

Impedance is Resistance & Reactance
Admittance is Conductance (0) & Susceptance
Cable Properties are Radius, GMR, Resistance
Distance Between Phases in a Circuit

Distance Between Phases Between Circuits
Distance Between Conductors and Grounds
Height Above Ground

Earth Resistivity

Ground Wires
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Intro to PLS-CADD Line Constants

Almost all required information is already in project
Define circuits and phases

Set operating conditions and weather
Select circuits and range of structures

1 Fle E ng Window Help

D&l RA+—ma@¢eXMy "X ht-bhki Yoy W% bhAhiot.aM VB8 BEEEO

Structures  Sections D

Search Menus, Help and Teehotes () |

T projeaview | B prote view | 5] panview ' [l 30view [ B sneets view
s :

CA

<

Entity Info (Left click for Entity menu, Middle click or <Enter> for view menu): Base of Struct B40CA-X33-15 '40¢a_x33_15' S=189746,41 Strength=Pending 77

Full Line Constants Calculator

Line Constants Configuration | Report Optons |

Determings the positive and zero sequence impedance and of circuits by calculating the phase imped; d
capacitance malrices for each span

All wites to be evaluated, inchuding conductor and ground, must have 2 circult label and phase label assigned and have 2 ground TIN
beneath th i b d Sel each span

) both

Cable temperature and posilion is based on the curiently displayed weather cases
Mote that the wind diection of Both' s not suppadted by this command, and will be evahiated as wind fiom left.

Select shructures to determine which spans are evaluated.

Select labels for the circuits to evaluate

Select Al Select None
Select labels for neutral/ground wires.

id
Communication Wies
1830

4545 Zirmmer
| |4545 Red Bank

Select All Select None Select Al Select None

[Stiuctures: Siver_Grove_Sub - F1880_Siver_Grove_Frame
Conduclors: 1880 4545 Zimmes 4545 Red Bank.
Ground Wires: Shigld

Calculation Parameters
Caeulstoninerval  0[500 | Adjacent SpanDistance  (1[5000 | dngie (4
Frecuency [600 | Perunit SystemBase  vay1000

Default Earth Resistivity (Ohavml| 1000 | Earth Resistivity from Structue | o




Overview of PLS-CADD Line Constants

Evaluates every span directly
Measures heights and separations of wires at several points per span
Supports bundled conductors

Wire resistance based on cable properties and specified operating condition
Mutual coupling between circuits on same span and adjacent spans

Phase transpositions both at structures and within spans

= =




PLS-CADD Line Constants Report

Zero and Positive Sequence

- Resistance, Reactance, and Susceptance
- Average, Total, Per-Unit
— Circuit Summary and Per Span

Zero Sequence Mutual Impedance

Span and Circuit Matrices

- Phase and Sequence including Mutual Coupling
- With and without ground wires

Average wire height and positioning for every span

Full Line Constants Calculator [ 7 e
Line Constants Configuration ~ Report Options
This report inchudes the zero and posiive sequence impedance and susceplance lotaled for cacuts.
Mlinclude summary of individual span results]
Select from the options below for additional matiix outputs.
‘Whele Circuit Results
Impedance
Phase Sequence
=] Complex Number [ Resistance [JReactance
Capacitance _Susceplance
Phase Sequence
[ Capacitance [ Susceptance
Whole Span Resulls
Average Wire Positions and Distances
[ Impedance with Ground Wies [ Impedance after Reduction
[ Potential Coefficient with Ground \wWires [ Potential Coefficient after Reduction
[ Capacitance [ Susceptance
Individual Circut Per Span Resuls
Impedance:
[ Phase [ 5equence
] Complex Number [ Resistance [JReactance
Capacitance Susceplance
[ Phase [ 5equence
[ Capacitance [ Susceptance.
[ ox ] conem




Line Constants Report Overview

Right click to view 'Line Constant Circuit Results' in a table, export it to XML or a database, customize table formatting. [Zero Sequence Total Reactance (Ohm)]

H File Edit View JTerrain Criteria Structures Sections Lines Drafting Window Help - & x
D @ H| E E ﬁ E ]S:r.liun Data for Line Parameters v‘ % ﬁ &5 ta
‘ Search Menus, Help and TechNotes o ‘
E Project View ﬂ Profile View =£] Plan View u 3D View ﬁ Sheets View H Line Constants Results n ¥
All spans using default earth resistivity specifed above.
Line Constant Circuit Results:
Circuit Circuit: | Positive | Zero | Positive S | Ze
Label Start End Cable g [ = g | Total | Total |
Structure Structure Length | Resistance Reactance Susceptance | Resistance Reactance Susceptance | Resistance Reactance Susceptance | Resistance Reactance Susceptance | Resistance
(miles) | (Ohm/mile) (Ohm/mile) (uMho/mile) | (Ohm/mile) (Ohm/mile) (uMho/mile) | (Ohm) (Ohm) (udMho) | (Ohm) (Ohm) (uMho) | (Ohm)
B Red Silver_Sub Red Sub 19.08 0.48212 2.01152 3.18159 0.10803 0.80969 5.30939 9.19987 38.38391 60.71110 2.0613¢6 15.45056 101.31373 0.00773
B Green Silver_suy 10 2.03 0.46198 1.76115 3.45732 0.11223 0.79887 5.38817 0.93920 3.58039 7.02867 0.22816 1.62408 10.95407 0.00079
A Silver Sub A Blue Sub 6.27 0.52039 1.92803 3.28048 0.11048 0.74413 5.81213 3.26479 12.09601 20.58101 0.69310 4.66848 36.46401 0.01714
Zero Sequence Mutual Impedance by Circuit Results:
Circuit Coupled Coupli Minimum | Z
Label with Start End Cable | ------- AVOIAJE-======ee =eccco! Total-=====eee-
Circuit Structure Structure Length | Resistance Reactance Resistance Reactance
(miles) | (Chm/mile) (Ohm/mile) (Chm) (Ohm)
B Red B Green_Sub Silver Sub 10 2.0 0.34335 0.79064 0.69766 1.60652
B Red A ilver Sub Red Sub 23 5.2 0.34676 0.71872 1.80968 3.75094
B Green_Sub B Red_Sub Silver_Sub 10 2.0 0.34350 0.79036 0.69832 1.60680
B Zimmer A Silver_Sub 10 2.0 0.35317 0.54667 0.69593 1.07722
A B_Red_Sub CRK-1580 CAK-1544 2.0 0.33295 0.45132 0.67826 0.91938
A B_Green_Sub CAK-1580 CRK-1547 2.0 0.3532¢ 0.54641 0.693¢64 1.07291
A B Red Sub 40CA-X33-11 CLO-5875 3.2 0.35590 0.89047 1.13114 2.83019

US CAP NUM |
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Line Constants Matrix Example

File Edit View Jerain Criteria Structures Sections Lines Drafting Window Help -ax
D W ® Bl B8 B | enase moedance Matnx snowing - || Ci Bl 5 *a
Search Menus, Help and TechNotes v
B projeaview | & ponieview | 5] panview | [l 30 view | Bl sneets view ' B Line constants Resuns [} -
~
Phase Impedance Matrix Showing Ground Wires
Span between structures 9 and 10 from 8.2% to 45.4% of span length
Circuit |
Phase | 545 Red -4545 Zimmer-
| A B c A B A T
1 (Ohn/mile) (Ohm/mile) (ohm/mile) (Ohm/mile) (Ohm/mile) (Ohm/ms e} (Ohm/mi le)
4545 Red Bank:A 0.088321 + 3 0.088443 + + 30.4%6032  0.089887 o. + 30.388885 30.39815:
0.183829 + 0.089143 + - 0.080729 0. + 30.394483
0.090904 + 30.564653 0.089981 + . 0.081608 0. + 30
89319 + 30.499870 0.182358 + - 0.080037 0 + 30.419609
4545 Zimmer:s 0.080103 + 30.493432 + 30.493898  0.089254 + + 0.090843 o. + 30.454561 b
4545 Zimmer:C 30.466485 + 30.489141 + 30.530697 080045 + + 0.185563 0. + 30.465172 0.
A 30.388855 + 30.393359 + 30.408476 - - 0.082242 0. +31.361331 0.
387111 + 30.403962 + 30.423570 + + 0.092328 0. + 30.667169 0.
30.383558 + 30.389332 + 30.406828  0.080840 + - 0.092511 0 + 30.713426  0.092531 + 30. 65396
Clrcut Por Distance Por Distance Por Ditanca Por Distance Per Distance Por Distance Por Ditance Por Distance Por Distance Span Total Span Total
Phase 4545 Zieener 4545 Zimmer 18 180 Shield Shield
A B8 c B c A B W W A c
(Ohmmile) (Ohavmile) (Ohavmite) (Ohmle) (Onmimile) (Ohavmile) (Ohmvimite} (Ohavimite) (Ohewaite] (Onm)
0.090206 + 30.49287 0.08510% + 30, 45603 0.085873 + 30.398153 ©.087528 + 30.5085!]  0.085370 + 30401503 0.006756 + 30,037

0.050553 + 30.564851

0.050588 + 30.404;

0.090073 + 30.408681

| o.o0ess2 + j0.042]

0.185713 + 3135353 0.089983 + 30.4698 G.G%0€77 + 39.4%438]  0.094609 - 30.53097(  0.09A384 + JO.41066(  U.09i4E8 + J0.43466(  0.081544 + 30.4080 0.089026 + 10.43983  0.089035 + J0.42647|  0.090940 + 30.419031 0.906793 + 30.037134
0.089633 » 3054190  0.086315 + 30.49se7|  0.080210 + 30.46960]  ©0.182356 + 3i.35¢40]  0.088154 + 30.570¢€]  0.090037 + 30.45100]  0.085758 + 30.41560! 0.085960 + 30.42701 0.090048 + 30.40196:  0.087537 + 30.50367|  0.087561 + 30.55297 0.089462 + 30.436987 0.006677 + 30.04082] 0.006756 + 30035
0.089403 + 30.49568 ] 0.091016 + 30.43389]  0.089254 + 30.57084 0.183825 + 3135467  0.090849 + 30.569727|  0.0%0616 ¢+ 30.45056]  0.0%0781 + 30.167471 + 30.49510  0.088284 + 30.45070  o0.088315 + 30.47744]  0.080271 + 30.176018 0.006735 + 30.03734. 0.006788 + 30.03717  0.006887 + 30.037
0,099049 + 30.4508%|  0.030786 + 30.56s03] 8863 + s1.3s269]  oi0m1eae ¢ o 9.093600 + 30. 45662 + so.asessl  o.0ee0ea + 30.42027]  o.oesose ¢ j0.4334s]  0.00.076 + ju.avseve 0,006796 + 30.03814]  0.006950 + 30.03688]  0.006320 ¢ 30,03
3 0,050584 + 30.4. 0.68333€ + 30.45376] 052242 + 30.46436]  o.302883 + 3 < 30.70382]  0.088833 + 30.36981|  0.089€07 + 30.388741] 0050737 + 30,6587 0.006831 + 10.02838]  0.006885 + 30,031 ©.006987 + 30.
0.052445 + 30.42957 _ 0.0%0664 + 30,43 0.0513%6 + 30,4667 0.0%2320 + 30.4853%| _ 0.09216% + 30.66726] _ 0.20321L + 31.3610% = 30.654067  0.088618 + 3037485 0.0ewesd + 30.3528k]  0.08.75% + 30.631888 0.006838 + 30.02951(  0.006852 + 30.0304%| _ 0.006%64 + 39,034
0.092611 ¢ 30.40682]  0.080840 + 30.41055]  0.081577 + 30.444307  0.0%2511 ¢ 30.45064:]  0.082376 ¢ 30.71342]  ©0.082501 + 30.65350]  0.203533 + 51.36073]  0.085775 + 3036430  0.099855 + 30.30165]  0.082003 + 30.350667 0.006851 + 10.0288%]  0.006504 + 30.02833  0.006877 + 30.030]
0-087575 » 3053855 0.088108 + 30.42873 ©0.087405 + 30.50383]  0.038053 + 30.4508 0.08881 + 30.43045)  0.088637 - 30.3 0.088801 + 3O.378854  0.088878 + 30.36837:|  1.108613 + 31.47988(  0.086817 + 30.86433) X 0.008848 + 3003574 0006718 + 30

0.080385 + 30, 45504

M [Shield:SW 0.087687 + 30.5103¢¢ 0.085220 + 30.42624 0.087536 + 30.5¢ 0.088152 + 30.477: 0,085050 + 30.4334% 0.088818 + 30.3856%(( 0,08837% + 30,3536
2 i 5.030304 < 30.40081] _ 0.091006 < 30.40360] _ 0.051650 + 30,47 0.0%107 + 30.43613]__ 0.0%0123 + 50.47536] __ 0.091041 + 30.475011] _ 0.091637 + 30,6501 0031850 » j0.6318a]__ 0.091943 = 30.59871

0,088451 + 30403750

0008598~ 30. 04064

0,006606 + 3003244

0.00665¢ + 30,0345%:

0,006721 + 30.032

o.ons16s + 3038138

5.0o%235 + 30_ 10290

1.130433 + 31474270

0.608803 + 30030181

0.00685¢ + 30.03040]

5-c0eazy + 30,031

Shield:SW

<

0.006928 + 30.045103

0.006717 + 30.028724

0.006723 + 30.

030352 0.083654 +

Right click to view the results in a table, export them to XML or a database, or customize table formatting including showing or hiding columns.
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Mutual Coupling

= Magnetic Mutual Induction in multiple-circuit or parallel single-circuit
Transmission Lines that share the same Right of Way/Towers

= The magnetic field of one circuit will induce a voltage on the other circuit.

How does it affect Line Modeling?
= Affects Zero Sequence Network

- In parallel lines, Zero Sequence Current flowing induces a Zero Sequence
Voltage on neighboring line

- Causes ground distance elements of relays to under or over-reach
= Coordination of Zones of Protection
= Fault Location

EEI >



Real World Example with Mutual Coupling

= 138kV Circuit A values were

obtained from Excel Calculations Excel PLS-CADD % Difference
= As a comparison, PLS-CADD Line LENGTH 6.3 6.28 0.32%

Constants Calculations were R1 (%) 0.35 0.36 3.85%

performed to assess the accuracy X1 (%) 245 2.453 0.12%

of the model. RO (%) 1.95 1.831 6.5%

= 138kV Circuit A Values From both X0 (%) 6.59 6.879 4.20%
Excel & PLS-CADD are shown.

Next we introduce 345 kV Circuit B into the model EE|



Real World Example with Mutual Coupling

138 kV Circuit A 6 miles
(Purple)

345 kV Circuit B is 19 miles
(Red)

Share the same right of way
for 2 miles

Share the same towers for 3.2
miles.

Mutually Coupled for 5.2 miles

PLS-CADD Model with 138kV Circuit A and 345kV Circuit B

EEI =



Real World Example with Mutual Coupling

H File Edit View Terrain Criteria Structures Sections Lines Drafting Window Help - & x
DS HE| [i=] | B8 EB | {[section Data for Line Parameters || Csz B 2% +a
‘ Search Menus, Help and TechNotes () .\_,|
= Projectview | =4 profile view | _§] planview | [l 30 view | B sheetsview ' B Line Constants Resuits [ -
All spans using default earth resistivity specifed above,
Line Constant Circuit Results:
Circuit ircuit Minimum | Zero Seq | == | ---Positive Seq | Ze
Label Start End  Cable | g | g | Total I
Structure Structure Length | Resistance Reactance Susceptance | Resistance Reactance Susceptance Reactance Susceptance | Resistance Reactance Susceptance | Resistance
(miles) | (Ohm/mile) (Ohm/mile) (uMho/mile) | (Ohm/mile) (Ohm/mile) (uMho/mile) (uMho) | (Ohm) (Ohm) (uMho) | (Ohm)
B Red Silver_sub Red_sub 19.08 0.48212 2.01152 3.18159 0.10803 60.71110 2.06136 15.45056 101.31373 0.00773
B Green Sllver)SuH 10 2.03 0.46198 1.76115 3.45732 0.11223 7.02867 0.22816 1.62408 10.95407 0.00079
A Silver_Sub A _Blue_Sub 6.27 0.52039 1.92803 3.28048 0.11048 20.58101 0.69310 4.66848 36.46401 0.01714
Zero Sequence Mutual Impedance by Circuit Results:
Circuit Coupled ‘oupling Minimum | 2
Label with Start End Cable | -------Average - =-Total--- -
Circuit Structure Structure Length | Resistance Reactance Resistance Reactance
(miles) | (Ohm/mile) (Ohm/mile) (Ohm) (Ohm)
B Red B Green Sub Silver_Sub 10 2.0 0.34335 0.79064 0.69766 1.60652
B Red A Silver_Sub Red Sub 23 5.2 0.34676 0.71872 1.80968 3.75094
B Green_Sub B Red_Sub silver_Ssub 10 2.0 0.34350 0.79036 0.69832 1.60680
B Zimmer A Silver_Sub 10 2.0 0.35317 0.54667 0.69593 1.07722
A B _Red_Sub CAK-1580 CRK-1544 2.0 0.33295 0.45132 0.67826 0.91938
A B_Green Sub CAK-1580 CAK-1547 2.0 0.35326 0.54641 0.69364 1.07291
A B Red Sub 40CA-X33-11 CLO-5875 3.2 0.35590 0.89047 1.13114 2.83019
US CAP NUM |

Right click to view 'Line Constant Circuit Results' in a table, export it to XML or a database, customize table formatting. [Zero Sequence Total Reactance (Ohm)]
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Operating Conditions

=  Wire temperature directly affects resistance
= Increased Sag has small affect on a circuit's Zero Reactance
= More noticeable with multiple circuits

- Different distances between phases of adjacent circuits

- Zero Sequence Susceptance and Mutual Impedance affected
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One at 90°F and one at 212°F
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Variable Earth Resistivity

Significantly affects the Zero Sequence Impedance
Varies dramatically based on ground conditions

- From 10 to 10,000 Ohm™m
One Example: Changing resistivity from 100 to 10

- Zero Sequence Resistance changed by ~25%
- Zero Sequence Reactance changed by ~15%

Single line could cover urban, wetlands, and farmlands

PLS-CADD supports different Earth Resistivity per span

EEl »



PLS-CADD Lightning Protection

= Rolling Sphere Method (IEEE 998)
= Actual Wire Positions Based on Weather Case
= Surveyed Ground Elevations

EEI



PLS-CADD 3D EMF

Many of the same benefits as Line Constants
Calculates both Electric and Magnetic Fields
Analyze entire project at once

Accounts for adjacent and crossing lines

EEI



3D EMF on Surveyed Ground
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Power Line Systems

= Web: www.powerlinesystems.com
= Email: info@powerlinesystems.com
= Technical Note on the Full Line Constants Feature
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The Edison Electric Institute (EEI) is the association that represents
all U.S. investor-owned electric companies. Our members provide
electricity for about 220 million Americans, and operate in all 50 states
and the District of Columbia. As a whole, the electric power industry
supports more than 7 million jobs in communities across the United
States.

In addition to our U.S. members, EEI has more than 60 international
electric companies, with operations in more than 90 countries, as
International Members, and hundreds of industry suppliers and
related organizations as Associate Members.

Organized in 1933, EEI provides public policy leadership, strategic
business intelligence, and essential conferences and forums.

For more information, visit our Web site at www.eei.org.

Edison Electric Institute
701 Pennsylvania Avenue, NW
Washington, D.C. 20004-2696

E E I 202-508-5000 | www.eei.org




