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Shield Angle XcelEnergy

Crozs

’ — Overhead
conneclon &

ground wire

TABLE 8-3
REDUCED SHIELDING ANGLE VALUES

Structure Height, Recommended
feet Shielding Angle,

Shield

angle ||| degrees

“Pole
ground
wires

FIGURE 8-4: SHIELDING ANGLE, POLE AND OVERHEAD GROUND WIRES
*From RUS Bulletin 1724E-200 Page 8-6
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Rolling Sphere

Rolling Sphere has been around since te late 1950s

NFPA 780, IEC TC81, BS 6651, IEEE STD 1243
and a multitude of other standards




What'’s the difference?

Shield Angle

Check an angle, with different angles
for different heights

Xcel Energy*

Rolling Sphere

Check a circle, circle’s curvature
Incorporates variation with height

Ignore structure resistance

Circle radius a function of
structure resistance

Ignore operating voltage

Circle radius a function of
operating voltage

Ignore terrain
(transversely at structure)

Check model with terrain

Ignore terrain
(longitudinally along span)

Check model along span

GO /NO GO

Estimates performance metric




Why change now?

PLS-CADD now has a rolling
sphere tool!
Much faster for checking
— Terrain
Multiple structures

Structure adjustments must be
done manually

Rolling Sphere Input Data

hle condition to

ce (i) 196.85

calculate every (1) 50.00

Xcel Energy*
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Implementation

* Implementation
— Change the design process as little as possible

— Emphasize “manually” checking to teach vocabulary and process
— Allow but don’t require PLS-CADD

» Look up sphere radius in a table based on
— Operating voltage
— Structure impedance

« Performance targets

— Mandate projects stay within the range of model
 Limit striking distance range
» Limit ground resistance range



Future Work Xcel Energy-

* Problems with lightning models

— No model has been calibrated against real world
outages

— Large degree of freedom in aggregating performance
metrics along the length of a line

* Opportunities for PLS-CADD
— Measure the rolling sphere radius
— Error checking the terrain TIN
— Error checking the shielding TIN
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SETTING UP A LINE MODEL




Xcel Energy*

Number of Models

« NSP - 852 PSCO - 472 SPS - 1263




TIN SIZIﬂQ (7 XcelEnergy*

» Basically need sphere diameter x 2 plus structure width to properly
connect the circles to the ground.




Open Template Model XcelEnergy

="M =tV ibol Y KAk lebkE NS R A EE |- MPLAS |- CreateTIN Save TINFile.. |- Delete Points |- Delete TIN

Project View Plan View X

Here are the menu items needed for
creating 2500' TIN.

Open TIN CREATE TEMPLATE.xyz




Assign Zone and Load IMP file XcelEnergy"

LAS Import Options

L5 Data Import o Open LASImport Attributes File ﬁ
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=] Pictures
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Size points:

1% Computer
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b File name: [ TIN CREATE TEMPLATE.Imp | [Lasimpon striautes files ¢Im v " €
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" Mo color {* feet ic Open V| Cancel | L G
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" Use color from a LAS 1,2+ file Low Foint (Noise) L Ground
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I” Use elevation if REE unavail 8 Model Key-Point (Mass Point) L Ground

9 Water L_Ground

LAS Coordinate System i0 Rail L_Grnund
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11 Road Surface L Ground

Load Settings

Save Settings




Create TIN XcelEnergy*

NEE
=12

Hibiv oy DB LMo b SO3% % E [B EJ - MPLAS |- CreateTIN SaveTINFile.. |- Delete Points |- Delete TIN

Praject View

Create TIN




Z adjustments XcelEnergy

« Survey data shows differences in time for a given ground profile

* The average TIN elevation difference is usually going to be within a few
Inches to a few feet throughout a given model, but any given structure
can be off by a substantial amount 20 feet.

« API Z adjustment is the most accurate way of assessing a model.
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Example —TIN Comparison

5516-5569 WSG-BLG
Average — 0.14 ft

Standard deviation — 1.91 ft
Max — 6.559 ft

Median — 0.18 ft



Shift everything down to O Xeel Energy
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Shift Structures back

Help
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LIGHTNING DESIGN IN
PLS-CADD




R un L P C Xcel Energy
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LPC Settings

Rolling Sphere Input Data
Calculate electrogeometnic method [EGM]; alzo known as the Tolling sphere’ methog . ryr
Set to Iniital FE or Initial

Select Weather
Thig calc hich iz at least the lighting ztrike distance to either side of the alighment. . - .
‘wihen co Case znerated and a dialog will be shown to configure how to dizplay thiz TIN. RS Any dlStrlbUthﬂS

If enabled below, green mantes for the center of each sphere position and a yellow arc connecting the ground paints [wiel € round wires needto be | position will be
added to the plan and 30 wiews 1 set to NO

i . . "
Select the weather caze and cable cofigition o evaluate the ground wires at;

ﬂ |Ereep RS ﬂ |Left j

Back Phase Section Voltage Include in Ground
Structure i Hote Ph-Ph Calculations? Wire?

{kv)

0526-13-3WDE

0526-13-3WDE

0526-153-3WDE

0526-153-3WDE

0526-153-3WDE

0SzZe-14

0Sze-14

0Sze-14

L= == L I = I I L O
Rlp|lr|lr|lao|w|lr|r]|r

05ze-14

Lightning Strike Distance  [it)|190.00  calculate every [ft)[75.00
Set Lightning Strike Distance,

W Use markers for sphere locations Interval, and check Use markers to
sphere locations.

Calculate | Cancel




Display Lightning TIN Xcel Energy-

O525-250 s e v [T,
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Render triangles

nit for drawing purpo



Understanding the Report XoelEnergy:

Gaps in Lightning Coverage:
The following spans have gaps in coverage provided by the specified ground wire starting near the specified distance along the span.

Back Set Phase Section Distance
Structure # Hote to Gap
(ft)

0810-18 200
05810-19 0

Lightning Coverage Exposed Conductors:

Back Set Phase Section | Distance | Length |
Structure # to Start | Exposed |
| I

1569804.44 16355978. . 1569811.23 16355936.
1569811.23 16355936. . 1569813.73 16355910.
1570524.01 16355197. . 1570535.91 16355197,
15659894.76 16355203. . 1569898.03 16355203.
1570533.91 16355197, . 1570547.00 16355197.
1571122.31 16351336. . 1571121.86 16351264.
1571121.86 16351264. . 1571110.54 16351193.
1570894.29 16350433. . 1570951.88 16350352.
1570894.06 16350433 1570981.65 16350352
1570993.88 16350433, . 1570981.46 16350352.
1570973.31 16350343. . 1570943.90 163503z2.
1570875.76 16350345. . 1570943 .68 16350322.
1570875.57 16350345. . 1570943.48 16350322.
1570064.17 16349915 1570041.74 16349910
1570028.92 16349908, . 1570025.33 16349907,
1569853.77 16348114. . 1569865.17 16348091.
1569853 .94 16348114. . 1569865.33 16348091.
1569852.70 16348117. . 1569865.49 16348091.
1570813.76 16345923 1570941.18 16345866
1570913.78 16345924. . 1570941.25 16345866.
1570913 .54 16345924. . 1570941.30 16345866.
1570941.18 16345866. . 1570988.56 16345837.
1570941.25 16345866. . 1570988. 62 16345837.
1570941.30 16345866, . 1570958. 66 16345837.

0510-5-DE
0510-5-DE
0810-6
0810-11
0810-12
0810-12
0810-12
0810-12
0810-13
0810-13
0810-13
0510-14
0810-14
0810-17-DE
0810-17-DE
0510-17-DE
os10-22
0s10-22
0810-22
0810-23
0810-23
0810-23

= -
[ TS S RS S B IS S IES ES B ) IS |

o
0

1
1
1
1
1
1
1
1
2
3
1
2
3
1
1
1
2
3
1
2
3
1
2
3

Approximate total length of exposed conductor: 1158 (ft)
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Examples — Exposed phase wire

5003-5
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Delete TIN
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Examples — Single Static
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Sawve TIM File... Drelete Po

5516-WsG-55518-1-
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Examples — Multiple Alignments

g Help
L e D W o PR T VIR R VAV A B R e 5 % |- [E EE|- MPLAS |- Create TIN Save TINFile.. |- Delete Poi
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Examples — Crossing problems () XeelEnergy

- 0984-0992_shc-bul lightning z adjustmentogz - Record - [3D Yiew]

Wiew Terrain - Criteria  Structures  Sections Lines Drafting  ‘Window Help

FOF—mt 3G EN Y YN iRV oUW wa R et SNTEEI % EE EEEE - MPLs |- CreateTIN Save TIN File... |- Delete Poir

:\-'-‘:L\,Pr-:ufile View i 30\ ee I 1| Electro-Geometric Model Rolling Sphere R _i 3D View X




Examples — Crossing problems () XeelEnergy:
Cont.
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Examples — Crossing Cont.

0984-113

0984-111
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Ide Slopes

S
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Examples — Valleys
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Examples — Valleys Cont.

from ground wir rting from structure DE to structure ! -100-LE
F
Initial FE
Wind from the
Lightning

Gaps in Lightning Coverage:
The following spans have gaps in coverage provided by the specified ground wire starting near the specified distance along the span.

Back Set Phase Section Distance
Structure # # Hote to Gap
{ft})

Lightning Coverage Exposed Conductors:

Back Set Phase Section | Distance Length |
Structure # Hote | to Start Exposed |

oo

n
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Examples — Canyon
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Examples — Canyon Cont
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Issues- 18.25° Arm ) XcelEnergy-
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Issues-23’ Outside Arm
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Issues-25’ Outside Arm
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Issues-25’ Outside Arm 1’ Inside Arm




Extreme side slope 2 XeelEnergy-
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Issues

7091.0C-141

152.6




Issues Cont.
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We

7015-327
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Issues Cont. 72 XcelEnergy-

Help
=NV oYY MU SNEEGDE R HH|: MPLAS - CreateTIN SaveTINFile.. : Delete Paints | Delete TIN

View X
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QUESTIONS?!?




