Tennessee Valley Authority

Thermal Assessment of Existing
161kv & 500kv Transmission Lines
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Why are we gathering aerial laser survey &
doing thermal assessments?

« Before 1977; NESC ground clearance
requirements @ 120°F (49°C)

« 1977 NESC code required clearances at
maximum operating temperature

« Have generally designed new lines for
100°C since 1977




Transmission Line Assessment and

Up-Rate Program

Background

NESC Code for Lines Built Before 1977 Required Clearance be Maintained for
a Conductor Temperature of 49 Degrees C

1977 NESC Code Revision Required Clearances be Maintained Based on
Actual Operating Temperatures

Peak Conditions Typically Require Operation between 80 — 100 Degrees C

Transmission Line Operation and Clearance Requirements are a Matter of
NERC Compliance. The scope includes 8,137 Miles of Transmission Line

e 2,405 Miles of 500-kV Transmission Lines
5,662 Miles of 161-kV Transmission Lines
e 70 Miles of 46/69-kV Transmission Lines
Current Asset Condition Could Impact Reputation and Cost
» Assumed Rating Could Lead to NERC Reportable Flashover Events
* Increased Risk of Public Contact Events
« NESC or NERC Violations Receive More Scrutiny Since Blackout of 2003



TVA in-house engineering assessed
about 30% of our lines

Burns & McDonnell
Mesa Associates
Sargent & Lundy

Aerotec LLC
Optimal Geomatics
Geodigital
Network Mapping
Terrapoint USA Inc
Tuck Engineering

MESA coupled with Optimal Geomatics

S&L coupled with Geodigital
Burns & Mac and Network Mapping



Vertical clearance of conductors above roads, driveways,
parking lots, areas subject to truck traffic, unpaved land
subject to cultivating.

69kV 161kV 230kV 500kV

TVA 22.1 241 255 29.8
NESC 19.1 211 225 26.8
delta 3.0 3.0 3.0 3.0

Lidar NESC + 1 ft. 20.1 22.1 235 27.8



Buffer is 1ft.

Need to model as accurate as possible
with lidar

Why?- affects the sag/clearance (long
spans could change sag several feet)

If there Is a violation, could be significat
cost for modification



Graphical Sag Options @@
Snap Mode
() Fit to survey point clozest bo mouse T Fit ta mouse coordinates

Fit kode

{7311 Ruling Span
Huorizontal tension iz alwaps the zame for all zpanz in section.
Sagging tension ahd condition will be changed. Dizplay condition will be changed.

(") 2] Finite Element Insulators Plumb at Sagging Condition.
Haorizontal tengion constant throughout section at zagging condition but may wary at other conditions.
Sagging tension will be changed. Display condition will be changed.

(") 3] Finite Element Selected Spans 'wire Length Adjustment
Adjuzt length of wire in zelected spans without regard for effectz on ather zpansz.
Wire lengths for selected spans will be changed. Display condition will be changed.

(") 4] Finite Element All Spans ‘wire Length Adjustment
Adjuzt wire length in all zpans tao fit zelected point(z] without changing mid zpan wire elevation in other spans.
Wire length for all spanz in section will be changed. Display condition will be changed.

Tip: There can be a delay after each left click while wire is fit to the zelected point(z). Uee middle clicks or the Enter key to select
paints withaut a fit delay. *When done selecting points uze a left click ta perform the fit.

(") 5] Finite Element M anual Length Adjust
M anually enter change in unztrezsed wire length for a span.
Unstrezsed wire length for selected spans iz changed. Display condition will be changed.

(%) B] Finite Element tMultiple Point Fit
Calculate catenary congtant and required wire & insulator attachment pointz required to fit through three pointz in each span.
May change wire lengths, structure locations and dizplay condition.

[ &dijust wire length in each span ta fit calculated catenary and wire attachment points

[ &djust structure stations, height and offset adiustments to match calculated insulator attachment points

] Follow up with a Finite Element &1 5 pans Wire Length Adjustment [option 4] after adiustments above

L east zquares fit to all wire points within specified distance of 3 paint catenary curve P ax diztance from 3 point (ft)| 3.000

v . . . : _
Generate report showing attachment point locations and tensions ‘wire attach. feature 1702 cond mid FEG

Inzulator attach. feature 1702 cond mid FEE
Mid span point feature 1702 cond mid FEG

Feature code for structure points [may be ugzed to help refine attachment point calculation] 99999 Substation Data w

Draw markers showing fit results [fit points, catenary curve, attachment points)
Create survey points at calculated mid span and wiredinsulatar attachment points

Autornatically select fit points in each span [for fit mode 4 and B) Feature code for wire fit 1701 Conductar [OH)-Transmis:

() Use single point clogest to cument wire position [old way)

() Use centraid of all points within 1m of curent wire position [tends to e on high side for bundles)

{7 Use center of rectangle encompaszing all points within 1m of current wire position [good for bundles but sensitive to outliers)
() Use lowest of all points within Tm of current wire position [good for bundles but sensitive to outliers)

{7 Use center of smallest circle enclosing all points within 1 m of current wire (good for bundles but may be sensitive to outliers)

{#) Use bundle-aware centroid: centroid of each wire's centioids, using points within 1m of current position [less sensitive to outliers)

Enter either the bundle diameter : (i) 13.000 or the bundle zpacing : fir){13.000

Show Web technical note “Graphizal Sag Options: M aking the Wire Spztem Match ‘az-Buill’ Survey Points" ‘ [ ak ] [ Cancel ]




With lidar

Structure location +- 0.2 ft
Wire tension +- 20 Ibs
Ground/obstacles +- 0.2ft
However,

Temperature not directly measured.

Derived from IEEE 738



As Captured Match Lidar 110.3deg Creep FE
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sion): Section #3, phase 1, 161kY, 'rail acsr 954 45_7', From Str, #74E et 9 'Mahead' to Str, #EZ164 Set 4 'MID Back!, Section ak cond {(74B-EZ2164) 110.3deg 'Creep FE', 3=34710.36



212 deg F creep FE

4.5

TE
offset adjust

offset ad JTJ st

85 224 48hao

ht adjust
122840

27 224 48ka

ht adjust=

-tion #8, phase 1, 161kY, 'rail acsr 954 45_7', From Str, #746 Set 9 'Mahead' ko Str, #E2164 Set 4 'MID Back!, all sections at BARE 212 'Creep FE', 5=34927.19




Steps to get FE sag

Alignment

Structure locations (station/offset)
Conductor temperature (weather data)
Assume sagging temperature (plumb INS)

As captured least square best fit Tension (FEG)
Used to get tension not move structures

Adjust each span at mid span (non-plumb
INS)FE3



First locate structures (cross section view)

¥ PLS-CADD - springfield-logan aluminum.xyz - tva tower - [Cross Section View]
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Example of locating structures to match the lidar ghost

Jckured: Struct #587 'g:\commoniciviliplsiild (unchecked)towerlaz4,2-cond bundlehaz4 48body 2&leg 2-cond bundle, tow' 5=34337. 75 Strengt




Present Location (hgt=4.0 offset 0.0)

Structure Modity
Sichure BB7 : : A A
LinE anglg [dgg] |:||:||:| Cructure Lomments Cat Counter
1 |87 Meiht (1hs)
48hody 2Bleq 2-cond bundk 2 ling o |
Station () 34337 7R 3 ;
Height adjust, (] 4.00 1 :
Offset adust. () 0.00 : 4
Orientation [deq) 0 . vl = v
l Prey ] l Nt l l Wiew ] Ed ] lﬂaterial] l EnugIEEarth] l f, ] [Eancal




Adjust Height & Offset (hgt=4.4 offset 0.5)

Structure Modity
Sichure BB7 : : A A
LinE anglg [dgg] |:||:||:| Cructure Lomments Cat Counter
1 |87 Meiht (1hs)
48hody 2Bleq 2-cond bundk 2 ling o |
Station () 34337 7R 3 ;
Height adust, (] 4.40 1 :
Offset adust. () 050 : 4
Orientation [deq) 0 . vl = v
l Prey ] l Nt l l Wiew ] Ed ] lﬂaterial] l EnugIEEarth] l f, ] [Eancal




sruckure): Struck #87 'gicommonicivillplsiild funchecked)itowerta24 2-cond bundlela24 48body 28leq 2-cond bundle, bow' 5=34337.75 Strength=Pending







Adjust Station (37337.751t0 37337.4)

Structure Modity
Sichure BB7 : : A A
LinE anglg [dgg] |:||:||:| Cructure Lomments Cat Counter
1 |87 Meiht (1hs)
48hody 28leq 2-cond bundk 2 ling o |
Station () 34337 40 3 ;
Height adust, (] 450 1 :
Offset adust. () 050 : 4
Orientation [deq) 0 . vl = v
l Prey ] l Nt l l Wiew ] Ed ] lﬂaterial] l EnugIEEarth] l f, ] [Eancal







Example of angle tower':,

|
uckure): Struct #89 'guicormmonicivilplstild (unchecked)bowery 161 kvigeometry onlyicz242-cond bundielc24 48body 16ext 28leg 2-cond bundle. tow' 5=36930.37 Stre
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T BLOE MATERIAL | .

0 % By 9

- DESCRIPTION RIS T
EX "% 10 Disc. Indulator 25,000% 26.0/5  _[10|20[22128;

!
Z4Y Tooa Ball Clevis withBolt Nt Corten 54.038-2 |
3

. 2 [ | &
Fuse C/amp with Socker Eye (Seecial) | 873358 I

- | 2| ;f

v 4 Sugo Clampe Seecial) [B7-95480 1j 2] 1
5 wmn &b (73" I A L S

¥ o Foe fa Lye Exiension Poy fEd ar 345 2 2* 1 1




if

™~

S 1ME00034.ipg

Type: PG File
Size: 1.80 MB
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2ft conductor spacing C phase
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Graphical S5ag 0 ptions @E
Shap Mode
{#) Fit to survey point closest to mouse ) Fit to mouse coordinates

e Before you can do graphical
uling Span

Harizontal tenzion is always the zame for all spans in zection. Sag yo u m u St d ete rm | n e aS

Sagaing tenzion and condition will be changed. Dizplay condition will be changed.

() 2] Finite Element Insulatars Plumb at Sagging Condition. Captu re con d U Ctor

Huorizontal kension constant throughout section at zagging condition but may wary at other conditionz.

Sagaing tenzion will be changed. Display condition will be changed.
tem pe rature

(") 3) Finite Element Selected Spanz Wire Length Adjustment
Adiuzt length of wire in zelected spans without regard far effects on ather spans.
“Wire lengths for selected spans will be changed. Display condition will be changed.

() 4] Finite Element All Spans ‘wire Length Adjustment
Adjuzt wire length in all spans ta fit selected paint(z] withaut changing mid zpan wire elevation in ather spans.
“Wire length for all zpanz in section will be changed. Digplay condition will be changed.

Tip: There can be a delay after each left click while wire is fit to the selected point(s]. Usze middle clicks or the Enter key to zelect
points without a fit delay. “When done zelecting pointz uze a left click to perform the fit.

() 5 Finite Element b anual Length Adjust
Manually enter change in unstrezeed wire length for a span.
Unztreszed wire length for zelected zpans iz changed. Dizplap condition will be changed.

{#) B Finite Element Multiple Paint Fit
Calculate catenary conztant and required wire & inzulator attachment points required to fik through three points in each zpan.
May change wire lengthsz, structure locations and dizplay condition.

[ diust wire length in each span to fit calculated catenary and wire attachment points

[ &djust structure stations. height and offset adiustments to match calculated insulator attachment points

[] Fallow up with a Finite Element &1l 5pans %ire Length Adjustment [option 4] after adjustments abowve

Least squares fit to all wire paintz within zpecified distance of 3 point catenary curve Max distance from 3 paint (ft| =000

G i . . . _
Generate report showing attachment point locations and tenzions \Wire attach. featuie 1702 cond mid FEE

Ingulator attach. feature 1702 cond mid FEG
Mid zpan point feature 1702 cond mid FEG

Feature code for structure points (may be uzed to help refing attachment point calculation] 99999 Substation Data W

Draw markers zhowing fit rezultz [fit pointz, catenar curve, attachment pointz)

Create survey points at calculated mid span and wiredinsulator attachment points

Automatically select fit pointz in each span [for fit mode 4 and §) Feature code for wire fit 1701 Conductor [OH]-Tranzmizs

() Use single point closest to curent wire position [old way)

() Use centoid of all points within 1m of current wire position [tends to err on high side for bundles)

() Use center of rectangle encompassing all paints within 1 of curent wire position [good for bundles but sensitive to outliers)
() Use lowest of all points within 1m of curent wire position [good for bundles but sensitive ta outliers)

() Use center of smallest circle enclosing all points within 1 m of current wire [good for bundles but may be sensitive to outliers]

(%) Uze bundle-aware centroid: centroid of each wire's centroidz, using paintz within 1m of current position [less senzitive to outliers)

Enter either the bundle diameter : fir)| 13.000 of the bundle spacing : (im)| 13.000

Show Web technical note "'Graphical Sag Options: Making the *Wire System Match ‘asz-Built’ Survey Paoints" | [ 0k, ] [ Cancel ]




IEEE 5td 738-2006 Steady-State Conductor, Temperature

THERMAL CALCULATIONS METHOD
(*)IEEE Standard 738-2008

SOLAR HEATIMG DATA
Dray of YY'ear

{®) Usge day of year producing masimum zolar heating

i) Use specified day of vear

Line Direction

i) Line perpendicular to solar azimuth [maximum solar heating]

ceg 0|

() Usze specified line azimuth

Latitude [deqg) 30
Sun time [10=10am, 14=2pm,99= no sun) 1
Atmosphere | CLEAR w

CALCULATIOM DATA

Steady-ztate ac cument

Provide a name for the graph:

() CIGRE Brochure 207

WEATHER DATA

Alr temperature

dea) 10

Wind Speed [ftfs)| 2
wind to conductar angle [O=parallel] [deg) 90
Conductar elesyation (K]

COMDUCTOR DATA,

Cable file name Cable file name goes here

(] l [ Cancel
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Tentesszee Walley buchority, Project: "colbert-oakland cwa. xyz"
PLE-CADD Wersion 10.00Z, 1:39:15 PM Monday, July 08, Z002
Line Title: 'tower'

Flight Time
5/01/2005
17:09CDT-17:59CDT




For Example,
From the weather data
Str 124-Colbert 17:56-17:59 CDT




GMT CDT deq C m's
Temp Wind Wind

Date Time Clut Speed Chir
01.,05/2005 2251 &541 PM 18.9 1.3 MY 337.5
01.05/2005 2252 552 PM 18.9 0.9 W 270
01.,05/2005 2253 553 PM 18.9 1.3 W 270
01052005 2254 554 PM 1591 R=RRLY 270
01.,05/,2005 2255 555 PM 19.1 1.8 VWS 247 5
01052005 2286 556 PM 18.9 2.2 WMWY 2925
01.,05/2005 2257 557 PM 18.9 3.1 WYY 2925
01052005 2258 558 PM 18.9 1.3 MYY 315
0105/2005 2289 553 PM 18.9 1.3 MY 315
01.,05/2005 2300 B:00 PM 18.9 1.8 NMNE J82.5  Not use 22.5
01.05/2005 2301 B:01 PM 18.9 1.3 W 270
01.,05/2005 2302 B:0Z2 PM 18.9 0.9 M 360
01052005 23053 B:03 FPM 18.9 2.2 MWW 3145
01.,05/,2005 2304 B:04 PM 18.9 2.2 WS 247 5
ave ave
18.9 1.6
deg F ftis ave  Average about WNW
BB 1 527 298.93
ra 362 5 MNE

ﬁ §3.57

Llze average for flight time j—-y
rmin 247 5 WSV

Temp not variable but wind speed and direction are 51.43



Easting & Northing from PI report gives Azimuth
Convert Flight Time to Sun Time
Using difference between Azimuth and wind direction gives wind angle, for

example from str 124 to Colbert AZ=59deg Wind Dir = 298.9deg

b

121 05/01/2005
AVERAGE | AZIMUTH WIND USE
SE TiTF_RE EASTING | NORTHING FHE;ET Tslt::é SUN {MATCH) T(EJ;”)P ”E;:J"i? DIRECTION A”;"JQEE WIND
TIME {PLS) (DEG) ANGLE
Oakland PULL-OFF 1684910.98 1760915.28] 17:09CDT | 16.3446 16.35 96 66.9 8.67 296.3 19.8 15
" EBE H20 B0 | 1885455.9 1768656.85| 17:10CDT | 16.3613 16.42 314 66.7 8.88 303.8 10.7 30
anz H20 56 | 1880219.14  1773986.5| 17:17CDT | 16.4760 16.49 220 66.5 8.10 308.1 55.0 90
i H2072 | 1878180.74  1771560.55) 17:19CDT | 16.6113 16.59 191 66.5 8.26 313.9 571 75
" B9 H20 60 | 1875709.96  1758661.66| 17:29CDT | 16.6780 16.70 183 66.4 8.65 308.6 543 75
EE GZ0EE 1687551579 1754977 75| 17:32CDT | 16.7280 16.83 199 66.3 8.19 301.3 775 90
" 109 | GZ0B4  1869634.3 1737708.284| 17:44CDT | 16.9260 16.95 216 66.1 6.56 303.8 577 90
112772 | G2076 186785179 1735256.66| 17:47CDT | 16.9780 16.99 228 66.2 5.93 296.0 BS. 1 90
115/69 | M2180 | 1866148.42 1732812.296] 17:49CDT | 17.0113 17.03 228 66.2 5.70 289.0 B1.2 90
118/86 | M2180 | 186034773 1728470.06] 17:51CDT | 17.0446 17.05 211 66.2 6.53 283.1 724 90
119/55 | H2092 | 1850934.45 1727774.05] 17:52CDT | 17.0613 17.09 149 66.1 6.21 295.7 &7 60
122052 | H2092 | 18611233 1725760.41[ 17:55CDT | 17.1113 17.11 140 66.1 5.40 296.6 236 15
123/51 | H2092 | 1861703.3  1725065.52[ 17:55CDT | 17.1113 17.12 55 66.1 5.30 294.4 9.4 75
124 | HZ0ED 186239732 1725552.74) 17:56CDT | 17.1280 17.15 59 66.1 5.27 298.9 BO. 1 75
Colbert  Pulloff  1862890.59 172585063 17:59CDT | 17.1760




IEEE uses cond eley, Latitude, and Amps
Longitude is used for Sun Time

STR STR COMD LATITUDE [LOMGITUDE | COMD COND
# TYPE |ELEWATION| (DEG) (DEG) AMPS
Oakland PULL-OFF 68 34862053 E7.775434| 2116 636 267
s H20 30 627 211.6 636 26/7
74 H20 56 631 211.6 T95 26/7
r 77 Hz0 72 632 219.8 795 267
r 89 HZ20 B0 577 1.6 795 267
F 93 =20 B8 578 221.0 T95 267
" 109 =20 84 557 122.5 T95 267
112572 iz20 76 579 122.5 T95 26/7
11589 | M21 80 656 122.5 795 3019
118486 | m21 80 549 122.5 795 267
119485 Hz0 o2 525 122.5 T95 267
12282 Hz0 92 546 122.5 T95 267
123451 Hz0 92 525 122.5 T95 267
124 HZ0 B0 506 118.5 TH5 267
Colber Pulloff 34.74356 87 85167

AVGLAT

AVG LONG

348028

87.8151
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¥ PLS-CADD - colbert-oakland cwa.xyz - tower, - [Plan View]
Eile Edit Wiew Terrain Criteria Structures Sections Lines Drafting  \Window Help
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To Demonstrate Graphically

Using F7 (measure) azi 298.9

line shows angle between conductor & wind
Angle = 60.1deg

But from the weather data variance in wind
direction +-

Therefore, use 75deg (mare cooling)

i -
< | >
dx=-341.84 dy=189.19 disk=390.70 x1=1862764,57 v1=1725646,85 x2=1862422,73 y2=1725836,04 (ft) ds=4577 .89 do=259,19 s1=233.75 01=-52.50 52=4811.67 02=206|70 azi=295,96 (d MLUIM

Dist . (left click,enter=marker):
F—




Weather instruments:

Multiple Davis Instruments Weather Wizard Il portable
weather stations with recording equipment in vinyl
container and with weather probes mounted on
telescopic masts.

Temperature accuracy: +/- 1 degree F

Temperature range: -50 degrees F to 140 degrees F
Wind speed accuracy: +/- 5%

Wind speed range: 2 mph to 150 mph (2.9 ft/sec to 220

ft/sec)
Wind direction accuracy: +/- 7 degrees



IST=CT+ [ 1_1-2 |(Lag ~Lige )+ E-DT  [u] Equation 2

Where: Equation for Sun Time

L5T =Local Sclar Time [hr]

CT =Clock Time [hr]

L:td = Standard Meridian for the local time zone [degrees west]

Lioc = Longitude of actual location [degrees west]

E =Eguation of Time [hr]

DT = Daylight Savings Time correction (DT = 0 if not on Daylight Savings Time,
otherwise DT 15 equal to the oumber of hours that the time 15 advanced for Daylight

Savings Tune, usually 1hr)
In nsing Equation 2, all of the times must first be converted to decimal format from zero to 24,

(e.g., aclock time of 3:45 p.m. 15 expressed as CT = 1575 ha).
Values of the Equation of Time, E, are calculated by

E=01655m25-0126cos5-00253smmB8  [i] Equation 3a

5 _ 360(n—81)
364

where: [degrees]

and n 15 the day of the vear.



=CT+(1/15)*(IF(OR(C8="CST",C8="CDT"),90,IF(OR(C8="EST",C8="E
DT"),75,"Check"))-A8)+(0.165*SIN(2*RADIANS(360%(n-81)/364))-
0.126*COS(RADIANS(360%(n-81)/364))-0.025*SIN(RADIANS(360*(n-
81)/364)))-
IF(OR(C8="CST",C8="EST"),0,IF(OR(C8="CDT",C8="EDT"),1,"Check"

)

Equation in EXCEL



Also, use website

e http://aa.usno.navy.mil



U.5. Naval Observatory
Astronomical Applications Department

Sun and Moon Data for One Day

The following information 15 prow ded for Sheffield, Colbert County, Alabama (longitude
WET T latitude N34 8):

Sunday
1 May 2005 Central Daylight Time
5UH
Begin ciwvil twilight 5:33 a.m.
Sunrise &:00 a.m.
Sun transit 12:48 p.m.
Sunset Ti38 p.m.
End <ivil twilight 8:03 p.m.
MOOH
Moonset 11:26 a.m. on preceding
day
Moonrise 2:22 a.m.
Moon transit T:E7 a.m.
Moonset 12:39 p.m.
Moonrise 2:59 a.m. on following
day

-48/60 =-0.80 17:59 =17.98 -0.80 = 17.18 (matches spreadsheet)



I[EEE Std. 738-2006 method of calculation

Air temperature is 66.10 (deg F)

Wind speed is 5.27 (ft/s)

Angle between wind and conductor is 75 (deg)

Conductor elevation above sea level is 506 (ft)

Conductor bearing is 59 (deg) (user specified bearing, may not be value producing maximum solar heating)

Sun time is 17.15 hours (solar altitude is 19 deg. and solar azimuth is -85 deg.)

Conductor latitude is 34.8 (deq)

Atmosphere is CLEAR

Day of year is 121 (corresponds to May 1 in year 2009) (user specified day, may not be day producing maximum
solar heating)

Conductor description: 795 kcmil 26/7 Strands DRAKE ACSR - Adapted from 1970's Publicly Available Data
Conductor diameter is 1.108 (in)
Conductor resistance is  0.1166 (Ohm/mile) at 77.0 (deg F)
and 0.1390 (Ohm/mile) at 167.0 (deg F)
Emissivity is 0.7 and solar absorptivity is 0.9

Solar heat inputis  3.396 (Watt/ft) (corresponds to Global Solar Radiation of 40.865 (Watt/ft*2) - which was
calculated)

Radiation coolingis  0.514 (Watt/ft)

Convective cooling is  3.190 (Watt/ft)

Given a constgnt a rrent of 118.5 amperes, ) -
The COﬂdUCtOmperature is 74.6 (deq F) Surface? Change in PLS 10.002



Range Ambient 66.1 to Only Uncertain
Variable No Wind 90.7 previous /4.6

IEEE Std. 738-2006 method of calculation . )
Lower Bound Ambient too Conservative

0 (deg F) Upper Bound No wind not realistic 2fps min

ATYE Aeerrwind and conductor is 75 (deq)

Conductor elevation above sea level is 506 (ft)

Conductor bearing is 59 (deg) (user specified bearing, may not be value producing maximum solar heating)

Sun time is 17.15 hours (solar altitude is 19 deg. and solar azimuth is -85 deg.)

Conductor latitude is 34.8 (deg)

Atmosphere is CLEAR

Day of year is 121 (corresponds to May 1 in year 2009) (user specified day, may not be day producing maximum solar
heating)

Conductor description: 795 kcmil 26/7 Strands DRAKE ACSR - Adapted from 1970's Publicly Available Data
Conductor diameter is 1.108 (in)
Conductor resistance is  0.1166 (Ohm/mile) at 77.0 (deg F)
and 0.1390 (Ohm/mile) at 167.0 (deg F)
Emissivity is 0.7 and solar absorptivity is 0.9

Solar heatinputis  3.396 (Watt/ft) (corresponds to Global Solar Radiation of 40.865 (Watt/ft"2) - which was
calculated)

Radiation cooling is  1.559 (Watt/ft)

Convective cooling is 2.157 (Watt/ft)

Given a constant ac current of 118.5 amperes,
The conductor surface temperature |s 90.7 (deg F)



IEEE 5td 738-2006 Steady-State Conductor, Temperature

THERMAL CALCULATIONS METHOD
(%) IEEE Standard 738-2006

SOLAR HEATIMG DATA
Dray of YY'ear

{®) Usge day of year producing masimum zolar heating

i) Use specified day of vear

Line Direction

i) Line perpendicular to solar azimuth [maximum solar heating]

(%) Use specified line azimuth [deg]
an

Latitude [deq]

Sun time [10=10am, 14=2pm,99= no sun) 1

Atmosphere CLEAR w
IMDUSTRIAL

CALCULATIOM DATA

Steady-state ac curent [Amps]

Provide a name for the graph:

() CIGRE Brochure 207

WEATHER DATA

Ar temperature (deg F]

Wind Speed [ftfs)| 2
YWind to conductor anagle [O=parallel] [deqg]

Conductor elesvation

COMDUCTOR DATA,

a0

(tt]

Cable file name Cable file name goes

here

Clear is clean air and
industrial is dirty air,
Particulates increase
conductivity

1]8

l [ Cancel




History : Weather Underground

Time: Temp.:

(CDT)

8:53 AM
9:53 AM
10:53 AM
11:53 AM
12:53 PM
1:53 PM
2:53 PM
3:53 PM
4:53 PM
5:53 PM
6:53 PM
7:53 PM
8:53 PM
9:53 PM
10:53 PM
11:53 PM

53.1°F
59.0 °F
61.0 °F
63.0 °F
64.0 °F
64.0 °F
64.9 °F
66.0 °F
66.0 °F
6.0 °F

63.0 °F
55.9 °F
51.1 °F
48.0 °F
46.0 °F
45.0 °F

41.0 °F
37.0 °F
33.1°F
33.1°F
34.0 °F
35.1°F
37.0 °F
39.0 °F
37.0 °F
36.0 °F
35.1°F
39.9 °F
43.0 °F
43.0 °F
41.0 °F
42.1 °F

Sky Not Always Clear

Level:
Pressure

64% 30.20 in
44% 30.21 in
35% 30.21 in
33% 30.21 in
33% 30.18 in
34% 30.17 in
36% 30.16 in
37% 30.14 in
34% 30.13 in
33% 30.12 in
35% 30.12 in
55% 30.12 in
74% 30.12 in
83% 30.13 in

83% 30.14 in 10.0 miles Calm Calm - N/A
90% 30.14 in 10.0 miles Calm Calm - N/A

10.0 miles
10.0 miles
10.0 miles
10.0 miles
10.0 miles
10.0 miles
10.0 miles
10.0 miles
10.0 miles
10.0 miles
10.0 miles
10.0 miles
10.0 miles
10.0 miles

DewPoint: Humidity: Sea Visibility: WindDir:Wind:Gust

SpeedSpeed: Precip: Events:Conditions:

Calm Calm - N/A Clear
Calm Calm - N/A Clear
WNW 9.2 mph - N/A Clear

WNW 10.4 mph 16.1 mph N/A Clear

Variable 6.9 mph - N/A Clear
Variable 4.6 mph - N/A Partly Cloudy
Variable 4.6 mph - N/A Clear

ScatteredClouds
Partly Cloudy

WNW 6.9 mph - N/A
WNW 13.8 mph - N/A

NW 10.4 mph - N/A Clear
NW 6.9 mph - N/A Clear
Calm Calm - N/A Clear

South 3.5 mph - N/A
SSW 3.5 mph - N/A

Partly Cloudy
Partly Cloudy
Clear
Clear



GMT cDT deg C m's Watts'm®  Watts/ft

Temp Wyind Wiind Solar Drake 795 2657
Date Time Cut opeed Cir Rad. dia
01,/05/2005 2251 551 FM 18.9 1.3 NN 3375 275 2555 1.103 2355
01,/05/2005 2252 82 FPM 18.9 0.9 W 270 271 2518 1.103 2.325
01,/05/2005 2253 553 FM 158.9 1.3 W 270 252 24 34 1.103 2247
01,/05/2005 2254 504 PM 19.1 0.9 W 270 243 2258 1.103 2.084
01,/05/2005 2255 555 FPM 19.1 1.8 WSV 247 5 257 23.688 1.103 2205
01,/05/2005 2256 556 FPM 189 2.2 WYY 2925 251 23352 1.108 2153
01,/05/2005 2257 A7 PM 18.9 3.1 WYY 2925 250 2323 1.103 2145
01,/05/2005 2258 558 FPM 18.9 1.3 MWW 315 248 23.04 1.103 2027
01,/05/2005 2258 589 FPM 18.9 1.3 My 315 245 2276 1.103 2102
01,/05/2005 2300 B:00 FPm 158.9 1.8 NMNE 3525 243 22 58 1.103 20584
01,/05/2005 2301 B:01FPM 18.9 1.3 270 239 2220 1.103 2.050
01,/05/2005 2302 B:0Z2PM 18.9 09 M 360 236 21.93 1.103 2024
01,/05/2005 2303 B:03 FPM 18.9 2.2 MW 315 232 21.55 1.103 1.990
01,/05/2005 2304 B:04 PM 18.9 2.2 WS 247 5 225 20.90 1.103 1.930
ave Ave e
18.9 1.61 23.073 2130
deg F ftis ave
GG, 1 527 295 .93
NOT ALLWEATHER
i 382.5 NNE DATA REPORTS
83.37 GAVE SOLAR

llse average for flight time + 5min
RADIATION
ylly] 247 .5 WEWY
5143



|EEE Std. 738-2006 method of calculation Ite rate on S un t| me

Air temperature is 66.10 (deg F)

Wind speed is 5.27 (ft/s) tO g et WattS/ftAZ tO
Angle between wind and conductor is 75 (deg)

Conductor elevation above sea level is 506 (ft) maitc h

Conductor bearing is 59 (deg) (user specified bearing, may not be value producing maximum solar heating)
Sun time is 18.063 hours (solar altitude is 8 deg. and solar azimuth is -77 deg.)

Conductor latitude is 34.8 (deg)

Atmosphere is CLEAR

Day of year is 121 (corresponds to May 1 in year 2009) (user specified day, may not be day producing
maximum solar heating)

Conductor description: 795 kcmil 26/7 Strands DRAKE ACSR - Adapted from 1970's Publicly Available Data
Conductor diameter is 1.108 (in)
Conductor resistance is  0.1166 (Ohm/mile) at 77.0 (deg F)
and 0.1390 (Ohm/mile) at 167.0 (deg F)
Emissivity is 0.7 and solar absorptivity is 0.9

Solar heat inputis  1.918 (Watt/ft) (corresponds to Global Solar Radiation of 23.081 (Watt/ft"2) - which
was calculated)

Radiation coolingis  0.306 (Watt/ft)
Convective coolingis 1.919 (Watt/ft) Changed conductor

Given a constant ac current of 118.5 amperes, temp from 74.6 to 71.2
The conductor surface temperature is 71.2 (deg F) (Very ClOUdy would be
significant)



Steps to get FE sag

Alignment

Structure locations (station/offset)
Conductor temperature (weather data)
Assume sagging temperature (plumb INS)

As captured least square best fit Tension (FEG)
Used to get tension not move structures

Adjust each span at mid span (non-plumb
INS)FE3




Assumed stringing condition 60deg Initial
iInsulators plumb

Section Modify

As Captured Temp

Section 3 from structure #74B to structure BE2164
Type
Yoltage (k%] 161 Conductars per phasze 2
Sagqging
Condition [miial RS
[ ] Overide calculated riling span T emperature [deq F] B0
Fuling Span eoadd ||
[ Automatic Sagging | Horiz. Tension Ibis)| £272.0
Drizplay
[ Color ]
cond [74B-E2164) 110.3dec v | Y¥ind from Both |+
Creep FE w | Ahaze 1 "
—
CRI Mates:  Twé Single Circuit | Edit Stinging | | 0K | [Cancel
Dizplayed Phaze, Dizplayed \wWeather-Caze/Catenary will not take effect until
avernde in 5ection/Digplay-0ptions iz dizabled.
SAPS Finite Element 5ag-Tenzion Options
[ ] Clip Inzulators [lock unstrezzed length, force finite element sag-tenzion)
[ Graph Tenzion vs. Elongation ] [ Edit Lengthz/Stiffnesses ]

Sagging Tension
IS derived from
least square
best fit of As
Captured



Least Square Best Fit

~E gives a different tension in each span

~E gives insulator swing at every condition
nesides Sagging Condition

Thus, FE gives insulator swings at As Captured
Temperature

Must determine if swing/sag is due to FE or
Insulator installed out of plumb initially

Input Sagging condition Tension(60deq Initial) is
one value

Determine outliers (spans that do not match FE
tension)




Section Modify

Section 3 from structure #74B to structure HE 2164
Type i
b oivilplshread-onivhpizhpls caddhcableshacerivail acer 954 45 3
Yoltage [k 161 Conductors per phasze 2
Sagging
Condition Initial RS »
[] Overide calculated wiling span Temperature [deq F] E0.0
Ruling Span
( Automatic 5agging | Hariz. Tension (ks £000.0
Drigzplay
[ Color ]
Show zelected weather casze
WL | cond [74B-E2164) 110.3dec » | ind from Bath
Condition | Creep FE w | Phaze 1 L
CRI Motes: TV Single Circuit Edit Stringina | | 0K | [Cancel
Dizplayed Phasze will naot take effect until overmide in Section/Dizplay-0 ptiohz iz
dizabled.
S4PS Finite Element Sag-Tengion Optiohs
[] Clip Inzulatars (lock unstrezsed length, force finite element zag-tension|
[ Graph Tension vz Elongation ] [ Edit Lengthz/Stiffrneszes ]

To lllistrate

Using Sagging Tension

= 6000

Note: str are adjusted




Least Square Best Fit

{#) B] Finite Element Multiple Paint Fit
Calculate catenary constant and required wire & insulator attachment points required ta fit through three points in each span.
May change wire lengths, structure locations and display condition,

[ ] Adjust wire length in each span to fit calculated catenary and wire attachment points

[ ] Adjust structure stations, height and offset adjustments ta match calculated insulator attachment points

[ ] Follow up with a Finite Element &l Spanz Wire Length &diustrment [option 4] after adjustments above

Leazt squares fit to all wire points within specified distance of 3 point catenany curve b ax diztance from 3 point (it]| 3.000
Generate report showing attachment point locations and tenzions

Diraw markers showing fit results [fit points, catenan curve, attachment pointz]

[ JiCreate survey points at calculated mid span and wiredinsulator attachment points

Feature code for structure paintz [may be uzed ta help refine attachment point calculation] 99999 S ubstation D ata a

Automatically zelect fit paints in each span [for fit mode 4 and B) Feature code for wire fit 1701 Conductar [OH]-Transmiss

() Usge single point closest b curent wire pozition [old way)

() Use centroid of all paints within Tm of current wire position [tends bo e on kigh side for bundles)

() Use center of rectangle encompassing all points within 1m of current wire position [good for bundles but zensitive to outlers)

() Uze lowest of all points within 1 of curent wire position [good for bundles but senzitive to outliers)

() Use center of smallest circle enclosing all pointz within 1 m of current wire [good for bundles but may be sensitive to outliers]

(#) Usze bundle-aware certroid: centroid of each wire's centroids, using points within 1m of current position (less sensitive to outliers)

Enter either the bundle diameter ; fin) 13.000 or the bundle spacing ; (i) | 13.000

Show 'web technical note "Graphical Sag Options: Making the wire Spstem Match be-Built’ Survey Points" | [ (] ] [ Cancel ]




Least Square Answers do not
change with Sagging input
hical Tension R rt . .
craphical Sag Tenston Repo Based on lidar points only
Structure Set Phase Three Least \Number Tension Tension Tension
Number Number No. Point Squares \Points Before After Error
Calc Calc. Least (1bs) (Ibs)-Tension
Tension Tension Sguares Before
(1bs) (1bs) Fit (1bs)
74B 9 1 2124.17 2991.69 225 4891.16 6005.32 3013.63
75 4 1 4927.8% 4907.70 2031 4906.58 6005.56 1097.87
76 4 1 4954.27 4937.14 1826 4887.36 6007.43 1070.29
77 4 1 4970.02 4959.16 1520 4907.58 6004.48 1045.32
78 4 1 4970.2% 5007.41 1151 4951.95 6002.76 995.35
79 4 1 4971.11 5024.33 1126 4955.94 6002.20 977.88
80 4 1 4936.19 5041.59 816 5004.34 6002.03 960.44
81 4 1 5102.22 5106.94 1335 5108.82 6002.31 895.38
82 4 1 4859.67 4973.88 865 5030.29 6003.36 1029.48
83 4 1 5017.29 5036.29 1506 4989.98 6005.95 969.66
84 4 1
85 4 1
86 4 1
87 4 1
88 4 1
89 4 1
90 4 1
91 4 1
92 4 1
93 4 1
94 4 1




Threes Least Mumber

Point Sguares Points
Structure .
Calc. Calc. Least Tension
Mumber i )
Set Phase Tension Tension Squares Before
Mumber Mo. {lbs) (lbs) Fit {lbs) Difference red=>6% 2% 4% 6%
J4B 9 1 212417  2991.69 225 4891.16 -1899.47 -63.5%
75 4 1 4927.85 4907.7 2031  4906.58 1.12 0.0% 1.12 1.12 1.12
76 4 1 4954.27 4937.14 1826 4887.306 49.78 1.0% 49.78 49.78 49.78
i7 4 1 4970.02 4959.16 1520 4907.58 51.58 1.0% 51.58 51.58 31.58
78 4 1 4970.25 500741 1151 4551.95 35.46 1.1% 55.46 35.46 55.46
79 4 1 4971.11 5024.33 1126 4955.54 63.39 1.4% 68.39 63.39 63.39
80 4 1 493619 5041.59 816 5004.34 37.25 0.7% 37.25 37.25 37.25
222 06.94 1335 5108.82 -1.88 0.0% -1.88 -1.88 -1.88
Section Modify 7 || EIRE 687 4813.16 80.97  17%  80.97  80.97  80.97
Section 3 from structure #74B to structure HE2164 p05.23 571 4733.38 68.91 L.4% 68.91 68.91 68.31
Type b 72,84 393 4811.67 61.17 1.3% 61.17 61.17 61.1?[
["u:i\-'il'\pIs'\read-u:unI_I,I'\pls'\pls_cadd'\cal:uIes'\acsr'ﬁrail aczr 954 45_?] 17995 533 4736.3 53.2 1.1% 53.2 53.2 53.2
Valtage (k) Canductors per phase }62.08 745 475198 1101 2.3% 1101 1101
S agging 1961.2 1077 4762.64 198.56 4.0% 198.56
Condition Initial RS % | §72 36 1498 4763.13 309.23 6.1%
[] Overide calculated niing span— Temperature (deg F] 60.0 56.26 1162 4827.89 328.37 6.4%
Ruling Span 684  4877.45 273.53 5.3% 273.53
( Automatic 5agging | Hariz. Tension 747 4961.69 213.63 4.1% 213.63
Diizsplay 637 4798.04 165.55 3.3% 165.55 165.55
[ Color ] 321  4771.56 168.28 3.4% 168.28 168.28
Show zelected weather caze 594 4787.39 345.87 6.7%
Wi |,3,:,n,:| [74B-E2164] 110, 3dec v| wind fram Bath » | 139.92 618  4826.6 313.32 6.1%
Condition | Creep FE v | Phass 1 | 4157 1029 4880.61 260.96 5.1% 260.96
| 70.71 1037 4951 219.71 4.2% 215.71
CRIMotes:  TWA Single Circui | Edit Stinging | | 0K | [Cancel feq 45 299 482791 15246  _3.4% s2ac| 15245
Dizplayed Phasze will naot take effect until overmide in Section/Dizplay-0 ptiohs iz
dizabled.
S4PS Finite Element Sag-Tengion Optiohs 14537.37 3366.19 11016.04 14827.15
[ ] Clip Insulatars [lack unstressed length, force finite element sag-tension] 143 65 191 137

[ Graph Tension vs. Elongation ] [ Edit Lengths/Stiffnesses ] 0.45 0.85 0.96

101.65993 51.78754 91.04165 108.2274




Three Least Mumber

Point Squares Points
Calc. Calc. Least Tension
Set Phase Tension Tension Sguares Before
Structure Number Mo. {los) (1bs) Fit {lbs) Difference red =6% 2% 4% 6%
JAB 9 1 212417 2991.69 235 5010.5 -2018.81 -67.5%
73 4 1 4935.39 4907.7 2021 5026.01 -118.31 -2.4% -118.31) -118.31
Fis] 4 1 4954.27 4937.14 1826 5007.54 -70.4 -1.4% -70.4 -70.4 -70.4
¥T a 1 4970.02) 4959.16 1520 5028.11 -68.95 -1.4% -6E.95 -68.95 -6b8.95
78 4 1 4970.25 500741 1151 5073.33 -63.92 -1.3% -65.92 -65.92 -65.92
79 4 1 5093.06 5024.33 1126 5078.41 -54.08 -1.1% -54.08 -54.08 -54.08
80 4 1 4936.19 5041.59 216 5128.46 -86.87 -1.7% -86.87 -86.87 -86.87
81 a4 1 5072.87 5106.94 1335 5235.8 -128.86 -2.5% -128.86  -128.86
105 4 1  4867.77 4854.13 687 4922.5 -28.37 -0.6% -28.37 -28.37 -28.37
106 4 1 4864.78 48068.29 371 4909.3 -41.01 -0.8% -41.01 -41.01 -41.01
Saction Mﬂdif}" ﬁ|&| .84 593 492223 -49.39 -1.0% -49.39 -49.39 -49.39
Section 8 from structure #74B to structure #E 2164 9.3 6331 4343.75 425 L1% 2425 2425 ~4.25
Tupe 745 4860.05 2.03 0.0% 2.03 2.03 2.03
1077 487171 89.49 1.8% 29.49 29.49 89.49
Voltage k) Conductors per phase .36 1498 4873.31 199.05 3.9% 199.05 199.05
S agging 1162 4939.82 216.44 4.2% 216.44
Condition 684 4991.43 159.55 3.1% 159.55  159.55
[ Overide calculated ning span~ Temperatwre  (dda FI|60.0 : 747 5078.04 97.28  1.9%  97.28  97.28  97.28
Ruling Span 3.59 657 491114 5245  11% 5245 5245 5245
[ il ] Horiz. Tension el 62150 0,84 521 483442 25.42 1.1% 55.42 55.42 25.42
Display S— 354 4900.73 232.53 4.5% 232.53
[ Calor ] .92 618 4941.22 198.7 3.9% 198.7 198.7
Show selected weather case .57 1029  4996.46 145.11 2.8% 145.11 145.11
. 0.71 1037 5069.7 101.01 2.0% 101.01 101.01 101.01
WE | cand [748-E£2164) 110.3deg v | Wind from Bath ¥ b 45 399 494217  -272.72  -5.8% 272.72
Condition | Creep FE w [ Phase 1 W
CRIMotes:  TVA Single Circuit | Edit Stringina | | 0K | [Cancel
Dizplayed Phaze will not take effect until overide in 5 ection/Dizplay-0ptions iz "1754.58 23325 28762 264.23
dizabled. 143 138 142
S4PS Finite Element Sag-Tengion Optiohs 0.97 0.99
[ ] Clip Inzulatars [lack unstressed length, force finite element sag-tension] -12.26373 £84203 1.860775
[ Graph Tension vz Elongation ] [ Edit Lengthz/Stiffrneszes ] E




Stringing condition 60deg Initial
Assumed insulators plumb (to be corrected)

JFWTRE Ta-0.11 L=0.00 (deg)

ing; T=-0.11 L=-0.00 {deg)




Before Adjustments

Wire Lengths and Attachment 5tiffness

The data below applies anly ta finite element zag-tenszion [hot ruling zpan]. Unstrezsed lengths are at 0 de
Stiffneszes below are for level 2 SAPS analyziz and alzo for level 3 analysiz of structures not modeled with
For level 3 SAPS analysis with PLS-POLE or TOWER structures attachment stiffnesses will be determined
Light blue columng uzed to define optional concentrated loads [marker balls, spacer-dampers. . ].
IInztrezzed lengths are calculated prior to the addition of concentrated loads [concentrated loads azsume
Sagging condition: Initial RS
Itructure Set Phase Structure Structure #1l
Hunber Hunber Nunber Attachment Attachment Load
Transverse Longitudinal Point
Stiffrness Stiffrness Span
(lbs ) (lb=/1t) Fraction
1 T4E 1a 1 Na Na
Z 75 L 1 Default Default
3 TE 3 1 Default Default
4 77 3 1 Default Default
E 78 E 1 Default Default
& 79 L 1 Default Default
7 50 5 1 Default Default
=] = 5 1 Default Default
] 8z E 1 Default Default
10 |83 L 1 Default Default
11 |84 5 1 Default Default
lz |8&5 5 1 Default Default
1z |86 E 1 Default Default




As captured temperature no adjustment

124
A2
1236
o 188
ht z

off




As captured temperature no adjustment




Graphical Sag Options
Shap Mode
(%1 Fit to survey point closest ko mouse (1 Fit to mouse coordinates

Fit ode

(3 1] Ruling Span
Harizontal tenzion iz ahways the same for all zpans in zection.
S agging tenzion and condition will be changed. Dizplay condition will be changed.

() 2] Finite Element Insulators Plumb at 5agging Condition.
Harizontal tension constant throughout section at sagging condition but may wary at other conditions.
Sagging tenzion will be changed. Display condition will be changed.

{}}3] Finite Element Selected Spans 'Wire Lenath Adjustment
Adiust length of wire in selected spans without regard for effects on other spans. |
M/ire lengths for zelected spanz will be changed. Display condition will be changed:

) 4] Finitz Element All Spans \Wire Length Adjustment
Adjuzt wire length in all spans to fit selected point(z) without changing mid span wire elevation in other spans.
Wire length for all zpanz in section will be changed. Display condition will be changed.

Tip: There can be a delay after each left click while wire iz fit to the selected point(z). Use middle clicks or the Enter key to select
points without a fit delay. “when done selecting pointz uze a left chck to perform the fit.

" 5] Finite Element M anual Length Adjust
Fanually enter chanae in unstrezsed wire lenagth for & span.
[Unstrezzed wire length for selected zpans iz changed. Dizplay condition will be changed.

") B] Finitz Element Multiple: Paint Fit

Calculate catenary constant and required wire & insulator attachment points required to fit through three pointzs in each span.
tay change wire lengths, structure locations and display condition.

Autamatically select fit points in each span [for fit mode 4 and 5] Feature code for wire fit 1702 cond mid FER

() Usze single point closest b current wire position [old way

() Use centroid of all paints within 1m of curent wire position [tends ta er on high side for bundles)

() Use center of rectangle encompassing all points within 1m of current wire position [good for bundles but sensitive to outliers)
() Usze lowest of all paints within 1m of curent wire position [good for bundles but sensitive to outliers]

() Usze center of emallest circle enclosing all points within 1 m of current wire [good for bundles but may be sensitive to outliers)

(%) Use bundle-aware centroid: centroid of each wire's centroids, using points within 1m of current pozition [less sensitive to outliers)

Enter ither the bundle diameter ; fin)| 13.000 o the bundle spacing : (i 13.000

Show Wweb technical note "Graphical Sag Optionz: Making the 'wire System Match Ge-Built’ Survey Points" ‘ (1] 4 Cancel

?X




All phases As captured temperature with adjustment
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phase 1, 161kY, 'rail acsr 954 45_7', From Str, #7468 Set 9 'Mahead' ta Str, #EZ164 Set 4 'MID Back!, Section at cond (746-E2164) 110,3deq 'Creep FE', 5=




Center phase As captured temperature with adjustment
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ackion #8, phase 1, 161kY, 'vail acsr 954 45_7, from Str, #746 Set 9 'Mahead' to Skr, #E21648 Set ¢ 'MID Back!, Section at cond (74B-E2164) 110,3deg 'Creep FE', 5=150




As captured temperature with adjustment

/f /f/

"

—
g T=-0.11 |_=2.|:ysfég;|
/’

ifig: T=-0.10 L=-0.64 (deg)

eckion): Seckion #20, phase 1, Ok¥, '7_16 7 strand hs steel, from Str, #1534 Set & 'LE@WDEahead' to Str, #1935 Set 6 'LEWDEback!, Section at ohgw (74B-E2164) 104, 3deg 'Creep |




After Adjustments

ire Lengths and Attachment 5tiffness

The data below applies anly ta finite element zag-tension [hot ruling span). Unstreszed len
Stiffneszses below are for level 2 SAPS analyziz and alzo for level 3 analysis of structures n
For level 3 SAFS analysiz with PLS-POLE or TOWER structures attachment stiffnesses wi
Light blue columnz used to define optional concentrated loads [marker ballz, spacer-damp
IInzstreszed lengths are calculated prior ba the addition of concentrated loads [concentrate

Sagging condition: Initial BS

Structure Set Phase Ahead Ahead Stru

MNumher Nunher Nunher Span Span Attac

mztressec|hstressec] Tran:

Lenogth Length Beif

[ fE]) Chatige {1lh:

(£t

1 |74B 10 96983 o.oao ]
E |7E 5 134 20E 0.&0z
a2 - a2 1loz0.335 -0.495
4 |77 3 l1zla. 8563 0.485
£ |78 £ 1373.41%5 o.o90
& |72 5 1171.375 -0.001
7 20 = 126z 355 o020
g |81 L 1803.991 0.9583
2 |8E £ 1160.E21Z 0.5z0
10 |83 5 122E_69E -0.Ez0
11 |24 = llaz._ 343 0o_LEz
1z |&8& L 1350. 806 -0.432




Stringing condition 60deg Initial with adjustments (Assumption of plumb Insulator removed)

Ag: T=-0.11 L=-1.86 (deg) wﬂ)}//
fig.T=-0.11 L=1.05 {deq)

eckion): Seckion #9, phase 1, 161kY, 'rail acsr 954 45_7, from Skr, #7468 Set 10 'Rahead' ko Skr, #E2168 Set 5 'BOT Back!, Al sections ak BARE &0 'Tnitial FE', 5=151539.584




Angle brackets 3’-5"

g
4

S




Brackets do not swing with Level 2

SAPS Analziz Level
Selection below will affect tppe of model uged when doing finite element sag-tenzion.
(%)iL2 Finite element analysis of single section [no interaction between sections}

[zag-tenzion will take langer than for ruling zpan but still reazonably rezponzive]

("3 L3 Finite element analysiz of spstem of zections interconnected by stiffness matrices
[zag-tenzion computations will generally take a few seconds and uze lotz of Rakd]

Lewvel 3 optionz
[ Limit level 3 modeling to PLS-POLE stuctures, TOWER stiuctures as level 2

() L4 Finite element analysis of spstem of zections interconnected by full structure models

[zag-tenzion camputations could range from minutes to hours depending on rmodel]

Lewvel 4 optionz
[ ] Limit level 4 modeling to PLS-POLE structures, TOWER stuctures as level 3
[ Limit level 4 modeling to guyed or atherwize asymmetical stuctures

[] Stip jmints/members that don't move significantly from level 4 TOWER models

Default Structure Attachment Stiffnezses for L2
The following default attachment stiffness values are uzed in calculations reguinng a SAPS analpsis.
These values may be overidden on a attachment by attachment basiz in 5 ection/todify.

Transwverze  Longitudinal

Dead ends (b=t
Mon dead end with post insulator [lbzAft)| Fised w | | Fixed A
MHon dead end with non post insulator [lbzdft)| Fised * | | Fined W




Only Insulators Swing (not brackets)

. o B




Use all adjustments

(%) ] Firite Element kultiple Point Fit
Calculate catenary constant and required wire & insulator attachment points required ta fit through three points in each zpan.
May change wire lengths, structure locations and display condition,

Adjuzt wire length in each span to fit calculated catenary and wire attachment points

Adjust structure stations, height and offzet adjustments to match calculated insulator attachment points

Fallow up with a Finite Element &ll Spans ‘Wire Length Adjustment [option 4] after adjustments above

Least zquares fit to all wire points within specified distance of 3 point catenary curve b ax distance from 3 paint [ft]| 3.000
Generate report showing attachment point locations and tengions

Crrawe markers showing fit rezultz [fit points, catenan curve, attachment pointz)

[ ] Create survey points at calculated mid span and wiredinsulator attachment points

Feature code for shucture pointz [may be uzed to help refine attachment point calculation] 99999 5 bstation D ata W

Automatically zelect fit paints in each span [for fit mode 4 and &) Feature code for wire fit 1701 Conductor [OH]-Transmiss

() Usze single point closest to curent wire pozition [old way)

(") Use centroid of all poirks within 1m of current wire position [tends to er on high side for bundles)

() Use center of rectangle encompassing all points within 1m of curent wire position [good for bundles but zensitive to outliers)

() Uze lowest of all points within 1m of current wire position [good for bundles but sensitive to outliers]

{7 Use center of smallest circle enclosing all points within 1 m of curent wire (good far bundles but may be sensitive to outiiers)

(%) Usze bundle-aware centroid: centroid of each wire's centroids, uzing points within 1m of curent position [less sensitive to outliers)

Enter either the bundle diameter : fin)| 13.000 ar the bundle spacing ; (in|13.000

Show web technical note "Graphical 5ag Optionz: Making the %ire Sestem Match be-Built’ Surven Points" | [ 0k, ] [ Cancel ]




Moved Structure
based on one phase only

bundle conductor located tower to centroid




Structure Modify -

Structure #33
Line angle [deqg) 14.31 [ ] SHHSHIEIEE Structure #33 =4
1 a3 Line angle [deg] 0.00 []
[ 16ext 28leg 5-4 bkt 2 cond| P P— | | 1 |93
¢ Gexrt 28leq B-4 bkt 2 cong
Station  [ft)| 41374.80 2 |cz4 &0
: ' 3 |5'-4 angle bkt Station  [Ft]| 4137399
HEIth au:hust. [ft] -32.60 3 g5 -4 angle hk
' 4 Height adjust. [ft]]-31.36
Offzet adjust.  [f])| 0.00 —
c foet adjust. [)0.33 | Dat

2gwde outside

Orientation  [deqg]| 0
Orientation  [deg]| 7.157 3 Zgwde outside

[ Prew ] [ Mext ] [ Wiew ] [ Edit ] [Material] [ Google Ea

e | Wiew [ Edit ][Material]

'

Using FEG adjust str
moved str of Pl



FEG first three options not selected FEG with first three options selected

Section Modify

Section Modify ) - Section 3 from structure #74B to structure HE 2164
Section 3 from structure #74B to structure HE2164 Type _
Type Loivilplzhread-onivhpizhpls caddhcableshacerivail acer 954 45 3
Acivilsplzhread-onlyhpish ol caddicableshacstval acer 954 45 % Valtage k]| 161 -

Yaoltage [k 161 Conductors per phasze 2 ] e
Sagging

Sagging

Condition Initial RS »

[ ] Overide calculated rling span Temperature [deq F] E0.0

Fuling Span /

[ Automatic Sagging ] Hariz. Tengian (Ibs) 6213.0 Dizplay

Diizsplay [ Calar ]

[ Color ]

Show selected weather case WE | cond [74B-E2164] 110 2dec ~ | Wind from Bath |+

WE | cond [74B-E2164) 110.3deg ~ | Wind from Both |» Condition | Creep FE v | Phase 1w

Condition | Creep FE w | Phase 1 w
CRI Motes:  TWA Single Circuit Edit Stringina | | 0K | [Cancel

LRI Notes:  TWA Single Circui Edit Stringing ] [ Ok ] [Eanc:el] Dizplayed Phasze will naot take effect until ovemide in Section/Dizplay-0ptiohz iz

Dizplayed Phasze will naot take effect until overmide in Section/Dizplay-0 ptiohs iz dizabled.

dizabled. SAPS Finite Element 5ag-Tension Options

SAPS Finite Element 5ag-Tenzion Optionz Clip Insulatars [lock unstressed length, force finite element sag-tension)
[ ] Clip Inzulatars [lack unstressed length, force finite element sag-tension] [ Graph Tengion vs. Elongation ] [ Edit Lengthz/Stiffnesses ]
[ Graph Tension vz Elongation ] [ Edit Lengthz/Stiffrneszes ]




Also
Longitudinal Loads on the
structure will be determined from
modeled insulator swings at
As captured and sagging
conditions



Str Loads FE3 wire adjustment As Capture
/ /

Swing—-T=-0.10 L=-0.84 (deq) Struct 187 2, Phase 1
dsi W=312 T=-1 L=-8 (Ibs] Swing-T=-0.11 L=2.06 (deg)
de w=512 T=-1 L=19 (lbs)

,—"—f'—//

Struct 187, Set 5; ase 1
Swing: Ts—87 L=0.39 (deqg)

TW=2T758 T=-4 L=182 (lbs)




Section 8 from structure #748 to structure $E 2765
Type

Str Loads FE3 wire adjustment o=
60deg Intial -

Mizrlzn
T

et 2" Phase 1
. L=1.05 (deg)

Struct 157
Swing~T=-0.11 L=-1.8E6 (deg)

ds: Ww=512 T=-1 L=-17 (lbs)

ds W=2758 T=-5 L=-11 (lhs)

ds: W=2757 T=-5 L=5 (I

I i

#746 Set 9 'Mahead' ko Str, #E2164 Set 4 'MID Back!, All sections at BARE 60 'Initial RS, 5=151552.54

(Click on section): Section #8, phase 1, 161kY, 'rail acsr 954 45_7', from Str,



Str Loads FE3 wire
adjustment NESC 1” Ice 250D

Strgct 187, S3et 1, Phase 1 / /
Swing: T=12.03 L= Struct 187, Set 2, Phase 1

g
= T=533 L=173 (lbs) Swing: T=12.01 L= g
o T=599 L=233 (lbs)

Struct 187, Set 3, Ph
Swing: T=9.05 L=06% ]
o LoadssV=9876 T=155%/L%118 (lbs)

=0574 T=1552 L=85 [lb=)



Str Loads FE4 wire adjustment

As Capture
-

Struct 157 1, Phase 1
Swing-F=-0.10 L=1.24 (deq)
s W=513 T=-1 L=11 (lbs)

Section Modify

Section 8 from structure 748 to structure #E 2164
Type

Volkage [kv)

S againg

[122358]

Drizplay

Struct 187 2, Phase 1
Swing-F=-0.10 L=3.52 (de
L.aa”d%?dv=513 T=-1 L=3 &)

Py

Struct 187, sm/

Swing, Ts=01J8 L=1.40 (deg)
5 W=2764 T=-4 L=62 (lbs)

2]




Section Modify

Section 8 from structure 748 to structure #E 2164
Type

Str LO ad S F E4 WI re adj u St m e nt .y s;‘-civil'xpls"-.r[ek-ll:l]-lzu-lnEI:"\pls'apls caddicables\acstal acsr 954|E|
60deg Inltlal S againg

[122358]

- e

Struct 1ﬁ8'3{8€t 1, Phase 1
s\n:ir;i : v='501'13°TL=1Dﬂ?2(?|E93 Struct 187 2 Phase 1
5 W= =1 L= 5 Swing:-T=-0"11 L=2.95 (deg) /
uaafcfé:( 2513 T=-1 L=27 (l0s)

1 =0
deg) Struct 157 58t 4, Bhags

Swirg-T=-0.09 L=0.7 i & Struct 187
o Veziez T b Sung Tob s Lo giee)
: - } os: W=27652 T=-5 L=21 (Ib=]

wdify (Click on section): Section #8, phase 1, 161kV, 'rail acsr 954 45_7', From Str, #748 Set 9 'Mahead’ to Str. #E2160 Set 4 'MID Back!, All sections ak BARE &0 'Initial FE', 5=151546,31



Structural Loads

 Longitudinal loads will depend on Sagging
Conditions FE3 (Initial 60) FE4 (AS
Captured Final)

« NESC ICE (250D) loads will be influenced
by As Capture Swing

« Additional Longitudinal Load created by
Cut/Slide to provide clearances



Conclusion

Assumption of insulators are plumb is removed by
FE3 adjustment with correct sags in each span

Results are still based on how well derive the
conductor Temperature from weather data

Range Ambient 66.1deg to No Wind 90.7deg

Using all the weather data including solar radiation
gave 71.2deg

Thermal Rating is impacted approximately an equal
temperature from the input conductor temperature

Cost of additional modifications
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