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OVERVIEW: TRANSMISSION LINE MONITORING/RATING SYSTEM AND DATA
Promethean Devices RT-TLMS sub ABC Utility’s SS1 — SS2 XXX kV Transmission Path

ANon-contact, real-time transmission line
monitoring system (RT-TLMS) located and
calibrated sub SS1 ¢ SS2 XXX kV Transmission
Line Q4 2008 and operated through Q3 2009.

Bystem measures conductor clearance and
phase currents directly and with high accuracy.

Klearance vs. conductor temperature calibration
Is created for the span and verified with high-
accuracy, high-resolution Infrared thermography.

Konductor temperature (Tcond) is computed
from high accuracy clearance; given Tcond, an
|[EEE-738-consistent ampacity (real-time rating) is
calculated.

Mata (230,882 points) for this Line Rating Report
Is from a continuous 28 day period (6/24 ¢ 7/21)
that includes ABC! @ A fSamimér ik 2009.
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Example RT-TLMS Sensor Installation across ROW



REAL-TIME PHASE CURRENTS; SUMMER PEAK 2009
Data from SS1 — SS2 XXX kV Transmission Path; 1351.5 Martin ACSR; ISD = 1978
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Phase Currents and Static Rating (1512 A @ Max. Tconductor =100 °C.),
per ABC operating specification




Data from SS1 — SS2 XXX kV Transmission Path; 1351.5 Martin ACSR; ISD = 1978
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REAL-TIME CONDUCTOR & AMBIENT TEMPERATURES; SUMMER PEAK 2009
Data from SS1 — SS2 XXX kV Transmission Path; 1351.5 Martin ACSR; ISD = 1978
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Tconductor , Tambient , & Conductor Temperature Limit (100 ° C. max. allowable

Tconductor ), per ABC operating specification



REAL-TIME DYNAMIC AMPACITY/RATING & PHASE CURRENTS; SUMMER 2009
Data from SS1 — SS2 XXX kV Transmission Path; 1351.5 Martin ACSR; ISD = 1978
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Real-time Dynamic Ampacity/Rating, Static Rating, & Actual Phase Currents;
Static Rating = 1512 A @ Max. Tconductor = 100° C.



REAL-TIME DYNAMIC AMPACITY/RATING DETAIL; SUMMER 2009
Data from SS1 — SS2 XXX kV Transmission Path; 1351.5 Martin ACSR; ISD = 1978
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Detail of Real -time Dynamic Ampacity/Rating, & Static Rating




PHYSICAL CHARACTERISTICS & BEHAVIOR; SUMMARY OF INITIAL FINDINGS
RT-TLMS Data from SS1 — SS2 XXX kV Transmission Path — Summer Peak 2009

Conductor Clearance

Conductor Temperature

Dynamic Ampacity /Rating

CLEARANCE 06/24 00:00 to 07/21 18:59

CLEARANCE (feet)
wd
[=-]
=

36.0 -

1uuC0NDUCT0RTEMPERATURE 06/24 00:00 to 07/21 18:59

SIJ-
80
TIJ-
BIJ-

50

TEMPERATURE (degrees C)

10

30 -

1800 ¢ AMPACITY 06/24 00:00 to 07/21 18:59

1750 £
1700
1650 |
1600 F

1550 Aa

AMPACITY (Anperes)

AL

1350 £
1300 |

1250 &

ﬁﬂﬁiwﬁ“ﬁgm“ﬁgmvﬂmﬂwﬁgm“ﬁwﬂwm ﬁﬁéawﬁ;“;m;ﬁ;m;”;ﬂéﬁﬁméﬁ;vwm wﬁwmwﬁ;ﬁ;m;ﬁ;m;ﬂgﬂ#ﬁﬁmﬂﬁ;ﬁwm
CLEARANCE =38.431t. fiNE e o0 CONDUCTOR 1=51C fINE e 50 AMPACITY = 1556A fINE e 50
U Data indicates potential Mo data indicating potential U Data indicates a potential problem
clearance concerns temperature concerns AComparison of Dynamic Ampacity
ASubstantial clearance margin is ASubstantial temperature margin and Static Rating is indicated
not present at all times maintained at all times fStatic Rating sometimes too high
Mi ni mum = 35. 00 Minimum=21 °C. Minimum = 1290 A
Maxi mum = 42. 00 Maximum=83 °C. Maximum = 1766 A
Average = 39. 00 Average=47 °C. Average = 1532 A
Clearance Limit PFemd8LEmite4a00 °C. Static Rating = 1512 A

¥

¥

¥




PHYSICAL CHARACTERISTICS & BEHAVIOR; PRELIMINARY DATA ANALYSIS
RT-TLMS Data from SS1 — SS2 XXX kV Transmission Path — Summer Peak 2009

¥

Conductor Clearance

¥

Conductor Temperature

¥

Dynamic Ampacity /Rating

CLEARANCE 06/30 09:35 to 07/13 02:00

CLEARANCE (feet)

35.0 - -
o]

5 ) 8 " 0 ®
I R T A T

TIME UTC -06: 00
CLEARANCE =41.921t.

CONDUCTOR TEMPERATURE 07/21 18:35 to 07/14 16:14

100
90 -
80 -
70 -
60 -

50

TEMPERATURE (degrees C)

10 -

30 -

20
%] ol %] " o\ ;33 0L
ant 5 et 02 wwmﬁﬁﬁw o2 e

TIME UTC -06: 00
CONDUCTOR 1=82C

AMPACITY 07/21 18:35 to 07/16 10:56
1800 ¢

1750 £
1700
1650 |
1600 |
1550 |

1500 [
1450 |
1400 |

AMPACITY (Anperes)

1350
1300 §

1250 &
a5 o\ 73 ) o0 -0 -00
A% A AL oF 0% o AN
gt e T end T qndTT el BT e
TIME UTC -06:00

AMPACITY = 1762A

Clearance Distribution (Min ~ -Max)

U Clearance hit clearance fimit o f

during summer peak 2009.
Al earance margin

KClearance Limit is sometimes being
closely approached and/or met
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PHYSICAL CHARACTERISTICS & BEHAVIOR; DATA ANALYSIS FLOW
RT-TLMS Data from SS1 — SS2 XXX kV Transmission Path — Summer Peak 2009
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DATA-DRIVEN CONCLUSIONS, IMPLICATIONS, & RECOMMENDATIONS




DATA-DRIVEN CONCLUSIONS, IMPLICATIONS, & RECOMMENDATIONS
ABC Utility’s SS1 — SS2 XXX kV Transmission Path — Summer Peak 2009

Conclusions

Conductor Clearance

KClearance to ground is an issue; probable clearance violation during Summer Peak 2009
KClearance margid 1 . % of the timie 4.7 hrs. over 28 days)

Klearance margid ®.2% of the time; margin at minimum = 0,
AKClearance limit was mefTabnductor 83°C. and ~ 1105 A during Summer_Peak 2009

Conductor Temperature (__Tc)

Arconductonot presently an issue
Aremperature limit was not approached closely during Summer Peak w/ load up to ~ Ta6Hhiean@?t C.

Aremperature margin at maximtoonducto® °LT7(17%)

Dynamic _Ampacity /Rating

AStatic Rating is an Issue:
U Static Rating of 1512 A > Dynamic {ite@) Rating 35 % of the time (~ 10 out of 28 days)
U Dynamic Rating > Static Rating 65 % of the time (~ 18 out of 28 days)




DATA-DRIVEN CONCLUSIONS, IMPLICATIONS, & RECOMMENDATIONS
ABC Utility’s SS1 — SS2 XXX kV Transmission Path — Summer Peak 2009

Implications & Analyses

Conductor Clearance

The clearance limotf 3 Bnét aflamls- 31°C. andlcond~ 83°C., as opposed ficond= 100 C.

IMPLICATION: Based on the data, on typical hot summer days (Tamb %31 ° C.) there is a very high 5
probability of clearance violationsonSS1¢{ { H - - - 1* AT RIFI@UGAYS 2} RAY3

Conductor Temperature (_ Tc)

The maximuniicondof ~ 83 C. occurred afamb~31°C. and ~ 1105 A, as opposed to 1512 A.

ANALYSIS 1: If, on typical hot summer days, line loading = present Static Rating (1512 A), Tcond will exceed,
or greatly exceed, the maximum operational limitof100°/ @ x op 2 2F (KS (GAYS®

ANALYSIS 2: On typical hot summer days, Tcond will meet (or exceed) the Tcond maximum operational limit
of 100 ° C. @ a line loading of ~ 1360 A, well under the present Static Rating of 1512 A.

Dynamic _Ampacity /Rating

fstatic Rating > Dynamic Rating 35 % of theDimamic Rating > Static Rating 65 % of the time
IMPLICATION: The present Static Rating of 1512 A @ 100 ° C. appears to be flawed or inaccurate.



DATA-DRIVEN CONCLUSIONS, IMPLICATIONS, & RECOMMENDATIONS
ABC Utility’s SS1 — SS2 XXX kV Transmission Path — Summer Peak 2009

Problem Areas: Static Rating

Analysis of high-accuracy line data from Summer Peak 2009 indicate that the present Static Rating of 1512 A,
and/or the method or process used to establish it, should be reviewed. The Static Rating itself should be re-
computed and adjusted significantly. During the 28 days including Summer Peak 2009:

A the maximuriicondof~ 83°C. occurred afamb-31°C. andavg~ 1105 A;
A the Static Rating > Dynamic Rating 35 % of the time;
A the Dynamic Rating > Static Rating 65 % of the time.

Data analysis indicates that the present Static Rating of 1512 A @ Tcond = 100 °C. is inaccurate. Physical line
data show that, on typical hot summers days, Tcond will be 2 100 °C. if lavg is 2 1360 A; this line loading is well
under (-10.1%) the established Static Rating of at 1512 A. Possible causes include:

I The method or process used to produce the Static Rating may have been flawed

Il. Datainputs to the method, and/or the assumptions used, may have been incorrect
lll. Datainputs to the method, and/or the assumptions used, may have been inaccurate
IV. Data inputs to the method, and/or the assumptions used, may have been incomplete

V. One or more of the assumptions used may have been too ‘aggressive,’ producing, at 1512 A, a lower
Tcond than that which is indicated by the analysis of the high-accuracy, real-time line data.



DATA-DRIVEN CONCLUSIONS, IMPLICATIONS, & RECOMMENDATIONS
ABC Utility’s SS1 — SS2 XXX kV Transmission Path

Problem Areas: Line Clearance

If the Clearance = 35’ @ Tcond = 83 °C. and 1105 A, as opposed to @ 100 °C. and 1512 A, then:

A. The conductor has, since 1978, had a thermal history that has produced a significant(?) loss of
strength in the 1351.5 Martin ACSR conductors that comprise the SS1 — SS2 transmission line?

B. One (or more) physical structures (towers? bases?) has, since 1978, moved (shift? tilt?
subsidence?), in relation to the ground level and/or the other concatenated structures that
comprise the SS1 — SS2 transmission line?

C. Some combination of weather, water, soil/silt deposits, and vegetation growth has, since 1978,
affected the ground or underlying soil such that the ground level has risen 1’ — 2, effectively
reducing conductor clearance?

D. There has been a mechanical event, or events (excessive ice and/or wind loading?), that has, since
1978, caused permanent and significant (?) conductor elongation?

E. The Static Rating of 1512 A @ 100 °C. is inaccurate, the method/process used was flawed, and/or
data inputs to (and/or assumptions used in) the method/process were incomplete or incorrect?



DATA-DRIVEN CONCLUSIONS, IMPLICATIONS & RECOMMENDATIONS
ABC Utility’s SS1 — SS2 XXX kV Transmission Path

Recommendations

Reduce SS1 — SS2 XXX kV present Static Rating of 1512 A @ 10€C. to:

A.Mmocn ! F2N dod 2 O2yFARSYOS (KI G 5@éy
B.mMnnan ! F2NJ pp 272 O2yFARSYOS (GKIFG 5ey
C.mnnnan ! F2N don 22 O2YyFARSYOS GKIG 5@y

Increase SS1 — SS2 XXX kV present maximum operational Tconductor from 100°C. to:

A. 110°C. for 97 % confidence that Dynamic Ampacity > Static Rating of 1512 A.
B. 105°C. for 89 % confidence that Dynamic Ampacity > Static Rating of 1512 A.



EFFECT OF INCREASING MAXIMUM OPERATIONAL Tcond ON DYNAMIC AMPACITY
ABC Utility’s SS1 — SS2 XXX kV Transmission Path

Max. Tcond =100 °C.

Max. Tcond =105 °C.

Max. Tcond =110 °C.
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Please direct all questions, comments, or requests for more information to:

Mr. Steven J. Syracuse, President & Chief Technology Officer
Promethean Devices, LLC

10521 Harrisburg Road

[ 2 Y|

Fort Mill, South Carolina 2939140

Phone: 803.802.7012

www.prometheandevices.com

E-mail: syracuse@prometheandevices.com Phone: 803.802.7012 Fax: 803.802.3600
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