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INTRODUCTION

The 1995 Tie-Line Rating Report represents the third time the methodology for determining
equipment rating has been investigated by the New York Power Pool (NYPP).  The purpose of
the original Task Force was to establish a clear and common methodology for determining
equipment thermal ratings. This action would  resolve the problem of non-uniformity regarding
the determination of tie-line equipment ratings .  The results could be used to establish ratings on
equipment connecting different electric utilities with NYPP.  The following gives an historical
perspective of these efforts:

1969 Original Report
< Developed a uniform and acceptable method of  determining thermal equipment ratings.
< Set key definitions.
< Established ambient weather conditions for the calculation of summer and winter ratings.
< Originated "Table of Rating Factors for transmission System Components".
< Equipment ratings were derived from ANSI Standards and loading guides.

1982 Report Revisions
< Changed assumed conductor life from 25 years to 40 years.
< Changed the long-time-emergency(LTE) period to 4 hours.
< Increased the wind speed from 2 feet/second to 3 feet/second (Overhead transmission lines

only) based on  a NEPOOL Weather Study. 
< Decreased the maximum ambient temperature from 40oC to 35oC

This latest review was requested by the Transmission Planning Advisory Subcommittee and the
System Operation Advisory Subcommittee.  The charge was to review the  intervening research,
update the standards’ list and assess their impact on equipment ratings.  Upon completion of this
task, recommend any changes to equipment ratings, if required.  The first meeting was held in
June of 1993 and membership of the Task Force was established.  Below is the list of members
who participated in this endeavor:

Frank Lembo Consolidated Edison
Janos T. Hajagos Long Island Lighting 
Leon Hall New York State Electric & Gas
Leonard Panzica New York Power Authority
Robert Schultz New York Power Authority
James F. Chastney(Secretary, retired 11/1/94) New York Power Pool
Jerry Ancona Niagara Mohawk Power Corporation
Charles J. Blattner(retired 11/1/94) Niagara Mohawk Power Corporation
Larry Eng Niagara Mohawk Power Corporation
William C. Merritt(retired 7/1/94) Niagara Mohawk Power Corporation
Jack Y. Pousty Orange & Rockland Utilities
Patrick M. Callahan(Chairperson) Rochester Gas & Electric

At this time the chairperson would like to acknowledge the extra ordinary efforts of the Task
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Force and thank the members for their commitment to excellence.  The Executive Summary of
this report documents the decisions made by this Task Force. 

To assist the user of  this report, the definitions of important terms, established and refined by the
previous Task Forces,  are presented below.
 

A. DEFINITIONS:

Tie Line
A tie line consists of all series components, including line conductors, bus taps and all equipment
and apparatus which are in one electrical path between two buses.

Ampacity
Current carrying capacity in amperes.

Rating Factor
NYPP rating in percent of nameplate rating.

Normal(operating) Rating
Capacity in amperes which may be carried through consecutive twenty-four hour load cycles
without exceeding agreed upon conductor or hottest spot equipment temperatures for this mode
of operation.

Long Time Emergency(LTE) Rating
Capacity in amperes which may be carried through infrequent non-consecutive, appropriate  four
hour periods without exceeding agreed-upon maximum conductor or hottest spot equipment
temperatures for this mode of operation.

Short Time Emergency(STE) Rating
Capacity in amperes which may be carried during very infrequent contingencies of fifteen minutes
or less duration without exceeding agreed upon maximum conductor temperatures for this mode
of operation.

Assumed Daily Load Factor
The load factor is the ratio of the average load in kilowatts during a 24-hour period to the peak or
maximum hourly load occurring in that period.  A ratio of 80% is representative for rating
purposes, but for those circuits whose load factor is known to differ substantially from this ratio,
the actual load factor should be used.

Assumed Hours of Operation at Rated Temperatures
It is assumed that only when the rated limiting temperatures are reached will annealing and loss of
strength occur.  In general, an environment more favorable than assumed, and operating and
reliability considerations, result in a system whose line conductors are rarely operating near their
thermal limit under normal operation.  No more than 10 percent loss of life/strength is assumed
over the life of the equipment.  The estimated number of hours of operation at rated temperatures
for each mode of operation over the 40 year assumed life of conductor. 

Normal 7665 hours
Long Time Emergency Rating 300 hours
Short-Time Emergency Rating 12 1/2 hours

To estimate loss of strength of overhead conductors, annealing is assumed to occur only during
operation at one of the three limiting(rated) temperatures that correspond to the normal, LTE,
STE ratings for an assumed number of hours.





1"Overhead Transmission Line Ampacity Rating Survey", by Mohammad A. Pasha of
United Illuminating Company, Northeast Transmission Group.
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6JG�6CUM�(QTEG�TGEQIPK\GF�VJCV�VJG�OQUV�ETKVKECN�RCTCOGVGTU�YJKEJ�KORCEV�GSWKROGPV�VJGTOCN
TCVKPIU�CTG�CODKGPV�VGORGTCVWTG�CPF�YKPF�URGGF�CUUWORVKQPU���$QVJ�QH�VJGUG�XCTKCDNGU�YGTG
EJCPIGF�KP�VJG��(KPCN�4GRQTV�0GY�;QTM�2QYGT�2QQN�6CUM�(QTEG�QP�6KG�.KPG�4CVKPIU���,WPG
�����CPF�TGUWNVGF�KP�JKIJGT�GSWKROGPV�TCVKPIU���6JG�6CUM�(QTEG�TGXKGYGF�CXCKNCDNG�YGCVJGT
FCVC�CPF�C�UWTXG[�QH�WVKNKVKGU�KP�VJG�0QTVJGCUV����6JKU�UWTXG[�CPF�4�&�QP�TGCN�VKOG�EQPFWEVQT
TCVKPIU�KPFKECVG�VJG�IGPGTCNN[�CEEGRVGF�CRRTQRTKCVG�GHHGEVKXG�OCZKOWO�YKPF�URGGF�VQ�DG��
HGGV�UGEQPF���6JKU�EQPENWUKQP�KU�DCUGF�WRQP�VJG�WPEGTVCKPV[�QH�YKPF�URGGF�CNQPI�C�TKIJV�QH�
YC[���$GNQY�KU�C�UWOOCT[�QH�VJG�YGCVJGT�ETKVGTKC��HQT�VJG������TGRQTV�

5'#510 #ODKGPV�6GORGTCVWTGU� 9KPF�5RGGF�(GGV�5GEQPF

/CZKOWO #XGTCIG %QPFWEVQT $WU�5GEVKQP

5WOOGT ��Q% ��Q% �HV�UGE �HV�UGE

9KPVGT ��Q% �Q% �HV�UGE �HV�UGE

�� +PVGTRQNCVGF�XCNWGU�OC[�DG�WUGF�HQT�URTKPI�CPF�HCNN�

6JG�XCNWGU�KP�VJG�VCDNG�CDQXG�JCXG�PQV�EJCPIGF�HTQO�VJG������HKPCN�TGRQTV���6JG������6CUM
(QTEG�FQGU�DGNKGXG�VJCV�CODKGPV�VGORGTCVWTG�FQGU�PQV�XCT[�KP�OCIPKVWFG�QXGT�NCTIG�IGQITCRJKE
CTGC�CPF�OC[�QHHGT�VJG�DGUV�QRRQTVWPKV[�HQT�GSWKROGPV�TCVKPI�KPETGCUGU���6Q�VJKU�GPF��VJG�6CUM
(QTEG�JCU�CFFGF�VJGTOCN�TCVKPI�HCEVQTU�VQ�UGEVKQPU�QH�VJG�TGRQTV�HQT�CODKGPV�VGORGTCVWTGU
TCPIKPI�HTQO����Q%�VQ�
��Q%�YJGPGXGT�VJKU�KPHQTOCVKQP�EQWNF�DG�QDVCKPGF�QT�ECNEWNCVGF���+P
VJG�1XGTJGCF�%QPFWEVQT�UGEVKQP�QH�VJKU�TGRQTV��VJGTG�KU�CNUQ�CP�GZCORNG�QH�VJG�KORCEV�QH�UQNCT
TCFKCVKQP�QP�EQPFWEVQT�TCVKPIU��#NQPI�VJGUG�UCOG�NKPGU��C�PGY�UGEVKQP�QP�4GIKQPCN�9GCVJGT
FCVC�JCU�DGGP�CFFGF�YKVJ�JQWTN[�YGCVJGT�QDUGTXCVKQPU�QH�YKPF�URGGF�CPF�CODKGPV�VGORGTCVWTG��
6JKU�KPHQTOCVKQP�KU�HWTVJGT�ECVGIQTK\GF�KPVQ�UGCUQP�CPF�RGTKQFU�QH�VJG�FC[��

6JG�HQNNQYKPI�VCDNG�FGHKPGU�QVJGT�ETKVKECN�CUUWORVKQPU�YJKEJ�HQTO�VJG�DCUKU�QH�VJKU
TGRQTV�

#UUWOGF�NKHG�QH�GSWKROGPV�KU����[GCTU

6JG�4CVKPIU�CTG�DCUGF�QP�VJG�CUUWORVKQP�VJCV�NKPG�CPF�VGTOKPCN�GSWKROGPV�CTG�OCKPVCKPGF�KP�CU��PGY�EQPFKVKQP��

#�PQTOCN�RTGNQCF�KU�WUGF�KP�GUVCDNKUJKPI�CP�56'�TCVKPI�

6JG�UJQTV�VKOG�GOGTIGPE[
56'��VKOG�RGTKQF�KU����OKPWVGU��VQVCNNKPI�PQV�OQTG�VJCP��������JQWTU�QXGT�VJG�NKHG�QH�VJG
GSWKROGPV�

6JG�NQPI�VKOG�GOGTIGPE[
.6'��RGTKQF�KU���JQWTU��VQVCNKPI�PQV�OQTG�VJCP�����JQWTU�QXGT�VJG�NKHG�QH�VJG�GSWKROGPV�

�
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6JG�GSWKROGPV�ETKVGTKC�FGUETKDGF�CDQXG�CNUQ�TGRTGUGPVU�PQ�EJCPIG�HTQO�VJG������HKPCN�TGRQTV�
YJKEJ�KU�C�EQORNGOGPV�VQ�VJG�RTGXKQWU�6CUM�(QTEGU���6JG������TGRQTV�FQGU�KPENWFG�EJCPIGU�VQ
56'�TCVKPIU�QH�FKUEQPPGEV�UYKVEJGU�CPF�RQYGT�VTCPUHQTOGTU�CU�YGNN�CU�CFFKVKQPCN�KPHQTOCVKQP
HQT�CFLWUVKPI�GSWKROGPV�TCVKPIU�DCUGF�QP�TGCN�VKOG�YGCVJGT�EQPFKVKQPU���6JG�HQNNQYKPI�UGEVKQP
UWOOCTKGU�TGRTGUGPV�VJG�JKIJNKIJVU�CPF�TGXKUKQPU�VQ�VJG������TGRQTV�

5'%6+10�57//#4+'5

0GY�;QTM�5VCVG�4GIKQPCN�9GCVJGT�&CVC

< 0'9�5'%6+10�
< �����VJTQWIJ������JQWTN[�YGCVJGT�QDUGTXCVKQPU�
< %CVGIQTK\CVKQP�QH�YGCVJGT�FCVC
JQWTN[��KPVQ�UWOOGT���YKPVGT�VCDNGU�
< %CVGIQTK\CVKQP�QH�YGCVJGT�FCVC
JQWTN[��D[�YKPF�URGGFU�QH�����HV�UGE�������HV�UGE������

HV�UGE��CPF� ���HV�UGE�
< %CVGIQTK\CVKQP�QH�YGCVJGT�FCVC
JQWTN[��D[�FCKN[�VKOG�RGTKQFU�
< 7RUVCVG�0�;��UWOOGT�CODKGPV�VGORGTCVWTG�FWTCVKQP�EWTXGU�
< &CKN[�CODKGPV�VGORGTCVWTG�RTQHKNGU�HQT�C���FC[�WRUVCVG�JQV�URGNN�
< 4GEQOOGPF�TGUGCTEJ�KPVQ�YKPF�URGGF�CNQPI�C�TKIJV�QH�YC[�

1XGTJGCF�%QPFWEVQTU

< 0GY�+'''�5VCPFCTF�HQT�ECNEWNCVKQP�QH�DCTG�QXGTJGCF�EQPFWEVQT���6JKU�UVCPFCTF�KPENWFGU
C�EQORWVGT�RTQITCO�NKUVKPI�CPF�CP�GZGEWVCDNG�RTQITCO�QP�C�����EQORWVGT�FKUM�

< 'ZRCPFGF�FKUEWUUKQP�QH�VJG�KORCEV�QH�YKPF�CPING�QP�EQPFWEVQT�TCVKPI�
< )TCRJKE�QH�YKPF�URGGFU�HTQO�UJGNVGTGF�CPF�WPUJGNVGTGF�CTGCU�
< #�VCDNG�QH�CODKGPV�VGORGTCVWTG�TCVKPI�HCEVQTU
���HTQO���Q%�VQ����Q%��HQT�UGNGEVGF

EQPFWEVQT�UK\GU��
< 0GY�VCDNG�FKURNC[KPI�VJG�KORCEV�QH�UQNCT�TCFKCVKQP�QP�UGNGEVGF�EQPFWEVQTU�

#KT�&KUEQPPGEV�5YKVEJGU

< 0GY�OGVJQF�HQT�VJG�ECNEWNCVKQP�QH�56'�TCVKPIU�
< 6CDNG�QH�CODKGPV�VGORGTCVWTG�TCVKPI�HCEVQTU
���HTQO���Q%�VQ����Q%��HQT���Q%�CPF���Q%

TKUG�FKUEQPPGEV�UYKVEJGU�

*KIJ�8QNVCIG�2QYGT�%KTEWKV�$TGCMGTU

< 'ZRCPUKQP�QH�6JGTOCN�4CVKPI�(CEVQTU�VQ�KPENWFG�GKIJV�DTGCMGT�EQORQPGPVU�HQT�UWOOGT
CPF�YKPVGT�0;22�CODKGPV�EQPFKVKQPU�

< 4GYTKVG�CP�GZRCPUKQP�QH�VJG�56'�UGEVKQP�HQT�RQYGT�EKTEWKV�DTGCMGTU�
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2QYGT�6TCPUHQTOGTU

< 5GEVKQP�VQVCNN[�TGYTKVVGP��
< 4GOQXCN�QH�0QTOCN���.6'�TCVKPI�HCEVQTU�HQTO�UWOOCT[�VCDNG�
< +FGPVKHKECVKQP�QH�UQHVYCTG�HQT�VJG�ECNEWNCVKQP�QH�VTCPUHQTOGT�NQCFKPI�ECRCDKNKV[�DCUGF

WRQP�CEVWCN�NQCFKPI�CPF�CODKGPV�EQPFKVKQP��
< &KUEWUUKQP�QH�KORCEV�QH�.6%�VCR�RQUKVKQP�QP�VTCPUHQTOGT�TCVKPIU�
< &TCHV�UVCPFCTF�+'''�2%���������Z�+'''�)WKFG�HQT�.QCFKPI�/KPGTCN�1KN�+OOGTUGF

6TCPUHQTOGTU�

%WTTGPV�6TCPUHQTOGTU

< #FFKVKQP�QH�FKUEWUUKQP�QP�%�6��UGEQPFCT[�EKTEWKVT[��
< +PENWUKQP�QH�TGNC[�QXGTNQCF�ECRCDKNKVKGU�HQT�UGNGEVGF�)'�CPF�9GUVKPIJQWUG�TGNC[U�
< %JCPIG�KP�56'�TCVKPI�HCEVQT�HQT�HTGG�UVCPFKPI�%�6�	U��
< 0COG�EJCPIG�KP�TGHGTGPEGU����CPF������

.KPG�6TCRU

< 6JG�#05+�UVCPFCTF�HQT�2QYGT�.KPG�%CTTKGT�.KPG�6TCRU�JCU�DGGP�YKVJFTCYP��
< +PENWUKQP�QH�VJGTOCN�TCVKPI�HCEVQTU�HQT�CODKGPVU�NGUU�VJCP��Q%�
< &KUEWUUKQP�QH�0'211.�TCVKPI�ECNEWNCVKQP�QH�NKPG�VTCRU�

5WDUVCVKQP�$WU�%QPFWEVQT

< +PENWUKQP�QH�VGORGTCVWTG�NKOKVU�HQT�GSWKROGPV�EQPPGEVKQPU�

%WTTGPV�.KOKVKPI�4GCEVQTU

< 0'9�5'%6+10�
< $CUGF�WRQP�C������#05+�5VCPFCTF�HQT�&T[�V[RG��1KN�+OOGTUGF�CPF�YCVGT�EQQNGF

TGCEVQTU�

5GTKGU�%CRCEKVQTU

< 0'9�5'%6+10��



(1) NESC Clearances must be maintained @ 'STE' temperatures

(2)55oC rise dry type, self-cooled, 30oC Summer, 5oC Winter, 30 Minute STE

RATING FACTORS FOR TRANSMISSION SYSTEM COMPONENTS
TABLE 1

Season Page
#

Summer Winter

Operating Conditions Normal LTE STE(1) Normal LTE STE(1)

Overhead Conductors  -  Maximum Temperatures
     ACSR (1350 Alloy, Steel Core)
     SAC (1350 Alloy)
     ACAR, AAAC (6201 Alloy)
     Copper

28
95EC
85EC
95EC
75EC

115EC
95EC

110EC
100EC

125EC
105EC
120EC
125EC

95EC
85EC
95EC
75EC

115EC
95EC

110EC
100EC

125EC
105EC
120EC
125EC

Cable System - Finite Element Analysis N/A Determined by Owner's Engineer- Task Force recommends the acquisition of 
EPRI UTWORKSTATION

Current Transformers  - Bushing Types Use Same Factors as Associated Equipment.

Current Transformers  - Free Standing Types 61 100% 128% 150% 122% 148% 150%

Air Disconnect Switches(SF6, see NOTE #6)
1.   30EC Temp. Rise
2.   53EC Temp. Rise

34 108%
105%

153%
127%

200%
160%

141%
125%

178%
144%

200%
174%

Circuit Breakers 41 104% 116% 133% 122% 134% 149%

Line Traps 81 101% 111% 141% 107% 118% 150%

Transformers  (See Note 5)
55EC Rise
65EC Rise

50
See 

APPENDIX D 150%
150%

See
APPENDIX D 150%

150%

Current Limiting Reactors (2) 88 100% 100% 121% 118% 118% 142%

Series Capacitors 93 See  Report  Section  VII

Substation Rigid and Strain Bus: Max Conductor
Temperature (See Note 5)
Aluminum
ACSR
Copper
Equipment Connections

85 85oC
95oC
75oC
85oC

95oC
115oC
100oC
95oC

105oC
125oC
125oC
105oC

85oC
95oC
75oC
85oC

95oC
115oC
100oC
95oC

105oC
125oC
125oC
105oC

Conditions: Summer: June through September Winter: December through February
Ambient Air Temp: Summer - 35EC Max. 30EC Average Winter - 10EC Max. 5EC Average Spring & Fall: Use interpolated values
Ambient Wind Speed: 3fps Overhead Conductors

2fps Terminal Equipment 



(1) NESC Clearances must be maintained @ ’STE’ temperatures

(2)55oC rise dry type, self-cooled, 30oC Summer, 5oC Winter, 30 Minute STE 8

0QVGU�VQ�6CDNG���

�� .6'� #P�KPHTGSWGPV�GOGTIGPE[�EQPFKVKQP�VJCV�UJQWNF�NCUV�PQ�OQTG�VJCP�HQWT�JQWTU�

�� 56'���#P�KPHTGSWGPV�GOGTIGPE[�EQPFKVKQP�VJCV�UJQWNF�NCUV�PQT�OQTG�VJCP����OKPWVGU�

�� +H�MPQYP�EQPFKVKQPU�
K�G��UVKNN�CKT��TGSWKTG�OQTG�EQPUGTXCVKXG�ETKVGTKC��VJG�OGODGT
EQORCP[�UJQWNF�TCVG�VJGKT�GSWKROGPV�CEEQTFKPIN[�

�� +H�C�OCPWHCEVWTGT	U�TCVKPI�TGEQOOGPFCVKQP�HQT�C�URGEKHKE�RKGEG�QH�GSWKROGPV�KU�HQWPF�VQ
DG�KP�EQPHNKEV�YKVJ�VJG�CDQXG��VJG�OCPWHCEVWTGT	U�TCVKPI�UJQWNF�DG�HQNNQYGF�

�� 6GORGTCVWTG�NKOKVCVKQPU�QH�DWU�EQPFWEVQTU�EQPPGEVGF�VQ�GNGEVTKECN�RQYGT�GSWKROGPV
UJQWNF�DG�EQQTFKPCVGF�YKVJ�VJG�VJGTOCN�NKOKVU�QH�VJG�VGTOKPCN�GSWKROGPV���+H�GSWKROGPV
VJGTOCN�NKOKVU�CTG�WPMPQYP��CRRN[�VJG�VGORGTCVWTG�NKOKVCVKQPU�UJQYP�KP�6CDNG���

�� 5(��FKUEQPPGEV�UYKVEJGU�UJQWNF�DG�TCVGF�KP�VJG�UCOG�OCPPGT�CU�RQYGT�EKTEWKV�DTGCMGTU�





21123 Bradfield Hall, Cornell University, Ithaca, N.Y. 14853-1901(607) 255-1751
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NEW YORK STATE REGIONAL WEATHER DATA

The Task Force adopted a philosophy of presenting reference data which could be used by NYPP
members in deciding what ambient weather conditions are the most appropriate for a particular
time or location.  To this end, hourly occurrences of temperature and coincident wind speed data
was obtained from the Northeast Regional Climate Center at Cornell University2.  This
information was obtained from the airports at Albany, Binghamton, Bradford Pa., Buffalo, New
York City(LaGuardia), Massena, Rochester and Syracuse.  The data are then subdivided by wind
speed, time of day, winter and summer.  A word of caution regarding the 0-4 feet/sec wind
speeds.  The actual values within this bandwidth, which includes the recommended wind
speed for the NYPP rating calculation, is uncertain because of the starting inertia and
bearing friction of individual anemometers.  The Task Force was unable to obtain this
information from the locations presented herein.

Discussion

A. WIND SPEEDS

This parameter  primarily impacts the rating of overhead conductors and buses.  Changes in wind
have a greater impact on the rating of a conductor than changes in ambient temperature.  Since
the 1982 report,  research has demonstrated significant variability in wind speeds along a right-of-
way caused by topography and structures, which adds to the uncertainty of  a conductor rating. 
Research has also indicated that the minimum wind speed along a right-of-way is likely to be
lower than indicated by airport data for the same hour.  However, research to date has been
concentrated in the Rochester Gas & Electric service area.  The Task Force concluded that
insufficient data was available to quantify a state-wide adjustment in the 3ft/sec wind speed that
was adopted for conductor ratings in the 1982 report.

For record purposes, Appendix E in this report provides a summary and other excerpts from the
NEPOOL report that was the basis for adoption of the 3ft/sec  wind speed for NYPP in 1982.  Its
concluded that the coincidence of high temperature and wind speed less than 3ft/sec was .04% of
the monitoring  period.

On going research has concluded that the greatest risk of violating conductor ratings occur at
night, when the frequency of the ’no wind condition’ increases.  The cooler temperatures which
may occur at night do not offset the loss of cooling effect by the low wind condition. 

B. AMBIENT TEMPERATURES

The Task Force has expanded this report to include rating adjustment factors for ambient
temperatures other than those recommended for maximum summer or minimum winter
temperatures.  The following duration curve of summer ambient temperatures demonstrates an
almost non-existent occurrence of 35oC in the selected years.  Secondly, this family of curves
shows that the temperature distribution is relatively constant for these years.  Based upon this
graph, there is potential to increase ratings, particular on equipment whose rating is not 
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Rochester New York Temperature Duration Curve(Deg C)
June- August
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Rochester N.Y. Temperature Comparison(Deg C)
Coincident Temperatures(June- August)
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Daily Air Temperature Profile for a 5 Day Heat Wave

Rochester New York
July 1993
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impacted by wind.

A second characteristic that makes ambiently adjusted ratings appealing is the relatively little
variation in temperature across an area.  This is shown below:

Another example of the conservatism of the recommended 35oC ambient temperature for rating
calculation is shown below, which will typically result in a record energy use.

The following tables are a summary of the weather data obtained for this report and the
recommended summer and winter ambient temperatures occurrences.



10



11

C. RECOMMENDED RESEARCH

Better understanding of ambient conditions relevant to ratings would enable improved
recommendations concerning NYPP rating calculations and airport data, particularly concerning
overhead conductors.  New research is recommended to develop information on the following
topics:

< Wind speed and direction in transmission corridors in open and sheltered locations.

< Relationship between airport weather data and conditions in transmission corridors.

< Wind speed averaging period for rating calculations.
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ALBANY NEW YORK
SUMMER:  May - October

Hours of Occurrences
87,671 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 8 26 48 92 144 105 40 5 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 12 26 32 67 37 16 1

4PM - 7PM 0 0 0 0 0 0 0 1 15 59 93 124 121 49 6 0

8PM - 7AM 0 0 0 0 0 0 1 191 581 1142 1855 1697 655 47 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 10 13 37 59 65 38 2 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 5 13 31 44 44 15 0

4PM - 7PM 0 0 0 0 0 0 0 0 1 3 17 41 55 31 5 0

8PM - 7AM 0 0 0 0 0 0 1 26 73 144 308 330 133 10 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 15 38 101 185 196 93 2 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 19 38 102 144 119 45 2

4PM - 7PM 0 0 0 0 0 0 0 0 9 27 67 122 152 110 27 0

8PM - 7AM 0 0 0 0 0 0 0 29 143 320 585 727 378 37 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 97 521 1052 1716 1791 786 75 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 16 249 730 1351 1818 1802 570 12

4PM - 7PM 0 0 0 0 0 0 0 0 40 363 770 1316 1804 1567 356 9

8PM - 7AM 0 0 0 0 0 0 0 51 554 1527 3128 4107 2947 351 4
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BINGHAMTON NEW YORK
SUMMER:  May - October

Hours of Occurrences
87,672 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature (Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 3 20 24 32 37 8 0 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 1 6 12 15 27 15 0 0

4PM - 7PM 0 0 0 0 0 0 0 0 1 6 12 28 39 16 2 0

8PM - 7AM 0 0 0 0 0 0 1 6 44 122 239 293 102 11 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature (Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 1 8 17 34 69 46 13 0 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 7 12 27 41 34 3 0

4PM - 7PM 0 0 0 0 0 0 0 0 2 15 23 43 46 24 2 0

8PM - 7AM 0 0 0 0 0 0 2 10 39 123 235 252 90 11 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature (Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 18 33 78 158 145 25 0 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 1 25 33 55 106 63 7 0

4PM - 7PM 0 0 0 0 0 0 0 0 10 29 59 100 144 86 6 0

8PM - 7AM 0 0 0 0 0 0 1 22 116 285 568 802 272 18 1 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature (Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 13 260 757 1351 2062 1666 465 17 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 110 428 1021 1542 2116 1410 240 3

4PM - 7PM 0 0 0 0 0 0 0 4 155 552 1049 1704 2058 1021 125 1

8PM - 7AM 0 0 0 0 0 0 0 176 1407 2995 5012 6107 2546 158 3 0
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BUFFALO NEW YORK
SUMMER:  May - October

Hours of Occurrences
87,667 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15 to 
-11

-10 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 1 3 5 18 35 36 6 0 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 1 1 3 6 11 11 1 0

4PM - 7PM 0 0 0 0 0 0 0 0 0 9 14 11 7 8 0 0

8PM - 7AM 0 0 0 0 0 0 0 5 41 133 227 205 71 1 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35
 to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15 
to

 -11

-10 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 4 27 51 82 80 34 0 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 8 22 33 29 19 2 0

4PM - 7PM 0 0 0 0 0 0 0 0 5 20 17 29 40 23 1 0

8PM - 7AM 0 0 0 0 0 0 0 8 85 181 379 363 108 5 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to 
-26

-25 
to

 -21

-20
 to

 -16 

-15 
to

 -11

-10 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 10 42 71 124 135 54 2 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 8 38 50 82 72 8 1

4PM - 7PM 0 0 0 0 0 0 0 0 10 19 49 61 87 58 7 0

8PM - 7AM 0 0 0 0 0 0 0 20 163 401 765 819 347 18 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35
 to 
-31

-30
 to 
-26

-25 
to

 -21

-20
 to

 -16 

-15
 to

 -11

-10 
to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 4 153 649 1092 1713 2046 848 35 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 70 363 873 1405 2133 1794 312 4

4PM - 7PM 0 0 0 0 0 0 0 0 76 479 961 1492 2174 1541 161 1

8PM - 7AM 0 0 0 0 0 0 0 59 952 2494 4163 5388 4116 557 2 0
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LaGUARDIA AIRPORT
SUMMER:  May - October

Hours of Occurrences
87,671 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 0 0 9 23 27 26 2 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 0 5 8 11 15 4 0

4PM - 7PM 0 0 0 0 0 0 0 0 0 0 7 10 17 5 3 0

8PM - 7AM 0 0 0 0 0 0 0 0 0 21 143 205 282 49 2 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 0 5 24 52 73 70 8 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 0 6 23 46 51 24 0

4PM - 7PM 0 0 0 0 0 0 0 0 0 0 2 17 32 21 7 0

8PM - 7AM 0 0 0 0 0 0 0 0 0 33 159 274 382 60 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 0 4 24 59 119 82 17 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 0 8 21 48 59 26 3

4PM - 7PM 0 0 0 0 0 0 0 0 0 0 4 20 27 28 10 0

8PM - 7AM 0 0 0 0 0 0 0 0 0 35 187 393 454 85 2 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 8 244 860 1638 2220 1516 248 2

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 75 551 1324 1920 2144 919 69

4PM - 7PM 0 0 0 0 0 0 0 0 0 108 660 1517 2196 2057 576 36

8PM - 7AM 0 0 0 0 0 0 0 0 83 1141 3439 5656 6729 2094 189 0
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MASSENA NEW YORK 
Summer:  May - October

Hours of Occurrences
87,651 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 1 14 36 81 140 224 172 45 2 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 2 7 32 71 82 85 11 0

4PM - 7PM 0 0 0 0 0 0 0 10 59 107 181 229 280 147 9 0

8PM - 7AM 0 0 0 0 0 0 45 327 965 1791 2549 2390 685 11 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 0 3 8 11 8 3 0 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 0 1 4 4 5 4 0

4PM - 7PM 0 0 0 0 0 0 0 0 2 5 5 11 10 5 0 0

8PM - 7AM 0 0 0 0 0 0 0 4 16 25 46 46 17 0 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 2 11 10 34 49 40 14 1 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 14 14 23 21 19 6 0

4PM - 7PM 0 0 0 0 0 0 0 2 5 16 36 41 44 24 6 0

8PM - 7AM 0 0 0 0 0 0 1 37 78 154 251 206 77 2 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 13 242 696 1220 1687 1790 758 44 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 97 465 961 1488 1950 1576 410 7

4PM - 7PM 0 0 0 0 0 0 0 2 133 446 982 1333 1778 1210 239 3

8PM - 7AM 0 0 0 0 0 0 10 126 920 2058 3376 3591 2008 254 0 0
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ROCHESTER NEW YORK
SUMMER:  May - October

Hours of Occurrences
87,669 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35
 to 
-31

-30
 to 
-26

-25 to
 -21

-20
 to

 -16 

-15 to 
-11

-10 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 1 6 26 52 44 45 10 0 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 1 2 18 18 45 27 4 0

4PM - 7PM 0 0 0 0 0 0 0 0 7 18 36 41 52 24 2 0

8PM - 7AM 0 0 0 0 0 0 0 20 235 471 828 614 292 12 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35
 to 
-31

-30
 to 
-26

-25 to
 -21

-20
 to

 -16 

-15 
to

 -11

-10 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 1 9 21 82 77 94 29 2 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 7 32 50 67 56 10 0

4PM - 7PM 0 0 0 0 0 0 0 0 10 23 55 59 90 49 6 0

8PM - 7AM 0 0 0 0 0 0 2 29 173 333 698 725 282 17 1 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35
 to 
-31

-30
 to 
-26

-25 to
 -21

-20
 to

 -16 

-15 
to

 -11

-10 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 1 21 44 98 163 186 60 5 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 1 15 40 69 117 95 9 1

4PM - 7PM 0 0 0 0 0 0 0 0 6 30 80 117 179 108 11 0

8PM - 7AM 0 0 0 0 0 0 0 31 229 497 949 1082 515 39 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35
 to 
-31

-30
 to 
-26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 3 138 606 1060 1667 1956 778 75 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 54 369 855 1293 1911 1704 467 23

4PM - 7PM 0 0 0 0 0 0 0 0 89 468 897 1382 1896 1375 244 6

8PM - 7AM 0 0 0 0 0 0 0 57 836 2208 3268 4533 2789 315 2 0
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SYRACUSE NEW YORK
SUMMER:  May - October

Hours of Occurrences
87,672 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature (Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 1 8 18 37 52 50 14 0 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 3 16 8 20 10 1 0

4PM - 7PM 0 0 0 0 0 0 0 0 10 29 51 34 52 15 0 0

8PM - 7AM 0 0 0 0 0 0 1 54 286 498 909 962 437 18 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature (Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 1 16 71 123 195 240 98 11 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 17 52 76 84 88 23 0

4PM - 7PM 0 0 0 0 0 0 0 0 16 39 90 115 135 99 32 0

8PM - 7AM 0 0 0 0 0 0 0 41 298 564 1111 1358 693 84 3 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature (Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 0 37 72 173 300 339 135 8 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 4 20 77 123 197 192 40 2

4PM - 7PM 0 0 0 0 0 0 0 0 13 53 119 201 330 196 45 1

8PM - 7AM 0 0 0 0 0 0 0 58 275 595 1065 1301 648 74 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature (Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 5 103 479 917 1419 1597 776 65 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 26 306 780 1228 1813 1681 454 19

4PM - 7PM 0 0 0 0 0 0 0 0 71 380 826 1207 1718 1238 239 6

8PM - 7AM 0 0 0 0 0 0 0 71 546 1787 2830 3265 1952 313 3 0



19

BRADFORD PENNSYLVANIA
SUMMER:  May - October

Hours of Occurrences
87,657 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 2 7 35 40 57 91 45 5 0 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 8 12 34 36 14 0 0

4PM - 7PM 0 0 0 0 0 0 0 1 21 35 49 94 91 25 2 0

8PM - 7AM 0 0 0 0 0 0 22 248 812 1403 1823 1315 214 4 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 2 8 17 33 56 42 8 1 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 0 1 5 16 44 11 0 0

4PM - 7PM 0 0 0 0 0 0 0 0 7 23 28 53 64 22 0 0

8PM - 7AM 0 0 0 0 0 0 5 44 172 234 397 401 64 4 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 2 10 45 67 145 103 6 0 0

12 Noon - 3PM 0 0 0 0 0 0 0 0 2 12 21 65 94 45 1 0

4PM - 7PM 0 0 0 0 0 0 0 0 10 44 78 132 169 50 3 0

8PM - 7AM 0 0 0 0 0 0 4 76 227 405 653 747 165 1 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 1 36 359 766 1332 2070 1648 315 6 0

12 Noon - 3PM 0 0 0 0 0 0 0 1 167 530 962 1614 2334 1241 88 0

4PM - 7PM 0 0 0 0 0 0 0 16 210 565 928 1584 2101 902 50 0

8PM - 7AM 0 0 0 0 0 0 7 241 1299 2214 3471 4214 1161 31 0
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ALBANY NEW YORK
WINTER:  November - April

Hours of Occurrences
87,671 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 2 11 33 52 111 124 152 57 21 12 1 0 0 0

12 Noon - 3PM 0 0 0 0 0 4 31 62 78 40 22 11 6 1 0 0

4PM - 7PM 0 0 0 0 5 22 58 130 177 83 26 14 8 0 0 0

8PM - 7AM 0 0 5 58 211 454 663 1073 1001 326 141 27 3 0 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 3 3 14 20 37 38 31 6 2 0 0 0 0

12 Noon - 3PM 0 0 0 0 0 3 14 21 20 15 8 1 1 0 0 0

4PM - 7PM 0 0 0 0 2 5 15 35 45 23 9 4 1 1 0 0

8PM - 7AM 0 0 1 12 30 57 116 170 165 69 19 4 1 0 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 4 13 39 65 87 145 72 41 9 5 1 1 0

12 Noon - 3PM 0 0 0 0 1 12 29 57 91 95 41 13 5 2 2 0

4PM - 7PM 0 0 0 0 3 17 59 101 154 82 48 19 9 5 0 0

8PM - 7AM 0 0 0 13 64 157 293 408 486 204 83 23 2 0 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 10 123 361 659 1158 1808 1203 480 190 41 6 1 0

12 Noon - 3PM 0 0 0 0 19 186 550 1081 1810 1539 781 393 153 44 10 0

4PM - 7PM 0 0 0 0 27 230 590 1050 1818 1252 620 335 128 35 7 0

8PM - 7AM 0 0 0 25 339 976 1942 3324 4859 2532 1073 293 48 5 0 0
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BINGHAMTON NEW YORK
WINTER:  November - April

Hours of Occurrences
87,672 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 3 11 15 29 28 7 7 3 0 0 0 0

12 Noon - 3PM 0 0 0 0 0 2 6 13 21 6 6 4 0 0 0 0

4PM - 7PM 0 0 0 0 0 6 15 25 19 9 4 0 2 0 0 0

8PM - 7AM 0 0 0 0 9 34 81 102 85 39 9 8 0 0 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 5 6 20 27 28 10 3 3 1 1 0 0

12 Noon - 3PM 0 0 0 0 0 2 7 20 22 16 5 3 2 0 0 0

4PM - 7PM 0 0 0 0 0 7 17 38 27 19 10 4 3 0 0 0

8PM - 7AM 0 0 0 3 10 54 44 93 109 38 14 4 1 0 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 3 6 28 43 54 55 18 13 9 0 0 0 0

12 Noon - 3PM 0 0 0 0 1 6 15 38 49 28 21 5 6 0 0 0

4PM - 7PM 0 0 0 0 2 20 45 70 95 51 15 8 4 2 0 0

8PM - 7AM 0 0 0 5 23 104 228 310 287 145 29 15 3 0 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 2 13 149 460 962 1687 1868 993 483 154 39 8 0 0

12 Noon - 3PM 0 0 0 0 29 254 786 1484 1991 1228 697 317 139 42 1 0

4PM - 7PM 0 0 0 0 52 309 758 1540 1849 1145 625 281 102 34 0 0

8PM - 7AM 0 0 0 54 531 1542 2983 5329 5224 2721 1151 309 46 0 0 0
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BUFFALO NEW YORK
WINTER:  November - April

Hours of Occurrences
87,667 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15 to 
-11

-10 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 5 4 11 36 44 7 3 2 3 0 0 0

12 Noon - 3PM 0 0 0 0 0 0 15 16 31 15 12 1 5 0 0 0

4PM - 7PM 0 0 0 0 2 2 12 18 24 11 6 4 3 0 0 0

8PM - 7AM 0 0 0 1 13 20 84 129 114 65 12 4 2 0 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35
 to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15 
to

 -11

-10 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 1 3 10 28 43 61 18 8 6 0 1 0 0

12 Noon - 3PM 0 0 0 0 0 3 10 18 41 24 15 5 3 0 0 0

4PM - 7PM 0 0 0 0 1 4 8 20 41 20 12 3 3 0 0 0

8PM - 7AM 0 0 0 2 17 48 112 149 166 65 18 3 1 0 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to 
-26

-25 
to

 -21

-20
 to

 -16 

-15 
to

 -11

-10 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 2 4 17 39 75 77 39 20 7 5 1 0 0

12 Noon - 3PM 0 0 0 0 0 3 31 40 61 44 31 6 6 2 1 0

4PM - 7PM 0 0 0 0 2 9 33 53 70 61 24 9 7 0 0 0

8PM - 7AM 0 0 0 7 26 135 191 347 378 172 44 18 2 0 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35
 to 
-31

-30
 to 
-26

-25 
to

 -21

-20
 to

 -16 

-15
 to

 -11

-10 
to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 2 77 368 850 1405 2027 1123 512 219 78 10 1 0

12 Noon - 3PM 0 0 0 0 20 205 694 1248 2097 1268 698 385 161 30 7 0

4PM - 7PM 0 0 0 0 25 234 777 1306 2154 1185 660 306 114 23 6 0

8PM - 7AM 0 0 0 25 216 1120 2645 4686 5988 2943 1199 522 61 5 0 0
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LaGUARDIA AIRPORT
WINTER:  November - April

Hours of Occurrences
87,671 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 0 10 29 26 9 4 1 1 0 0

12 Noon - 3PM 0 0 0 0 0 0 1 6 11 17 8 6 1 0 0 0

4PM - 7PM 0 0 0 0 0 0 0 1 10 19 4 4 5 0 0 0

8PM - 7AM 0 0 0 0 0 1 8 38 121 138 81 15 5 0 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 0 1 8 30 35 23 12 4 1 0 0

12 Noon - 3PM 0 0 0 0 0 0 2 5 17 28 16 15 6 0 0 0

4PM - 7PM 0 0 0 0 0 0 1 3 10 16 15 7 7 0 0 0

8PM - 7AM 0 0 0 0 0 1 7 29 106 123 82 10 5 0 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 0 1 3 17 47 48 25 15 5 1 0 0

12 Noon - 3PM 0 0 0 0 0 0 3 6 31 27 27 23 4 1 0 0

4PM - 7PM 0 0 0 0 0 0 0 5 17 32 13 7 3 0 0 0

8PM - 7AM 0 0 0 0 0 4 14 43 212 210 118 17 0 0 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 6 83 381 936 2044 1893 1156 322 64 8 3 0

12 Noon - 3PM 0 0 0 0 3 16 181 659 1681 2079 1513 588 223 38 10 0

4PM - 7PM 0 0 0 0 0 22 171 715 1750 2248 1434 552 149 29 3 0

8PM - 7AM 0 0 0 0 19 210 1111 2997 6624 5838 2799 681 77 11 0 0
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MASSENA NEW YORK 
WINTER:  November - April

Hours of Occurrences
87,661 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 6 29 71 103 127 136 176 173 65 25 12 1 0 0 0

12 Noon - 3PM 0 0 0 2 7 17 51 64 102 32 17 4 3 0 0 0

4PM - 7PM 0 0 0 22 56 68 126 183 197 77 27 8 7 0 0 0

8PM - 7AM 0 24 213 465 578 695 899 1181 985 268 131 33 5 0 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 2 0 0 8 5 4 3 5 3 2 0 0 0 0

12 Noon - 3PM 0 0 0 0 0 2 9 1 6 3 1 1 0 1 0 0

4PM - 7PM 0 0 0 0 4 3 6 11 8 8 2 2 0 0 0 0

8PM - 7AM 0 0 2 7 7 21 20 31 28 8 2 0 0 0 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 1 10 10 24 17 31 45 7 5 1 1 0 0 0

12 Noon - 3PM 0 0 0 0 1 5 9 24 31 19 5 2 1 1 0 0

4PM - 7PM 0 0 0 1 11 17 31 42 77 22 8 2 1 0 0 0

8PM - 7AM 0 0 4 32 47 70 109 110 174 48 12 8 1 0 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 13 108 353 581 908 1235 1567 887 306 138 41 7 0 0

12 Noon - 3PM 0 0 0 32 238 587 875 1271 1738 1127 529 284 113 33 4 0

4PM - 7PM 0 0 0 30 264 562 808 1208 1651 878 455 263 82 22 1 0

8PM - 7AM 0 1 41 315 829 1548 2444 3379 4422 1739 622 181 14 1 0 0
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ROCHESTER NEW YORK
WINTER:  November - April

Hours of Occurrences
87,669 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35
 to 
-31

-30
 to 
-26

-25 to
 -21

-20
 to

 -16 

-15 to 
-11

-10 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 2 7 18 22 84 66 24 11 9 1 0 0 0

12 Noon - 3PM 0 0 0 0 0 2 22 43 52 21 13 3 2 0 0 0

4PM - 7PM 0 0 0 0 1 2 24 66 70 40 12 4 1 0 0 0

8PM - 7AM 0 0 0 9 33 106 264 420 378 160 51 11 0 0 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35
 to 
-31

-30
 to 
-26

-25 to
 -21

-20
 to

 -16 

-15 
to

 -11

-10 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 9 12 39 76 102 52 24 8 9 1 0 0

12 Noon - 3PM 0 0 0 0 0 2 12 36 58 45 15 10 2 1 0 0

4PM - 7PM 0 0 0 0 1 5 29 64 71 44 21 7 0 0 0 0

8PM - 7AM 0 0 0 0 31 100 239 377 381 171 62 17 1 0 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35
 to 
-31

-30
 to 
-26

-25 to
 -21

-20
 to

 -16 

-15 
to

 -11

-10 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 0 3 26 57 98 135 57 21 8 4 3 0 0

12 Noon - 3PM 0 0 0 0 0 2 20 53 100 64 26 10 4 3 0 0

4PM - 7PM 0 0 0 0 3 21 55 111 158 71 41 12 5 2 0 0

8PM - 7AM 0 0 0 1 44 122 318 606 591 250 90 22 0 0 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35
 to 
-31

-30
 to 
-26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 3 71 351 820 1280 1909 1081 458 213 64 12 0 0

12 Noon - 3PM 0 0 0 0 12 223 850 1183 1925 1343 710 355 159 62 7 0

4PM - 7PM 0 0 0 0 13 257 698 1205 1887 1154 627 302 128 36 3 0

8PM - 7AM 0 0 0 10 218 1054 2326 3971 5244 2535 1090 416 31 4 0 0
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SYRACUSE NEW YORK
WINTER:  November - April

Hours of Occurrences
87,672 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 7 34 34 53 49 56 22 9 6 1 0 0 0

12 Noon - 3PM 0 0 0 0 0 15 21 30 34 22 4 3 1 0 0 0

4PM - 7PM 0 0 0 0 4 13 23 29 47 26 10 2 0 0 0 0

8PM - 7AM 0 0 3 40 100 128 227 369 368 191 62 20 3 0 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 9 15 24 43 70 110 59 29 10 3 0 0 0

12 Noon - 3PM 0 0 0 0 2 12 13 30 57 47 20 6 5 4 0 0

4PM - 7PM 0 0 0 0 10 18 28 59 104 58 36 9 3 1 0 0

8PM - 7AM 0 0 1 32 90 131 267 406 509 219 90 32 2 0 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 2 8 30 55 93 119 157 110 46 15 4 1 0 0

12 Noon - 3PM 0 0 0 0 7 15 23 68 95 95 46 23 5 1 0 0

4PM - 7PM 0 0 0 0 7 23 62 112 204 111 64 23 10 3 0 0

8PM - 7AM 0 0 4 39 100 185 378 615 728 343 139 34 4 2 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 19 80 301 727 1190 1912 998 454 205 67 16 0 0

12 Noon - 3PM 0 0 0 0 19 202 634 1146 1935 1319 666 377 180 60 10 0

4PM - 7PM 0 0 0 0 34 262 652 1247 1819 1080 570 302 138 44 5 0

8PM - 7AM 0 0 1 45 280 960 2232 3714 5001 2293 982 354 29 4 0 0
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BRADFORD PENNSYLVANIA
WINTER:  November - April

Hours of Occurrences
87,657 TOTAL hours analyzed during the period 1983 through 1992

Wind Speed = 0 to 4 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 9 21 49 50 54 41 18 8 3 0 0 0 0

12 Noon - 3PM 0 0 0 0 0 9 17 21 18 13 7 3 0 0 0 0

4PM - 7PM 0 0 0 0 4 20 34 52 63 33 8 5 5 1 0 0

8PM - 7AM 0 0 6 48 125 271 370 453 293 185 60 12 1 0 0 0

Wind Speed = 4 to 6 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 2 4 5 19 22 25 27 12 3 1 0 0 0 0

12 Noon - 3PM 0 0 0 0 0 1 11 9 18 9 7 1 2 0 0 0

4PM - 7PM 0 0 0 0 0 2 17 30 34 14 10 2 0 0 0 0

8PM - 7AM 0 0 1 15 35 75 119 156 142 55 26 3 1 0 0 0

Wind Speed = 6 to 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 0 3 9 28 46 84 57 33 15 1 2 0 0 0

12 Noon - 3PM 0 0 0 0 0 7 16 30 41 23 12 10 1 1 0 0

4PM - 7PM 0 0 0 0 4 18 30 66 61 42 16 7 5 1 0 0

8PM - 7AM 0 0 2 14 51 128 233 327 282 146 55 23 4 0 0 0

Wind Speed = GREATER THAN 8 feet/second
Time Period Temperature(Deg. C)

-40 
to

 -35

-35 
to

 -31

-30
 to

 -26

-25 to
 -21

-20
 to

 -16 

-15
 to

 -11

-10
 to
 -6

-5 
to
 -1

0
 to 
4

5
 to
 9

10 
to 
14

15
 to 
19

20  
to

 24

25 
to 
29

30 
to 
34

35
 to
 39

8-11AM 0 0 13 32 152 513 1015 1777 1589 849 427 169 53 9 0 0

12 Noon - 3PM 0 0 0 23 45 324 793 1697 1788 1120 659 317 147 51 0 0

4PM - 7PM 0 0 0 24 79 374 804 1746 1562 1020 598 297 127 36 0 0

8PM - 7AM 0 0 31 118 488 1582 2792 5335 4149 2126 1117 269 28 0 0 0
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18'4*'#&�%10&7%614�4#6+0)5

6JG�EQPFWEVQT�TCVKPIU�RCTCOGVGTU�IKXGP�KP�VJKU�TGRQTV�CTG�VJG�TGEQOOGPFGF�HCEVQTU�VQ�DG�WUGF�KP
FGVGTOKPKPI�VJG�VJGTOCN�TCVKPIU�QH�QXGTJGCF�EQPFWEVQTU����6JG�RTKOG�EQPUKFGTCVKQP�KP�VJGTOCN
TCVKPI�FGVGTOKPCVKQP�KU�VJCV�VJG�EQPFWEVQT�PQV�UWUVCKP�OQTG�NQUU�QH�UVTGPIVJ�FWG�VQ�CPPGCNKPI�QXGT
KVU�WUGHWN� NKHG� VJCP� UQOG�CITGGF�WRQP�RGTEGPVCIG��WUWCNN[� CRRTQZKOCVGN[� VGP�RGTEGPV��� �6JKU
UVCVGOGPV�HTQO�VJG�1XGTJGCF�%QPFWEVQT�5GEVKQP�QH�VJG������TGRQTV�UVCVGU�VJG�ETKVGTKC�VJCV�YGTG
WUGF�VQ�FGXGNQR�CNNQYCDNG�EQPFWEVQT�VGORGTCVWTGU���6JG�NKOKVU�YGTG�TGVCKPGF�KP�VJG������TGXKUKQP�

#NNQYCDNG�EQPFWEVQT�VGORGTCVWTGU�HQT�GCEJ�QRGTCVKPI�EQPFKVKQP�YGTG�FGVGTOKPGF�QP�VJG�DCUKU�QH
VJG�NQUU�QH�UVTGPIVJ�ETKVGTKC�CPF�VJG�CUUWOGF�PWODGT�QH�JQWTU�QH�QRGTCVKQP�CV�GCEJ�EQPFKVKQP���6JG
RTQEGFWTG�YCU�CU�HQNNQYU��
���VJG�PWODGT�QH�JQWTU�QH�QRGTCVKQP�CV�GCEJ�QRGTCVKPI�EQPFKVKQP�YCU
UGNGEVGF�� 
��� C� VGPVCVKXG� EJQKEG� YCU� OCFG� QH� VJG� EQPFWEVQT� QRGTCVKPI� VGORGTCVWTG� HQT� GCEJ
QRGTCVKPI�EQPFKVKQP��
���VJG�VKOG�FWTCVKQPU�CPF�VGORGTCVWTGU�HTQO�
���CPF�
���YGTG�CRRNKGF�VQ
NCDQTCVQT[�FCVC��IKXKPI�NQUU�QH�UVTGPIVJ�CV�C�HKZGF�VGORGTCVWTG�CU�C�HWPEVKQP�QH�VKOG�VQ�HKPF�VJG
EWOWNCVKXG�NQUU�QH�UVTGPIVJ�YJKEJ�YCU�VJGP�VGUVGF�CICKPUV�VJG�ETKVGTKQP���+H�VJG�EWOWNCVKXG�NQUU�YCU
VQQ�HCT�QXGT�QT�WPFGT�VJG����RGTEGPV�ETKVGTKQP��PGY�EQPFWEVQT�VGORGTCVWTGU�YGTG�EJQUGP�CPF�VJG
RTQEGUU�TGRGCVGF�

6JG������6CUM�(QTEG�TGXKGYGF�VJG�GZKUVKPI�TGEQOOGPFGF�EQPFWEVQT�QRGTCVKPI�VGORGTCVWTGU�CU
VJG[�TGNCVG�VQ�NQUU�QH�UVTGPIVJ��CPPGCNKPI�CPF�ENGCTCPEGU��CPF�TGXKGYGF�KPFWUVT[�GZRGTKGPEG�KP�C
OGGVKPI�YKVJ�)NGPP�&CXKFUQP�QH�5VQPG���9GDUVGT���+V�YCU�FGVGTOKPGF�VJCV�EQPFWEVQTU�KP�UGTXKEG
UWHHGT�NKVVNG�UVTGPIVJ�NQUU�UKPEG�VJG[�UGNFQO�QRGTCVG�PGCT�TCVGF�VGORGTCVWTGU�CPF�VJCV�VJG�IQXGTPKPI
HCEVQT�HQT�C�EJCPIG�KP�EQPFWEVQT�TCVKPI�YQWNF�DG�ENGCTCPEG�VQ�ITQWPF�QT�QVJGT�YKTGU���)KXGP�VJG
WPEGTVCKPV[�QH�CEVWCN�HKGNF�ENGCTCPEGU��PQ�TGCUQP�YCU�HQWPF�VQ�EJCPIG�VJG�EQPFWEVQT�VGORGTCVWTGU
KPFKECVGF�KP�VJG������TGRQTV��UQ�VJG[�TGOCKP�VJG�UCOG�HQT�GCEJ�EQPFWEVQT�V[RG���+V�OWUV�DG�PQVGF
JGTG�VJCV�HQT�NKPGU�DWKNV�WPFGT�VJG������CPF�OQTG�TGEGPV�GFKVKQPU�QH�VJG�0CVKQPCN�'NGEVTKECN�5CHGV[
%QFG
0'5%��� ENGCTCPEGU� OWUV� DG� OCKPVCKPGF� CV� VJG� JKIJGUV
56'�� EQPFWEVQT� VGORGTCVWTGU
TGEQOOGPFGF�KP�VJKU�TGRQTV���(QT�NKPGU�DWKNV�WPFGT�0'5%�GFKVKQPU�RTKQT�VQ�������VJG�QYPKPI�WVKNKV[
OC[�FGVGTOKPG�VJCV�KP�EGTVCKP�ECUGU�VGORGTCVWTGU�NQYGT�VJCP�TGEQOOGPFGF�OC[�DG�TGSWKTGF�VQ
OCKPVCKP�ENGCTCPEGU�

1XGTJGCF�EQPFWEVQT�TCVKPIU�CTG�FGVGTOKPGF�D[�ECNEWNCVKQPU�DCUGF�QP�VJG�EQPFWEVQT�VGORGTCVWTGU
CPF�QVJGT�RCTCOGVGTU�YKVJ�VJG�OQUV�KORQTVCPV�QPGU�DGKPI�#�%�TGUKUVCPEG��CODKGPV�YKPF�URGGF�CPF
VGORGTCVWTG���0Q�KPFWUVT[�UVCPFCTF�TCVKPIU�GZKUV�HQT�QXGTJGCF�EQPFWEVQTU��DWV�TCVKPI�ECNEWNCVKQP
OGVJQFU�HQT�UVGCF[�UVCVG�EQPFKVKQPU�
PQTOCN�CPF�.6'��CPF�C�VTCPUKGPV�VJGTOCN�TCVKPI�CTG�EQPVCKPGF
KP�VJG�+'''�5VCPFCTF����������
4GHGTGPEG�������0;22�TCVKPIU�UJQWNF�DG�ECNEWNCVGF�KP�CEEQTFCPEG
YKVJ�VJKU�UVCPFCTF���6JKU�PGYN[�WRFCVGF�UVCPFCTF�EQPVCKPU�C�EQORWVGT�RTQITCO�NKUVKPI��C�HNQRR[
FKUM�EQPVCKPKPI�VJG�RTQITCO�CPF�OGVJQFQNQI[�QH�VJG�ECNEWNCVKQP�KU�GZRNCKPGF���6JG�6CUM�(QTEG
TGEQOOGPFU�QDVCKPKPI�CPF�WUKPI�VJKU�UVCPFCTF�HQT�QXGTJGCF�TCVKPI�ECNEWNCVKQPU����6JG�OGVJQF�KU
CRRNKECDNG�VQ�CNN�QH�VJG�EQPFWEVQT�V[RGU�HQWPF�KP�0;22�U[UVGOU��WUKPI�VJG�RTQRGT�XCNWGU�QH�#�%
TGUKUVCPEG�CPF�QVJGT�RCTCOGVGTU���+V�ECP�CNUQ�DG�WUGF�VQ�ECNEWNCVG�EQPFWEVQT�TCVKPIU�HQT�CODKGPV
EQPFKVKQPU�QVJGT�VJCP�VJQUG�TGEQOOGPFGF�JGTGKP�
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6JG�TCVKPI�ECNEWNCVKQP�TGSWKTGU�VJCV�XCNWGU�DG�EJQUGP�HQT�C�PWODGT�QH�RCTCOGVGTU�CU�KPRWV�VQ�VJG
ECNEWNCVKQP���%QPFWEVQT�GOKUUKXKV[��NCVKVWFG�CPF�YKPF�CPING�CTG�GZCORNGU���'CEJ�WVKNKV[�OWUV�UGNGEV
KPRWV�XCNWGU�CRRTQRTKCVG�HQT�VJGKT�NKPGU���+H�KFGPVKECN�RCTCOGVGTU�CTG�PQV�CUUWOGF�D[�VYQ�RCTVKGU
OCMKPI�VJG�ECNEWNCVKQP�HQT�VJG�UCOG�NKPG��VJG�TCVKPIU�ECNEWNCVGF�YKNN�DG�FKHHGTGPV���+P�QTFGT�HQT
0;22�OGODGTU�VQ�JCXG�C�EQOOQP�UGV�QH�EQPFWEVQT�TCVKPIU��VJG�RCTCOGVGTU�UWIIGUVGF�KP�#RRGPFKZ
#�UJQWNF�DG�WUGF�

#ORCEKV[�HQT�URGEKCN�EQPFWEVQT�V[RGU�ECP�DG�ECNEWNCVGF�D[�VJG�+'''�OGVJQF��DWV�VJG�OCPWHCEVWTGT
UJQWNF� DG� EQPUWNVGF� TGICTFKPI� VGORGTCVWTG� NKOKVU�� � (QT� UVGGN�UWRRQTVGF� CNWOKPWO� EQPFWEVQT

55#%���VJGTG�KU�C�UKPING�OCZKOWO�QRGTCVKPI�VGORGTCVWTG�VQ�UGNGEV�DCUGF�QP�RGTHQTOCPEG�QH�VJG
EQTG�YKTG�EQCVKPI�CPF�EQPFWEVQT�CEEGUUQTKGU���0QTOCN��.6'�CPF�56'�TCVKPIU�YKNN�DG�VJG�UCOG�
(QT� UGNH�FCORKPI� EQPFWEVQT� 
5&%�� CPF� EQORCEVGF� UVTCPF� EQPFWEVQT�� VJG� +'''� CORCEKV[
ECNEWNCVKQP�ECP�DG�WUGF�YKVJ�VJG�VGORGTCVWTG�NKOKVU�HQT�#%54�

#�PWODGT�QH�RQKPVU�VQ�EQPUKFGT�YKVJ�TGURGEV�VQ�RTCEVKECN�CRRNKECVKQP�CTG�CU�HQNNQYU�

� 6JGTOCN�4CVKPIU�� �6JG�0;22�TCVKPIU�RTQXKFG� VJGTOCN� NKOKVU�QPN[��CPF�FQ�PQV
TGEQIPK\G�VJG�KPETGCUGF�UCI�CPF�TGFWEGF�ITQWPF�ENGCTCPEG�VJCV�QEEWTU�YKVJ�JKIJGT
EQPFWEVQT�VGORGTCVWTGU���5QOG�NKPG�TCVKPIU�OC[�DG�NKOKVGF�D[�ENGCTCPEG�NKOKVU
TCVJGT�VJCP�VJGTOCN�NKOKVU�

� 2J[UKECN�%QPFKVKQPU���6JG�0;22�TCVKPIU�CUUWOG�EQPFWEVQTU�CPF�CEEGUUQTKGU�VQ�DG
KP�C�EQPFKVKQP�UQ�VJCV�EQPFWEVQT�VGORGTCVWTGU�CTG�PQV�KPETGCUGF�D[�DTQMGP�UVTCPFU�
HCWNV[�EQPPGEVQTU�CPF�URNKEGU�CPF�UKOKNCT�EQPFKVKQPU�

� *KIJ� %QPFWEVQT� 6GORGTCVWTGU�� � %QPFKVKQPU� CTG� TGEQIPK\GF� VJCV� ECP� ECWUG
EQPFWEVQT�VGORGTCVWTG�VQ�GZEGGF�VJG�UGNGEVGF�NKOKVU�FWTKPI�CP[�IKXGP�RGTKQF�QH
QRGTCVKQP�� � #NN� UWEJ� EQPFKVKQPU� TGSWKTG� VJG� EQKPEKFGPEG� QH� JKIJ� CODKGPV
VGORGTCVWTGU�CPF�JKIJ�RQYGT�VTCPUHGT��YKVJ�VJG�HQNNQYKPI�OQFKH[KPI�QT�CFFKVKQPCN
GXGPVU�

#� #ODKGPV�VGORGTCVWTG�GZEGGFKPI�CUUWOGF�CODKGPV�

$� 9KPF�URGGF�NGUU�VJCP���HV��UGE�

%� 9KPF�FKTGEVKQP�RCTCNNGN�VQ�EQPFWEVQTU�YJKEJ�TGFWEGU�JGCV�NQUU�D[�EQPXGEVKQP

EQPXGPVKQPCN� KPFWUVT[� RTCEVKEG� KU� VQ� CUUWOG� YKPF� RGTRGPFKEWNCT� VQ
EQPFWEVQTU� KP� TCVKPI� ECNEWNCVKQPU��� � 6JG� +'''� 5VCPFCTF� ��������
KPEQTRQTCVGU�HQTOWNCG�YJKEJ�CNNQYU�VJG�WUGT�VQ�FGHKPG�C�YKPF�CPING�QVJGT
VJCP�RGTRGPFKEWNCT���+V�ECP�DG�FGOQPUVTCVGF�VJCV�C�EJCPIG�KP�YKPF�CPING
HTQO�RGTRGPFKEWNCT�VQ���Q�YKNN�TGFWEG�VJG�TCVKPI�D[�������%QPUKFGTCVKQP�QH
WUKPI�YKPF�CPING�HQT�TCVKPIU�YQWNF�KPENWFG�TGXKGY�QH�YKPF�FKTGEVKQP�FCVC
HQT�NQY�YKPF�JKIJ�VGORGTCVWTG�EQPFKVKQPU���#RRNKECVKQP�QH�YKPF�CPING�VQ
TCVKPI�ECNEWNCVKQPU�KU�NGHV�CP�QRVKQP�VQ�DG�FGEKFGF�D[�GCEJ�WVKNKV[�
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Impact of Topography on Overhead Conductor Rating
Comparison  of coincident ratings(% of NYPP) based  on 

on wind speeds obtained from a valley location and open flat location

May through September 1988, hourly values
90  Degree wind angle
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The unsheltered area has an
average value of 160 % of the 
NYPP rating.

The sheltered area has an
average value of 132% of the 
NYPP rating.

&� 'OGTIGPE[� RQYGT� HNQY� VJCV� GZEGGFU� VJG� 56'� TCVKPI� FWG� VQ� U[UVGO
EQPFKVKQPU�CV�VJG�VKOG�

'� #��UJGNVGTGF�CTGC��QH�XGT[�NQY�YKPF�URGGF�OC[�GZKUV�UQOGYJGTG�KP�C�NKPG�
6JG�ITCRJ�DGNQY�RTGUGPVU�EQKPEKFGPV�YKPF�URGGF�FCVC
HGGV�UGEQPF��QDVCKPGF
HTQO�C�UJGNVGTGF�CPF�WPUJGNVGTGF�NQECVKQP�KP�VJG�4QEJGUVGT�)CU���'NGEVTKE
HTCPEJKUG�CTGC��5KOKNCT�FCVC�EQWNF�DG�EQNNGEVGF�CPF�EWTXGU�FGXGNQRGF�D[
QVJGT�WVKNKVKGU���6JGUG�EWTXGU�EQWNF�DG�WUGF�VQ�FGXGNQR�C��YKPF�UJGNVGTKPI
HCEVQT��VQ�CEEQWPV�HQT�NQYGT�GHHGEVKXG�YKPF�URGGFU�CNQPI�C� VTCPUOKUUKQP
NKPG�

6JG�EWTXG�KP�VJG�HKIWTG�CDQXG�HQT��WPUJGNVGTGF�VGTTCKP��KU�V[RKECN�QH�YKPF�URGGFU�WUWCNN[�QDVCKPGF
HTQO�CKTRQTV�YGCVJGT�UVCVKQPU���5KPEG�VGORGTCVWTG�FKHHGTGPEG�YGTG�UOCNN�DGVYGGP�VJG�NQECVKQPU�
OQUV�QH�VJG�FKHHGTGPEG�KP�TCVKPIU�YCU�FWG�VQ�TGFWEGF�YKPF�URGGF�CV�VJG�UJGNVGTGF�NQECVKQP���6JG
TCVKPI�YCU�DGNQY�VJG�0;22�TCVKPI�HQT�CRRTQZKOCVGN[�����QH�VJKU�RGTKQF���+H�VJKU�YCU�EQPUKFGTGF
GZEGUUKXG�D[�VJG�WVKNKV[��VJG�TCVKPI�EQWNF�DG�CFLWUVGF�VQ�TGFWEG�VJG�QXGT�TCVKPI�VKOG�

(CXQTCDNG�EQPFKVKQPU�CTG�CNUQ�RQUUKDNG�VJCV�CTG��VCMGP�KPVQ�CEEQWPV�KP�TCVKPI�ECNEWNCVKQPU��KPENWFKPI�

#� #ODKGPV�VGORGTCVWTGU�VJCV�CTG�FKHHGTGPV�VJCP�VJQUG�EJQUGP�HQT�VJG�ECNEWNCVKQP�QH�VJG
0;22�UWOOGT�QT�YKPVGT�TCVKPI���6JG�VCDNG�DGNQY�EQPVCKPU�HCEVQTU�VQ�CFLWUV�VJG
TCVKPIU�HQT�FKHHGTGPV�CODKGPV�CKT�VGORGTCVWTGU�
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5#/2.'�4#6+0)�(#%6145

.6'�

#ODKGPV�
6GORGTCVWTG

Q%

#ODKGPV�6GORGTCVWTG�#FLWUVOGPV�(CEVQTU�
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$� 9KPF�GZEGGFKPI���HV��UGE�

%� %NQWF�EQXGT�QT�FCTMPGUU�VJCV�TGFWEGU�QT�GNKOKPCVGU�UQNCT�JGCVKPI���6JG�HQNNQYKPI
VCDNG�UJQYU�CP�CRRTQZKOCVG����KPETGCUG�KP�TCVKPI�YJGP�UWP�KU�PQV�RTGUGPV���+V�CNUQ
FGOQPUVTCVGU�NGUUGT�KPETGCUGU�CU�VJG�EQPFWEVQT�IGVU�UOCNNGT�
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%QPFWEVQT�6[RG 5WOOGT�.6'
4CVKPI

YKVJ�570

5WOOGT�.6'
4CVKPI

YKVJQWV�570

��+PETGCUG�YKVJ�PQ
570

�����MEO�#%54����� �����CORGTGU �����CORGTGU ����

����MEO�#%54����� �����CORGTGU �����CORGTGU ����

����MEO�#%54����� �����CORGTGU �����CORGTGU ����

���MEO�#%54����� ����CORGTGU ����CORGTGU ����

&� 4CKP�

'� %QQNKPI�FWG�VQ�XGTVKECN�CKT�EWTTGPV�ECWUGF�D[�JGCVKPI�QH�VJG�YKTGU�QT�VJG�GCTVJ�

(� 2TG�FKUVWTDCPEG�RQYGT�HNQY�DGNQY�VJG�PQTOCN�TCVKPI�

6JG�HTGSWGPE[�CPF�FWTCVKQP�QH�GZEGUU�VGORGTCVWTG�QEEWTTGPEGU�KU�CUUWOGF�VQ�DG�NQY�GPQWIJ
VJCV�VJG�NKHGVKOG����RGTEGPV�NQUU�QH�UVTGPIVJ�ETKVGTKQP�YKNN�PQV�DG�GZEGGFGF�

56'�4#6+0)��24'.1#&+0)

6JG�56'�TCVKPI�ECNEWNCVKQP�KP�VJKU�TGRQTV�KU�DCUGF�QP�VJG�CUUWORVKQP�VJCV�VJG�EQPFWEVQT�JCU
DGGP�QRGTCVKPI�CV�VJG�VGORGTCVWTG�CUUQEKCVGF�YKVJ�KVU�PQTOCN�EWTTGPV�TCVKPI�RTKQT�VQ�VJG
KPEKFGPV���6JKU�CUUWORVKQP�KU�PGGFGF�VQ�FGHKPG�VJG�VGORGTCVWTG�TKUG�VJCV�QEEWTU�FWTKPI�56'
QRGTCVKQP��KP�YJKEJ�C�UVGR�EJCPIG�KP�NQCFKPI�KU�HQNNQYGF�D[�C�VTCPUKGPV�KPETGCUG�HTQO�VJG
PQTOCN�EQPFWEVQT�VGORGTCVWTG�VQ�VJG�56'�VGORGTCVWTG���5KPEG�VJG�EQPFWEVQT�VKOG�EQPUVCPV�KU
IGPGTCNN[�ITGCVGT�VJCP����OKPWVGU��VJG�EQPFWEVQT�VGORGTCVWTG�YKNN�UVKNN�DG�TKUKPI�CV�VJG�GPF�QH
VJG�56'�RGTKQF���#�VTCPUKGPV�ECNEWNCVKQP�KU�TGSWKTGF�VQ�FGVGTOKPG�EWTTGPV�VJCV�YKNN�ECWUG�VJG
URGEKHKGF�VGORGTCVWTG�TKUG�KP����OKPWVGU���6JG�56'�TCVKPI�KU�VJG�QPN[�QPG�QH�VJG�VJTGG�TCVKPIU

0QTO��.6'��56'��YJKEJ�VCMGU�CFXCPVCIG�QH�VJG�EQPFWEVQT	U�VKOG�EQPUVCPV���6JCV�KU�
HQNNQYKPI�C�UVGR�EJCPIG�KP�NQCFKPI��KV�YKNN�VCMG�C�YJKNG�
OKPWVGU��HQT�VJG�EQPFWEVQT�VQ�TGCEJ�C
PGY�UVGCF[�UVCVG�VGORGTCVWTG���6JWU��VJG�NQYGT�VJG�UVCTVKPI�RQKPV��VJG�NGUU��FCOCIG��KU�FQPG�KP
���OKPWVGU�

+H�VJG�EQPFWEVQT�KU�CEVWCNN[�QRGTCVKPI�CV�NGUU�VJCP�
OQTG�VJCP��PQTOCN�UVGCF[�UVCVG�VGORGTCVWTG�
VJG�56'�TCVKPI�YQWNF�KPETGCUG�
FGETGCUG��

+PFKXKFWCN�%QORCPKGU�OC[�EJQQUG�VQ�WUG�PQP�UVCPFCTF�56'�TCVKPIU�HQT�MPQYP�CEVWCN�QRGTCVKPI
EQPFKVKQPU���6JKU�EQWNF�DG�CEEQORNKUJGF�VJG�UCOG�YC[�F[PCOKE�TCVKPIU�HQT�MPQYP�CODKGPV
EQPFKVKQPU�CTG�CEEQORNKUJGF�VQFC[���6JG�VTCPUKGPV�RTQITCO�RTQXKFGF�YKVJ�VJG�+'''�5VF�����
�����ECP�DG�WUGF�VQ�ECNEWNCVG�56'�TCVKPIU�HQT�RTGNQCF�EWTTGPVU�QVJGT�VJCP�VJG�PQTOCN�TCVKPI
XCNWG�
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18'4*'#&�%10&7%614

4GHGTGPEGU�

�� %WTTGPV�%CTT[KPI�%CRCEKV[�QH�#%54����D[�*�'��*QWUG�CPF�2�&��6WVVNG���#+''
6TCPUCEVKQPU��2QYGT�#RRCTCVWU�CPF�5[UVGOU��8QN������2CTV�+++��������RR����������

+'''�5VCPFCTFU

�� +'''�5VCPFCTF�HQT�VJG�%CNEWNCVKPI�VJG�%WTTGPV�6GORGTCVWTG�4GNCVKQPUJKR�QH�$CTG
1XGTJGCF�%QPFWEVQTU���+'''�5VCPFCTF���������
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5[PQRUKU

6JG�UVCPFCTF�TGSWKTGOGPVU�HQT�JKIJ�XQNVCIG�CKT�FKUEQPPGEV�UYKVEJGU�CTG�EQXGTGF�KP�#05+�5VCPFCTFU
%������VQ�%��������6JGUG�UVCPFCTFU�URGEKH[��KP�CFFKVKQP�VQ�QVJGT�TGSWKTGOGPVU��VJG�TCVGF�EWTTGPV�
VJG� EQPFKVKQPU� WPFGT� YJKEJ� VJG� TCVGF� � EWTTGPV� KU� FGVGTOKPGF� CPF� VJG� OCZKOWO� CNNQYCDNG
VGORGTCVWTG�TKUG�NKOKVCVKQPU�QH�VJG�XCTKQWU�EQORQPGPVU�KP�VJG�UYKVEJ��(QT�GZCORNG��VJG�OCZKOWO
VGORGTCVWTG�TKUG�HQT�UKNXGT�VQ�UKNXGT�EQPVCEVU� KP�CKT� KU���Q%���#�HQTOWNC� KU�RTQXKFGF� KP�#05+
5VCPFCTF�%������HQT�VJG�ECNEWNCVKQP�QH�VJG�CNNQYCDNG�EQPVKPWQWU�EWTTGPV�CV�CODKGPV�VGORGTCVWTG
CV�YJKEJ�VJG�UYKVEJ�ECP�QRGTCVG�YKVJQWV�GZEGGFKPI�KVU�VGORGTCVWTG�TKUG�NKOKVCVKQPU�

2TKQT�VQ�������#05+�5VCPFCTFU�CNNQYGF�C���Q%�VGORGTCVWTG�TKUG�QXGT�C�OCZKOWO�CODKGPV�QH���Q%�
HQT�C�OCZKOWO�QXGTCNN�VGORGTCVWTG�QH���Q%���5YKVEJGU�OCPWHCEVWTGF�KP�CEEQTFCPEG�YKVJ�VJG���Q%
VGORGTCVWTG�TKUG�NKOKV�JCXG�C�JKIJGT�NQCFKPI�ECRCDKNKV[�VJCP�UYKVEJGU�OCPWHCEVWTGF�KP�CEEQTFCPEG
YKVJ�UVCPFCTFU�RWDNKUJGF�KP������CPF�NCVGT�

6YQ�UYKVEJ�TCVKPIU�CTG� NKUVGF� KP� VJG� VCDNG�� �6JG�TCVKPIU� NKUVGF�WPFGT���Q%�TKUG�CRRN[� VQ� VJQUG
UYKVEJGU�FGUKIPGF�KP�CEEQTFCPEG�YKVJ�VJG���Q%�TKUG�NKOKVCVKQP���6JG�TCVKPIU�NKUVGF�WPFGT���Q%�TKUG
CRRN[� VQ� VJQUG� UYKVEJGU�YKVJ� UKNXGT�VQ�UKNXGT� EQPVCEVU� FGUKIPGF� KP� CEEQTFCPEG�YKVJ� UVCPFCTFU
RWDNKUJGF�KP������CPF�NCVGT���6JG�WUGT�OWUV�FGVGTOKPG�VJG�ETKVGTKC�WPFGT�YJKEJ�VJG�UYKVEJ�YCU
FGUKIPGF�CPF�FGVGTOKPG�VJG�CRRTQRTKCVG�TCVKPIU�

#�TGXKGY�QH�VJG�UYKVEJ�HQTOWNC�HQT�56'�TCVKPIU�KP�������TGRQTV�FKUENQUGF�VJCV�KV�YCU�KPEQPUKUVGPV
YKVJ� VJG� FGUKIP� ETKVGTKC� TGEQOOGPFGF� D[� #05+�� � #� HQTOWNC� FGXGNQRGF� D[� 2,/� OGODGT
EQORCPKGU
4GHGTGPEG� ���� JCU� DGGP� CFQRVGF� KP� VJKU� TGRQTV�� � 6JG� PGY� HQTOWNC� [KGNFU� OQTG
EQPUGTXCVKXG�TCVKPIU�YJKEJ�TGUWNVU�KP�C�UOCNN�TGFWEVKQP�KP�56'�TCVKPIU�KP�EGTVCKP�KPUVCPEGU�

6JG�TCVKPI�HCEVQTU�HQT�CKT�FKUEQPPGEVU�CTG�DCUGF�QP�UYKVEJGU�VJCV�CTG�OCKPVCKPGF�KP��HCEVQT[�PGY�
EQPFKVKQP���#P[�QRGTCVKQP�CDQXG�PCOGRNCVG�TCVKPI�KORQUGU�CFFKVKQPCN�FWV[�QP�UYKVEJ�EQPVCEVU���+H
TGIWNCT�OCKPVGPCPEG�KU�PQV�RGTHQTOGF��C�OQTG�EQPUGTXCVKXG�TCVKPI�HCEVQT�OC[�DG�QDVCKPGF�D[�VCMKPI
QPN[����RGTEGPV�QH�VJG�KPETGCUG�QXGT�VJG�PQOKPCN�TCVKPI�
4GHGTGPEG�����

&KUEWUUKQP

6JG�PCOGRNCVG�EWTTGPV�TCVKPIU�HQT�CNN�UYKVEJGU�CTG�DCUGF�QP�C���E%�CODKGPV�VGORGTCVWTG��PQ�YKPF�
CPF�C� HKPKVG� VGORGTCVWTG�TKUG�HQT� VJG�UYKVEJ�RCTV�CV�PCOGRNCVG�EWTTGPV�TCVKPI�� �6JG�CNNQYCDNG
EQPVKPWQWU�EWTTGPV�TCVKPIU�CV�EQPFKVKQPU�QVJGT�VJCP�URGEKHKGF�KP�VJG�UVCPFCTFU�ECP�DG�FGVGTOKPGF
HTQO�VJG�HQNNQYKPI�GSWCVKQP�
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Imax'Irated
max& a

r

9JGTG� +OCZ���OCZKOWO�CNNQYCDNG�EQPVKPWQWU�EWTTGPV�
CORGTGU�

+TCVGF���PCOGRNCVG�TCVKPI�
CORGTGU�

1OCZ���OCZKOWO�CNNQYCDNG�VGORGTCVWTG�HQT�UYKVEJ�RCTV�
E%�

1C���CODKGPV�VGORGTCVWTG�
E%�

1T��� NKOKV� QH� QDUGTXCDNG� VGORGTCVWTG� TKUG�
E%��CV

PCOGRNCVG�TCVKPI�QH�VJG�UYKVEJ�RCTV�

(QT�UYKVEJGU�OCPWHCEVWTGF�KP�CEEQTFCPEG�YKVJ�VJG���Q%�TKUG�VGORGTCVWTG�NKOKV��VJG�PCOGRNCVG
TCVKPI�YCU�DCUGF�QP�C�VGORGTCVWTG�TKUG�QH���E%�
1T��CV�VJG�TCVGF�PCOGRNCVG�EWTTGPV�
+T��QXGT�C���E%
CODKGPV�VGORGTCVWTG�
1C��IKXKPI�C�OCZKOWO�CNNQYCDNG�VGORGTCVWTG�
1OCZ��QH���E%���(QT�VJG
GOGTIGPE[�TCVKPI��UKNXGT�VQ�UKNXGT�EQPVCEVU�YGTG�CUUWOGF�CPF�VJG�OCZKOWO�CNNQYCDNG�VGORGTCVWTG
YCU�NKOKVGF�VQ����E%���9KVJ�C�OCZKOWO�UWOOGT�CODKGPV�QH���E%�CPF�YKPVGT�CODKGPV�QH���E%�
VJG�PQTOCN�CPF�.6'�TCVKPIU�QH�VJGUG�UYKVEJGU�YQWNF�ECNEWNCVG�VQ�DG�KP�RGTEGPV�QH�PCOGRNCVG�TCVKPI
CU�HQNNQYU�

5GCUQPCN�4CVKPI�(CEVQTU
��
��Q%�4KUG�&KUEQPPGEV�5YKVEJGU

#ODKGPV�6GORGTCVWTG�1
C

/CZ�6GOR��QH�5YKVEJ
2CTV�
1

OCZ
�

#NNQYCDNG�.QCFKPI

��E%� ��E% ����

5WOOGT�0QTOCN�

��E% ���E% ����

5WOOGT�.6'�

��E% ��E% ����

9KPVGT�0QTOCN�

��E% ���E% ����

9KPVGT�.6'�
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(QT�UYKVEJGU�OCPWHCEVWTGF�KP�CEEQTFCPEG�YKVJ�#05+�%�����������CPF�NCVGT�UVCPFCTFU��VJG�PQTOCN
TCVKPI�YCU�DCUGF�QP�UYKVEJGU�YKVJ�UKNXGT�VQ�UKNXGT�EQPVCEVU�JCXKPI�C���E%�VGORGTCVWTG�TKUG�QXGT
C���E%�CODKGPV��IKXKPI�C�OCZKOWO�CNNQYCDNG�VGORGTCVWTG�QH���E%�CV�PCOGRNCVG�TCVKPI���(QT
GOGTIGPE[�QRGTCVKQP�VJG�OCZKOWO�CNNQYCDNG�VGORGTCVWTG�QH����E%�CU�CEEGRVGF�HQT�UKNXGT�VQ�UKNXGT
EQPVCEVU�DCUGF�QP�+'''�6TCPUCEVKQPU�2CRGT�(���������RWDNKUJGF�,WN[�#WIWUV������
4GHGTGPEG�����
6JG� PQTOCN� CPF�.6'� TCVKPIU� QH� VJGUG� UYKVEJGU� CV� ���%� CPF� ��E%� CODKGPVU� CU� C� RGTEGPV� QH
PCOGRNCVG�TCVKPI�CTG�

5GCUQPCN�4CVKPI�(CEVQTU
��
��Q%�4KUG�&KUEQPPGEV�5YKVEJGU

#ODKGPV�6GORGTCVWTG�1
C

/CZ�6GOR��QH�5YKVEJ
2CTV�
1

OCZ
�

#NNQYCDNG�.QCFKPI

��E% ��E% ����

5WOOGT�0QTOCN�

��E% ���E% ����

5WOOGT�.6'�

��E% ��E% ����

9KPVGT�0QTOCN�

��E% ���E% ����

9KPVGT�.6'�

9JGP�HCEVQT[�VGUVU�CTG�CXCKNCDNG��VJG�CEVWCN�VGORGTCVWTG�TKUG�1T�CV�VJG�PCOGRNCVG�TCVKPI�QH�VJG
UYKVEJ�ECP�DG�WUGF���)GPGTCNN[��VJKU�HCEVQT�YKNN�DG�NGUU�VJCP�VJG�HCEVQT�URGEKHKGF�KP�#05+�%������
TGUWNVKPI�KP�CP�KPETGCUGF�NQCFKPI�ECRCDKNKV[�

5JQTV�6KOG�'OGTIGPE[�4CVKPIU

5JQTV�VKOG�GOGTIGPE[�TCVKPIU�CTG�FGVGTOKPGF�DCUGF�QP�VJG�UYKVEJ�VJGTOCN�VKOG�EQPUVCPV�YJKEJ�KU
C�HWPEVKQP�QH�VJG�JGCV�UVQTCIG�ECRCEKV[�QH�VJG�UYKVEJ���5YKVEJ�NQCFKPI�RTKQT�VQ�CRRN[KPI�VJG�UJQTV
VKOG�GOGTIGPE[�TCVKPI�KU�CUUWOGF�VQ�DG�����RGTEGPV�QH�VJG�PQTOCN�TCVKPI�YKVJ�UYKVEJ�EQPVCEVU�CV
PQTOCN�CNNQYCDNG�OCZKOWO�VGORGTCVWTG�� �#P�GOGTIGPE[�CNNQYCDNG�OCZKOWO�VGORGTCVWTG� KU
WVKNK\GF���6JG�NQUU�QH�VGPUKNG�UVTGPIVJ�QH�EQRRGT�CPF�CNWOKPWO�CNNQ[U�FWG�VQ�CPPGCNKPI�KU�GZRGEVGF
VQ�DG�PGINKIKDNG�

6JG�UJQTV�VKOG����OKPWVG�TCVKPIU�YGTG�ECNEWNCVGF��WUKPI�VJG�HQNNQYKPI�HQTOWNCU�HQT�UKNXGT�VQ�UKNXGT
EQPVCEVU���*QYGXGT��KP�CNN�ECUGU��VJG�UJQTV�VKOG�TCVKPI�JCU�DGGP�CTDKVTCTKN[�NKOKVGF�VQ�����RGTEGPV
QH�PCOGRNCVG�TCVKPIU�QH�CNN���E%�TKUG�UYKVEJGU�CPF�����RGTEGPV�QH�PCOGRNCVG�TCVKPIU�QH�VJG���E%
UYKVEJGU�
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(
maxe2& maxn

1&e &t/T
% maxn

& a)

1/

Ref. #2

��4CVKPI�KU�NKOKVGF�VQ������QH�PQTOCN�TCVKPI�
HQT����FGI�%�TKUG�FGUKIPU�

9JGTG +GV � 'OGTIGPE[�TCVKPI�QH�NGUU�VJCP���JQWTU�
CORGTGU�

+��� � 4CVGF�EQPVKPWQWU�EWTTGPV

1OCZ�P�� 0QTOCN�CNNQYCDNG�VGORGTCVWTG�HQT�UYKVEJ�RCTV�
E%�

1OCZG��� 56'� 'OGTIGPE[� CNNQYCDNG�OCZKOWO� VGORGTCVWTG�
��E%

JKIJGT�VJCP�OCZKOWO�CNNQYCDNG�.6'�VGORGTCVWTG�HQT�UYKVEJ
RCTV�

1C � CODKGPV�VGORGTCVWTG�
E%�

V � 56'�FWTCVKQP�VKOG�
���OKPWVGU�

I � VJGTOCN�VKOG�EQPUVCPV�QH�UYKVEJ�KP�OKPWVGU���6JKU�OC[�DG

EQPUGTXCVKXGN[�CUUWOGF�VQ�DG����OKPWVGU�
0 � GORKTKECN�VGORGTCVWTG�TKUG�GZRQPGPV������

'ZCORNG� 5JQTV�VKOG�GOGTIGPE[�NQCFKPI�HQT�UYKVEJ�TCVGF�HQT�1T�����E%�VGORGTCVWTG�TKUG��V
�����OKPWVGU��CPF�CODKGPV�VGORGTCVWTG�1C�����E%�

�� 5YKVEJ�VGORGTCVWTG�CV�PQTOCN�RTGNQCF�

1OCZ�P�����E%
��Q%�
��Q%�TCVGF�CODKGPV�

�� 'OGTIGPE[�CNNQYCDNG�OCZKOWO�VGORGTCVWTG�

1OCZG�������E%�
���E%������E%

YJGTG ���Q%���.6'�OCZ�VGORGTCVWTG
���Q%����56'�VTCPUKGPV�TKUG

�� 5QNXG�HQT�+GV

$GECWUG�VJG�ECNEWNCVGF�XCNWG�KU�ITGCVGT�VJCP�VJG�OCZKOWO�TGEQOOGPFGF�KP�VJG�UVCPFCTF��VJG�UJQTV
VKOG�GOGTIGPE[�TCVKPI�YQWNF�DG�����+
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4#6+0)5�(#%6145
���(14
���&GITGG�4KUG�5YKVEJ

#ODKGPV�Q%
6GOR�

0QTOCN
.QCFKPI

.6'
.QCFKPI

56'
.QCFKPI

��� ��� ��� ���

��� ��� ��� ���

��� ��� ��� ���

��� ��� ��� ���

��� ��� ��� ���

��� ��� ��� ���

��� ��� ��� ���

�� ��� ��� ���

� ��� ��� ���

� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

0QTOCN�OCZKOWO�CNNQYCDNG�VGORGTCVWTG�����Q%
.6'�OCZKOWO�CNNQYCDNG�VGORGTCVWTG�NKOKV����Q%

.KOKV�QH�QDUGTXCDNG�VGORGTCVWTG�TKUG�����Q%
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4#6+0)5��(#%6145
���(14
���&GITGG�4KUG�5YKVEJ

#ODKGPV�Q%
6GOR�

0QTOCN
.QCFKPI

.6'
.QCFKPI

56'
.QCFKPI

��� ��� ��� ���

��� ��� ��� ���

��� ��� ��� ���

��� ��� ��� ���

��� ��� ��� ���

��� ��� ��� ���

��� ��� ��� ���

�� ��� ��� ���

� ��� ��� ���

� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

0QTOCN�OCZKOWO�CNNQYCDNG�VGORGTCVWTG�����Q%
.6'�OCZKOWO�CNNQYCDNG�VGORGTCVWTG�NKOKV����Q%

.KOKV�QH�QDUGTXCDNG�VGORGTCVWTG�TKUG�����Q%
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TGX������'NGEVTKECN�CPF�/GEJCPKECN
%JCTCEVGTKUVKEU�QH�+PFQQT�#RRCTCVWU�+PUWNCVQTU

5(QTOGTN[�VKVNGF�5EJGFWNGU�QH�2TGHGTTGF�4CVKPIU��/CPWHCEVWTKPI�5RGEKHKECVKQPU�CPF
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4GHGTGPEGU�

�� .QCFKPI�QH�5WDUVCVKQP�'NGEVTKECN�'SWKROGPV�YKVJ�'ORJCUKU�QP�6JGTOCN�%CRCDKNKV[��2CTV
++���#RRNKECVKQP�D[�+��5��$GPFQ��&��'��%QQRGT��&��1��%TCIJGCF��2��3��0GNUQP���+'''
6TCPUCEVKQPU��2QYGT�#RRCTCVWU�CPF�5[UVGOU��8QN��2#5�����0Q�����,WN[�#WI��������RR�
��������

�� &GVGTOKPCVKQP�QH�&KUEQPPGEVKPI�5YKVEJ�4CVKPIU�HQT�VJG�2GPPU[NXCPKC�0GY�,GTUG[�/CT[NCPF
+PVGTEQPPGEVKQP��D[�,�8��$CTMGT�,T��9�,��$GTCP��-�&��*GPFTKZ��/�&��*KNN��2�.��-QNCTKM�
&�'��/CUUG[���+'''�6TCPUCEVKQPU��2QYGT�#RRCTCVWU�CPF�5[UVGOU��8QN��2#5�����,CP�,WPG�
������RR����������

�� %QPVKPWQWU�1XGTNQCF�%CRCDKNKV[�QH�-GCTPG[�5YKVEJGU��D[�,�*��#UJVQP��6GEJPKECN�2CRGT
���������-GCTPG[�0CVKQPCN
%CPCFC��.KOKVGF��5GRVGODGT����������

#05+�5VCPFCTFU

�� %������������� &GHKPKVKQPU�CPF�4GSWKTGOGPVU�HQT�*KIJ�8QNVCIG�#KT�5YKVEJGU
�� %������������� 'NGEVTKECN� CPF� /GEJCPKECN� %JCTCEVGTKUVKEU� QH�+PFQQT�#RRCTCVWU

+PUWNCVQTU
�� %������������� 5YKVEJIGCT���*KIJ�8QNVCIG�#KT�5YKVEJGU���4CVGF�%QPVTQN�8QNVCIGU

CPF�6JGKT�4CPIGU
�� %������������ 4CVGF�%QPVTQN�8QNVCIGU�CPF�6JGKT�4CPIGU� HQT�*KIJ�8QNVCIG�#KT

5YKVEJGU
�� %������������� 6GUV�%QFG�HQT�*KIJ�8QNVCIG�#KT�5YKVEJGU��4GCHHKTOGF�������
�� %������������� #RRNKECVKQP�� +PUVCNNCVKQP�� 1RGTCVKQP� CPF� /CKPVGPCPEG�QH�*KIJ

8QNVCIG� #KT� &KUEQPPGEVKPI� CPF� .QCF� +PVGTTWRVKPI� 5YKVEJGU�
4GCHHKTOGF�������

��� %������������� .QCFKPI�)WKFG�HQT�#%�*KIJ�8QNVCIG�#KT�5YKVEJGU� 
KP�GZEGUU�QH
�����XQNVU���4GCHHKTOGF�KP������
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6JG�TCVKPI�HCEVQTU�HQT�EKTEWKV�DTGCMGTU�CTG�DCUGF�QP�#05+�UVCPFCTF�%�������������	#RRNKECVKQP
)WKFG�HQT�#%�*KIJ�8QNVCIG�%KTEWKV�$TGCMGTU	�CPF�KVU�UWRRNGOGPV�%������D������QP�	'OGTIGPE[
.QCF�%WTTGPV���%CTT[KPI�%CRCDKNKV[	�YJKEJ�EQXGTU�VJG�56'�CPF�.6'�EQPFKVKQPU���%QPVKPWQWU�
EWTTGPV�VGORGTCVWTG�NKOKVU�QH�DTGCMGT�EQORQPGPVU�CTG�PQV�GZEGGFGF�FWTKPI�PQTOCN�NQCFKPI���&WTKPI
.6'�CPF�56'�NQCFKPI��DTGCMGT�EQORQPGPV�VGORGTCVWTGU���E%�CDQXG�VJG�EQPVKPWQWU�EWTTGPV�NKOKVU
CTG�CNNQYGF��CPF�UQOG�NQUU�QH�NKHG�OC[�TGUWNV���4CVKPI�HCEVQTU�KPENWFG�VJG�TGSWKTGF�CFLWUVOGPV�HQT
VJG�0;22�UWOOGT�CPF�YKPVGT�CODKGPV�VGORGTCVWTGU��CPF�TGOCKP�VJG�UCOG�CU�KP�VJG������6KG�.KPG
4CVKPIU�4GRQTV���1RVKQPCN�UJQTV�VKOG�TCVKPI�HCEVQTU�CTG�IKXGP�CU�RTQXKFGF�HQT�KP�VJG�CRRNKECVKQP
IWKFG�

&KUEWUUKQP

#� 4#6+0)�(#%6145�(14�014/#.�12'4#6+10

4CVKPI�HCEVQTU�HQT�PQTOCN�QRGTCVKQP�CTG�QDVCKPGF�D[�CFLWUVKPI� VJG�PCOGRNCVG�EQPVKPWQWU� NQCF
EWTTGPV�ECRCDKNKV[�HQT�CODKGPV�VGORGTCVWTGU�QVJGT�VJCP���E%�CU�KPFKECVGF�KP�5GEVKQP���������QH
%���������6JG�HQTOWNC�KU�

+C � #NNQYCDNG�NQCF�EWTTGPV�CV�CODKGPV�VGORGTCVWTG�2C

+T � 4CVGF �EQPVKPWQWU�EWTTGPV�
PCOGRNCVG�

2OCZ � #NNQYCDNG�JQVVGUV�URQV�VQVCN�VGORGTCVWTG���2T�
���E%

2C � #EVWCN�CODKGPV�VGORGTCVWTG��E%

2T � #NNQYCDNG�JQVVGUV�URQV�TKUG�CV�TCVGF�EWTTGPV�

6JG�GZRQPGPV�QH�������KP�VJG�HQTOWNC�KU�FGTKXGF�HTQO�VJG�TGNCVKQPUJKR��DCUGF�QP�VGUVKPI�GZRGTKGPEG�
VJCV�VJG�VGORGTCVWTG�TKUG�QH�C�EWTTGPV�ECTT[KPI�EQORQPGPV�KU�RTQRQTVKQPCN�VQ�EWTTGPV�TCKUGF�VQ�CP
GZRQPGPV�VJCV�XCTKGU�HTQO�����VQ�����#P�CXGTCIG�XCNWG�QH�����HQT�VJG�GZRQPGPV�KU�WUGF�VJTQWIJQWV
VJG�IWKFG���

6JG�HQTOWNC�KPFKECVGU�VJCV�VJG�TCVKPI�HCEVQT�CV�CEVWCN�CODKGPV�VGORGTCVWTG�2C�FGRGPFU�QP�VJG�NKOKVU
QH�VQVCN�VGORGTCVWTG�CPF�VGORGTCVWTG�TKUG��2OCZ�CPF�2T��QH�ETKVKECN�EKTEWKV�DTGCMGT�EQORQPGPVU�
6GORGTCVWTG�NKOKVU�CTG�NKUVGF�KP�6CDNG���QH�VJG�IWKFG���YJKEJ�KU�TGRTQFWEGF�DGNQY�CU�6CDNG���
EQNWOPU������YKVJ�VJG�CFFKVKQP�QH�ECNEWNCVGF�TCVKPI�HCEVQTU�HQT�0;22�UWOOGT�CPF�YKPVGT�CODKGPV
VGORGTCVWTGU���6JG�CRRNKECVKQP�IWKFG�TGSWKTGU�VJCV�HQT�CEVWCN�CODKGPV�VGORGTCVWTGU�NGUU�VJCP���Q%�
2OCZ�CPF�2T�HQT�VJG�EKTEWKV�DTGCMGT�EQORQPGPVU�YKVJ�VJG�JKIJGUV�VGORGTCVWTG�NKOKV�UJQWNF�DG�WUGF
VQ�ECNEWNCVG�TCVKPI�HCEVQTU���0;22�PQTOCN�TCVKPI�HCEVQTU�CTG�HQT�UKNXGT�EQPVCEVU�KP�CKT
2OCZ����Q%��
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In assigning breaker ratings, utilities should note that manufacturing practice may result in some units having
components with higher capabilities than the nameplate rating.  If load  on a breaker is near its rating, an inquiry
to its manufacturer may be advisable concerning the unit’s actual capability.
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$� 4#6+0)�(#%6145�(14�.6'�%10&+6+105

4CVKPI�HCEVQTU�HQT�.6'�EQPFKVKQPU�CTG�DCUGF�QP�UGEVKQP���������CPF���������QH�#05+�%������D�
'OGTIGPE[�NQCF�ECTT[KPI�CDKNKV[�KU�CEJKGXGF�KP�VJG�CRRNKECVKQP�IWKFG�D[�KPETGCUKPI�VJG�CNNQYCDNG
VQVCN� VGORGTCVWTG� CPF� VGORGTCVWTG� TKUG� QH� DTGCMGT� EQORQPGPVU� CDQXG� VJG� XCNWGU� CNNQYGF� HQT
EQPVKPWQWU�QRGTCVKQP����6JG�IWKFG�UVCVGU�VJCV�VJKU�OC[�TGFWEG�VJG�QRGTCVKPI�NKHG�QH�VJG�DTGCMGT�
5QOG�EQPFKVKQPU�HQT�WUKPI�VJG�GOGTIGPE[�TCVKPI�HCEVQTU�KPENWFG�

�� #RRNKECVKQP� KU� VQ� QWVFQQT� DTGCMGTU
OGVCN�ENCF� UYKVEJIGCT� YKNN� JCXG� KVU� QYP
CRRNKECVKQP�IWKFG��

�� 6JG�EKTEWKV�DTGCMGT�UJCNN�JCXG�DGGP�OCKPVCKPGF�KP�GUUGPVKCNN[�PGY�EQPFKVKQP�
�� (QT�C�OKPKOWO�QH���JQWTU�HQNNQYKPI�VJG�GOGTIGPE[�RGTKQF��NQCF�EWTTGPV�UJCNN�DG

NKOKVGF� VQ� ���� QH� +C�� VJG� TCVGF� EQPVKPWQWU� EWTTGPV� HQT� VJG� UGNGEVGF� CODKGPV
VGORGTCVWTG
PQTOCN�TCVKPI��

�� /CPFCVQT[�KPURGEVKQP�CPF�OCKPVGPCPEG�RTQEGFWTGU�KP�VJG�UVCPFCTF�CTG�TGSWKTGF
HQNNQYKPI�GOGTIGPE[�QRGTCVKQP�

�� &WTKPI�CPF�CHVGT�GOGTIGPE[�QRGTCVKQP�CPF�RTKQT�VQ�OCKPVGPCPEG��VJG�EKTEWKV�DTGCMGT
UJCNN�DG�ECRCDNG�QH�QPG�QRGTCVKQP�CV�KVU�TCVGF�UJQTV�EKTEWKV�EWTTGPV�

6JG�IWKFG�RTQXKFGU�TCVKPI�HCEVQTU�HQT�HQWT�JQWT�CPF�GKIJV�JQWT�RGTKQFU�QH�GOGTIGPE[�QRGTCVKQP�
6JG�HCEVQTU�CTG�DCUGF�QP�KPETGCUGF�QRGTCVKPI��VGORGTCVWTGU�QH���Q%�HQT�HQWT�JQWTU�CPF���Q%�HQT
GKIJV�JQWTU��CDQXG�VJG�VGORGTCVWTG�NKOKVU�HQT�EQPVKPWQWU�QRGTCVKQP���6JG�HQWT�JQWT�CPF�GKIJV�JQWT
RGTKQFU�OWUV�DG�UGRCTCVG��YKVJ�KPURGEVKQP�CPF�OCKPVGPCPEG�TGSWKTGF�YJGP�VJG�FWTCVKQP�QH�UGRCTCVG
RGTKQFU�QH�GOGTIGPE[�QRGTCVKQP�VQVCNU����JQWTU�

4CVKPI�HCEVQTU�CTG�CFLWUVGF�HQT�CODKGPV�VGORGTCVWTGU�QVJGT�VJCP���Q%�WUKPI�C�HQTOWNC�KP�UVCPFCTF
UGEVKQP����������

+GC�����GOGTIGPE[�NQCF�EWTTGPV�CV�CEVWCN�CODKGPV�VGORGTCVWTG�

+C�+T���TCVKPI�HCEVQT�HQT�PQTOCN�QRGTCVKQP�

+G�+T���ECRCDKNKV[�HCEVQT�HTQO�#05+�%������D������6CDNG��
C��

+C������CNNQYCDNG�NQCF�EWTTGPV�CV�CEVWCN�CODKGPV�VGORGTCVWTG�
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6*'�4#6+0)� (#%614� 5*17.&�016�':%''&� �����70&'4�6*+5�#22.+%#6+10
)7+&'���6JG���Q%�CODKGPV�TCVKPI�HCEVQTU�CTG�UJQYP�KP�VCDNG��
C��QH�VJG�UVCPFCTF�EQTTGURQPFKPI
VQ�VJG�NKOKVKPI�VGORGTCVWTGU�QH�DTGCMGT�EQORQPGPVU����6CDNG����EQNWOPU�������RTQXKFG�HQWT�JQWT
CPF�GKIJV�JQWT�TCVKPI�HCEVQTU�ECNEWNCVGF�HQT�VJG���Q%�CPF���Q%��0;22�UWOOGT�CPF�YKPVGT�CODKGPV
EQPFKVKQPU�� �0;22�.6'�TCVKPI� HCEVQTU� CTG� VCMGP� HTQO�6CDNG���� EQNWOPU���CPF���� HQT� UKNXGT
EQPVCEVU�KP�CKT�

%� 4#6+0)�(#%6145�(14�56'�%10&+6+105

4CVKPI�HCEVQTU�HQT�56'�EQPFKVKQPU�CTG�DCUGF�QP� VJG�RTQXKUKQPU�QH�UGEVKQP���������QH�UVCPFCTF
%������D�� � 6JG� UCOG� ��Q%� KPETGCUG� KU� CNNQYGF� KP� VJG� VQVCN� VGORGTCVWTG� QH� EKTEWKV� DTGCMGT
EQORQPGPVU�CU�HQT�VJG�HQWT�JQWT�GOGTIGPE[�TCVKPI���%QPFKVKQPU�HQT�WUG�QH�VJG�UJQTV�VKOG�TCVKPI
HCEVQTU�CTG�

�� +PKVKCN�EWTTGPV�UJCNN�PQV�DG�ITGCVGT�VJCP�VJG�PQTOCN�TCVKPI�
�� (QNNQYKPI�CRRNKECVKQP�QH�C�UJQTV�VKOG�GOGTIGPE[�EWTTGPV��EWTTGPV�OWUV�DG�TGFWEGF�VQ�DGNQY

VJG�HQWT�JQWT�GOGTIGPE[�EWTTGPV
.6'�TCVKPI��HQT�VJG�TGOCKPFGT�QH�VJG�HQWT�JQWT�RGTKQF�
QT�VQ�PQV�OQTG�VJCP�����QH�VJG�TCVGF�EQPVKPWQWU�EWTTGPV
0QTOCN�TCVKPI��HQT�C�OKPKOWO
QH�VYQ�JQWTU�

�� 4GICTFKPI�KPURGEVKQP�CPF�OCKPVGPCPEG�TGSWKTGOGPVU��GCEJ�KUQNCVGF�UJQTV�VKOG�GOGTIGPE[
GXGPV�UJCNN�DG�EQPUKFGTGF�GSWCN�VQ�QPG�HQWT�JQWT�GOGTIGPE[�RGTKQF�WPNGUU�KV�KU�RCTV�QH�C
HQWT�JQWT�GOGTIGPE[�RGTKQF�

(QT�VJG�TCVKPI�HCEVQT�ECNEWNCVKQP��TGHGTGPEG�KU�OCFG�VQ�%�������UGEVKQP����������(KIWTG�����#�XCNWG
KU�TGSWKTGF�HQT�VJG�EKTEWKV�DTGCMGT�VJGTOCN�VKOG�EQPUVCPV�J����J�����OKP��KU�WUGF��YJKEJ�VJG�IWKFG
UC[U�KU�V[RKECN���6JG�TCVKPI�HCEVQT�FGHKPGU�VJG�EWTTGPV�NGXGN�HQT�YJKEJ�VJG�VQVCN�VGORGTCVWTG�YKNN
TGCEJ�VJG�2OCZ�
���Q%�NGXGN�YKVJKP�C�URGEKHKGF�RGTKQF�YJKEJ�KU����OKPWVGU�HQT�VJG�0;22�56'
TCVKPI���6JG�TGUWNVKPI�0;22�56'�TCVKPI�HCEVQTU�DCUGF�QP�VJG�VGORGTCVWTG�NKOKV�HQT�UKNXGT�EQPVCEVU
KP�CKT�CTG��UWOOGT��������CPF�YKPVGT��������

6JG�ECNEWNCVKQP�OGVJQF�IKXGP�KP�VJG������6KG�.KPG�4CVKPI�4GRQTV�KU�C�XCNKF�CNVGTPCVKXG�OGVJQF�
TGRGCVGF�JGTG�HQT�KPHQTOCVKQP�

YJGTG�)2 � #NNQYCDNG�KPETGCUG�KP�EQORQPGPV�VGORGTCVWTG����E%

V � 6KOG�FWTCVKQP�QH�56'�NQCFKPI������OKP�

J � 6JGTOCN�VKOG�EQPUVCPV�QH�DTGCMGT������OKP�

+U � #NNQYCDNG�56'�EWTTGPV�CV�CODKGPV�2C
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6JG�TCVKPI�HCEVQTU�CTG�ECNEWNCVGF�HQT�1OCZ������E%��VJG�NKOKV�HQT�UKNXGT�EQPVCEVU�KP�CKT���6JG�HCEVQTU
CTG�CRRNKECDNG�VQ�QKN�CPF�5(��DTGCMGTU�CNUQ��CPF�CTG�RTQDCDN[�OQTG�EQPUGTXCVKXG�HQT�VJQUG�V[RGU
VJCP�HQT�CKT�DTGCMGTU�
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6#$.'��� $TGCMGT�%QORQPGPV�6GORGTCVWTG�.KOKVU�CPF�4CVKPI�(CEVQTU
���%CNEWNCVGF�HQT�0;22�5WOOGT�CPF�9KPVGT�#ODKGPV�%QPFKVKQPU
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�*QWT
4CVKPI
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2
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���u%

%KTEWKV�DTGCMGT�RCTVU�JCPFNGF�D[�VJG�QRGTCVQT�KP
VJG�PQTOCN�EQWTUG�QH�VJGKT�FWVKGU

��u% ��u% ��� ���

%QRRGT�EQPVCEVU��EQRRGT�KP�EQRRGT�EQPFWEKPI
LQKPVU��GZVGTPCN�UWTHCEGU�CEEGUUKDNG�VQ�VJG�QRGTCVQT
KP�VJG�PQTOCN�EQWTUG�QH�JKU�JGT�FWVKGU��GZVGTPCN
VGTOKPCN�EQPPGEVGF�VQ�DWUJKPI

��u% ��u% ��� ��� ��u% ��� ��� ��u% ��� ���

6QR�QKN ��u% ��u% ��� ��� ��u% ��� ��� ��u% ��� ���

$TGCMGT�VGTOKPCNU�VQ�DG�EQPPGEVGF�VQ���u%
KPUWNCVGF�ECDNG

��u% ��u% ��� ��� ���u% ��� ��� ��u% ��� ���

*QVVGUV�URQV�QH�RCTVU�KP�EQPVCEV�YKVJ�QKN ��u% ��u% ��� ��� ���u% ��� ��� ���u% ��� ���

5KNXGT�
QT�GSWCN��EQPVCEVU�KP�CKT ��u% ���u% ��� ��� ���u% ��� ��� ���u% ��� ���

'ZVGTPCN�UWTHCEGU�PQV�CEEGUUKDNG�VQ�CP�QRGTCVQT�KP
VJG�PQTOCN�EQWTUG�QH�JKU�JGT�FWVKGU

��u% ���u% ��� ��� ���u% ��� ��� ���u% ��� ���

*QPGUV�URQV�YKPFKPI�VGORGTCVWTG�QH���u%�FT[�
V[RG�EWTTGPV�VTCPUHQTOGTU

���u% ���u% ��� ��� ���u% ��� ��� ���u% ��� ���
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&� 126+10#.�5*146�6+/'�4#6+0)5�$#5'&�10�6*'�56#0&#4&5

+P�CFFKVKQP�VQ�0;22�TCVKPI�HCEVQTU��#05+�UVCPFCTFU�HQT�EKTEWKV�DTGCMGTU�RTQXKFG�HQT�QVJGT�V[RGU�QH�TCVKPIU
VJCV�CTG�KPENWFGF�KP�VJKU�TGRQTV�HQT�KPHQTOCVKQP���1PG�V[RG�KU�VJG�GKIJV�JQWT�TCVKPI�CNTGCF[�EQXGTGF�KP�RCTV
$�QH�VJKU�UGEVKQP���#PQVJGT�KU�UJQTV�VKOG�TCVKPIU�RTQXKFGF�KP�%�������CPF�%������D�VJCV�OC[�DG�GORNQ[GF
YJGP�VJG�KPKVKCN�EWTTGPV�KU�CV�QT�DGNQY�VJG�PQTOCN�TCVKPIU���+P�%�������VJG�EQORQPGPV�VQVCN�VGORGTCVWTGU
CTG�NKOKVGF�VQ�VJG�XCNWGU�HQT�EQPVKPWQWU�TCVKPIU���+P�%������D�VJG�VGORGTCVWTGU�CTG�CNNQYGF�VQ�DG���Q%
JKIJGT��YKVJ�RQUUKDNG�NQUU�QH�QRGTCVKPI�NKHG�

6JG� UJQTV�VKOG� NQCF�EWTTGPV� ECRCDKNKV[� VCDNGU�IKXGP� KP�6CDNG���CTG�DCUGF�QP�%�������� KP�YJKEJ� VQVCN
VGORGTCVWTGU�CTG�NKOKVGF�VQ�VJG�EQPVKPWQWU�TCVKPI�XCNWGU�HTQO�%�������6CDNG�����7UG�QH�JKIJGT�VGORGTCVWTG
NKOKVU�UJQWNF�DG�KPHTGSWGPV�CPF�UJQWNF�DG�NKOKVGF�VQ�VJG�.6'�CPF�56'�TCVKPIU���6JG�VCDNG�RTQXKFG�TCVKPI
HCEVQTU�HQT�C�TCPIG�QH�CODKGPV�VGORGTCVWTGU��UQ�CFXCPVCIG�OC[�DG�VCMGP�QH�HCXQTCDNG�CODKGPV�EQPFKVKQPU�
6JG�TCVKPI�HCEVQTU�OC[�DG�CRRNKGF�WPFGT�VJG�HQNNQYKPI�EQPFKVKQPU�

�� +PKVKCN�EWTTGPV�KU�NGUU�VJCP�VJG�TCVGF�EWTTGPV�
�� 5JQTV�VKOG�NQCF�EWTTGPV�KU�NKOKVGF�VQ�VJG�KPFKECVGF�VKOG�RGTKQF�

4CVKPI�HCEVQTU�CTG�ECNEWNCVGF�HTQO�VJG�HQNNQYKPI�GSWCVKQPU�DCUGF�QP�%�������UGEVKQP�����������
#P�GZCORNG�CRRNKECVKQP�QH�6CDNG���KU�CU�HQNNQYU�
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-PQYP�EQPFKVKQPU�� 2TG�EQPVKPIGPE[
KPKVKCN��EWTTGPV�+K��������CORGTGU
#ODKGPV�VGORGTCVWTG�2C����Q%
$TGCMGT�4CVGF�%WTTGPV�CV���Q%�+T��������CORGTGU
$TGCMGT�2OCZ������Q%�
HTQO�6CDNG���HQT�V[RG�QH�DTGCMGT�

#UUWOGF�EQPFKVKQP� #PVKEKRCVGF�UJQTV�VKOG�RGTKQF�VU������OKPWVGU

6Q�QDVCKP�5JQTV�VKOG�4CVKPI�(CEVQT�

�� %CNEWNCVG�+K�+T������������������
�� 4QWPF�+K�+T�CPF�2C�WR�VQ�����CPF���

Q%�
�� 'PVGT�6CDNG���UGEVKQP�HQT�2OCZ������Q%�CPF�VU������OKP���KP�VJG�EQNWOP�HQT�+K�+T�������CPF

VJG�TQY�HQT�CODKGPV�VGORGTCVWTG�2C����Q%��HKPF�VJG�TCVKPI�HCEVQT�+U�+T��������
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6CDNG����5JQTV�VKOG�TCVKPI�HCEVQTU�
����Z�+U�+T��HQT�EKTEWKV�DTGCMGTU�HQT�UGNGEVGF�XCNWGU�QH�KPKVKCN�EWTTGPV�TCVKQ
+K�+T��2OCZ��2C�CPF�VU

2OCZ������u%�����VE�����OKPWVGU 2OCZ�����u%�����VE������OKPWVGU

VU
/+0

�

2C

FGI
%

+K�+T� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

�� �� ��� ��� ��� ��� ��� �� ��� ��� ��� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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�� ���

��� �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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Power Transformers

Synopsis

The determination of overload ratings for power transformers is a rather complex problem, not
unlike the rating of cables, which must be solved by careful engineering and coordination. In the
case of new transformer installations being planned, it is recommended that the required load cycle
information and complete transformer performance criteria for all modes of operation (normal, LTE,
STE) be provided to the manufacturers during the specification stage of the procurement so that
appropriate overload requirements will be addressed in the design stage.

The larger problem remains to reliably rate existing system transformers. The recommended practice
is to consult the transformer manufacturer for overload ratings, particularly for STE ratings. A
utility engineer can not reasonably be expected to have the resources to obtain and analyze the
detailed design data required to determine the stray flux heating limitation for STE loading, for
instance, which is the limiting criterion in most contemporary transformer designs. In cases where
this is not possible, it is recommended that a contemporary computer rating program which factors
in the individual design parameters of the unit and the required load cycle and ambient temperature
data, tempered by the maximum loading criteria stated in “Table 3-Suggested Design Limits for New
Transformers when Loading Information is Not Supplied” in IEEE C57.115-1991, be used to
determine both the normal transformer load capability under defined load cycle operation and the
4 hour LTE rating. A state-of-the-art transformer rating analysis program is available in Annex G
of IEEE PC57.91 and the EPRI computer program ’PTLOAD’ also has these capabilities plus a
transformer gas bubble evolution module.  Sample outputs for selected transformers are contained
in appendix D.  The use of these programs  is encouraged.

Discussion

Power transformers are designed and constructed with varying characteristics, depending upon the
class and type of service, environmental considerations, and the economic value of transformer
losses. The three major classes of service are:

C Generation step-up
C System tie
C Substation

Generation step-up (GSU) service normally involves well-defined load patterns with GSU units
being sized to the maximum capability of the associated generator on a continuous basis. Emergency
overload conditions are rare except for multi-bank GSU configurations in  which one of the banks
fails without an available spare and the remaining units are loaded as much as possible until a
replacement becomes available.
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System tie service encompasses all major transmission system tie transformers. These transformers
are typically over 100 MVA .  System tie service also includes tie-line phase-angle regulators,
voltage-regulators and combination voltage/phase angle regulators.

Substation service comprises those power and regulating transformers directly serving load,
typically rated below 100 MVA.

Further design distinctions involve the type of cooling system used:

Liquid-Immersed Air-Cooled
C OA self-cooled
C OA/FA self-cooled/forced air-cooled
C OA/FA/FA self-cooled/forced air-cooled/forced-air cooled

Liquid-Immersed Air-Cooled/Forced Liquid-Cooled
C OA/FA/FOA1 self-cooled/forced air-cooled/forced liquid air-cooled
C OA/FOA1/FOA1 self-cooled/forced air-forced liquid-cooled/forced air-forced liquid-cooled

Liquid-Immersed Water-Cooled
C OW water-cooled
C OW/A water-cooled/self-cooled

Liquid-Immersed Forced Liquid-Cooled
C FOA1 forced liquid-cooled with forced air-cooler
C FOW forced liquid-cooled, water-cooled

1FOA can be either DFOA(directed FOA) or NDFOA(non-directed FOA)

Finally, design distinctions exist among autotransformers, two- and three-winding transformers,
single-phase versus three-phase units, tap-changers and ancillary equipment and the types of oil-
preservation systems being used.

There are presently three IEEE loading guides in effect which are enumerated here:

C ANSI/IEEE C57.91-1981 Guide for loading mineral-oil-immersed overhead and pad-
mounted distribution transformers rated 500 kVA and less with 65oC or 55oC average
winding rise.

C ANSI/IEEE C57.92-1981 Guide for loading mineral-oil-immersed power transformers up
to and including 100 MVA with 55oC or 65oC winding rise.

C IEEE C57.115-1991 IEEE Guide for Loading Mineral-Oil-Immersed Power Transformers
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Rated in Excess of 100 MVA( 65oC Winding Rise)

All three of these guides have been merged into a single proposed guide, in Draft 11.2 status as of
December 10, 1993, which addresses the modern concerns of transformer loading beyond
nameplate:

C IEEE PC57.91-199x IEEE Guide for Loading Mineral-Oil-Immersed Transformers

The chairman of the IEEE Working Group which produced the new guide, Linden W. Pierce,
presented a paper at the 1993 Minnesota Power Systems Conference entitled “Current
Developments for Predicting Transformer Loading Capability”, which is included in Appendix C
of this report. The first line of his abstract states “Recent investigations have shown that the
transformer loading guide equations do not accurately reflect the fluid flow and heat transfer
phenomena during transient conditions.” In subclause 4.1 of the proposed Guide, the contemporary
concerns of loading beyond nameplate rating are enumerated as follows:

“Applications of loads in excess of nameplate rating involve some degree of risk. It is the purpose
of this guide to identify these risks and to establish limitations and guidelines, the application of
which will minimize the risks to an acceptable level. While aging and long time mechanical
deterioration of winding insulation have been the basis for the loading of transformers for many
years, it is recognized that there are additional factors which may involve greater risk for
transformers of higher megavoltampere and voltage ratings. The risk areas which should be
considered when loading large transformers beyond nameplate rating are listed below. Further
discussion regarding these risks is provided in Clause 9 - Power Transformers, or in Annexes, as
noted.

   (1)Evolution of free gas from insulation of winding and lead conductors (insulated
conductors) heated by load and eddy currents (circulating currents between or within
insulated conductor strands) which may jeopardize dielectric integrity. See Annex A
for further discussion.

   (2)Evolution of free gas from insulation adjacent to metallic structural parts linked
by electromagnetic flux produced by winding or lead currents may also reduce
dielectric strength.

   (3)Loss of life calculations may be made as described in Clause 5. If a percent loss
of total life calculation is made based on an arbitrary definition of a “Normal Life”
in hours, one should recognize that the calculated results may not be as conservative
for transformers rated above 100 MVA as they are for smaller units, since the
calculation does not consider mechanical wear effects which may increase with
megavoltampere rating.
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   (4)Operation at high temperature will cause reduced mechanical strength of both
conductor and structural insulation. These effects are of major concern during periods
of transient overcurrent (through-fault) when mechanical forces reach their highest
levels.

   (5)Thermal expansion of conductors, insulation materials or structural parts at high
temperatures may result in permanent deformations which could contribute to
mechanical or dielectric failures.

   (6)Pressure build-up in bushings for currents above rating could result in leaking
gaskets, loss of oil, and ultimate dielectric failure. See Annex B for further discussion.

   (7)Increased resistance in the contacts of tap changers can result from a build-up
of oil decomposition products in a very localized high temperature region at the
contact point when the tap changer is loaded beyond its rating. In the extreme, this
could result in a thermal runaway condition with contact arcing and violent gas
evolution. See Annex B for further discussion.

   (8)Auxiliary equipment internal to the transformer, such as reactors and current
transformers, may also be subject to some of the risk identified above. See Annex B for
further discussion.

   (9)When the temperature of the top oil exceeds 105oC (65oC rise over 40oC ambient
according to ANSI/IEEE C57.12.00-1993), there is a possibility that oil expansion will
be greater than the holding capacity of the tank and also result in a pressure which
causes the pressure relief device to operate and expel the oil. The loss of oil may also
create problems with the oil preservation system or expose electrical parts upon
cooling.”

Additional concerns are cited in Appendix D to the proposed (IEEE) guide, “Philosophy of guide
applicable to transformers with 55 oC average winding rise (65 oC hottest spot rise) insulation
systems”, which is quoted as follows:

“Loading of transformers above nameplate is a controversial subject. Agreement on the loading
limits can be agreed upon with the manufacturer if they have been clearly specified prior to the
design of the transformer. However, since there has been new knowledge gained in recent years
concerning stray flux fields and their effects of (sic) metallic temperatures, it is desirable to confirm
greater than nameplate load capabilities with the manufacturers of transformers on critical systems.

Some users have considerable experience in loading power transformers above nameplate using
computer programs in conjunction with ANSI/IEEE C57.92-1981 and NEMA TR98-1978 Guide for
Loading Oil Immersed Power Transformers with 65 oC Average Winding Rise. Since this approach
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deals with loss of life due to the effects of thermal aging of the windings it should always be
accompanied with due consideration given to the load capabilities of all other components of the
transformer. These components include bushings, tap changers and terminal boards, current
transformers, and leads. Relay settings should also be checked so that load is not dumped.
Consideration should also be given to oil expansion and its effect on possible mechanical relief
device operation, subsequent possible operation of the fault-pressure relay, and oil clogging of
breathing devices. Forced-oil cooler fouling should also be a consideration when determining load
capability. This fouling is particularly found in areas having salt spray environments or dust and
chemical contaminants present. These computer programs should be modified to reflect this new
loading guide where its use may lead to more conservative loading. The loss of a single transformer
of over 100 MVA rating rarely causes power interruption of customers. However, loss of one
transformer due to its failure or due to the failure of some other part in the electrical circuit can
result in increased loading of the back-up transformers. Most utilities do not design for second
contingencies without loss of load. The adverse consequences are therefore rather great if the
increased loading of the backup transformer results in a failure.

Common sense and good planning is required to keep the economic gains in balance with the risks
of failure. Because excessive transformer temperatures weaken the insulation structures physically
and because many of the older transformers have low impedances, short-circuit failures should also
be considered. The types of transformer construction are a factor in making this assessment. Most
utilities load these transformers conservatively. Gas evolution in power transformers is not a new
insulation contaminant. There are at least eight causes of gas within the transformer that have been
documented. The risk of having a failure due to free gas in the insulating structure should take into
consideration the insulation margins used and the construction of the insulation structures. The risk
of failure increases considerably when the insulation levels are reduced three full steps from a
typically accepted level such as use of 650 kV BIL on 230 kV transformers. The risk decreases when
no insulation collars are used in highly stressed parts of these transformers with reduced BIL.
Knowledgeable transformer engineers have paid close attention to gas evolution when specifying
and designing these transformers.

The loading of transformers without thermally upgraded insulation (from an insulation aging point
of view) can be considered to be similar to transformers with thermally upgraded insulation. The
calculation of temperatures included in Clause 7 and Annex G may be applied equally well for
transformers without thermally upgraded insulation. Equation 5.3 in Clause 5 gives the equation
for the aging acceleration factor used to calculate equivalent aging and loss of life for transformers
with 55 oC rise insulation systems. The normal loss of life ratings are loadings which result in a
daily loss of life equal to that of a continuous winding hottest-spot temperature of 95 oC for 55 oC
rise transformers.

The factor that determines the greatest risk associated with loading transformers above nameplate
rating is the evolution of free gas from the insulation of winding and lead conductors. This gas will
result from two major sources:
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   (1)Vaporization of water contained in the insulation. This process is discussed in
Annex A of this guide.

   (2)Thermal decomposition of cellulose. There is very little information available on
the ratio of formation of these gases for transformers without thermally upgraded
insulation”.

Absolute Maximum Loading Limits

It is recommended that the limits listed in “Table 3-Suggested Design Limits for New Transformers
When Loading Information is Not Supplied” in IEEE C57.115-1991 be observed for all transformers
rated 100 MVA and above or 345 kV and above. The values in Table 3 agree with industry
advisories previously issued by U.S. transformer manufacturers in the 1970*s and 1980*s,
particularly regarding the stray flux heating limitations of large units, and should be taken as the
maximum limiting rating. In effect, this means that STE ratings in excess of 150% of maximum
nameplate rating for non-GSU units should not be used without the express agreement of the
transformer manufacturer. This requirement relates to the overload margin to magnetic saturation.
This is not to say that transformers with high STE capability can not be made anymore. It does
means that high STE loading capability will demand careful attention to the core steel and shielding
design saturation characteristics and other ancillary considerations, and these factors must be
formally addressed in the planning/specification/procurement/design cycle. The referenced IEEE
table is reproduced as follows:

Table 3-Suggested Design Limits for New Transformers When Loading
Information is Not Supplied

Application Maximum Load (% of
Maximum Rating)

Duration (hours) * Insulated Conductor
Maximum Hottest-Spot

Temperature Not to
Exceed (oC)

Generation step-up 110 8 140
System tie 150 1 180**
Substation 150 1 180**

* Based on prior load of 100% of rated and 30 oC ambient.
** This limit is based upon consideration of thermal aging and does not take into

account the risk of insulation breakdown because of bubble formation above 140 oC
(See 2.2(1).)

This table does not directly apply to distribution transformers. Those distribution transformers
whose characteristics are known and which have established successful overload patterns over the
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years should continue to be operated in the manner recommended by the manufacturer and/or the
individual company*s engineer. This may imply STE operation at up to 2.0 per unit load.
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Note that the IEEE proposed guide PC57.91 has deleted Table 3.  This does not eliminate the fact
that stay flux heating remains the STE design limitation for many transformers, especially those 100
MVA and larger and/or 345kV and up.  In particular, this applies to three phase shell form designs.
The proposed guide lists a new Table 8 with a "other metallic hot-spot temperature limit of 200oC
for STE loading", but then misleadingly describes a short-time emergency load method which
neglects stray-flux heating.   Utilities are not normally able to quantify the load saturation effects
and stray-flux hot-spot temperatures in the core and other metallic parts.  This would be necessary
in order to evaluate  the validity of assuming, for instance, 180oC insulated conductor hottest-spot
temperature as the limiting risk in calculating an STE rating.  PC57.91 states "Usually the limits on
other metallic hot-spot temperature not in contact with heating are design limits and calculated by
the manufacturer when an overload specification is submitted as part of the purchasing
specifications."  Therein lies the problem:  many if not most of the transformers in service today
were not purchased with an overload specification, invalidating a generic "180oC" approach to an
STE rating calculation and reinforcing the generic limits of Table 3 listed above.

Loss-of-Life Criteria/Limiting Temperatures for Engineered Ratings

Within the constraints of the maximum absolute loading limits, it is possible to determine normal,
LTE and STE transformer ratings based on limiting temperature rises of the winding insulation hot-
spot and the top-oil. The recommended “loss-of-life” criterion for emergency operation is 0.25
percent per occurrence, which is equivalent to approximately 19 days loss-of-life for the one day
in which the emergency occurs, using the method described in IEEE PC57.91. This value will not
be reached for STE operation given the short 15 minute time period and the other limiting criteria.
Normal transformer operation should entail normal winding insulation loss-of-life.

The recommended limiting temperature rises for all modes of operation are listed in the following
tables for 65oC and 55oC average winding rise rated transformers respectively:
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Power Transformers Rated 65oC AWR(Average Winding Rise)
80 oC Hottest-Spot Rise

(extracted from IEEE PC57.91 Table 8)

Temperature Limit Normal Life
Expectancy

Loading

Long-Time
Emergency

Loading

Short-Time
Emergency

Loading

Insulated conductor hottest-spot temperature,
oC

120* 140 180**

Other metallic hot-spot temperature (in contact
and not in contact with insulation), oC

140 160 200

Top oil temperature, oC 105 110 110

  * 110 oC on a continuous 24 hour basis or; equivalent 24 hour variable temperature
         with 120 oC maximum.
  ** Gassing may produce a potential risk to the dielectric strength of the         
transformer. This risk should be considered when this guide is applied refer to     
  Annex A.

Power Transformers Rated 55oC AWR(Average Winding Rise)
65 oC Hottest-Spot Rise

(Some Data from ANSI/IEEE C57.92-1981, Par. 5.2.2.4)

Temperature Limit Normal Life
Expectancy

Loading

Long-Time
Emergency

Loading

Short-Time
Emergency

Loading

Insulated conductor hottest-spot temperature,
oC

105* 140 150**

Other metallic hot-spot temperature (in contact
and not in contact with insulation), oC

N/A N/A N/A

Top oil temperature, oC 95 100 100

  * 95 oC on a continuous 24 hour basis or; equivalent 24 hour variable temperature
with          105 oC maximum.
  ** Gassing may produce a potential risk to the dielectric strength of the        
transformer. This risk should be considered.
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Application of Transformer Ratings

Transformer load capability is traditionally stated in terms of MVA. The true thermal loading of a
transformer is determined by its load-side current, in amperes. The fact that a transformer can have
“full capacity” taps has lead to the misnomer that transformers are “constant MVA” devices. It is
true that a transformer with “full capacity taps” has “full MVA” at each tap setting, however, at any
given tap position a transformer has a fixed ampere rating for a particular mode of operation.
This can best be demonstrated by means of an example.  For any given "full-capacity tap equipped"
transformer MVA rating, the true tap ampacity will vary inversely with off-nominal rated voltage.
For example, take a three phase autotransformer rated 200 MVA at 345 kV/115 kV nominal, with
± 5% NLTC in 2.5% steps, used in step-down service. The nameplate ampacity at rated nominal
115 kV voltage is simply calculated as:

Iratedamperes' MVA3i

3×kVratedtap
×1000'

200

3×115
×1000'1004amperes

The complete ampacity table for the transformer as a function of tap position, which would be
shown on the transformer nameplate, is as follows:

Ampacity as a Function of Tap Position
Tap Position Rated kV @ Tap

Position
Rated Tap Current,

Amperes

-5% 109.25 1057
-2.5% 112.125 1030

Neutral 115 1004
+2.5% 117.875 980
+5% 120.75 956

It is significant to note that for any given mode of transformer operation, in this case normal
nameplate rating, the real thermal capability is dependent on the tap position of the transformer.
There is no “constant MVA” capability unless the transformer happens to be operating at a system
voltage equal to the output tap rated voltage, which is seldom the case. Indeed, transformers whose
operating tap position voltage ratings are below the operating system voltage will achieve a “greater
than nameplate” MVA for the tap-rated current. Conversely, transformers whose operating tap
position voltage ratings are above the actual system operating voltage will realize a “less than
nameplate” MVA for the tap-rated current.

Reduced Capacity Taps

Some transformers are purchased with "reduced capacity taps", in which the inverse current
capability is limited at some absolute value, greater than or equal to the rated neutral tap current.
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These limitations can be due to winding current limits or tap-changer, bushing, internal cable or
other related restrictions.

Tap-Position Impact on Overall Circuit Ratings

Given the significance of the variability of the tap rated current for any transformer (equal in
percentage to the percentage tap range), tap positions must be factored into the transformer circuit
ratings. In cases where no-load tap changers (NLTC) are involved, a simple static rating for each
operating mode (Normal, LTE, STE, both Summer and Winter) at a stated fixed tap position will
suffice. For transformers with load tap changers (LTC), a table of transformer circuit ampacity vs.
tap position is required. It is important for system operators to view transformers as
current(ampere)-limited devices, in the same manner as say cables. In determining quasi-megawatt
ratings for NYPP, it is necessary to ascertain a minimum typical system operating voltage and to
assume a minimum load power-factor based on judicious operating experience.

Voltage Regulators and/or Phase Shifting Transformers

Voltage regulators, phase-angle regulators and combination voltage & phase angle regulators have
rated transformer ampacities which are a function of tap position. The rating analyses for such
devices should result in a tabulation the circuit ratings as a function of the full range of tap positions.
A phase angle regulator consists of both a series transformer and an exciting transformer. As phase
shift increases from zero degrees, the exciting transformer progressively carries more current. In
most cases the exciting transformer limits the phase shifter output resulting in the minimum rating
at maximum phase shift.
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�����

4GHGTGPEG�����CPF�%������
������
4GHGTGPEG������IWKFGU�HQT�VTCPUHQTOGT�NQCFKPI�

%�6��5GEQPFCT[�%KTEWKVT[

6JG�GHHGEVKXG�VJGTOCN�EKTEWKV�NKOKVU�KORQUGF�D[�TGNC[�EQORQPGPVU�KPUVCNNGF�QP�UGEQPFCT[�%�6�
EKTEWKVU�UJQWNF�DG�EQQTFKPCVGF�UQ�CU�PQV�VQ�KORQUG�C�NKOKV�QP�VJG�QXGTCNN�VTCPUOKUUKQP�EKTEWKV���+P
GZKUVKPI�ECUGU�YJGTG�TGNC[�EKTEWKVU�CTG�NKOKVKPI��CEVKQP�UJQWNF�DG�VCMGP��YJGTG�HGCUKDNG��VQ�TGOQXG
VJGUG�TGUVTKEVKQPU���6Q�CUUKUV�VJG�GPIKPGGT�KP�VJKU�TGICTF��TGNC[�QXGTNQCF�ECRCDKNKV[�QH�UGNGEVGF�)'
CPF�9GUVKPIJQWUG�TGNC[U�CTG�KPENWFGF�CV�VJG�GPF�QH�VJKU�UGEVKQP��VKVNGF�	6JGTOCN�%CRCDKNKVKGU�QH
%QORQPGPVU�KP�VJG�%WTTGPV�%KTEWKV�5VCTVKPI�CV�VJG�%6�6GTOKPCNU	���6JKU�KPHQTOCVKQP�YCU�QDVCKPGF
HTQO� VJG� 	%CRCEKV[� 4CVKPI� 2TQEGFWTGU� D[� 6JG� 5[UVGO�&GUKIP� 6CUM� (QTEG� QH� VJG� 0'211.
2NCPPKPI�%QOOKVVGG	��TGXKUGF�#WIWUV������

&KUEWUUKQP

6Q�FGXGNQR�PQTOCN�TCVKPIU�HQT�CNN�V[RGU�QH�EWTTGPV�VTCPUHQTOGTU��VJG�EQPVKPWQWU�VJGTOCN�EWTTGPV
TCVKPI�HCEVQT�
%6%4(��OWUV�DG�WUGF���6JG�%6%4(�KU�FGHKPGF�KP�UVCPFCTF�%�������CPF�KU�QPG�QH
VJG�TGSWKTGF�TCVKPIU���/CPWHCEVWTGTU�FGUKIP�VJGKT�RTQFWEVU�YKVJ�TCVKPI�HCEVQTU�CEEQTFKPI�VQ�VJGKT
QYP�WUWCN�RTCEVKEG��QT�VJG�QYPGT�OC[�URGEKH[�C�TCVKPI�HCEVQT�YJGP�VJG�WPKV�KU�RWTEJCUGF���6JG
PQTOCN�TCVKPIU�KP�VJG�VCDNG�CTG�VCMGP�HTQO�(KIWTG�0Q����QH�%�������WUKPI�VJG�EWTXG�HQT�C�%6%4(
QH�����CPF�CXGTCIG�FCKN[�CODKGPV�VGORGTCVWTGU�QH���E%�CPF��E%�TGURGEVKXGN[�HQT�UWOOGT�CPF
YKPVGT���(QT�%6%4(�XCNWGU�QVJGT�VJCP������VJG�EWTXG�HQT�VJG�RTQRGT�%6%4(�XCNWG�HTQO�(KIWTG
��QH�%������UJQWNF�DG�WUGF�VQ�FGVGTOKPG�PQTOCN�TCVKPI�HCEVQTU�CV���E%�CPF��E%�

5VCPFCTF�%������FQGU�PQV�RTQXKFG�OGVJQFU� VQ�FGVGTOKPG�.6'�CPF�56'�TCVKPIU��UQ� VJGUG�CTG
FKUEWUUGF�UGRCTCVGN[�HQT�HTGG�UVCPFKPI�CPF�DWUJKPI�V[RG�EWTTGPV�VTCPUHQTOGTU

.KOKVU�QP�GOGTIGPE[�TCVKPIU�OC[�DG�KORQUGF�D[�TGNC[�EQKNU��OGVGT�EQKNU�CPF�NKMG�FGXKEGU�KP�VJG
%�6��UGEQPFCT[�EKTEWKV�VJCV�OC[�DG�VJGTOCNN[�QXGTNQCFGF�D[�UGEQPFCT[�EWTTGPV�KP�GZEGUU�QH�PQTOCN
XCNWGU���6JG�UGEQPFCT[�EKTEWKV�UJQWNF�DG�KPENWFGF�KP�CP[�TGXKGY�QH�URGEKHKE�KPUVCNNCVKQPU�
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(TGG�5VCPFKPI�%�6�	U

6JG�.6'�CPF�56'�TCVKPI�HCEVQTU�KP�VJG�VCDNG�CTG�HQT�QKN�HKNNGF�WPKVU�KPUVCNNGF�UGRCTCVGN[�HTQO�QVJGT
GSWKROGPV���5KPEG�VJGUG�WPKVU�CTG�UKOKNCT�KP�EQPUVTWEVKQP�VQ�RQYGT�VTCPUHQTOGTU��VJG�GSWCVKQPU�HQT
VTCPUKGPV�JGCVKPI�VJCV�CTG�HQWPF�KP�5GEVKQP�����QH�5VCPFCTF�%������
������YCU�WUGF�VQ�FGXGNQR
.6'�CPF�56'�TCVKPIU�

2CTCOGVGT�XCNWGU�CPF�VJG�ECNEWNCVKQPU�CTG� VJG�UCOG�CU�HQT�RQYGT� VTCPUHQTOGTU� KP� VJKU�TGRQTV�
CUUWOKPI�C���E%�CXGTCIG�YKPFKPI�TKUG�KP�CEEQTFCPEG�YKVJ�VJG�NKOKV�IKXGP�KP�%������HQT�KPUVTWOGPV
VTCPUHQTOGTU�� �9KVJ�PQ�TGSWKTGOGPVU�UVCVGF� KP�%�������EWTTGPV�CPF�RQYGT� VTCPUHQTOGTU�YGTG
CUUWOGF�VQ�JCXG�VJG�UCOG�RCTCOGVGT�XCNWGU�HQT�JQVVGUV�URQV�VGORGTCVWTG�TGNCVGF�VQ�NQUU�QH�NKHG�CPF
TCVKQ�QH�NQCF�VQ�PQ�NQCF�NQUU���6JGTOCN�VKOG�EQPUVCPV�YCU�CUUWOGF�GSWCN�VQ�VJCV�QH�C�HQTEGF�CKT
EQKNGF�RQYGT�VTCPUHQTOGT�

$WUJKPI�6[RG�%�6�	U

6JG�.6'�CPF�56'�TCVKPIU�QH�DWUJKPI�V[RG�EWTTGPV�VTCPUHQTOGTU�YKNN�PQTOCNN[�DG�CV�NGCUV�CU�ITGCV
CU�VJG�TCVKPI�QH�VJG�EKTEWKV�DTGCMGT�QT�RQYGT�VTCPUHQTOGT�KP�YJKEJ�VJG�%�6�	U�CTG�KPUVCNNGF���6JG
OCPWHCEVWTGT� QH� VJG�OCLQT� GSWKROGPV� ECP� RTQXKFG� %�6�	U� YKVJ� VJGTOCN� RGTHQTOCPEG� VJCV� KU
CFGSWCVG��VCMKPI�KPVQ�CEEQWPV�VJG�CODKGPV�VGORGTCVWTG�CV�YJKEJ�VJG[�YKNN�QRGTCVG�KP�QT�QP�VJG
GSWKROGPV�CPF�QVJGT�HCEVQTU���%QPHKTOCVKQP�QH�VJG�.6'�CPF�56'�TCVKPIU�UJQWNF�DG�UQWIJV�HTQO
VJG�GSWKROGPV�OCPWHCEVWTGT�

+H�VJG�VCR�WUGF�QP�C�DWUJKPI�%�6��KU�NGUU�VJCP�KVU�OCZKOWO�TCVKQ��CFFKVKQPCN�EQPVKPWQWU�VJGTOCN
ECRCDKNKV[��DG[QPF�VJG�VCR�TCVKPI��OC[�DG�CXCKNCDNG���#�EWTXG�WUGF�VQ�FGVGTOKPG�VJG�CFFKVKQPCN
ECRCEKV[�JCU�VJG�GSWCVKQP�

9JGTG�+C�� CNNQYCDNG�UGEQPFCT[�EWTTGPV�HQT�EQPPGEVGF�VCR
+VT���� TCVKPI�QH�EQPPGEVGF�VCR
+T��� TCVKPI�QH�HWNN�YKPFKPI

+H� VJG� EQPPGEVGF� VCR� KU� ��� RGTEGPV� QH� VJG� HWNN� YKPFKPI�� HQT� GZCORNG�� VJG� %�6��YKNN� JCXG� C
EQPVKPWQWU�TCVKPI�QH�����RGTEGPV�QH�VJG�VCR�TCVKPI���1PG�OCPWHCEVWTGT�TGEQOOGPFU�C�NKOKV�QH����
RGTEGPV�QP�VJG�TCVKPI�HCEVQT�UQ�FGVGTOKPGF���6JKU�JKIJGT�TCVKPI�ECP�DG�VTGCVGF�CU�C�PCOGRNCVG�TCVKPI
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CPF� ECP� DG� OWNVKRNKGF� D[� VJG� .6'� CPF� 56'� TCVKPI� HCEVQTU� VQ� QDVCKP� GOGTIGPE[� TCVKPIU�
%QPHKTOCVKQP�UJQWNF�DG�QDVCKPGF�HTQO�VJG�OCPWHCEVWTGT�DGHQTG�WUKPI�VJKU�TCVKPI�

%744'06�64#05(14/'4�4#6+0)5�(#%6145�

%WTTGPV
6TCPUHQTOGTU

5WOOGT 9KPVGT

0 .6' 56' 0 .6' 56'

$WUJKPI�6[RG 5COG�TCVKPI�HCEVQTU�CU�VTCPUHQTOGT�QT�DTGCMGT

(TGG�5VCPFKPI ���� ���� ���� ���� ���� ����
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%744'06�64#05(14/'45

#05+�5VCPFCTFU

�� %������������ 4GSWKTGOGPVU�HQT�+PUVTWOGPV�6TCPUHQTOGTU��
4GCHHKTOGF�KP������

�� %������������ )WKFG� HQT� .QCFKPI�/KPGTCN� 1KN� +OOGTUGF�1XGTJGCF�CPF�2CF�/QWPVGF
&KUVTKDWVKQP� 6TCPUHQTOGTU� 4CVGF� ���-8#� CPF� NGUU� YKVJ� ��Q%� QT� ��Q%
#XGTCIGI�9KPFKPI�4KUG���
4GCHHKTOGF�KP������

�� %������������ )WKFG�HQT�.QCFKPI�1KN�+OOGTUGF�&KUVTKDWVKQP�CPF�2QYGT�6TCPUHQTOGTU�WR
VQ� CPF� KPENWFKPI� ���� /8#� YKVJ� ��Q%� CPF� ��Q%� 9KPFKPI� 4KUG�

4GCHHKTOGF�KP������
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2TQVGEVKXG�4GNC[U

#� 6JG�VJGTOCN�ECRCDKNKVKGU�QH�TGNC[�EWTTGPV�EQKNU�KP�CORGTGU�WUGF�QP�VTCPUOKUUKQP�NKPG�VGTOKPCN
GSWKROGPV�CTG�VCDWNCVGF�QP�VJG�HQNNQYKPI�RCIGU���6JG�TGNC[U�CTG�PQV�GZRGEVGF�VQ�QRGTCVG�CV�VJGUG
EWTTGPVU�
QT�OQTG��VQ�VTKR�C�EKTEWKV�DTGCMGT�CPF�VJWU�RTQVGEV�VJGOUGNXGU�HTQO�QXGTJGCVKPI���6JG
NKUV� FQGU� PQV� KPENWFG� CNN� RQUUKDNG� QT� CXCKNCDNG� TGNC[U�� � (QT� HWTVJGT� KPHQTOCVKQP� EQPUWNV� VJG
OCPWHCEVWTGT�

$� )GPGTCN�'NGEVTKE�4GNC[U

%QOOGPVU�D[�VJG�OCPWHCEVWTGT�

�� 4GNC[U�CU�FGUKIPGF�D[�2QYGT�5[UVGOU�/CPCIGOGPV�$WUKPGUU�&GRCTVOGPV�JCXG�C�EQPUGTXCVKXG
FGUKIP�NKHG�QH����[GCTU�

�� 4GNC[U����[GCTU�QNF�QT�QNFGT�UJQWNF�DG�EQPUKFGTGF�CU�JCXKPI�PQ�QXGTNQCF�ECRCDKNKV[�

�� 6JG�FGUKIP�UVCPFCTF�KU�#05+�%������
+'''������������YJKEJ�FGHKPGU�%NCUU�#�KPUWNCVGF
TGNC[U�CU�JCXKPI�C�VQVCN�EQKN�VGORGTCVWTG�QH����u%�
��u%�CODKGPV�RNWU���u%�TKUG��

�� +H�VJG���u%�CODKGPV�VGORGTCVWTG�KU�GZEGGFGF��VJGP�VJG�XCNWGU�NKUVGF�CTG�PQV�CRRNKECDNG�

�� +V�KU�CUUWOGF�VJCV�VJQUG�TGNC[U�JCXKPI�RQVGPVKCN�EKTEWKVU�
GKVJGT�CE�QT�FE��CTG�DGKPI�QRGTCVGF
CV�QT�DGNQY�TCVGF�XQNVCIG�

�� 1XGTNQCF� ECRCDKNKV[� ECNEWNCVKQPU� YGTG� DCUGF� QP� �+PUWNCVKPI� /CVGTKCNU� HQT� &GUKIP� CPF
'PIKPGGTKPI�2TCEVKEG��D[�(TCPKG�/��%NCTM���,QJP�9KNG[�2WDNKUJGTU���.KDTCT[�QH�%QPITGUU
����������

�� 6JQUG�TGNC[U�JCXKPI�VJG�UCOG�TCVKPI�HQT�����JQWT��CPF�EQPVKPWQWU�CTG�NKOKVGF�D[�EQORQPGPVU
QVJGT�VJCP�VJG�KPUWNCVKQP�U[UVGO���6JGUG�EQORQPGPVU�OC[�DG�TGUKUVQTU��ECRCEKVQTU��TJGQUVCVU�
GVE���CPF�VJGUG�NKOKVCVKQPU�CTG�EQPUKFGTGF�EQPHKFGPVKCN�KPHQTOCVKQP�

�� 6JG�������QT�����JQWT��XCNWGU�CUUWOG�CV�NGCUV����JQWTU�CV�TCVGF�EWTTGPV�
QT�NGUU��YKNN�GZKUV
DGHQTG�VJG�TGNC[U�CTG�CICKP�UWDLGEVGF�VQ�VJG�XCNWGU�UJQYP�

�6JG�)'�NKUV�QH�TGNC[U�EQXGT�HQWT�VKOG�RGTKQFU�%QPVKPWQWU����*TU�����*TU��CPF����*TU��6JGUG�JCXG�DGGP�EQPXGTVGF�VQ�VJG�HQNNQYKPI�VKOG�RGTKQFU�
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�� 9JGTG�C�TGNC[�JCU�OQTG�VJCP�QPG�EWTTGPV�VCR��VJG�XCNWG�NKUVGF�KU�HQT�C�RCTVKEWNCT�VCR�UWEJ�CU
��COR���6JG�EWTTGPV�CV�QVJGT�VCRU�
60��OC[�DG�ECNEWNCVGF�HTQO�VJG�HQTOWNC�


+��
��60���
+0��

�6� 9JGTG�+��KU�NKUVGF�EWTTGPV�CV���COR�VCR���+0�KU�FGUKTGF�EWTTGPV���6�

KU�VJG�NKUVGF�VCR��KP�VJKU�GZCORNG�KU���
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#�NKPG�VTCR�WUWCNN[�EQPUKUVU�QH�CP�CKT�EQTG�KPFWEVCPEG�EQKN�KP�UGTKGU�YKVJ�C�RQYGT�NKPG�EQPFWEVQT�CPF
VWPGF�VQ�RCTCNNGN�TGUQPCPEG�D[�OGCPU�QH�C�VWPKPI�RCEM���0'/#�5VCPFCTF�5)���������YCU�VJG�QPN[
KPFWUVT[�UVCPFCTF�EQXGTKPI�NKPG�VTCRU�WPVKN�0QXGODGT������YJGP�KV�YCU�TGUEKPFGF���+P�������#05+
RWDNKUJGF�C�PGY�UVCPFCTF�HQT�NKPG�VTCRU�VQ�TGRNCEG�VJG�QNF�0'/#�5VCPFCTF���6JKU�#05+�5VCPFCTF
JCU�VKVNGF��4GSWKTGOGPV�HQT�2QYGT�.KPG�%CTTKGT�.KPG�6TCRU��#05+�%�����������FCVGF��5GRV����
����
NCVGT� YKVJFTCYP�
4GHGTGPEG� ����� � 6JG� HQNNQYKPI� UVCVGOGPV� KU� GZVTCEVGF� HTQO� VJG� ����
5VCPFCTF�

	.KPG�VTCRU�CTG�FGUKIPGF�YKVJKP�VGORGTCVWTG�TKUG�NKOKVCVKQPU�VQ�GPUWTG�PQTOCN�NKHG�GZRGEVCPE[�
#P[�XCNWG�QH�EWTTGPV�KP�GZEGUU�QH�VJG�TCVGF�EWTTGPV�KP�VJKU�UVCPFCTF�OC[�ECWUG�VJG�FGUKIPGF
VGORGTCVWTG�TKUG�VQ�DG�GZEGGFGF�CPF�OC[�UJQTVGP�VJG�NKHG�GZRGEVCPE[�QH�VJG�NKPG�VTCR���6CDNG
#����JQYGXGT�� UJQYU�RGTEGPVCIGU�QH� TCVGF� EQPVKPWQWU�EWTTGPV� VJCV�JCXG�DGGP� UGNGEVGF� VQ
OKPKOK\G�VJG�TGFWEVKQP�KP�QRGTCVKPI�NKHG�CPF�UJQWNF�DG�CRRNKGF�YKVJ�ITGCV�ECTG	���

&WTKPI�VJG������TGXKGY�QH�VJG�	(+0#.�4'2146�0'9�;14-�219'4�211.�6#5-�(14%'
10�6+'�.+0'�4#6+0)5��,WPG������	��KV�YCU�FKUEQXGTGF�VJCV�VJG�RTQRQUGF�UVCPFCTFU�HQT�NKPG
VTCRU� JCU� DGGP� YKVJFTCYP� CPF� EQPUGSWGPVN[� VJGTG� KU� PQ� HQTOCN� UVCPFCTF� HQT� VJKU� RKGEG� QH
GSWKROGPV���*QYGXGT��UKPEG�C�NGVVGT�HTQO�6TGPEJ�'NGEVTKE
FCVG�WPMPQYP���EQPHKTOU�UQOG�6CDNG
#���GPVTKGU�CPF�TGHWVGU�PQPG��KV�KU�VJG�TGEQOOGPFCVKQP�QH�VJG������0GY�;QTM�2QYGT�2QQN�6CUM
(QTEG�QP�6KG�.KPG�4CVKPIU�VQ�TGOCKP�YKVJ�VJG�UCOG�TCVKPIU�FGXGNQRGF��D[�VJG������6CUM�(QTEG�QP
6KG�.KPG�4CVKPIU�

6CDNG� #��� JCU� DGGP� UWRRNGOGPVGF� VQ� KPENWFG� PQTOCN� EQPVKPWQWU� TCVKPIU� CV� XCTKQWU� CODKGPV
VGORGTCVWTGU��CPF�VQ�KPENWFG�TCVKPI�HCEVQTU�HQT���E%�CPF���E%���6JGUG�CFLWUVOGPVU�CTG�DCUGF�QP
VJG�HQNNQYKPI�GSWCVKQP�HTQO��4CVG�5WDUVCVKQP�'SWKROGPV�HQT�5JQTV�6KOG�1XGTNQCFU���D[�%TQPKP
CPF�$C[NGUU�QH�9GUVKPIJQWUG��'NGEVTKECN�9QTNF�/CIC\KPG��#RTKN����������
4GHGTGPEG������

YJGTG�+R���� 2GTOKUUKDNG�EQPVKPWQWU�NQCF�CV�CEVWCN�CODKGPV�
+R�PQV�VQ�GZEGGF�v�����RGTEGPV
QH�+4�

+4��� 4CVGF�EQPVKPWQWU�NQCF�CV���E%�CODKGPV

2C��� #EVWCN�CODKGPV�VGORGTCVWTG��FGITGGU�%
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6#$.'�#��

0QTOCN�CPF�'OGTIGPE[�1XGTNQCF�%WTTGPV�KU�C�2GTEGPVCIG�QH�4CVGF�%QPVKPWQWU�%WTTGPV

#ODKGPV 'OGTIGPE[ 2GTKQF 0QTOCN�

6GORGTCVWTG�E% ���/KPWVGU ���/KPWVGU ��*QWT ��*QWTU %QPVKPWQWU

�� ��� ��� ��� ��

�� ��� ��� ��� ��� ���

��� ��� ��� ��� ��� ���

�� ��� ��� ��� ��� ���

��� ��� ��� ��� ��� ���

� ��� ��� ��� ��� ���

���� ��� ��� ��� ��� ���

���� ��� ��� ��� ��� ���

0QVG� �� 6JGUG�TCVKPI�HCEVQTU�YGTG�FGTKXGF�WUKPI�'SWCVKQP�0Q������#NN�QVJGT�TCVKPI�HCEVQTU�CTG
HTQO�#05+�5VCPFCTF�%������������7PHQTVWPCVGN[��NKPG�VTCR�UVCPFCTF�CEVKXKV[�JCU�EGCUGF
CPF�%�����YCU�DGGP�YKVJFTCYP�

�� 6JGUG�GPVTKGU�EQOG�HTQO�C�6TGPEJ�'NGEVTKE�NGVVGT�YJKEJ�CNUQ�EQPHKTOU�OCP[�QH�VJG�QVJGT
VCDNG�GPVTKGU�

�
6JG�TCVKPI�HCEVQTU�VQ�DG�WUGF�KP�VJG�0GY�;QTM�2QYGT�2QQN�HQT�NKPG�VTCRU�CTG�

5GCUQP 0QTOCN .6' 56'

5WOOGT
��Q%� ���� ���� ����

9KPVGT
��Q%� ���� ���� ����
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TH&TA

TH&TD

&+5%755+10�QH�0'211.�4#6+0)�%#.%7.#6+10

6JG�6CUM�(QTEG�QDVCKPGF�CP�CRRNKECVKQP�IWKFG�HTQO�0GY�'PINCPF�YJKEJ�OCFG�WUG�QH�VJG�HQNNQYKPI
HQTOWNC�VQ�FGVGTOKPG�014/#.�TCVKPIU�

6* KU�C�JQVVGUV�URQV�VGORGTCVWTG�TKUG�HTQO�#05+�%������6CDNG����RNWU���Q%�FGUKIP�CODKGPV���6JCV
VCDNG�TGHGTU�VQ�CP��+PUWNCVKQP�+PFGZ���CDQWV�YJKEJ�YG�YGTG�PQV�CDNG�VQ�NQECVG�CP[�KPHQTOCVKQP�

6# KU�VJG�CEVWCN�CODKGPV�

6& KU�VJG�FGUKIP�CODKGPV�VGORGTCVWTG
��Q%�KH�OCPWHCEVWTGF�VQ�#05+�5VCPFCTFU�

9JGP�VJG�TGUWNVU�QH�WUKPI�VJKU�HQTOWNC�YGTG�EQORCTGF�VQ�VJG�RTGUGPV�0;22�HQTOWNC��VJG�TCVKPI
HCEVQTU� YGTG� JKIJGT� HQT� CNN� XCNWGU� QH� VJG� �KPUWNCVKQP� KPFGZ��� � 6JGTGHQTG�� YKVJQWV� HWTVJGT
KPHQTOCVKQP��VJKU�HQTOWNC�KU�PQV�TGEQOOGPFGF�
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.+0'�64#25

#05+�5VCPFCTFU

�� %����������: 4GSWKTGOGPVU�HQT�2QYGT�.KPG�%CTTKGT�.KPG�6TCRU

�� 4CVG�5WDUVCVKQPU�'SWKROGPV�HQT�5JQTV�6KOG�1XGTNQCFU��D[�,��*��%TQPKP�CPF�4��5��$C[NGUU�
'NGEVTKECN�9QTNF��#RTKN���������
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57$56#6+10�$75�%10&7%6145

5[PQRUKU

#ORCEKV[�TGSWKTGOGPVU�HQT�DWU�EQPFWEVQTU�CTG�WUWCNN[�FGVGTOKPGF�D[�VJG�HWNN�NQCF�TCVKPIU�QH�VJG
CVVCEJGF�GSWKROGPV�QT�VTCPUOKUUKQP�NKPGU���6GORGTCVWTG�NKOKVCVKQPU�QH�VJG�EQPPGEVGF�GSWKROGPV
OC[�DG�C�HCEVQT�KP�FGVGTOKPKPI�EQPFWEVQT�NQCFKPI�NKOKVU�YJGP�QRGTCVKQP�QH�EQPFWEVQTU�CV�GZEGUUKXG
VGORGTCVWTGU�OC[�ECWUG�FCOCIG�VQ�VJG�EQPPGEVGF�GSWKROGPV�D[�VTCPUHGT�QH�JGCV���$WU�EQPFWEVQT
CORCEKV[�NKOKVU�CTG�CHHGEVGF�D[�EQPFWEVQT�UK\G��OCVGTKCN��YKPF�XGNQEKV[��CODKGPV�VGORGTCVWTG�
EQPXGEVKXG�JGCV�NQUU��TCFKCVKQP�JGCV�NQUU�CPF�UQNCT�JGCV�ICKP�

#ORCEKV[�TCVKPI�HCEVQTU�HQT�TKIKF�DWU�EQPFWEVQTU�CTG�DCUGF�QP�KPHQTOCVKQP�IKXGP�KP��#05+�+'''
5VF�� ��������� 
4GHGTGPEG� ����� � #ORCEKV[� TCVKPI� HCEVQTU� HQT� DCTG� ECDNG� DWU� EQPFWEVQTU� CTG
FGVGTOKPGF� WUKPI� VJG� TCVKPI� HCEVQTU� WUGF� HQT� VTCPUOKUUKQP� NKPG� EQPFWEVQTU�� GZEGRV� VJCV� HQT
UWDUVCVKQP�DWU�EQPFWEVQT�CORCEKV[�ECNEWNCVKQPU��C�YKPF�XGNQEKV[�VQ�VYQ�HGGV�RGT�UGEQPF�
HRU��OWUV
DG�EQPUKFGTGF�

&KUEWUUKQP

5WDUVCVKQP�GNGEVTKE�RQYGT�GSWKROGPV�JCXG�HWNN�NQCF�TCVKPIU�YJKEJ�CTG�UGV�D[�VJG�NKOKVCVKQPU�QH�VJG
CEVWCN�QRGTCVKPI�VGORGTCVWTG���#EEQTFKPIN[��DWU�EQPFWEVQTU�UJQWNF�PQV�DG�QRGTCVGF�CV�VGORGTCVWTGU
YJKEJ�YQWNF� ECWUG� JGCV� VQ� HNQY� KPVQ� VJG� GSWKROGPV�� � 6JKU� TGSWKTGU� VJCV� VJG� ECNEWNCVGF� DWU
EQPFWEVQT�CORCEKV[�TCVKPIU�CPF�QRGTCVKPI�VGORGTCVWTGU�DG�ENQUGN[�EQQTFKPCVGF�YKVJ�VJG�HWNN�NQCF
TCVKPIU�CPF�VJGTOCN�NKOKVCVKQPU�QH�CP[�EQPPGEVGF�GSWKROGPV��

6JG�IGPGTCN�VGORGTCVWTG�TKUG�GSWCVKQP�HQT�ECNEWNCVKQP�QH�DWU�EQPFWEVQT�NQCFKPI�CORGTGU�HQT�PQTOCN
CPF�.6'�QRGTCVKPI�EQPFKVKQPU�CTG�

9JGTG
+�� EQPFWEVQT�NQCFKPI�CORGTGU
SE�� EQPXGEVKXG�JGCV�NQUU
ST�� TCFKCVKQP�JGCV�NQUU
SU�� UQNCT�JGCV�ICKP
4���� FKTGEV�EWTTGPV�TGUKUVCPEG�CV�VJG�EQPFWEVQT�VGORGTCVWTG
(���� UMKP�GHHGEV�EQ�GHHKEKGPV�HQT����*\��EWTTGPV

#P�KORQTVCPV�HCEVQT�KP�VJG�EQORWVCVKQP�QH�DWU�EQPFWEVQT�CORCEKV[�KU�VJG�CUUWORVKQP�QH�C�YKPF
XGNQEKV[�KP�EQPPGEVKQP�YKVJ�HQTEGF�EQPXGEVKQP�NQUUGU���(QT�UWDUVCVKQP�DWU�EQPFWEVQT�CORCEKV[
ECNEWNCVKQPU� C� �� HRU�YKPF� XGNQEKV[� KU� TGEQOOGPFGF� CU� C� EQPUGTXCVKXG�� DWV� TGCNKUVKE� CRRTQCEJ

4GHGTGPEG����CPF�����
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6JG�CRRTQRTKCVG�GSWCVKQPU�HQT�FGVGTOKPCVKQP�QH�VJG�CORCEKV[�HCEVQTU�HQT�TKIKF�DWU�EQPFWEVQTU�CTG
FGHKPGF� KP�#RRGPFKZ� $� QP� UWDUVCVKQP� DWU� EQPFWEVQTU�� � 6JG� CORCEKV[� HCEVQTU� HQT� DCTG� ECDNG
EQPFWEVQTU�CTG�FGHKPGF�KP�#RRGPFKZ�#�QP�VTCPUOKUUKQP�NKPG�EQPFWEVQTU�GZEGRV�VJCV�C�YKPF�XGNQEKV[
QH���HRU�UJQWNF�DG�WVKNK\GF�

6JG�VGORGTCVWTG�NKOKVCVKQP�TCVKPI�HCEVQTU�CRRN[�HQT�DQVJ�TKIKF�DWU�CPF�UVTCKP�DWU�EQPFWEVQTU���/QTG
EQPUGTXCVKXG�VGORGTCVWTG�NKOKVCVKQP�TCVKPI�HCEVQTU�OC[�DG�TGSWKTGF�HQT�DWU�EQPFWEVQTU�FKTGEVN[
EQPPGEVGF�VQ�GNGEVTKECN�GSWKROGPV���%QPFWEVQTU�EQPPGEVGF�VQ�GNGEVTKECN�GSWKROGPV�UJQWNF�PQV�DG
QRGTCVGF�CV�VGORGTCVWTGU�YJKEJ�YQWNF�ECWUG�JGCV�VQ�HNQY�KPVQ�GSWKROGPV���+H�VJG�VJGTOCN�NKOKVU�QH
VJG�GSWKROGPV�KU�WPMPQYP��VJG�HQNNQYKPI�EQPFWEVQT�VGORGTCVWTG�NKOKVCVKQPU�UJQWNF�DG�CRRNKGF�HQT
EQPFWEVQTU�EQPPGEVGF�VQ�GNGEVTKECN�GSWKROGPV�

$75�%10&7%614�6'/2'4#674'�.+/+6#6+105

5WOOGT 9KPVGT

0 .6' 56' 0 .6' 56'

#NWOKPWO ��E% ��E% ���E% ��E% ��E% ���EE

#%54 ��E% ���E% ���E% ��E% ���E% ���EE

%QRRGT ��E% ���E% ���E% ��E% ���E% ���E%

'SWKROGPV
%QPPGEVKQPU

��E% ��E% ���E% ��E% ��E% ���E%
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57$56#6+10�$75�%10&7%6145

�� #05+�+'''�5VF�����������+'''�)WKFG�HQT�&GUKIP�QH�5WDUVCVKQP�4KIKF�$WU�5VTWEVWTGU�

�� .QCFKPI�QH�5WDUVCVKQP�'SWKROGPV�YKVJ�'ORJCUKU�QP�6JGTOCN�%CRCDKNKV[��2CTV�+��
2TKPEKRNGU��D[�$��,��%QPYC[��&��9��/E/WNNGP��#��,��2GCV�CPF�,��/��5EQHKGNF���+'''
6TCPUCEVKQPU��2QYGT�#RRCTCVWU�CPF�5[UVGOU�8QN��2#5�����0Q�����,WN[�#WI�������RR�
���������

�� .QCFKPI�QH�5WDUVCVKQP�'SWKROGPV�YKVJ�'ORJCUKU�QP�6JGTOCN�%CRCDKNKV[��2CTV�++��
#RRNKECVKQP��D[�+��5��$GPMQ��&��'��%QQRGT��&��1��%TCIJGCF�CPF�2��3��0GNUQP���+'''
6TCPUCEVKQPU��2QYGT�#RRCTCVWU�CPF�5[UVGOU�8QN��2#5�����0Q�����,WN[�#WI������
RR����������
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5'4+'5�4'#%6145

6JG�WUG�QH�UGTKGU�TGCEVQTU�QP� VJG�GZKUVKPI�0;22�$WNM�2QYGT�5[UVGO� KU� NKOKVGF� VQ�C�HGY
NQECVKQPU���6JG�UVCPFCTF�EQXGTKPI�VJG�WUG�QH�UGTKGU�TGCEVQTU�KP�VJG�#OGTKECP�5VCPFCTF�4GSWKTGOGPV�
6GTOKPQNQI[��CPF�6GUV�%QFG�HQT�%WTTGPV�.KOKVKPI�4GCEVQTU��%�������������6JG�#05+	U�#RRGPFKZ
%�������VJG�)WKFG�HQT�.QCFKPI�&T[�6[RG�CPF�1KN�+OOGTUGF�%WTTGPV�.KOKVKPI�4GCEVQT�RWDNKUJGF
KP������KU�DGKPI�WUGF�D[�VJG�KPFWUVT[���6JKU�IWKFG� KU�DGNKGXGF�VQ�DG��WPFGT�EQPUKFGTCVKQP�HQT
TGXKGY�

1PG�0;22�OGODGT	U�RTCEVKEG�KU�VQ�TGSWGUV�VJG�TGCEVQT�OCPWHCEVWTGTU�VQ�OCVEJ�VJG�TCVKPI�QH
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The thermal time constant formula for Oil-Immersed reactor for any load and for any specific
temperature differential between the ultimate oil rise and the initial oil rise is given by the equation:

T: Thermal time constant
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C: Thermal capacity of reactor, watts-hours per degree C

hu: Ultimate hottest-spot winding temperature

hi: Initial hottest-spot winding temperature
Wi: Initial watts loss at 75EC
Wu: Ultimate watts loss at 75EC
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DRY TYPE CURRENT LIMITING REACTORS    -- RATING FACTORS(%) --

Season SUMMER WINTER

Operating Conditions Ambient Normal/
8 hour

LTE
4 hours

STE
30 min.

Ambient Normal/
8 hours

LTE
4 hours

STE
30 min.

55oC rise - dry-type, self-cooled
* Following and followed by a 
   constant load of  90 percent
* Altitude does not exceed 3,300 feet

35oC 96% 96% 116% 10oC 114% 114% 140%

30oC 100% 100% 121%  5oC 118% 118% 142%

25oC 104% 104% 125%  0oC 121% 121% 146%

80oC rise - dry-type, self-cooled
* Following and followed by a 
   constant load of  90 percent
* Altitude does not exceed 3,300 feet

35oC 98% 98% 118% 10oC 109% 109% 109%

30oC 100% 100% 121%  5oC 111% 111% 136%

25oC 102% 102% 124%  0oC 114% 114% 137%

NOTE 1: The shaded area numbers are taken from the Guide.  Other numbers are calculated.

NOTE 2: The following factors from the Guide are used for the calculations:

For 55oC RISE DRY-TYPE: 0.85% decrease for each degree C temperature ABOVE 30oC
0.70% increase for each degree C temperature BELOW 30oC

For 80oC RISE DRY-TYPE: 0.50% decrease for each degree C temperature ABOVE 30oC
0.45% increase for each degree C temperature BELOW 30oC
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MANUAL METHOD
OF

CALCULATING CONDUCTOR AMPACITY

Calculating the ratings of a conductor involves steady-state and transient heat flow calculations.  What
follows is a brief review of the basic steps involved in making such calculations. The IEEE Std 738-
1993 includes both a computer program listing(basic) and a floppy disk containing the runtime version
for calculating steady-state and transient conductor ratings.  The manual methods presented are based
on the IEEE Standard.

The fundamental relationships for steady-state convected heat loss for horizontal wires discussed in the
House and Tuttle AIEE Paper Current Carrying Capacity of ACSR are also covered in the book Heat
Transmission by W. H. McAdams, McGraw-Hill Book Co.; and in an Alcoa booklet, Section 6 of
Alcoa Conductor Engineering Handbook Series, titled:  Current - Temperature Characteristics of
Aluminum Conductors.  A third reference, Principles of Heat Transfer by Frank Kreith, the
International Textbook Company, Scranton, Pennsylvania, covers the subject of thermal transients.
The material which follows was drawn primarily from these four references, and from the IEEE
Standard 738-1993, Calculating the Current Temperature Relationship of Bare Overhead Conductors.
This new standard includes a wind angle factor formula.  The angle used is that between the wind and
the conductor(0o=parallel, 90o=perpendicular).  This factor has been added to this section of the 1995
report.

A conductor under transient loading conditions may be classified as a heat flow system with negligible
internal thermal resistance.  A justifiable assumption is that the thermal resistance between the surface
of the system and the surrounding air (the film resistance) is so large compared to the internal thermal
resistance of the system that it controls the heat transfer process.

Terms used in this appendix are defined hereunder:

CONDUCTION A process by which heat flows from a region of higher temperature to
a region of lower temperature within a medium (solid, liquid, or
gaseous) or between different mediums, in direct physical contact.  The
subscript for conduction is "k".

RADIATION A process by which heat is transferred from a high temperature body to
a body at a lower temperature when the bodies are separated in space,
even when a vacuum exists between them.  The subscript for radiation
is "r".

CONVECTION A process of energy transfer by combined action of heat conduction ,
energy storage and mixing motion.  It is most important as a mechanism
of energy transfer between a solid surface and a liquid or a gas.  The
subscript for convection is "c".
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HEAT RADIATED qr qr = F (As) , [(T1)
4 - (T2)

4] 
where F (sigma) is the Stefan-Boltzmann constant with a value equal to
.5275 x 10-8 watts per square foot per oK4 and , (Epsilon) is the
emissivity factor, with an agreed upon average value of 0.6 to be used
for NYPP ratings.

HEAT ABSORBED qs Energy absorbed from the sun’s radiation which results in a temperature
rise (sun effect) of a conductor.

HEAT CAPACITY, The quantity of heat energy required to raise the temperature of one linear
Conductor foot of conductor by 1 degree in a specified way, watt-sec/ft- oC.

SPECIFIC HEAT The quantity of heat required to raise the temperature of a unit of weight
of material by 1 degree, Cal/gm-oC or watt-sec/lb-oC.

TRANSIENT FLOW A heat flow process in a system is transient when the temperature at various
points in the system changes with time.

Since there are  many variables involved, Table I has been included and is a complete listing of all
physical quantities with brief definitions, symbols and a consistent system of units.
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TABLE I
SYMBOLS, DEFINITIONS AND UNITS

I = Conductor current - amperes at 60 Hz.
qc = Convected heat loss - watts per lineal foot of conductor
qr = Radiated heat loss - watts per lineal foot of conductor
qs = Heat gain from the sun - watts per lineal foot of conductor
Qs = Total solar and sky radiated heat - watts per sq. ft. (Table III)
rac(Tc) = 60 Hz. AC resistance per lineal foot of conductor at temperature T c (Table VII)
Ta = Ambient temperature - degreec C
°Ka = Ambient temperature - degrees Kelvin = Ta + 273
Tc = Conductor temperature - degrees C
°Kc = Conductor temperature - degrees Kelvin = Tc + 273
Tf = Air film temperature - degrees C; Tf = (Tc + Ta)/2

¶T = Temperature difference - degrees C

¶t = Time increment
D = Diameter of conductor - inches
Do = Diameter of conductor - feet
A = Cross sectional area - square feet
As = Conductor surface area - square feet per foot =BD/12
A' = Projected area of conductor - square feet per lineal foot = D/12
V = Velocity of air stream - feet per hour
Kang = wind direction factor
Df = Density of air at film temperature - lbs/cubic foot (Table II)
Ff = Absolute viscosity of air at film temperature - lbs/(hr) (ft) (Table II)
kf = Thermal conductivity of air at film temperature - watts/(sq. ft.) (°C) (Table II)
, = Coefficient of emissivity, 0.23 - 0.91; use 0.6 for average value
" = Coefficient of absorption, 0.23 - 0.95; use 0.6 for average value

Note:  above values are recommended for consistency of NYPP member calculations
2 = Effective angle of incidence of sun's rays
Hc = Altitude of sun - degrees (Table III)
Zc = Azimuth of sun - degrees (Table III)
ZR = Azimuth of line - degrees (Table III)
c = Specific heat of conductor metal - cal./gm.-°C (Table IX)
W = Weight of conductor - lbs./lineal foot (Table VIII)
N = Angle between the wind and conductor axis
J = Time constant - minutes
al = Subscript for aluminum
st = Subscript for steel
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I'
qc%qr&qs

rac(T)

Tf'
Tc%Tf

2

AMPACITY CALCULATION PROCEDURE

The ampacity ratings may be determined as follows:

1. For a particular conductor, it is first necessary to calculate the Normal and LTE ratings as
described in the House and Tuttle reference for steady-state conditions, section 6 of the Alcoa
Conductor Engineering Handbook, and IEEE Standard 738-1993, making use of the following
equations:

Fundamental Steady-State Heat Balance Equation

qc + qr = qs + I2rac This equation states that at steady state the heat input due to conductor
current and the sun is equal to heat loss by convection and radiation.

The ampacity rating is the value of current that satisfies this equation.  Note that qc, qr and rac(T)
must be calculated for the relevant design conductor temperature(Normal or LTE).

Forced Convection Heat Loss

Air density Df, air viscosity, µf, and coefficient of thermal conductivity of the air film at the conductor
surface, kf, are taken from Table II at air film temperature Tf where:

The convective heat loss term now includes the wind direction factor Kang , where N is the angle between
the wind direction and the conductor axis:

Kang = 1.194 - cos( N ) + .194 cos( 2N ) + .368sin( 2N )

The following sample values were generated from this formula:

N Kang

90o 1.000

45o 0.855

30o 0.744

20o 0.639



5

qc'KAng[1.01%0.371[
D fV

µf

]0.52kf(Tc&Ta)watts/ft.ofconductor

qc'0.1695KAng[
Do fV

µf

]0.6kf(Tc&Ta)watts/ft.ofconductor

qr' gAs(K
4
c&K 4

a )'0.5275x10 &8[ D
12

] [(K 4
c &K 4

a )]

qr'0.138D [(
K o

c

100
)

4

&(
K o

a

100
)

4

]watts/ft.ofconductor

0o 0.388

Two formulas are used to calculate convection heat loss as follows:

The first formula

is for values of = 0.1 to 1,000, where Do= conductor diameter in feet.
Do fV

µf

The second formula

 is for values ranging between 1,000 to 18,000(i.e. for higher values of wind speed,V)
Do fV

µf

The IEEE Standard 738 recommends using the larger of the two qc values for a given conductor diameter.

A formula for natural convection heat loss is also provided in this standard.  It is recommended to use the
larger of the natural or forced convection heat loss.  No combined effect is considered.  Natural convection
heat loss is numerically about the same as forced convection loss with a wind speed of 3 ft/sec and a wind
angle of zero degrees.

Radiated Heat Loss



6

Inormal'
qnormal

rac(Tnormal)
amperes Ilte'

qlte

rac(Tlte)
amperes

Solar Heat Gain

qs = "Qs(sin(2)A’

Effective angle of incidence of solar radiation(see Tables III through VI):

2 = Cos-1 ú (cos Hc) cos(Zx - Zl) é

solar absorbtivity:

" = 0.6

2. From the above calculate the net rate of heat loss:

qnormal = (qc + qr)NORMAL - qs  watts/ft of conductor and qlte = (qc + qr)LTE - qs  watts/ft of conductor

Calculate normal and LTE current ratings:
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Tc(t)'Ti%(Tult&Ti)(i&
&t/ )

Tc'
(I 2R%qs&qr&qc) t

CW
'

NetHeatInput
HeatCapacity

CALCULATING THE SHORT-TIME RATING

Because the short-time rating period is limited to 15 minutes, most conductors can actually carry a heavier
current without exceeding a selected maximum temperature than they would if the current were allowed
to continue flowing until steady-state conductor heating was reached.  The relationship between the
changing conductor temperature and time is given by the "time constant" equation.  The equation is:

At the equation shows, the rate of conductor temperature rise depends on Tult, the ultimate steady-
state temperature that would result if the STE current was continuous, and time constant J.  Time constant
is defined as the time required, after the step increase to STE current, for the temperature to equal 63%
of the difference between Tult and initial temperature Ti.  For NYPP ratings, Ti is the Normal rating
conductor temperature limit.

1. Computer Calculation

The STE current ratings and the Tult and J parameters can be determined by use of the IEEE Std.
738-1993 software.  The STE time period and limiting temperature, and Ti are input, and the program
starts an iterative procedure.  A trial starting value of STE current is selected by the program, and the
temperature rise )Tc during a time increment )t is calculated from:

The values of qs, qr and qc are calculated from the same equations as for steady-state with the assumption
that these are valid for the transient period.  Temperature increment )Tc is added to Ti to get a new
conductor temperature Tc = Ti+)Tc.  Heat input I2R and losses qr and qc are then recalculated for the new
Tc and )Tc is calculated for the next time increment using the new qr and qc.  The process continues to the
end of the STE time period.  The resulting conductor temperature is then compared to the STE limiting
temperature.  If they are not sufficiently close, the program selects a new STE current and calculates
another temperature -vs - time curve.  The process continues until the curve passes through the
temperature limit at t=15 minutes.  The current for this curve is the STE rating.  

Having found the STE current, parameters Tult and J can then be found by the following steps,
using the IEEE Std. program:

1. Calculate the steady state conductor temperature due to the STE current using NYPP ambient
conditions.  This is parameter Tult.

2. Calculate conductor temperature Tc = Ti + .0.63(Tult - Ti)
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Tc'Tult% t
(Tult&Ti)(e

& t/
&1)where t'durationofSTEoperation

3. From the temperature - vs - time curve provided by the program, find the time corresponding to
the Tc value.  This is the time constant J.

Another way to calculate the time constant is from IEEE Std 738-1993, Annex F; equation F3,
which provides a good approximation for most conductors and an underestimate for small conductors(4/0
and smaller).

STE rating calculations for a range of ACSR conductors, Table A-1 and figure A-1, show that for
477 kcm and larger conductors, the temperature vs time curves are very similar during the 15 minute
period(note temp. @ 5 min).  This is true even though there is considerable variation in Tult and J.
Temperature rise is more rapid for small conductors, which are seen in figure A-1 to reach steady-state
within 15 minutes.  Wind angle and wind speed also have small effect on the rate of temperature rise(see
Table A-1), although they greatly affect convective heat loss, due to time and temperature constraints of
the STE rating.

It is expected that the IEEE Std. method of calculating STE ratings will be more accurate than the
method included in the 1982 NYPP Tie Line Rating Report.  The IEEE method is easily handled by a
computer, and is recommended in place of the 1982 report method.

Table A-1
Calculated values of Tult, Ti and conductor temperature at 5 minutes after the start

of STE operation, IEEE method, ambient 35oC.

ACSR
Conductor Stranding

Wind
Speed
Ft/sec

Wind Angle
Degrees

Tult

Degree C
J

Min.
Tc @ t=5 min.

Degree C

1/0 6/1 3 90 125 2.9 119.7

4/0 6/1 3 90 127 4.9 115.5

477 30/7 3 90 132 8.9 110.9

795 26/7 3 90 137 11.9 109.4

795 26/7 1 90 145 16.2 108.3

795 26/7 3 20 143 15.2 108.5

2385 72/7 3 90 157 22.4 107.4

While it is not required, the mean conductor temperature during the STE transient period can be
calculated from a formula obtained by integrating the time constant equation:
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2. Manual
Calculation

The STE Rating for overhead conductors can be estimated by a manual method based on equations
used in the IEEE Standard.  A manual method can only provide an approximation.  Simplifying
assumptions must be made to handle the non-linear variation of radiated heat loss with conductor
temperature.  Results within a few percent of computer calculated ratings are still attainable.

The following empirical calculation method makes use of the observation that temperature-vs.-
time  curves such as those in figure A-1, fall in a narrow range for a number of common conductor sizes.
This is due to the time and conductor temperature constraints of STE operation.  Consequently, the mean
conductor temperature during the STE transient period is nearly the same for  each conductor type.  For
the manual STE rating calculation it is assumed that heat input and losses are constant for the full STE
period.  Heat input and losses are assumed to have values corresponding to a fixed temperature that is near
the mean value of conductor temperature during the STE time period.  The formula below can then be
used to equate conductor temperature rise during a specified time to net heat energy input divided by the
conductor heat capacity.  The temperature rise is the increase from the Normal to the STE temperature
limits(e.g. for ACSR, 95C to 125C).  The equation is 
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Iste'
1

rac(Tc)
[
CW(Tste&Tn)

t
&qs%qr%qc]

CW(Tste&Tn)

t

Solving the equation for current I results in a formula for I ste:

where )t = duration of the STE current = 15 minutes or 900 sec.  The term 

is the constant rate of heat input required to raise the conductor temperature from T n to Tste in time )t.

In using the formula, parameters qc, qr, rac(Tc) and CW are calculated at the fixed temperature for
the conductor type.  The temperatures are:

Conductor Type T, Deg. C

ACSR 110

SAC 95

ACAR 110

Copper, CWC 100

Solar heat gain qs is the same for Normal and LTE calculations.  In calculating heat capacity CW,
the specific heat value from Table IX must be multiplied by the factor 1898.76 to convert the units to watt-
sec/lb-deg C.  For ACSR and other composites the sum of the heat capacities of each material is used, i.e.:

CW = CalWal + CstWst

Results from the above procedure will be within a few percent of the computer calculation.  For
mid-range and larger conductors the manual results will be on the high side.  If assured conservative
values of Iste are required, results from the formula can be reduced by 3-5 percent.

For small conductors that closely approach or reach steady-state by the end of the STE time period,
another method must be used.  A reasonable estimate of the STE rating can be calculated by the method
used for Normal and LTE ratings.  Heat losses and r ac(Tc) are calculated at the STE temperature limit.
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TABLE II
Viscosity, Density and Thermal Conductivity of Air

Temperature

(oK/100)4

Absolute
Viscosity ¶
lb/(hr) (ft) µf

Density · Air lb/cu. ft. Df Thermal Conductivity
of Air ¸ watts/(sq ft)

(°C)  kf
°F °C °K Sea Level 5,000 ft. 10,000 ft. 15,000 ft.

32 0 273 55.55 0.0415 0.0807 0.0671 0.0554 0.0455 0.00739

41 5 278 59.73 0.0421 0.0793 0.0660 0.0545 0.0447 0.00750

50 10 283 64.14 0.0427 0.0779 0.0648 0.0535 0.0439 0.00762

59 15 288 68.80 0.0433 0.0765 0.0636 0.0526 0.0431 0.00773

68 20 293 73.70 0.0439 0.0752 0.0626 0.0517 0.0424 0.00784

77 25 298 78.86 0.0444 0.0740 0.0616 0.0508 0.0417 0.00795

86 30 303 84.29 0.0450 0.0728 0.0606 0.0500 0.0411 0.00807

95 35 308 89.99 0.0456 0.0716 0.0596 0.0492 0.0404 0.00818

104 40 313 95.98 0.0461 0.0704 0.0586 0.0484 0.0397 0.00830

113 45 318 102.26 0.0467 0.0693 0.0577 0.0476 0.0391 0.00841

122 50 323 108.85 0.0473 0.0683 0.0568 0.0469 0.0385 0.00852

131 55 328 115.74 0.0478 0.0672 0.0559 0.0462 0.0379 0.00864

140 60 333 122.96 0.0484 0.0661 0.0550 0.0454 0.0373 0.00875

149 65 338 130.52 0.0489 0.0652 0.0542 0.0448 0.0367 0.00886

158 70 343 138.41 0.0494 0.0643 0.0535 0.0442 0.0363 0.00898

167 75 348 146.66 0.0500 0.0634 0.0527 0.0436 0.0358 0.00909

176 80 353 155.27 0.0505 0.0627 0.0522 0.0431 0.0354 0.00921

185 85 358 164.26 0.0510 0.0616 0.0513 0.0423 0.0347 0.00932

194 90 363 173.63 0.0515 0.0608 0.0506 0.0418 0.0343 0.00943

203 95 368 183.40 0.0521 0.0599 0.0498 0.0412 0.0338 0.00952

212 100 373 193.57 0.0526 0.0591 0.0492 0.0406 0.0333 0.00966

¶   (605)  HH Senrath and Touloukian, "The Viscosity, Thermal Conductivity and Prandtl Number for Air and Other Gases," ASME Transactions, Vol 76, 1954, pp. 967-981
·   (606) Richard D. Madison, Editor, Fan Engineering, 5th edition, Buffalo Forge Company, Buffalo, New York, 1948.
¸   (604) W. H. McAdams, Heat Transmission, 3rd edition, McGraw-Hill Book Company, New York, 1954.
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TABLE III

FACTORS FOR DETERMINING SUN EFFECT
WHEN CALCULATING TRANSMISSION LINE AMPACITY

SUMMER AND WINTER CONDITIONS
NEW YORK STATE AREA

Factors Summer Winter

Latitude (1) 42° 42°

Longitude (1) 76° 76°

Declination (2) +23° -23°

Altitude of Sun (Hc) 10:00am and 2:00 pm (2) 59° 19°

Altitude of Sun (Hc) 12:00 N (2) 71° 25°

Average Altitude (2) 65° 22°

Azimuth of Sun (Zc) 10:00 am (2) 118° 152°

Azimuth of Sun (Zc) 12:00 N (2) 180° 180°

Average Azimuth, 10:00am and 12:00 N 149° 166°

Effect of Sun, Qs watts/sq. ft. (3) 94 67

Assumed Direction of Line E to W E to W

Azimuth of Line Z
R

270°W 270°W

(1) For a point in vicinity of Binghamton, NY.

(2) Declination and sun's altitude are averages for June 10 and July 13 for summer; and December 13 and
January 2 for winter.  Data obtained from SIGHT REDUCTION TABLES FOR AIR NAVIGATION,
U.S. Navy Hydrographic Office, H.O. Publication No. 29, Volume III.

(3) From Table III, CURRENT CARRYING CAPACITY OF ACSR, by House and Tuttle, AIEE
Transcations, Power Apparatus and Systems, Volume 77, Part III, 1959, page 1170.
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TABLE IV
ALTITUDE AND AZIMUTH IN DEGREES OF THE SUN AT VARIOUS LATITUDES

DECLINATION 23.0° - NORTHERN HEMISPHERE - JUNE 10 AND JULY 3

Degrees
North

Latitude

Local Sun Time

10:00 am 12:00 N 2:00 pm

Hc Zc Hc Zc Hc Zc

20 62 78 87 0 62 282

25 62 88 88 180 62 272

30 62 98 83 180 62 262

35 61 107 78 180 61 253

40 60 115 73 180 60 245

45 57 122 68 180 57 238

50 54 128 63 180 54 232

60 47 137 53 180 47 233

70 40 143 43 180 40 217

TABLE V
TOTAL HEAT RECEIVED BY A SURFACE

AT SEA LEVEL NORMAL TO THE SUN'S RAYS
Solar Altitude

 Degrees Hc

Qs watts/ sq. ft. (See Table VI)

Clear Atmosphere Industrial
Atmosphere

5 21.7 12.6

10 40.2 22.3

15 54.2 30.5

20 64.4 39.2

25 71.5 46.6

30 77.0 53.0

35 81.5 57.5

40 84.8 61.5

45 87.4 64.5

50 90.0 67.5

60 92.9 71.6

70 95.0 75.2

80 95.8 77.4

90 96.4 78.9

TABLE VI
SOLAR HEAT MULTIPLYING FACTORS FOR HIGH ALTITUDES

Elevation Above Sea Level, feet Multiplier for Values in Table V

0 1.00

5,000 1.15

10,000 1.25

15,000 1.30



14

TABLE VII

Note: See also tables in EPRI Transmission Line Reference Book 345kV and Above , 1975 for conductor tables containing a-c
resistance.

RESISTANCE AND STRANDING OF BARE ACSR

Code
Name

Alum.
Area
MCM

Stranding AC Resistance
60 cps - ohms per miles *

No. of Wires Layers of
Alum.

25°C 50°C 75°C 100°C

Alum. Steel

Starling 715.5 26 7 2 0.1260 0.1390 0.1510 0.1640

Redwing 715.5 30 19 2 0.1260 0.1390 0.1510 0.1640

Tern 795.0 45 7 3 0.1160 0.1280 0.1390 0.1510

Condor 795.0 54 7 3 0.1150 0.1270 0.1380 0.1500

Drake 795.0 26 7 2 0.1140 0.1250 0.1370 0.1480

Mallard 795.0 30 19 2 0.1140 0.1250 0.1370 0.1480

Crane 874.5 54 7 3 0.1050 0.1160 0.1260 0.1370

Canary 900.0 54 7 3 0.1020 0.1120 0.1220 0.1330

Rail 954.0 45 7 3 0.0978 0.1080 0.1170 0.1270

Cardinal 954.0 54 7 3 0.0963 0.1060 0.1160 0.1250

Ortian 1,033.5 45 7 3 0.0905 0.0996 0.1090 0.1180

Curlew 1,033.5 54 7 3 0.0893 0.0983 0.1070 0.1160

Bluejay 1,113.0 45 7 3 0.0844 0.0929 0.1010 0.1100

Finch 1,113.0 54 19 3 0.0832 0.0915 0.0999 0.1080

Bunting 1,192.5 45 7 3 0.0792 0.0871 0.0951 0.1030

Grackle 1,192.5 54 19 3 0.0778 0.0856 0.0934 0.1010

Bittern 1,272.0 45 7 3 0.0746 0.0821 0.0896 0.0970

Pheasant 1,272.0 54 19 3 0.0732 0.0805 0.0879 0.0952

Dipper 1,351.5 45 7 3 0.0705 0.0776 0.0846 0.0917

Martin 1,351.5 54 19 3 0.0692 0.0761 0.0831 0.0900

Bobolink 1,431.0 45 7 3 0.0668 0.0735 0.0802 0.0869

Plover 1,431.0 54 19 3 0.0657 0.0723 0.0739 0.0855

Nutharch 1,510.5 45 7 3 0.0636 0.0700 0.0764 0.0827

Parrot 1,510.5 54 19 3 0.0625 0.0688 0.0750 0.0813

Lapwing 1,590.0 45 7 3 0.0608 0.0669 0.0730 0.0791

Falcon 1,590.0 54 19 3 0.0589 0.0648 0.0707 0.0766

Chukar 1,780.0 84 19 4 0.0548 0.0603 0.0658 0.0713

* The 60 cycle AC resistance is for ACSR  conductors with two or four layers of aluminum of 62 per cent conductivity and
allows for skin effect in the aluminum and losses in the steel core.  For ACSR conductors with three layers of aluminum,
the values in the table should be multiplied by the following factors when greater accuracy is desired:  (a) for current
densities of 1000 amperes per 1000 MCM multiply by 1.006 for 45/7 conductors and  by 1.025 for 54/7 and 54/19 (b) for
current densities of 1300 amperes per 1000 MCM multiply by 1.0075 for 45/7 conductors and by 1.03 for 54/7 and 54/19.
Additional information on this subject is available in the source reference Alcoa Engineering Data Handbook, Section 5,
Resistance and Reactance of Aluminum Conductors.
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TABLE VIII

Code Word

PHYSICAL PROPERTIES

Size and Area, ACSR Standing Individual Wires
Diameter Inches Weight Pounds

Per Ft.Aluminum Alum.
and

Steel
Square
Inches

Aluminum Steel

CM Square
Inches

No. Dia.
Inches

No. Dia.
Inches

Steel
Core

Over
All

Alum Steel Total

Mallard 795,000 0.6244 0.7668 30 0.1628 19 0.0977 0.489 1.140 .752 .483 1.235

Ruddy 900,000 0.7069 0.7558 45 0.1414 7 0.0943 0.283 1.131 .849 .166 1.015

Canary 900,000 0.7069 0.7985 54 0.1291 7 0.1291 0.387 1.162 .849 .310 1.159

Rail 954,000 0.7493 0.8011 45 0.1456 7 0.0971 0.291 1.165 .900 .175 1.075

Cardinal 954,000 0.7493 0.8464 54 0.1329 7 0.1329 0.399 1.196 .900 .329 1.229

Ortotan 1,033,500 0.8117 0.8678 45 0.1515 7 0.1010 0.303 1.212 .975 .190 1.165

Curlew 1,033,500 0.8117 0.9169 54 0.1383 7 0.1383 0.415 1.245 .975 .356 1.331

Blue Jay 1,113,000 0.8742 0.9346 45 0.1573 7 0.1049 0.315 1.258 1.050 .205 1.255

Finch 1,113,000 0.8742 0.9851 54 0.1436 19 0.0862 0.431 1.293 1.055 .376 1.431

Bunting 1,192,500 0.9366 1.001 45 0.1628 7 0.1085 0.326 1.302 1.125 .219 1.344

Grackle 1,192,500 0.9366 1.055 54 0.1486 19 0.0892 0.446 1.338 1.130 .463 1.533

Bittern 1,272,000 0.9990 1.068 45 0.1681 7 0.1121 0.336 1.345 1.200 .234 1.434

Pheasant 1,272,000 0.9990 1.126 54 0.1535 19 0.0921 0.461 1.382 1.206 .429 1.635

Dipper 1,351,500 1.061 1.134 45 0.1733 7 0.1155 0.346 1.386 1.275 .248 1.523

Martin 1,351,500 1.061 1.195 54 0.1582 19 0.0949 0.475 1.424 1.281 .456 1.737

Bobolink 1,431,000 1.124 1.202 45 0.1783 7 0.1189 0.357 1.426 1.350 .263 1.613

Plever 1,431,000 1.124 1.266 54 0.1628 19 0.0977 0.489 1.465 1.357 .483 1.840

Nuthatch 1,510,500 1.186 1.268 45 0.1832 7 0.1221 0.366 1.466 1.425 .277 1.702

Parrot 1,510,500 1.186 1.336 54 0.1672 19 0.1003 0.502 1.505 1.432 .510 1.942

Lapwing 1,590,000 1.249 1.335 45 0.1880 7 0.1253 0.376 1.504 1.499 .293 1.792

Falcon 1,590,000 1.249 1.407 54 0.1716 19 0.1030 0.515 1.545 1.507 .537 2.044

Chukar 1,780,000 1.398 1.512 84 0.1456 19 0.0874 0.437 1.602 1.687 .387 2.074

Bluebird 2,156,000 1.693 1.831 84 0.1602 19 0.0961 0.491 1.762 2.044 .467 2.511

Kiwi 2,167,000 1.702 1.776 72 0.1735 7 0.1157 0.347 1.735 2.054 .249 2.303

HIGH STRENGTH ACSR

Grouse 80,000 0.0628 0.0947 8 0.1000 1 0.1670 0.167 0.367 .075 .074 .149

Petrel 101,800 0.0800 0.1266 12 0.0921 7 0.0921 0.276 0.461 .096 .158 .254

Minorca 110,800 0.0870 0.1378 12 0.0961 7 0.0961 0.288 0.481 .105 .172 .277

Leghorn 134,600 0.1057 0.1674 12 0.1059 7 0.1059 0.318 0.530 .127 .209 .336

Guinea 159,000 0.1249 0.1977 12 0.1151 7 0.1151 0.345 0.576 .150 .247 .397

Dotterel 176,900 0.1389 0.2199 12 0.1214 7 0.1214 0.364 0.607 .167 .275 .442

Dorking 190,800 0.1499 0.2373 12 0.1261 7 0.1261 0.378 0.631 1.80 .296 .476

Brahma 203,200 0.1596 0.3020 16 0.1127 19 0.0977 0.489 0.714 .192 .485 .677

Cochin 211,300 0.1660 0.2628 12 0.1327 7 0.1327 0.389 0.664 .199 .328 .527
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TABLE IX

SPECIFIC HEAT
Variation With Temperature

°C Pb Za Al Ag Au Cu Ni Fe Co Quartz

0°C 0.0350 0.0878 0.2220 0.0573 0.0317 0.1008 0.1005 0.1055 0.0912

100 0.0336 0.0965 0.2297 0.0583 0.0320 0.1014 0.1200 0.1168 0.0998 0.2372

200 0.0313 0.1052 0.2374 0.0594 0.0322 0.1020 0.1305 0.1282 0.1073 0.2416

300 0.0200 0.1139 0.2451 0.0605 0.0325 0.1026 0.1409 0.1396 0.1154 0.2460

400 0.0266 0.1226 0.2529 0.0616 0.0328 0.1032 0.1294 0.1509 0.1235 0.2504

500 0.0259 0.1173 0.2606 0.0627 0.0330 0.1038 0.1294 0.1623 0.1316 0.2548

600 0.0252 0.1141 0.2683 0.0638 0.0333 0.1045 0.1294 0.1737 0.1396 0.2592

700 0.0246 0.1100 0.2523 0.0649 0.0335 0.1051 0.1295 0.1850 0.1477 0.2636

800 0.0239 0.1076 0.2571 0.0660 0.0338 0.1057 0.1295 0.1592 0.1558 0.2680

900 0.0233 0.1044 0.2619 0.0671 0.0341 0.1063 0.1295 0.1592 0.1639 0.2724

1000 0.0226 0.1012 0.2667 0.0637 0.0343 0.1069 0.1295 0.1448 0.2768

1100 0.0694 0.0329 0.1028 0.1296 0.1448 0.1424 0.2812

1200 0.0750 0.0346 0.1159 0.1296 0.1448 0.1454 0.2856

1300 0.0807 0.0364 0.1291 0.1296 0.1449 0.1483 0.2900

1400 0.1296 0.1449 0.1512 0.2944

1500 0.1388 0.2142 0.1472 0.2988

1600 0.1501 0.1472

Variation With Temperature (Interpolated Values) CAL./gm-°C.

°F °C Aluminum Steel Copper

32 0 0.2220 0.10450 0.10080

68 20 0.2235 0.10700 0.10092

167 75 0.2278 0.11388 0.10125

176 80 0.2282 0.11450 0.10128

185 85 0.2285 0.11513 0.10131

194 90 0.2289 0.11575 0.10134

203 95 0.2293 0.11638 0.10137

212 100 0.2297 0.11700 0.10140

221 105 0.2301 0.11763 0.10143

230 110 0.2305 0.11825 0.10146

239 115 0.2309 0.11888 0.10149

248 120 0.2312 0.11950 0.10152

257 125 0.2316 0.12013 0.10155
To convert to watt-sec/lb-oC, multiply by 1898.76
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NUMERICAL EXAMPLE OF MANUAL CALCULATION
       NYPP SUMMER NORMAL, LTE AND STE RATINGS       

Assume Lapwing ACSR Conductor " = 0.6
D = 1.504" Ta = 35°C
Wt./foot Aluminum 1.500 lbs. Tc = 95°C Operating

Steel   .292 Tc = 115°C Emergency
Total 1.792 Tc = 125°C Short-Time

rac(25
o

C) = .0622 ohms/mi.
rac(100

o
C)= .0622 ohms/mi.

N = 90o

, = 0.6
V = 3ft/sec x 3600 = 10,800 ft./hr.

Change in resistance/oC:

(rac(110
o

C) - rac(25
o

C) )/ 75 = .000224

rac @ 95°C =  .0790 - 5(.000224) = 14.8 x 10-6 ohm/ft.
      5280

115°C =  .0790 + 15(.000224) = 15.6 x 10-6 ohm/ft.
5280

110°C =  .0790 + 10(.000224) = 15.39 x 10-6 ohm/ft.
5280

FACTORS FOR NORMAL RATING

From Table II for Tf = 65oC,
oKc = 95°C + 273° = 368° Df = .0652 lb./cu. ft.
oKa = 35°C + 273° = 308° µf = .0489 lb./hr. ft.

Tf =  95° + 35° = 65°C kf = .00886 watts/sq. ft.-°C
        2

FACTORS FOR LTE RATING

From Table II for Tf = 75oC,
oKc = 115°C + 273°= 388° Df = .0634 lb./cu. ft.
oKa = 35°C + 273° = 308° µf = .0500 lb./hr. ft.

Tf = 115° + 35° = 75°C kf = .00909 watts/sq. ft.-°C
        2
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D fV

µf

0.52

'(1.0)1.01%0.371 (1.504)(.0652)(10800)
.0489

0.52

qr'0.138D
°Kc

100

4

&

°Ka

100

4

'0.138(1.504)(0.6) 368
100

4

&

308
100

&4

FACTORS FOR SHORT-TIME RATING

From Table II for Tf = 72.5oC,
oKc = 110°C + 273°= 383° Df = .0638 lb./sq. ft.
oKa = 35°C + 273° = 308° µf = .0498 lb./hr. ft.

Tf = 110° + 35° = 72.5°C kf = .00904 watts/sq. ft.-°C
        2

CALCULATING THE SUMMER NORMAL RATING

A. Convection Heat Loss

qc = Kang(1.01 + 0.371 kf (Tc - Ta) )watts/ft. of conductor

(.00886)  (95-35)
       

= 35.98 watts/ft. of conductor

Note that for this particular conductor, the two alternative formulas  give the same value for qc.  Normally
the higher value from the two formulas should be used for a given conductor.  Since the wind angle is 90o

in this example, Kang = 1.0.

B Radiated Heat Loss

   watts/ft. of conductor

= 11.63 watts/ft. of conductor

C. Assume line runs E-W at latitude 42°N in clear atmosphere.  Take average altitude and average
azimuth of sun between 10:00 am and noon.

Hc = 65°   Zc = 149° - from Table III   Qs = 94.0
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INORMAL'
qc%qr&qs

rac95C

'

35.98%11.63&6.88

14.8x10&6
'1659Amperes

INORMAL'
35.98%11.63

14.8x10&6
'1794Amperes

(1.0) 1.01%0.371 (1.504)(0.0634)(10800)
0.0500

0.52

388
100

&4

&

308
100

4

ILTE'
47.96%17.02&6.88

15.7x10&6
'1924Amperes

from Table III

2 = cos-1 [ (cos 65°) cos (149° - 270°) ] = 102.5°; and sin 102.5° = 0.976

Solar Heat Gain

qs = aQs (Sin 2) A'.  Assume coefficient of absorption  " = 0.6

qs = (0.6)  (94.0)   (.976) 1.504 = 6.88 watts/ft. of conductor
  12

D. Summer Normal Rating:  

(a) W i t h
Sun:

(b) Without
Sun:

CALCULATING THE LTE RATING

Max Conductor Temperature for ACSR = 115°C

qc = (0.00909)  (80)

= 47.96 watts/ft.

qr = (0.138) (1.504) (0.6) 

= 17.02 watts/ft.
The sun effect is unchanged qs = 6.88 watts/ft.

Summer LTE Rating:

(a) With Sun:



20

ILTE'
47.96%17.02

15.7x10&6
'2034Amperes

qc'1.0x(1.01%(.371)( 1.504x.0638x10800)
.0498

)
.52

)x.00904x(110&35)

qr'(.138)x(1.504)x(0.6)[( 383
100

)
4
&( 308

100
)
4
]

Iste'
1

15.39x10 &6
[ 722.06x(125&95)

900
%44.95%15.59&6.88]

'

77.73

15.39x10 &6

(b) Without Sun:

CALCULATING THE STE RATING

Since the conductor is ACSR, rac(T), CW, qc and qr will be calculated at Tc = 110oC.

A.. Since  N= 90o, Kang = 1.0 

= 44.95 watts/ft

B.

= 15.59 watts/ft

C. CW = ((.2305 x 1.500) + (.11825 x .292)) x 1898.76

= 722.06 watt-sec/ft-oC

D.

= 2247 Amperes
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I'
qc%qr&qs

RF

APPENDIX ’B’

Manual Method of Calculating Substation Rigid Bus Conductor Short-Time Current Rating

The general temperature rise equation for calculation of bus conductor loading amperes for normal and
LTE operating conditions is:

Where I = conductor loading amperes
qc = convective heat loss
qr = radiation heat loss
qs = solar heat gain
R = direct current resistance at the conductor temperature
F = skin effect coefficient for 60 Hz. current

An important factor in the computation of bus conductor ampacity is the assumption of a wind velocity
in connection with forced convection losses.  For substation bus conductor ampacity calculations, a 2
fps wind velocity is recommended as a conservative but realistic approach (Ref. #1) (Ref. #2).

Convective Heat Loss (qc)

A bus conductor loses heat through natural or forced convection.  Natural convection is a function of:
(1) the temperature difference between the conductor surface and the ambient air temperature; (2) the
orientation of the conductor’s surface; (3) the width of the conductor’s surface and (4) the conductor’s
surface area.  Forced convective heat loss is a function of:  (1) the temperature difference between the
conductor’s surface and the ambient air temperature; (2) the length of flow path over the conductor; (2)
the wind velocity and (4) the conductor’s surface area.

For rigid tubing bus conductors the summation of natural forced convection losses is determined by:

qc = 0.377 )td 0.6 (watt/ft)

where )t = temperature difference between conductor temperature and ambient
temperature (EC)

d = outside diameter of tubing (inches)

Radiation Heat Loss (qr)

A conductor loses heat through the emission of radiated heat.  The heat lost is a function of:  (1) the
difference in the absolute temperature of the conductor and the surrounding bodies; (2) the emissivity
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of the conductor’s surface and (3) the conductor’s surface area.

For rigid tubing bus conductors, the radiation heat loss is determined by:

qr = 1390 ,d (Tc
4 - Ta

4) x 10-12 (watts/ft)

where , = emissivity coefficient which varies with the surface condition of the

conductor.  Typical values are , = 0.5 for weathered aluminum and , = 0.8 for
weathered copper.

d = outside diameter of tubing (inches)

Tc = conductor temperature (EK) = EC + 273E

Ta = ambient temperature (EK) = EC + 273E

Solar Heat Gain (qs)

The amount of solar heat gained is a function of:  (1) the total solar and sky radiation; (2) the
coefficient of solar absorption for the conductor surface; (3) the projected area of the conductor; (4)
the altitude of the conductor and (5) the orientation of the conductor with respect to the sun’s rays.

For rigid tubing bus conductors, the solar heat gain is determined by:

qs = 0.00695 ,’ Qs A’K (Sin N) (watts/ft)

where ,’= coefficient of solar absorption, usually somewhat higher than emittance, but

generally taken as equal to that used for radiation loss (, = 0.5 for weather aluminum

and , = 0.8 for weathered copper).

Qs = total solar sky radiated heat on a surface normal to sun’s rays, (watts/sq. ft.), based
on the altitude of the sun.  From Table III (Appendix A) the average altitude of the sun
for New York State is 65E (summer) and 22E (winter).  From Table 1(reference 1), this
corresponds to 94 watts/sq. ft.(summer) and 67 watts/sq. ft. (winter).

A’ = projected area of conductor (square inches per foot), based on area casting shadow.

K = heat multiplying factor for high altitude.

Elevation above
Sea Level (ft)    K  
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R' 8.145x10&4

C )A2

1% 0.00393C )

100
(T2&20)

R' 8.145x10&4

C )A2

1% 0.00403C )

61
(T2&20)

0 1.0
5,000 1.15
10,000 1.25
15,000 1.30

N = effective angle of incidence of sun
   = cos -1 [cos Hc cos (Zc - Zi)]
  where
Hc = altitude of sun (degrees)
Zc = azimuth of sun (degrees)
Zi = azimuth of conductor line (degrees)

0 or 180 for N-S
90 or 270 for E-W

From Table III (Appendix A)

Summer Winter

Hc 65E 22E
Zc 149E 166E

Direct Current Resistance (R)

The direct current resistance (R) of a conductor may be obtained from published data or calculated as
follows:

For copper and copper alloys

For aluminum alloys

Where C’ = conductivity as % IACS
A2 = cross-sectional area (square inches)
T2 = conductor temperature (EC)
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Skin Effect Coefficient for 60 Hz. Current (F)

Skin effect coefficients are a function of resistance, frequency and geometry.  The factors are readily
available for simple shapes from published data such as Alcoa Bus Conductor Handbook.

Bus Conductor Temperature Limits

Bus conductor temperature limits are shown on page 86 for aluminum, ACSR and copper conductors.

Sample calculations of rigid bus conductor ampacity.

I. Determination of summer "normal operating condition" conductor loading amperes for 3-1/2"
aluminum tubing, 6063-T6, Schedule 40, 35EC ambient and 85EC conductor temperature.  Bus
orientated east-west.

% IACS = 53%
O.D. = 4"
Wall thickness = 0.226"
Area = 2.6795 in2

, = 0.5

A. Conductive heat loss (qc)

qc = 0.377 )t d0.6

)t = 85E - 35E = 50E
d = 4.0
qc = 0.377 (50) (4.0)0.6 = 43.31 watts/ft.

B. Radiation heat loss (qr)

qr = 1390 ,d (Tc4 - Ta4) x 10 -12

, = 0.5
d = 4.0"
Tc = 85 + 273 = 358EK
Ta = 35 + 273 = 308EK
qr = 1390 (.5) (4) [(358) 4 - (308)4] x 10-12 = 20.65 watts/ft.

C. Solar heat gain (qs)

qs = 0.00695, Qs A’ K (Sin N)
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R' 8.145x10&4

C )A2

1% 0.00403C )

61
(Tc&20)

R'
8.145x10&4

(53)(2.6795)
1% 0.00403(53)

61
(85&20)

wall&thickness
dia.

'

0.226
4.0

'0.06

f
Rdc

60

7.04x10&6x103
'92

, = 0.5
Qs = 94 watts/ft2

A = 4" x 12" = 48 inch2

K = 1.0
N = Cos-1 [Cos Hc Cos (Zc-Zi)]
   = Cos-1 [Cos 65E Cos (145 - 90)] = 77.4o

qs = 0.00695 (0.5) (94) (48) (1.0) (Sin 77.4 E) = 15.30 watts/ft.

D. Direct current resistance at 85EC

C’ = 53
A2 = 2.6795 inch2

Tc = 85

= 7.06 x 10-6 ohms/ft.

E. Skin effect coefficient F based on Alcoa Handbook, Figure 34

determine (1)

    (2)

f = 60 Hz.
Rdc = ohms per 1000 ft = R x 103



6

I'
qc%qr&qs

RF
'

43.31%20.65&15.30

7.04x10&6x1.0
'2632amperes

    (3) From figure 34, F = 1.0

F. Calculated ampacity of tubing

II. Determination of summer "LTE Operating Condition" conductor ampere loading where
conductor temperature = 95EC

A. qc = 51.96 watts/ft.

B. qr = 25.97 watts/ft.

C. qs = 15.30 watts.ft.

D. R = 7.24 x 10-6 ohms/ft.

E. F = 1.0

F. I = 2942 amperes

III. Determination of summer "STE Operating Condition" conductor ampere loading where
conductor temperature limit = 105EC.  Ampacity calculation based on methodology for
calculation of short-time rating described in appendix A.

Initial Conductor Temperature = 85EC
Maximum Conductor Temperature = 105EC
Average Conductor Temperature = (85 + 105)/2 = 95EC
Weight of Conductor = 3.151 lb/ft
Specific heat of aluminum = 0.2305
The heat storage capacity per foot of conductor equals:

c = ((4.186)x(453.6)x(0.2305)x(3.151))/60

= 22.99 watt-minutes lb-EC

Calculation for qc and qr using rigid bus factors

qc = 0.377 (95 - 35) (4.0) 0.6 = 51.97 watts/ft.
qr = 1390 (.5) (4) [(368) 4 - (308)4] x 10-12 = 25.97 watts/ft.

Iste calculations by Appendix A methods give:

Using the IEEE Std. computer program, I ste = 4664 Amperes
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ISTE'
159.22

7.24x10 &6
'4690Amperes

ISTE'
1

7.24x10 &6
[ 22.99x3.151(105&85)

15
%51.96%25.97&15.30]

Using the manual calculation formula,
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APPENDIX D

The two previous Task Forces provided ’Rating Factors’ for power transformers.   Since 1982

continued research has increased the knowledge of thermal dynamics of the power transformers

including moisture bubble formation above 140oC.  As a result the Task Force believes that because

of the complexity of the thermal dynamics, there is a risk of misapplication of generalized transformer

rating factors.  In lieu of these factors, each transformer should be rated based upon specific test data

and physical characteristics.  

Assumptions & Criteria

Oil temperatures assumed when calculating transformer ratings are the most critical criteria.

They impact the ’loss of life’ in the insulation which ultimately determines the useful life of the

transformer.   The proposed standard is recommending a normal insulation life expectancy of 180,000

hours (7500 days) or approximately twenty years.   At first glance it does not seem realistic that a

transformer would be designed to last this relatively short period of time when many systems have

transformers older than 40 or 50 years.  The principle reasons for this, as is explained below are the

ambient and transformer temperatures used to establish the insulation life.  They are far from the

actual loading and temperature conditions experienced during daily operation.  To begin with, the

180,000 hours of insulation life in a transformer assumes the transformer is loaded to its nameplate

continuously with an average ambient of 300C and maximum temperature of  400C for this period.

Normal life expectancy will result from operating with a continuous ’hottest spot conductor

temperature’ of 110oC (hottest spot rise of 80oC + average 30oC ambient)for 65oC transformers and

95oC (hottest spot rise of 65oC + average 30oC ambient) for 55oC transformers.  Given these

assumptions, to calculate  percent loss of life for any hottest spot conductor temperature values over

a twenty four hour period the proposed standard uses an ’Aging Acceleration Factor’, FAA.  The

formula for a 65oC transformer FAA is
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% Loss of Life'
FEQAx24x100

Normal Insulation Life

 The formula for 55oC transformer insulation is the same with the exception of changing 383 (273 +

110) to 368 (273 +95) in the denominator of the first term of the exponent.  A value is then calculated

for each time interval, usually a twenty four hour load cycle, then averaged.  This equivalent aging

factor FEQA is then used to calculate the percent loss of life as shown below:

In the case of normal life expectancy the FEQA value is one.  The recommended percent loss of life for

emergency overload of a transformer is .25% per occurrence.  One additional assumption needed to

calculate a transformer rating is ’Hot Spot Conductor Temperature Rise over Top Oil’,  the value used

herein is 15oC.  The following table summarizes the assumptions used in rating the transformers:

Average
Winding

Temperature
(AWR)

Normal Rating LTE Rating

Hottest
Spot

Top
Oil

Loss/Life Hottest
Spot

Top
Oil

Loss/Life

55oC 105oC(1) 95oC .0133%(2) 140oC 100oC .25%(2)

65oC 120oC(3) 105oC .0133% 140oC 110oC .25%
(1)  65oC(winding hot spot rise over ambient) + 40oC(peak ambient) 
(2)  Based upon an insulation life of 180,000 hours
(3) 80oC(winding hot spot rise over ambient + 40oC(peak ambient)

The increased availability of the PC as an engineering tool makes calculating transformer ratings

easier than it was in past years.  The sample of transformer ratings contained in this appendix were

obtained using the EPRI’s ’PTLOAD’ program.  There are many similar transformer rating programs,

including one in the proposed new transformer standard.  The program  allows the calculation of

normal and emergency rating based upon a three variable criteria consisting of Hot Spot Temperature,

Top Oil Temperature and Loss-of-Life for the cycle. 

Temperature & Load Profile Parametric Analysis
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The temperature profiles where selected to conform to NYPP recommendations of  an average of 5oC

in winter and 30oC in summer.  It is not suggested that these are typical profiles, but are used only

to calculate ratings on a consistent basis.  Each member company should develop their own profiles

for determining their particular transformer ratings.  The ANSI/IEEE  standard’s profile

 Temperature  Profiles

HOUR
SUMMER

(NYPP)
SUMMER

(ANSI/IEEE)
WINTER
(NYPP)

Temperature
Deg. C

Temperature
Deg. C

Temperature
Deg. C

0 28 22 4

1 28 23 4

2 28 24 3

3 28 25 3

4 28 26 3

5 29 27 2

6 30 28 2

7 31 29 3

8 32 30 4

9 33 31 5

10 35 32 6

11 35 35 6

12 35 36 7

13 35 38 7

14 35 40 9

15 35 40 10

16 35 38 9

17 34 36 9

18 33 34 7

19 32 29 6

20 31 28 5

21 30 25 4

22 29 23 3

23 28 21 3

has the same average summer temperature but has a peak value of 40oC and has no recommended

winter temperature profile.  Transformer test report data and nameplate information on weight and

gallons of oil  is also required as input data to calculate transformer.  The following table of

transformer ratings is presented to give the reader a sense of  variation in thermal ratings of

transformers for ambient temperature and a constant  nameplate load profile.  The normal rating is
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based upon a constant nameplate load for a twenty four period, the emergency ratings are also based

upon a preload of nameplate rating.  Most computer programs have the flexibility of having a variable

load profile, as this one, this approach was taken to be consistent with other rating calculations

contained in this report.
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Summer & Winter Transformer Normal & LTE Ratings 

Based upon EPRI’s PTLOAD Program

Transformer

ID

 Nameplate

Data

Insulation

CLASS

Summer NORMAL

% of Nameplate(1)

Summer LTE

% of Nameplate(1)

Winter NORMAL

% of Nameplate(1)

Winter LTE

% of Nameplate(1)

% Criteria %

4 hour

Criteria %

8 hour

Criteria % Criteria %

4 Hour

Criteria %

8 hour

Criteria

#1 30/40/50

MVA

115/34.5kV

55oC 115

loss of

life(2) 148

Top

Oil 142

Top

Oil 140

loss of

life(2) 181

Top

Oil 174

Top

Oil

#2 33.4/44.8/56

MVA

115/34.5kV

65oC 119

loss of

life(2) 143

Hot

Spot 140

Hot

Spot 139

loss of

life(2) 161

Hot

Spot 159

Hot

Spot

#3 200 MVA

FOA-T

354/118kV

55oC 114

loss of

life(2) 156

Hot

Spot 151

Hot

Spot

137 loss of

life(2 173

Hot

Spot 171

Hot

Spot

#4 224 MVA

FOA-T

126/69kV

65oC 114

loss of

life(2)

137 Hot

Spot 134

Hot

Spot 133

loss of

life(2 155

Hot

Spot 153

Hot

Spot

(1) See information in this appendix for specific transformer ID.
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(2) Program input adjusted to reflect the proposed standard recommendation.


















































































































































































































































































