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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 Y ork 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 NY PP. 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(L TE) 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 40°C to 35°C

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 Y ork Power Authority

Robert Schultz New Y ork Power Authority

James F. Chastney(Secretary, retired 11/1/94) New Y ork 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.

DEFINITIONS:

TieLine
A tie line congists 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
NY PP 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 L oad Factor
The load factor isthe 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 substantialy 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. 1n 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.
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EXECUTIVE SUMMARY

The Task Force recognized that the most critical parameters which impact equipment thermal
ratings are ambient temperature and wind speed assumptions. Both of these variables were
changed in the "Final Report New York Power Pool Task Force on Tie Line Ratings", June
1982 and resulted in higher equipment ratings. The Task Force reviewed available weather
data and a survey of utilities in the Northeast'. This survey and R&D on real-time conductor
ratings indicate the generally accepted appropriate effective maximum wind speed to be 3
feet/second. This conclusion is based upon the uncertainty of wind speed along a right-of-
way. Below is a summary of the weather criteria for the 1995 report:

SEASON Ambient Temperatures’ Wind Speed Feet/Second
Maximum Average Conductor Bus Section
Summer 35°C 30°C 3ft/sec 2ft/sec
Winter 10°C 5°C 3ft/sec 2ft/sec
2) Interpolated values may be used for spring and fall.

The values in the table above have not changed from the 1982 final report. The 1994 Task
Force does believe that ambient temperature does not vary in magnitude over large geographic
area and may offer the best opportunity for equipment rating increases. To this end, the Task
Force has added thermal rating factors to sections of the report for ambient temperatures
ranging from -40°C to +40°C whenever this information could be obtained or calculated. In
the Overhead Conductor section of this report, there is also an example of the impact of solar
radiation on conductor ratings. Along these same lines, a new section on Regional Weather
data has been added with hourly weather observations of wind speed and ambient temperature.
This information is further categorized into season and periods of the day.

The following table defines other critical assumptions which form the basis of this
report:

Assumed life of equipment is 40 years

The Ratings are based on the assumption that line and terminal equipment are maintained in as "new condition”.

A normal preload is used in establishing an STE rating.

The short-time-emergency(STE) time period is 15 minutes, totalling not more than 12-1/2 hours over the life of the
equipment.

The long-time-emergency(LTE) period is 4 hours, totaling not more than 300 hours over the life of the equipment.

"Overhead Transmission Line Ampacity Rating Survey", by Mohammad A. Pasha of
United Illuminating Company, Northeast Transmission Group.
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The equipment criteria described above also represents no change from the 1982 final report,
which is a complement to the previous Task Forces. The 1995 report does include changes to
STE ratings of disconnect switches and power transtormers as well as additional information
for adjusting equipment ratings based on real-time weather conditions. The following section
summaries represent the highlights and revisions to the 1995 report.

SECTION SUMMARIES

New York State Regional Weather Data

NEW SECTION.

1983 through 1992 hourly weather observations.

Categorization of weather data(hourly) into summer & winter tables.

Categorization of weather data(hourly) by wind speeds of 0-4 ft/sec., 4-6 ft/sec., 6-8
ft/sec. and > 8 ft/sec.

Categorization of weather data(hourly) by daily time periods.

Upstate N.Y. summer ambient temperature duration curves.

Daily ambient temperature profiles for a 5-day upstate hot spell.

Recommend research into wind speed along a right-of-way.

Yy vy v Y

Yy vy v Y

Overhead Conductors

> New IEEE Standard for calculation of bare overhead conductor. This standard includes
a computer program listing and an executable program on a 3.5 computer disk.

> Expanded discussion of the impact of wind angle on conductor rating.

> Graphic of wind speeds from sheltered and unsheltered areas.

> A table of ambient temperature rating factors(%) from 40°C to -40°C, for selected
conductor sizes.

> New table displaying the impact of solar radiation on selected conductors.

Air Disconnect Switches
> New method for the calculation of STE ratings.
> Table of ambient temperature rating factors(%) from 40°C to -40°C, for 30°C and 53°C

rise disconnect switches.

High Voltage Power Circuit Breakers

> Expansion of Thermal Rating Factors to include eight breaker components for summer
and winter NYPP ambient conditions.
> Rewrite an expansion of the STE section for power circuit breakers.



Power Transformers

> Section totally rewritten.

> Removal of Normal & LTE rating factors form summary table.

> Identification of software for the calculation of transformer loading capability based
upon actual loading and ambient condition.

> Discussion of impact of LTC tap position on transformer ratings.

> Draft standard IEEE PC57.91-199x I[EEE Guide for Loading Mineral-Oil-Immersed
Transformers.

Current Transformers

> Addition of discussion on C.T. secondary circuitry.

> Inclusion of relay overload capabilities for selected GE and Westinghouse relays.
> Change in STE rating factor for free standing C.T.'s.

> Name change in references #2 and #3..

Line Traps

> The ANSI standard for Power Line Carrier Line Traps has been withdrawn.

> Inclusion of thermal rating factors for ambients less than 0°C.

> Discussion of NEPOOL rating calculation of line traps.

Substation Bus Conductor

> Inclusion of temperature limits for equipment connections.

Current Limiting Reactors

> NEW SECTION.

> Based upon a 1958 ANSI Standard for Dry type, Oil-Immersed and water-cooled
reactors.

Series Capacitors

> NEW SECTION.



RATING FACTORSFOR 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) 95EC 115EC 125EC 95EC 115EC 125EC

SAC (1350 Alloy) 28 85EC 95EC 105EC 85EC 95EC 105EC

ACAR, AAAC (6201 Alloy) 95EC 110EC 120EC 95EC 110EC 120EC

Copper 75EC 100EC 125EC 75EC 100EC 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(SFs, see NOTE #6)
1. 30EC Temp. Rise 34 108% 153% 200% 141% 178% 200%
2. 53EC Temp. Rise 105% 127% 160% 125% 144% 174%
Circuit Breakers 41 104% 116% 133% 122% 134% 149%
Line Traps 81 101% 111% 141% 107% 118% 150%
Transformers (See Note 5) See See
55EC Rise 50 APPENDIX D 150% APPENDIX D 150%
65EC Rise 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 85 85°C 95°C 105°C 85°C 95°C 105°C
ACSR 95°C 115°C 125°C 95°C 115°C 125°C
Copper 75°C 100°C 125°C 75°C 100°C 125°C
Equipment Connections 85°C 95°C 105°C 85°C 95°C 105°C
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)55°C rise dry type, self-cooled, 30°C Summer, 5°C Winter, 30 Minute STE



Notes to Table 1:

1. LTE: An infrequent emergency condition that should last no more than four hours.
2. STE: An infrequent emergency condition that should last nor more than 15 minutes.
3. If known conditions (i.e. still air) require more conservative criteria, the member

company should rate their equipment accordingly.

4. If a manufacturer's rating recommendation for a specific piece of equipment is found to
be in conftlict with the above, the manufacturer's rating should be followed.

5. Temperature limitations of bus conductors connected to electrical power equipment
should be coordinated with the thermal limits of the terminal equipment. If equipment

thermal limits are unknown, apply the temperature limitations shown in Table 1.

6. SF, disconnect switches should be rated in the same manner as power circuit breakers.

(1) NESC Clearances must be maintained @ 'STE’ temperatures
(2)55°C rise dry type, sdf-cooled, 30°C Summer, 5°C Winter, 30 Minute STE 8
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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 NY PP
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 University?. 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
gpeeds. Theactual values within thisbandwidth, which includes the recommended wind
speed for the NYPP rating calculation, isuncertain 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 aconductor 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 lowwind 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
amost non-existent occurrence of 35°C 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

21123 Bradfield Hall, Cornell University, Ithaca, N.Y. 14853-1901(607) 255-1751
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impacted by wind.

Rochester New York Temperature Duration Curve(Deg C)
June- August

5 L. 1 L 1 L 1 L 1 L L 1 L 1 L 1 L 1 L :
0O 10 20 30 40 50 60 70 80 90 100
Percent of Time Equal or Greater Than -Y- Axis Values

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

Rochester N.Y. Temperature Comparison(Deg C)
Coincident Temperatures(June- August)
20 miles between Locations

35  crmrmremegrmtroreiees
30 0%, \
r NY PP Recommended MAXIMUM
O P Design Ambient Temperature
025F TR
o )
220
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r Station 82 Station 122
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Percent of Time Equal or Greater Than -Y- Axis Values

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

Daily Air Temperature Profile for a 5 Day Heat Wave
40 [

NYPP Recommended Maximum
/ Design AmbientTemperature

NOON | NOON | NOON | NOON NOON
L h L N n

20

Daily Temperature Profile
Rochester New York

July 1993

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



WIND SPEED OCCURRENGES WITH TEMPERATURES AT OR ABOVE NYPP

AMBIENTS FOR TIE-LINE RATINGS,10-YEAR PERIOD 1983.82
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C. RECOMMENDED RESEARCH

Better understanding of ambient conditions relevant to ratings would enable improved
recommendations concerning NY PP 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

SUMM ER: 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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

SUMM ER: 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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

SUMM ER: 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 -35 -30 -25to -20 -15to -10to -5 0 5 10 15 20 25 30 35
to to to -21 to -11 -6 to to to to to to to to to
-35 -31 -26 -16 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10to -5 0 5 10 15 20 25 30 35
to to to -21 to to -6 to to to to to to to to to
-35 -31 -26 -16 -11 -1 4 9 14 19 24 29 34 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 -35 -30 -25 -20 -15 -10to -5 0 5 10 15 20 25 30 35
to to to to to to -6 to to to to to to to to to
-35 -31 -26 -21 -16 -11 -1 4 9 14 19 24 29 34 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 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to to to to to to to to to to to to to to
-35 -31 -26 -21 -16 -11 -6 -1 4 9 14 19 24 29 34 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

SUMM ER: 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 = 0to 4 feet/second

Time Period Temperature(Deg. C)
-40 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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

SUMM ER: 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 -35 -30 -25to -20 -15to -10to -5 0 10 15 20 25 30 35
to to to -21 to -11 -6 to to to to to to to to to
-35 -31 -26 -16 -1 4 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10to -5 0 10 15 20 25 30 35
to to to -21 to to -6 to to to to to to to to to
-35 -31 -26 -16 -11 -1 4 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10to -5 0 10 15 20 25 30 35
to to to -21 to to -6 to to to to to to to to to
-35 -31 -26 -16 -11 -1 4 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 16 -11 6 -1 4 14 19 24 29 34 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

SUMM ER: 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 39
&-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 0 | 29 | 51 | 34 | 52 | 15 0 0
8PM - 7TAM 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 39
&-11AM 0 0 0 0 0 0 0 1 6 | 71 | 123 | 195 | 240 | 98 | 11 0
12 Noon - 3PM 0 0 0 0 0 0 0 0 0 17 | 52 | 76 | 8 | 8 | 23 0
4PM - 7PM 0 0 0 0 0 0 0 0 16 | 39 | 9 | 115 | 135 | 99 | 32 0
8PM - 7TAM 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 39
&-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 - 7TAM 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 39
&-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 - 7TAM 0 0 0 0 0 0 0 71 | 546 | 1787 | 2830 | 3265 | 1952 | 313 | 3 0
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BRADFORD PENNSYLVANIA

SUMM ER: 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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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87,671 TOTAL hours analyzed during the period 1983 through 1992

ALBANY NEW YORK

WINTER: November - April

Hours of Occurrences

Wind Speed = 0to 4 feet/second

Time Period Temperature(Deg. C)
-40 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 64 157 203 | 408 | 486 | 204 83 23 2 0 0 0

Wind Speed = GREATER THAN 8 feet/second

Time Period Temperature(Deg. C)
-40 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 27 230 500 | 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 = 0to 4 feet/second

Time Period Temperature(Deg. C)
-40 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 = 0to 4 feet/second

Time Period Temperature(Deg. C)
-40 -35 -30 -25to -20 -15to -10to -5 0 5 10 15 20 25 30 35
to to to -21 to -11 -6 to to to to to to to to to
-35 -31 -26 -16 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10to -5 0 5 10 15 20 25 30 35
to to to -21 to to -6 to to to to to to to to to
-35 -31 -26 -16 -11 -1 4 9 14 19 24 29 34 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 -35 -30 -25 -20 -15 -10to -5 0 5 10 15 20 25 30 35
to to to to to to -6 to to to to to to to to to
-35 -31 -26 -21 -16 -11 -1 4 9 14 19 24 29 34 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 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to to to to to to to to to to to to to to
-35 -31 -26 -21 -16 -11 -6 -1 4 9 14 19 24 29 34 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 = 0to 4 feet/second

Time Period Temperature(Deg. C)
-40 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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

Wind Speed = 0to 4 feet/second

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

Time Period Temperature(Deg. C)
-40 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 = 0to 4 feet/second

Time Period Temperature(Deg. C)
-40 -35 -30 -25to -20 -15to -10to -5 0 5 10 15 20 25 30 35
to to to -21 to -11 -6 to to to to to to to to to
-35 -31 -26 -16 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10to -5 0 5 10 15 20 25 30 35
to to to -21 to to -6 to to to to to to to to to
-35 -31 -26 -16 -11 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10to -5 0 5 10 15 20 25 30 35
to to to -21 to to -6 to to to to to to to to to
-35 -31 -26 -16 -11 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 = 0to 4 feet/second

Time Period Temperature(Deg. C)
-40 -35 -30 -25to -20 -15 -10 -5 0 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 6 -1 4 14 19 24 29 34 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 = 0to 4 feet/second

Time Period Temperature(Deg. C)
-40 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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 -35 -30 -25to -20 -15 -10 -5 0 5 10 15 20 25 30 35
to to to -21 to to to to to to to to to to to to
-35 -31 -26 -16 -11 -6 -1 4 9 14 19 24 29 34 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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OVERHEAD CONDUCTOR RATINGS

The conductor ratings parameters given in this report are the recommended factors to be used in
determining the thermal ratings of overhead conductors. "The prime consideration in thermal
rating determination is that the conductor not sustain more loss of strength due to annealing over
its useful life than some agreed upon percentage, usually approximately ten percent.” This
statement from the Overhead Conductor Section of the 1970 report states the criteria that were
used to develop allowable conductor temperatures. The limits were retained in the 1983 revision.

Allowable conductor temperatures for each operating condition were determined on the basis of
the loss-of-strength criteria and the assumed number of hours of operation at each condition. The
procedure was as follows: (1) the number of hours of operation at each operating condition was
selected; (2) a tentative choice was made of the conductor operating temperature for each
operating condition; (3) the time durations and temperatures from (1) and (2) were applied to
laboratory data, giving loss of strength at a fixed temperature as a function of time to find the
cumulative loss of strength which was then tested against the criterion. If the cumulative loss was
too far over or under the 10 percent criterion, new conductor temperatures were chosen and the
process repeated.

The 1995 Task Force reviewed the existing recommended conductor operating temperatures as
they relate to loss of strength, annealing and clearances, and reviewed industry experience in a
meeting with Glenn Davidson of Stone & Webster. It was determined that conductors in service
suffer little strength loss since they seldom operate near rated temperatures and that the governing
factor for a change in conductor rating would be clearance to ground or other wires. Given the
uncertainty of actual field clearances, no reason was found to change the conductor temperatures
indicated in the 1970 report, so they remain the same for each conductor type. It must be noted
here that for lines built under the 1977 and more recent editions of the National Electrical Safety
Code(NESC), clearances must be maintained at the highest(STE) conductor temperatures
recommended in this report. For lines built under NESC editions prior to 1977, the owning utility
may determine that in certain cases temperatures lower than recommended may be required to
maintain clearances.

Overhead conductor ratings are determined by calculations based on the conductor temperatures
and other parameters with the most important ones being A-C resistance, ambient wind speed and
temperature. No industry standard ratings exist for overhead conductors, but rating calculation
methods for steady-state conditions (normal and LTE) and a transient thermal rating are contained
in the IEEE Standard 738-1993 (Reference #2). NYPP ratings should be calculated in accordance
with this standard. This newly updated standard contains a computer program listing, a floppy
disk containing the program and methodology of the calculation is explained. The Task Force
recommends obtaining and using this standard for overhead rating calculations. The method is
applicable to all of the conductor types found in NYPP systems, using the proper values of A-C
resistance and other parameters. It can also be used to calculate conductor ratings for ambient
conditions other than those recommended herein.
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The rating calculation requires that values be chosen for a number of parameters as input to the
calculation. Conductor emissivity, latitude and wind angle are examples. Each utility must select
input values appropriate for their lines. If identical parameters are not assumed by two parties
making the calculation for the same line, the ratings calculated will be different. In order for
NYPP members to have a common set of conductor ratings, the parameters suggested in Appendix
A should be used.

Ampacity for special conductor types can be calculated by the IEEE method, but the manufacturer
should be consulted regarding temperature limits. For steel-supported aluminum conductor
(SSAC), there is a single maximum operating temperature to select based on performance of the
core wire coating and conductor accessories. Normal, LTE and STE ratings will be the same.
For self-damping conductor (SDC) and compacted strand conductor, the IEEE ampacity
calculation can be used with the temperature limits for ACSR.

A number of points to consider with respect to practical application are as follows:

o Thermal Ratings: The NYPP ratings provide thermal limits only, and do not
recognize the increased sag and reduced ground clearance that occurs with higher
conductor temperatures. Some line ratings may be limited by clearance limits
rather than thermal limits.

o Physical Conditions: The NYPP ratings assume conductors and accessories to be
in a condition so that conductor temperatures are not increased by broken strands,
faulty connectors and splices and similar conditions.

o High Conductor Temperatures: Conditions are recognized that can cause
conductor temperature to exceed the selected limits during any given period of
operation.  All such conditions require the coincidence of high ambient
temperatures and high power transfer, with the following modifying or additional
events:

A. Ambient temperature exceeding assumed ambient.
B. Wind speed less than 3 ft./sec.

C. Wind direction parallel to conductors which reduces heat loss by convection
(conventional industry practice is to assume wind perpendicular to
conductors in rating calculations). The IEEE Standard 738-1993
incorporates formulae which allows the user to define a wind angle other
than perpendicular. It can be demonstrated that a change in wind angle
from perpendicular to 20° will reduce the rating by 10%. Consideration of
using wind angle for ratings would include review of wind direction data
for low wind/high temperature conditions. Application of wind angle to
rating calculations is left an option to be decided by each utility.
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D. Emergency power flow that exceeds the STE rating due to system
conditions at the time.

E. A "sheltered area" of very low wind speed may exist somewhere in a line.
The graph below presents coincident wind speed data(feet/second) obtained
from a sheltered and unsheltered location in the Rochester Gas & Electric
franchise area. Similar data could be collected and curves developed by
other utilities. These curves could be used to develop a "wind sheltering
factor" to account for lower effective wind speeds along a transmission
line.

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

200 |
o A Unsheltered Sheltered
c kY . .
=180 [, Terrain Terrain
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160 T, ™ average value of 160 % of the
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OQ NYPP rating. .
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.
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0
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% of Occurrences in Excess of -Y- Axis
May through September 1988, hourly values
90 Degree wind angle

The curve in the figure above for "unsheltered terrain" is typical of wind speeds usually obtained
from airport weather stations. Since temperature difference were small between the locations,
most of the difference in ratings was due to reduced wind speed at the sheltered location. The
rating was below the NYPP rating for approximately 18 % of this period. If this was considered
excessive by the utility, the rating could be adjusted to reduce the over-rating time.

Favorable conditions are also possible that are taken into account in rating calculations, including:
A. Ambient temperatures that are different than those chosen for the calculation of the

NYPP summer or winter rating, The table below contains factors to adjust the
ratings for different ambient air temperatures:
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SAMPLE RATING FACTORS
(LTE)

Ambient Temperature Adjustment Factors (%)
Tgnnll)l;"z:zlre Conductor Types
°C 4/0 Cu 7 strand 795 All 1431kcm
"AA" Class Aluminum 37 ACSR 45/7
strand

40 95 95 96

35 100 100 100

30 104 104 103

25 107 108 106

20 111 112 109

15 115 116 112

10 118 120 114

5 121 123 117

0 125 127 119

-5 127 130 122
-10 131 134 125
-15 134 137 127
20 136 140 129
-25 139 143 132
-30 142 146 134
-35 145 148 136
-40 147 151 138

Wind exceeding 3 ft./sec.
Cloud cover or darkness that reduces or eliminates solar heating. The following

table shows an approximate 5% increase in rating when sun is not present. It also
demonstrates lesser increases as the conductor gets smaller:
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IMPACT OF SOLAR RADIATION ON CONDUCTOR RATING

Conductor Type Summer LTE Summer LTE % Increase with no
Rating Rating SUN
with SUN without SUN
2493 kem ACSR 66/6 2686 amperes 2877 amperes 7.1%
1431kecm ACSR 45/7 1787 amperes 1888 amperes 5.6%
795 kem ACSR 26/7 1258 amperes 1322 amperes 5.0%
336kem ACSR 26/7 724 amperes 755 amperes 4.2%
D. Rain.
E. Cooling due to vertical air current caused by heating of the wires or the earth.
F. Pre-disturbance power flow below the normal rating.

The frequency and duration of excess temperature occurrences is assumed to be low enough
that the lifetime 10 percent loss of strength criterion will not be exceeded.

STE RATING, PRELOADING

The STE rating calculation in this report is based on the assumption that the conductor has
been operating at the temperature associated with its normal current rating prior to the
incident. This assumption is needed to define the temperature rise that occurs during STE
operation, in which a step change in loading is followed by a transient increase from the
normal conductor temperature to the STE temperature. Since the conductor time constant is
generally greater than 15 minutes, the conductor temperature will still be rising at the end of
the STE period. A transient calculation is required to determine current that will cause the
specified temperature rise in 15 minutes. The STE rating is the only one of the three ratings
(Norm, LTE, STE) which takes advantage of the conductor's time constant. That is,
following a step change in loading, it will take a while (minutes) for the conductor to reach a
new steady-state temperature. Thus, the lower the starting point, the less "damage" is done in
15 minutes.

If the conductor is actually operating at less than (more than) normal steady-state temperature,
the STE rating would increase (decrease).

Individual Companies may choose to use non-standard STE ratings for known actual operating
conditions. This could be accomplished the same way dynamic ratings for known ambient
conditions are accomplished today. The transient program provided with the IEEE Std 738-
1993 can be used to calculate STE ratings for preload currents other than the normal rating
value.
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OVERHEAD CONDUCTOR
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AIR DISCONNECT SWITCHES

Synopsis

The standard requirements for high voltage air disconnect switches are covered in ANSI Standards
(C37.30 to C37.37. These standards specify, in addition to other requirements, the rated current,
the conditions under which the rated current is determined and the maximum allowable
temperature rise limitations of the various components in the switch. For example, the maximum
temperature rise for silver-to-silver contacts in air is 53°C. A formula is provided in ANSI
Standard C37.30 for the calculation of the allowable continuous current at ambient temperature
at which the switch can operate without exceeding its temperature rise limitations.

Prior to 1971, ANSI Standards allowed a 30°C temperature rise over a maximum ambient of 40°C,
for a maximum overall temperature of 70°C. Switches manufactured in accordance with the 30°C
temperature rise limit have a higher loading capability than switches manufactured in accordance
with standards published in 1971 and later.

Two switch ratings are listed in the table. The ratings listed under 30°C rise apply to those
switches designed in accordance with the 30°C rise limitation. The ratings listed under 53°C rise
apply to those switches with silver-to-silver contacts designed in accordance with standards
published in 1971 and later. The user must determine the criteria under which the switch was
designed and determine the appropriate ratings.

A review of the switch formula for STE ratings in 1982 report disclosed that it was inconsistent
with the design criteria recommended by ANSI. A formula developed by PJM member
companies(Reference #2) has been adopted in this report. The new formula yields more
conservative ratings which results in a small reduction in STE ratings in certain instances.

The rating factors for air disconnects are based on switches that are maintained in "factory new"
condition. Any operation above nameplate rating imposes additional duty on switch contacts. If
regular maintenance is not performed, a more conservative rating factor may be obtained by taking
only 50 percent of the increase over the nominal rating.(Reference #3).

Discussion
The nameplate current ratings for all switches are based on a 40°C ambient temperature, no wind,
and a finite temperature rise for the switch part at nameplate current rating. The allowable

continuous current ratings at conditions other than specified in the standards can be determined
from the following equation.
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Where I, = maximum allowable continuous current (amperes)
I,,cq = nameplate rating (amperes)
@max = maximum allowable temperature for switch part (°C)
@a = ambient temperature (°C)
O,

= limit of observable temperature rise (°C) at
nameplate rating of the switch part.

For switches manufactured in accordance with the 30°C rise temperature limit, the nameplate
rating was based on a temperature rise of 30°C (®,) at the rated nameplate current (I,) over a40°C
ambient temperature (0,) giving a maximum allowable temperature (©_,.) of 70°C. For the
emergency rating, silver to silver contacts were assumed and the maximum allowable temperature
was limited to 105°C. With a maximum summer ambient of 35°C and winter ambient of 10°C,
the normal and LTE ratings of these switches would calculate to be in percent of nameplate rating
as follows:

Seasonal Rating Factors(%)
30°C Rise Disconnect Switches

Ambient Temperature O, Max Temp. of Switch Allowable Loading
Part (O _.)
35°C 70°C 108 %
(Summer Normal)

35°C 105°C 153%

(Summer LTE)
10°C 70°C 141%

(Winter Normal)
10°C 105°C 178 %

(Winter LTE)
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For switches manufactured in accordance with ANSI C37.30-1971 and later standards, the normal
rating was based on switches with silver-to-silver contacts having a 53°C temperature rise over
a 40°C ambient, giving a maximum allowable temperature of 93°C at nameplate rating. For
emergency operation the maximum allowable temperature of 120°C as accepted for silver-to-silver
contacts based on IEEE Transactions Paper F78 213-1 published July-August 1979 (Reference #1).
The normal and LTE ratings of these switches at 35°C and 10°C ambients as a percent of
nameplate rating are:

Seasonal Rating Factors(%)
53°C Rise Disconnect Switches

Ambient Temperature O, Max Temp. of Switch Allowable Loading
Part (O _.)
35°C 93°C 105%
(Summer Normal)
35°C 120°C 127%
(Summer LTE)
10°C 93°C 125%
(Winter Normal)
10°C 120°C 144 %
(Winter LTE)

When factory tests are available, the actual temperature rise Or at the nameplate rating of the
switch can be used. Generally, this factor will be less than the factor specified in ANSI C37.30,
resulting in an increased loading capability.

Short Time Emergency Ratings

Short time emergency ratings are determined based on the switch thermal time constant which is
a function of the heat storage capacity of the switch. Switch loading prior to applying the short
time emergency rating is assumed to be 100 percent of the normal rating with switch contacts at
normal allowable maximum temperature. An emergency allowable maximum temperature is
utilized. The loss of tensile strength of copper and aluminum alloys due to annealing is expected
to be negligible.

The short time 15 minute ratings were calculated, using the following formulas for silver-to-silver
contacts. However, in all cases, the short time rating has been arbitrarily limited to 200 percent
of nameplate ratings of all 30°C rise switches and 180 percent of nameplate ratings of the 53°C
switches.
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1 emaxez_emax o
") -0) Ref. #2
r 1 e T max, = a

* Rating is limited to 180% of normal rating.(for 53 deg C rise designs)

Where Iet = Emergency rating of less than 2 hours (amperes)

I = Rated continuous current

@max n =  Normal allowable temperature for switch part (°C)

®maxe2 =  STE Emergency allowable maximum temperature (20°C
higher than maximum allowable LTE temperature for switch
part)

@a = ambient temperature (°C)

t = STE duration time (15 minutes)

T = thermal time constant of switch in minutes. This may be
conservatively assumed to be 30 minutes.

n = empirical temperature rise exponent = 1.8

Example: Short time emergency loading for switch rated for ®, = 53°C temperature rise, t

= 15 minutes, and ambient temperature ©, = 35°C.

1. Switch temperature at normal preload:
O, ... = 93°C(53°C +40°C rated ambient)
2. Emergency allowable maximum temperature:
O, xer = 120°C + 20°C = 140°C

where 120°C = LTE max temperature
20°C = STE transient rise

3. Solve for Iet

Because the calculated value is greater than the maximum recommended in the standard, the short
time emergency rating would be 1.801
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RATINGS FACTORS(%) FOR
30 Degree Rise Switch

Ambient °C Normal LTE STE
Temp. Loading Loading Loading

-40 191 200 200
-35 187 200 200
-30 183 200 200
-25 178 200 200
-20 173 200 200
-15 168 200 200
-10 163 196 200
-5 158 191 200

0 153 187 200

5 147 183 200

10 141 178 200
15 135 173 200
20 129 168 200
25 122 163 200
30 115 158 200
35 108 153 200
40 100 147 200

Normal maximum allowable temperature = 70°C
LTE maximum allowable temperature limit 105°C
Limit of observable temperature rise = 30°C
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RATINGS FACTORS(%) FOR
53 Degree Rise Switch

Ambient °C Normal LTE STE
Temp. Loading Loading Loading

-40 158 174 180
-35 155 171 180
-30 152 168 180
-25 149 165 180
-20 146 163 180
-15 143 160 180
-10 139 157 180
-5 136 154 180

0 132 150 180

5 129 147 180

10 125 144 180
15 121 141 180
20 117 137 180
25 113 134 180
30 109 130 180
35 105 127 180
40 100 123 180

Normal maximum allowable temperature = 93°C
LTE maximum allowable temperature limit 120°C
Limit of observable temperature rise = 53°C
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AIR DISCONNECT SWITCHES
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HIGH VOLTAGE POWER CIRCUIT BREAKERS

Synopsis

The rating factors for circuit breakers are based on ANSI standard C37.010-1979, "Application
Guide for AC High Voltage Circuit Breakers' and its supplement C37.010b-1985 on 'Emergency
Load Current - Carrying Capability' which covers the STE and LTE conditions. Continuous-
current temperature limits of breaker components are not exceeded during normal loading. During
LTE and STE loading, breaker component temperatures 15°C above the continuous-current limits
are allowed, and some loss of life may result. Rating factors include the required adjustment for
the NYPP summer and winter ambient temperatures, and remain the same as in the 1982 Tie Line
Ratings Report. Optional short-time rating factors are given as provided for in the application
guide.

Discussion
A. RATING FACTORS FOR NORMAL OPERATION

Rating factors for normal operation are obtained by adjusting the nameplate continuous load
current capability for ambient temperatures other than 40°C as indicated in Section 4.4.3.2 of
(C37.010. The formula is:
18
| _ emax_ea
0

_a
| r

Ia = Allowable load current at ambient temperature 0,

Ir = Rated continuous current (nameplate)

Gmax = Allowable hottest spot total temperature = 0, + 40°C
Ga = Actual ambient temperature; °C

Gr = Allowable hottest spot rise at rated current

The exponent of 1/1.8 in the formula is derived from the relationship, based on testing experience,
that the temperature rise of a current-carrying component is proportional to current raised to an
exponent that varies from 1.6 to 2. An average value of 1.8 for the exponent is used throughout
the guide.

The formula indicates that the rating factor at actual ambient temperature 0, depends on the limits
of total temperature and temperature rise, 0, and 0,, of critical circuit breaker components.
Temperature limits are listed in Table 1 of the guide, which is reproduced below as Table 1,
columns 1-5, with the addition of calculated rating factors for NYPP summer and winter ambient
temperatures. The application guide requires that for actual ambient temperatures less than 40°C,
0,... and O, for the circuit breaker components with the highest temperature limit should be used
to calculate rating factors. N'YPP normal rating factors are for silver contacts in air(0,,,, = 105°C).
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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 itsrating, an inquiry

to its manufacturer may be advisable concerning the unit’s actual capability.
______________________________________________________________________________________________________________________________________________|]

B. RATING FACTORS FOR LTE CONDITIONS

Rating factors for LTE conditions are based on section 4.4.4.2 and 4.4.4.3 of ANSI C37.010b.
Emergency load-carrying ability is achieved in the application guide by increasing the allowable
total temperature and temperature rise of breaker components above the values allowed for
continuous operation. The guide states that this may reduce the operating life of the breaker.
Some conditions for using the emergency rating factors include:

1) Application is to outdoor breakers(metal-clad switchgear will have its own
application guide).

2) The circuit breaker shall have been maintained in essentially new condition.

3) For a minimum of 2 hours following the emergency period, load current shall be

limited to 95% of I,, the rated continuous current for the selected ambient
temperature(normal rating).

4) Mandatory inspection and maintenance procedures in the standard are required
following emergency operation.
5) During and after emergency operation and prior to maintenance, the circuit breaker

shall be capable of one operation at its rated short-circuit current.

The guide provides rating factors for four-hour and eight-hour periods of emergency operation.
The factors are based on increased operating temperatures of 15°C for four hours and 10°C for
eight hours, above the temperature limits for continuous operation. The four-hour and eight-hour
periods must be separate, with inspection and maintenance required when the duration of separate
periods of emergency operation totals 16 hours.

Rating factors are adjusted for ambient temperatures other than 40°C using a formula in standard
section 4.4.4.3:

18 g |U18

L |
_ea_lllal el q
II‘

r r

I
L/I. = rating factor for normal operation.
I./I. = capability factor from ANSI C37.010b-1985 Table 2(a).

I, = allowable load current at actual ambient temperature.

ea = emergency load current at actual ambient temperature.
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THE RATING FACTOR SHOULD NOT EXCEED 200% UNDER THIS APPLICATION
GUIDE. The 40°C ambient rating factors are shown in table 2(a) of the standard corresponding
to the limiting temperatures of breaker components. Table 1, columns 6-11, provide four-hour
and eight-hour rating factors calculated for the 35°C and 10°C NYPP summer and winter ambient
conditions. NYPP LTE rating factors are taken from Table 1, columns 7 and 8, for silver
contacts in air.

C. RATING FACTORS FOR STE CONDITIONS

Rating factors for STE conditions are based on the provisions of section 4.4.4.4 of standard
C37.010b. The same 15°C increase is allowed in the total temperature of circuit breaker
components as for the four-hour emergency rating. Conditions for use of the short-time rating
factors are:

1) Initial current shall not be greater than the normal rating.

2) Following application of a short-time emergency current, current must be reduced to below
the four-hour emergency current(LTE rating) for the remainder of the four-hour period,
or to not more than 95% of the rated continuous current(Normal rating) for a minimum
of two hours.

3) Regarding inspection and maintenance requirements, each isolated short-time emergency
event shall be considered equal to one four-hour emergency period unless it is part of a
four-hour emergency period.

For the rating factor calculation, reference is made to C37.010 section 4.4.3.3, Figure 1. A value
is required for the circuit breaker thermal time constant t ; t= 30 min. is used, which the guide
says is typical. The rating factor defines the current level for which the total temperature will
reach the 0, + 15°C level within a specified period which is 15 minutes for the NYPP STE
rating. The resulting NYPP STE rating factors based on the temperature limit for silver contacts
in air are: summer = 133% and winter = 149%.

The calculation method given in the 1982 Tie Line Rating Report is a valid alternative method,
repeated here for information:

S- -

| r ea ea

where AQO = Allowable increase in component temperature= 15°C
{ = Time duration of STE loading = 15 min.

T = Thermal time constant of breaker = 30 min.

I = Allowable STE current at ambient Ga



The rating factors are calculated for @, ,. = 105°C, the limit for silver contacts in air. The factors
are applicable to oil and SF, breakers also, and are probably more conservative for those types
than for air breakers.



type current transformers

TABLE 1:  Breaker Component Temperature Limits and Rating Factors(%) Calculated for NYPP Summer and Winter Ambient Conditions
Column # 1 2 3 4 5 6 7 8 9 10 11
Summer Winter 4 4 8 8
Component 0 0 Normal Normal | Hour Hour 0 Hour Hour
} max Rating Rating max Rating Rating max Rating Rating
Factor Factor Factor Factor Factor Factor
0,=35°C | 0,=10°C 0,=35°C | 0,=10°C 0,=35°C | 0,=10°C
Circuit breaker parts handled by the operator in 10°C | 50°C 125 200
the normal course of their duties
Copper contacts, copper-in-copper conducing 30°C | 70°C 109 147 85°C 133 166 80°C 125 160
joints, external surfaces accessible to the operator
in the normal course of his/her duties, external
terminal connected to bushing
Top oil 40°C | 80°C 107 136 95°C 125 151 90°C 119 146
Breaker terminals to be connected to 85°C 45°C 85°C 106 132 100°C 122 146 95°C 117 141
insulated cable
Hottest spot of parts in contact with oil 50°C | 90°C 105 129 105°C 119 141 100°C 115 137
Silver (or equal) contacts in air 65°C | 105°C 104 123 120°C 116 133 115°C 112 133
External surfaces not accessible to an operator in 70°C | 110°C 104 122 125°C 116 132 120°C 111 132
the normal course of his/her duties
Honest spot winding temperature of 80°C dry- 110°C | 150°C 103 114 165°C 111 121 150°C 108 119
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D. OPTIONAL SHORT-TIME RATINGS BASED ON THE STANDARDS

In addition to NYPP rating factors, ANSI standards for circuit breakers provide for other types of ratings
that are included in this report for information. One type is the eight-hour rating already covered in part
B of this section. Another is short-time ratings provided in C37.010 and C37.010b that may be employed
when the initial current is at or below the normal ratings. In C37.010 the component total temperatures
are limited to the values for continuous ratings. In C37.010b the temperatures are allowed to be 15°C
higher, with possible loss of operating life.

The short-time load current capability tables given in Table 2 are based on C37.010, in which total
temperatures are limited to the continuous rating values from C37.010 Table 1. Use of higher temperature
limits should be infrequent and should be limited to the LTE and STE ratings. The table provide rating
factors for a range of ambient temperatures, so advantage may be taken of favorable ambient conditions.
The rating factors may be applied under the following conditions:

1) Initial current is less than the rated current.
2) Short-time load current is limited to the indicated time period.
1/1.8
I, L] e -Y-8,
_—= 100 — 1 + =tT
| r | r Y(l—e d )
| .8
_ _ i
Y=(0,-40)

r

Rating factors are calculated from the following equations based on C37.010 section 4.4.3.3.2:
An example application of Table 2 is as follows:
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Known conditions :  Pre-contingency(initial) current I, = 1125 amperes
Ambient temperature 0, = 6°C
Breaker Rated Current at 40°C 1, = 3000 amperes
Breaker 0, = 105°C (from Table 1 for type of breaker)
Assumed condition: Anticipated short-time period t, = 20 minutes

To obtain Short-time Rating Factor:
1) Calculate I/I, 1125/3000 = .375
2) Round I/1, and O, up to 0.4 and 10°C.

3) Enter Table 2 section for 6,,, = 105°C and t, = 20 min., in the column for [/I, = .4 and
the row for ambient temperature 6, =10°C, find the rating factor I/I, = 177%.
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Table 2: Short time rating factors (100 x IS/ Ir) for circuit breakers for selected values of initial current ratio

Ii/II" emax’ ea and tS
0. = 105°C  t.= 30 minutes 0. = 90°C  t, = 30 minutes

o [i=[8[7]65]4l3[2]87[6|5]a]3]2

MIN | deg

: C

10 40 140 155 167 177 166 19 197 140 155 187 177 186 192 197
30 162 176 186 196 200 188 181 192 200 200
20 181 194 200 | 192 200
10 199

15 40 126 136 144 151 157 161 176 126 136 144 151 157 161 155
30 143 152 160 166 171 178 179 148 156 164 170 176 180 183
20 169 167 174 180 185 189 192 167 175 182 188 193 197 200
10 173 181 187 193 198 200 200 185 193 199 200
0 187 194 200 200 200
-10 199 200

20 40 118 125 131 137 141 14 147 118 125 131 137 141 144 147
30 133 139 145 150 154 15 158 137 143 149 154 157 181 169
20 146 152 158 162 166 16 171 154 160 165 169 173 176 178
10 159 164 169 174 177 18 182 169 175 180 184 187 190 192
0 171 176 181 185 188 19 193 184 189 193 197 200 200
-10 182 187 191 195 198 20 200 197 200
-20 192 197 200 200
-30 200

%5 | 40 113 119 123 127 131 13 135 ) 113 119 123 127 131 138 135
30 126 131 136 139 143 14 147 | 130 135 139 143 146 148 150
20 130 143 147 151 154 15 158 | 145 150 154 157 180 182 184
10 150 154 158 161 164 16 168 | 159 164 167 170 173 175 177
0 160 165 168 171 174 17 178 || 173 176 180 183 185 187 189
10 171 175 178 181 183 18 187 Il 185 183 192 195 197 199 200
-20 180 184 187 190 193 19 196 197 200
-30 189 193 196 199 200
-40 198 200

30 | 40 110 114 118 121 124 12 128 | 110 114 118 121 124 126 128
30 122 126 130 132 135 13 138 | 126 129 133 136 138 140 141
20 133 137 140 143 145 14 148 || 140 143 146 149 151 153 154
10 144 147 150 153 155 15 158 | 153 158 159 161 163 116 166
0 154 157 160 162 164 16 167 | 165 168 171 173 175 177 178
-10 163 168 169 171 173 17 176 176 179 182 184 186 187 189
-20 172 175 178 180 182 18 184 187 190 192 195 196 198 199
-30 181 183 186 188 190 19 193 198 200
-40 189 192 194 196 198 19 200

40 40 106 109 111 113 116 117 118 106 109 111 113 115 117 118
30 117 120 122 124 125 126 127 120 123 125 127 128 129 130
20 127 129 131 133 135 136 137 133 135 137 138 140 141 142
10 136 138 140 142 144 145 146 144 146 148 150 151 152 153
0 145 147 149 151 152 153 154 155 157 159 160 162 163 164
-10 154 156 157 159 160 161 162 165 167 169 171 172 173 174
-20 162 164 165 167 168 168 170 175 177 179 180 181 182 183
-30 169 171 173 174 175 176 177 185 187 188 189 191 191 192
-40 177 179 180 182 183 184 184 194 195 197 198 199 200 _ 200
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CIRCUIT BREAKERS

(References)
ANSI Standards

1. C37.010 - 1979 Application Guide for AC High Voltage Circuit Breakers Rated on a Symmetrical
Current Basis, Reaffirmed in 1988.

2. C37.010B - 1985 IEEE Standard for Emergency Load Current-Carrying Capability.
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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
caseof new transformer installations being planned, it isrecommended that the required load cycle
information and completetransformer performancecriteriafor all modesof 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.

Thelarger problemremainstoreliably rateexisting systemtransformers. Therecommended 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 isthe limiting criterion in most contemporary transformer designs. In cases where
thisisnot possible, it isrecommended that a contemporary computer rating program which factors
intheindividual design parametersof the unit and the required load cycle and ambient temperature
data, tempered by the maximum loading criteriastated in “Table 3-Suggested Design Limits for New
Transformers when Loading Information is Not Suppli@adlEEE 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 isavailable 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:

* Generation step-up
« Systemtie
¢ 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 acontinuousbasis. Emergency
overload conditions are rare except for multi-bank GSU configurationsin 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. Thesetransformers
are typicaly 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

« OA self-cooled
« OA/FA self-cooled/forced air-cooled
« OA/FA/FA self-cooled/forced air-cooled/forced-air cooled

Liquid-Immersed Air-Cooled/Forced Liquid-Cooled
« OA/FA/FOA! self-cooled/forced air-cooled/forced liquid air-cooled
+ OA/FOA'YFOA' sdf-cooled/forcedair-forcedliquid-cooled/forced air-forcedliquid-cooled

Liquid-Immersed Water-Cooled

« OW water-cooled

« OW/A water-cool ed/self-cooled
Liquid-Immersed Forced Liquid-Cooled

« FOA! forced liquid-cooled with forced air-cooler

« FOW forced liquid-cooled, water-cooled

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

Finaly, 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 |EEE loading guides in effect which are enumerated here:

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

¢+ ANSI/IEEE C57.92-1981 Guide for loading mineral-oil-immersed power transformersup
to and including 100 MVA with 55°C or 65°C winding rise.

 |EEE C57.115-1991 |EEE Guidefor Loading Mineral-Oil-1mmersed Power Transformers
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Rated in Excess of 100 MVA( 65°C 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:

 |EEE PC57.91-199x |EEE Guide for Loading Mineral-Oil-lmmersed 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 Capabilityhjch isincluded 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 guidelinegypheation 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 effectsare of major concern during periods
of transient overcurrent (through-fault) when mechanical forces reach their highest
levels.

(5)Thermal expansion of conductors, insulation materialsor structural partsat 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 al so be subject to some of theriskidentified above. See Annex B for
further discussion.

(9)When the temperature of the top oil exceeds 105°C (65°C rise over 40°C ambient
accordingto ANSI/IEEE C57.12.00-1993), thereisapossibility that oil expansionwill
be greater than the holding capacity of the tank and also result in a pressure which
causesthe 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 38 average winding rise (6% hottest spot rise) insulation
systems”, which is quoted as follows:

“Loading of transformersabove 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 effectg¢sf) 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 witf6%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. Thisfouling 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 whereitsuse may lead to more conservativeloading. 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 resultsin a failure.

Common sense and good planning isrequired to keep the economic gainsin balance with the risks
of failure. Because excessive transformer temper atures weaken the insul ation structures physically
and because many of the older transformershavelow impedances, short-circuit failuresshould 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 transformersisnot a new
insulation contaminant. Thereareat least eight causes of gaswithin the transformer that have been
documented. Therisk of having a failure dueto free gasin the insulating structure should take into
considerationtheinsulation margins used and the construction of theinsulation structures. Therisk
of failure increases considerably when the insulation levels are reduced three full steps from a
typically accepted level such asuse of 650 kV BIL on 230 kV transformers. Therisk decreaseswhen
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.

Theloading of transformerswithout 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 cal culate equivalent aging and loss of life for transformers
with 55 °C 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 °C for 55 °C
rise transformers.

The factor that determines the greatest risk associated with loading transformers above namepl ate
rating isthe evolution of free gas fromthe insulation of winding and lead conductors. Thisgaswill
result from two major sources:

NYPP Tie-Line Rating Guide
Power Transformer Section - Final 4/16/96
Page 54



(1)Vaporization of water contained in the insulation. This processis discussed in
Annex A of this guide.

(2)Thermal decomposition of cellulose. Thereisvery littleinformation available on
the ratio of formation of these gases for transformers without thermally upgraded
insulation”.

Absolute Maximum L oading Limits

It isrecommended that thelimitslisted in “Table 3-Suggested Design Limits for New Transformers
When Loading Information is Not Supplied1EEE C57.115-1991 beobservedfor al transformers
rated 100 MVA and above or 345 kV and above. The values in Table 3 agree with industry
advisories previoudly 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.
Thisis not to say that transformers with high STE capability can not be made anymore. It does
meansthat 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 Limitsfor New Transformers When L oading
I nformation is Not Supplied

Application Maximum Load (% of Duration (hours) * Insulated Conductor
Maximum Rating) Maximum Hottest-Spot
Temperature Not to
Exceed (°C)
Generation step-up 110 8 140
Systemtie 150 1 180**
Substation 150 1 180**

*  Based on prior load of 100% of rated and 30 °C ambient.

**  This limit is based upon consideration of thermal aging and does not take into
account therisk of insul ation breakdown because of bubble formation above 140°C
(See2.2(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 remainsthe STE design limitation for many transformers, especially those 100
MV A and larger and/or 345kV and up. In particular, this appliesto three phase shell form designs.
The proposed guide lists a new Table 8 with a"other metallic hot-spot temperature limit of 200°C
for STE loading”, but then mideadingly 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. Thiswould be necessary
in order to evaluate the validity of assuming, for instance, 180°C insulated conductor hottest-spot
temperature asthe limiting risk in calculating an STE rating. PC57.91 states"Usually the limitson
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 "180°C" approach to an
STE rating calculation and reinforcing the generic limits of Table 3 listed above.

Loss-of-L ife Criteria/Limiting Temperaturesfor 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 operat®Bsis

per cent 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 68C and 58C average winding rise rated transformers respectively:
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Power Transformers Rated 65°C AWR(Average Winding Rise)

80 °C Hottest-Spot Rise
(extracted from |IEEE PC57.91 Table 8)

Temperature Limit Normal Life Long-Time Short-Time
Expectancy Emer gency Emer gency
Loading Loading Loading
Insulated conductor hottest-spot temperature, 120* 140 180**
0
C
Other metallic hot-spot temperature (in contact 140 160 200

and not in contact with insulation), °C
Top oil temperature, °C 105 110 110

* 110 °C on acontinuous 24 hour basis or; equivalent 24 hour variable temperature
with 120°C maximum.
** Gassing may produce a potential risk to the dielectric strength of the
transformer. Thisrisk should be considered when thisguideis applied refer to
Annex A.

Power Transformers Rated 55°C AWR(Average Winding Rise)

65 °C Hottest-Spot Rise
(Some Data from ANSI/IEEE C57.92-1981, Par. 5.2.2.4)

Temperature Limit Normal Life Long-Time Short-Time
Expectancy Emergency Emer gency
Loading Loading Loading
Insulated conductor hottest-spot temperature, 105* 140 150**
0
C
Other metallic hot-spot temperature (in contact N/A N/A N/A

and not in contact with insulation), °C
Top oil temperature, °C 95 100 100

* 95 °C on acontinuous 24 hour basis or; equivalent 24 hour variable temperature
with 105°C maximum.

** Gassing may produce a potential risk to the dielectric strength of the
transformer. Thisrisk should be considered.
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Application of Transformer Ratings

Transformer load capability istraditionally stated in termsof MV A. The true thermal loading of a
transformer isdetermined by itsload-side current, in amperes. The fact that atransformer 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, howaiary

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 uetap 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 nhominal
115 kV voltage is simply calculated as:

Iratedamperes=— MYA%2 1000-— 299 x1000-1004mperes

/3xKVratedtap /3%x115

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 asa Function of Tap Position

Tap Position Rated KV @ Tap Rated Tap Current,
Position 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 | mpact 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, asimple static rating for each
operating mode (Normal, LTE, STE, both Summer and Winter) at a stated fixed tap position will
suffice. For transformerswith load tap changers (LTC), atable 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 NY PP, it is hecessary to ascertain a minimum typical system operating voltage and to
assume a minimum load power-factor based on judicious operating experience.

Voltage Regulator s 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
devicesshould result in atabulation thecircuit ratingsasafunction of thefull range of tap positions.
A phase angle regulator consists of both a seriestransformer and an exciting transformer. Asphase
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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ANSI Standards

1. C57.92 - 1981

3. C57.115- 1991

4. C57.19.101 - 1989

5. PC57.91-199x

POWER TRANSFORMERS
(References)

Guide for Loading Mineral-Oil-Immersed Power Transformers up to
and Including 100MVA with 55°C or 65°C Winding Rise, Reaffirmed
in 1991.

(Redesignation of IEEE STD 795):IEEE guide for loading mineral-oil-
immersed power transformers rated in excess of 100 mva (65C winding
rise)

Trial use guide for loading power apparatus bushings.

|EEE Guide for Loading Mineral-Oil-Immersed Transformers
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CURRENT TRANSFORMERS

Synopsis

Thermal ratings of current transformers will usually require a review of each application and each
manufacturer's and owner's practice. A single set of rating factors can not be expected to cover
the variety of installations that are possible. Thermal overload of devices in the secondary circuit
must be considered. A careful review of the application is mandatory for any current transformer
that is the limiting component in rating a transmission facility.

Methods of rating current transformers recommended in this report are based on ANSI/IEEE
Standards, including: ANSI/IEEE C57.13-1978 (Reference #1), ANSI Standards C57.91 (1981)
(Reference #2) and C57.92 (1981) (Reference #3), guides for transformer loading.

C.T. Secondary Circuitry

The effective thermal circuit limits imposed by relay components installed on secondary C.T.
circuits should be coordinated so as not to impose a limit on the overall transmission circuit. In
existing cases where relay circuits are limiting, action should be taken, where feasible, to remove
these restrictions. To assist the engineer in this regard, relay overload capability of selected GE
and Westinghouse relays are included at the end of this section, titled 'Thermal Capabilities of
Components in the Current Circuit Starting at the CT Terminals'. This information was obtained
from the 'Capacity Rating Procedures by The System Design Task Force of the NEPOOL
Planning Committee', revised August 1984.

Discussion

To develop normal ratings for all types of current transformers, the continuous thermal current
rating factor (CTCRF) must be used. The CTCREF is defined in standard C57.13, and is one of
the required ratings. Manufacturers design their products with rating factors according to their
own usual practice, or the owner may specity a rating factor when the unit is purchased. The
normal ratings in the table are taken from Figure No. 1 of C57.13, using the curve for a CTCRF
of 1.0 and average daily ambient temperatures of 30°C and 5°C respectively for summer and
winter. For CTCREF values other than 1.0, the curve for the proper CTCRF value from Figure
1 of C57.13 should be used to determine normal rating factors at 30°C and 5°C.

Standard C57.13 does not provide methods to determine LTE and STE ratings, so these are
discussed separately for free-standing and bushing-type current transformers

Limits on emergency ratings may be imposed by relay coils, meter coils and like devices in the

C.T. secondary circuit that may be thermally overloaded by secondary current in excess of normal
values. The secondary circuit should be included in any review of specific installations.

61



Free Standing C.T.'s

The LTE and STE rating factors in the table are for oil filled units installed separately from other
equipment. Since these units are similar in construction to power transformers, the equations for
transient heating that are found in Section 6.7 of Standard C57.92 (1981) was used to develop
LTE and STE ratings.

Parameter values and the calculations are the same as for power transformers in this report,
assuming a 55°C average winding rise in accordance with the limit given in C57.13 for instrument
transformers. With no requirements stated in C57.13, current and power transformers were
assumed to have the same parameter values for hottest-spot temperature related to loss of life and
ratio of load to no-load loss. Thermal time constant was assumed equal to that of a forced air
coiled power transformer.

Bushing-Type C.T.'s

The LTE and STE ratings of bushing-type current transformers will normally be at least as great
as the rating of the circuit breaker or power transtormer in which the C.T.'s are installed. The
manufacturer of the major equipment can provide C.T.'s with thermal performance that is
adequate, taking into account the ambient temperature at which they will operate in or on the
equipment and other factors. Confirmation of the LTE and STE ratings should be sought from
the equipment manufacturer.

If the tap used on a bushing C.T. is less than its maximum ratio, additional continuous thermal
capability, beyond the tap rating, may be available. A curve used to determine the additional
capacity has the equation:

La_ It

Itl’ Itl’

Where [, = allowable secondary current for connected tap
I, = rating of connected tap
I, = rating of full winding

It the connected tap is 50 percent of the full winding, for example, the C.T. will have a
continuous rating of 141 percent of the tap rating. One manufacturer recommends a limit of 200
percent on the rating factor so determined. This higher rating can be treated as a nameplate rating
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and can be multiplied by the LTE and STE rating factors to obtain emergency ratings.
Confirmation should be obtained from the manufacturer before using this rating.

CURRENT TRANSFORMER RATINGS FACTORS

Summer Winter
Current
Transformers N LTE STE N LTE STE
Bushing Type Same rating factors as transformer or breaker
Free-Standing 100% 128 % 150% 122 % 148 % 150%
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ANSI Standards

1. C57.13 - 1978

2. C57.91 - 1981

3. C57.92-1981

CURRENT TRANSFORMERS

Requirements for Instrument Transformers, (Reaffirmed in 1986)

Guide for Loading Mineral Oil Immersed Overhead and Pad-Mounted
Distribution Transformers Rated S00KVA and less with 65°C or 55°C
Averageg Winding Rise, (Reaffirmed in 1991)

Guide for Loading Oil Immersed Distribution and Power Transformers up
to _and including 100 MVA with 55°C and 65°C Winding Rise,
(Reaffirmed in 1991)
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THERMAL CAPABILITIES OF COMPONENTS
IN THE CURRENT CIRCUIT STARTING AT THE CT TERMINALS"

Protective Relays

A. The thermal capabilities of relay current coils in amperes used on transmission line terminal
equipment are tabulated on the following pages. The relays are not expected to operate at these
currents (or more) to trip a circuit breaker and thus protect themselves from overheating. The
list does not include all possible or available relays. For further information consult the
manufacturer.

General Electric Relays

Comments by the manufacturer:

1.

Relays as designed by Power Systems Management Business Department have a conservative
design life of 20 years.

Relays 20 years old or older should be considered as having no overload capability.

The design standard is ANSI C37.90 (IEEE 313) 1971, which defines Class A insulated
relays as having a total coil temperature of 105°C (55°C ambient plus 50°C rise).

If the 55°C ambient temperature is exceeded, then the values listed are not applicable.

It is assumed that those relays having potential circuits (either ac or dc) are being operated
at or below rated voltage.

Overload capability calculations were based on "Insulating Materials for Design and
Engineering Practice” by Franie M. Clark. John Wiley Publishers. Library of Congress
#62-17460.

Those relays having the same rating for 1/2 hour* and continuous are limited by components
other than the insulation system. These components may be resistors, capacitors, rheostats,
etc., and these limitations are considered confidential information.

The 10, 2 or 0.5 hour* values assume at least 24 hours at rated current (or less) will exist
before the relays are again subjected to the values shown.

*The GE list of relays cover four time periods:Continuous, 10Hrs., 2,Hrs.,and .5 Hrs. These have been converted to the following time periods.

(1)

The remaining information contained in this section was obtained from the 'Capacity

Rating Procedures by the System Design Task Force of the NEPOOL Planning Committeg,
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9. Where a relay has more than one current tap, the value listed is for a particular tap such as
5 amp. The current at other taps (Ty) may be calculated from the formula:

(I)* Ty = (Iy) °T Where I; is listed current at 5 amp tap. I is desired current. T,
is the listed tap, in this example is 5.

D The remaining information contained in this section was obtained from the 'Capacity
Rating Procedures by the System Design Task Force of the NEPOOL Planning Committee’,
revised August 1984 66




General Electric Relay Ampere Ratings

General Winter Rating(Amperes) Summer Rating(Amperes)
Electric Normal Emergency Normal Emergency Notes
Relay Type 15 Min. | 4 Hs. 15 Min. | 12 His.

Static Equipments
MODI11 7.5 7.5 7.5 7.5 7.5 7.5
MODI111 10.0 10.0 10.0 10.0 10.0 10.0 #1
Electromechanical Equipments
BDD 10.0 18.5 17.0 10.0 18.5 16.0
CAPI15A 10.0 18.5 17.0 10.0 18.5 16.0
CAP15B 10.0 13.8 12.0 10.0 13.8 12.0
CEB12B 8.0 8.0 8.0 8.0 8.0 8.0 #5
CEB12B 10.0 10.0 10.0 10.0 10.0 10.0 #2,#5
CEBI13 7.5 7.5 7.5 7.5 7.5 7.5 #3, #5
CEB16 7.5 7.5 7.5 7.5 7.5 7.5 #3, #5
CEB17A 7.5 7.5 7.5 7.5 7.5 7.5 #5
CEB51 7.5 7.5 7.5 7.5 7.5 7.5 #3
CEB52A 8.5 8.5 8.5 8.5 85 8.5 #5
CEB52A 10.0 10.0 10.0 10.0 10.0 10.0 #2,#5
CEX17E 6.5 6.5 6.5 6.5 6.5 6.5 #5
CEX17E 7.5 7.5 7.5 7.5 7.5 7.5 #2,#5
CEX19A1 7.5 7.5 7.5 7.5 7.5 7.5 #5
CEX19A2 8.5 8.5 8.5 8.5 8.5 8.5 #2, #5
CEX20 5.0 5.0 5.0 5.0 5.0 5.0 #3, #10
CEX57 5.0 5.0 5.0 5.0 5.0 5.0 #3, #10
CEXG20 5.0 5.0 5.0 5.0 5.0 5.0 #3, #11
CEXG20 5.0 5.0 5.0 5.0 5.0 5.0 #2, #3, #11
CEY12 5.0 5.0 5.0 5.0 5.0 5.0 #3, #10
CEY14 7.5 7.5 7.5 7.5 7.5 7.5 #3, #5
CEY14 10.0 10.0 10.0 10.0 10.0 10.0 #2, #3, #5
CEY15A 7.5 7.5 7.5 7.5 7.5 7.5 #5
CEY15A 10.0 10.0 10.0 10.0 10.0 10.0 #2, #5
CEY15B3 7.5 7.5 7.5 7.5 7.5 7.5 #5
CEY15B 10.0 10.0 10.0 10.0 10.0 10.0 #2, #5
CEY16G 7.5 7.5 7.5 7.5 7.5 7.5 #5
CEY16G 10.0 10.0 10.0 10.0 10.0 10.0 #2, #5
CEY20 5.0 5.0 5.0 5.0 5.0 5.0 #3, 10

D The remaining information contained in this section was obtained from the 'Capacity

Rating Procedures by the System Design Task Force of the NEPOOL Planning Committeg,

revised August 1984
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General Electric Relay Ampere Ratings

General Winter Rating(Amperes) Summer Rating(Amperes)

Electric Normal Emergency Normal Emergency Notes
Relay Type 15 Min. | 4 Hs. 15 Min. | 12 His.
CEYS1 8.0 8.0 8.0 8.0 8.0 8.0 #5
CEYS52 8.0 8.0 80 8.0 80 8.0 #5
CEYS52 10.0 10.0 10.0 10.0 10.0 10.0 #2, #5
CEYBI12 6.5 6.5 6.5 6.5 6.5 6.5 #5

7.5 7.5 75 7.5 75 75 #2, #5

CEYBI13
CEYBS52 5.0 5.0 5.0 5.0 5.0 5.0 #3, #10
CEYGS1 8.5 8.5 8.5 8.5 8.5 8.5 #3, #5
CEYGS3 5.0 5.0 5.0 5.0 5.0 5.0 #3, #11
CFWI11E 6.0 14.0 12.5 6.0 14.0 12.0
CFZ 55 NC NC 55 NC NC #3
CHC11 4.0 9.2 8.5 4.0 9.2 8.0 #8
CIC15 5.0 NC NC 5.0 NC NC #3, #11, #12
CPD11 8.0 NC NC 8.0 NC 14.5
GCX17A 6.5 6.5 6.5 6.5 6.5 6.5 #5
GCX17A 7.5 7.5 7.5 7.5 75 7.5 #2, #5
GCX17B 6.5 6.5 6.5 6.5 6.5 6.5 #3, #4, #5
GCX17B 7.5 7.5 7.5 7.5 75 75 #2, #3, #4, #5
GCX17G 6.5 6.5 6.5 6.5 6.5 6.5 #5
GCX17G 7.5 7.5 7.5 7.5 75 75 #2, #5
GCX17TM 6.5 6.5 6.5 6.5 6.5 6.5 #3, #4, #5
GCX17TM 7.5 7.5 7.5 7.5 75 75 #2, #3, #4, #5
GCXI17N 6.5 6.5 6.5 6.5 6.5 6.5 #3, #4, #5
GCXI17N 7.5 7.5 7.5 7.5 75 75 #2, #3, #4, #5
GCX51 7.5 7.5 7.5 7.5 7.5 75 #5
GCX51 8.5 8.5 8.5 8.5 8.5 8.5 #2
GCXGS51 8.0 8.0 8.0 8.0 8.0 8.0 #5
GCXGS51 9.5 9.5 9.5 9.5 95 95 #2, #5
GCXY51 7.5 7.5 7.5 7.5 7.5 75 #3, #5
GCXYS51 8.5 8.5 8.5 8.5 8.5 8.5 #2, #3, #5
GCY12 7.5 7.5 7.5 7.5 7.5 75 #5
GCYS51 8.0 8.0 8.0 8.0 8.0 8.0 #5
GCYs1 10.0 10.0 10.0 10.0 10.0 10.0 #2, #5
GYC 8.0 8.0 8.0 8.0 8.0 8.0 #3, #5

D The remaining information contained in this section was obtained from the 'Capacity
Rating Procedures by the System Design Task Force of the NEPOOL Planning Committee’,

revised August 1984
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General Electric Relay Ampere Ratings

General Winter Rating(Amperes) Summer Rating(Amperes)
Electric Normal Emergency Normal Emergency Notes
Relay Type 15 Min. | 4 Hs. 15 Min. | 12 His.

GYC 10.0 10.0 10.0 10.0 10.0 10.0 #2, #3, #5
TACS1 10.0 19.0 17.0 10.0 19.0 16.0 #6
TAC53 10.0 19.0 17.0 10.0 19.0 16.0 #6
TAC60B 10.0 19.0 17.0 10.0 19.0 16.0 #6
JBCS1E-L 10.0 19.0 17.0 10.0 19.0 16.0 #6
JBCSIM 6.0 11.0 9.0 6.0 11.0 6.0 #9
JBCS3E-L 10.0 19.0 17.0 10.0 19.0 16.0 #6
JBC53M 6.0 11.0 9.0 6.0 11.0 6.0 #9
JBC77E-L 10.0 19.0 17.0 10.0 19.0 16.0 #6
JBC77M 6.0 11.0 9.0 6.0 11.0 6.0 #9
NHCI11 8.0 9.0 9.0 8.0 9.0 9.0 #7
PIC31 12.0 22.0 20.0 12.0 22.0 19.0 #4, #6
SBC 10.0 NC NC 10.0 NC NC #3
SBD 10.0 NC NC 10.0 NC NC #3
SFC 12.0 NC NC 12.0 NC NC #3
SGC 6.5 NC NC 6.5 NC NC #3
SLC20 10.0 NC NC 10.0 NC NC #3
SLCS1 10.0 NC NC 10.0 NC NC #3
SLCG 5.0 NC NC 5.0 NC NC #3
SLCNS1 10.0 NC NC 10.0 NC NC #3
SLD 5.0 NC NC 5.0 NC NC #3
SLL 5.0 NC NC 5.0 NC NC #3
SLPG 5.0 NC NC 5.0 NC NC #3
SLX 5.0 NC NC 5.0 NC NC #3
SLXG 5.0 NC NC 5.0 NC NC #3
SLY 5.0 NC NC 5.0 NC NC #3
SLYG 5.0 NC NC 5.0 NC NC #3
SLYGS1 10.0 NC NC 10.0 NC NC #3
SLYL 5.0 NC NC 5.0 NC NC #3
SLYP 10.0 NC NC 10.0 NC NC #3
STD 5.0 NC NC 5.0 NC NC #3

D The remaining information contained in this section was obtained from the 'Capacity
Rating Procedures by the System Design Task Force of the NEPOOL Planning Committee’,
revised August 1984 69




General Electric Relay Ampere Ratings

Notes

#1 Suffix "50" series

#2 Short reach relays

#3 NC = Not Calculated

#4 Relay must not be operated continuously picked up
#5 Thermal limits are independent of the relat setting

Notes (con't)

#6 4 - 16 Amp range. Limit is same on all taps

#7 1 Amp unit

#8 1 -4 Amp unit

#9 Directional unit has 6 amp continuous rating

#10  Continuous rating from instruction book one second rating assumed
#11  Continuous rating and one sec rating from instruction book

#12 1-4,2-8,4-16 Ranges

D The remaining information contained in this section was obtained from the 'Capacity
Rating Procedures by the System Design Task Force of the NEPOOL Planning Committee’,
revised August 1984 70




Westinghouse Relay Amper e Ratings

C. Westinghouse Relays

(1)

Comments by the manufacturer:

1.

The current ratings given do not reflect any difference based on the 50°F winter ambient and
100°F summer ambient. The 100°F (37°C) summer ambient is within the 40°C (104°F)
average specified in ANSI 37.90 Std. and IEEE 313 Std.

(NOTE: ANSI C37.90 states that the limit of observable temperature rise above 55°C ambient
for relay coils as measured by the resistance method is 50°C for Class A insulation. For the
purpose of meeting this requirement, certain existing electromechanical relay designs may have
a 15°C rise greater than the above if the average ambient temperature that the relay is subjected
to throughout its life does not exceed 40°C with a maximum 55°C.)

Both electromechanical and solid state phase distance relays have continuous current ratings
based on a maximum torque angle of less than nominal. For example, the nominal maximum
torque angle of the 0.75 - 20 ohm range KD-4 is 75° for both the three phase and phase-to-
phase units. If the relay is applied using a max torque angle setting for less than 75°, then the
currents given in the table apply. Where there is a limit of less than 10 amps, the 10 amp rating
may be obtained by using a maximum torque angle equal to or greater than nominal. If the
reduced angle is necessary, the 10 amp rating may be obtained by either reducing or increasing
the setting ohms, since the setting affects the thermal capability.

The remaining information contained in this section was obtained from the 'Capacity

Rating Procedures by the System Design Task Force of the NEPOOL Planning Committeg,

revised August 1984 71



Westinghouse Relay Amper e Ratings

Westinghouse Winter Rating(Amperes) Summer Rating(Amperes)
Normal Emergency Normal Emergency Notes
Relay Type : :
15 Min. | 4 Hrs. 15 Min. | 12 Hrs.

CO-5 2.7 2.7 2.7 2.7 2.7 2.7 0.5A Tap

(0.5/2.5) 3.1 3.1 3.1 3.1 3.1 3.1 | 0.6A Tap
3.7 3.7 3.7 3.7 3.7 3.7 0.8A Tap
4.1 4.1 4.1 4.1 4.1 4.1 1.0A Tap
5.7 5.7 5.7 5.7 5.7 5.7 1.5A Tap
6.8 6.8 6.8 6.8 6.8 6.8 2.0A Tap
7.7 7.7 7.7 7.7 7.7 7.7 2.5A Tap

(2/6) 9.7 9.7 9.7 9.7 9.7 9.7 3.0A Tap
10.4 10.4 10.4 10.4 10.4 10.4 3.5A Tap
11.2 11.2 11.2 11.2 11.2 11.2 4.0A Tap
12.5 12.5 12.5 12.5 12.5 12.5 5.0A Tap
13.7 13.7 13.7 13.7 13.7 13.7 6.0A Tap

(4/12) 16.0 16.0 16.0 16.0 16.0 16.0 4.0A Tap

CO-6 Same as CO-5

CO-7 Same as CO-5

CO-8 Same as CO-5

CO-9 Same as CO-5

CO-11 1.7 1.7 1.7 1.7 1.7 1.7 0.5A Tap

(0.572/5) 1.9 1.9 1.9 1.9 1.9 1.9 | 0.6A Tap
2.2 2.2 2.2 2.2 2.2 2.2 0.8A Tap
2.5 2.5 2.5 2.5 2.5 2.5 1.0A Tap
3.0 3.0 3.0 3.0 3.0 3.0 1.5A Tap
3.5 3.5 3.5 3.5 3.5 3.5 2.0A Tap
3.8 3.8 3.8 3.8 3.8 3.8 2.5A Tap

(2/6) 8.3 8.3 8.3 8.3 8.3 8.3 3.0A Tap
9.0 9.0 9.0 9.0 9.0 9.0 3.5A Tap
10.0 10.0 10.0 10.0 10.0 10.0 4.0A Tap
11.0 11.0 11.0 11.0 11.0 11.0 5.0A Tap
12.0 12.0 12.0 12.0 12.0 12.0 6.0A Tap

D The remaining information contained in this section was obtained from the 'Capacity
Rating Procedures by the System Design Task Force of the NEPOOL Planning Committee’,
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Westinghouse Relay Amper e Ratings

Westinghouse Winter Rating(Amperes) Summer Rating(Amperes)
Normal Emergency Normal Emergency Notes
Relay Type : 5
15 Min. | 4 Hrs. 15 Min. | 12 Hrs.
(4/12) 14.0 14.0 14.0 14.0 14.0 14.0 4.0A Tap
CO Hi Lo Same as CO
CKO Same as CO
COD Same as CO
COM Same as CO
Cov Same as CO
CR Same as CO
CRN-1 5.0 8.0 5.0 5.0 8.0 5.0
H-3 5.0 5.0 5.0 5.0 5.0 5.0
HCB 10.0 10.0 10.0 10.0 10.0 10.0
HCB-1 10.0 10.0 10.0 10.0 10.0 10.0
HU 10.0 10.0 10.0 10.0 10.0 10.0
HU-1 10.0 10.0 10.0 10.0 10.0 10.0
HU-3 5.0 5.0 5.0 5.0 5.0 5.0
IRV
0.5-2 10.0 10.0 10.0 10.0 10.0 10.0 Dir Unit
2-6 10.0 10.0 10.0 10.0 10.0 10.0 Dir Unit
4-12 12.0 12.0 12.0 12.0 12.0 12.0 Dir Unit
0.5-2 5.0 5.0 5.0 5.0 5.0 5.0 Inst Unit
1-4 8.0 8.0 8.0 8.0 8.0 8.0 Inst Unit
2-8 8.0 8.0 8.0 8.0 8.0 8.0 Inst Unit
4-16 10.0 10.0 10.0 10.0 10.0 10.0 Inst Unit
ITH 0.5 0.5 0.5 0.5 0.5 0.5 0.25 - 0.5A
1.0 1.0 1.0 1.0 1.0 1.0 0.5-1.0A
2.0 2.0 2.0 2.0 2.0 2.0 1-2A
4.0 4.0 4.0 4.0 4.0 4.0 2 -4A
8.0 8.0 8.0 8.0 8.0 8.0 2-8A
12.0 12.0 12.0 12.0 12.0 12.0 6 - 12A
KC-2 5.0 5.0 5.0 5.0 5.0 5.0 0.5-2A

D The remaining information contained in this section was obtained from the 'Capacity
Rating Procedures by the System Design Task Force of the NEPOOL Planning Committee’,

revised August 1984
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Westinghouse Relay Amper e Ratings

Westinghouse Winter Rating(Amperes) Summer Rating(Amperes)
Normal Emergency Normal Emergency Notes
Relay Type
15 Min. | 4 Hrs. 15 Min. | 12 Hrs.
8.0 8.0 8.0 8.0 8.0 8.0 1-4A
8.0 8.0 8.0 8.0 8.0 8.0 |2-8A
10.0 10.0 10.0 10.0 10.0 10.0 |4-16A
KC4 Same as KC-2
KD-3 10.0 10.0 10.0 10.0 10.0 10.0 | 07926122C anzA
8.0 8.0 8.0 8.0 8.0 8.0 | 26093.520zCalza
KD-3 6.0 6.0 6.0 6.0 6.0 6.0 | 365249422CalzA
5.0 5.0 5.0 5.0 5.0 50 | sos6suzCanza
10.0 10.0 10.0 10.0 10.0 10.0 | 7:0999.8822C an za
8.5 8.5 8.5 8.5 8.5 8.5 10.09-13.652C all ZA
10.0 10.0 10.0 10.0 10.0 10.0 | B8s14szCazA
8.5 8.5 8.5 8.5 8.5 8.5 15.13-20 47 all ZA
KD-4 15.0 15.0 15.0 15.0 15.0 150 [0.23-0.59Q
(0.2 - 4.35) 10.0 10.0 10.0 10.0 10.0 100 |0.6-1.447Q
15.0 15.0 15.0 15.0 15.0 150 | 1.47-2.09Q
10.0 10.0 10.0 10.0 10.0 100 [2.14-2.89Q
15.0 15.0 15.0 15.0 15.0 150 [3.03-3.14Q
10.0 10.0 10.0 10.0 10.0 100 [3.21-4.34Q
KD-4 10.0 10.0 10.0 10.0 10.0 100 [0.737-2.39Q
(0.75 - 20) 8.0 8.0 8.0 8.0 8.0 8.0 [246-3.41Q
6.0 6.0 6.0 6.0 6.0 6.0 |3.44-4.78Q
5.0 5.0 5.0 5.0 5.0 50  |4.92-7.07Q
10.0 10.0 10.0 10.0 10.0 100 |7.26-9.55Q
8.5 8.5 8.5 8.5 8.5 85 |9.83-14.14Q
10.0 10.0 10.0 10.0 10.0 100 |14.80Q
9.5 9.5 9.5 9.5 9.5 9.5 14.7-21.2Q
KD-4 10.0 10.0 10.0 10.0 10.0 100 |1.1-3.59Q
(1.1-30) 8.0 8.0 8.0 8.0 8.0 8.0 [3.69-5.12Q
6.0 6.0 6.0 6.0 6.0 6.0 |516-7.17Q

D The remaining information contained in this section was obtained from the 'Capacity
Rating Procedures by the System Design Task Force of the NEPOOL Planning Committee’,

revised August 1984
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Westinghouse Relay Amper e Ratings

Westinghouse Winter Rating(Amperes) Summer Rating(Amperes)
Normal Emergency Normal Emergency Notes
Relay Type
15 Min. | 4 Hrs. 15 Min. | 12 Hrs.
5.0 5.0 5.0 5.0 5.0 5.0 7.38 - 10.61 Q
10.0 10.0 10.0 10.0 10.0 10.0 10.89 - 14.33 Q
8.5 8.5 8.5 8.5 8.5 8.5 14.75-21.21 Q
10.0 10.0 10.0 10.0 10.0 10.0 22.2Q
9.5 9.5 9.5 9.5 9.5 9.5 22.1-31.8Q
KD-5 Same as KD-4 (0.2 - 4.35)
(0.2-4.35)
KD-5 Same as KD-4 (0.75 - 20)
(.75-20)
KD-5(1.1-30) Same as KD-4 ( 1.1 - 30)
KD-10 10.0 10.0 10.0 10.0 10.0 10.0 0.2 - 4.5Q
10.0 10.0 10.0 10.0 10.0 10.0 0.75-21.2Q
KD-10 10.0 10.0 10.0 10.0 10.0 10.0 1.27 - 5.90 Q
(1.27-36.7) 7.0 7.0 7.0 7.0 7.0 7.0 |594-825Q
6.0 6.0 6.0 6.0 6.0 6.0 8.5-12.20Q
10.0 10.0 10.0 10.0 10.0 10.0 12.5-16.5Q
8.0 8.0 8.0 8.0 8.0 8.0 17.0 -24.4 Q
9.0 9.0 9.0 9.0 9.0 9.0 25.5-36.7Q
KD-11 Same as KD-10
KD-41 Same as KD-4
KDTG 10.0 10.0 10.0 10.0 10.0 10.0
KDXG 10.0 10.0 10.0 10.0 10.0 10.0
KH-1 5.0 5.0 5.0 5.0 5.0 5.0
KO-3 5.0 5.0 5.0 5.0 5.0 5.0 0.5-2A
8.0 8.0 8.0 8.0 8.0 8.0 1-4,2-8A
10.0 10.0 10.0 10.0 10.0 10.0
KRV 5.0 5.0 5.0 5.0 5.0 5.0 0.5-2A
8.0 8.0 8.0 8.0 8.0 8.0 1-4,2-8A
10.0 10.0 10.0 10.0 10.0 10.0 4 -16, 10 - 40A
KS 10.0 10.0 10.0 10.0 10.0 10.0 0.87 - 3 Tap
(0.75 - 20) 7.0 7.0 7.0 7.0 7.0 7.0 | 4.2 Tap

D The remaining information contained in this section was obtained from the 'Capacity
Rating Procedures by the System Design Task Force of the NEPOOL Planning Committee’,
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Westinghouse Relay Amper e Ratings

Westinghouse Winter Rating(Amperes) Summer Rating(Amperes)
Normal Emergency Normal Emergency Notes
Relay Type
15 Min. | 4 Hrs. 15 Min. | 12 Hrs.

5.0 5.0 5.0 5.0 5.0 5.0 5.8 Tap
KS 10.0 10.0 10.0 10.0 10.0 10.0 0.6 - 3.68 Tap
(0.51 - 30) 7.0 7.0 7.0 7.0 7.0 7.0 |5.5 Tap

5.0 5.0 5.0 5.0 5.0 5.0 8.2 Tap
KST 10.0 10.0 10.0 10.0 10.0 10.0 0.757 -3.54 Q
(0.75 - 20) 7.0 7.0 7.0 7.0 7.0 7.0 3.65-4.96 Q
KST 5.0 5.0 5.0 5.0 5.0 5.0 5.04 -6.84 Q
(0.75-20) 7.0 7.0 7.0 7.0 7.0 7.0 |7.30-9.91Q
cont 5.0 5.0 5.0 5.0 5.0 5.0 10.1-13.7Q

7.0 7.0 7.0 7.0 7.0 7.0 14.86 Q

5.0 5.0 5.0 5.0 5.0 5.0 15.13-20.5 Q
POQ 5.0 5.0 5.0 5.0 5.0 5.0
SA-1 20.0 20.0 20.0 20.0 20.0 20.0
SBF 8.0 8.0 8.0 8.0 8.0 8.0 0.5-2A
SBF 10.0 10.0 10.0 10.0 10.0 10.0 1-4A
SBFU Same as SBF
SC 1.5 1.5 1.5 1.5 1.5 1.5 0.5-2A

3.0 3.0 3.0 3.0 3.0 3.0 1-4A

6.0 6.0 6.0 6.0 6.0 6.0 2 -8A

12.0 12.0 12.0 12.0 12.0 12.0 4 - 16A
SC-1 Same as SC
SCO 1.6 1.6 1.6 1.6 1.6 1.6 0.5 Tap
0.5-12) 3.3 3.3 3.3 3.3 3.3 33 | 1.0Tap

4.9 4.9 4.9 4.9 4.9 4.9 1.5 Tap

6.5 6.5 6.5 6.5 6.5 6.5 2.0 Tap

8.1 8.1 8.1 8.1 8.1 8.1 2.5 Tap

9.8 9.8 9.8 9.8 9.8 9.8 3.0 Tap

11.4 11.4 11.4 11.4 11.4 11.4 3.5 Tap

13.0 13.0 13.0 13.0 13.0 13.0 4.0 Tap

16.3 16.3 16.3 16.3 16.3 16.3 5.0 Tap

D The remaining information contained in this section was obtained from the 'Capacity
Rating Procedures by the System Design Task Force of the NEPOOL Planning Committee’,

revised August 1984
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Westinghouse Relay Amper e Ratings

Westinghouse Winter Rating(Amperes) Summer Rating(Amperes)
Normal Emergency Normal Emergency Notes
Relay Type : :
15 Min. | 4 Hrs. 15 Min. | 12 Hrs.

SD-2 5.0 5.0 5.0 5.0 5.0 5.0 T=6.4, 12.8
10.0 10.0 10.0 10.0 10.0 10.0 T=0.8, 1.6, 3.2

SDB 10.0 10.0 10.0 10.0 10.0 10.0 1.51 - 3.5 Tap
8.0 8.0 8.0 8.0 8.0 8.0 5.0 Tap
6.0 6.0 6.0 6.0 6.0 6.0 7.1 Tap
5.0 5.0 5.0 5.0 5.0 5.0 10.0 Tap

SDBU-2 Same as SDB

SDG 10.0 10.0 10.0 10.0 10.0 10.0

SDGU 10.0 10.0 10.0 10.0 10.0 10.0

SDU-1 10.0 10.0 10.0 10.0 10.0 10.0

SI 6.0 6.0 6.0 6.0 6.0 6.0 0.25- 1A
8.0 8.0 8.0 8.0 8.0 8.0 0.5-2A
10.0 10.0 10.0 10.0 10.0 10.0 1-4A

SI 12.0 12.0 12.0 12.0 12.0 12.0 2 -8A
15.0 15.0 15.0 15.0 15.0 15.0 4 - 16A

SI-1 Same as SI

SI-T(0.5 - 16) 7.0 7.0 7.0 7.0 7.0 7.0 0.5-2A

SI-T(0.5 - 16) 15.0 15.0 15.0 15.0 15.0 15.0 2-8A

SIU Same as SI

SIU 3.5 3.5 3.5 3.5 3.5 3.5 0.25- 1A

Compensated 7.0 7.0 7.0 7.0 7.0 7.0 0.5-2A

SKB 10.0 10.0 10.0 10.0 10.0 10.0

SKB-1 Same as SKB

SKBU Same as SKB

SKBU-1 Same as SKB

SKBU-2 Same as SKB

SKBU-2A Same as SKB

SKBU-11 7.0 7.0 7.0 7.0 7.0 7.0

SKBU-21 Same as SKBU-11

D The remaining information contained in this section was obtained from the 'Capacity
Rating Procedures by the System Design Task Force of the NEPOOL Planning Committee’,

revised August 1984
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Westinghouse Relay Amper e Ratings

Westinghouse Winter Rating(Amperes) Summer Rating(Amperes)
Normal Emergency Normal Emergency Notes
Relay Type
15 Min. | 4 Hrs. 15 Min. | 12 Hrs.
SKD 10.0 10.0 10.0 10.0 10.0 10.0 0.195-0.571 Q
0.2 -4.35) 8.0 8.0 8.0 8.0 8.0 8.0 [0.585-0.758Q
6.0 6.0 6.0 6.0 6.0 6.0 0.78 -1.01 Q
5.0 5.0 5.0 5.0 5.0 5.0 1.04 - 1.50 Q
10.0 10.0 10.0 10.0 10.0 10.0 1.56-2.02 Q
8.5 8.5 8.5 8.5 8.5 8.5 2.08-3.0Q
10.0 10.0 10.0 10.0 10.0 10.0 3.03Q
9.5 9.5 9.5 9.5 9.5 9.5 3.13-4.5Q
SKD(.73-21.0) 10.0 10.0 10.0 10.0 10.0 10.0 0.737-2.39Q
SKD 8.0 8.0 8.0 8.0 8.0 8.0 2.46-3.41Q
(.73-21.0) 6.0 6.0 6.0 6.0 6.0 6.0 |3.44-477Q
(con’t 5.0 5.0 5.0 5.0 5.0 5.0 |4.92-7.08Q
10.0 10.0 10.0 10.0 10.0 10.0 7.26 - 9.55 Q
8.5 8.5 8.5 8.5 8.5 8.5 9.85-14.1Q
10.0 10.0 10.0 10.0 10.0 10.0 14.3Q
9.5 9.5 9.5 9.5 9.5 9.5 14.7-21.3Q
SKD 10.0 10.0 10.0 10.0 10.0 10.0 1.11-3.59 Q
(1.1 -31.8) 8.0 8.0 8.0 8.0 8.0 8.0 3.68-5.11Q
6.0 6.0 6.0 6.0 6.0 6.0 5.16-7.17 Q
5.0 5.0 5.0 5.0 5.0 5.0 7.37 -10.6 Q
10.0 10.0 10.0 10.0 10.0 10.0 10.9-14.3Q
8.5 8.5 8.5 8.5 8.5 8.5 14.71 -21.2Q
10.0 10.0 10.0 10.0 10.0 10.0 21.5Q
9.5 9.5 9.5 9.5 9.5 9.5 22.1-31.8Q
SKD-IT Same as SKD
SKD-T Same as SKD
SKDU Same as SKD
SKDU-1 Same as SKD
SKDU-3
(1.4 - 40) 1.39 - 6.57Q

D The remaining information contained in this section was obtained from the 'Capacity
Rating Procedures by the System Design Task Force of the NEPOOL Planning Committee’,

revised August 1984
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Westinghouse Relay Amper e Ratings

Westinghouse Winter Rating(Amperes) Summer Rating(Amperes)
Normal Emergency Normal Emergency Notes
Relay Type
15 Min. | 4 Hrs. 15 Min. | 12 Hrs.
(1.74 - 50) 1.74 - 8.16 Q
Combined 10.0 10.0 10.0 10.0 10.0 10.0
(1.4 - 40) 6.72 -13.3Q
(1.74 - 50) 8.4-16.1Q
Combined 5.0 5.0 5.0 5.0 5.0 5.0
(1.4 - 40) 13.8 - 40.0 Q
(1.74 - 50) 16.8 - 50.0 Q
Combined 8.5 8.5 8.5 8.5 8.5 8.5
(1.4 - 40) 1.39 - 6.57* Q
(1.74 - 50) 1.74 - 8.16* Q
Combined 10.0 10.0 10.0 10.0 10.0 10.0 * §=2 setting
(1.4 - 40) 1.39 - 6.57* Q
(1.74 - 50) 1.74 - 8.16%* Q
Combined 10.0 10.0 10.0 10.0 10.0 10.0 ** §=3 setting
SKDU-31 Same as SKDU-3
SKSU
LR 1.11 - 3.59Q
SR 0.87-2.03Q
Combined 10.0 10.0 10.0 10.0 10.0 10.0
LR 3.68-5.11Q
SR 2.9Q
Combined 8.0 8.0 8.0 8.0 8.0 8.0
LR 5.16-7.17Q
SR 4.06 Q
Combined 6.0 6.0 6.0 6.0 6.0 6.0
LR 7.37 - 10.6 Q
SR 5.8Q
Combined 5.0 5.0 5.0 5.0 5.0 5.0
LR 10.9 - 14.3Q
SR 4.06 Q
D The remaining information contained in this section was obtained from the 'Capacity

Rating Procedures by the System Design Task Force of the NEPOOL Planning Committeg,

revised August 1984
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Westinghouse Relay Amper e Ratings

Westinghouse Winter Rating(Amperes) Summer Rating(Amperes)
Normal Emergency Normal Emergency Notes
Relay Type
15 Min. | 4 Hrs. 15 Min. | 12 Hrs.
Combined 10.0 10.0 10.0 10.0 10.0 10.0
LR 14.71 - 21.2 Q
SR 5.8Q
Combined 8.5 8.5 8.5 8.5 8.5 8.5
LR 21.5Q
SR 4.06 Q
Combined 10.0 10.0 10.0 10.0 10.0 10.0
LR 22.1-31.8Q
SR 5.8Q
Combined 9.5 9.5 9.5 9.5 9.5 9.5
SLB 5.0 5.0 5.0 5.0 5.0 5.0
SP Same as SKD
SP-1 Same as SKD
SPCU 10.0 10.0 10.0 10.0 10.0 10.0
SPCU-1 Same as SPCU

D The remaining information contained in this section was obtained from the 'Capacity
Rating Procedures by the System Design Task Force of the NEPOOL Planning Committee’,

revised August 1984
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LINE TRAPS

A line trap usually consists of an air-core inductance coil in series with a power line conductor and
tuned to parallel resonance by means of a tuning pack. NEMA Standard SG-11-1955 was the only
industry standard covering line traps until November 1971 when it was rescinded. In 1981 ANSI
published a new standard for line traps to replace the old NEMA Standard. This ANSI Standard
has titled "Requirement for Power Line Carrier Line Traps" ANSI C93.3-1981, dated Sept 12,
1980(later withdrawn)(Reference #1). The following statement is extracted from the 1981
Standard:

'Line traps are designed within temperature rise limitations to ensure normal life expectancy.
Any value of current in excess of the rated current in this standard may cause the designed
temperature rise to be exceeded and may shorten the life expectancy of the line trap. Table
A-1, however, shows percentages of rated continuous current that have been selected to
minimize the reduction in operating life and should be applied with great care’.

During the 1994 review of the 'FINAL REPORT NEW YORK POWER POOL TASK FORCE
ON TIE LINE RATINGS, June, 1982', it was discovered that the proposed standards for line
traps has been withdrawn and consequently there is no formal standard for this piece of
equipment. However, since a letter from Trench Electric(date unknown), confirms some Table
A-1 entries and refutes none, it is the recommendation of the 1995 New York Power Pool Task
Force on Tie Line Ratings to remain with the same ratings developed by the 1982 Task Force on
Tie Line Ratings.

Table A-1 has been supplemented to include normal continuous ratings at various ambient
temperatures, and to include rating factors for 35°C and 10°C. These adjustments are based on
the following equation from "Rate Substation Equipment for Short Time Overloads”, by Cronin
and Bayless of Westinghouse, Electrical World Magazine, April 15, 1972 (Reference #2):

40°C-0,C

| =] 1+( ) Equation 1

g 400

where [, = Permissible continuous load at actual ambient (I, not to exceed £+ 110 percent
of Iy)
Iy = Rated continuous load at 40°C ambient
0, = Actual ambient temperature, degrees C
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TABLE A-1

Normal and Emergency Overload Current is a Percentage of Rated Continuous Current
Ambient Emergency Period Normal'
Temperature °C 15 Minutes | 30 Minutes 1 Hour 4 Hours Continuous

45 138 128 118 98

40 140 130 120 110 100
35! 141 131 121 111 101
20 145 135 125 115 105
10! 150 139 129 118 107

0 150 140 130 120 110
-20° 155 145 135 125 110
-40° 160 150 140 130 110

Note: 1)

These rating factors were derived using Equation No. 1. All other rating factors are

from ANSI Standard C93.3-1981. Unfortunately, line trap standard activity has ceased
and C93.3 was been withdrawn.

2) These entries come from a Trench Electric letter which also confirms many of the other

table entries.

The rating factors to be used in the New York Power Pool for line traps are:

Season Normal LTE STE
Summer(35°C) 101% 111% 141%
Winter(10°C) 107 % 118% 150%
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DISCUSSION of NEPOOL RATING CALCULATION

The Task Force obtained an application guide from New England which made use of the following
formula to determine NORMAL ratings:

Ty is a hottest spot temperature rise from ANSI C93.3, Table 6, plus 40°C design ambient. That
table refers to an "Insulation Index", about which we were not able to locate any information.

T, is the actual ambient.
T, is the design ambient temperature(40°C if manufactured to ANSI Standards)
When the results of using this formula were compared to the present NYPP formula, the rating

factors were higher for all values of the "insulation index". Therefore, without further
information, this formula is not recommended.
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LINE TRAPS

ANSI Standards

1. C93.2 - 197X Requirements for Power Line Carrier Line Traps

2. Rate Substations Equipment for Short Time Overloads, by J. H. Cronin and R. S. Bayless,
Electrical World, April 15, 1972
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SUBSTATION BUS CONDUCTORS

Synopsis

Ampacity requirements for bus conductors are usually determined by the full-load ratings of the
attached equipment or transmission lines. Temperature limitations of the connected equipment
may be a factor in determining conductor loading limits when operation of conductors at excessive
temperatures may cause damage to the connected equipment by transfer of heat. Bus conductor
ampacity limits are affected by conductor size, material, wind velocity, ambient temperature,
convective heat loss, radiation heat loss and solar heat gain.

Ampacity rating factors for rigid bus conductors are based on information given in ANSI/IEEE
Std. 605-1987 (Reference #1). Ampacity rating factors for bare cable bus conductors are
determined using the rating factors used for transmission line conductors, except that for
substation bus conductor ampacity calculations, a wind velocity to two feet per second (fps) must
be considered.

Discussion

Substation electric power equipment have full-load ratings which are set by the limitations of the
actual operating temperature. Accordingly, bus conductors should not be operated at temperatures
which would cause heat to flow into the equipment. This requires that the calculated bus
conductor ampacity ratings and operating temperatures be closely coordinated with the full-load
ratings and thermal limitations of any connected equipment.

The general temperature rise equation for calculation of bus conductor loading amperes for normal
and LTE operating conditions are:

Where
=  conductor loading amperes
g, = convective heat loss
q, = radiation heat loss
g, = solar heat gain
R = direct current resistance at the conductor temperature
F = skin effect co-efficient 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
(Reference #1 and #2).
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The appropriate equations for determination of the ampacity factors for rigid bus conductors are
defined in Appendix B on substation bus conductors. The ampacity factors for bare cable
conductors are defined in Appendix A on transmission line conductors except that a wind velocity
of 2 fps should be utilized.

The temperature limitation rating factors apply for both rigid bus and strain bus conductors. More
conservative temperature limitation rating factors may be required for bus conductors directly
connected to electrical equipment. Conductors connected to electrical equipment should not be
operated at temperatures which would cause heat to flow into equipment. If the thermal limits of
the equipment is unknown, the following conductor temperature limitations should be applied for
conductors connected to electrical equipment.

BUS CONDUCTOR TEMPERATURE LIMITATIONS

Summer Winter
N LTE STE N LTE STE
Aluminum 85°C 95°C 105°C 85°C 95°C 105°c
ACSR 95°C 115°C 125°C 95°C 115°C 125°¢c
Copper 75°C 100°C 125°C 75°C 100°C 125°C
Equipment 85°C 95°C 105°C 85°C 95°C 105°C
Connections
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SUBSTATION BUS CONDUCTORS

1. ANSI/IEEE Std 605-1987, IEEE Guide for Design of Substation Rigid-Bus Structures.

2. Loading of Substation Equipment with Emphasis on Thermal Capability. Part I:
Principles, by B. J. Conway, D. W. McMullen, A. J. Peat and J. M. Scofield - IEEE
Transactions, Power Apparatus and Systems Vol. PAS-98, No. 4, July/Aug. 1979 pp.
1394-1402

3. Loading of Substation Equipment with Emphasis on Thermal Capability, Part II:
Application, by I. S. Benko, D. E. Cooper, D. O. Craghead and P. Q. Nelson - IEEE
Transactions, Power Apparatus and Systems Vol. PAS-98, No. 4, July/Aug. 1979
pp-1403-1419
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SERIES REACTORS

The use of series reactors on the existing NYPP Bulk Power System is limited to a few
locations. The standard covering the use of series reactors in the American Standard Requirement,
Terminology, and Test Code for Current-Limiting Reactors, C57.16-1958. The ANSI's Appendix
C57.99, the Guide for Loading Dry-Type and Oil-Immersed Current-Limiting Reactor published
in 1965 is being used by the industry. This guide is believed to be under consideration for
review.

One NYPP member's practice is to request the reactor manufacturers to match the rating of
the transmission lines containing the planned series reactor(s). After the series reactor is installed,
the rating used for the reactor supplied by the manufacturers is used. Presently, the NYPP System
has a limited use of series reactors. The Task Force recommends the use ratings provided by
the manufacturers.

The guide provides general recommendations for loading both Dry-Type and Oil-Immersed
current limiting reactors. It covers physical limitation, reactor life expectancy, rated load, effect
of temperature of loading, etc.

The following example shows one of the many tables from the guide. It indicates the "Daily
Peak Loads Above Name Plate Rating to Give Normal Life Expectancy in 30 C Average Ambient
for Dry-Type 55°C or 80°C Rise Selt-Cooled":

Time Rated Amperes
Peak Load Dry-Type 55°C or 80°C Rise Self-Cooled(AA)
Time in Following and Followed by a Constant Load of
Hour 90 Percent 70 Percent 50 Percent

1/2 1.21 1.51 1.70

1 1.09 1.25 1.34

2 1.04 1.09 1.13

4 1.00 1.01 1.03

8 1.00 1.00 1.00

Other tables in the guide have similar data for Forced-Air-Cooled, Forced-Oil etc.

Final draft 6/30/95 88



The thermal time constant formula for a Dry-Type reactor at rated load is shown below:

et

W

t
T, = Time constant at rated load.
C = 0.06(weight of coil assembly in pounds, less weight of bottom disc and mounting
insulators).
0, = Temperature at rated load.

W, = Watts loss at 75°C at rated load.

The following table indicates the "Daily Peak Loads Above Name Plate Rating to Give Normal
Lite Expectancy in 30 C Average Ambient":

Time Rated Amperes
Peak Load .
Ti . Oil-Immersed self-cooled or water-cooled (OA or OW)*
ime in
Hour Following and Followed by a Constant Load of
90 Percent 70 Percent 50 Percent
12 1.64 1.78 1.89
1 1.39 1.49 1.58
2 1.24 1.32 1.37
4 1.13 1.17 1.19
8 1.06 1.07 1.08

*Average ambient of 25°C for water-cooled reactors. Minimum water temperature must be 0°C.

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 C(0,, -0,
W.-W_

T: Thermal time constant
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C Thermal capacity of reactor, watts-hours per degree C
®hu3 Ultimate hottest-spot winding temperature

®hi3 Initial hottest-spot winding temperature
W;: Initial watts lossat 75°C
W, Ultimate watts loss at 75°C
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DRY TYPE CURRENT LIMITING REACTORS

- RATING FACTORS(%) --

Season SUMMER WINTER
Operating Conditions Ambient | Normd/ | LTE STE | Ambient | Normd/ | LTE STE

8hour | 4hours | 30 min. 8 hours | 4 hours | 30 min.

55°C rise - dry-type, self-cooled 35°C 96% 96% 116% 10°C 114% 114% | 140%
* Following and followed by a ,

constant load of 90 percent 30°C 100% 100% | 121% 5°C 118% 118% | 142%

* Altitude does not exceed 3,300 feet 25°C 104% | 104% | 125% °C 121% | 121% | 146%

| N N | N

80°C rise - dry-type, self-cooled 35°C 98% 98% 118% 10°C 109% 109% | 109%
* Following and followed by a ,

constant load of 90 percent 30°C 100% 100% | 121% 5°C 111% 111% | 136%

* Altitude does not exceed 3,300 feet 25°C 102% | 102% | 124% 0°C 114% | 114% | 137%

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

NOTE 2: Thefollowing factors from the Guide are used for the calculations:

For 55°C RISE DRY-TY PE:

0.70% increase for each degree C temperature BELOW 30°C

For 80°C RISE DRY-TY PE:

0.45% increase for each degree C temperature BELOW 30°C
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0.85% decrease for each degree C temperature ABOVE 30°C

0.50% decrease for each degree C temperature ABOVE 30°C




SERIES REACTORS
(References)

ANSI Standards

1. C57.16-1958 Requirement, Technology, and Test Code for Current-Limiting
Reactors.

2. Appendix C57.99-1965. ApplicationGuide for Loading Dry-Type and Oil-Immersed Current-
Limiting Reactors.
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SERIES CAPACITORS

Synopsis

The standard requirements for series capacitors are covered in ANSI Standards 824-1985. This
standard applies to capacitors and assemblies of capacitors, insulation means, switching and
protective equipment, and control accessories that form a complete installation for inserting in
series with a transmission or distribution line.

The capacitor bank shall be designed for continuous operation in outdoor locations with
unrestricted ventilation and direct sunlight under the ambient temperatures given in Table 1.

Table 1
Maximum Ambient Air Temperature (°C)

Mounting Arrangement 24 Hour Average Normal Annual
Isolated capacitor 46 35
Single row of capacitors 46 35
Multiple rows and tiers of 40 25
capacitors

Metal-enclosed or housed 40 25
capacitors

The series capacitor bank shall be capable of withstanding the rated continuous current, system
swing, emergency loading, continuous current as specified by the user in the general form
illustrated in Fig 1.

The life of a capacitor may be shortenend by overstressing, overheating,or physical damage.

Therefore, the life depends upon the control of operating conditions involving voltage,
temperature
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limits, and physical care. Table 2 indicates the short-time capability based on the occurrence of

overvoltage when the internal temperature of the capacitor unit is less than 0 °C.

Table 2

Transient Overvoltage and Overcurrent

Probable No. of Switching

Permissible Peak Transient
Voltage (Multiplying

Permissible Peak
Transient Current
(Multiplying Factor to be

Operations Per Year Factor to be Applied to Applied to RMS Rated
RMS Rated Voltage) Current)
4 5 1500
40 4 1150
400 3.4 800
4000 2.9 400
200
167 [~
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Figure 1

Typical Time-Current Profile on Reinsertion of Capacitor Bank
(After Fault and Loss of Parallel Line)
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MANUAL METHOD
OF
CALCULATING CONDUCTOR AMPACITY

Calculating the ratings of aconductor involves steady-state and transient heat flow calculations. What
followsisabrief review of the basic stepsinvolved in making such calculations. The IEEE Sd 738-
1993 includesboth a computer programlisting(basic) and a floppy disk containing theruntimeversion
for calculating steady-state and transient conductor ratings. The manual methods presented are based
on the |EEE Standard.

Thefundamental relationshipsfor steady-state convected heat |ossfor horizontal wiresdiscussedinthe
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
Sandard 738-1993, Cal cul ating the Current Temperature Rel ationship of Bare Overhead Conductors.
This new standard includes a wind angle factor formula. The angle used isthat between the wind and
the conductor (0°=parallel, 90°=perpendicular). Thisfactor hasbeen added to this section of the 1995
report.

A conductor under transient |oading conditions may be classified asaheat flow system with negligible
internal thermal resistance. A justifiable assumption isthat 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 istransferred from a high temperature body to
abody at alower 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. Itismost important asamechanism
of energy transfer between a solid surface and aliquid or agas. The
subscript for convectionis"c".
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HEAT RADIATED g,

HEAT ABSORBED g
rise (sun effect)

HEAT CAPACITY,
Conductor

SPECIFIC HEAT

a =0 (A e [(TY*- (T

where o (Sgma) isthe Stefan-Boltzmann constant with avalue equal to
5275 x 10® watts per square foot per °K* and e (Epsilon) is the
emissivity factor, with an agreed upon average value of 0.6 to be used
for NY PP ratings.

Energy absorbed from the sun’sradiation which resultsin a temperature
of aconductor.

Thequantity of heat energy requiredto raisethetemperatureof one linear
foot of conductor by 1 degree in a specified way, watt-sec/ft- °C.

Thequantity of heat required to raise the temperature of aunit of weight
of material by 1 degree, Cal/gm-°C or watt-sec/Ib-°C.

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

Since there are many variables involved, Table | 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 |
SYMBOLS, DEFINITIONSAND UNITS

Conductor current - amperes at 60 Hz.

Convected heat loss - watts per lineal foot of conductor
Radiated heat 10ss - watts per lineal foot of conductor

Heat gain from the sun - watts per lineal foot of conductor
Total solar and sky radiated heat - watts per sg. ft. (Table 1)
60 Hz. AC resistance per lineal foot of conductor at temperature T (Table VII)
Ambient temperature - degreec C

Ambient temperature - degrees Kelvin #1273
Conductor temperature - degrees C

Conductor temperature - degrees Kelvin =173

Air film temperature - degrees C; ¥ (T, + T)/2

Temperature difference - degrees C

Time increment

Diameter of conductor - inches

Diameter of conductor - feet

Cross sectional area - square feet

Conductor surface area - square feet per faid/42

Projected area of conductor - square feet per lineal foot = D/12
Velocity of air stream - feet per hour

wind direction factor

Density of air at film temperature - Ibs/cubic foot (Table II)
Absolute viscosity of air at film temperature - Ibs/(hr) (ft) (Table I1)
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
Effective angle of incidence of sun's rays

Altitude of sun - degrees (Table Il)

Azimuth of sun - degrees (Table Ill)

Azimuth of line - degrees (Table 1lI)

Specific heat of conductor metal - cal./gm.-°C (Table IX)

Weight of conductor - Ibs./lineal foot (Table VIII)

Angle between the wind and conductor axis

Time constant - minutes

Subscript for aluminum

Subscript for steel



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 |EEE Standard 738-1993, making use of the following
equations.

Fundamental Steady-State Heat Balance Equation

Qe+ 0, =0+ 171y 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 isthe value of current that satisfiesthis equation. Notethat g, g, and r(T)
must be calculated for the relevant design conductor temperature(Normal or LTE).

| 9er0G,
Fo(T)

Forced Convection Heat L oss

Air density ps, air viscosity, g and coefficient of thermal conductivity of the air film at the conductor
surface, k are taken from Table Il at air film temperaturewiere:

TC+Tf
B2

The convective heat loss term now includes the wind direction fagiohered is the angle between
the wind direction and the conductor axis:

Kag = 1.194 - cos(p ) +.194 cos(d ) + .368sin( B )

The following sample values were generated from this formula:

¢ Kang

o 1.000
45 0.855
3¢ 0.744
20° 0.639




0° 0.388

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

Thefirst formula

=K ang[1.01+0. 371[ " ]0'52kf(Tc—Ta)vvatts/ft.ofconductor
f

D p.V
isfor values of —oPr 0.1 to 1,000, where D ;= conductor diameter in feet.
Hy
The second formula
Dopr 0.6
0.=0.169%, [ 17°k(T.- T, )watts/ft.ofconductor

f

opf

My

isfor

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

The |EEE Standard 738 recommends using thelarger of the two g.valuesfor agiven conductor diameter.

A formulafor natural convection heat lossisalso provided in thisstandard. It isrecommended to use the
larger of thenatural or forced convection heat loss. No combined effect isconsidered. Natural convection

heat lossis numerically about the same asforced convection losswith awind speed of 3 ft/sec and awind
angle of zero degrees.

Radiated Heat L oss

g,=oeA(K 2 -K$)=0.5275x10 8[=] (KK
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Solar Heat Gain

0s = aQy(sin(B)A’

Effective angle of incidence of solar radiation(see Tables 111 through V1):
0 = Cos?| (cosH,) cos(Z, - Z) ]

solar absorbtivity:

o=0.6

2. From the above calculate the net rate of heat |oss:

Onorma = (D + A)normal - s Watts/ft of conductor and g, = (Q. + ;). 1e - s Watts/ft of conductor

Calculate normal and LTE current ratings:

Urormal _ Oite
normal ~ ﬁamperes Ilte_ r (T e)amperes
ac\ " normal ac\ It



CALCULATING THE SHORT-TIME RATING

Becausethe short-timerating period islimited to 15 minutes, most conductors can actually carry aheavier
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:

T (O)=T+(T,,~T) —g )

At the equation shows, therate of conductor temperature rise dependson T, the ultimate steady-
state temperature that would result if the STE current was continuous, and time constant t. 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 T, and initial temperature T,. For NYPP ratings, T, is the Normal rating
conductor temperature limit.

1. Computer Calculation

The STE current ratings and the T, and T parameters can be determined by use of the |EEE Std.
738-1993 software. The STE time period and limiting temperature, and T, 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 AT, during atime increment At is calculated from:

AT - (1°R+q4-q,-q )At _ NetHeatInput
¢ Cw HeatCapacity

Thevauesof q, g, and g, are calculated from the same equations as for steady-state with the assumption
that these are valid for the transient period. Temperature increment AT, is added to T, to get a new
conductor temperature T, = T,+AT.. Heat input I°R and losses g, and g, are then recal culated for the new
T.and AT, iscaculated for the next timeincrement using the new g, and g.. The process continuesto 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 isthe STE rating.

Having found the STE current, parameters T, and t 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 NY PP ambient
conditions. Thisis parameter T .

2. Calculate conductor temperature T, =T, + .0.63(T ;.- T)



3. From the temperature - vs - time curve provided by the program, find the time corresponding to
the Tc value. Thisisthetime constant t.

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

STE rating calculationsfor arange of ACSR conductors, Table A-1 and figure A-1, show that for
477 kem 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 T, and t.
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 |oss, due to time and temperature constraints of
the STE rating.

It isexpected that the |EEE 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.

TableA-1
Calculated valuesof T, T, and conductor temperature at 5 minutes after the start
of STE operation, | EEE method, ambient 35°C.

ACSR Wind Wind Angle Tt T T.@t=5min.
Conductor | Stranding Speed Degrees DegreeC Min. DegreeC
Ft/sec
1/0 6/1 3 90 125 29 119.7
4/0 6/1 3 90 127 4.9 1155
477 30/7 3 90 132 8.9 110.9
795 26/7 3 90 137 11.9 1094
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

Whileit 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:

-T.)(e “""-1)whereAt=durationofSTEoperation

ult

= T
Tc:TuItJFE(T




Conductor Temperature vs. Time
at STE Current Loading for ACSR
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Wind = 3fps, Wind Angle = 90deg
Ambient temp. =35 deg C

Figure A-1 Temperature vs Time for STE operation for a range of
ACSR conductors, NY PP summer ambient.

2. Manual
Calculation

The STE Rating for overhead conductors can be estimated by amanual 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 afew percent of computer calculated ratings are still attainable.

The following empirical calculation method makes use of the observation that temperature-vs.-
time curvessuch asthosein figure A-1, fall inanarrow range for anumber of common conductor sizes.
Thisisdueto 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 afixed temperature that isnear
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 equationis

(1%r (T, )+0,-q.-0 At
CW

ATc:Tste_Tn:



Solving the equation for current | resultsin aformulafor | .

1 CWMT,-T)

I - —
ste raC(TC) [ At qs+qr+qo]

LUV T g™ 1)
where At = duration of the STE current = 15 minutes or 900 sec. Theterm At

is the constant rate of heat input required to raise the conductor temperature from T, to T, in time At.

In using the formula, parametersq, q,, r.(T.) 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 g, isthesamefor Normal and LTE calculations. In calculating heat capacity CW,
the specific heat valuefrom Table | X must be multiplied by the factor 1898.76 to convert the unitsto watt-
sec/Ib-deg C. For ACSR and other compositesthe sum of the heat capacities of each material isused, i.e.:

CW =C,W, + C Wy
Results from the above procedure will be within afew 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 |, are required, results from the formula can be reduced by 3-5 percent.
For small conductorsthat closely approach or reach steady-state by theend of the STE timeperiod,

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 lossesand r (T,) are calculated at the STE temperature limit.
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Viscosity, Density and Thermal Conductivity of Air

TABLE I

Temperature Absolute Density®@ Air Ib/cu. ft. p; Thermal Conductivity
Viscosity © of Air @ watts/(sq ft)

°F °C °K (°K/100)* Ib/(hr) (ft) W Sea Level 5,000 ft. 10,000 ft. 15,000 ft. C) k

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 Y ork, 1948.

@ (604) W. H. McAdams, Heat Transmission, 3rd edition, McGraw-Hill Book Company, New Y ork, 1954.
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TABLE 111

FACTORSFOR 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 EtoWw EtoWw
Azimuth of Line Z 270°W 270°W

() 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 an
January 2 for winter. Data obtained from SIGHT REDUCTION TABLES FOR AIR NAVIGAT,JON
U.S. Navy Hydrographic Office, H.O. Publication No. 29, Volume IlII.

3) From Tablelll, CURRENT CARRYING CAPACITY OF ACSR, by House and tTla, AIEE
Transcations, Power Apparatus and Systems, Volume 77, Part 1ll, 1959, page 1170.
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TABLE IV
ALTITUDE AND AZIMUTH IN DEGREES OF THE SUN AT VARIOUSLATITUDES
DECLINATION 23.0° - NORTHERN HEMISPHERE - JUNE 10 AND JULY 3

Degrees Local Sun Time
L:ﬁ[}ge 10:00 am 12:00 N 2:00 pm
He Z He Z He Z
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 Q. watts/ sq. ft. (See Table VI)
DegreesH,
Clear Atmosphere Industrial
Atmosphere
5 21.7 12.6
10 40.2 22.3
15 54.2 30.5
20 64.4 39.2
25 715 46.6
30 77.0 53.0
35 815 575
40 84.8 61.5
45 87.4 64.5
50 90.0 67.5
60 929 71.6
70 95.0 75.2
80 95.8 774
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
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TABLE VII

Note: Seealsotablesin EPRI Transmission Line Reference Book 345kV and Above, 1975 for conductor tables containing a-c
resistance.
RESISTANCE AND STRANDING OF BARE ACSR
Code Alum. Stranding AC Resistance
Name Area 60 cps - ohms per miles*
MCM No. of Wires Layers of 25°C 50°C 75°C 100°C
Alum. Steel Alum.

Starling 715.5 26 7 2 0.1260 0.1390 0.1510 0.164p
Redwing 715.5 30 19 2 0.1260 0.139¢ 0.151d0 0.1640
Tern 795.0 45 7 3 0.1160 0.1280 0.1390 0.151p
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 0.148p
Mallard 795.0 30 19 2 0.1140 0.1250 0.1370 0.148p
Crane 874.5 54 7 3 0.1050 0.1160 0.126(0 0.1370
Canary 900.0 54 7 3 0.1020 0.112¢ 0.122¢ 0.1330
Rail 954.0 45 7 3 0.0978 0.1080 0.1170 0.127p
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 0.118p
Curlew 1,033.5 54 7 3 0.0893 0.0983 0.1070 0.116p
Bluejay 1,113.0 45 7 3 0.0844 0.0929 0.1010 0.11Qp
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 0.103p
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 0.097D
Pheasant 1,272.0 54 19 3 0.0732 0.0805 0.0879 0.09p2
Dipper 1,351.5 45 7 3 0.0705 0.0776 0.0844 0.0917
Martin 1,351.5 54 19 3 0.0692 0.0761 0.0831 0.090p
Bobolink 1,431.0 45 7 3 0.0668 0.0735 0.0802 0.086P
Plover 1,431.0 54 19 3 0.0657 0.0723 0.0734 0.08%5
Nutharch 1,510.5 45 7 3 0.0636 0.070¢ 0.0764 0.0837
Parrot 1,510.5 54 19 3 0.0625 0.0688 0.075( 0.0813
Lapwing 1,590.0 45 7 3 0.0608 0.0669 0.0730 0.0791L
Falcon 1,590.0 54 19 3 0.0589 0.0648 0.0707 0.07¢6
Chukar 1,780.0 84 19 4 0.0548 0.0603 0.065¢ 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 beltiplied by the following &ctors 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

PHYSICAL PROPERTIES

Sizeand Area, ACSR Standing Individual Wires
Code Word Aluminum Alum. Aluminum Steel Plemeter inches Wd%gt, i?.unds
and
Steel
CM Square Square No. Dia No. Dia Steel Over Alum Steel Total
Inches Inches Inches Inches Core All
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 1131 .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 75 1.075
Cardina 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 1212 975 190 1.165
Curlew 1,033,500 0.8117 0.9169 54 0.1383 7 0.1383 0.415 1.245 975 .356 1331
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 1431
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 1434
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 1134 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 1124 1.202 45 0.1783 7 0.1189 0.357 1.426 1.350 .263 1.613
Plever 1,431,000 1124 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 1512 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 2511
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 72 277
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 Quart

0°C 0.0350| 0.0878 0.2220 0.0573 0.0317 0.1008 0.1p05 0.1055 0.p912

100 0.0336( 0.0965 0.2297 0.0583 0.0320 0.1014 0.1p00 0.1168 0.0998 (1.2372
200 0.0313| 0.1052] 0.2374 0.0594 0.0322 0.1920 0.1B05 0.1282 0.1073 (.2416
300 0.0200( 0.1139] 0.2451 0.0605 0.0325 0.1026 0.1409 0.1396 0.1154 (1.2460
400 0.0266| 0.12260 0.2529 0.0616 0.0328 0.1032 0.1p94 0.1509 0.1235 (1.2504
500 0.0259( 0.1173 0.2606 0.0627 0.0380 0.1038 0.1p94 0.1623 0.1316 (1.2548
600 0.0252| 0.1141] 0.26883 0.0638 0.0383 0.1045 0.1p94 0.1737 01396 (].2592
700 0.0246( 0.1100 0.2528 0.0649 0.0385 0.1051 0.1p95 0.1850 0.1477 (1.2636
800 0.0239( 0.10760 0.2571 0.0660 0.0388 0.1057 0.1p95 0.1592 0.1558 (].2680
900 0.0233| 0.1044 0.2619 0.0671 0.0341 0.1063 0.1p95 0.1592 0.1639 (.2724
1000 | 0.0226| 0.1012 0.266fy 0.0637 0.0313 0.1069 0.1p95 0.1448 0]2768
1100 0.0694| 0.0329 0.1028 0.1296 0.1448 0.1424 0.2812
1200 0.0750| 0.034 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 0.1014(¢
221 105 0.2301 0.11763 0.10143
230 110 0.2305 0.11825 0.10144
239 115 0.2309 0.11888 0.10149
248 120 0.2312 0.11950 0.10157
257 125 0.2316 0.12013 0.10155

To convert to watt-sec/IBE, multiply by 1898.76
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NUMERICAL EXAMPLE OF MANUAL CALCULATION
NYPP SUMMER NORMAL, LTE AND STE RATINGS

Assume Lapwing ACSR Conductor
D =1.504"

Wt./foot Aluminum 1.500 Ibs.
Steel .292
Total 1.792
€=0.6

V = 3ft/sec x 3600 = 10,800 ft./hr.
Change in resistancCéer.

(Nac10°c) = Taoes ) ) 75 = .000224

.@ 95°C = .0790 - 5(.000224) =
5280
115°C = .0790 + 15(.000224)
5280
110°C = .0790 + 10(.000224)
5280

FACTORSFOR NORMAL RATING

14.8 x 10 ohm/ft.

o
Ta
Tc
Tc
Tc

rac(ZSOC)

rac(lOOOC):

¢

0.6
35°C
95°C Operating
115°C Emergency
125°C Short-Time
.0622 ohms/mi.
.0622 ohms/mi.

aq°

15.6 x 10 ohm/ft.

15.39 x 1@ ohml/ft.

FACTORSFOR LTE RATING

From Table Il for T = 65°C,

Ps
H

k

K, = 95°C +273° = 368°

K, = 35°C +273° = 308°

T; = 95° +35° = 65°C
2

K, = 115°C + 273°= 388°

K, = 35°C +273° = 308°

T; = 115° +35° = 75°C
2

17

.0652 Ib./cu. ft.
.0489 Ib./hr. ft.

.00886 watts/sq. ft.-°C

From Table Il for T = 75C,

Ps
H

k

.0634 Ib./cu. ft.
.0500 Ib./hr. ft.

.00909 watts/sq. ft.-°C



FACTORSFOR SHORT-TIME RATING

From Tablell for T, = 72.5°C,

K, = 110°C + 273°= 383° O = .0638 Ib./sq. ft.
K, = 35°C + 273° = 308° M = .0498 Ib./hr. ft.
T, = 110° +35° = 72.5°C Kk = .00904 watts/sq. ft.-°C
2
CALCULATING THE SUMMER NORMAL RATING
A. Convection Heat Loss
0.52
Dp,V
0 = Kpg(1.01 + 0.371 k(T - T,) )watts/ft. of conductor
My
1.504)(.0652)(1080Q)*>?| (.00886) (95-35)
-(1.0)1.01+0.37 ( X X )
.0489

= 35.98 watts/ft. of conductor
Note that for this particular conductor, the two alternative formulas give the same valye Karapally
the higher value from the two formulas should be used for a given conductor. Since the wind afigle is 90
in this example, K, = 1.0.

B Radiated Heat Loss

°K. ¢ °K, | watts/ft. of conductor
q,=0.13¢| ¢ -
100| |100
4 -4
-0.138(1.504)(0.6)| S8 | | 398
100| | 100

= 11.63 watts/ft. of conductor

C. Assume line runs E-W attiaude 42°N in clear atmosphere. Take average altitude and average
azimuth of sun between 10:00 am and noon.

H.=65° Z =149° - from Table Il Q= 94.0

18



from Tablell1l

0 = cos® [ (cos 65°) cos (149° - 270°) ] = 102.5°; and sin 102.5° = 0.976
Solar Heat Gain
0. = aQ (SinB) A'. Assume coefficient of absorption = 0.6

g, =(0.6) (94.0) (.976) 1.504 6.88 watts/ft. of conductor

12
D. Summer Normal Rating:
(a) With L -
sun: T 0. +0,~0s J 35.98+11.63—66.88 1650Amperes
F e 14.8x10
(b) Without
Sun:
opn = | BBHLE3 700 neres
14.8x10°©

CALCULATING THE LTE RATING

Max Conductor Temperature for ACSR = 115°C

0.52
o - (1.0)/1.01+0.371 (1.504)(0.0634)(10800) (0.00909) (80)
0.0500
= 47.96 watts/ft. 4 4
388|* | 308
q = (0.138) (1.504) (0.6) 100 100

= 17.02 watts/ft.
The sun effect is unchanged gs = 6.88 watts/ft.

Summer LTE Rating:

(@) With Sun: ~
| LTE™

47.96+17.02-6.88
15.7x10 ©

=1924Amperes
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(b) Without Sun:

47.96+17.02
15.7x10 ©

=2034Amperes

ILTE\J

CALCULATINGTHESTERATING

Since the conductor is ACSR, r(T), CW, g, and g, will be calculated at T, = 110°C.

A..

Since ¢=90°, K,,, = 1.0

1.504x.0638x10800) )-52

=1.0x(1.01+(.371 x.00904x(110-35
Q.=1.0x(1.01+(.371)( 0498 ) ( )

44.95 watts/ft

qr=(.138)x(1.504)x(o.6)[(%)4—(%)4]

15.59 watts/ft
CW = ((.2305 x 1.500) + (.11825 x .292)) x 1898.76

= 722.06 watt-sec/ft-°C

e L [F2206(125°95) 44 051550 6.89]
15.39x10 ° 900

_ 77.73
15.39x10 ©

2247 Amperes
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APPENDIX 'B’

Manual M ethod of Calculating Substation Rigid Bus Conductor Short-Time Current Rating

Thegeneral temperaturerise equation for cal culation of bus conductor loading amperesfor normal and

L TE operating conditionsis:
- 4.79, -G
RF

Where | = conductor |oading amperes

. = convective heat loss

g, = radiation heat loss

g, = solar heat gain

R = direct current resistance at the conductor temperature
F = skin effect coefficient for 60 Hz. current

Animportant factor inthe computation of bus conductor ampacity isthe assumption of awind velocity
in connection with forced convection losses. For substation bus conductor ampacity calculations, a2
fpswind velocity is recommended as a conservative but realistic approach (Ref. #1) (Ref. #2).

Convective Heat L 0ss (g,)

A bus conductor loses heat through natural or forced convection. Natural convection isafunction 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 lossisafunction of: (1) the temperature difference between the
conductor’ ssurface and the ambient air temperature; (2) thelength 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 lossesis determined by:
. = 0.377 Atd *® (watt/ft)

where At = temperature difference between conductor temperature and ambient
temperature (°C)

d = outside diameter of tubing (inches)

Radiation Heat L 0ss(q,)

A conductor loses heat through the emission of radiated heat. The heat lost isafunction of: (1) the
difference in the absol ute temperature of the conductor and the surrounding bodies; (2) the emissivity



of the conductor’ s surface and (3) the conductor’s surface area.

For rigid tubing bus conductors, the radiation heat loss is determined by:
gr = 1390 €d (T*- T,) x 102 (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)
T, = conductor temperature (°K) = °C + 273°

T, = ambient temperature (°K) = °C + 273°

Solar Heat Gain (qJ)

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’srays.

For rigid tubing bus conductors, the solar heat gain is determined by:
gs=0.00695 €’ Q A’K (Sin¢) (wattg/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).

Q. = total solar sky radiated heat on a surface normal to sun'srays, (watts/sg. ft.), based
on the dtitude of thesun. From Tablelll (Appendix A) the average dtitude of the sun
for New Y ork Stateis65° (summer) and 22° (winter). From Table 1(reference 1), this
corresponds to 94 watts/sg. ft.(summer) and 67 watts/sg. ft. (winter).

A’ = projected areaof conductor (squareinches per foot), based on area casting shadow.

K = heat multiplying factor for high altitude.

Elevation above
Sea Level (ft) K




0 1.0

5,000 1.15
10,000 1.25
15,000 1.30

¢ = effective angle of incidence of sun
=cos ! [cosH, cos (Z, - Z))]
where

H, = altitude of sun (degrees)

Z. = azimuth of sun (degrees)

Z; = azimuth of conductor line (degrees)

O or 180 for N-S
90 or 270 for E-W

From Table I11 (Appendix A)

Summer Winter
H. 65° 22°
Z, 149¢° 166°

Direct Current Resistance (R)

Thedirect current resistance (R) of aconductor may be obtained from published data or calculated as
follows:

For copper and copper alloys

_ 8.145x10™* . 0.00393C’

R 1 (T,-20)
C /A2 100
For aluminum alloys
-4 /
R- 8.145x10 1+ 0.00403C (T,-20)
C /A2 61

Where C' = conductivity as % IACS
A, = cross-sectional area (sguare inches)
T, = conductor temperature (°C)



Skin Effect Coefficient for 60 Hz. Current (F)

Skin effect coefficients are afunction 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.

Determination of summer "normal operating condition" conductor loading amperesfor 3-1/2"
aluminum tubing, 6063-T6, Schedule 40, 35° C ambient and 85° C conductor temperature. Bus
orientated east-west.

% IACS =53%
O.D.=4"

Wall thickness = 0.226"
Area= 2.6795in’

€ =05
Conductive heat loss (q,)

g, = 0.377 At d°®

At =85° - 35° =50°

d=4.0

q. = 0.377 (50) (4.0)°° = 43.31 watts/ft.

Radiation heat loss (q,)

g, = 1390 €d (Tc*- Ta') x 10 *

€=05

d=4.0"

T,=85+273=358°K

T,=35+273=308°K

g, = 1390 (.5) (4) [(358)* - (308)"] x 102 = 20.65 watts/ft.

Solar heat gain (q.)

0. = 0.00695€ Q. A’ K (Sind)



€=05
Q. = 94 wattg/ft?
A = 4" x 12" = 48 inch?
K=1.0
¢ = Cos' [CosH, Cos (Z-Z)]
= Cos'[Cos 65° Cos (145 - 90)] = 77.4°
gs = 0.00695 (0.5) (94) (48) (1.0) (Sin 77.4 °) = 15.30 watts/ft.

Direct current resistance at 85°C

-4 /
R- 8.145x10 1+ 0.00403C (TC—ZO)
C /A2 61
C =53
A, = 2.6795 inch?
T,=85
-4
R- 8.145x10 1+ 0.00403(53) (85-20)
(53)(2.6795) 61
= 7.06 x 10°° ohms/ft.

Skin effect coefficient F based on Alcoa Handbook, Figure 34

determine (1)
wall -thickness _ 0.226
dia.

=0.06

)

—

dc

f =60 Hz.
R4 = ohms per 1000 ft = R x 10°

J

60

— 92
7.04x10°x103




(3) From figure 34, F= 1.0

F. Calculated ampacity of tubing

+(, - _
- |97 Gs| 1]43.31+20.65-15.30|_peanaeres

RF 7.04x107°x1.0

Determination of summer "LTE Operating Condition" conductor ampere loading where
conductor temperature = 95°C

A. g, = 51.96 wattg/ft.

B. g, = 25.97 wattg/ft.

C. 0. = 15.30 watts.ft.

D R =7.24 x 10°® ohms/ft.

E. F=10

F. | = 2942 amperes

Determination of summer "STE Operating Condition" conductor ampere loading where
conductor temperature limit = 105°C. Ampacity calculation based on methodology for
calculation of short-time rating described in appendix A.

Initial Conductor Temperature = 85°C

Maximum Conductor Temperature = 105°C

Average Conductor Temperature = (85 + 105)/2=95°C

Weight of Conductor = 3.151 Ib/ft

Specific heat of aluminum = 0.2305

The heat storage capacity per foot of conductor equals:

¢ = ((4.186)x(453.6)x(0.2305)x(3.151))/60

= 22.99 watt-minutes Ib-°C

Calculation for g, and g, using rigid bus factors

0. = 0.377 (95 - 35) (4.0)°° = 51.97 watts/ft.

g, = 1390 (.5) (4) [(368)* - (308)“] x 10" = 25.97 watts/ft.

| 4o calculations by Appendix A methods give:

Using the |EEE Std. computer program, | 4, = 4664 Amperes



Using the manual calculation formula,

|- 1 - 22.99x3.151(105-85) 51 96.,25.97-15.30]
7.24x10 15

159.22
| cre= | ——————=4690Amperes
STE | 7.24x10 ¢
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CURRENT DEVELOPMENTS FOR PREDICTING
TRANSFORMER LOADING CAPABILITY

Linden W. Pierce
Senior Engineer, Product Technology
General Electric Company
Rome, Georgia

ABSTRACT

Recent investigations have shown that the transformer loading guide equations do
nmaccunmlymﬂeumcﬂuidﬂowmdhutumsfaphmommmningmimlmding.
Dmingovcrlmdsthatisa&mehgbetwemthcwpoﬂw‘ﬁscinthemkand
the oil temperature rise in the winding cooling ducts. This results in winding hottest spot
wmpaanmhighq‘manpmdicmdbyﬂ:cpmunlmdingglﬁ:heqmﬁmsformmny
cooled (OA and FA) transformers. The inaccurate simplifying assumptions used to derive
the present loading guide equations are reviewed. Improved loading equations were
developed for inclusion in a revision of the loading guide. These improved equations
prediammlmdingupahﬂhyfmmdhmdFOAmimandlwlmdingmbﬂityfm
FA rated units during high short time overloads in agresment with recent test data.
Rescarch with fiber optic hot spot detectors gives valuable information about transformer
loading but reliability should be improved.

INTRODUCTION

In the decade ofthel990’sthctechnologyfocusinthcmnsformarindusu'yis
on thermal performance and loadability. Many transformers undergo planned overloading
by uﬁliﬁesmnnximimthermnontheinvminﬂﬁsexpmsiveequipmn As
reported recently by W. J. McNutt [1], *...all loadability decisions are based on hottest
conducmrmmpaam,bmﬂntpanmmismmmddmingathﬂmlm,and
somemanufacnuusncva-acUnIlyalcuhtcwhuitwouldbeformtedloading. ..The
thermﬂeqmﬁonspmﬁdedinﬂnlmdingguidcmmognimdwbcgmsslymmm
for some cooling modes and not precisely correct for others. " '

There are currently three [2,3,4] loading guides for oil immersed transformers.
Aﬂthmegnidswmjnidmﬁcaleqmﬁonsforpredicﬁngﬂletopoﬂandhpfspot
temperatures during overioading. These equations are identical to the loading guide .
equations first proposed in 1945 [5] and documented in technical papers from 1925 to
1947. Since 1945 additional values of exponents for forced air and forced oil cooling
were added. AnIEEEmprowdure[é]isundcrdevelopmmtodscﬁbcmMods
mobnindanformeuponentsandﬁm:consmmsmuseinﬂwlmdingeqmﬁonsfor
specific ransformer designs. The distribution transformer loading guide [3] suggests a
conecﬁonforrsishmednngcu&ﬁmmpemumwhichwasﬁrnpmposedinl%z. At
ﬂnﬁmcthceqmﬁonswaeﬁmdcvclopedthaewasalmoammdmofacmﬂhm
Spot temperatures during overload conditions. These equations are based on interpolation
of steady state predictions from the era of the slide rule. The equations have been in
existence for so long that many have forgotten the simplifying assumptions upon which
the equations were based.




LIMITATIONS OF 1981 LOADING GUIDE EQUATIONS

The transformer is iliustrated in Figure one. The dislectric cooling fluid is cooled
bythcndinorassemblymdﬂowsimomebmomdthcwindingemﬁngdmatmc
bottom oil temperature. Thcfhnidﬂowsvmimllyuptheﬁndingdlm,ishutedbythc
winding,andmdmthcwindingductsatthcmpwindingductoﬂtcmpmnm. The fluid
-emersﬂxemdiawrs(orhutexclnnger)au:cwpoﬂmmpemmminthcmainnnk. The
fommodesofcmﬁngusedinlk;uidﬁlledﬂnsformasm;mmmlmnvecﬁonofoﬂin
mcuznsformerandmunﬂcmvecﬁnnofcoolingairovcrthcmdhmr(OA),.muml
convecﬁonofoilwithforcedconvecﬁonofairoverthemdiamr(FA), directed forced
oil ﬂowandforcedairﬂow(DFOA),andnon—directedforcedoilﬂowandforcedair
flow (NDFOA). For directed flow forced oil (DFOA), the oil from the radiator or heat
qxchngaisforcedmﬂownhighvdocityinmthewindingbypiping(nushown)ﬁnm
thchmexchnngamdtmtheboﬂnmofthewinding. Several high flow pumps are
requh-edduetothcﬂowrsimceofﬂlepipingmdwindingdmts.

TOP
DoCT CORE - o wp op
OILt t

WINDINGS

e -

- - o

LR I S

DUCTS RADIATORS

Figure 1. Transformer Fluid Flow

Tw  bottest spot winding temperature, *C

Ta ambient temperature, °C

6  top oil rise over ambient temperature, *C

AT, hottest spot conductor rise over top oil temperature, “C.




Thcvaﬁaﬁonofthcwpoﬂt:mpamfmminiﬁa!swadysmccondiﬁonstoﬁnal

MMwndﬁmkmmw&fonwmwmmcMgmoﬂ
time constant.

9m=(eg'ei)(1'°xP::)*e,~

e, ultimate oil rise if overioad continued to steady state, *C
8, initial oil rise at start of overload, "C

t time, hours

T, oil time constant, hours.

Theabovceqmﬁonisasimplcmluﬁonofthediffcxmﬁaleqﬁaﬁonfmm.the
mnservaﬁmofﬂnﬂ'gy,ﬂntis,machangeinlmdﬂ:ehmgmmdeththchut
stored and the heat lost. This simple case was given by Cooney [7] in 1925. In the
simplifyingassumpﬁonsitmasnmdthatmetempmnmﬁseeisdimﬂy
proportional to the heat loss W, or in equation form,

@ =kW* withn=1
If the exponent n = l.O,thcaboveexponmﬁaleqmﬁoniscorrectforanyload

and any starting temperature. i n is less than 1 the equation is incorrect and the time
constant must be modified for different overload cycles as shown below:

(9.] (8,

8. le.

r o ) &y
R
8:) 18y

Where
1, timeconstnntforcoldslnnupatratedload,hours
By top oil rise at rated load, °C.

Thzdcrivaﬁonoftheﬁmecunstamconecﬁonisgivcninal%?paperby
Nﬁmovﬁh[S]whochimdhesuggmedtbeMmtheAIEETmnsformers
Subcomnﬁmeforinctusioninﬂ:cﬁrstgﬂdeproposedinl%i A very similar equation
for n=.% was givea in 2 1934 paper by Nichols [9). Narbutovskih developed the
conacﬁmmﬂnﬁmmmmmkcthciniﬁalm:oftempmmchmgceqmlmthe
actal and the final temperature rise equal to the actual. However, the intermediate
valusofthctcmpeunn'eﬁsemallowedtodevinefmmﬂnamml! In making




ThctimcconsnmnratedeAisgivenby:

- &%

Tr
P,

Where
C thermal capacity, watt-hours/*C
P, total loss at rated ioad, watts

The thermal capacity is given by the following equation for non-directed fiow
transformers:

€ = 0.06 (weight of core and coil assembly in pounds) ..
+ 0.04 (weight of tank and fittings in pounds)
+ 1.33 (gallons of oil)

thermal tests, Cooneysnmdthattheuﬁoofavmgeoilﬁsemwpoilriscvaﬁedfmm
75 per cent 1o 95 percent. Inﬂ)cﬂ)umalcnpacinnceeqmﬁonCoomyusedZB'sofﬂ:c
wcightofthctankmdBGpa-cemofthespecﬂiclmmfu:eoﬂ.

Inhmrediﬁonsafthelmdingguidemeﬂnm]meqmﬁonfordim:d
forced oil transformers was given as: '

C=0.06(wcightofcoreandcoi1asscmblyinpmmds)

+0.06(weigmoftankandﬁ1ﬁngsinpounds)
+ 1.93 (gallons of oil)

mmmmuwmsmmmmmMmmfm
oiluxnsformu'smempoilandavcragcoilﬂssmvayclose. The 1972 and 1991 IEC
loading guides [10,11] give an exponential heating equation but no equations for
calculating the time constant.

The guide contains the following equation for determining the ultimate oil rise,

Em+1)r
R+1)

ev=g[

Where
K ratio of overload to rated icad
R mﬁooflmdlosatmmdloadtono-loadloss.




Theequnﬁonismappmximﬁonofthevaﬁaﬁonuflossswim10ad but does not
correct the losses for increased resistance due to temperature. A review of the early
papasindicatsthnmeauthorsmlimdﬂmtheoﬂﬁscvaﬁedwimmssesmﬂm .8
expon:ntforselfcooleduansfommandnotwithpaunitloadsqmmd.

lnmelmdingguidcﬂlehotspotﬁscovm'mpoﬂisgivenby,
8, = 8,() K™

8, hot spot rise over top oil at per unit load K, *C
6,(f) hot spot rise over top oil at rated Ioad, °C.

Montsinger and Ketchum 1942 paper [12] contains data apparently from a small mode]
ooilwhichmsﬁrstrq:onedbyCoomyin 1925. Vogel and Narbutoviskih [13] also
reported hot spot data but these were for *mode! coils®. These tests on model coils failed
mﬁmmmmmwmmmmwmmMg

hcnhnﬁngwulmdsmelmdhgglﬁdcmatwomepappmﬁmﬁonoﬂhe
load cycle. Th:loadisasmmedtoconsistofapﬁorlmdph:smoveﬂmd. The values
ofthepﬁorlmdandoverlmduedmminedbyﬂ:eRMSsvuageofﬂwlmd. This
mqnimsomejudgcmmwhemermincludcpmofthccycleupmofdmpﬁorlmdm
the overload. Incompmerimplenmnﬁonofﬂnelmdcyclcthelmdpmﬁleisassumed
mconsistofswplmdcyclsofonchmrdm:ﬁonandﬂncxponmﬁalapproximﬁon
equaﬁonusedmoompummempoiltcmm. The RMS method described in the
lmdinggﬁdeisdifﬁmhmapplyforacunlloadcydsusedbyuﬁﬁﬁsforphmed
overloading.

Thelmdinggnideamumacunsmm:mbiuutcmmandgivsnopmvisions
forevaluﬁngﬁneeffectofdnngingambimtcmperanmdmingalmd cycle.

MODERN DEVELOPMENTS




Thermal rescarch has centered on computer modeling of steady state performance with
tests on model windings to obtain datz to validate the modeis. The purpose of these
smdiswaswmoreaccmtelypmdictthermﬂpufmummeplmnﬁngsm
minimize the manufacturer’s cost.

lnvsﬁgaﬁonsmdcta'minemchmspottcmpaanmatmmhtcnﬁngusinga
facwryhutnmmmummrmsbyhotspmmcomminmclmws.
These investigations were initiated by the proposal of the *multiflow" principal of E. T.
Norris [14,15,16). Norﬁspropmedthatnansformersbemmdbyhotspottcmperanm
and&mtmewindinghmmmmpcmmcouldbedcmrminedfmmmhmmn
bymﬂmntmemsoftheoﬂmmpmminthcoooﬁngdlmofindividualwindings

Hot Spot Investigations - Full Size Windings

Acomprehcnsivetmzpmg:mwasnmonafunsizewhdhgmmblywim
imbedded thermocouples and thetuultsrepomd‘in'amcmtplpa'byﬂxeauthorm]. :
Themindiumdunttheindnsuylmdinggnidswmnmnndfmanmodsof
cooling and all loading conditions. Dnringovcdoadsthu'eisatimehgbetwemmctop
oﬂtenmumﬁseinﬂwmkmdtbeoilriseinﬂ:ewimﬁngmoﬁngdlm. The tests

predicted by the loading guide. Due 1o a lower top il rise the overioad could be
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Top Oil Rise Comparison, FA vs. NDFOA

The loading tables based on assumed transformer characteristics in the 1981 guide
[2] assumed identical 45 *C top oil rises for OA/FA/FA and OA/FA/FOA transformers
andasumedalowertopoilﬁsccxponanforFAmedunits.Thcguidenblsusingmm
charactenistics predicts slightly better performance for FA rated units than NDFOA rated
units due to the slightly lower oil exponent and identical top oil rises.

The author recently performed comparative thermal tests of three different
producﬁonmisinthethcrmlmfacﬂityofﬂnemthor’scomy. A thermal test at
thcnon-direcwdforcedoil(NDFOA)mﬁngwasﬁrstpcﬂormedwithoilﬁs&md
average winding rises measured. The pump was shut off and the test repeatad with the
same number of fans until temperatures stabilized. Avenage winding rises were similar
howcvcr!hetq:oilrissforﬂeNDPOAooolingmodcwmabout'l(‘).'Clss*{erﬂm
ND!j’gAcoohngmodc The results are summarized in the table below: | T

‘_

TOP OIL RISE, °C

MAX

UNIT MVA FA FOA DIF.

1 25 54.5 43.7 -105
2 25 61.7 544 -1713
3 523 60.8 453 -155

Amvcyofﬂnsformmmfmmsewnlmmindimmdan
average of 10 °C less top oil rise with non-directed FOA. Typical valtues of top oil rise
are 55 °C for an FA rated unit and 45 *C for a ND FOA unit, Any unit cooled by FA
onlywillhavealowertopoilriscwhmalowﬂowplmpisadded. Analysis of test data
indiam:topoilexponmof.9isvalidforbothFAandNDFOAunitsratedatmorc
tinnl.33$abovethesel:fcooledrlﬁng. Since the industry loading guide places a limit
ofllD'Conthetopoilduringovuimd,aNDFOAunitunminmeoveﬂoador
sustxinanovedmdlongu'thnaFAmmdlmitbdomlhcwpoﬂmmpenmmﬁmitis
reached.

Improved Loading Bquations

Modern computer technology now permits more refined calculations of loading
capability. Animprovedsystcmofequaﬁonswasdcvelopedbythcunhorm] for
inclusion in the next loading guide [24]. The improved system of loading equations is
basedond:eﬂuidﬂowcondiﬁonsoccuningind:emnsformerdmingmsiem
conditions. Iheqmtionsmdeompmcrprogramalsoineorporamdanimuvedmethod
ofmlaﬂaﬁmfornrhhlclmdcyclwandvaﬁableambimt:mpmnm. The properties
of the low flammability fluids polydimethyisiloxane (silicone) and high
hydrocarbon (hthc) were aiso incorporated into the improved loading equations.




sustain higher orlonga-dmanonovuloadsﬂnnFAntednmsformmm
agreement with the test dara
FIBEROPT]CHOTSPOTDETBCI‘ORS

10




[nthg1990'sﬂl=m]ruu::hismovingimosmdisofomloadpctformancc
using measurements of hot spot temperature with fiber optic detectors. Poittevin et. al.

constant”. Afnrtha'andy:hmldpamitmpmvideaﬂumlmodelablemsimnmeme
transformer behavior for short overioad duration®. A CIGRE paper by Cosaert [29]
lati mwmmmmmenmmwlm

: mAmmmmmmfmpammmmmum

maccurate loading guide equations. Fﬁ:eropﬁchawdazmmqm
mmlmmmwmmmmmmmmm

ient loading. E:uuivemeofﬂnnedcvicswillnotommﬁlﬂlcmismdmed
and reliability I
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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 140°C. Asaresult the Task Force believesthat because
of the complexity of the thermal dynamics, thereisarisk of misapplication of generalized transformer
rating factors. Inlieu of thesefactors, 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 isrecommending anormal insulation life expectancy of 180,000
hours (7500 days) or approximately twenty years. At first glance it does not seem redlistic 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, asis 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 30°C and maximum temperature of 40°C for this period.
Normal life expectancy will result from operating with a continuous ’'hottest spot conductor
temperature’ of 110°C (hottest spot rise of 80°C + average 30°C ambient)for 65°C transformers and
95°C (hottest spot rise of 65°C + average 30°C ambient) for 55°C 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’, F,,. The

formulafor a 65°C transformer F,, is

15000 15000

e T,s+273

F,.=EXP




Theformulafor 55°C transformer insulation is the same with the exception of changing 383 (273 +
110) to 368 (273 +95) in the denominator of thefirst term of the exponent. A valueisthen calculated
for each time interval, usually a twenty four hour load cycle, then averaged. This equivalent aging

factor Feo, isthen used to calculate the percent loss of life as shown below:

, FEQAx24x 100
% Lossof Life= , ,
Normal Insulation Life

Inthe case of normal life expectancy the Fe,, valueisone. Therecommended percent loss of life for
emergency overload of atransformer is.25% per occurrence. One additional assumption needed to
calculate atransformer rating is’Hot Spot Conductor Temperature Riseover Top Qil’, thevalue used

herein is 15°C. The following table summarizes the assumptions used in rating the transformers:

Average Normal Rating LTE Rating
Winding
Temperature | iteq Top Loss/Life | Hottest Top Loss/Life
(AWR) Spot oil Spot oil
55°C 105°C® 95°C .0133%® 140°C 100°C .25%'?
65°C 120°C® 105°C .0133% 140°C 110°C .25%

(1) 65°C(winding hot spot rise over ambient) + 40°C(peak ambient)
(2) Based upon an insulation life of 180,000 hours
(3) 80°C(winding hot spot rise over ambient + 40°C(peak ambient)

The increased availability of the PC as an engineering tool makes calculating transformer ratings
easier than it wasin past years. The sample of transformer ratings contained in this appendix were
obtained using the EPRI's'PTLOAD’ program. Thereare many similar transformer rating programs,
including one in the proposed new transformer standard. The program alows the calculation of
normal and emergency rating based upon athreevariablecriteriaconsisting of Hot Spot Temperature,

Top Oil Temperature and Loss-of-Life for the cycle.

Temperature & Load Profile Parametric Analysis



Thetemperature profileswhere selected to conformto NY PP recommendationsof anaverage of 5°C
in winter and 30°C in summer. It is not suggested that these are typical profiles, but are used only
to calculate ratings on aconsistent basis. Each member company should develop their own profiles

for determining their particular transformer ratings. The ANSI/IEEE standard’s profile

Temperature Profiles

SUMMER SUMMER WINTER
HOUR (NYPP) (ANSI/IEEE) (NYPP)
Temperature Temperature Temperature
Deg.C Deg.C 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 40°C and has no recommended
winter temperature profile. Transformer test report data and nameplate information on weight and
galons of oil is aso 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

3



based upon a constant nameplate load for atwenty four period, the emergency ratings are also based
upon apreload of nameplaterating. Most computer programs have theflexibility of having avariable
load profile, as this one, this approach was taken to be consistent with other rating calculations

contained in this report.



Summer & Winter Transformer Normal & LTE Ratings
Based upon EPRI’'s PTLOAD Program

Summer NORMAL Summer LTE Winter NORMAL Winter LTE
Transformer Nameplate Insulation % of Nameplate® % of Nameplate® % of Nameplate® % of Nameplate®
1D Data CLASS % Criteria % Criteria % Criteria % Criteria % Criteria % Criteria
#1 30/40/50 loss of Top Top loss of Top Top
MVA 55°C 115 life 148 Qil 142 Qil 140 life 181 Qil 174 Qil

115/34.5kV
#2 33.4/44.8/56 loss of Hot Hot loss of Hot Hot
MVA 65°C 119 life 143 Spot 140 Spot 139 life 161 Spot 159 Spot

115/34.5kV
#3 200 MVA loss of Hot Hot 137 loss of Hot Hot
FOA-T 55°C 114 life? 156 Spot 151 Spot life 173 Spot 171 Spot

354/118kV
#4 224 MVA loss of 137 Hot Hot loss of Hot Hot
FOA-T 65°C 114 life Spot 134 Spot 133 life 155 Spot 153 Spot

126/69kV

(D

See information in this appendix for specific transformer 1D.

7/30/95 5



(2 Program input adjusted to reflect the proposed standard recommendation.

7/30/95 6
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pvate 01-12-199%6 and Time 10:15

TRANSFORMER LOAD PLANNING PROGRAM (vé.1)
Developed by
Dynamic Systems, Inc..: and Berkshire Transformer Consultants, Inc.
Copyright (C) 1988, 1989, 1590, 1993, 19%4. All rights reserved by
Berkshire Transformer Consultants, Inc.

Station: SUMMER 'n ormal RATING CALCULATION
Transformers: Transformer ID #1 .
Comments: OA/FA/FOA 30/40/50 MVA

Tested 2/21/61

Transformer Operates at Top MVA Cooling Mode for al]l Conditions

. Mva Type of Winding 011
Id Nameplate Cooling Mode (m) (n)
3. 50.000 Non-directed Flow FOA, FOW, OA/FA/FOa 0.80:_ 1.00

The insulation system is rated for 55 C rise over ambient .
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling Id4 1.

Parameter Value History
Cu/Fe Loss Ratio £.9
Top 0il Rise Ambient 34.7
Avg Winding Rise amb. 5¢.4

Hot Spot Rise Top 0il 15.0 Input
Avg 0il Rise Ambient 28.2
Winding Time Constant 5
Oil Time Constant 125

SELECTED LOAD AND AMRIENT TEMPERATURE PATTERNS

The selected twenty-four hour leoad cyele
consists of one repeated daily load cycle.

LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

O HOtISpOt Temperature: 105 C
¢ Top 0il Temperature: 95 C
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE', THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD. '



INSULATION LOSS - of - LIFE

FOR
55 deg. C Class

Iransformer ID #1

SUMMER NORMAL RATING
Hot Spot Aging Cumulative
Time  Temperature Acceleration Aging

Deg. C : - Factor Hours .

1 92.8 0.782591 0.782591
2 922 0.731605 1.514196
3. 91.8 0.699387 2.213583
4 91.6 0.683788 2.897371
5 914 0.668521 3.565892
6 91.3 0.66101 4.226902
7 91.6 0.683788 4.910691
8 92.2 0.731605 5.642296
9 92.9 0.791411 6.433707
10 93.8 0.875158 7.308865
11 94.7 0.967291 8.276156
12 96 1.116795 - 9.392951
13 96.8 1.219454 10.6124
14 97.3 1.288106 11.90051
15 97.6 1.331045 13.23156
16 87.8 1.360422 14.59198
17 98 1.3804186 15.98239
18 98 1.380416 17.37281
19 97.7 1.345657 18.71847
20 87.1 1.260216 19.97868
21 96.4 1.167052 21.14573
2 - 956 1.0686 22.21433
23 94.7 0.967291 23.18163
24 83.8 0.875158 24.05678

% Loss - of - Life

0.013365 %

Normal Loss of Life is '.0133%



Date 01-12-199%6 and Time 10:18

TRANSFORMER LOAD PLANNING PROGRAM (v4.1)
(Continued) '
Cumulative
< Temperatures (Deg C) > Loss Life Current Load Lo

i

Time Ambient Top 0il Hot Spot (Percent) (amps) (P.U. NP) {MVA)

1:00 28.0 74 .1 92.8 0.00124 965 1.1459 57
2:00 28.0 73.5 92.2 0.00238 965 1.1459 57
3:00 28.0 73.1 91.8 0.00345 965 1.149 57
"4:00 28.0 72.8 81.86 0.00449 965 1.1459 57
5:00 28.0 72.7 91.4 0.00550 965 1.149 57
6:00 28.0 72.6 91.3 0.006459 965 1.149 57
7:00 30.0 72.8 91.6 0.00751 - 965 1.1459 57
§:00 31.0 73.5 82.2 0.00858 965 1.149 57
9:00 32.0 74 .2 892.9 0.00974 965 1.149 57
10:00 33.0 75.0 83.8 0.01101 965 1.145 57
11:00 35.0 75.9 94.7 0.01242 865 1.1453 57
12:00 35.0 77.2 96.0 0.01404 965 1.145% 57
13:00 35.0 78.1 96.8 0.01586 965 1.14¢% 57
14:00 35.0 78.6 87.3 0.01783 865 1.149 57
15:00 35.0 78.9 97.6 0.01%8¢% 965 1.145 57
16:00 35.0 79.1 97.8 0.02201 965 1.1459 57
17:00 35.0 75.2 58.0 0.02418 965 1.145 57
18:00 34.0 79.3 98.0 0.02637 965 1.145% 57
198:00 33.0 79.0 87.7 0.02852 565 1.145 57
20:00 32.0 78.4 57.1 0.03056 965 1.1459 57
21:00 31.0 77.7 96.4. 0.03245 965 1.145 57
22:00 30.0 76.8 85.¢6 0.03417 965 1.145 57
23:00 29.0 75.9 94.7 0.03572 965 1.149 57
24:00 28.0 75.0 93.8 0.03711 565  1.149 57

The results based on this load and temperature cycle are:

Maximum Capability: 57.5 MVA.

Maximum Current: 965 amps.

Maximum Hot-Spot Temperature: 98.0 C at €:00 pm.
Maximum- Top Oil Temperature: 79.3 C at 6:00 pm.
Cumulative Loss-of-Life for Cycle: 0.03711 %. Vs
Limiting Criteria was Loss-of-Life ’

OO0 O0O0O0O0

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period.

-
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Date 01-12-1996 and Time 10:31 Fage -

TRANSFORMER LOAD PLANNING PROGRAM (v4.1)
) - Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.

Copyright (C) 1988, 1989, 1990, 1883, 1994. Aall rights reserved by
Berkshire Transformer Consultants, Inc.’

Station: . SUMMER l t e 4 hour Pk startihg @ 1 PM
Transformers: Transformer ID #2 :
Comments: OA/FA/FOA 30/40/50 Mva

Tested 2/21/61

Transformer Operates at Top MVA Cooling Mode for All Conditions.

MVA -+ Type of - Winding 0il
Id Nameplate Cooling Mode : (m) {n)
3. 50.000 Non-directed Flow FOA, FOW, OA/FA/FOR 0.80 1.00

The insulation system is rated for 55 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling 14 1.

Parameter Value History
Cu/Fe Loss Ratio £.9
Top 0il Rise Ambient 34.7
Avg Winding Rise Amb. 594

Hot Spot Rise Top 0il 15.0 " Input
Avg 0Oil Rise Ambient 28.2
Winding Time Constant 5
0il Time Constant 129

SELECTED LOAD AND AMRBIENT TEMPERATURE PATTERNS

The selected twenty-four hour load cycle

consists of-a ¢constant 1.00 P.U. Rated Load for a period of
20.00 hours, followed by a constant higher load for 4.00 hours.
The constant higher load is applied at 1 pm. ;

i

LOAD.PLANNING CONSTRAINT.CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

© Hot Spot Temperature: 140 C
© Top 0il Temperature: _ 100 C
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Ioss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE', THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD., : '




INSULATION LOSS - of - LIFE

FOR
55 deg. C Class

Transformer ID #1

SUMMER LTE (4 Hour) RATING ,starting @ 1 PM

Hot Spot - Aging Cumulative
Time  Temperature Acceleration Aging
Deg. C Factor ' Hours
1 80.1 0.179064 ~ 0.179064
2 79.2 0.160643 0.339707
3 78.6 0.148382 0.489089
4 78.3 0.144038 0.633127
5 78.1 0.140577 0.773704
6 77.9 0.137195 0.910899
7 78.2 0.142297 1.053196
8 78.8 0.15305 1.206246
9 79.5 0.166573 1.372819
10 80.3 0.183422 1.556241
11 81.2 0.204316 1.760557
12 82.5 0.238539 1.998096
13 83.3 0.262243 2.26133%
14 110.4 5.140955 7.402294
15 118.1 12.24751 19.6498
16 124.6 20.79082 40.44062
17 128.1 28.89625 68.33687
18 103.7 2.563528 71.9004
19 96.3 1.15429 73.05469
20 91.2 0.653579 73.70826
21 87.7 0.438263 74.14653
22 85.1 0.324046 74.47057
23 83.1 0.256115 74.72669
24 81.5 0.211771 74.93846
% Loss - of - Life = 0.041632 %

Emergency operation criteria Loss of Life 1s .25% per occcurence




Date 01-12-1996 and Time 10:31 2

TRANSFORMER LOAD PLANNING PROGRAM (v4.1)

(Continued)
' Cumulative
< Temperatures (Deg C) > Loss Life Current Load Lo
Time Ambient Top 0il Hot Spot (Percent) (amps) (P.U. NP) (MV.
1:00 28.0 65.1 80.1 0.0002¢ B40 1.000 50
2:0C 28.0 64 .2 79.2 0.000459 840 1.000 50
3:00 28.0 £63.6 78.6 0.00070 840 1.000 50
4:00 28.0 63.3 78.3 0.00080 B4Q 1.000 50
5:00 28.0 6£3.1 78.1 0.00109 B4Q 1.000 50
£:00 2%.0 62.5 77.9 0.00127 840 1.000 50
7:00 0.0 63.2 78.2 0.0014¢ 840 1.000 50
8:00 31.0 63.8 78.8 0.00166 840 1.000 50
8:00 32.0 64.5 79.5 0.00188 840 1.000 50
10:00 33.0 65.3 BOD.3 0.00211 840 1.000 50
11:00 35.0 66.2 81.2 0.00238 840 1.000 50
12:00 35.0 67.5 B2.5 0.002689 840 1.000 50
13:00 35.0 68.3 83.3 0.00304 1243 1.480 74
14:00 35.0 82.3 110.4 0.00780 1243 1.48¢C 74
15:00 35.0 81.0 119.1 0.02336 1243 1.480 74
16:00 35.0 96.5 124.6 0.05482 1243 1.48¢0 74
17:00 35.0 100.¢ 128.1 0.10340 840 1.000 50
i8:00 34.0 -88.7 102.7 0.11257 B40 1.000 50
15:00 33.0 B1.3 896.3 0.1152¢6 B4Q 1.000 50
20:00 32.0 76 .2 81.2 0.11655 B840 1.000 50
21:00 31.0 72.7 87.7 0.11733 840 1.000 50
22:00 30.0 70.1 g5.1 0.11786 B40 1.000 50
23:00 29.0 68.1 83.1 0.11826 840 1.000 50
24:00 2B.0 66.5 B1.5 0.1185s8 840 1.000 50

The results based on this load and temperature cycle are:

Maximum Capability: 74.0 MVA.

Maximum Current: 1243 amps.

Maximum Hot-Spot Temperature: 128.1 C at 5:00 pm.
Maximum Top Oil Temperature: 100.0 C at 5:00 pm,
Cumulative Loss-of-Life for Cycle: 0.11858 %.
Limiting Criteria was Top-0il

O0O00COQOQ

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE} type
rating where the load may vary within a one hour time peried.

ad
A)




Date 01-12-1996 and Time 10:31 Pace :

BUBBLE EVOLUTION MODEL - MEMBRANE CONSERVATOR

Gas pressure at top o0il level is 760 mm Hg.
Static head of cil to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg

Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk oil and the gasses in the oil
at the hot spot location.

The average transformer temperatures for a typical load cycle are:
bulk oil at 50.0 C and hot spot at 60.0 C. '

Prior teo Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
68 deg C 83 deg C . 83 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 2 3,256 7 3,256 5
coz2 0 0 0 0 0 0
02 0 0 0 0 0 0
co 0 0 0 0 0 0
N2 500 4 512 4 512 4
Total Pressure € mm Hg 11 mm Hg 9 mm Hg

Immediately After the Contingency

Bulk 0il Region Hot Spot #1 Hot Spcot #2
91 deg C 120 deg C "120 deg C
Gas - Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg -ppm Vol mm Hg
H2C 3,742 3 41,773 45 28,822 31
Cco2 #] 0 215 0 219 o
02 0 0 0 o 0 0
Co 0 0 38 0 38 0
N2 500 4 512 4 512 4
Eff. Total Pressure 5 mm Hg 48 mm Hg 34 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency. .

.

Hot Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.
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Date 07-28-1995 and Time 12:48
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TRANSFORMER LOAD PLANNING PROGRAM (v4.1)
‘Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc
Copyright (C) 1988, 198%, 1990, 1533, 1994. All rights reserved by
Berkshire Transformer Consultants, Inc.

Station: ' SUMMER 1l te 8 hour pk Starting @ 10 aM
Transformers: Transformer ID #1 .
Comments: OA/FA/FOA 30/40/50 MVA

Tested 2/21/61

Transformer Operates at Top MVA Cooling Mode for All Conditions.

. MVA Type of Winding 0il
Id Nameplate Cooling Mode _ (m) {n)
3. 50.000 Non-directed Flow FOA, FOW, OA/FA/FOA 0.80 1.00

The inéulation system is rated for 55 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling Id 1.

Parameter Value History
Cu/Fe Loss Ratic 6.9
Top 0il Rigse Ambient 34.7
Avg Winding Rise Amb. 59.4

Hot Spot Rise Top 0il 15.0 Input
Avg Oil Rise Ambient 28.2
Winding Time Constant 5
Oil Time Constant 129

SELECTED LOAD AND AMEBIENT TEMPERATURE PATTERNS

The selected twenty-four hour locad cycle

consists of a constant 1.00 P.U. Rated Load for a period of
16.00 hours, followed by a constant higher load for 8.00 hours.
The constant higher load is applied at 10 am, 7

LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

© Hot Spot Temperature: 140 C
© Top 0il Temperature: 100 C
| INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE', THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW

.

G e




INSULATION LOSS - of - LIFE

FOR
55 deg. C Ciass

Transformer 1D #1

SUMMER LTE (8 Hour) RATING ,starting @ 10 AM

~ Hot Spot Aging Cumulative
Time Temperature Acceleration Aging
Deg. C "Factor Hours

1 80.5 0.187881 0.187881
2 79.5 0.166573 0.354454
3 78.8 0.15305 0.507504
4 78.4 0.145799 0.653303
5 78.1 0.140577 0.793879
6 78 0.138876 0.932756
7 78.2 0.142297 1.075053
8 78.8 0.15305 1.228103
9 79.5 0.166573 1.384675
10 80.3 0.183422 1.578097
11 104.2 2.702474 4.280571
12 112.8 6.557574 10.83815
13 118.2 11.21566 22.05381
14 121.6 15.60857 37.66037
15 123.7 19.08535 56.74572
16 125 21.59426 78.33998
17 125.9 23.51081 101.8508
18 126.4 24.64404 126.4948
19, 103.4 2.483447 128.9783
20 857 1.08046 130.0587
21 -90.5 0.603744 130.6625
22 86.8 0.394965 131.0574
23 84.2 0.291589 131.349

82.1 0.227466 131.5765

24

% Loss - of - Life =

0.073098 %

Emergency operation criteria Loss of Life is .25% per occcurence.



Date 07-28-1995 and Tame 12:48 Fage =

TRANSFORMER LOAD PLANNING PROGRAM {va . 1)
(Continued)

Cumulative ‘
< Temperatures (Deg C) » Loss Life Current Load Loagd’
Time Ambient Top ©il Hot Spot (Percent) (amps) (P.U. NP) (MVA)

1:00 28.0 65.5 BO.5 0.0002s8 840 1.000 50.000
2:00 28.0 64.5 " 789.5 0.00052 840 1.000 50.000
3:00 28.0 63.8 78.8 0.00073 840 1.000 50.000
4:00 28.0 £€3.4 78.4 0.00093 840 1.000 - 50.000
5:00 28.0 63.1 78.1 0.00113 840 1.000 50.000
5:00 25.0 63.0 78.0 0.00131 840 1.00C -50.000
7:00 30.0 £63.2 78.2 0.00150 840 1.000 50.000
8:00 31.0 £3.8 78.8 0.00170 840 1.000 50.000
9:00 32.0 64.5 79.5 0.00192 840 1.000 50.00C
10:00 33.0 65.3 80.3 0.00216 1196 1.424 71.207
11:00 35.0 77.8 104.2 0.00466 1196 1.424 71.207
.12:00 35.0 86.4 112.8 0.01257 1196 1.424 71.207
13:00 35.0 91.8 118.2 0.02871 11596 l1.424 71.207
14:00 35.0 895.2 121.6 0.05376 1196 1.424 71.207
15:00 35.0 97.3 123.7 0.08668 1196 1.424 71.207
16:00 35.0 98.6 125.0 0.12572 1196 1.424 71.207
17:00 35.0 95.5 125.9 0.16916 1156 1.424 71.207
18:00 34.0 100.0 126.4 0.21559 840 1.000 50.000
15:00 33.0 88.4 1032 .4 0.22439 B40 1.000 50.00¢C
20:00 32.0 B0.7 85.7 0.22693 840 1.0600 50.000
21:00 31.0 75.5 90.5 0.22812 840 1.000 50.000
22:00 30.0 71.8 BE6.8 0.22882 B40 1.000 50.000
23:00 292.0 69.2 g4.2 0.22930 840 1.000 50.000
24:00 28.0 67.1 82.1 0.22966 84C "1.000 50.000

The results based on this load andg temperature cycle are:

Maximum Capability: 71.2 MVA.

Maximum Current: 1196 amps.

Maximum Hot-Spot Temperature: 126.4 C at 6:00 pm.
Maximum Top Oil Temperature: 100.0 C at 6:00 pm.
Cumulative Loss-of-Life for Cycle: 0.229%66 %,
Limiting Criteria was Top-0il

OO0 0000

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period.




Date 07-28-1995 and Time 12:48 B

BUBBLE EVOLUTICN MODEL - MEMBRANE CONSERVATOR

Gas pressure at top'oil level is 760 mm Hg.
Static head of oil to hot spot is 72 ‘inches.
Gas pressure at the winding hot spot is 895 mm Hg.

Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk oil and the gasses in the oil
at the hot spot location. '

The average transformer temperatures for a typical lcad cycle are:
bulk ©il at 50.0 ¢ and hot spot at 0.0 C.

Prior to Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
65 deg C 80 deg C " B0 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol wmm Hg ppm Vol mm Hg
H20 3,742 2 3,256 ) 3,256 4
Coz2 0 ] g 0 o] 0
02 0 0 0 0 0 0
CO 0 0 0 0 0 0
N2 500 4 512 4 512 4
Total Pressure &€ mm Hg 10 mm Hg 8 mm Hg

Immediately After the Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
87 deg C 113 deg C 113 deg C

Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg ’

H20 3,742 3 32,803 34 22,563 23

coz 0 0] 116 0 11s6 0

02 Q 0] 0 0 C 0

Co 0 0 20 0 20 0

N2 500 4 51z 4 512 4
Eff. Total Pressure 5 mm Hg 36 mm Hg 25 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur-at the winding hot sgpot
as the result of this contingency.

Hot Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.
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Late 01-12-1996 and Time QE:13 TE

TRANSFORMER LOAD PLANNING PROGRAM (v4.1)
Developed by .
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc
Copyright (C) 1988, 1989, 1590, 1883, 1994. 2all rights reserved by
Berkshire Transformer Consultants, Inc.

Station: WINTER normal RATING CALCULATION
Transformers: Transformer ID #1
Comments: OA/FA/FOA 30/40/50 MVA

Tested 2/21/61

Transformer Operates at Top MVA Cooling Mode for All Conditions.

MvVA Type of Winding 01l
'Id Nameplate Cooling Mode (m} " (n),
3. 50.000 Non-directed Flow FOa, FOW, OA/FA/EOA 0.80 1.00

The insulation system is rated for 55 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling I4 1.
Parameter Value History

Cu/Fe Loss Ratio _ 6.9
Top Oil Rise aAmbient 34.7
Avg Winding Rise Amb. 59.4
Hot Spot Rise Top 0il 15.0 Input
Avg 0il Rise Ambient 28.2
Winding Time Constant 5
0il Time Constant 129

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS

The selected twenty-four hour iload cycle
consists of one repeated daily load cycle.

-LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is <o determine the maximum peak
load that satisfies the fellowing limiting criteria:

© Hot Spot Temperature: 105 ¢C
¢ Top 0il Temperature: 95 C

.
INSULATION LIFE -
The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE', THE

VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD.

%



INSULATION LOSS - of - LIFE

FOR
55 deg. C Class

Transformer ID #1

WINTER NORMAL RATING

. Hot Spot Aging .. Cumuiative
Time  Temperature Acceleration Aging
Deg. C Factor Hours

1 93.6 0.85585 0.85585

2 93.3 0.827645 1.683494

3 - 83 0.800325 2.483819

4 92.9 0.791411 3.275231

5 92.4 0.748238 4.023469

6 92.1 0.72342 4.746889

7 92.3 0.739877 5.486767

8 928 0.782591 6.268358

9 83.5 0.846348 7.115706
10 94.3 0.925259 8.040964
11 94.8 0.978079 8.019043
12 85.5 1.056864 10.07591
13 85.9 1.104556. 11.18046
14 96.9 1.2329 12.41336
15 97.9 1.375341 13.78871
16 88.2 1.421037 15.20974
17 898.4 1.452298 16.66204
18 97.7 1.345657 18.0077
18 97 1.246487 19.25418
20 96.1 1.129163 20.38335
21 -85.2 1.022388 21.40574
22 94.2 0.915025 22.32076
23 93.6 0.85585 23.17661
24 93.6 0.85585 24.03246

% Loss - of - Life = 0.013351 %

Normal Loss of Life is .0133%




Date 01-12-199¢ and_Time 08:13 o
TRANSFORMER LOAD PLANNING PROGRAM (w4 .1}
(Continued)

: Cumulative
< Temperatures (Deg C) > Loss Life Current Lord Lo

aa

Time Ambient Top 0il Hot Spot (Percent) (amps) (P.U. NP) {MVA)

1:00 3.0 67.9 83.6 0.00131 1177 1.401 70
2:00 3.0 67.5 93.3 0.00259 1177 1.401 70
3:00 3.0 €7.3 83.0 0.00382 1177 l1.401 70
- 4:00 2.0 67.2 92.9 0.00502 1177 1.401 70
5:00 2.0 66.7 92.4 0.00618 1177 1.401 70
6:00 3.0 66.4 92.1 0.0072% 1177 1.401 70
7:00 4.0 €6.6 92.3 0.00840 1177 1.401 70
B:00 5.0 67.1 92.8 0.00955 1177 1.401 70
g:0¢C 6.0 67.8 893.5 0.01080 1177 1.401 70
10:00 6.0 68.6 94.3 0.01215 1177 1.401 70
11:00 7.0 69.1 94.8 0.01362 1177 1.401 70
12:00C 7.0 £9.8 85.5 0.01518 1177 1.401 70
13:00 2.0 70.2 95.9 0.01686 1177 1.401 70
14:00 10.0 71.2 96.9 0.018B70 1177 1.401 70
15:0¢C 9.0 72.2 897.9 0.02076 1177 1.401 70
16:00 9.0 72.5 8g.2 0.02298 1177 1.401 70
17:00 7.0 72.86 . 98.4 0.02524 1177 1.401 70
18:00 6.0 72.0 97.7 0.02743 1177 1.401 70
19:00 5.0 71.2 87.0 0.02945 1177 1.401 70
20:00 4.0 70.4 96.1 0.03128 1177 1.401 70
21:00 3.0 £9.5 95.2 0.03292 1177 1.401 70
22:00 3.0 68.5 94 .2 0.03440 1177 1.401 70
23:00 4.0 67.9 83.6 0.03575 1177 1.401 70
24:00 4.0 £7.9 83.6 0.037086 1177 1.401 70

The results based on this load ang Lemperature cycle are:

Maximum Capability: 70.1 MVA.

Maximum Current: 1177 amps.

Maximum Hot—Spot'Temperature: 98.4 C at 5:00 pm.
Maximum Top Oil Temperature: 72.6 C at 5:00 pm
Cumulative Loss-of-Life for Cycle: 0.03706 %. y
Limiting Criteria was Loss-of-Life !

00000

Ambient air temperatures and transformer loads listed at each
time apply' for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period.
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Date 07-28-1995 and Time 12:58 Tags

TRANSFORMER LOAD PLANNING PROGRAM {va . 1)
' Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.
Copyright (C) 1988, 1585, 1990, 1993, 1994. a1} rights reserved by
Berkshire Transformer Consultants, Inc. ;

Station: WINTER' lte 4 hour pk starting @ 4 PM
Transformers: Transformer ID #1 ,
Comments: _ OA/FA/FOA 30/40/50 MvA

Tested 2/21/61

Transformer Operates at Top MVA Cooling Mode for A1l Qonditions

MVA ' Type of Winding 0il
Id Nameplate Cooling Mode . (m) (n}
3. >0.000 Non-directed Flow FOR, FOW, OA/FA/FOA  0.80 1.00

The insulation system is rated for 55 C rise over ambient
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling I4 1.

Parameter . Value History
Cu/Fe Loss Ratio 6.9
Top 0il Rise Ambient 34.7
Avg Winding Rise Amb. 59.4

Hot Spot Rise Top Cil 15.0 Input
2
5
9

Avg 0Oil Rise Ambient 28.
Winding Time Constant
Oil Time Constant 12

SELECTED LOAD AND AMRBRIENT TEMPERATURE PATTERNS
‘The selected ﬁwenty—four hour load c?cle
consists of a constant 1.00 P.U. Rated Load for a periocd of
- 20.00 hours, followed by a constant higher load for 4.00 hours.
The constant higher locad is applied at 4 pm.
LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteriz:

© Hot Spot Temperature: 140 C
© Top 0il Temperature: ~100 C
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS '"LOSS-OF-LIFE’, THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD. -




INSULATION LOSS - of - LIFE

FOR
55 deg. C Class

Transformer ID #1

WINTER LTE (4 Hour) RATING ,starting @ 4 PM

Hot Spot Aging Cumulative
Time  Temperature Acceleration Aging
Deg. C Factor Hours

1 59.5 0.012882 . 0.012882
2 56.9 0.009028 0.02191
3 554 0.007335 0.029245
4 54.4 0.00638 0.035624
5 53.4 0.005544 0.041168
6 52.8 0.005094 0.046263
7 52.7 0.005023 0.051285
8 53.1 0.005315 0.0566
9 537 0.005783 0.062383
10 54 4 0.00638 0.068763
11 54.9 0.006841 - 0.075604
12 556 0.007541 0.083145
13 56 0.007972 - 0.091117
14 57 0.009153 0.10027
15 58 0.0105 0.110771
16 58.3 0.01094 0.121711
17 108.3 4.144435 4,266146
18 123.9 19.45248 23.71863
19 133.4 47.05988 70.7785
20 138.9 77.03529 147.8138
21 92.2 0.731605 148.5454
22 - 77.5 0.130663 148.6761
23 68.3 0.041224 148.7173
24 62.9 0.020338 148.7376

% Loss - of - Life = 0.082632 %

St

Emergency operation criteria Loss of Life is .25% per occcurence.




Date 07-28-1995 and Time 12:58 Page

TRANSFORMER LOAD PLANNING PROGRAM (vd . 1)
(Continued)

Cumulative :
< Temperatures (Deg C) > Loss Life Current ' Load Load
Time Ambient Top 0il Hot Spot (Percent) ({amps) (P.U. NP) (MVA)

1:00 3.0 44 .5 £9.5 0.00002 - 840 1.000 50.000
2:00 3.0 41.9 56.9 0.00003 840 1.000 50.000
3:00 3.0 40.4 55.4 0.0000¢ 840 1.000 50.000
"4:00 2.0 39.4 54 .4 0.00005 . 840 1.000 50.000
. 5:00 2.0 38.4 53.4 ¢.00005 840 1.000 50.000
£:00 3.0 37.8 52.8 0.00006 840 1.000 50.000
7:00 4.0 37.7 -52.7 - 0.00006 840 1.000 - 50.000
8:00 5.0 -~ 38.1 53.1 0.00007 840 1.000 50.000
9:00 6.0 38.7 53.7 0.00007 B4 (0 1.000 50.000
10:00 6.0 39.4 54,4 0.00008 840 1.000 50.000
11:00 7.0 39.9 54.9 0.00009 840 1.000 50.000
12:00 7.0 40.6 55.6 0.00010 840 1.000 50.000
13:00 9.0 41.0 56.0 0.00010 840 1.000 50.000
14:00 10.0 42.0 57.0 0.00011 840 1.000 50.000
15:00 9.0 43.0 58.0 0.00013 840 1.000 50.000
16:00 9.0 43.3 58.3 0.00012 1525 1.816 90.78%
17:00 7.0 £9.3 108.3 0.00273 1525 1.816 90.789
18:00 6.0 85.0 123.9 0.02287 1525 1.816 90.789
19:00 5.0 94 .4 133.4 . 0.08BB17 1525 1.816 90.789
20:00 4.0 100.0 138.9 0.21772 840 1.000 50.000
21:00 3.0 77.2 92.2 0.22517 840 1.000 50.000
22:00 3.0 £2.5 77.5 0.22562 - 840 1.000 S0.000
23:00 4.0 53.3 68.3 0.22571 840 1.000 50.000
24:00 4.0 47.9 £2.9 0.22575% 840 1.000 50.000

The results based on this load and temperature cycle are:

Maximum Capability: 90.8 MVA.

Maximum Current: 1525 amps.

Maximum Hot-Spot Temperature: 138.9 C at 8:00 pm.
Maximum Top Oil Temperature: 100.0 C at 8:00 pm.

Cumulative Loss-of-Life for Cycle: 0.22575 %. ya
Limiting Criteria was Top-0il

A

000000

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period
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BUBBLE EVOLUTION MODEL - MEMBRANE CONSERVATOR
Gas pressure at top oil level is 760 mm Hg.
Static head of oil to hot spot is 72 inches.
Gas pressure- at the winding hot spot is 895 mm Hg.
Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk oil and the gasses in the oil
at the hot spot location. '

The average transformer temperatures for a typical load cycle are:
‘bulk oil at 50.0 C and hot spot at 6CG.C C.

Prior to Contingency

Bulk 0il Region Hot Spot #21 Hot Spot #2

43 deg C 58 deg C 58 deg T

Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg

H20 3,742 2 3,256 2 3,256 1

Co2 0 0 0 0 ¢ 0

0z 0 0 0 0 0 0

Co 0 o 0 0] 0 0

N2 500 4 512 4 512 4
Total Pressure 6 mm Hg 6 mm Hg 5 mm Hg

Immediately After the Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
86 deg C 125 deg C 125 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%

Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg

H2C 3,742 3 439,858 57 34,382 39
coz 0 0 247 0 247 0
02 0 0 0 0 0 0
cC 0] C 43 0 43 ¢]
N2 500 4 512 4 512 4/
Eff. Total Pressure 5 mm Hg 60 mm Hg 42 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Hot Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.
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TRANSFORMER LOAD PLANNING PROGRAM (v4.1)
Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.
Copyright (C) 1988, 1589, 1990, 1993, 1994. al1l rights reserved by
Berkshire Transformer Consultants, Inc.

Station: WINTER lte 8 hour pk starting @ 2 PM
Transformers: Transformer ID #1
Comments: OA/FA/FOA'30/40/SO MVA

Tested 2/21/61

Transformer Operates at Top MVA Cooling Mede for all Conditions

MVA '  Type of Winding o0il
Id Nameplate Cooling Mode ~(m) (n)
3. 50.000 Non-directed Flow FOA, FOW, OA/FA/FOA 0.80 1.00

The insulation system is rated for 55 ¢ rise over ambient
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling Id 1.

Parameter . Value History
Cu/Fe Loss Ratio 6.9
Top 0il Rise Ambient 34.7
Avg Winding Rise Amb. 59.4

Hot Spot Rise Top 0il 15.0 Input
Avg 0il Rise Ambient 28.2
Winding Time Constant 5
Oil Time Constant 129

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS
"The selected twenty-four hour load dycle
consists of a constant 1.00 B.U. Rated Load for a period of
16.00 hours, followed by a censtant higher load for 8.00 hours.
The constant higher load is applied at 2 pm. .
LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is Lo determine the maximum peak
load that satisfies the following limiting criteria:

© Hot Spot Temperature: 140 C
© Top Qil Temperature: 1lo0 C
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
mnsulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the .
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE', THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD. : . :




INSULATION LOSS - of - LIFE

FOR .
55 deg. C Class

Transformer ID #1

WINTER LTE (8 Hour) RATING ,starting @ 2 PM

Hot Spot . Aging Cumulative
- Time  Temperature Acceleration Aging
Deg. C Factor Hours

1 68.7 0.0434 0.0434
2 62.8 0.020069 0.063469
3 59 0.012036 0.075505
4 56.7 0.008782 0.084288
5 54.8 0.006746 0.091034
6 53.7 0.005783 0.096817
7 53.3 0.005467 -~ 0.102284
8 53.5 0.005623 0.107906
9 53.9 0.005948 0.113854
10 546 0.006561 0.120415
11 55 0.006937 0.127352
12 55.6 0.007541 0.134894
13 56 0.007972 0.142866
14 57 0.009153 0.15201¢8
15 102.7 2.30573 2.457748
16 117.5 10.47067 12.92841
17 126.8 25.58766 38.51607
18 131.9 41.04567 79.56174
19 134.7 52.93744 132.4992
20 136.1 60.0404 1982.5396
21 136.6 62.78874 255.3283
22 136.5 62.22973 317.5581
23 91.8 0.689387 318.2575
24 77.6 0.132267 318.3897

% Loss - of - Life

0.176883 %

Emergency operation criteria Loss of Life is .25% per occcurence.
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TRANSFORMER LOAD PLANNING PROCGRAM {va.1)
{Continued)

Cumulative | : _
< Temperatures (Deg C) > Loss Life Current Load Load .
Time Ambient Top 0il Hot Spot (Percent) (amps) (P.U. NP) (MVA)

1:00 3.0 53.7 68.7 0.00010 . 840 1.000 50.000
2:00 3.0 47.8 £2.8 0.00013 840 1.000 50.000
3:00 3.0 44 .0 59.0 0.00015 8B40 1.000 50.000
4:00 2.0 21.7 56.7 0.0001s6 840 1.000 5C¢.000
- 5:00 2.0 359.8 54.8 C.00017 840 1.000 5C.000
6:00 3.0 38.7 53.7 0.00017 840 1.000 50.000
7:00 4.0 38.3 -53.3 0.00018 840 1.000 50.000
8:00 5.0 38.5 53.5 0.00019 840 1.000 50.000
9:00 6.0 38.9 53.9 0.0001% 840 1.000 50.000
10:00 6.0 32.6 54.6 0.00020 840 1.000 50.000
11:00 7.0 40.0 55.0 ¢.00021 840 1.000 50.000
12:00 7.0 40.6 55.¢6 0.00021 B40 1.000 50.000
12:00 9.0 41.0 56.0 0.00022 840 1.000 50.000
14:00 10.0 42.0 57.0 0.00023 1467 1.746 87.302
15:00 5.0 66.1 102.7 0.00167 lag7 1.74¢ B7.302
16:00 5.0 80.9 117.5 0.01214 1467 1.746 87.302
17:00 7.0 80.2 126.8 0.04594 1467 1.746 87.302
18:00 5.0 95.3 131.9 0.11215 1467 1.746 87.302
15:00 5.0 98.1 134.7 0.20769 1467 1.746 87.302
20:00 4.0 89.5 136.1 0.32359 1467 1.74¢6 87.302
21:00 3.0 100.0 136.6 0.44983 1467 1.746 B7.302
22:00 3.0 59.8% 136.5 0.57838 - 840 1.000 50.000
23:00 4.0 76.8 91.8 0.58528 840 1.000 50.000
24:00 4.0 §2.6 77.6 0.58573 840 1.000 50.000

The results based on this lcad and temperature cycle are:

Maximum Capability: 87.3 MVA.

Maximum Current: 1467 amps.

Maximum Hot-Spot Temperature: 136.6 C at 9:00 pm.
Maximum Top Oil Temperature: 100.0 C at 9:00 pm
Cumulative Loss-of-Life for Cycle: 0.58573 %.
Limiting Criteria was Top-0Cil

\O

OO0 00O0CQC

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period.




Date 07-28-1995 and Time 13:02 Page =

BUBBLE EVOLUTION MODEL - MEMBRANE CONSERVATOR
Gas pressure at top oil level is 760 mm Hg.
Static head of oil to hot Spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.
Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk oil and the gasses in the oil
at the hot spot location.

The average transformer temperatures for a typical load cycle are:
bulk oil at 50.0 C and hot spot at 60.0.C. : o

Prior to Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2

42 deg C 57 deg C .57 deg C

Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Compenent ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg

H20 3,742 2 3,256 2 3,256 1

ce2 0 0 0 0 0 0

02 0 0 0 0 0 0

CO 0 0 0 0 0 0

N2 500 4 512 4 51z 4
Total Pressure 6 mm Hg 6 mm Hg 5 mm Hg

Immediately After the Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
82 deg C 118 deg C - 118 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%

Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg

K20 3,742 3 39,405 43 27,058 25
coz 0 0 134 0 134 0
02 0 0 0 ¢ 0 0
CO 0 0 23 0 23 0
N2 500 4 512 4 512 4/
Eff. Total Pressure 5 mm Hg 45 mm Hg 32 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Hat

Hot Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.
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APPENDIX

D

Transformer ID
#2

56 MVA, 65°C, FOA
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BUEELE EVOLUTION MODEL - MEMBRANE CONSERVATOR

Gas pressure at top coil level is 760 mm Hg.
Static head of o0il to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg

Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk 0il and the gasses in the oil
at the hot spot location.

The'average transformer temperatures for a typical load cycle are:
bulk oil at 50.0 C and hot spot at 60.0 C.

Prior to Contingency

Bulk Cil Region Hot Spot #1 Hot Spot #2
62 deg C 80 deg C 80 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 2 3,256 ) 3,256 4
Ccoz2 g Q 0 0 0 0
02 0 0 o 0 0 0
CoO 0 0 0 0 0 0
N2 500 4 512 4 512 4
Total Pressure 6 mm Hg 10 mm Hg 8 mm Hg

Immediately After the Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
85 deg C 133 deg C 133 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 3 67,860 81 47,467 55
coz2 0 0 865 1 865 1
02 " 0 0 0 0 0
co 0 0 152 1 152 1
N2 500 4 512 4 512 4
Eff. Total Pressure 5 mm Hg 85 mm Hg 59 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Hot Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.
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TRANSFORMER LOCAD PLANNING PROGRAM (va.1)
Developed by
Dynamic Systems, Inc. and Berkshire Transiormer Consultancs, Inc.
Copyright (C) 1988, 188%, 1930, 1593, 19%4. All rights reserved by
Berkshire Transformer Consultants, Inc.

Station: SUMMER normal Rating Calculation
Transformers: Transformer ID #2 30/40/50 QA/FQOA/FOA
Commencs: McGraw-Edison 55/65 Deg . C

33.6/44.8/56 MVA for 65 deg C

Transiormer COperates Under Top 0il Temperature Control.

MVEA Type of ’ Winding ©il
Id Nameplate Ccoling Mocde {m) (n)
o. 56.000 FOA or FOW (Directed Flow) 1.00 1.00

The insulation system is rated for 65 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling Id 1.

Parameter Value History
Cu/Fe Loss Ratio 5.3
Top 0il Rise Ambient 37.0
Avg Winding Rise Amb. 61.5

Hot Spot Rise Top 0il 15.0 Input
Avg 0il Rise Ambient 35.0
Winding Time Constant 5
0il Time Constant 136

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS

- The selected twenty-four hour load cycle
consists of one repeated daily load cycle.

LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the fcllowing limiting criteria:

o Hot Spot Temperature: 120 C

¢ Top 01l Temperature: 105 C
h—

INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE'. THE

VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD.




INSULATION LOSS - of - LIFE

FOR
65 deg. C Class

Transformer 1D #2

SUMMER NORMAL RATING
Hot Spot Aging Cumulative
Time  Temperature Acceleration Aging
Deg. C Factor Hours

1 106.8 0.726451 0.726451
2 106.7 0.711499 1.43795
3 106.5 0.696839 2.134789
4 106.4 0.689617 2.8244086
5 106.7 0.711499 3.535905
6 107.2 0.74944 4.285345
7 107.9 0.805797 5.091142
8 108.7 0.875126 5.966268
9 109.6 0.959881 6.92615
10 110.9 1.096163 8.022312
11 111.7 1.188948 9.211261
12 112.2 1.250672 10.46193
13 112.6 1.302227 11.76416
14 112.8 1.328754 13.092%1
15 112.9 1.34221 14.43512
16 113 1.355794 15.79082
17 112.7 1.315427 17.10634
18 112.2 1.250672 18.35702
19 1115 1.165077 19.52209
20 110.7 1.074064 20.59616
21 109.8 0.979746 21.5759
22 108.9 0.883323 22.46923
23 107.9 0.805797 23.27502
24 107.3 0.757256 24.03228

% Loss - of - Life =

0.013351 %

Normal Loss of Life is .0133%




Date 01-12-1996 and Time 15:41 =
TRANSFORMER LOAD PLANNING PROGRAM (v4.l}
{(Continued)

Cumulative
< Temperatures (Deg C) > Loss Life Current Load Lo

ad

Time Ambient Top 0Oil Hot Spot (Percent) (amps) (P.U. NP} (MVA)

1:00 28.0 80.1 106.9 0.00111 1122 1.196 66
2:00 28.0 79.8 106.7 0.00219 1122 1.1%6 €66
3:00 28.0 79.7 106.5 0.00324 1122 1.196 66
4:00 29.0 79,6 106.4 0.00428 1122 1.19¢6 g6
5:00 30.0 79.9 106.7 0.00533 1122 1.196 66
6:00 31.0 80.4 107.2 0.00643 1122 1.18¢ 33
7:00 32.0 81.1 107.%5 0.00762 1122 1.196 66
8:00 33.0 Bl.5 108.7 0.00850 1122 1.15¢ 66
5:00 35.0 8z2.8 109.6 0.01032 1122 1.196 66
10:00 35.0 84.1 116.9 0.01151 1122 1.19¢6 66
11:00 35.0 84.5 111.7 0.01370 1122 1.19%96 66
12:00 35.0 85.4 112.2 0.01561 1122 1.19¢6 66
13:00 35.0 85.8 112.86 0.01761 1122 1.196 66
14:00 35.0 86.0 112.8 0.01%968 1122 1.1%96 66
15:00 35.0 86.1 112.9 G.02178 1122 1.196 66
16:00 34.0 86.2 113.0 0.02391 1122 1.186 66
17:00 33.0 85.9 112.7 0.02601 1122 1.186 66
18:00 32.0 B5.4 112.2 0.02801 1122 1.196 66
19:00 31.0 84.7 111.5 0.02988 1122 1.196 66
20:00 30.0 8B3.8 110.7 0.03160 1122 1.19¢6 66
21:00 25.0 83.0 109.8 0.03317 1122 1.196 66
22:00 28.0 82.0 108.9 0.034559 1122 1.196 66
23:00 28.0 81.1 107.9 0.03587 1122 1.1396 66
24:00 28.0 80.5 107.3 0.03704 1122 1.196 66

The results based on this load and temperature cycle are:

Maximum Capability: 67.0 MVA.

Maximum Current: 1122 amps.

Maximum Hot-Spot Temperature: 113.0 C at 4:00 pm.
Maximum Top Oil Temperature: 86.2 C at 4:00 pm.
Curulative Loss-of-Life for Cycle: 0.03704 %.
Limiting Criteria was Loss-of-Life

i

00000

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period.
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TRANSFORMER LCAD PLANNING PROGRAM (wva .1}
Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.
Copyright (C) 1988, 1383, 199C, 1993, 1994. All rights reserved bv
Berkshire Transformer Consultants, Inc.

Station: SUMMER 1 ¢ e 4 hour pk starting @ I BM
Transformers: Transformer ID #2 30/40/50 OA/FOA/FOA
Comments: McGraw-Edison 55/65 Deg . C

33.6/44.8/56 MVA for 65 deg C

Transformer Operates Under Top Oil Temperature Control.

MVA Type of Wincding 01l
Id Nameplate Cooling Mode (m} (n)-~
9. 56.000 FOA or FOW (Directed Flow) 1.00 1.00

The insulation system is rated for 65 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LCAD

Cocling Id 1.

Parameter Value History
Cu/Fe Loss Ratic 3.3 Input
Top Oil Rise Ambient 37.0 Input
Avg Winding Rise Amb. 61.5 Input
Hot Spot Rise Teop 0il 15.0 Input
Avg Cil Rise Ambient 35.0 Calc
Winding Time Constant 5 Input
0il Time Constant 136 Input

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS
The selected twenty-four hour leoad cycle
consists of a constant 1.00 P.U. Rated Load for a period of

2C0.00 hours, followed by a constant higher load for 4.00 hours.
The constant higher load is applied at 1 pm.

LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

O Hot Spot Temperature: 140 C

© Top 0il Temperature: 110 C
e

INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE'. THE

VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD.




INSULATION LOSS - of - LIFE

FOR
65 deg. C Class

Transformer ID #2

SUMMER LTE (4 Hour) RATING ,starting @ 1 PM

Hot Spot Aging Cumuiative
Time  Temperature Acceleration Aging
Deg. C Factor Hours
1 85.3 0.067214 0.067214
2 84.8 0.063395 0.130609
3 B4 4 0.060489 0.181098
4 84.2 0.058084 0.250183
5 84.4 0.060489 0.310672
6 84.9 0.064142 0.374814
7 85.5 0.068803 0.443616
8 86.3 0.07552 0.519137
9 87.2 0.083824 0.60296
10 88.5 0.097365 0.700326 .
11 89.3 0.106708 0.807034
12 89.8 0.112873 0.820007
13 90.1 0.116899 1.0369086
14 123.2 3.68704 4723946
15 131.5 8.017868 12.74181
16 136.9 13.06843 25.81025
17 140 17.19946 43.00971
18 108.8 0.88418 43.89389
19 101.3 0.402397 44.29629
20 96.1 0.228801 44 52508
21 92.4 0.151615 44 67671
22 89.7 0.111693 44,7884
23 87.6 0.087787 4487618
24 86.2 0.074648 4495083

% Loss - of - Life

0.024973 %

Emergency operation criteria Loss of Life is .25% per occcurence.
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TRANSFORMER LOAD PLANNING PROGRAM (va.1)
{Continued)

' Cumulative
< Temperatures (Deg C) > Loss Life Current Load Load
Time Ambient Top 0il Hot Spot (Percent) {amps) (P.U. NP) (MVA)

1:00 28.0 66.6 85.3 0.00008 538 1.000 56.000
2:00 28.0 66.0 84.8 g.00017 938 1.000 56.000
3:00 28.0 65.7 84.4 0.00025 938 1.000 56.000
4:00 29.0 65.4 84 .2 0.00033 938 1.000 56.000
5:00 30.0 £5.6 84.4 G.00040 938 1.000 56.000
6:00 31.0 66.1 84.9 G.00048 938 1.000 56.000
7:00 32.0 66.8 85.5 0.0005b6 938 1.000 56.000C
8:00 33.0 67.6 86.3 C.00066 938 1.000 56.000
9:00 35.0 68.4 87.2 0.00076 938 1.000 56.000
10:00 35.0 69.7 8.5 0.00088 938 1.000 5€.000
11:00 35.0 70.5 89.3 0.00101 938 1.000 56.000
12:00 35.0 71.1 B9.8 0.00116 938 1.000 56.000
13:00 ° 35.0 71.4 90.1 0.0013z2 1350 1.439 80.568
14:00 35.0 84.4 123.2 0.00480 1350 1.439 80.568
15:00 35.0 92.7 131.5 0.01502 1350 1.435 B0O.568
16:00 34.0 98.1 136.9 0.03437 1350 1.439 B0.568
17:00 33.0 101.2 140.0 0.06281 938 1.000 56.000
18:00 32.0 80.0 108.8 0.06596 938 1.000 56.000
1%:00 31.0 B2.5 101.3 0.06683 938 1.000 56.000
20:00 30.0 77.4 S6.1 0.06725 538 1.000 56.000
21:00 29.0 73.7 92.4 0.06750 838 1.000 56.000
22:00 28.0 70.9 BS.7 0.06767 938 1.000 56.000
23:00 28.0 68.8 B7.6 0.06780 538 1.000 56.000
24:00 28.0 €7.5 86.2 0.06780 938 1.000 56.000

The results based on this load and temperature cycle are:

Maximum Capability: 80.6 MVA.

Maximum Current: 1350 amps.

Maximum Hot-Spot Temperature: 140.0 C at 5:00 pm.
Maximum Top 0il Temperature: 101.2 C at 5:00 pm.
Cumulative Loss-of-Life for Cycle: 0.0679C %.
Limiting Criteria was Hot-Spot

0O000O0CQ

aAmbient ailr temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period.
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Date 07-28-1995 and Time 13:45 Page

BUBBLE EVOLUTION MCDEL - MEMBRANE CONSERVATCR

Gas pressure at top oil level is 760 mm Hg.
Static head of o0il to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.

Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk oil and the gasses in the oil
at the hot spot location.

The average transformer temperatures for a typical load cycle are:
bulk ©il at 50.C¢ C and hot spot at 60.0 C.

Prior to Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
71 deg C 80 deg C 90 deg C
Gas Bulk Hz20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol wm Hg ppm Vol mm Hg
H20 3,742 2 3,256 11 3,256 7
coz2 0 0 0] 0 0 0
o2 o 0 0 0 0 0
Co o 0 o 0 0 0
N2 500 4 512 4 512 4
Total Pressure 6 mm Hg 14 mm Hg 11 mm Hg

Immediately After the Contingency

Bulk 0Oil Region Hot Spot #1 Hot Spot #2
93 deg C 132 deg C 132 deg C
Gas Bulk H2O0 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 3 65,940 78 46,025 54
Cco2 0 0] - 763 1l 763 1
o2 0 0 0 0 0 0
CO o ‘0 134 1 134 1
N2 500 4 512 4 512 4
Eff. Total Pressure 5 mm Hg 82 mm Hg 57 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Hot Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.
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TRANSFORMER LOAD PLANNING PROGRAM (wv4 . l)
Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, In
Copyright (C) 1588, 1989, 1990, 1993, 19%4. All rights reserve
Berkshire Transformer Consultants, Inc.

£
o
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Station: SUMMER 1 © e 8 hour pk starting @ 10 AM
Transformers: Transformer ID #2 30/40/50C OA/FOA/FOA
Comments: McGraw-Ediscn 55/65 Deg . C

33.6/44.8/5¢6 MVA for 65 deg C

Transformer Operates Under Top 0il Temperature Control.

MVA Type of Winding 0il
Id Nameplate Cocling Mode {m) (n)

9. 56.000 FOA or FOW (Directed Flow) 1.00 1.00
The insulation system is rated for 65 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Coocling Id 1.

Parameter value History
Cu/Fe Loss Ratic 9.3
Top 0il Rise Ambient 37.0
Avg Winding Rise Amb. 61.5

Hot Spot Rise Tep 0il 15.0 Input
Avg 0il Rise Ambient 35.0
Winding Time Constant 5
Oil Time Constant 136

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS
The selected twenty-four hour lcad cycle
consists of a constant 1.00 P.U. Rated Load for a period of
16.00 heurs; followed by a constant higher lcad for 8.00 hours.
The ceonstant higher load is applied at 10 am.
LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

o Eot Spot Temperature: | 140 C
o Top Qil Temperature: 110 C
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted bv the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE’, THE

VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD.




INSULATION LOSS - of - LIFE

FOR
65 deg. C Class

Transformer 1D #2

SUMMER LTE (8 Hour) RATING ,starting @ 10 AM

Hot Spot Aging Cumulative
.Time  Temperature Acceleration Aging
Deg. C Factor Hours

1 85.9 0.072087 0.072087
2 85.1 0.065661 0.137748
3 84.6 0.061926 0.199674
4 84.3 0.059783 0.259457
5 84.5 0.061203 0.32066
6 84.9 0.064142 0.384802
7 85.6 0.06961 0.454412
8 86.4 0.076403 0.530815
9 87.2 0.083824 0.614639
10 88.5 0.097365 0.712004
11 119.4 2.555355 3.267358
12 127.4 5.484651 8.75201
13 132.6 8.866165 17.61817
14 135.2 11.94969 29.56786
15 138.1 14.54167 4410953
16 139.5 16.4587 60.56823
17 140 17.19946 77.7677
18 140 17.19946 94.96716
18 108.5 0.950093 95.91726
20 101.4 0.406728 96.32399
21 95.8 0.221361 96.54535
22 91.9 0.143322 96.68867
23 89 0.103109 96.79178
24 87.1 0.08286 96.87464

% Loss - of - Life =

0.053819 %

Emergency operation criteria Loss of Life is .25% per occcurence.
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TRANSFORMER LOAD PLANNING PROGRAM (v4.1)
(Continued)

Cumulative
< Temperatures {Deg C) > Loss Life Current Load Load
Time Ambient Top Oil Hot Spot (Percent) ({(amps) (P.U. NB) (MVA)

1:00 28.0 67.2 85.9 0.00010 938 1.000 ~56.000
2:00 28.0 66.4 85.1 0.00019 938 1.000 56.000
3:00 28.0 65.9 84.6 0.00027 938 1.000 56.000
4:00 28.0 65.6 84.3 0.00034 938 1.000 56.000
5:00 30.0 65.7 84.5 G.0G0042 938 1.000 56.000
6:00 31.0 66.2 84.9 ¢.00050 938 1.000 56.000
7:00 32.0 66.8 B5.6 0.00059 938 1.000 56.000
8:00 33.0 £7.6 Be6.4 0.00068 938 1.000 56.000
9:00 35.0 £8.C B7.2 0.00078 538 1.000 56.000
10:00 35.0 6£9.7 88.5 0.00090 1320 1.408 78.833
11:00 35.0 82.2 115.4 0.00328 1320 1.408 78.8B33
12:00 35.0 80.3 127.4 0.01014 1320 1.408 78.833
13:00 35.0 95.5 132.6 0.02301 1220 1.408 78.833
14:00 35.0 98.8 135.9 0.04218 1220 1.408 78.833
15:00 35.0 100.8 138.1 0.06687 1320 1.408 78.833
16:00 34.0 102.3 135.5 0.0%591 1320 1.408 78.833
17:00 33.0 102.8 140.0 0.12750 1320 1.408 78.833
18:00 32.0 102.8 140.0 0.15877 938 1.000 56.000
19:00 31.0 50.8 1098.5 0.16328 938 1.000 56.000
20:00 30.0 B2.6 101.4 0.16419 938 1.000 56.000
21:00 29.0 77.1 895.8 0.16460 938 1.000 56.000
22:00 28.0 73.1 91.9 0.16484 838 1.000 56.000
23:00 28.0 70.2 89.0 0.16500 938 1.000 56.000
24:00 28.0 68.4 87.1 0.16512 938 1.000 56.000

The results based on this load and temperature cycle are:

Maximum Capability: 78.8 MVA.

Maximum Current: 1320 amps.

Maximum Hot-Spot Temperature: 140.0 C at 5:00 pm.
Maximum Top Qil Temperature: 102.8 C at 5:00 pm.
Cumulative Loss-of-Life for Cycle: ¢.16512 %.
Limiting Criteria was Hot-Spot

3

C0CcO0OO0OO

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period.
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BURRBLE EVOLUTION MODEL - MEMBRANE CONSERVATOR

Gas pressure at top oil level is 760 mm Hg.
Static head of oil to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.

Partial pressure eguilibrium is assumed to have occurred between
the gases dissclved in the bulk o©il and the gasses in the il
at the hot spot location.

The average transformer temperatures for a typical load cycle are:
bulk cil at 50.0 C and hot spot at 60.0 C.

Prior to Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
70 deg C 8% deg C 89 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 2 3,256 10 3,256 7
coz 0 0 0 0 C 0
02 4] #] 0 0 0 0
CO 0 0 0 0 0 0
N2 500 4 512 4 512 4
Total Pressure 6 mm Hg 14 mm Hg 10 mm Hg

Immediately After the Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
91 deg C 128 deg C 128 deg C
Gas Bulk H20 1.00% Insul H2C 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 3 56,932 66 39,567 45
coz2 0 0 524 1 524 1
02 0 0 0] 0 0 0
COo 0 0 82 1 92 1
Nz 500 4 512 4 512 4
Eff. Total Pressure 5 mm Hg 69 mm Hg 48 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Hot Spot #2

Bubble evolution i1s not likely to occur at the winding hot spot
as the result of this contingency.
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TRANSFORMER LOAD PLANNINGC PROGRAM (vé4.1) .
Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.
Copyright (C) 1988, 1988, 1990, 1993, 1994. 2All rights reserved bv
Berkshire Transformer Consultants, Inc.

Station: WiINTER norma 1l RATING CALCULATION

Transformers: Transformer ID #2 30/40/50 OA/FOA/FOA

Comments: McGraw-Edison 55/65 Deg . C
: 33.6/44 .8B/56 MVA for 65 deg C

Transformer Operates Under Top 0il Temperature Contrel.

MVA Type of ‘ Winding 0©il
Id Nameplate Cooling Mode (m) (n)
9. 56.000 FOA or FOW (Directed Flow) 1.00 1.00

The insulation system 1is rated for €5 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling Id 1.

Parameter Value History
Cu/Fe Loss Ratio 2.3 Input
Top Cil Rise Ambient 37.0 Input
Avg Winding Rise Amb. €1.5 Input
Hot Spot Rise Top 0il 15.0 Input
Avg 0il Rise Ambient 35.0 cCalc
Winding Time Constant & Input
01l Time Censtant 136 Input

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS

The selected twenty-four hour load cycle
consists of cone repeated daily load cycle.

LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

© Hot Spot Temperature: 115 C
o Top Cil Temperature: : 105 ¢C

.-
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life vaiues. WHEN THE LIMITING CRITERIA 1S 'LOSS-OF-LIFE', THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD.

L




INSULATION LOSS - of - LIFE

FOR
€5 deg. C Ciass

Transformer ID #2

WINTER NORMAL RATING
Hot Spot Aging Cumulative
Time  Temperature Acceleration Aging
Deg. C Factor Hours

1 108.3 0.838783 0.839783
2 108.1 0.822623 1.662406
3 107.9 0.805797 2.468202
4 107.5 0.773119 3.241321
5 107.2 0.74944 3.990761
6 107.3 0.757256 4748017
7 107.8 0.797506 5.545523
8 108.5 0.857282 6.402805
9 109.2 0.921283 7.324098
10 109.7 0.969765 8.293863
11 110.4 1.041706 9.33557
12 110.8 1.08506 10.42063
13 111.8 1.201057 11.62169
14 112.8 1.328754 12.95044
15 113.1 1.369509 14.31995
16 113.3 1.397334 15.71728
17 112.7 1.315427 17.03271
18. 112 1.225626 18.25834
19 111.1 1.118693 19.37703
20 110.2 1.020651 20.39768
21 109.3 0.8308 21.32848
22 108.7 0.875126 22.20361
23 108.7 0.875126 23.07873
24 108.7 0.875126 23.95386

% Loss -of -Life =

0.013308 %

Normal Loss of Life is .0133%
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TRANSFORMER LOAD PLANNING PROGRAM (w4 .1l)
(Continued)

Cumulative
< Temperatures {(Deg C) > Loss Life Current Load Lo

Time Ambient Top Cil Hot Spot (Percent) (amps) (P.U. NP) {(MVA)

1:00 3.0 72.0 108.3 0.00130 1306 1.382 77
2:00 3.0 71.7 108.1 0.00256 1306 1.392 77
3:00 2.0 71.6 107.9 0.00375 1306 1.392 77
4:00 2.0 71.1 107.5 0.00497 1306 1.392 77
5:00 3.0 70.8 107.2 0.00612 1306 1.382 77
6:00 4.0 71.0 107.3 0.00725 1306 1.352 77
7:00 5.0 71.5 107.8 0.00843 1306 1.392 77
§:00 6.0 72.1 108.5 0.00969 1306 1.392 77
9:00 6.0 72.9 109.2 0.01105 1306 1.392 77
10:00 7.0 73.4 109.7 0.01251 1306 1.392 77
12:00 7.0 74.1 110.4 0.01406 1306 1.392 77
12:00 9.0 74.5 1i0.8 0.01572 1306 1.352 77
13:00 10.0 75.5 111.8 0.01751 1306 1.3%2 77
14:00 9.0 76.5 112.8 0.019851 1306 1.392 77
15:00 9.0 76 .8 113.1 0.02164 1306 1.3%2 .77
16:00 7.0 77.0 113.3 0.02382 1306 1.3%2 77
17:00 6.0 76.4 112.7 0.02594 13086 1.392 77
18:00 5.0 75.6 112.0 0.02792 1306 1.392 77
12:00 4.0 74.8 1i1.1 0.02573 1306 1.382 77
20:00 3.0 73.9 110.2 0.03138 1206 1.382 77
21:00 3.0 73.0 109.3 0.03287 1306 1.382 77
22:00 4.0 72.4 108.7 0.03424 1306 1.392 77
23:00 4.0 72.4 108.7 0.03558 1306 1.392 77
24:00 3.0 72.3 108.7 0.036893 1306 1.392 77

The results based on this load and temperature cycle are:

Maximum Capability: 77.9 MVA.

‘Maximum Current: 1306 amps.

Maximum Hot-Spot Temperature: 113.3 C at 4:00 pm.
Maximum Top 0Oil Temperature: 77.0 C at 4:00 pm.
Cumulative Loss-of-Life for Cycle: 0.03691 %.
Limiting Criteria was Loss-of-Life

"

O0000O0

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time peried.

An exception to this is the short time emergency (STE} type
rating where the load may vary within a one hour time period.
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TRANSFORMER LCAD PLANNING PROGRAM (v4.1:
Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.
Copyright (C)} 1988, 1989, 1990, 1993, 19%. All rights reserved by
Berkshire Transformer Consultants, Inc.

Staticn: WiINTER lte 4 hour peak starting & 4 BPM
Transformers: Transformer ID #2 30/40/50 OA/FOA/FQA
Commencs: McGraw-Edison 55/65 Deg . C

33.6/44.8/56 MVA for 65 deg C

Transformer Operates Under Top 0il Temperature Contrcl.

MVA Type of Winding ©il
Id Nameplate Cocoling Mode (m) (n)
3. 56.000 FOA or FOW (Directed Flow) 1.00 1.00

The insulation system is rated for 65 C rise over ambisn:.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cocling Id 1.

Parameter Value History
Cu/Fe Loss Ratio 9.3 Input
Top 0il Rise Ambient 37.0 Input
Avg Winding Rise Amb. 61.5 Input
Hot Spot Rise Top Cil 15.0 Input
Avg 0il Rise Ambient 35.0 Calc
Winding Time Constant 5 Input
0il Time Constant 13¢ Input

SELECTED LOAD AND AMBTENT TEMPERATURE PATTERNS

The selected twenty-four hour locad cycle

consists of a constant 1.00 P.U. Rated Load for a period of
20.00 hours, followed by a constant higher load for 4.00 hours.
The constant higher load i1s applied at 4 pm.

LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

© Hot Spot Temperature: | 140 C
© Top 01l Temperature: 110 C
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA 1S '"LOSS-OF-LIFE', THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD.




INSULATION LOSS - of - LIFE

FOR
65 deg. C Class

Transformer ID #2

WINTER LTE(4 hour) RATING, starting (@ 4 PM

Hot Spot Aging Cumutative
Time  Temperature Acceleration Aging
Deg. C Factor Hours

1 82.1 0.046091 0.046091
2 771 0.025213 0.071304
3 83.2 0.052514 0.123818
4 77.4 0.026155 0.148972
5 83.6 0.055054 0.205026
& 77.6 0.026801 0.231827
7 82.8 0.050085 0.281913
8 78.8 0.031012 0.312825
g 80.6 0.03853 0.351455
10 80.6 0.03853 0.389984
11 79.4 0.033347 0.423332
12 82.1 0.046091 0.469423
13 78.7 0.030638 0.500062
14 82.7 0.048495 0.548557
15 77.9 0.0278 0.577357
16 83.6 0.055054 0.63241
17 127.2 5.382923 6.015333
18 134 10.06893 16.08426
19 138 14.41314 30.4974
20 140.2 17.5045 48.0019
21 91.6 0.138555 48.14046
22 79.9 0.03542 48.17588
23 81.3 0.041898 48.21777
24 78.2 0.028834 48.24661

% Loss - of - Life = 0.026804 %

Emergency operation criteria for Loss of Life is .25% per occurence.




Date 07-28-1855 and Time 14:27 D
TRANSFCRMER LCAD PLANNING PROGRAM (v4.1)
(Continued)

Cumulative
< Temperatures (Deg C) > Loss Life Current Load Lo

ad

Time Ambient Top 0il Hot Spot (Percent) (amps) (P.U. NP) (MVA)

1:00 3.0 63.3 g2.1 ¢.00004 938 1.00¢0 56
2:00 3.0 58.4 77.1 0.00008 938 1.000 56
3:00 2.0 64.5 83.2 0.00014 538 1.000 56
4:00 2.0 58.6 77.4 0.00018 938 1.000 56
5:00 3.0 64.8 83.6 0.00023 938 1.000 56
6:00 4.0 58.9 77.6 0.00028 938 1.000 56
7:00 5.0 64.1 2.8 0.00033 538 1.000 56
8:00 5.0 60.1 78.8 0.00037 938 1.000 56
9:00 6.0 61.9 BO.& 0.00042 938 1.000 56
10:00 7.0 61.8 BO.6 0.000406 938 1.000 1)
11:00 7.0 60.7 79.4 0.00052 938 1.000 56
12:00 g.0 63.3 g2.1 0.00056 538 1.000 56
13:00 10.0 59.9 78.7 0.00061 938 1.000 56
14:00 8.0 63.9 82.7 0.00065 938 1.000 56
15:00 9.0 58.2 77.9 0.00070 938 1.000 56
16:00 7.0 64.9 B3.6 0.00075 1518 1.619 S0
17:00 6.0 78.0 127.2 0.00626 1518 1.619 - 90
18:00 5.0 B4.9 134.0 D.02008 1518 1.619 90
19:00 4.0 88.9 138.0 0.04280 1518 1.619 S0
20:00 3.0 91.1 140.2 0.0729¢ 238 1.000 56
21:00 3.0 72.9 91.6 0.07402 938 1.000 56
22:00 4.0 €1.1 79.9 0.07411 938 1.000 56
23:00 4.0 62.6 81.3 0.07415 938 1.000 56
24:0C 3.0 55.5 78.2 0.07420 938 1.000 56

The results based on this load and temperature cycle are:

Maximum Capability: 80.6 MVA.

Maximum Current: 1518 amps.

Maximum Hot-Spot Temperature: 140.2 C at 8:00 pm.
Maximum Top Cil Temperature: 91.1 C at 8:00 pm.
Cumulative Loss-of-Life for Cycle: 0.07420 %.
Limiting Criteria was Hot-Spot

000000

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the lcad may vary within a one hour time period.
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BUBELE EVOLUTION MODEL - MEMBRANE CONSERVATOR

Gas pressure at top oil level is 760 mm Hg.
Static head of ©il to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.

Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk oil and the gasses in the oil
at the hot spot location.

The average transformer temperatures for a typical load cycle are:
bulk oil at 50.0 C and hot spot at 60.0 C.

Prior to Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
65 deg C B4 deg C 84 deg C
Gas - Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 2 3,256 7 3,256 5
co2 0 0 0 0 0 0
o) 0 0 0 0 0 0
CO 0 0 0 0 0 0]
N2 500 4 512 4 512 4
Total Pressure & mm Hg 11 mm Hg 9 mm Hg

Immediately After the Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
B85 deg C 134 deg C 134 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol wmm Hg ppm Vol mm Hg
H20 3,742 3 72,402 87 50,808 5%
coz2 - 0 0 1,053 1 1,053 1
02 0 0 0 0 0 8]
Co o 0 185 1 185 1
N2 500 4 512 3 512 3
Eff. Total Pressure "5 mm Hg 91 mm Hg 64 mm Hg-

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Hot Spot #2

Bubble eveolution is not likely to occur at the winding hot spot
as the result of this contingency.
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TRANSFORMEZR LOAD PLANNING PROGRAM (v<.2)
Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.
Copyright (C) 1988, 1983, 1850, 1993, 19%4. All rights reserved by
Berkshire Transformer Consultants, Inc.

Station: WiINTER lte 8 hour peak starting @ 2 PM
Transformers: Transformer ID $#2 30/40/50 OA/FOA/FCA
Comments: McGraw-Edison 55/65 Deg . C

33.6/44.8/56 MVA for €5 deg C

Transfcrmer Operates Under Top 0il Temperature Control.

MVA Type of Winding ©il
Id Nameplate Cooling Mode (m} (n)
5. 56.000 FOA cor FOW (Directed Flow) 1.00 1.00

The insulation system is rated for 65 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling Id 1.
Parameter - Value History

Cu/Fe Loss Ratio 9.3 Input
Top Oil Rise Ambient 37.0 Input
Avg Winding Rise Amb. 61.5 Input
Hot Spot Rise Top 0il 15.0 Input
Avg Cil Rise Ambient 35.0 Calc
Winding Time Constant 5 Input
©il Time Constant 136 Input

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS

The selected twenty-four hour load cycle

consists of 2 constant 1.00 P.U. Rated Load for a period of
16.00 hours, fcllowed by a constant higher locad for 8.00 hours.
The constant higher load is applied at 2 pm.

LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
lcad that satisiies the following limiting criteria:

© Hot Spot Temperature: 140 C
o Top 0il Temperature: 110 C
L

INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE', THE
YALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD.




INSULATION LOSS - of - LIFE

FOR
65 deg. C Class

Transformer ID #2

WINTER LTE(S hour) RATING, starting (@ 2 PM

Hot Spot Aging Cumuiative
Time  Temperature Acceleration - Aging
Deg. C Factor Hours

1 80.3 0.037167 0.037167
2 79.8 0.034808 0.072163
3 80.9 0.039941 0.112103
4 79.2 0.032551 0.144654
5 81.4 0.042402 0.187056
6 78.5 0.029904 0.21696
7 82.3 0.0472 0.26416
8 77.4 0.026155 0.290315
S 83.9 0.057035 0.34735
10 77.6 0.026801 0.374151
11 81.6 0.043426 0.417578
12 79.5 0.033753 0.45133
13 80.1 0.036283 0.487614
14 80.3 0.037167 0.52478
15 124.9 4.334372 4.8539153
16 132.3 8.626754 13.48591
17 136.3 12.38586 25.87177
18 138.6 15.20071 41.07248
19 139.7 16.75132 57.82379
20 140 17.19946 75.02326
21 139.9 17.04884 92.07209
22 139.8 16.89946 108.8716
23 92.5 0.153327 109.1249
24 80.8 0.039465 108.1643

% Loss - of - Life = 0.060647 %

Emergency operation criteria for Loss of Life is .25% per occurence.
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TRANSFORMER LOAD PLANNING PROGRAM (v4.1l)
{Continued)

Cumulative
< Temperatures (Deg C) > Loss Life Current Load Load
Time Ambient Top 0il Hot Spot (Percent) ({amps) (P.U. NP) (MVA)

1:00 3.0 €1.5 B0.3 0.00004 238 1.0600 56.000
2:00 3.0 €l.1 79.8 G.C000S 938 1.000 56.000
3:00 2.0 62.2 8B0.9 ¢.00C13 938 1.000 56.000
4:00 2.0 60.4 79.2 0.06C18 938 1.000 56.000
5:00 3.0 62.6 81.4 0.00022 c38 1.000 56.000
6:00 4.0 £9.8 78.5 0.00028 938 1.000 56.000
7:00 5.0 £63.5 82.3 0.00032 938 1.000 56.000
8:00 6.0 58.6 77.4 0.00037 2938 1.000 56.000
9:00 6.0 65.2 83.9 0.00042 938 1.000 56.000
10:00 7.0 58.9 77.6 0.00046 938 1.000 56.000
11:00 7.0 62.9 8l.6 0.00052 938 1.000 56.000
12:00 9.0 60.7 79.5 0.00055 838 1.000 56.000
12:00 10.0 61l.4 80.1 0.00061 938 1.000 56.000
14:00 9.0 61.5 B0.3 0.00064 14398 1.597 B9.435
15:00 9.0 77.0 124.9 0.00454 1498 1.597 B9.435
16:00 7.0 84.4 132.3 0.01635 1498 1.59% 89.435
17:00 6.0 88.5 136.3 0.03566 1458 1.597 89.435
18:00 5.0 90.7 138.6 0.06140 1498 1.597 89.435
19:00 4.0 81.8 139.7 0.09131 1458 1.597 89.435
20:00 3.0 82.2 140.0 0.12316 1458 1.597 89.435
21:00 3.0 $2.0 139.9 0.15524 1498 1.597 89.435
22:00 4.0 82.0 139.8 0.18699 938 1.000 56.000
23:00 4.0 73.8 92.5 0.18811 938 1.000 56.000
24:00 3.0 62.1 80.8 0.18821 938 1.000 56.000

The results based on this load and temperature cycle are:

Maximum Capability: 89.4 MVA.

Maximum Current: 1498 amps.

Maximum Hot-Spot Temperature: 140.0 C at 8:00 pm.
Maximum Top 0il Temperature: 92.2 C at 8:00 pm.
Cumulative Loss-of-Life for Cycle: 0.18821 %.
Limiting Criteria was Hot-Spot

C0o0O0O0C

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hcour time period.
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BUBBLE EVOLUTION MODEL -~ MEMBRANE CONSERVATOR

Gas pressure at top o0il level is 760 mm Hg.
Static head of oil to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.

Partial pressure equilibrium is assumed to have occurred between
the gases dissclved in the bulk o0il and the gasses in the oil
at the hot spot location.

Ls

The average transformer temperatures for a typical load cycle are:

bulk cil at 50.0 C and hot spot at 60.0 C.

Prior to Contingency

Bulk ©il Region Hot Spot #1 Hot Spot #2
62 deg C 80 deg C 80 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Compeonent ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 2 3,256 & 3,256 4
coz2 0] 4] 0 0 0 0
02 0 0 0 0 0 a
co 0 4] 0 0 0 0
N2 500 4 512 4 512 4
Total Pressure 6 mm Hg 10 mm Hg 8 mm Hg

[mmediately After the Contingency

Bulk 0Oil Region Hot Spot #1 Hot Spot #2
85 deg C 133 deg C 133 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Compornent ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 3 67,860 81 47,467 55
co2 0 0 B&5 1 865 1
02 0 0 0 0] 0 0
CO 0] 0 152 1 152 1
N2 500 4 512 4 512 4
Eff. Total Pressure 5 mm Hg 85 mm Hg 59 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Hot Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.
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BUBBLE EVOLUTION MODEL - MEMBRANE CONSERVATCR

Gas pressure at top oil level is 760 mm Hg.
Static head of o0il to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.

Partial pressure equilibrium is assumed to have cccurred between
the gases dissolved in the bulk oil and the gasses in the oil
at the hot spot location.

The average transformer temperatures for a typical load cycle are:
bulk oil at 50.0 C and hot spot at 60.0 C. '

Prior to Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
59 deg C 78 deg C 78 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 2 3,256 5 3,256 4
o2 0 0 0 0 0 0
o) 0 o 0] 0 0 0
CO 0 0 0 0 Q 0
N2 500 4 512 4 512 4
Total Pressure 6 mm Hg 9 mm Hg 8 mm Hg
Immediately After the Contingency
Bulk 0il Region Hot Spot #1 Hot Spot #2
74 deg C 128 deg C - 128 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H2C 3,742 3 58,496 68 40,768 46
Coz2 0 0 628 1 628 1
o2 o - o 0 0 0 0
Co -0 0 110 1 110 1
N2 500 4 512 4 512 4
Eff. Total Pressure S mm Hg 71 mm Hg 50 'mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency. .

e

Hot Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.
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TRANSFORMER LOAD PLANNING PROGRAM {va . 1}
Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consul:tants, Inc.
Copyright.(C) 1988, 1989, 1950, 1993, 1994. All rights reserved by
Berkshire Transformer Consultants, Inc.

Station: SUMMER n o rmal RATING CALCULATION

Transformers: Trans former ID #3 FOA-T 200MVA, '354/118kV
Comments: ° General Electric, 3/1961

Data based on tap position #9

Transfcrmer Operates Under Hot Spot Temperature Conzrol.

MVA Type of Winding bil
Id Nameplate Cooling Mode (m) (r)

9. 200.000 FCA or FOW (Directed Flow) 1.00 1.00
The insulation system is rated for 55 C rise over ambient .
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cocling Id 1.

Parameter Value History
Cu/Fe Loss Ratio 4.9 Input
Top Oil Rise Ambient 31.2 Input
Avg Winding Rise Amb. 65.0 Input
Hot Spot Rise Top 0il 15.0 Input
Avg 0il Rise Ambient 29.2 Calc
Winding Time Constant 5 Input
Cil Time Constant 173 Input

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS

The selected twenty-four hour load cycle
consists of one repeated daily load cycle.

LOAD PLANNING-CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria: '

o Hot Spot Temperature: 105 C
© Top 0Oil Temperature: 95 C
ﬁ
INSULATION LIFE

The PROPOSE new Standard uses a different formuia for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the

. new loss-of-life values. WHEN THE LIMITING CRITERIA IS '"LOSS-OF-LIFE', THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD. '




INSULATION LOSS - of - LIFE

FOR
55 deg. C Class

Transformer ID #3

SUMMER NORMAL RATING
Hot Spot Aging - - LCumulative
Time  Temperature Acceleration Aging
‘ Deg. C Factor Hours
1 929 0.791411 0.791411
2 92 4 0.748238 1.53965
3 92.1 0.72342 2.26307
4 91.8 0.699387 2.962457
5 91.7 0.691546 3.654002
6 91.8 0.699387 4.353389
7 822 0.731805 5.084994
8 92.8 0.782591 5.867585
9 93.5 0.846348 6.713833
10 94.3 0.925259 7.639191
11 85.4 1.045251 8.684443
12 96.2 1.141661 9.826103
13 96.8 1.219454 11.04556
14 §7.2 1.274088 12.31965
15 97.5 1.316583 13.63623
16 97.7 1.345657 14.98189
17 97.9 1.375341 16.35723
18, 97.7 1.345657 17.70288
19 97.3 1.288106 18.99099
20- 896.7 1.206148 20.19714
21 96 1.116795 21.31393 /7
22 95.2 1.022388 22.33632
23 94.4 0.935601 23.27192.
24 83.5 0.846348 24.11827
% Loss - of - Life = 0.013399 %

Normal Loss of Life is .0133%
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TRANSFORMER LOAD PLANNING PROGRAM (va.1)
(Continued)

Cumulative
< Temperatures (Deg C) > Loss Life Current Load Load
Time Ambient Top Oil Hot Spot (Percent) (amps) (P.U. NP} (MVA)

1:00 28.0 68.5 92.9 0.00123 1138 1.139 227.838

2:00 28.0 68.1 - -92.4 0.00239 1139 1.139 227.838

3:00 28.0 67.7 9z.1 0.003409 1138 1.139 227.838

4:00 28.0 £7.5 91.8 0.00456 1138 1.135 227.838

>:00 29.0 67.3 91.7 0.00560 1139 1.139 227.838
. 6:00 30.0 67.5 91.8 0.00664 1139 1.13% 227.838
. 7:00 31.0 67.9 82.2 0.00773 11398 1.133 227.838

8:00 32.0 €8.5 92.8 0.00888 1138 1.138 227.838

5:00 33.0 69.2 93.5 0.01012 1139 1.13% 227.838
1¢:00 35.0 70.0 94 .3 0.01147 11389 1.139 227.838
11:00 35.0 71.1 95.4 0.01300 1139 1.139 227.838
12:00 35.0 71.9 56.2 0.01470 1139 1.133 227.838
13:00 35..0 72.5 S96.8 0.01655 1138 1.139 227.838
14:00 35.0 72.9 97.2 0.01850 1138 1.13¢ 227.838
15:00 35.0 73.2 87.5 0.02054 1138 1.139 227.838
16:00 35.0 73.4 97.7 0.02263 1139 1.139 227.838
17:00 34.0 73.5 87.9 0.02477 1138 1.139 227.838
18:00 33.0 73.4 87.7 0.02690 1139 1.139 227.838
15:00 32.0 73.0 97.3 0.0289¢ 1138 1.139 227.838
20:00 31.0 72.4 96.7 0.03050 1138 1.13% 227.838
21:00 30.0 71.7 96.0 0.03270 1138 1.139 227.838
22:00 29.0 70.9 85.2 0.03435 1135 1.13% 227.838
23:00 28.0 70.0 94 .4 0.03584 1135 1.13%3 227.83B
24:00 28.0 69.2 83.5 0.03719 1139 1.139 227.838

The results based on this load and temperature cycle are:

Maximum Capability: 227.8 MvVa.

Maximum Current: 1139 amps .

Maximum Hot-Spot Temperature: 97.9 C at 5:00 pm.
Maximum Top Oil Temperature: 73.5 C at 5:00 pm
Cumulative Loss-of-Life for Cycle: 0.03719 %.
Limiting Criteria was Loss-of-Life

\U

O0O00CO0OoO

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period.

i
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TRANSFORMER LOAD PLANNING PROGRAM (vé4.1)
Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultanrcs, Inc,
Copyright (C) 1988, 1989, 1990, 1993, 1994. All rights reserved by
Berkshire Transformer Consultants, Inc.

Station: SUMMER 1t e 4 hour pk staring @ 1 PM
Transformers: Trans former ID #3 FOA-T 200MVA, 354/118kV
Comments: General Electric, 3/1961 :
Data based on tap position #§ -
Transformer Operates Under Hot Spot Temperature Contro..
MVA ' Type of Winding 0©il

Id Nameplate Cooling Mede {m) (nn)
9. 200.000 FOA or FOW (Directed Flow) 1.00-. 1.00

The insulation system is rated for 55 ¢ rise over ambisnt.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling 1Id4d 1.

Parameter _Value History

9 Input
.2  Input
Avg Winding Rise Amb. 65.0 Input
Hot Spot Rise Tcr Cil  15.0 Input
Avg Cil Rise Ampient 29.2 Calc
Winding Time Constan:c 5 Iaput
Ol - Time Cocnstant 179 Input

SELECTED LOAD AND AMBIZNT TEMPERATURE DATTERNS

‘The selected ctwenty-four heur lcad cycle

consists of. a constant 1.00 P.U. Rated Load for a period of _
20.00 hours, followed by a ccnstant higher load for 24.00 hours.
The constant higher lcad is applied at 1 pm.

LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

¢ Hot Spot Temperature: 140 C
¢ Top Oil Temperature: 100 C

“
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE', THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD. ‘




INSULATION LOSS - of - LIFE

FOR
55 deg. C Class

Transformer ID #3

SUMMER LTE (4 Hour) RATING ,starting @ 1 PM

Hot Spot . Aging Cumulative

- Time  Temperature Acceleration Aging

Deg. C _ . Factor Hours

1 81.5 0.211771 0.211771
2 80.5 0.187881 0.399653
3 79.7 0.170641 0.570294
4 79.2 0.160643 0.730937
5 78.9 0.154915 0.885853
6 78.9 0.154815 1.040768
7 79.2 0.160643 - 1.201411
8 79.7 0.170641 1.372053
9 80.3 0.183422 1.855475
10 81.1 0.201887 1.757362
11 82.2 0.230188 1.98755
12 83 0.253102 . 2.240852
13 83.5 0.26851 2.508162
14 - 122.2 16.53375 18.04292
15 130.2 35.1100¢ 54.15301
16 135.9 58.97324 113.1262
17 140 84.88157 198.0078
18 104.4 2.76003 200.7678
19 198.3- 1.436587 202.2044
20 93.7 0.865453 203.0699
21 . 80 0.570385 203.6403
22 87.2 0.413868 204.054
23 84.8 0.312862 204.3668
24 82.9 0.250123 204.6169

% Loss - of - Life = 0.113676 %

Emergency operation criteria Loss of Life is .25% per occeurence.
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TRANSFORMER LOAD PLANNING PROGRAM (V4.l)
{Continued)

Cumulative

< Temperatures (Deg C) > Loss Life Current Load Load
Time Ambient Top 0il Hot Spot (Percent) (amps) (P.U. NP} (MVA)

1:00 28.0 62.7 Bl.5 0.00032 1000 1.000 200
2:00 28.0 61.7 80.5 0.00059 1000 1.000 200
3:00 28.0 61.0C 79.7 0.00083 1000 1.000 200
4:00 28.0 60.5 79.2 0.00105 1000 1.000 200
5:00 25.0 60.1 78 .9 0.060127 1000 1.000 200
£:00 30.0 €0.1 78.89 0.00148 1000 1.000 200
7:00 31.0 60.4 79.2 0.00169. 1000 1.000 200
8:00 32.0 60.9 79.7 0.00182 1000 1.000 200
9:00 33.0 61.6 B0.3 0.00216 1000 1.000 200
10:00 35.0 .62.3 81.1 0.00242 1000 1.000 200
11:00 35.0 63.4 g2.2 0.00272 1000 1.000 200
12:00 35.0 64 .2 3.0 0.00306 1600 1.000 200
12:00 35.0 64.8 83.5 0.00342 1569 1.569 313
14:00 35.0 76.0 122.2 0.02138 1569 1.569 313
15:00 35.0 84.0 130.2 0.07098 1569 1.569 313
16:00 35.0 89.7 135.9 0.16641 1568 1.569% 313
17:00 34.0 93.8 140.0 0.31727 1000 1.000 200
18:00 33.0 B5.7 104 .4 ¢.32770 1000 1.000 200
19:00 32.0 75.6 58.3 0.33087 1000 1.000 200
20:00 31.0 74.9 83.7 0.33257 1000 1.000 200
21:00 30.0 71.3 80.0 0.33360 1000 1.000 200
22:00 28.0 68.4 87.2 0.33430 1000 1.000 200
23:00 28.0 66.1 84.8 0.33481 1000 1.000 200
24:00 28.0 64.1 g2.9 0.33520 1060 . 1.00C 200

The results based on this load and temperature cycle are:

Maximum Capability: 313.8 MVA.

Maximum Current: 1569 amps.

Maximum Hot-Spot Temperature: 140.0 C at 5:00 pm@.
Maximum Top 0il Temperature: 93.8 C at  5:00 pm.
Cumulative Loss-of-Life for Cycle: 0.33520C %.
Limiting Criteria was Hot-Spot

000000

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency. (STE) type
rating where the load may vary within a one hour time period.
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BUBBLE EVOLUTION MCODEL - MEMBRANE CONSERVATUR
Gas pressure at top o0il level is 760 mm Hg.
Static head of o0il to hot spot is 72 inches.
Gas pressure ‘at the winding hot spot is 895 mm Hg.
Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk 0il and the gasses in the oil
at the hot spot location.

The average transformer temperatures for a typical load cycle are:
bulk ©il at 50.0 C and hot spot &t 60.0. C.

Prior to Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2

65 deg C 84 deg C 84 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 2 3,256 7 3,256 5
Zo2 0 o 0 0 0 0
cz2 0 0 0 0 0 0
CO 0 0 0 G 0 0
N2 500 4 512 4 512 4
Total Pressure & mm Hg 11 mm Hg S mm Hg
Immediately After the Contingency
Bulk 0il Regicn Hot Spot #1 Hot Spot #2
B4 deg C 131 deg C 131 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component .ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 3 62,906 74 43,853 51
co2 0 0 685 1 €85 1
02 0 0 Q e 0 0
‘CO -0 0 120 1 120 1
N2 500 4 512 4 512 4 .
Eff. Total Pressure 5 mm Hg 78 mm Hg 54 mm Hg

Hot Spot #1

Bubble evolution is not likely to occcur at the winding hot spot
as the result of this contingency.

Hot Spot #2

Bubble eveclution is not likely to occur at the winding hot spot
as the result of this contingency.
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TRANSFORMER LOAD PLANNING PROGRAM (v4.1)
. ‘ Developed by
Dynamic Systems, Inc. and Berkshire Trapsformer Consultants, Inc
Cepyright (C) 1988, 198%, 1950, 1993, 19%4. All rights reserved by
Berkshire Transformer Consultants, Inc. - |

Station: SUMMER 1 t e 8 hour pk starting @ 10 AM
Transformers: Trans former ID #3 FOA-T 200MVA, 354/118kV
Comments: General Electric, 3/1961 '

Data based on tap pesition #9

Transformer Cperates Under Hot Spot Temperature Control.

MVA © Type of Winding 01l
Iid Nameplate _ Cooling Mode _ {m) (n)
S, 200.000 FCA or FOW (Directad Flow) 1.06C¢ - 1.00

The insulation system is rated for 55 C rise over ambient
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling Id 1.

Parameter Value History
Cu/Fe Leoss Ratio . 4, Input
Top Oil Rise Ambien: 31. Input

S

2

Avg Winding Rise Amb. 65.0 Input.
Hot Spot Rise Top Cil 15.0 Input
Avg Oil Rise Ambient 29.2 Calc
Winding Time Constant 5 Input
Cil Time Constant 179 Input

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS

The selected twenty-four hour load cycle

consists of a constant 1.00 P.U. Rated Load for a period of
1£.720 hours, followed by a constant higher load for 8.00 hours.
The constant higher load is applied at 10 am.

LOAD PLANNING CONSTRAINT CRITERIA

The output sclution selected is te determine the maximum peak
load that satisfies the following limiting criteria:

© Hot Spot Temperature: 140 C
o Top O0il Temperature: 100 C

w'
INSULATION LIFE

- The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life vaiues. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE'. THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD. ' _ :

m




INSULATION LOSS - of - LIFE

FOR
55 deg. C Class

Transformer ID #3

SUMMER LTE (8 Hour) RATING ,starting @ 10 AM

Hot Spot Aging Cumulative
Time  Temperature Acceleration Aging
Deg. C - Factor Hours

1 82.5 0.238539 0.238539
2 81.2 0.204316 0.442855
3 80.3 0.183422 0.626277
4 79.6 0.168595 0.794873
5 79.2 0.160643 0.955516
6 79.1 0.158712 1.114228
7 79.3 0.162597 1.276825
8 79.8 0.172711 1.449536
9 80.4 0.185639 1.635175
10 81.1 0.201887 1.837062
11 116.1 9.119075 10.95614
12 123.7 19.08535 30.04149
13 129.2 32.00818 62.04966
14 133.1 45.79406 107.8437
15 135.8 58.44641 166.2901
16 137.8 69.87799 236.1681
17 139.3 79.80561 315.9737
18 140 84.88157 400.8553
19 106.4 3.403349 404.2587
20 98.4 1.618662 405.8773
21 94.2 0.915025 406.7923
22 - 80.1 0.576913 407.3693
23 86.9 0.389567 407.7688
24 0.298522 408.0673

% Loss - of - Life

84.4

0.226704 %

Emergency operation criteria Loss of Life is .25% per occcurence.




Date 07-28-1995 and Time 15:09 )=

TRANSFORMER LOAD PLANNING PROGRAM {vda.1)
' {Continued)

Cumulative

< Temperatures (Deg C) > Loss Life Current Load Load
Time Ambient Top 0il Hot Spot (Percent) (amps) (P:U. NP) (MVA)

1:00 28.0 63.8 82.5 0.00037 1000 1.00C 200
2:00 28.0 62.5 81.2 0.00068 1000 1.000 200
3:00 28.0 £1.6 80.3 ¢.00094 1000 1.000 200
4:00 28.0 60.9 79.6 0.00118 1000 1.000 200
5:00 29.0 60.4 79.2 0.00140 1000 1.00C 200
6:00 30.0 60.3 75.1 0.00162 1000 1.00Cc 200
7:00 31.0 60.6 79.3 0.00183 . 1000 1.000 200
8:00 32.0 61.0 79.8 0.06206 1000 1.000 200
89:00 33.0 61.7 80.4 0.00231 1000 ~ >1.000 200
10:00 35.0 62.4 81.1 0.00258 1515 ~1.515 303
11:00 35.0 73.0 116.1 0.01221 1515 1.515 303
12:00 35.0 80.7 123.7 0.03827 1515 1.515 303
13:00 35.0 8.1 125.2 0.08784 1515 1.515 303
14:00 35.0 50.0 133.1 0.16562 1515 1.515 303
15:00 35.0 92.8 135.8 0.27242 1515 1.515 303
16:00 35.0 94 .8 137.8 0.40608 1515 1.515 303
17:00 34.0 96.2 139.3 0.56278 1515 1.515 303
18:00 33.0 7.0 14G.0 0.73565 1000 1.000 200
19:00 32.0 B7.6 106.4 0.74872 1000 1.000 200
20:00 31.0 80.7 99.4 0.75250 1000 1.00C0 200
21:00 30.0 75.4 54.2 0.75437 1000 1.000 200
22:00 29.0 71.4 80.1 0.75544 1000 1.000 200
23:00 2B.0 68.2 86.89 0.75613 1000 1.000 200
24:00 28.0 65.6 84 .4 0.75662 i100C . 1.000 200

The results based on this load and temperature cycle are:

Maximum Capability: 303.0 MVA.

Maximum Current: 1515 amps.

Maximum Hot-Spot Temperature: 140.0 C at 6:00 pm.
Maximum Top Oil Tempeérature: 97.0 C at 6:00 pm.
-Cumulative Loss-of-Life for Cycle: 0.75662 %.
Limiting Criteria was Hot-Spot

N

0O000O0O0

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time reriod.

An exception to this is the short time emergency . {(STE) type
rating where the load may vary within a one hour time pericd.

gl




Date 07-28-1995 and Time 15:09 Page =

BUBELE EVOLUTION MODEL - MEMRRANE CONSERVATOR

Gas pressure at top oil level is 760 mm Hg.
Static head of oil to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.

Partial pressure equilibrium is assumed to have océurred between
the gases dissolved in the bulk oil and the gasses in the oil
at the hot spot location.

-

The average transformer temperatures for a typical loead cycle are:
bulk oil at 50.0 C and hot spot at 60.0 . :

Prior to Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
62 deg C 81 deg C ' 81 deg-C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 2 3,256 6 3,256 4
coz 0 0 0 0 0 0
02 0 0 0 0 0 0
Co 0 0 0 a 0 0
N2 500 4 512 4 512 4
Total Pressure 6 mm Hg 10 mm Hg 8 mm Hg

Immediately After the Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
81 deg C 124 deg C 124 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
Hz20 3,742 3 49,510 56 34,304 38
Co2 0 0 373 0 373 0
02 0 0 0 0 0 0
co 0 0 65 0 £S5 C
N2 500 4 512 4 512 4
Eff. Total Pressure 5 mm Hg 59 mm Hg 41 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Hot Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.




Power Transformer Temperature Profile for <ID3S8LTE>
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TRANSFORMER LOAD PLANNING PROGRAM (va.1)
Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc
Copyright (C) 1988, 1989, 1990, 1993, 19%94. All rights reserved by
Berkshire Transformer Consultants, Inc.

Station: WINTER normal RATING CALCULATION
Transformers: Transformer ID #3 FOA-T 200MVA, 354/118kV
Comments: .- General Electric, 3/1961

Data based on tap position #9

Transformer Operates Under Hot Spot Temperature Control.

_ MVA Type of Winding 011l
Id Nameplate Cooling Mode (m) {(n)
S. 200.000 FOA or FOW (Directed Flow) 1.00 1.00

The insulation system is rated for 55 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling Id 1.

Parameter Value History
Cu/Fe Loss Ratio 4.9
Toep Oil Rise Ambient 31.2
Avg Winding Rise Amb. .0

Het Spot Rise Teop 0il  15.0 Input
Avg 01l Rise Ambient 29.2
Winding Time Constant 5
Oil Time Constant 179

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS
The selected twenty-four hour load cycle
consists of a constant 1.00 P.U. Rated Load for =a period of
24.00 hours, followed by a constant higher load for 0 minutes.
The constant higher load is applied at 12 am.
LOAD PLANNING CONSTRAINT CRITERIA

The output sclution selected is to determine the maximum peak
lcad that satisfies the fcllowing limiting criteria:

© Hot Spot Temperature: 105 C
© Top 0il Temperature: a5 C R
%
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
wsulation and is discribed in Appendix D. This method was adopted by the Task Force'and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS "LOSS-OF-LIFE'. THE

VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD.




INSULATION LOSS - of - LIFE

FOR
55 deg. C Class

Transformer ID #3

WINTER NORMAL RATING

Hot Spot Aging Cumulative

Time  Temperature Acceleration Aging
Deg. C - Factor Hours
1 94 0.894881 0.894881
2 93.9 0.884967 1.779848
3. 93.6 0.85585 2.635697
4 83.3 0.827645 3.463342
5 83.1 0.809335 4.272677
6 92.7 0.773865 5.046542
7 92.4 0.748238 5.79478
8 92.5 0.75669 6.55147
9 92.8 0.782591 7.334061
10 93.3 0.827645 8.161706
11 94 0.894881 9.056587
12 94.5 0.846053 - 10.00264
13 95.1 1.011135 11.01377
14 95.5 1.056864 12.07064
15 96.4 1.167052 13.23769
16 87.3 1.288106 14.5258
17 97.7 1.345657 15.87145
18 98 1.390416 17.26187
19 876 1.331045 18.59291
20 97.1 1.260216 19.85313
21 - 96.4 1.167052 21.02018
22 . 956 1.0686 22.08878
23 94.8 0.978079 23.06686
24 942 0.915025 23.98189
% Loss - of - Life = 0.013323 %

Normal Loss of Life is .0133%




Date 01-16-19%6 and Time 095:29

Time

'd

TRANSFORMER LOAD PLANNING PROGRAM {(va . 1)
{Continued)

Cumulative
< Temperatures (Deg C) > Loss Life Current Load Lo

age

ad .’

Ambient Top Oil Hot Spot (Percent) (amps) (P.U. NP) (MVA)

4.0 58.6 94.0 0.00138 1274 1.374 274
3.0 58.5 93.9 0.00274 1374 1.374 274
3.0 58.1 893.85 0.00406 1374 1.374 274
2.0 57.9 93.3 0.00533 1374 1.374 274
2.0 57.7 93.1 C.00657 1374 1.374 274
2.0 57.3 92.7 0.00777 1374 1.374 274
3.0 57.0 92.4 0.00891 1374 1.374 274
4.0 57.1 92.5 0.01005 1274 1.374 274
5.0 57.4 2.8 ¢.01121 1374 1.374 274
6.0 57.9 93.3 0.01244 1374 1.374 274
6.0 58.6 94.0 0.01375 1374 1.374 274
7.0 59.1 94.5 0.01516 1374 1.374 274
7.0 59.7 5.1 0.01667 1374 1.374 274
9.0 60.1 895.5 0.01827 1374 1.374 274
10.0 61.0 895 .4 0.02001 1374 1.374 274
.0 £1.9 7.3 0.02194 1374 1.374 274
S.0 £2.3 87.7 0.02402 1374 1.374 274
7.0 £2.6 98.0 0.02617 1374 1.374 274
6.0 62.2 97.6 0.02830 1374 1.37¢4 274
5.0 61.6 97.1 0.03032 1374 1.374 274
4.0 61.0 96.4 0.03219 1374 1.374 274
3.0 60.2 95.6 0.03391 1374 1.374 274
3.0 55.3 94 .8 0.03548 1374 1.374 274
4.0 58.7 94 .2 0.03651 1374 1.374 274

The results based on this load and temperature cycle are:

000000

Maximum Capability: 274.9 MVA,.

Maximum Current: 1374 amps.

Maximum Hot-Spot Temperature: 98.0 C at 6:00 om,
Maximum Top 01l Temperature: 62.6 C at 6:00 pm
Cumulative Loss-of-Life for Cycle: 0.03691 %.
Limiting Criteria was Loss-of-Life

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period,
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TRANSFORMER LOAD PLANNING PROGRAM {ve.1)
Develioped by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.
Copyright (C) 1988, 1989, 199%¢, 1953, 15%4. All rights reserved by
Berkshire Transformer Consultants, Inc.

tation: = WINTER 1l t e 4 hour peak starting @ 4 DM

Transformers: Transformer ID #3 FOA-T 200MVA, 354/118kV
Comments: General Electric, 3/1961 .

Data based on tap position #&

Transformer Operates Under Hot Spot Temperature Control.

MVA Type of Winding 01l
. Id Nameplate Cooling Mode {m) {n)
9. 200.000 FOA or FOW (Directed Flow) 1.00 1.00

The insulation system is rated for 55 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cocling 14 1.

Parameter Value History
Cu/Fe Loss Ratic 4.5 Input
Top Cil Rise Aambient 31.2 Input
Avg Winding Rise Amb. 65.0 Input
Hot Spot Rise Top 0il 15.0 Input
Zvg 0il Rise Ambient 22.2 Calc
Winding Time Constant 5  Imput
0i1 Time Ccnstant 179 Input

SELECTED LOAD AND AMEIENT TEMPERATURE PATTERNS

The selected cwenty-four hour load cycle

consists of a constant 1.00 P.U. Rated Load for a period of
20.00 hours, followed by a constant higher load for ¢.00 hours.
.The constant higher load is applied at 4 pm.

LOAD PLANNING CONSTRAINT CRITERIZ

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

© Hot Spot Temperature: l4¢ C
© Top Ci1 Temperature: 100 C -

\

INSULATION LIFE

The PROPOSE new Standard uses a different formula for cateulating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE', THE

VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD. ' ‘ '

H




INSULATION LOSS - of - LIFE

FOR
55 deg. C Class

Transformer ID #3

WINTER LTE (4 Hour) RATING starting @ 4 PM

Hot Spot Aging Cumuiative
Time  Temperature Acceleration Aging
Deg. C Factor Hours

1 76.5 0.115604 0.115604
2 79 0.156803 0.272407
3 77.5 0.130663 0.403069
4. 70.5 0.054626 0.457695
5 736 0.080727 0.538422
6 76.3 0.112798 0.65122
7 78.3 0.144038 0.795257
8 79.9 - 0.174804 0.970062
9 72.9 0.073957 1.044019
10 72.2 0.067732 1.111751
11 76.4 0.114193 1.225943
12 79.5 0.166573 1.392516
13 74.6 0.09143 1.4833846
14 701 0.051914 1.535861
15 75.8 0.106063 1.641924
16 80.2 0.18123 1.823154
17 127.1 26.31771 28.14087
18, 133.4 47.05988 75.20074
19 137.4 67.43485 142.6356
20 140 84.88157 227.5172
21 88.6 0.486056 228.0032
22 78.7 0.151205 228.1544
23 71.4 0.061229 228.2157
73.1 0.075834 228.2915

24

% Loss - of - Life

—

0.126829 %

Emergency operation criteria Loss of Life is .25% per occcurence.




Date 07-28-1995 and Time 15: 26

TRANSFORMER LOAD PLANNING PROGRAM (v4.1}

< Températures (Deg C)

(Continued)

Cumulative
> Loss Life Current Load

Time Ambient Top 0Oil Hot Spot (Percent)

W o0 uU bW

1C:
11i:
12:
13:
14:
15:
i6:
17:
18:
19:
20:
21:
22:
23 ¢
24 :

The results based on this locad and temperature cycle are:

Ambient air temperatures and
time apply for the remainder
An exception to this is the s
rating where the load may var

O0CO0OO0O0

4.0 57.8 76
3.0 60.2 79,
3.0 58.7 77.
3.0 51.7 70
2.0 54.9 73.
2.0 57.6 76.
3.0 59.5 78.
4.0 61.2 75.
5.0 54 .2 72
6.0 53.4 72.
6.0 57.7 76.
7.0 60.7 79
7.0 55.9 74
9.0 51.4 70
10.0 57.1 75
9.0 61.4 80
8.0 70.3 127
7.0 76.7 133
£.0 BO.7 137
5.0 83.3 140
4.0 69.9 B8.
3.0 60.0 78.
3.0 52.6 71.
4.0 54.3 73.

Maximum Capability:

l—’bb-dmO:brbl—'l\)(DHG\LH»DM\DKDL\JUJG\‘U'IU'IOLH

OOOODOOOOOOOODOOOODOOOOD
[w)
Q
[
~J
[4¢]

347 .9 MVA.

Maximum Current: 1739 amps.
Maximum Hot-Spot Temperature: 140.0 Cat 8:00 pm.

Maximum Top Oil Temperature:

Cumulative Loss-of-Life for Cycle:
Limiting Criteriz was Hot -Spot

(amps) (P.U. NP)

1000 1.000
1000 1.000
1000 1.000
100¢C 1.000
1000 1.000
1000 1.000
1000 1.000
1000 1.000
1000 1.000
1000 1.000
1000 1.000
1000 1.000
1000 1.000
1000 1.000
1000 1.000
1739 1.7365
1739 1.735
1739 1.739
1739 1.739
1000 1.000
1000 1.000
1000 l1.000
1000 1.000
1000 1.000

83.3 C at 8:00 pm

\

0.39038 %.

LS

'

Load
(MVA)

P

transformer loads listed ar each
of the one hour time period.
hort time emerdency (STE) type

Y within a one hour time period.
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BUBBLE EVOLUTION MODEL - MEMBRANE CONSERVATOR

Gas pressure at top oil level is 760 mm Hg.
Static head of 0il to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.

Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk oil and the gasses in the oil
at the hot spot location.

. The avérage transformer temperatures for a typical load cycle are:
bulk oil at 50.0 C and hot spot at 60.0 C.

Prior to Contingency

Bulk 0il Region Hot Spot #1 . Hot Spot #2
61 deg C 80 deg C - 80 deg €
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
E20 3,742 2 3,256 6 3,256 4
cc2 : 0 0 0 0 0 0
02 C 0 0 0 0 0
Co 0 0 0 ] 0 0
N2 500 4 512 4 512 4
Total Pressure 6 mm Hg 10 mm Hg 8 mm Hg

Immediately After the Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
' 77 deg C 1324 deg C 134 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul E20 0.50%
Component ppm Vol mm Hg epm Vol mm Hg ppm Vol mm Hg
H20 3,742 3 71,196 85 49,961 58
coz2 0 o 1,035 1 1,035 1
02 0 0 0 0 0 0
co 0 0 181 1 181 1
N2 500 4 E12 4 512 4
Eff. Total Pressure 5 mm Hg 90 mm Hg 63 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Het Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.




Power Transformer Temperature Profile for <ID3WeLT=E>
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TRANSTORMER LOAD PLANNING PROGRAM (v4.1)
' Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.
Copyright (C) 1988, 1588, 1990, 1993, 1994. Aall rights reserved by
Berkshire Transformer Consultants, Inc.

Station: WINTER 1 ¢t e 8 hour peak starting @ 2 PM
Transformers: Transformer ID #3 FOA~-T 200MVA, 354£/118kV
Comments: Generzl .Electric, 3/1961

Data based on tap position #9
Transformer Cperates Under Hot Spot Temperacture Control.

MVA Tvpe of Winding 0il

Id Nameplate Cooling Mode , (m) (n)
g. 200.000 FOA or FOW (Directed Flow) 1.00 1.00

The insulation system is rated for 55 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling Id 1.

Parameter Value History
Cu/Fe Loss Ratio ' 4.9 Input
Tocp 0Ll Rise Ambient 21.2 Input
Avg Winding Rise Amb. 63.0 Input
Hot Spet Rise Top Cil 15.0 Input
Avg Cil Rise Ambien- 29.2 Calc
Winding Time Constant 5 Input
0il Time Constant 179  Input

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS

The selected twenty-four hour load cycle

consists of a constant 1.00 P.U. Rated Load for a period of
16.00 hours, followed by a constant higher load for 6.00 hours
The constant higher load is applied at 2 pm.

LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

© Hot Spot Temperature: 140 C
¢ Top 0il Temperature: 100 C

m
| INSULATION LIFE

A

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE', THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOQOD. ' :




INSULATION LOSS - of - LIFE

FOR
55 deg. C Class

Transformer ID #3

WINTER LTE (8 Hour) RATING starting @ 2 PM

Haot Spot Aging

Cumulative

Time  Temperature Acceieration Aging
Deg. C , . Factor Hours
1 71.6 0.062796 0.062796
2 73.1 0.075834 0.138631
3 78.2 0.111418 0.25005
4 78.5 0.14758 0.39763
5 79.6 0.168595 0.566225
6 71.7 0.063594 0.629819
7 72.6 0.071225 0.701045
8 75.9 0.107379 0.808424
9 78.5 0.14758 0.956004
10 77.2 0.125859 1.081963
11 71.2 0.059699 1.141662
12 73.8 0.082767 . 1.224429
13 77.9 0.137195 1.361624
14 77.8 0.135533 1.497157
15 121.8 15.81001 17.40717
16 128.2 29.16686 486.57403
17 132.5 43.35842 89.83245
18 135.6 57.40607 147.3385
19 -137.2 66.24378 213.5823
20 138.1 71.765 285.3473
21 .138.4 73.70011 359.0474
22 138.4 73.70011 432.7475
23 88.7 0.491663 433.2392
24 78.5 0.14758 433.3867

% Loss - of - Life = 0.24077 %

Emergency operation criteria Loss of Life is .25% per occcurence.




Date 01-16-1996 and Time 14:26

Page
TRANSFORMER LOAD PLANNING PROGRAM (v4 .1)
‘ (Continued)
< Cumulative
< Temperatures {Deg C) > Loss Life Current Load Load

Time Ambient Top 0il Hot Spot (Percent) (amps) (P.U. NP) (MVA)

4.0 52.8 71.¢6 Q.00012 1000 1.000 200
3.0 54.3 73.1 ‘0.00020 1000 1.000 200
3.0 57.5 76.2 0.00033 1000 1.000 200
3.0 59.7 78.5 0.00050 . 1000 1.00C 200
2.0 60.8 79.6 0.00072 1000 1.00Cc 2zo00
2.0 53.0 71.7 ¢.0008s6 1000 1.000 200
3.0 53.9 72.6 0.00083 1000 1.000 200
4.0 57.1 75.8 0.00105 1000 1.000 200
5.0 59.8 78.5 0.00122 1000 1.00Cc 200
6.0 58.5 77.2 0.00143 1000 1.000 200
6.0 52.4 71.2 0.0C155 1000 1.000 200
7.0 55.0 73.8 0.00163 1000 1.00C 200
7.0 598.1 77.9 0.00177 1000 1.000 200
5.0 59.1 77.8 0.00198 1659 1.659 339
10.0 £§7.6 121.8 0.C2081 1695 1.698 339
9.0 74 .0 128.2 0.06389 1699 1.695% 339
5.0 78.3 132.5 0.13629 1659 1.699 339
7.0 81.4 125.6 0.23909 1699 1.699 339
6€.C 83.1 137.2 C.36678 1699 1.699 338
5.0 83.9 138.1 0.51009 1699 1.69% 339
4.0 84.3 138.4 0.66157 1699 1.699 339
3.0 84.2 138.4 0.81498 1000 1.000 200
3.0 70.0 BB.7 G.g81862 1000 1.00C 200
4.0 55.8 78.5 0.818cC0 1000 1.000 200

The results based on this load and temperature cycle are:

0000 O0O0

Maximum Capability: 339%.9 MVA.

Maximum Current: 1695 amps.

Maximum Hot-Spot Temperature: 138.4 C at 9:00 pm.
Maximum- Top Oil Temperature: 84.3 € at 9:00 pm.
Cumulative Loss-cof-Life for Cycle: 0.81300 %.
Limiting Criteria was Loss-of-Life

i\

7

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period

t.a




bate 01-16-1996 and Time 14:26 Paae

BUBBLE EVOLUTION MODEL - MEMBRANE CONSERVATOR

Gas pressure at top oil level is 760 mm Hg.
Static head of oil to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.

Partial pressure equilibrium is assumed to have occurred between
the gases dissolved 'in the bulk o0il and the gasses in the oil
at the hot spot location

The average transformer temperatures for a typical load cycle are:
bulk c¢il at 50.0 C and hot spot at 60.0 C. : ‘

Prior to Contingency

Bulk Cil Region Hot Spot #1 Hot Spot #2
59 deg C 78 deg C 78 deg C
Gas Bulk H2C0 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 2 3,256 5 3,256 4
co2 C 0 0 0 0 0
02 0 0 0 ] 0 0
Co 0 0 0 0 0 0
N2 500 4 512 4 512 4
Total Pressure & mm Hg S mm Hg B mm Hg

Immediately After the Contingency

Bulk ©il Region Hot Spot #1 Hot Spot #2
74 deg C 128 deg C 128 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 3 58,496 68 40,768 46
coz 0 0 628 1 628 1
0z 0 6] o] 0 0 0]
CO -0 0 110 1 110 1
N2 500 4 512 4 512 4
Eff. Total Pressure 5 mm Hg 71 mm Hg 50 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

L

Hot Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.




THCOooH o3 0]

OO WK Mg

N

Power Transfcrmer Temperature Profile for <ID3WSLTE>

140

100

70 .
60-i
50

40-

Max Temp—is 138.4

B

Max Temp-is_10.0

—_— T T~ Ambient

R N L R L L B S |
1z . 18 24

Time-of-Day (hours)



NYPR 1995 TiLie R T Foce

APPENDIX

D

Transformer ID
#4

224 MVA, 65°C, FOA




e -- veT.0-uizz2o Wl J1mMEe 13:33

TRANSFORMER LOAD PLANNING PROGRAM (v4 .1’
. .Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.
'Copyright (C) 1988, 1989, 1990, 1993, 1994. Aall rights reserved by
Berkshire Transformer Consultants, Inc.

Station: SUMMER norma l RATING CALCULATION

Transformers: Transformer ID #4 224( MVA( 65 Deg C) foa-t
Comments - General Electric, 3/1965
126/65 kV

- Transformer Operates Under Top 0il Temperature Control.

MVa Type of | Winding o©il
Id Nameplate Cooling :Mode {m) (nj

9. 224.000 FOA or FOW (Directed Flow) 1.00 1.00
The insulation system is rated for 65 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling Id 1.

Parameter Value History
Cu/Fe Loss Ratio ' 7.4
Top Oil Rise Ambient 42.2
Avg Winding Rise Amb. 61.5

Hot Spot Rise Top 0il 15.0 Input
Avg 0il1 Rise Ambient 40.2
Winding Time Constant 5
0il Time Constant 132

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS

The selected twenty-four hour load cycle
consists of one repeated daily load cycle

- LOAD PLANNING CONSTRAINT CRITERIA

s

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

¢ Hot .Spot Temperature: 120 C.
© Teop 0il Temperature:- 105 C
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
wnsulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE', THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW




INSULATION LOSS - of - LIFE

FOR
65 deg. C Class

Transformer ID #4

SUMMER NORMAL RATING

Hot Spot Aging Cumuiative
Time  Temperature Acceleration Aging
Deg. C Factor Hours
1 106.8 0.718938 0.718938
2 1086.5 0.696839 1.415777
3 106.4 0.689617 2.105394
4 106.3 0.682466 2.787861
5 106.6 0.704133 3.491993
8 107.1 0.741702 4.233695
7 107.8 0.787506 - 5.031201
8 108.7 0.875126 5.906328
g 109.6 0:959881 6.866209
10 110.8 1.08506 7.951269
11 111.7 1.188948 9.140217
12 112.2 1.250672 10.39089
13 112.5 1.289152 11.68004
14 112.7 1.315427 12.98547
15 112.9 1.34221 14.33768
16 113 1.355794 15.69347
17 112.6 1.302227 16.9957
18 1121 1.2380889 18.23379
19 111.4 1.153313 19.3871
20 110.5 1.052388 20.43949
21 109.6 0.959881 21.39937
22 108.7 0.875126 22.2745
23 107.8 0.797506 23.072
24 107.2 0.74944 23.82144

% Loss - of - Life

0.013234 %

Normal Loss of Life is .0133%




Date 01-18-1996 and Time 13:33 Page

TRANSFORMER LOAD PLANNING PROGRAM (vd.1)
' {Continued)

Cumulative

< Temperatures'(Deg C) > Loss Life Current - Lioad Load
Time Ambient Top 0il Hot Spot (Percent) (amps) (Piﬁ. NP) (MVA)

1:00 28.0 82.3 106 .8 0.00110 . 2383 1.143 258
2:00 28.0 82.0 106.5 0.00216 2383 1.143 256
3:00° 28.0 B1.9 106.4 0.00319 2383 1.143 258
4:00 28.0 81.8 106.3 0.00422 2383 1.143 256
, 5:00 30.0 82.1 106.¢6 0.00525 2383 1.143 256
6:00 31.0 B2.6 107.1 0.00635 2383 1.143 256
7:00 32.0 B3.3 107.8 0.80752 2383 1.143 256
8:00 33.0 84.2 108.7 0.00880 2383 1.143 256
9:00 35.0 85.1 105.¢6 0.01020 2383 1.143 ' 256
10:00 35.0 86.4 11¢.8 0.0117% 2383 1.143 25¢
11:00 35.0 87.2 111.7 0.01356 2383 1.143 256
12:00 35.0 87.7 112.2 0.01547 2383 1.143 256
13:00 35.0 BB.0O 112.5 0.01746 2383 1.143 256
14:00 35.0 88,2 112.7 0.02951 2383 1.143 258
15:00 35.0 88.4 112.9 0.02159 2383 1.143 256
16:00 34.0 88.5 113.0 0.02371 2383 1.143 256
17:00 33.0 gEg.1 112.6 0.02578 2383 1.143 256
18:00 32.0 87.6 112.1 0.02776 2383 1.143 256
19:00 31.0 86.9 111.4 0.02561 2383 1.143 256
20:00 30.0 86.0 110.5 0.03131 2383 1.143 256
21:00 258.0 85.1 105.6 ¢.03285 2383 1.143 256
22:00 28.0 B4.2 108.7 0.03425 . 2383 1.143 256
23:00 28.0 83.3 107.8 0.03550 2383 1.143 256
24:00 2B.0 2.7 107.2 D.03666 2383 1.143 256

The results based on this load and temperature cycle are:

Maximum Capability: 256.0 MVA.

Maximum Current: 2383 amps.

Maximum Hot-Spot Temperature: 113.0 C at 4:00 pm.
Maximum Top 0il Temperature: 8B.5 C at 4:00 Pm
Cumulative Loss-of-Life for Cycle: C.03666 %,
Limiting Criteria was Loss-of-Life

3

00000

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period.

s
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Date 08-08-1995 and Time 11:0¢ by -

TRANSFORMER LOAD PLANNING PROGRAM (v4.1}
Developed by '
. Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.
Copyright (C) 1988, 1989, 1990, 1993, 1894. A1l rights reserved by
Berkshire Transformer Consultants, Inc.

Station: - SUMMER 1 t e 4. hour peak starting @ 1 PM
Transformers: Transformer ID #4 224( MVA( 65 Deg C) foa-t
Comments: General Electric, 3/1965

126/69 kv

Transformer Operates Under Top Oil Temperature Control.

MVA ' Type of Winding bil
Id Nameplate Cooling Mode {m) {n)
S 224.000 FOA or FOW (Directed Flow) 1.00 1.00

The insulation system is rated for 65 C rise over ambient
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling 14 1.

Parameter - Value History
Cu/Fe Loss Ratio 7.4
Top Oil Rise Ambient 42.2
Avg Winding Rise Amb. €1.5

Hot Spot Rise Top 0il 15.0 Input
2
5
2

Avg 0il Rise Ambient 40.
Winding Time Constant
Oil Time Constant 13

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS

The selected twenty-four hour load cycle
consists of a constant 1.00 P.U. Rated Load for a period of
20.00 hours, followed by a constant higher load for 4.00 hours.

The constant higher ‘load is applied at 1 pm. y

LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria-

© Hot Spot Temperature: 140 C
© Top 0Oil Temperature: 110 C
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE', THE
VALUES GENERATED BY THE PROGRAM ARFE EQUIVALENT TO THE NEW
METHOD. :




INSULATION LOSS - of - LIFE

FOR
- 65 deg. C Class

Transformer ID #4

SUMMER LTE (4 Hour) RATING ,starting @ 1 PM

Hot Spot Aging - Cumulative
Time  Temperature Acceleration Aging
' Deg.C " Factor Hours

1 90.4 0.120955 0.120855

2 89.8 0.112973 0.233928

3 89.5 0.109173 0.343101

4 89.3 0.106708 0.449809

5 89.5 0.109173 0.558982

8 90.1 0.116899 0.675882

7 80.7 0.125144 0.801025

8 91.6 0.138555 0.839581

9 92.4 0.151615 1.091195

10 93.7 0.175366 1.266561
11 94.5 0.191698 1.458259
12 85 0.202629 1.660888
13 954 0.211798 1.872686
14 124.4 4.133589 6.006275
15 132.3 8.626754 14.63303
16 137.2 13.42291 28.05594
17 140 17.19946 45.2554
18 112.6 1.302227 46.55763
19 105.4 0.621201 47.17883
20 - 100.5 0.369298 47.54813
21 - 97 0.252574 47.8007
22 94 .4 0.18958 47.99028
23 92.4 0.151615 48.1419
24 91.2 0:.132434 48.27433

% Loss - of - Life = 0.026819 %

Emergency operation criteria Loss of Life is .25% per occcurence.




Date 08-08-19%5 and Time 11:06

Page
' TRANSFORMER LOAD PLANNING PROGRAM (vé.1)
(Continued)
Cumulative ;
< Temperatures (Deg C) > Loss Life Current Load Load

Time Ambient Top Oil Hot Spot (Percent) (amps) (P.U, NP) (MVA)

10:
11:
12:
13:
14 :
i5:
1¢:
17:
18:
19:
20
21:
22
23:
24 :

OO0 ub Wi

28.0 71.6 90.4 0.00017 2085 1.000 224
. 28.0 71.1 B9.8 0.00032 2085 1.000 224
28.0 70.8 BS.5 0.00047 2085 1.000 224
25.0 70.6 86.3 0.00061 2085 1.000 224
3C.0C 70.8 89.5, 0.00075 2085 1.000 224
31.0 71.3 90.1 0.00085¢0C 2085 1.000 224
32.0 72.0 90.7 0.00106 2085 1.000 224
33.0 72.8 91.6 0.00124 2085 1.000 224
35.0 73.7 92 .4 0.00144 2085 1.000 224
35.0 75.0 93.7 0.001k6 2085 1.000 224
35.0 75.8 94.5 0.00181 2085 1.000 224
35.0 7.3 95.0 0.00218 2085 1.000 224
35.0 76.6 95.4 0.00247 2868 1.376 308
35.0 85.0 124 .4 0.00657 2868 1.376 308
35.0 8¢6.8 132.3 0.01779 2868 1.376 308
34.0 101.7 137.2 0.03812 2868 1.376 308
33.0 104.5 140.0 0.06701 2085 1.000 224
32.0 83.8 11z2.¢6 0.07132 2085 1.000 224
31.0 86.7 105.4 0.0726¢ 2085 1.000 224
30.0 B1.7 100.5 0.07335 2085 1.000 224
28.0 78.3 §7.0 0.07377 2085 1.00C0 224
28.C 75.7 94 .4 0.07407 2085 1.000 224
28.0 73.7 92 .4 0.07430 2085 1.000 224
28.0 72.4 81.2 0.07449 2085 1.000 224

The results based on this load and temperature cycle are:

COoO0O0CO0OO0

Maximum Capability: 308.1 MVA,

Maximum Current: 2868 amps.

Maximum Hot-Spot Temperature: 140.0 C at 5:00 pm.
Maximum Top Oil Temperature: 104.5 C at 5:00 pm.
Cumulative Loss-of-Life for Cycle: 0.07449 %.
Limiting Criteria was Hot-Spot

i\

Ambient air temperatures and transformer loads listed at each
time apply ‘for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time periecd.




Date 08-08-1995 and Time 11:06

BUBBLE EVOLUTION MODEL - MEMBRANE CONSERVATOR

Gas pressure at top oil level is 760 mm Hg.
Static head of oil to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.

Partial pressure equilibrium is assumed to have cccurred between
the gases dissolved in the bulk oil and the gasses in the oil
at the hot spot location

The average transformer temperatures for a typical load cycle are:
bulk o0il at 50.0 C and hot spot at 60.0 C.

Prior to Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
77 deg C 95 deg C 95 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 3 3,256 14 3,256 10
co2 0 0 0 0 0. 0]
02 0 0 0 0 0 0
CO o 0 0 a e 0
N2 500 4 512 4 512 4
Total Pressure & mm Hg 18 mm Hg 13 mm Hg

Immediately After the Contingency

Bulk 0Oil Regicn Hot Spot #1 Hot Spot #2
87 deg C 133 deg C 133 deg C
Gas Buik H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg = ppm Vol mm Hg
H20 3,742 3 68,004 Bl 47,542 55
Ccoz2 0 0 847 1 847 1
02 0 C 0 0 0 0
CO 0 0 149 1 149 1
N2 500 4 512 4 512 4
Eff. Total Pressure 5 mm Hg 85 mm Hg 60 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Hot Spot #2

Bubble evoluticn 1s not likely to occur .at the winding hot spot
as the result of this contingency.
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Date 07-31-1995 and Time 08:30

TRANSFORMER LOAD PLANNING PROGRAM (va . 1)
. Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.
Copyright (C) 1988, 1989, 1990, 1993, 1994, All rights reserved by
Berkshire Transformer Consultants, Inc..

Station: SUMMER it e 8 hour peak starting e 10 aM

Transformers: Transformer ID #4 224 ( MVA( 65 Deg C) foa-t
Comments:. General Electric, 3/1965
. 126/65 kv

Transformer Operates Under Top 0il Temperature Zontrol.

MVA Type of Winding Oil
Id Nameplate Cocling Mode {m) (n}
9 224.000 'FOA or FOW (Directed Flow) 1.00 1.00

The insulatipn system is rated for 65 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cocling 14 1.
Parameter Value History
Cu/Fe Loss Ratio 7.4
Top 0Oil Rise Ambient 42.2
Avg Winding Rise amb. 61.5
Hot Spect Rise Top 0il 15.0 Input’
2
5
2

Avg 0il Rise Ambient 40,
Winding Time Constant
Oil Time Constant 13

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS
The selected twenty-four hour load cycle
consists of a .constant. 1.00 p.U. Rated Load for a period of

16 .00 hours, followed by a constant higher locad for 8.00 hours.
The constant higher load is applied at 10 am. Y,

LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

© Hot Spot Temperature: 14¢ C
¢ Top 0Oil Temperature: 110 ¢
INSULATION LIFE

The PROPOSE new Standard uses 2 different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE', THE

VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD. _




INSULATION LOSS - of - LIFE

FOR
- 65deg. C Class

Transformer ID #4

SUMMER LTE (8 Hour) RATING ,starting @ 10 AM

Hot Spot Aging - Cumulative
Time  Temperature Acceleration Aging
‘ Deg. C Factor Hours
1 90.8 0.126571 0.126571
2 90.2 0.118236 0.244807
3 89.7 0.111693 0.3565
4 89.4 0.107934 0.464434
5 89.6 0.110426 0.57486
6 90.1 0.116899 0.691759
7 90.8 0.126571 0.81833
8 91.6 0.138555 0.956885
2] 92.4 0.151615 1.1085
10 93.7 0.175366 1.283866
11 121 2.984478 4268344
12 128.6 6.134283 10.40263
13 133.4 9.535694 19.93832
14 136.4 12.49723 32.43555
15 138.4 14.93378 47.36933
16 138.6 16.6044 63.97373
17 140 17.19946 81.17319
18 139.9 17.04884 98.22203
19 113 1.355794 899.57783
20 105.3 0.614725 100.1926
21 100.1 0.353735 100.5463
22 896.4 0.236479 100.7828
23 83.7 0.175366 100.8581
24 91.9 0.143322 101.1015

% Loss - of - Life

0.056167 %

Emergency operation criteria Loss of Life is .25% per occcurence.




Date 07-31-1995 and Time 08:30

Time

Page
TRANSFORMER LOAD PLANNING PROGRAM (v4.1)
(Continued) '
Cumulative :
< Temperatures (Deg C) > Loss Life Current ‘Load Load

Ambient Top 0il Hot Spot (Percent) (amps) (P.U. NP) (MVA)

28.0 72.1 50.8 0] 1.000 224
28.0 71.4 5¢.2 0.00034 <2085 1.000 224
28.0 71.0 85.7 0.000489 2085 1.000 224
25.0 70.7 89.4 0.00064 2085 1.000 224
30.0 70.9 8B9.6 0.00078 2085 1.000 224
31.0 71.4 80.1 0.00093 2085 1.000 224
32.0 72.0 90.8 0.00109 2085 1.000 224
33.0 "72.8 81.6 0.00127 2085 " 1.000 224
35.0 73.7 92.4 0.00147 2085 1.000 224
35,0 75.0 93.7 0.00169 2811 1.348 302
35.0 86.9 121.0 0.00460 2811 1.348 302
35.0 94 .5 128.6 0.01244 2811 1.348 302
35.0 99.3 133 .4 0.02651 2811 1.348 302
35.0 102.3 136.4 0.04681 2811 1.348 302
35.0 104.3 138.4 0.07237 2811 1.348 302
34.0 105.5 139.6 0.10192 2811 1.348 302
33.0 105.9 140.0 0.13369 2811 1.348 302
32.0 105.8 139.9 0.16583 2085 1.000 224
31.¢0 94.3 113.0 0.17048 2085 1.000 224
3C.0 86.6 105.3 0.17185 2085 1.000 224
25.0 81.3 100.1 ¢.17251 2085 1.000 224
28.0 77.6 96 .4 0.17291 2085 1.000 224
28.0 74.9 93.7 0.17319 2085 1.000 224
28.0 73.2 81.9 0.17340 2085 1.000 224

The results based on this load and temperature cycle are:

00O0OCOO0

Maximum Capability: 302.0 MVA.

Maximum Current: 281l amps.

Maximum Hot-Spot’ Temperature: 140.0 C at 5:00 pm.
Maximum Top Oil Temperature: 105.9 C at 5:00 pm
Cumulative Loss-of-Life for Cycle: 0.17340 %.
Limiting Criteria was Hect-Spot

A\

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one nour time period.




Date 07-31-1995 and Time 08:30

BUBBLE EVOLUTION MODEL - MEMBRANE CONSE:

Gas pressure at top oil level is 760 mm Hg.
Static head of o0il to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.

Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk c©il and the gasses in the oil
at the hot spot location.

. The avérage transformer temperatures for a typical load cycle are:
bulk ©il at 50.0 C and hot spot at 60.0 C.

Pricr to Contingency
Hot Spot #2

Bulk 0il Region Hot Spot #1

75 deg C 94 deg C 94 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 3 3,256 13 3,256 9
coz2 0 0 e D C 0
02 0 0 0 0 0 0
Co o o 0 0 0 0
Nz 500 4 512 4 512 4
Total Pressure & mm Hg 17 mm Hg 13 mm Hg
Immediately After the Contingency
Bulk 0Cil Region Hot Spot #1 Hot Spot #2
95 deg C 123 deg C 129 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
Hz20 3,742 3 59,373 63 41,337 47
coz2 0 0 604 1 604 1
C2 0 0 0 0 0] 0
CO o 0 106 1 106 1
N2 500 4 512 4 512 4
Eff. Total Pressure 5 mm Hg 73 mm Hg 51 mm Hg

Hot Spot #1

Bubble evolution
as the result of

is not likely teo
this contingency.

occur at the winding hot spot

Hot Spot #2

Bubble evolution
as the result of

is not likely to

this contingency.

occur .at the winding hot spot
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Date 01-19-1996 and Time 07:.23 Tage

TRANSFORMER LOAD PLANNING PROGRAM (v4.1)
" Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc
Copyright (C) 1988, 1989, 1990, 1993, 19%4. Aal1 rights reserved by
Berkshire Transformer Consultants, Inc..

Station: WINTER normal RATING CALCULATION .

Transformers: Transformer ID #4 224( MVA( €65 Deg C) foa-t
Comments: General Electric, 3/1965
126/69 kV

Transformer Operates Under Top 0il Temperature Control.

MVA  Type of . Winding 0il
Id Nameplate Cooling Mode ‘ (m) (n)
9.  224.000 FOA or FOW (Directed Flow) 1.00 1.00

‘The insulation system is rated for 65 C rise over ambient
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling Id 1.

Parameter Value History
Cu/Fe Loss Ratio 7.4
Top 0il Rise Ambient 42.2
Avg Winding Rise Amb. 61.5

Hot Spot Rise Top 0il 15.0 Input
2
5
2

Avg 0il Rise Ambient 40.
Winding Time Constant
Cil Time Constant 13

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS
The selected twenty-four hour load cycle
consists of a constant 1.00 P.U. Rated Load for a period of
. 24.00 hours, followed by a constant higher lcad for 0 minutes.
The constant higher load is applied at 12 am.
LOAD PLANNING CONSTRAINT CRITERIA

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

© Hot Spot Temperature: 120 C
© Top 0il Temperature: 105 ¢
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS 'LOSS-OF-LIFE’, THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD.




Time

INSULATION LOSS - of - LIFE

FOR

65 deg. C Class

Transformer ID #4

Cumulative

Aging
Hours

WO~ hAWN-

10
11
12
13
14
15
16
17

18

18

20 -

21
22
23
24

WINTER NORMAL RATING
Hot Spot Aging
Temperature Acceleration
Deqg. C Factor

108.3 0.839783
108.1 0.822623
107.9 0.805797
107.5 0.773119
107.2 0.74944
107.3 0.757256
107.8 0.797506
108.5 0.857282
109.3 0.9308
109.8 0.979746
110.5 1.052388
110.9 1.096163
111.9 1.213283
112.9 1.34221
113.2 1.383355
113.4 1.411447
112.7 1.315427

112 1.225626
1111 1.118693
110.2 1.020651
108.3 0.9308
108.7 0.875126
108.7 0.875126
108.7 0.875126

0.01336 %

% Loss - of - Life =

Normali Loss of Life is .0133%

0.839783

1.662408
2.468202
3.241321
3.990761
4.748017
5.545523
6.402805
7.333605

8.31335
9.365738

10.4619
11.67518
13.01739
14.40075
15.81219
17.12762
18.35325
18.47194
20.49259
21.42339
22.29852
23.17364
24.04877

SHN |



Date 01-19-1996 and Time 07:223 Page =

TRANSFORMER LOAD PLANNING PROGRAM (va .1)
(Continued) )

Cumulative
< Temperatures (Deg C) > Loss Life Current Load Load
Time Ambient Top Oil Hot Spot (Percent) (amps) (P.U. NP) (MVA)

1:00 3.0 74.9 108.3 0.00130 2783 1.335 258.973
2:00 3.0 74.7 © 108.1 0.00256 2783 1.335 258.973
3:00 2.0 74.5 107.5 0.00379 2783 1.335 298.973
"4:00 2.0 74.1 107.5 0.00498 . 2783 1.335 288.973
5:C0 3.0 73.8 107.2 0.00612 2783 1.335 298.973
. 6:00 4.0 73.5 107.3 0.00726 2783 1.335 298.9732
. 7:00 5.0 74 .4 107.8 0.00844 2783 1.335 298.973
8:00 6.0 75.1 108.5 0.00871 2783 1.335 298.973
9:00 6.0 75.8 105.3 0.01108 2783 1.335 298.973
10:00 7.0 76.4 109.8 0.01254 2783 1.335 298.973
11:00 7.0 77.1 110.5 0.01411 2783 1.335 258.973
12:00 3.0 77.5 110.9 0.01577 2783 1.335 298.973
13:00 10.0 78.5 111.5 0.01758 2783 1.335 298.973
14:00 5.0 ~79.5 1l1z.89 0.019%60 2783 1.335 298.973
15:00 5.0 79.8 113.2 0.02174 2783 1.335 288.573
16:00 7.0 B0.O 113.4 0.023594 2783 1.335 298.973
17:00 6.0 79.3 0 112.7 0.02607 2783 1.335 258.973
18:00 5.0 78.6 112.0 0.02805 2783 1.335 29B.973
19:00 4.0 77.7 111.1 0.02986 2783 1.335 298.973
20:00 3.0 76.8 11¢.2 0.03151 2783 1.335 298.973
21:00 3.0 75.9 109.3 0.03300 2783 1.335 298.973
22:00 4.0 75.3 108.7 0.03437 2783 1.335 298.973
23:00 4.0 75.3 108.7 0.03570 2783 1.335 298.973
24:00 3.0 75.3 108.7 0.03703 2783 1.335 298.973

The results pased on this load and temperature cycle are:

Maximum Capability: 299.0C MVA.

Maximum Current: 2783 amps.

Maximum Hot-Spot Temperature: 113.4 C at 4:00 pm.
‘Maximum Top 0il Temperature: 80.0 C at 4£:00 pm.
Cumulative Loss-of-Life for Cycle: 0.03703 %. ’
Limiting Criteria was Loss-of-Life

CO0OO0O0OO0O0

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period




Date 01-19-199¢ and Time 07:23 Page

BUBBLE EVOLUTION MODEL - MEMBRANE CONSERVATOR

Gas pressure at top oil level is 760 mm Hg.
Static head of oil to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.

Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk il and the gasses in the oil
at the hot spot location.

The avérage transformer temperatures for a typical load cycle are:
.bulk oil at 50.0 C and hot spot at 60.0 C.

Prior to Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
75 deg C 109 deg C 109 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Compeonent ppm Vol mm Hg ppm Vo mm Hg ppm Vol mm Hg
HZ20 3,742 3 3,256 27 3,256 15
Co2 0 0 0 0 0 0
02 0 0 0 0 0 0
co ¢] 0 0 8] 0 0
N2 500 4 512 4 512 4
Total Pressure 6 mm Hg 31 mm Hg 22 mm Hg

Immediately After the Contingency

Bulk 0il Region Hot Spot #1 Hot Spot #2
75 deg C 109 deg C 109 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg .
H20 3,742 3 27,408 27 18,734 19
co2 0 0 4 0 4 0
oz 0 0 D 0 0 o
Co 0 0 1 0 1 0
N2 500 4 512 4 512 4
Eff. Total Pressure 5 mm Hg 30 mm Hg 21 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Hot Spot #2

Bubble evolution 1s not likely to occur at the winding hot spot
as the result of this contingency.
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Date 07-31-1995 and Time 08:5% Page

TRANSFORMER LOAD PLANNING PROGRAM (v4.1)
Developed by
Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc.
Copyright (C) 1988, 1989, 1990, 19383, 18%94. All rights reserved by
Berkshire Transformer Consultants, Inc. :

Station: WINTER lte ¢ hour pk staring @ 4 PM

Transformers: Transformer ID #4- 224( MVA( 65 Deg C) foa-t
Comments: General Electric, 3/1965 ‘
126/69 kv

Transformer Operates Under Top- 011 Temperature Control.

MVa Type of. Winding 0il
Id Nameplate Cooling Mode ‘ (m) (n)
S 224 .000 FOA or FOW (Directed Flow) 1.00 1.00

The insulation system is rated for 65 C rise over ambient.
TRANSFORMER CEARACTERISTICS AT RATED LOoaD

Cooling Id4 1.

Parameter Value History
Cu/Fe Loss Ratio C 7.4
Top 0il Rise Ambient 42.2
Avg Winding Rise Amb. 61.5

Hot Spot Rise Top 0il 15.0 Input
2
5
2

Avg 0Oil Rise Ambient 40.
" Winding Time Constant
0il Time Constant 13

SELECTED LOAD AND AMBIENT TEMPERATURE PATTERNS
The selected twenty-four hour load cycle
consists of a-constant 1.00 P:U. Rated Load for a period of
.20.00 hours, followed by a constant higher load for 4.00 hours.
The constant higher load is applied at 4 pm.
LOAD PLANNING CONSTRAINT CRITERTZ

The output solution selecred is to determine the maximum peak
load that satisfies the following limiting criteria:

© Hot Spot Temperature: 140 C
© Top 0il Temperature: . Jl1io C
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
insulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the .
new loss-of-life values. " WHEN THE LIMITING CRITERIA IS 'LOSS—OF-L]FE', THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD. : ' - :




INSULATION LOSS - of - LIFE

FOR
65 deg. C Class

Transformer ID #4

WINTER LTE(4 hour) RATING, starting @ 4 PM

Hot Spot : Aging Cumulative
Time  Temperature Acceleration Aging
Deg. C Factor . Hours
1 81.1 0.040908 . 0.040908
2 78 0.02814 0.069049
3 83.2 0.052514 0.121562
4 78.6 0.030269 0.151831
5 79.7 0.034577 0.186408
6 82.5 0.048335 0.234743
7 78 0.02814 10.262883
8 83 0.051288 0.314169
9 77.1 0.025213 0.339382
10 81.4 0.042402 0.381784
11 77.4 0.026155 0.407938
12 80.8 0.039465 0.447403
13 76.8 0.024303 0.471706
14 81.7 0.043947 - 0.515653
15 77.4 0.026155 0.541808
16 82.2 0.046643 0.588451
17 123.2 3.68704 4.275491
18 131.8 8.241274 12.51676
19 136.9 13.06843 25.5852
20 - 139.8 16.89946 42.48465
21 95.1 0.204885 42.68954
22 83.7 0.055707 42.74525
23 76.9 0.024603 42.76985
24 81.1 0.040908 42.81076
% Loss - of - Life = 0.023784 %

Emergency operation criteria for Loss of Life is .25% per occurence.




Date 07-31-1995 and Time 08:55 Page 2

TRANSFORMER LOAD PLANNING PROGRAM (va .1)
(Continued)

Cumulative .
< Temperatures (Deg C) > Loss Life Current * Load Lo

Time Ambient Top 0il Hot Spot (Percent) (amps) (P.U. NP) (MVA)

_____________________________________________________________

1:00 3.0 62.3 8§1.1 0.00004 . 2085 1.000 224
2:00 3.0 59.3 78.0 0.0000%9 2085 1.000 224

3:00C 2.0 £€4.5 83.2 0.00014 2085 1.000 224
"4:00 2.0 5.8 78.6 0.00018 . 2085 1.000 224
. 5:00 3.0 £61.0 79.7 0.00023 2085 1.000 224
. 6:00 4.0 63.8 82.5 0.00027 2085 1.000 224

7:00 5.0 59.3 .78.0 0.00032 2085 1.000 224

B:00 6.0 64.3 Bi.0 G.o0co37 2085 1.000 224

9:00 6.0 5.4 77.1 0.00041 2085 1.000 " 224
10:00 7.0 62.6 81.4 0.00047 2085 1.000 224
11:00 7.0 58.7 77.4 0.00050 2085 1.000 224
12:00 9.0 62.0 80.8 0.0005¢ 2085 1.000 224
13:00 10.0 58.1 76.8 0.00059 2085 1.000 224
14:00 5.0 £2.9 Bl1.7 0.00065 2085 1.00C 224
15:00 5.0 58.6 77.4 0.00065 2085 1.000 224
le:00C 7.0 63.4 g2.2 0.00074 3249 1.558 349
17:00 6.0 77.6 123.2 0.00406 3249 1.558 349
18:00 5.0 B&.3 131.8 0.01447 3249 1.558 349
19:00 4.0 91.4 136.9 0.03415 3249 1.558 349
20:00 3.0 894 .3 139.8 0.06247 2085 1.00Cc 224
21:00 3.0 76.4 85.1 0.0638B4 2085 1.000 224
22:00 £.0 65.0 83.7 0.0€6398 . 2085 l1.000 224
23:00 4.0 58.1 76.9 0.06402 2085 1.000 224
24:00 3.0 62.4 El1.1 0.06407 2085 1.000 224

The results based on this load and temperature cycle are:

Maximum Capability: 349.1 MVA.

Maximum Current: 3249 amps.

Maximum Hot-Spot Temperature: 132.8 C at  8:00 pm.
Maximum Top Oil Temperature: 94.3 C at 8:00 pm.

Cumulative Loss-of-Life for Cycle: 0.06407 %. p
Limiting Criteria was Hot -Spot

O000DO0CO

Ambient air temperatures and transformer loads listed at each
time apply for the remainder of the one hour time period.

An exception to this is the short time emergency (STE) type
rating where the load may vary within a one hour time period.
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BUBBLE EVOLUTION MODEL - MEMBRANE CONSERVATOR
Gas pressure at top oil level is 760 mm Hg.
Static head of oil to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg.
Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk oil and the gasses in the oil
at the hot spot location.

The average transformer temperatures for a typical load cycle are:
~bulk cil at 50.0 C and hot spot at 60.0.C. o

Prior to Contingency

Bulk 0Oil Region Hot Spot #1 Hot Spot #2

€3 deg C 82 deg C 82 deg C

Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg

H20 3,742 2 3,256 7 3,258 5

Cc2 0 O 0 0] 0 0

0z ¢ 0 0 0 0 0

CO 0 0 0 0 0 0

N2 500 4 512 4 512 4
Total Pressure & mm Hg 11 mm Hg 9 mm Hg

Immediately After the Contingency

Bulk 0il Region Hot Spot #1 Het Spot #2
87 deg C 132 deg C 132 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg Ppm Vol mm Hg . -
H20 3,742 3 £§6,588 79 46,470 54
Co2 0 0 764 1 764 1
c2 0 0 0 .0 0 0
co 0 0 134 T 1 134 1
N2 500 4 512 4 512 4,
Eff. Total Pressure S mm Hg 83 mm Hg 58 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Hot Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.
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TRANSFORMER LOAD PLANNING PROGRAM (va.1)
Developed by
‘Dynamic Systems, Inc. and Berkshire Transformer Consultants, Inc
Copyright (C} 1988, 1989, 1990, 1993, 19%4. All rights reserved by
Berkshire Transformer Consultants, Inc. *© '

Station: WINTER lte 8 hour pk staring @ 2 pM
Transformers: Transformer ID #z 224( MVA( 65 Deg C) foa-t
Comments: General Electric, 3/1965

' 126/69 kv

Transformer Operates Under Top Cil Temperature Control.

MVA ' - Type of Winding 0il.
Id Nameplate Cooling Mode (m) (n)
g 224,000 FOA or FOW  (Directed Flow) 1.00 1.00

The insulation system is rated for 65 C rise over ambient.
TRANSFORMER CHARACTERISTICS AT RATED LOAD

Cooling I4d 1.

Parameter Value History
Cu/Fé Loss Ratio 7.4
Top 0il Rise Ambient 42.2
Avg Winding Rise Amb. 61.5

Hot Spot Rise Top 0il 15.0 Input
2
5
2

Avg 0Oil Rise Ambient 40.
Winding Time Constant
O0il Time Constant 13

SELECTED LOAD AND AMEIENT TEMPERATURE PATTERNS
.The selected twenty-four hour load cycle
consists of a constant 1.00 P.U. Rated Load for a period of

16.00 hours, followed by a constant higher load for 8.00 hours.
The constant highe;'load is applied at 2 pm. .

LOAD PLANNING CONSTRAINT CRITERIZ

The output solution selected is to determine the maximum peak
load that satisfies the following limiting criteria:

© Hot Spot Temperature: 140 C
© Top 0il Temperature: lic C
INSULATION LIFE

The PROPOSE new Standard uses a different formula for calculating Loss-of-Life of
nsulation and is discribed in Appendix D. This method was adopted by the Task Force and
required a separate calculation of insulation Loss-of-Life. The following page contains the
new loss-of-life values. WHEN THE LIMITING CRITERIA IS '"LOSS-OF-LIFE', THE
VALUES GENERATED BY THE PROGRAM ARE EQUIVALENT TO THE NEW
METHOD. :

m‘_ —




INSULATION. LOSS - of - LIFE

FOR
65 deg. C Class

Transformer 1D #4

WINTER LTE(8 hour) RATING, starting (@ 2 PM

Hot Spot : Aging Cumulative
. Time  Temperature " Acceleration Aging
Deg. C Factor Hours
1 77.2 0.025523 0.025523
2 82 0.045546 0.071069
3 79.1 0.03216 0.103229
4 79.3 0.032947 0.136176
5 83.4 0.053769 0.189945
6 76.9 0.024603 0.214548
7 81.1 0.040808 0.255456
8 80.1 0.036283 0291739 .
9 79.2 D:032551 0.32429
10 83.3 0.053138 0.377428
1 78.3 0.029186 0.406615
12 83.7 0.055707 0.462321
13 78.7 0.030639 0.49296
14 82 0.045546 0.538506
15 122.8 3.548634 4.08714
16 131.2 7.800201 11.88734
17 135.8 11.84294 23.73028
18 138.3 14.80198 38.53225
19 139.6 16.6044 55.13665
20 140 17.19946 72.33612
21 139.9 17.04884 89.38496
22 139.8 16.89946 106.2844
23 96.4 0.236479 106.5209
24 84.9 0.064142 106.585

% Loss - of - Life

Emergency operation criteria for Loss of Life is .25% per occurence.

= 0.058214 %
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BUBBLE EVOLUTION MODEL - MEMBRANE CONSERVATOR

Gas pressure at top oil level is 760 mm Hg.
Static head of oil to hot spot is 72 inches.
Gas pressure at the winding hot spot is 895 mm Hg..

Partial pressure equilibrium is assumed to have occurred between
the gases dissolved in the bulk oil and the gasses in the oil
at the hot spot location.

(%]

The average transformer temperatures for a typical load cycle are:

bulk oil at 50.0 C and hot spot at 60.0 C.

Prior to Centingency

Bulk 0il Region Hot Spot #1 - Hot Spot #2
63 deg C 82 deg C - 82 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Component ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 2 3,256 7 3,256 5
Co2 0 D 8] 0 0. 0
02 0 0 0 0 0 0
Co 0 0 0 0 0 0
N2 50¢C 4 512 4 512 4
Total Pressure & mm Hg 11 mm Hg 8 mm Hg

Immediately After the Contingency

Bulk 0il Regiocn Hot Spot #1 Hot Spot #2
87 deg C 132 deg C 132 deg C
Gas Bulk H20 1.00% Insul H20 0.64% Insul H20 0.50%
Compcnent ppm Vol mm Hg ppm Vol mm Hg ppm Vol mm Hg
H20 3,742 3 65,190 77 45,477 53
Coz2 C 0 734 1 734 1
02 0 0] C 0] 0 0
Tco 0 C 129 1 125 1
N2 500 4 512 4 512 4
Eff. Total Pressure 5 mm Hg 81 mm Hg 57 mm Hg

Hot Spot #1

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.

Hot Spot #2

Bubble evolution is not likely to occur at the winding hot spot
as the result of this contingency.
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Time

L
TRANSFORMER LOAD PLANNING PROGRAM (v4.1)
{Continued)
Cumulative

< Temperatures (Deg C} > Loss Life Current Load Lo

Ambient Top 0il Hot Spot (Percent) (amps} (P.U. NP) (MV
3.0 58.5 77.2 0.00005 2085 1.000 222
3.0 63.3 B2.0 0.00010 2085 1.000 224
2.0 60.3 75.1 0.00014 2085 1.000 224
2.0 60.5 79.3 0.0001s. 2085 1.000 . 224
3.0 64.6 83 .4 0.00023 2085 1.0060 224
4.0 58.2 76.9 0.00028 2085 1.000 224
5.0 62.4 81.1 0.00033 2085 1.000 224
6.0 1.4 - 80.1 0.00037 2085 1.000 224
6.0 60.5 79.2 0.00042 2085 1.000 224
7.0 64.6 83.3 0.0004¢ 2085 1.000 224
7.0 58.¢6 78.3 0.00051 2085 1.000 224
9.0 64.9 83.7 0.00056 2085 1.000 224
10.0 5.9 78.7 0.00061 2085 1.000 224
9.0 63.3 2.0 G.00064 3200 1.535 343
S.0 78.6 122..8 0.00395 3200 1.535 343
7.0 87.0 131.2 0.01382 3200 1.535 343
6.0 91.6 135.8 0.03175 3200 1.535 343
5.0 94 .2 138.3 0.05658 3200 1.535 343
4.0 85.4 135.6 0.08606 3200 1.535 343
3.0 $5.8 140.0 0.11780 3200 1.535 343
3.0 95.8 139.9 0.1498985 3200 1.535 343
4.0 95.7 132.8 0.18188 2085 1.000 224
4.C 77.86 96.4 0.18340 2085 1.000 224
3.0 66.1 B4.9 0.18357 2085 1.00C 224

The results based on this locad and temperature cycle are:

C0O0O0O0O0

Maximum Capability: 343.8 MVA.

Maximum Current: 3200 amps.

Maximum Hot-Spot Temperature: 140.0.C at 8:00 pm.
Maximum Top Oil Temperature: 95.8 C at 8:00 pm
Cumulative Loss-of-Life for Cycle: 0.18357 %. .
Limiting Criteria was Hot-Spot

Ambient air temperatures and transformer loads listed at each
time apply for the remainder cf the one hour time period.

An exception to this is the short time emergency- {STE) type
rating where the load may vary within a one hour time period.

]
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BACKGROUND :

A huge amount of unique raw weather datz was acquireé by the Conducror
Rating Working Group from the Mesoscale Forecasting Experiments conducted by
the Meteorology Laboratory, Air Force Cambridge Research Laborarories (AFCRL),
Bedford, Massachusetts.

Nearly 16 million meteorological observarions from summer 1973, (Jupe, July,
and August) collected via 25 weather sensing stations established the baseline
data of wind velocities and ambient air temperatures; the foundation of rhis
study. This summer represented the bottest summer in 25 years. These sensor
stations composed a dense network of Temote surface weather scatioms that gathered
finely structured meteorclogical data. Wearher dara was collected every 10 second
from each operational sensor atatiog via conditioned telephone lines. Dara was
archived directly on magnetic tape at the cemtral computar located at AFCRL
Hanscom Field, Bedford, Massachusetrg.

Certain qualities unique to this scphisticared meceoroclogical experiment
made it significantly valuable to power transmisasion line engineers. These

features are discussed lacer.

INTEREST OF WIND-TEMPERATURE RELATIONSHIP TO POWER ENGINETRS

Design guidelines, cited in Secrdion 23 of the Massachuserrs Department of
fublic Utiliries (DPU) Code for the Installartion and Mainrenance of Elect—ic
Iransmission Lines, precipitated the New England Planuing Commitree (NEPC) to
authorize the Conoductor Rating W;rkiné Group (CEWG) to iovestigate, evatuate,
and report, the effecr of wearher om overhead power line conducrors current
carrying capacirty,

Seczion 23 addressing vercical clearances of wires above ground, rails, or
water, states - "In cowmputing conductar Cemperature, an ambienr air temperature

of 100 degrees F (Fahrenheif) and a transverse wind of 2 feetr per second should




This research proiecr's major gbjective, was to aSCertain wind-cesperarure

exposure of overhead transmission line conductors in order to bertar evaluace
existing line designs and industry ampere racings. The interrelarad considera. o
of conductor size and temperature, conductor sags and clearances of wires above
ground level are inseparable constraints, which must also be considered as
affecting the current Carrying capability assigned to any transmission line.
Although the’'AF(RL weather station netrwork insctrumenrarion was desigped to
help predict short-range aviarion bhazards, such ag fog, snow, and seﬁere sTorms,
through the collec—ion of finaly structured dara, it coul@ Prove to be the venicl
to amend or amedify the application of the guldelines and operation of iines builr

under Section 23 of the DPU Code.

particularly adaptable to the'evaluation of existing engineering praccices used
in designing power tramsmission lines. Transmission line désign enginesrs serive
to build ecomomically raliahle lipes. This tramslates ints extraczing in a saf
fashion, all reasonmable thermal capacity from any transmission line conductor
size. Total capiral costs, oi:era:ing and maigtenpance costs, are all directly
related to trapsmission line conductor size,

These unique qualifying fearures of this AFCRL experiment were:

1. (Geographic density) - The study geographis secror exrtended a distance
of 35 nautica! miles from Hapscom Field simmlaring a potenrial corridor
for power lines greater than 40 miles (64,37 kilomerers) in lengrh.

2. (The AFCRL sensors héight). The above ground lavel of 25 fear

(7.62 meters) was representarive of a transmission line conducctor height.

- 10 -




Observed ambient air remperature and wind velociry wvalues, therefore,
were more me.aningfu; than those measured at ground level in srtandard
instrument she.lters'rypically used by the Nationmal Weiather Service.
(Sensor sensitiviry) - The threshold of sensircivircy o?f the anemomerers
when non-rotaring, was b.8433 feet per second; and was reduced to a
minimmm threshold of 0.5276 feet per second with the anemometers rotating
{Sensor accuracy) - The accuracy of wind speed measurements was

+ 0.84 feet per second in the 0 to 17 feer per second range.

The observed temperatures were accurate to + 1°F.

(Frequency of measurements) — The data acquisition system was automared.
Each starion reported weather every l0 seconds assur:i.ng a finely
structured history of tha geographic sector.

(Data period) - The Junme, July, and August 1973 wearher datz base,
represented the hottest summer in 25 years (according to the U.S.
Weather Service). The consumption of electricity and enmergy, peak

at times of sustained high ambient air temperarures and humidiry,

_due to air condiricoming gystem loads being supplied f{rom a power

system.




SUMMARY :

The research work performed by the Conductor Raring Working Group was

concluded with positive results herein noted:

1.

Cur major conclﬁsion is that the mimimum wind velociry of two feet

per second used to calculare ampacity ratings of overhead rrans-—

mission lines, should be raised Lo at least three feet per secbnd

(FPS). A three feet per second (3 FPS) wind velocity will resulr in
an upgrading of thermal capacity of transmission lipe conducrors, whic
is an equivalent to an 112 increase for the three ACSR conductor sized
studied f336.& kcmil, 954 kemil and 1,113 kemil). This will result ic
significant economies. Ambient air temperatures of 100°9F éere used fo
each conductor raring calcularion.

This conclusion is based Qpon processing nearly 16 millionm
meceorclogical observations recorded by the Air Force Cambridge
Research Laboracories (AFCRL), ip Summer 1973 (June-Auguse),

wiich indicaced that a network random S-mimute mean wind speed

of three FPS was excseded 99.9598f of the time, when nerwork
ambient air temperatures in a range of 91°F o 104°F, vere measured

over 3 large geographical secror of Massachuserts.

It is apparent frow thig AFCBL network wearher wodel, that a low

probability of coincident S-minure bigh ambient temperatures and

low wind speeds exiges in natura.

The duration of these coincidens events are relarively shor= and
——coson




tTansitory. Figure 8 prasenrs CODAUCTOT transient temperarures
during "worst conditiems" of weather, when 954 kemil ACSR (45/7)
conductors were subjected to 100Z amperage loadings, Wind Speeds
in excess of 2 FPS were measured for 65 minures of the 110 minures
{592 of the time) ar this single station. Wipnd speeds below 2 FPs
were measured for 45 continuousg minutes (about 41% of the time),
but wefe preceded by winds of 2.79 FPS or greater for 35 minures
(about 32% of the ‘time) and followed by 2 wind speed of 3,47 rrpg

for 30 minutes (about 277 of the time),

The ambient air temperature declined from 93°F pp 840F during this
period. The ambient Cemperature descenr Periods are identified

below the conducror temperature plocs in Figure 8,

The arguments presenred in Figure 8§ Tecognized that "shelrared
areas" do exist in narture, where low velocity winds coincidenr
with high ambienr air tamperatures occur, Figure § rapresgenrs
actual weather dats recorded on August 2, 1975, when actual
ground ambient temperarures in excess of 100°F were recorded.
An AFCRL scientise estimated this temperarurs Phenomengn occars

about every 100 years.
The probability of coincidenrt low winds/high ambienr temperacrure
and 100Z amperage load coudirions on Cransmission lines ig *}er_v

rTemote. Even i1f these conditions do occur, it will take some

in Figure 8.




This reinforces the conclusion that member companies utilize ar Lens:

three feet per second wind velocity for rating their trapsmission
lines. This will allow an increased ampaciry of approximacely 11X

which will resulr in significanr economic savings.

The AFCRL dara base showed a direct correlation between'ﬁind
speeds_and ambient air temperatures. MNetwork correlarion studies
presented in Tables VIII-X, and an explanation in the Appendir
(pages 28 and 29) present our analysis of these.variables, which
shows network S-minute mean wind speeds tend to increase with
rises in ambient temperatures. The network 5-minute mean wind
speeds ranged from 5.30 to 9.15 FPS for necwork temperatures in
excess of 95°F. The greacer than 10.0 FPS winds were accounred
for, buﬁ not included in these mean values. The probabilisy of
S-minute network temperatures exceeding 959F is:

P(TP95%F) = 6 x 30 x 100 = 0.00016% or about 1
11,331, 583 62,953

or 30 minures our of 31,477 hours.

An analysis of the AFCRL netrwork S-minuce mean temperatures and
wind speeds data to determine "coincident evenrs" (i.e., 0 to %3
feet per second, with cheir attendant ambiepnr air temperarures,

gTeater than 90°F), disclosed these facrs:

4.1 The observed nerwork June-August 1973 "coincidane evenrs"

occurred in a temperature range of 91.00°F ro 93,2407, yo

tures in excess of this temperature range were measured.




The calculated probabilicy (53 of the AFCRL nerwork June—August
"coincident events", based upaon 152 S-minute observationps within
the O to'53 feet per second range of wind velocities, part

of 11,331,583 valid measurements recordaed every 10 seconds from

the semsor stations is:

PV,T) = 152 x 30 x 100 = 0.0402%, or about 1 , or abour
11,331,583 2469

12.67 hours out of 31,477 hours, a cumnlative period when 25
weather semsor stations recorded the total data base. These
stations were interrogated by the AFCRL Computer once every
10 seconds.

5.1 Thus, for 99.9598%7 of the tige Tepresented by the data
base, "coincident events! of temperatures and wind speeds

never occurred.

The 152 5~minucte mean coincident weather data observations Gee

scribed above, Tepresent the natural, random and transienr oc-
cutTences, of wind speeds measured and collected during June-

dugust 1973 by a demse network of weather sensing stations (25)
designed by AFCRL meteorologists. The frequency of these

occurTences was derived by -computer by selectively counting wind
speeds In a class interval against the allied ambiemr air temperature
(class interval) with all frequéncies classified by hour of occurrencs,
A sample, page 1/20 of the month of July 1973 matrix, presents the
data grouping resulting from chis three-dimensional counting. Page

1/20 is contained in the Appendix for our readers' convenience.




The individual S-mimite wind-velocd ry-temperature frequency councs
represents a summing of similar dara. They do not reprasent =
series of contiguous S-minute "coincidenr events" ar a single szarrion
but represent their matural distributiop throughout the network

measured over a month.

6.1 Thé probability (P) of the network "eoincident events" oc-
curring in Junme 1973, is based upon three (3) S-—aoinure
observarions. The probabiliry,

P(V,T) = 3 x 30 x 100 = 0.0008%, or an occurrence of about
11,331,583

1 » @r 15 minutes our of 31,477 hours. For five (5)
125,906

minutes of the period the mean wind speed was 1.5 FPS and the
other cen (10) mimutes the mean wind speed was 2.5 FPS. The

dtrendanc nerwork mean ambient air temperature was 91.9°F.

6.2 The probability (P) of the network "coincident evenrs”

occurting in July, based upom 44 S-minute observations is:

P(F,?} = 44 x 30 x 100 = 0.0116Z, or am cccurrence of about
11,311,583

1 » oT 220 minures of 3.67 hours our of 31,477 hours.
8,585

Ten (10) observatioms (50 minutes) of the 44 observariops re-
corded S—minute mean speeds ranging from 1.6 FPS to 2.52 FPS.
There was one (1) observarion (5-minutes) when the mean wind
speed recorded was 0.70 FPS and 33 cbservations (165 minures)
when mean wind speeds of (.22 FPS were Tecorded. The artendanr

nerwork mean ambienr aip temperature was 93.:’_30’5'.




6.3

The probabiliry (P) of the network "coincident evepnrs”
oczurring in August is based -upan 105 observations, a
c@tive period of 525 minutes, or am occcurrence of 8.73
bours of the total data base, representing 31,477 hours:

P(V,T) = 105 x 30 x 100 = 0.0278Z, or am occurrence of
. 11,331, 583

abour 1 . Bowever, examination of the data basge showed
3,597

that 40 observations (200 nﬁ.:mtes) had a S-minuce mean wind
speed of 2.54 FPS and 40 additionmal observations (200 minures)
the 3-minute mean wind speed recorded was 2.02 FPS. The
breakdown of the remaining 125 minutres of :b.e;"coincide.nt
events” recorded; 1.5 FPS for 60 minutes, 1.04 FPS for 40
winutes, and 0.50 FPS for 25 mimures. The actendant nerwork

mean ambient temperacure was 91.28°F.

A majority of the nerwork "coinpcident events™, 1Sl of 152
observations (99+Z), occurrad during the daytime period
between 1200 and 1800 hours. Junme's nerwork minimm S-—minute
@mean wind speed of 1.5 FPS (far § cumulazive minutes) occurred

at 1700 hours,

July's metwork minimum S-minure mean wiad speed of .22 FPS
(for 165 cumulative minutes) was distributed gver a daily
four hour period throughout the month. Their breakdown of

OoccurTrence by time of day was:




~(a.) 1400 hours, (3 cbservarions) 15 wiputes
{(b.) 13500 hours, (l2 observationms) 60 minures
(c.) 1600 bours, (12 observations) - 60 minutes

(d.) 1700 hours, (6 observacions) 30 winutes

A similar analysis of the August's network "coincidenmr
events" showed thar ﬁhe minimm S-minuce mean wind speed
of 0.30 FPS (for 25 cumulative minuces) was disr—ibuted
over 3 three hour period throughoutr :ﬁe month. Their

breakdown of occurrence by time of day was:

(a.) 1400 hours, (1 observarion) 5 miputes
(b.) 160C hours, (1 observation) 5 minutes

(c.) 1700 hours, (3 observarcions) 15 minures
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SUMMER - TEMPERATURE > 35C

0-4fps 4-6fps 6-8fps - >Bfps ttl hrs % hrs
8-11A 12-3FP 4.7P BP-7A 8-11A 12-3P  47P BP-7A 811A 12-3P  4-7F 8pP-TA 8-11A 12—:?3 4-7P BP-7A
Buffalo 0 0 o o 0 0 0 0 0] 1 1 0 o 4 1 0 7 0.008
Rochester 0 0 0 0 o 0 o .0 0 1 1 0 0 2 6 0 31 0035
Syracuse 0 0 0 0 0 0 0 0 0 2 2 o 0 19 6 0 280 0033
Binghamton 0 0 0 ] 1] 0 o 0 0 0 o o 0 3 1 0 4 0005
Albany 1] 1 0 o 0 o0 ©o © o2 2 9 0o 12 g 0 26 0.030
LaGuardia AP 0 0 Q 0 0 0 0 0 0 3 3 0 2 B9 36 0 113 0129
Bradford, PA 0 o) 0 0 o 0 ¢ 0 o 0 o 0 0 0 0 0 0 0000
Massena 0 0 0 0 0 0 0 0 0 0 o 0 0 7 3 0 10 0.011
0-4fps ttl hrs% hrs
B-11A 12.3F  4.7P 8P-7TA
Buffalo 0 0 0 0 0 0
Rochester 0 0 0 0 4] 0
Syracuse 0 0 0 0 0 0
Binghamton 0 0 0 0 0 o]
Albany ] 1 0 0 1 0.001 .
LaGuardia AP ] 0 0 0 0 0 ;
Bradford. PA 0 0 0 o© 0 © “
Massena 0 0 0 0 0 0
WINTER - TEMPERATURE > 9C
0-4fps 4-6ips 6-8fps >8fps ttl hrs % hrs
B-11A 12.3P  4-7P 8P-TA 8-11A 12-37 4.7F BP-TA 8-11A 12.3P  4.7P BP-7A ‘8-11A 12-3P  4.7P 8P-TA
Buffalo B 18 13 18 15 23 18 22 33 45 40 64 820 1281 1109 1787 5315 6.063
Rochester 21 18 17 62 42 28 28 80 36 43 60 112 747 1293 1096 1541 0224 5959
Syracuse 16 8 12 85 42 35 49 124 86 75 100 179 742 1293 1059 1369 5254 5.993
Binghamton 10 10 g 17 8 10 17 19 2 32 29 47 684 1196 1042 1506 4655 531
Albany 34 40 48 171 8 10 15 24. 57 63 81 108 718 1381 1125 1415 5302 6048

LaGuardia AP 15 15 13 104 40 37 29 g7 45 55 23 135 1553 2372 2167 3568 102686 11.71
Bradford, PA 11 10 189 73 4 10 12 30 18 24 29 82 658 1174 1058 1414 4626 57277

Massena 38 24 42 169 5 3 4 2 7 8 11 21 492 963 823 818 3431 3914
0-4fps ttl hrs% hrs
B-11A 123P  47P 8P-TA
Buffalo 8 18 13 18 57 0.065
Rochester 21 18 17 B2 1180135
Syracuse 16 8 12 8 1210138
Binghamton 10 10 & 17 43 0.049
Albany 34 40 48 171 293 0334

LaGuardiaAP 15 15 13 101 144 0.164
Bradford, PA 1M1 10 19 73 11230129
Massena 38 24 42 169 273 0.311

Note: " %hrs" is percent of total hours in the 10-yr period or approx. 87760hrs



