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Introduction  
This document contains the philosophies and methodology used for determining generating and 
transmission facility ratings for solely and jointly owned equipment of Black Hills/Colorado Electric 
(BHCE). 
 
Input for determining transformer ratings has been take from ANSI/IEEE C57.92-1981, IEEE Guide 
for Loading Mineral-Oil-Immersed Power Transformers Up to and Including 100 MVA with 55C or 
65C Average Winding Rise. 
 
This document satisfies NERC Standard FAC-008-1 which states that transmission and generation 
owners shall document its current methodology used for developing facility ratings.  
The methodologies outlined here are followed when establishing the maximum ratings of present or 
future planned facilities thereby complying FAC-009-1. 
 
BHCE is prepared to make its facility ratings available for inspection and technical review by those 
Reliability Coordinators (RC), Transmission Operators (TOP), Transmission Planners (TP), and 
Planning Authorities (PA) that have responsibility in which the facilities are located. BHCE will 
provide its ratings and methodology documentation within 15 business days of receipt of a request as 
specified in FAC-008-1.  
 
Determination of the Most Limiting Facility 
All series elements that together make up a line section or bulk power substation transformer circuit are 
reviewed to determine which equipment has the most limiting rating. The most limiting element in the circuit 
will be used to determine the overall rating of the circuit. 
 
Jointly-Owned Facility Ratings 
In cases where a facility is jointly owned, the operator of the facility determines the facility rating and shares 
this rating information with the other joint owners. 
 
In cases where a facility is owned in segments, BHCE coordinates with the owners of the other segments of the 
facility to ensure that the most limiting rating is used by all parties. 
 
The overall rating of a transmission circuit will be established by the most limiting device within that circuit. In 
the case of a transmission circuit that interconnects with another utility, BHCE will coordinate the overall rating 
of that circuit with the utility involved. The overall transmission circuit rating shall be the lower of either 
BHCE’s equipment rating or the equipment rating of the interconnecting utility. 
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Overhead Conductors 
The continuous rating of a transmission conductor is the amount of current, measured in amperes (Amps), 
which can be safely carried over the line. BHCE’s transmission line ratings are based on IEEE Std 738-2006 for 
calculating the current-temperature relationship of bare overhead conductors, and are calculated using an 
Microsoft Excel spreadsheet.  BHCE presently does not specify or calculate short-term conductor ratings. Input 
variables required for the continuous rating calculations include physical conductor properties obtained from the 
appropriate conductor reference. Other conductor variables needed to establish conductor ratings include the 
following:  
 
Conductor Temperature 
Current flowing through a conductor will cause the temperature to increase due to the electrical resistance of the 
metal conductor. Because conductors expand as temperature increases, higher conductor temperatures will 
cause transmission lines to hang lower between supporting structures. Transmission lines are initially designed 
such that an acceptable ground clearance is maintained for specified operating temperature. BHCE has adopted 
the following conductor temperature criteria: 
    

 Normal/Emergency 
Conductor Temperature 90C (194°F) 

 
Transmission engineering has determined that overhead transmission lines can safely achieve 90C conductor 
temperature.  Where the overhead transmission line design temperature is unknown or not documented, 90C 
will be used for calculating the conductor rating.  Where the actual design temperature of a transmission line is 
known and documented, those temperatures will be used to determine the normal and/or emergency conductor 
rating. 
 
Ambient Temperature 
The surrounding air temperature of a current carrying conductor determines how quickly the internally 
generated heat can be dissipated from a conductor. Lower ambient temperatures will allow higher current 
capability of conductors. BHCE uses the maximum seasonal ambient temperatures outlined below: 
 
 

Summer 40C (104°F) 
Winter 10C (50°F) 

 
 
Wind Speed and Direction 
Higher incident wind speeds will increase heat dissipation rate of a conductor allowing higher current carrying 
capabilities. Wind orientation that is perpendicular to a transmission line will provide a higher heat dissipation 
rate than parallel orientation. The wind speed and direction used for calculating the ratings of BHCE 
transmission lines is 4.0 ft/sec, perpendicular to the line. 
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Elevation 
Elevation of a conductor above sea level slightly affects the amount of solar energy absorbed and the rate of 
heat dissipation to the surrounding air. Since moderate elevation changes has such a small impact on capacity 
calculations all lines in the BHCE system assume a nominal Pueblo elevation of 4800 feet above sea level.   
 
Latitude 
The latitude of a conductor affects solar energy density and the amount of solar energy absorbed by a 
transmission line. The BHCE system assumes a nominal Pueblo latitude of 38.3°N (104.6W longitude).  
 
Line Orientation  
The direction of a conductor, classified as either North-South or East-West, describes the general direction of an 
overhead transmission line, and resulting solar effects. BHCE has adopted the most conservative alternative of 
East-West orientation. 
 
Time of Day 
Local Sun Time describes the overhead position of the sun. The solar heating effects on the conductor will be 
greater during higher sun positions, therefore decreasing current capability. BHCE has adopted the most 
conservative time of day alternative which is 12:00 p.m., noon. 
 
Atmosphere 
Atmospheric conditions has an effect on the rating of a conductor. Input variable options are clear or industrial 
atmosphere. An industrial atmosphere will increase the conductor ampacity due to decreased solar absorptions. 
Since the majority of BHCE’s transmission lines are located in rural areas, clear atmosphere option is adopted, 
which will also yield the most conservative capacity result. 
 
Absorptivity and Emissivity 
It is industry practice to use 0.5 for each parameter; however aged conductors may eventually reach 0.9 and 0.7 
respectively.  Analysis of those variables is such that the 0.9 / 0.7 parameters yield nearly identical results as do 
0.5 / 0.5.  Therefore BHCE will use 0.5 for both parameters. 
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Transformers 
All transformers with windings 69 kV or above have been rated in accordance with the following criteria: 
Normal ratings have been set at the maximum nameplate rating (for average 30C ambient temperature) with full 
cooling operational.  Emergency ratings equal to 125 percent of the top nameplate rating have been assigned to 
all units with top nameplate ratings up to 100 MVA (as covered by ANSI/IEEE c57.92-1981).  The 125 percent 
rating has been determined through operating experience and consultation with ANSI/IEEE c57.92-1981 
regarding acceptable loss of life.  Larger units use an emergency rating equal to the normal rating as these units 
are not addressed by the reference standard.  Identical ratings have been used for summer and winter, although 
BHCE Networks reserves the operational right to exercise some discretion in overloading transformers in 
periods of the year when the average temperature is below 30C. 
 
 
Terminal Equipment and Relay Protective Devices 
When terminal equipment (breakers, switches, CT’s, wave traps, etc.) exists that is more limiting than the 
conductor ratings, the resulting line ratings have been determined according to the terminal equipment ratings.  
In general, the maximum nameplate ratings have been used for both normal and emergency ratings when 
terminal equipment is the limiting factor.   
 
Circuit Breakers and Switches 
BHCE will use the manufacturers continuous nameplate rating for both normal and emergency operations, for 
all seasons, unless specific circumstances arise that may require a higher rating to be developed. 
 
Bus Conductors 
BHCE will use the manufacturers continuous current rating for both normal and emergency operations, for all 
seasons. 
 
Current Transformers 
BHCE will use the manufacturer’s continuous nameplate rating for both normal and emergency operations, for 
all seasons. Current transformers with known overload capability will be applied during emergency.   
 
Wave Traps 
BHCE will use the manufacturer’s continuous nameplate rating for both normal and emergency operations for 
all seasons. Exceptions to this practice have been made for wave traps that are known to be air-cored inductor 
type units which allow a 110% rating during emergency. 
 
Relays and Protective Equipment 
The relay load limit for impedance relays shall  be 90 percent of the relay trip value at 0.90 power factor. The 
relay load limit for over-current relays shall be 80 percent of the relay pickup. 
 
Series Line Capacitors 
BHCE transmission system does not contain any series reactive elements. 
 
Ring Bus 
In the event that a line section or power transformer terminates on a substation configured as a ring bus or 
breaker-and-half, the most limiting equipment within the terminating ring bus (or breaker-and-half) will be 
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considered when determining the transmission line limit. This methodology is used because when a ring bus 
opens for a line fault, all flow could potentially flow through the limiting element. 
 
 
Shunt Reactive Equipment 
Shunt Reactors 
Shunt reactors are used to provide inductive reactance to compensate for the capacitive charging effects and 
resulting high terminal voltages of long transmission lines. Manufacturer’s maximum ratings will be used for 
both normal and emergency operations for all seasons. 
 
Shunt Capacitors 
Shunt capacitor banks are installed on transmission systems to provide reactive power support during heavy 
load conditions and resulting low terminal voltages, or during system contingencies. Manufacturer’s maximum 
ratings will be used for both normal and emergency operations for all seasons. 
 
SVC (Static VAR Compensator) 
Static VAR Compensators will be rated per the manufacturers recommended ratings.  
 
 
Generating Equipment 
All generators are rated per the manufacturer design capability and ratings (e.g. generator “D” curves) based 
upon ambient environmental conditions.  Per WECC policy, generating units will be tested for real and reactive 
power output capability at least every 5 years.  Test data derived from the required unit testing will be used in 
determining the new continuous generator ratings. 
 
Should it be deemed necessary, BHCE System Operations may request verification of maximum generator real 
and reactive power output.  The results of these verifications may be used as short-term or long-term seasonal 
ratings depending on operating and ambient environmental conditions. 
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