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EXECUTIVE SUMMARY 

Purpose 

This project studies the Dyess AFB electrical system. The purpose of this project is to perform an 
electrical analysis of the primary electrical distribution system through the secondary up to and 
including the building service entrance disconnect and includes motor loads 50 Hp or greater. 
Specifically, the electrical distribution system is inclusive of:  

 Switching stations 

 Substations 

 Distribution, and service cables 

 Primary distribution equipment 

 Government owned power generating stations feeding directly into the primary distribution 
system. 

 Government owned renewable power generation feeding directly into the primary distribution 
system.  

The project activities consist of three distinct phases: 

1. Phase 1:  Conduct field surveys and testing to support a detailed “as-built” of the existing 
primary electrical distribution system.  

2. Phase 2:  Perform an electrical power system analysis of the existing primary distribution 
system, including power flow, short circuit, and electrical protection/coordination. The 
electrical analyses are performed using EasyPower® electrical analysis software. The study 
serves to baseline performance of the existing system in support of a detailed engineering 
evaluation of the primary distribution system.  

3. Phase 3:  Conduct a detailed engineering evaluation of the primary electrical system to 
establish future modifications, expansions, and upgrades to support future electrical 
requirements and improve system efficiency, reliability, and maintainability. 
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 Project Deliverables 

The following deliverables are provided in support of this power system study: 

 Analysis report summarizing project findings and results. 

 Field walkdown data files – on DVD. 

 EasyPower electrical model for the primary distribution system. 

 Electronic copies of photographs taken of electrical equipment during field walkdowns – on 
DVDs. 

 Oil sampling and testing reports of Substation transformers. 

 Thermal imaging reports of the same Substation transformers. 

 EasyPower software and associated training. 

 Laptop computer capable of running the provided EasyPower software. 

 Updated electrical distribution system single-line drawings. 

 New electrical layout drawings. 

 Arc Flash Hazard Labels. 

 Equipment identification Labels, as identified. 

 Equipment Geospatial Data (ArcGIS model). 

Site Specific Analysis Assumptions 

1. The EASYPOWER model was developed based on field observations/measurements, 
photo documentation, single-line drawings, and other data provided by the client. 

2. TWN performed a site visit for verification and/or collection of field data. 

3. The latest available utility impedance information from American Electric Power Texas 
(AEP Texas) was used to determine utility available fault current data.  

4. The “Normal Operating Configuration” of the facility is based on client-provided 
information, discussions with facility personnel, and field observations. See electrical 
single-line for current operating configuration. 

5. Transformers are modeled center tapped if no alternate data was available on tap settings. 
Note some transformer taps are located on the top of distribution type transformers. 

6. Switches and breakers are in their normal operating configurations. 
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7. Relevant Information for data sheets and other client-provided information is provided 
in electronic format only and is located on the DVD. 

8. Where upstream devices will not clear an arcing fault within 2 seconds the incident 
energy calculations are based on a maximum of 2 seconds.  This is based on the 
assumption that anyone inside the arc flash boundary will vacate the boundary within 2 
seconds.  However, careful consideration must be taken if the 2 seconds clearing time is 
used in situations where the arcing fault could be in a confined space like a manhole or 
when someone is working from a bucket truck. 

9. In instances where the instantaneous setting cannot be verified in the field, the setting 
shall be configured to its maximum (High) value. 

10. Capacitors are assumed in-service unless normal operating conditions have them 
switched out. 

11. Spot load meter readings are used as a basis for the load flow study. 

12. Unlabeled equipment found in the field was designated, and associated with, the locations 
closest facility based on the client provided map. 

13. Switchboards and/or Panelboards without a proper Panel Schedule: the installation 
personnel (local authority) determine loads and/or sources. 

14. If a feeder breaker(s) was not labeled, it was assumed the installation used like feeder 
beakers and were modeled accordingly, inclusive of adjustments for as-found conditions 
and legible information. 

15. Load distances were assumed to be 50’ for Panelboards within buildings (beyond the 
service disconnect). 

16. Breakers not available in the EasyPower Library were requested as additions to the 
model.  Where EasyPower was unable to incorporate a specific breaker, a similar breaker 
was used with ratings and settings adjusted to match as-found conditions. 

17. Cable sizes were assumed where determination was not possible either by field 
verification or one-line diagram. 

18. Cable derating associated with duct banks has been considered based on field 
observation. Where configuration of duct bank was uncertain, duct bank configuration 
was assumed based on paralleled cables to serve this load. 

19. Load data was measured at distribution transformer secondaries. Load was then manually 
distributed amongst the facilities fed by each distribution transformer. 
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Power Flow Study 

One (1) EasyPower model was developed using Utility as the source. The following summarizes 
the power flow results: 

• There are three (3) cables overloaded.  

• There is one (1) transformer within the 10% overload threshold (T9121B).   

• There are multiple locations where calculated voltage variation exceeds 3%.  See Section 4.4.4 
for specific locations. See Table 4-2 for voltage variations that exceed 3%. 

• There are 64 locations where the power factor is less than 90%. See Section 4.4.4 for specific 
locations.  

• There are 24 motors over 50 HP.  See Section 4.4.5 for more information. 

• The current estimated peak demand is within the capability of the system.  

Cross-Connect Capability 

Cross-connect capabilities at Dyess AFB are: 

C.C. #1: Dyess AFB’s 12.47 kV Pole “P-A2-1A” Ties FDR A1 and FDR A2 through Switch 
S+C#11. 

C.C. #2: Dyess AFB’s 12.47 kV Pole “P-B4-108A” Ties FDR A1 and FDR B4 through Switch 
S+C#14. 

C.C. #3: Dyess AFB’s 12.47 kV Pole “P-C1-10A” Ties FDR A2 and FDR C1 through Switch 
S+C#13. 

C.C. #4: Dyess AFB’s 12.47 kV Pole “P-B2-3” Ties FDR B1 and FDR B2 through Fused Switch 
P-B2-3. 

C.C. #5: Dyess AFB’s 12.47 kV Pole “P-B2-L1-7” Ties FDR B1 and FDR B2 through Switch P-
B2-L1-7. 

C.C. #6: Dyess AFB’s 12.47 kV Pole “P-B1-32” Ties FDR B1 and FDR B2 through Fused Switch 
P-B1-32. 

C.C. #7: Dyess AFB’s 12.47 kV Pole “P-B2-L2-5” Ties FDR B1 and FDR B2 through Switch P-
B2-L2-5. 

C.C. #8: Dyess AFB’s 12.47 kV Pole “P-B1-42A” Ties FDR B1 and FDR C4 through Switch 
S+C#1. 

C.C. #9: Dyess AFB’s 12.47 kV Pole “P-B3-L1-8” Ties FDR B2 and FDR B3 through Fused 
Switch P-B3-L1-8. 
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C.C. #10: Dyess AFB’s 12.47 kV Pole “P-B2-L3-4” Ties FDR B2 and FDR C2 through Switch P-
B2-L3-4. 

C.C. #11: Dyess AFB’s 12.47 kV Pole “P-C4-51” Ties FDR B2 and FDR C4 through Fused Switch 
P-C4-51. 

C.C. #12: Dyess AFB’s 12.47 kV Pole “P-C4-L10-3” Ties FDR B2 and FDR C4 through Fused 
Switch P-C4-L10-3. 

C.C. #13: Dyess AFB’s 12.47 kV Pole “P-B2-53” Ties FDR B2 and FDR C4 through Fused Switch 
P-B2-53. 

C.C. #14: Dyess AFB’s 12.47 kV Pole “P-B2-64” Ties FDR B2 and FDR C3 through Switch 
S+C#3. 

C.C. #15: Dyess AFB’s 12.47 kV Pole “P-B2-67” Ties FDR B2 and FDR C4 through Switch P-
B2-67. 

C.C. #16: Dyess AFB’s 12.47 kV Pole “P-B4-L1-8” Ties FDR B3 and FDR B4 through Fused 
Switch P-B4-L1-8. 

C.C. #17: Dyess AFB’s 12.47 kV Pole “P-B3-26A” Ties FDR B3 and FDR C2 through Switch 
S+C#2.  

C.C. #18: Dyess AFB’s 12.47 kV Pad Mount Switch “SB3-015” Ties FDR B3 and FDR C2 
through Switch SB3-015-T2. 

C.C. #19: Dyess AFB’s 12.47 kV Pole “P-C2-L1-24” Ties FDR B4 and FDR C2 through Switch 
C2-L1-24. 

C.C. #20: Dyess AFB’s 12.47 kV Pole “P-C4-26” Ties FDR C3 and FDR C4 through Fused Switch 
P-C4-26. 

C.C. #21: Dyess AFB’s 12.47 kV Pole “P-C4-30” Ties FDR C3 and FDR C4 through Fused Switch 
P-C4-30. 

C.C. #22: Dyess AFB’s 12.47 kV Pole “P-C4-L4-7” Ties FDR C4 and FDR C5 through Switch 
S+C#6. 

C.C. #23: Dyess AFB’s 12.47 kV Pole “P-C5-21” Ties FDR C4 and FDR C5 through Fused Switch 
P-C5-21. 

Short Circuit Study 

The 69kV Utility lines provide the main source of short circuit currents available throughout the 
system. Refer to Table 2 for a summary of the available short circuit current. These Available 
Short Circuit Current values have been used as the basis for the EasyPower short circuit study.  
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 Recommendations were made to improve coordination and reduce Arc Flash Incident Energy 
throughout the system. 

o See Section 9 for more details and associated setting changes (Recommendations). 

o See Section 11 for specific system recommendations. 

 
Harmonic Distortion Results 

Based on IEEE 519, the voltage and current harmonic limits are evaluated. Utilizing these analysis 
methods, the total harmonic distortion and the individual harmonics are calculated. 

Voltage harmonic distortion was less than 3% percent within the system. There were no locations 
where Voltage Harmonic Distortion was found to be greater than 5%. 

Current harmonic distortion reached 100% in seven (7) locations within the system. Current 
harmonic distortion varies considerably. 

Note: Harmonic distortion data is collected via instantaneous spot measurements at the secondary 
transformer level. It is expected that harmonic distortion levels will fluctuate with various loading 
equipment and loading type connected to the system. As such, without further study consisting of 
constant metering over a set period, TWN provides harmonic distortion results for informational 
purposes only.   

(See Section 10.1.3 for more details and IEE 519 analysis methods) 

Distribution Reliability Results 

IEEE 493 was used as the basis for the distribution reliability study. The intent of the study is to 
establish a base line for future assessment of changing reliability. The result is summarized as 
follows: 

1. Reliability of the system under normal operating configuration would be near: 100% 

2. The loss of service across ANY Load (i.e. a disruption of svc) is: 13.78 hrs/year 

These statistics are primarily impacted by the sourcing and configuration of the system. It is noted 
that the driving factor behind the reliability is provided by the Utility and Generators. The backup 
generators associated with individual buildings do exist. To the extent that they are maintained and 
used in the event of an outage, this would positively impact reliability. 

Distribution reliability evaluation summary is provided in Section 10.2 and a complete Reliability 
report is provided in Volume 2 Appendix O for the primary distribution system. 
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Oil Sampling Results 

For this base, no oil samples were collected as it was De-Scoped from this Base’s Study. Please 
see Section 10.3 for details. 

Thermal Imaging (IR) Results 

Thermal Imaging (IR) surveys were De-Scoped from this Base’s Study. Please see Section 10.3 
for details. 

Recommended Projects 

In the analysis of the documentation, field data, future infrastructure projects and study results, 
deficiencies have been identified, and resolutions (projects) are provided in Section 11. 
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Table 4 

Recommended Electrical Infrastructure Projects 
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1 

INTRODUCTION 

1.1 Purpose of Study 

The purpose of this study is to perform an electrical analysis of the primary electrical distribution 
system.  The project scope is specified in Performance of Work Statement – Power System 
Modeling and Analysis (May 31,2023) – (Order # FA805123F0032 / Contract # GS23F0182R). 

The project activities consist of three distinct phases: 

1. Phase 1:  Conduct field surveys and testing to support a detailed “as-building” of the existing 
primary electrical distribution system.   

2. Phase 2:  Perform an electrical power system analysis of the existing primary distribution 
system, including power flow, short circuit, and electrical protection/coordination.  The 
electrical analyses are performed using EasyPower® electrical analysis software.  The study 
serves to baseline performance of the existing system in support of a detailed engineering 
evaluation of the primary distribution system.   

3. Phase 3:  Conduct a detailed engineering evaluation of the primary electrical system to 
establish future modifications, expansions, and upgrades to support future electrical 
requirements and improve system efficiency, reliability, and maintainability. 

A flowchart of project activities is shown in Figure 1-1. 
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Figure 1-1 

Flowchart of Project Activities 

1.2 Power System Study 

The Power System Study documents the results and findings of an engineering analysis for the 
existing electrical power distribution system. The analyses conducted include: 

 Power flow 

 Short circuit 

 Arc flash 

 Electrical protection and coordination 

 Harmonics 

 Motor starting 
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 Distribution Reliability 

The various analyses, as a group, provide design confirmation of the inherent ability of the 
electrical power distribution system to perform reliably under normal and abnormal conditions. 
The analyses are conducted using a specialized electrical analysis software program – 
EasyPower®, a Microsoft Windows® graphical-based electrical power systems analysis program. 
To conduct an engineering study of this type, an electrical model of the power system is first 
developed. Once the model has been created and primary distribution data is input into the 
software, the desired analyses can be performed. 

The following activities are completed as part of conducting the analyses: 

 Gather necessary primary distribution system data, including a walkdown of the system 
configuration and collection of service entrance loading data. 

 On-site generation information was collected using Dranetz and manufacturer’s data sheets to 
obtain source data for input into the model. 

 Using the walkdown data and utility interface/source data, develop an EasyPower model for 
the electrical distribution system. 

 Perform a power flow analysis, including motor starting studies. Include a contingency 
analysis of cross-connection capability between feeders and/or loop circuits. Include motors 
50 Horsepower (Hp) and larger in the analysis.  

 Perform short circuit calculations and evaluate the suitability of system equipment for the 
available fault current (i.e., equipment duty assessments). 

 Evaluate electrical overcurrent protective device coordination, including alternate system 
lineups as appropriate.  Provide recommendations for setting changes to improve electrical 
protection and coordination. 

 Evaluate the harmonic distortion and power factor for the electrical distribution system and 
recommend changes as needed (Note: Based on instantaneous spot measurements). 

 Perform an arc flash analysis for the primary distribution system. 

 Perform reliability base line analysis for the primary distribution system. 

 Provide recommended conceptual design changes for single point of failure for the primary 
distribution system.  

 Provide updated layout and single-line diagrams of the primary electrical distribution system 
to include component sizes and general nameplate information. The updated single-line 
diagrams utilize AutoCAD software and will be provided as hardcopy and electronic files.  The 
specific format and layout of the drawings will be tailored to comply with Base conventions 
and standards. 
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 Provide the EasyPower software and data files used to conduct the studies. 

 Provide field verification data in database format in accordance with the latest version of 
Spatial Data Standards for Facilities, Infrastructure, and Environment (SDSFIE). 

 Other minor related tasks as specified in the SOW. 

1.3 Deliverables 

The following deliverables are provided in support of this power system study: 

 Analysis report summarizing project findings and results. 

 Field walkdown data files – on DVD. 

 EasyPower electrical model for the primary distribution system. 

 Electronic copies of photographs taken of electrical equipment during field walkdowns – on 
DVDs. 

 Oil sampling and testing reports of all Substation transformers. 

 Thermal imaging reports of the same Substation transformers. 

 EasyPower software and associated training. 

 Laptop computer capable of running the provided EasyPower software. 

 New electrical distribution system single-line drawings. 

 New electrical layout drawings. 

 Arc Flash Labels. 

 Equipment identification Labels, as identified. 

 Equipment Geospatial Data (ArcGIS model). 

1.4 Description of Analyses 

Brief descriptions of the individual analyses conducted as part of this engineering study are 
provided below. 

1.4.1 Power Flow 

A power flow study is commonly called a load flow study; the terms are used synonymously. A 
power flow study determines voltages and power flow throughout the primary electrical 
distribution system. The study provides insight into many aspects of system performance, 
including: 
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 Adequacy of voltage levels throughout the system. 

 Current flow through all branches of the system. 

 The ability of generators to supply required load without exceeding their rating. 

 The ability of system equipment (such as switchgear, panels, transformers, or cables) to carry 
the required load without exceeding equipment ratings. 

 Inappropriate or low reliability system lineups, including an evaluation of cross-connect and 
alternate feed capability. 

 System expandability and choke points for load addition. 

 Equipment sizing and rating specifications for new/replacement equipment. 

Usually, a power flow study includes an analysis of system performance under various conditions 
and operating modes. Different conditions of interest might include: 

 Cross connect capability between the feeders (partial or full). 

 Proposed load additions. 

 System changes involving re-powering loads from a different feeder (load re-balancing). 

 Variations in transformer tap settings. 

1.4.2 Short Circuit 

Even the most carefully designed electrical power system can, from time to time, be subjected to 
short circuits that produce potentially damaging levels of fault current. High level currents that 
flow during an electrical fault can produce severe arc-blasts, overheating, and magnetic forces that 
result in personnel injury, catastrophic equipment failure, fire, and/or prolonged down time. A 
short circuit study determines the available fault current throughout the system. These fault 
currents are compared to the short circuit rating of the equipment to confirm that the ratings are 
not exceeded. 

A short circuit study provides a means to evaluate the following aspects of a power system: 

 The ability of a system’s primary distribution equipment (such as switchgear, cables, 
disconnect switches, panels, motor control centers, or bus ducts) to withstand the available 
fault current without damage. 

 The ability of system protective devices (e.g., circuit breakers, fuses) to successfully interrupt 
a fault. 

 The adequacy of electrical protective device settings and sizes. 
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 System lineups that realize unacceptable levels of fault current. 

 Baseline fault current levels for calculating arc flash energy levels. 

Short circuit current levels for several types of faults are generally evaluated during a short circuit 
study, including: 

 Three phase bolted fault – all three phases of a three-phase system short together with no 
appreciable fault impedance (generally produces the highest available fault currents and always 
produces the most fault energy). 

 Phase-to-ground fault – one phase of a three-phase system shorts to ground (also called a line-
to-ground fault or ground fault). 

 Phase-to-phase fault – two phases of a three-phase system short together (also called a line-
to-line fault). 

 Phase-to-phase-to-ground fault – two phases of a three-phase system short together and to 
ground simultaneously (also called a double line-to-ground fault). 

An evaluation of a system’s short circuit capability is critical for the assessment of personnel and 
property protection. This aspect of system performance can only be determined through design 
analysis since normal operation offers no information regarding the system’s ability to handle a 
severe short circuit. Faults are an infrequent event; thus, an underrated system can operate for years 
or even decades without any apparent problems. The shortcoming only becomes evident when the 
system is subjected to a fault. For this reason, all governing codes, standards, and regulations 
clearly state the importance of not exceeding equipment short circuit ratings. 

NFPA 70-2023 clarifies the interrupting rating and short-circuit current rating criteria for electrical 
distribution equipment with the following statements: 

Article 110.9 Interrupting Rating: 

Equipment intended to interrupt current at fault levels shall have an interrupting rating at nominal 
circuit voltage at least equal to the available fault current at the line terminals of the equipment…  

Fuses or circuit breakers that do not have adequate interrupting ratings could rupture while 
attempting to clear a short circuit… 

Article 110.10 Circuit Impedance, Short-Circuit Current Ratings, and Other Characteristics: 

The overcurrent protective devices, the total impedance, the equipment short-circuit current 
ratings, and other characteristics of the circuit to be protected shall be selected and coordinated 
to permit the circuit protective devices used to clear a fault to do so without extensive damage to 
the electrical equipment of the circuit…  



Dyess AFB 
 

Introduction 

 
1-7 

Wire, bus structures, switching, protection and disconnect devices, and distribution equipment all 
have limited short circuit ratings and would be damaged or destroyed if those short-circuit ratings 
were exceeded… 

1.4.3 Arc Flash 

The nature of equipment arcing failure and the rate of serious burn injuries in the electrical industry 
have been studied for many years. Detailed investigation into the arc flash phenomena by many 
researchers has led the NFPA to adopt arc flash guidelines in NFPA 70E, Electrical Safety in the 
Workplace, for work on or near energized electrical equipment. IEEE-1584, IEEE Guide for 
Performing Arc Flash Hazard Calculations, was issued to provide a calculation methodology and 
equations for determining arc flash energies. Together, these guidance documents add a new 
dimension to traditional electrical power analysis. 

Arc flash hazard studies require knowledge of both the electrical power system and the system’s 
electrical protection. Arc flash studies can be considered a continuation of the short circuit and 
electrical coordination characteristics of a power system, since the results of each are required to 
assess the incident energy associated with an arc flash event at any specific location in the power 
system. Numerous design and configuration factors can affect the calculated arc flash energy 
levels. Thus, development of an electrical analysis model for the purpose of arc flash calculations 
requires a level of detail. 

An arc flash study accomplishes the following: 

 Calculates arc flash incident energy levels at key locations throughout the system. 

 Provides a basis for protective personal equipment (PPE) requirements based on arc flash 
analysis results for specific work locations. 

 Evaluates potential equipment line-up or protective device setting changes that can reduce the 
arc flash hazard at specific locations. 

 Identifies locations in which energized work cannot be conducted safely regardless of available 
PPE. 

AFMAN 32-1065, Grounding & Electrical Systems, states that “work on energized equipment is 
prohibited except in circumstances when justified by and approved by the Base Civil Engineer 
(BCE) or equivalent.” AFMAN 32-1065 also explains the requirements associated with working 
on energized circuits. An arc flash study is an integral part of this process and will help establish 
the PPE requirements for the work location. 

1.4.4 Electrical Protection and Coordination 

A coordination study is a graphical analysis of a system’s electrical protective devices (overcurrent 
relays, circuit breakers, and fuses).  The term coordination comes from the basic intent of the 
study, which is to evaluate how well a system’s overcurrent protective devices coordinate with 
each other during an overcurrent condition (short circuit or overload) to isolate an unwanted 
electrical event and protect other equipment from damage.  The objective is for the protective 
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device closest to the fault to operate before any other upstream protective devices operate, thereby 
limiting the portion of the system affected by the fault. 

A properly protected and coordinated system will: 

 Rapidly isolate a faulted circuit at the closest possible point upstream of the fault, while 
minimizing disruptions to unaffected portions of the system. 

 Minimize damage to the faulted circuit or equipment by rapidly removing it from service. 

 Minimize the possibility of damage to equipment upstream of the fault that “sees” the fault 
current but is otherwise unaffected. 

 Minimize the possibility of catastrophic equipment failure, fire, and personnel hazards. 

Ensuring proper electrical protective device settings is important to maintaining a reliable and safe 
electrical power distribution system. In many instances, the root cause of major power outages, 
fires, and equipment failures can be traced back to an improperly coordinated system. 

1.4.5 System Cross-Connect Capability 

The evaluation of system cross-connect capability is part of the power flow analysis, but it is listed 
separately here because of its importance to system reliability. The system is evaluated with respect 
to its ability to provide power through its various points of cross-connect. This type of evaluation 
is important for the following applications:  

 Determine the impact of removing a single supply feeder from service. 

 Determine means of supplying power to individual loads when the normal source has been 
lost. 

1.4.6 Harmonics 

Voltage and current harmonic data are obtained by spot field measurements as part of the 
walkdown process. A harmonics analysis is conducted to evaluate the magnitude of distortion in 
the electrical voltage and current waveforms that results from electronic loads either radiating 
and/or conducting harmonics onto the power system. Distorted waveforms, if severe enough, can 
cause problems to certain types of equipment. Detrimental effects associated with harmonics 
include: 

 Overheating of transformers. 

 Overheating of neutral conductors due to excessive current. 

 Inaccurate performance of protective relays. 

 Equipment malfunction. 
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In conducting a harmonics study, distortion of both the voltage and current waveform is reviewed, 
with emphasis placed on voltage waveform distortion.  Analytical harmonic studies can be 
performed; however, they are quite sensitive to system parameters that are not always easy to 
determine accurately.  For an existing system, the best method of analyzing harmonics is by 
recording measurements over a long period of time at the various points of concern. 

System harmonics are specified as a percentage of the total harmonic distortion (THD). For 
example, a voltage THD of 2.1 percent means that 2.1 percent of the voltage waveform is 
composed of frequencies other than the fundamental frequency (60 Hz or 50 Hz depending on 
location). 

1.4.7 Motor Starting 

A motor starting study is a specific type of power flow study.  The objective of a motor starting 
study is to confirm that the inrush current associated with starting a large motor does not cause 
voltage at the motor’s terminals to drop below a level that prevents proper motor start.  The study 
also checks whether the predicted voltage drop due to starting a motor is significant enough to 
affect other loads. 

A motor starting study is performed by conducting a power flow analysis with the motor of interest 
modeled in a start condition. The power flow analysis results then provide predicted voltages under 
the postulated motor start conditions. The voltages are compared to the typical limits established 
by a motor manufacturer to confirm acceptability.  

1.4.8 Cold Load Pickup 

The objective of the Cold-Load Inrush study is to assess the ability of energizing a primary 
distribution feeder following a feeder outage. The study considers transformers inrush-
magnetization and starting of all motors by feeder.  

EasyPower standard modeling parameters were used to represent the effects of transformer inrush 
and potential impacts relative to protection settings. Motor starting was accomplished through the 
EasyPower tools under the assumption of all motors starting simultaneously. As a note, it is 
recognized that the estimates for motor starting are worst case and may not be representative of 
real-world conditions. 

1.5 Electrical System Modeling and Analysis Software 

The primary electrical distribution system study was conducted using EasyPower, a Microsoft 
Windows graphical-based electrical power analysis program. With EasyPower, all system 
modeling is performed in a graphical environment in which a one-line representation of the 
electrical system is built. Behind the graphical one-line, the software establishes the “true” 
electrical model of the system. The electrical model consists of an impedance (admittance) 
network tied together through a matrix of analysis nodes. Figure 1-2 shows a typical EasyPower 
user interface.  
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Figure 1-2 

Typical EasyPower User Interface 

An electrical model of the power distribution system is developed in the software and the 
completed model serves as the basis for all analyses. In addition to the graphical one-line, the 
software requires design and operating information about the various components in the system. 
This data is entered by the user and is stored in a project database that is maintained by the 
EasyPower software. A typical data entry screen is shown in Figure 1-3. The data entry window 
shown is for a typical distribution transformer. 



Dyess AFB 
 

Introduction 

 
1-11 

 

Figure 1-3 

Typical EasyPower Data Entry Window 

Creating an EasyPower electrical model is relatively straightforward once all the system data is 
known.  By far, the largest challenge and most time-consuming effort in creating the system model 
is obtaining the system configuration and component data. In many cases, it is only necessary to 
know the make and model of a component because EasyPower has a built-in Device Library for 
many common components.  In this case, the user selects the make and model of the component 
in the data entry screen and EasyPower fills in the required data parameters. 

Once the electrical model is developed, EasyPower is a convenient and time effective tool for 
conducting studies because the software allows virtually all key system parameters to be quickly 
adjusted, including: 

 Opening and closing circuit breakers and switches. 

 Turning equipment on and off. 

 Varying load levels. 

 Adjusting pre-analysis voltage levels. 

 Changing transformer tap settings. 

 Changing circuit breaker trip settings. 

The contingency study capability of the software is one of its most powerful features. Proposed 
system changes can be quickly evaluated for suitability. In addition, different design options can 
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be compared with minimal effort.  Contingency studies can also be conducted to evaluate changes 
in operating modes. For example, it might be useful to evaluate temporary power options for 
supplying a facility’s loads if the normal service transformer must be removed from service for 
repair or replacement. 

EasyPower analysis calculations are performed in accordance with current IEEE, NFPA, IEC, and 
ANSI standards. NEMA, IEEE, and UL circuit breaker rating standards are incorporated into the 
analysis algorithms, including adjustments to short circuit ratings based on system X/R ratios. 

1.6 Analysis Process 

The general activities associated with performing this type of engineering study are summarized 
below: 

Step 1:  Collect Design Information 

 Electrical system drawings. 

 Electrical equipment information (technical manuals, specification sheets, test data, etc.). 

 System operating procedures and guidelines. 

 Utility interface parameters. 

 Past analysis and studies. 

 Measured load readings or use of historic load profiles were available. 

Step 2:  Conduct Field Surveys and Walkdowns 

 Confirm the as-built configuration of the system. 

 Verify, to the extent possible, electrical design information. 

 Collect data for equipment parameters not available from design documents. 

 Determine protective device settings and sizes. 

 Measure voltage, current, and power factor at strategic locations throughout the system to 
establish baseline operating values. 

 Measure voltage and current harmonics at various locations throughout the system. 

 Visually assess the material condition of electrical distribution system equipment. 

Step 3:  Develop the EasyPower Electrical Model 

 Using design information and walkdown data, create the EasyPower one-line diagram. 
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 Using design information and walkdown data, populate the electrical model database. 

Step 4:  Perform System Analyses 

 Determine operating modes and configurations of interest. 

 Perform and document power flow, motor starting and cross-connect. 

 Perform and document the short circuit analysis. 

 Perform and document the electrical protection and coordination evaluation. 

 Perform and document an arc flash analysis. 

 Review harmonic data collected during field surveys. 

Step 5:  Evaluate Analyses Results 

 Review analysis results. 

 Recommend design and/or operating changes (conceptual) to correct identified problems 
and/or optimize system performance and reliability. 

 Summarize analysis results and recommendations in a corrected final report. 

 Provide a copy of the EasyPower model for ongoing use in evaluating future modifications 
and monitoring system performance. 
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2 

DATA ACQUISITION AND MODEL DEVELOPMENT  

Section 2 provides information regarding development of the model, typical approach for 
development, the field walkdown data acquisition process and the power system modeling process.  
It is noted that Section 2 is provided to summarize the general approach employed in the 
development of this study. The Database Report feature in EasyPower can be used to review the 
modeling data for each component in the model. 

2.1 Field Walkdowns 

Field surveys and walkdowns were performed to (1) confirm the as-built configuration of the 
electrical power system and (2) collect accurate data for modeling. Electrical information acquired 
from electrical system equipment during the field walkdowns is inclusive of: 

 Utility supply capability, including protective device settings. 

 Distribution system conductors – underground. 

 Switchgear, including protective device settings. 

 Distribution system transformers.  

 Accessible service entrance equipment, including protective device settings. 

In addition to collecting equipment data (make, model, size, settings, etc.) and confirming 
connection relationships, electrical power measurements were taken at low-voltage locations 
where power monitoring was possible in a safe manner. The spot measurements recorded include 
voltage, current, power factor, and total harmonic distortion (THD). The voltage, current, and 
power factor measurements were used during development of the electrical power flow for the 
primary electrical distribution system. A Dranetz HDPQ-EXPLORER-A power quality analyzer 
was used for these measurements. 

The walkdown information was also used to develop the primary electrical distribution system 
one-line and layout drawings; these drawings have been provided as part of the project 
deliverables. Refer to Section 2.7.  

Photographs were taken of equipment during the walkdown process. These photographs have been 
provided as part of the project deliverables.  Refer to Section 2.8. 
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analyses. Component data is input by the user and is stored by EasyPower in a database. The 
database is integral to the project file and cannot be accessed separately. 

 Device library. Each project file is linked to an EasyPower device library. The library is an 
EasyPower database that contains data for commonly used power system equipment and 
components.  The library allows users to quickly populate equipment data fields since only the 
equipment make and model need be entered. The device library can be modified by the user to 
add components not included in the standard library. 

 The EasyPower project file is named CLIN-01 – Dyess AFB – Model-Final Report.dez. The 
library file is named stdlib_mod.mdb, and this file is accessible from the EasyPower main 
menu. 

2.3.1 Base Parameters 

Base system parameters must be established for each EasyPower Project.  The base parameters for 
this study are listed below. 

Base MVA: 10  Units: US    

Frequency: 60 Hz  Symbols: ANSI  Model ANSI 

2.3.2 EasyPower Device Library 

The equipment incorporated in the study is contained in the EasyPower default library (stdlib.mdb) 
with equipment additions based on as-found equipment. For this reason, a customized library is 
provided with the model (stdlib.mdb).  

2.3.3 Analysis of Areas and Zones 

EasyPower allows the user to define Areas and Zones for the system buses so that filters can be 
employed to run selective analyses. For example, in evaluating a proposed design change to a 
specific feeder, it might be desirable to run a short circuit study for a portion of the system, and 
not the entire system. 

2.4 Equipment Naming Conventions 

A modeled representation of the primary distribution system equipment requires a unique name 
for each component within a class of equipment. The focus is to have unique component names, 
within equipment categories, that align with a uniform naming convention. It is recognized that 
unique circumstances arise, and the specific naming conventions are used as a guideline for 
consistency within a model. The focus on naming follows four (4) fundamental principles: 

1. A prior model was not developed, component names were assigned by naming convention.  

2. Component names, within a category, follow a logical convention that provides a 
consistent and representative name for associated component. 
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 Source – the closest source in the primary distribution system that provides power to the 
transformer.   

 Manufacturer. 

 Primary and secondary voltage. 

 Primary and secondary connection – delta-wye, wye-wye, etc. 

 Rating – kVA rating. 

 Impedance. 

 Transformer class – typically OA (ONAN) for most distribution transformers. 

 Mounting – either pad-mount or pole mount. 

 Comments. 

2.5.5 HV/MV breakers 

Where safely possible, and accessible, breakers were field verified with respect to make, model, 
and ratings. The breaker specifications are included in the EasyPower model so that their suitability 
with respect to short circuit and continuous current capability can be evaluated. EasyPower 
automatically adjusts the breaker interrupting rating based on nominal system voltage, as specified 
by ANSI C37 criteria. 
 
EasyPower includes overcurrent relays in its modeling library and the protective relays have been 
modeled using their existing settings.  

2.5.6 Service Entrance  

2.5.6.1 Scope of Service Entrance Review 

This project is a primary distribution system evaluation to the service entrance. Service entrances 
are field verified for the primary distribution system. 

2.5.6.2 Low-Voltage Breakers 

Low-voltage breakers at each facility service entrance are included in the model where the 
facility’s electrical room could be accessed. The facility service entrance panel was inspected to 
obtain breaker interrupting and continuous current ratings.  Make, model, size, and settings were 
determined for breakers during field walkdowns. In some cases, the exact breaker model type 
could not be determined, usually because of the age of the breaker or because of the panel 
configuration. Panels and switchboards were not disassembled to obtain this information. 

Often the interrupting ratings could not be determined by visual examination of the exposed 
breaker housing; however, it was not considered prudent to deenergize the facility solely to 
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prior studies and/or similar 
conditions for the installation. 
 

Switches 187 2 1.07% 

Due to “No-Labeling” and/or 
“non-legible” conditions 
associated with name plate data 
for the switch, modeling selection 
was based on engineering 
estimates, field collected data, 
prior studies and/or similar 
conditions for the installation. 

Sectionalizer / Junction Box 123 1 0.81% 

Due to “No-Labeling” and/or 
“non-legible” conditions 
associated with name plate data 
for the Sectionalizer/Junction Box, 
modeling selection was based on 
engineering estimates, field 
collected data, prior studies 
and/or similar conditions for the 
installation. 

 

 

2.7 Electrical Drawings 

Electrical one-line and layout drawing updates have been provided as part of this project. It is 
noted that development and/or creation of one-line drawings are limited to pertinent information 
associated with requirements of a one-line and modeling. The updates provided are as follows:   

 An oversized version of the layout drawing has been provided. 

 An oversized version of the one-line diagram map has been provided. 

 PDF and AutoCAD versions of the drawings are also provided for the Draft, Final, and 
Corrected Final Report. The electronic AutoCAD files are included on a DVD for the 
Corrected Final. 

Feeder colors were selected for these drawings so that each feeder can be readily identified on the 
drawings. The feeder colors are identified on the electrical drawings. 

2.8 Equipment Photographs 

Over 23,000 photographs were taken of system electrical equipment during the walkdown process. 
These photographs have been provided with the report in a set of DVDs. The photographs are 
stored in a series of file directories, sorted by equipment identification number. Figure 2-3 shows 
an example of the directory structure. 
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Figure 2-3 

Equipment Photograph Directory Structure 

 

2.9 GeoBase Equipment Data Files 

Equipment data files were developed for the following types of primary distribution system 
equipment: 

 Transformers. 

 Pad-mounted Switches. 

 Power Poles. 

 Sectionalizers.  

Primary distribution equipment positions were determined by resource grade GPS (Trimble 
TDC150 and satellite correction service Geospatial Continental Field Point RTX 1Y). GIS 
GeoBase data was initially entered in a series of Excel files, which are contained in the enclosed 
DVD. The conversion to a GeoBase-compliant GIS database was accomplished using ESRI 
ArcGIS and the data is stored in the GeoBase directory in the enclosed DVD.  Common Installation 
Picture (CIP) data for structures and roadways were obtained from Base personnel. The final 
product is delivered in ESRI personal geodatabase format and is intended for viewing in ArcGIS. 

Primary distribution cable routing is represented by generalized locations of electrical cable group 
lines and associated tabular data. Cable line locations were digitized based on generators, switches, 
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transformer, and service entrance locations as well as AutoCAD electrical layout drawings for 
general reference. Tabular attribution was accomplished through the reference of AutoCAD one-
line electrical drawings. 

The electrical one-line drawings described in Section 2.7 also show conductor sizes throughout 
the primary distribution system. 
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3 

ELECTRICAL DISTRIBUTION SYSTEM DESCRIPTION 

Section 3 provides an overview of the Installation’s primary electrical distribution system.   

3.1 Dyess AFB Overview 

The location of the primary electric distribution system is shown in Figure 3-1. Figure 3-2 shows 
an aerial view of the primary electric distribution system. 

   

Figure 3-1 

Dyess AFB Location  
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Figure 3-2 

Dyess AFB – Aerial View 

3.2 Primary Distribution System 

3.2.1 Overview 

The primary distribution system consists of underground and overhead distribution. The following 
summarizes typical characteristics of the distribution system configuration: 

 American Electric Power (AEP) Texas utility is at 69 kV, three (3) phase and 60 Hz.  

 Power is delivered to Dyess AFB through three (3) substations: Alpha, Bravo, and Charlie. 
Each substation is equipped with a switching station. The Alpha and Charlie substations, along 
with their respective switching stations, and the switching station associated with the Bravo 
substation, were included in this study. 
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 Underground distribution lines are conductors sized: 250 kcmil, 4/0 AWG, 1/0 AWG, 2 AWG, 
2/0 AWG, and 1 AWG. 

 Overhead lines are conductors sized: 4/0 Penguin, 4-6 Swan, 477 Pelican, 795 Condor, 2-7 
Sparate, 2-6 Sparrow and 2/0 Quail. 

3.2.2 Switchboards 

There are several Switchboards and molded case circuit breakers (MCCB) throughout the 
installation. MCCBs feed loads locally to the Switchboards. 

3.2.3 Facility Service Entrances 

Facilities / Building service entrances are typically outdoor / indoor mounted panelboards.  

3.3 Electric Supply 

3.3.1 Overall Layout 

Figure 3-3 shows a simplified one-line diagram of the primary electrical distribution system.  

  

Figure 3-3 

Dyess AFB - Simplified One-Line Diagram  
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Curve shape 
U3 Very 
Inverse 

U3 Very 
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U3 Very 
Inverse 

U3 Very 
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8.33 (999.6A) 
0.2 sec Delay 

8.33 (1999.2A) 
0.2 sec Delay 

8.33 (1999.2A) 
0.2 sec Delay 

8.33 (1999.2A) 
0.2 sec Delay 

 

3.3.4 Utility Source (Substations) 

Dyess Air Force Base (AFB) operates and maintains three on-site switching stations, designated 
Alpha, Bravo, and Charlie. These stations are powered by adjacent substations managed by 
American Electric Power Texas (AEP Texas). The base also features an on-site diesel generator 
(DG) standby plant, which is connected to the Bravo switching station. The DG plant serves as a 
standby power source for the main base, ensuring power supply to Bravo and Charlie in the event 
of a commercial power outage. 

3.3.5 Switchgear Protection 

At the Substation, SEL and GE relays are used for protection at the medium voltage level. 
Throughout the rest of the distribution system, there is a combination of relays and fuses used for 
protection at the medium voltage level. 

At the low voltage level, there are a combination of SSTs used. These include Sentron, Digi-Trip, 
Seltronic, Micrologic and Spectra RMS. Figure 3-4 shows an example of one of these relays. Some 
of these relays contain a ground element. 

These relays fall into the Solid-State Trip (SST) category unlike an Intelligent Electronic Device 
(IED) category. SST provides no analytical assistance, historical databasing, or event recording. 
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POWER FLOW ANALYSIS 

Section 4 provides the power flow analysis. Where applicable, the ability to cross-connect feeders 
without exceeding feeder ampacity limit are addressed in Section 5. 

4.1 Purpose of Power Flow Analysis 

A power flow study ensures that an electrical power system is fundamentally sound and capable 
of performing its design function. The principal objectives of the power flow analysis are: 

 Determine system voltages under normal and abnormal operating modes. Confirm voltage 
drops throughout the system are within acceptable limits. 

 Determine real and reactive power flow (current flow) throughout the system. Confirm that 
overload conditions do not exist. 

 Evaluate system growth potential with respect to distribution capacity. 

Section 1 provides additional background information about power flow studies. This section 
provides a summary of the EasyPower power flow analysis. Volume 2 Appendix J contains a 
complete report of the base case power flow analysis, including: 

 The Transformer overload summary for the Primary Distribution Transformers. 

 Line overload summary –Underground Cables and Overhead Lines.  

 Power flow calculation output. 

The EasyPower model is a model of the primary distribution system. With this model, the Base 
can generate future graphical and text outputs covering all locations in the system. The model can 
be used to assess the viability of future load additions or contingency line-ups. Text reports and 
on-screen presentation of power flow results can be customized to accommodate individual user 
preferences. 

4.2 Viewing the Power Flow Analysis Results in EasyPower 

The EasyPower models are provided in the enclosed DVD, with the name CLIN01-Dyess AFB -
Model-Final Report.dez. A typical EasyPower power flow display is shown on Figure 4-1.   
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Figure 4-1 

Typical EasyPower Power Flow Result 

Referring to Figure 4-1, the interpretation of a typical EasyPower power flow display is as follows: 

 Transformer TC-1094B designed for 12.47 kV on the primary and 480 volts on the secondary.  

 The primary current flow into Transformer TC-1094B is 9.29 amperes. 

 The secondary current flow out of Transformer TC-1094B is 241.31 amperes. 

 The voltage magnitude on the secondary of Transformer TC-1094B is 1.00 per unit, 
corresponding to 480 volts (1.00 × 480 = 480). 

 The total load on Transformer TC-1094B is 125.16 kVA at a 0.90 power factor plus two 
chillers operating at 26.29 and 50.19 kVA at a 0.84 power factor. 
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SYSTEM CROSS-CONNECT CAPABILITY 

5.1 System Cross-Connect Capability 

The term cross-connect is defined as: a scenario where one feeder assumes the load of another 
feeder, either partially or entirely, in addition to its own load. Cross-connections may be necessary 
under any of the following conditions: 

 Upon loss of a single feeder due to feeder conductor damage. 

 To take equipment out of service for maintenance or repair.  

 While upgrading a feeder or replacing an underground distribution cable. 

5.2 Analysis Limitations and Cross-Tie Considerations 

Whenever a system cross-connect is considered, the EasyPower model is used for review. Loads 
in the model can be adjusted for seasonal variations to reflect currently measured loading. With 
this approach, the EasyPower model can provide a cross-connect prediction capability for a 
specific distribution system configuration. 

The availability of emergency generators for individual facilities are not considered as part of this 
cross-connect capability evaluation. This evaluation only applies to the capabilities of the primary 
distribution system, with all normal loads connected.  

5.3 Cross-Connection Modeling Approach  

The following represents the approach to determine the capability of the systems cross-
connections.  

Cross-Connection capability requirements: 

 Source Feeder cables support the load within acceptable limits. 
 Cross-Connect cables support the load within acceptable limits. 
 Protection Equipment pickups are not exceeded in the cross-connect configuration. 

Figure 5-1 is a representative example for a typical configuration of a system with an available 
cross-connect.  
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Figure 5-1 

Normal Configuration 

In the event Feeder B is lost, the cross-connection between A and B would be closed to allow 
Feeder A to serve Feeder B. Figure 5-2 shows that the additional load to Feeder A can be supported 
making this a viable cross-connection for Feeder A to serve Feeder B. 
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Figure 5-2 

Feeder A serving B 

In the case where Feeder A is lost, the cross-connection between A and B would be closed to allow 
Feeder B to serve Feeder A. This is shown in Figure 5-3.  
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Figure 5-3 

Feeder B serving A 

In this cross-connect situation, it is observed that the additional load to Feeder B cannot be 
supported based on the following conditions. 

 Feeder pick-up settings are lower than the combined load. 

 The up-stream protective setting is lower than the cross-connect load. 

 The down-stream protective setting is lower than the cross-connect load. 

 Feeder cables are overloaded.  

 Cross-Connect cable is overloaded.  

Note: Anyone of the five conditions noted above will result in a non-viable cross-connect. 
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5.4 Concluding Remarks 

The cross-connection study determines whether the existing distribution system has adequate 
cross-connection capability to allow any distribution feeder to be sub-fed from another feeder. The 
study considers and identifies any single point of failure where an unwanted electrical event or 
maintenance operations could not be isolated without resulting in widespread outages. In addition, 
to assess the capability of a feeder serving load to be sub-fed from an alternate feeder during peak 
loading. Identified deficiencies are evaluated for cross connect capability and a recommendation 
is provided.  
 
The following analysis was performed with Substations Alpha, Bravo, and Charlie operating 
concurrently, without enabling any cross-connections. This approach ensures that only one cross-
connection is evaluated at a time, providing more accurate values for each cross-connection. 
 
The Cross Connect Study uses the following Basis of Assessment as interpreted from the PWS:  

1. Feeders are studied to identify a single point of failure, in the normal operating 
configuration, that results in widespread outages. Namely, a point of failure that could 
cause an entire feeder outage. 

 
2. Identification of available and viable cross-connects that adequately satisfy power flow 

requirements for the feeder contingency. 
  

3. Where an adequate cross-connect does not exist, we provide recommendation(s) to 
establish a viable cross connect for the feeder contingency 

Cross-connection capability at Dyess AFB is: 

C.C. #1: Dyess AFB’s 12.47 kV Pole “P-A2-1A” Ties FDR A1 and FDR A2 through Switch 
S+C#11. 

C.C. #2: Dyess AFB’s 12.47 kV Pole “P-B4-108A” Ties FDR A1 and FDR B4 through Switch 
S+C#14. 

C.C. #3: Dyess AFB’s 12.47 kV Pole “P-C1-10A” Ties FDR A2 and FDR C1 through Switch 
S+C#13. 

C.C. #4: Dyess AFB’s 12.47 kV Pole “P-B2-3” Ties FDR B1 and FDR B2 through Fused Switch 
P-B2-3. 

C.C. #5: Dyess AFB’s 12.47 kV Pole “P-B2-L1-7” Ties FDR B1 and FDR B2 through Switch P-
B2-L1-7. 

C.C. #6: Dyess AFB’s 12.47 kV Pole “P-B1-32” Ties FDR B1 and FDR B2 through Fused Switch 
P-B1-32. 

C.C. #7: Dyess AFB’s 12.47 kV Pole “P-B2-L2-5” Ties FDR B1 and FDR B2 through Switch P-
B2-L2-5. 
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C.C. #8: Dyess AFB’s 12.47 kV Pole “P-B1-42A” Ties FDR B1 and FDR C4 through Switch 
S+C#1. 

C.C. #9: Dyess AFB’s 12.47 kV Pole “P-B3-L1-8” Ties FDR B2 and FDR B3 through Fused 
Switch P-B3-L1-8. 

C.C. #10: Dyess AFB’s 12.47 kV Pole “P-B2-L3-4” Ties FDR B2 and FDR C2 through Switch P-
B2-L3-4. 

C.C. #11: Dyess AFB’s 12.47 kV Pole “P-C4-51” Ties FDR B2 and FDR C4 through Fused Switch 
P-C4-51. 

C.C. #12: Dyess AFB’s 12.47 kV Pole “P-C4-L10-3” Ties FDR B2 and FDR C4 through Fused 
Switch P-C4-L10-3. 

C.C. #13: Dyess AFB’s 12.47 kV Pole “P-B2-53” Ties FDR B2 and FDR C4 through Fused Switch 
P-B2-53. 

C.C. #14: Dyess AFB’s 12.47 kV Pole “P-B2-64” Ties FDR B2 and FDR C3 through Switch 
S+C#3. 

C.C. #15: Dyess AFB’s 12.47 kV Pole “P-B2-67” Ties FDR B2 and FDR C4 through Switch P-
B2-67. 

C.C. #16: Dyess AFB’s 12.47 kV Pole “P-B4-L1-8” Ties FDR B3 and FDR B4 through Fused 
Switch P-B4-L1-8. 

C.C. #17: Dyess AFB’s 12.47 kV Pole “P-B3-26A” Ties FDR B3 and FDR C2 through Switch 
S+C#2.  

C.C. #18: Dyess AFB’s 12.47 kV Pad Mount Switch “SB3-015” Ties FDR B3 and FDR C2 
through Switch SB3-015-T2. 

C.C. #19: Dyess AFB’s 12.47 kV Pole “P-C2-L1-24” Ties FDR B4 and FDR C2 through Switch 
C2-L1-24. 

C.C. #20: Dyess AFB’s 12.47 kV Pole “P-C4-26” Ties FDR C3 and FDR C4 through Fused Switch 
P-C4-26. 

C.C. #21: Dyess AFB’s 12.47 kV Pole “P-C4-30” Ties FDR C3 and FDR C4 through Fused Switch 
P-C4-30. 

C.C. #22: Dyess AFB’s 12.47 kV Pole “P-C4-L4-7” Ties FDR C4 and FDR C5 through Switch 
S+C#6. 

C.C. #23: Dyess AFB’s 12.47 kV Pole “P-C5-21” Ties FDR C4 and FDR C5 through Fused Switch 
P-C5-21. 
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SHORT CIRCUIT ANALYSIS 

Section 6 provides the short circuit analysis for the electrical system.  Refer to Appendix K for 
the short circuit tables. 

6.1 Purpose of Short Circuit Analysis 

A short circuit study is an integral and necessary part of selecting and sizing electrical distribution 
components. Even the best and most reliable electrical distribution system is not immune to 
occasional short circuits. The objectives of the short circuit analysis include: 

 Determine short circuit current levels throughout the system. 

 Confirm that system protective device interrupting ratings are not exceeded. 

 Establish fault current levels for use in the coordination study. 

 Identify system lineups or configurations that realize unacceptably high levels of fault current. 

Section 1 provides additional background information regarding short circuit studies. This section 
provides a summary of the EasyPower short circuit analysis. Short circuit levels are provided for 
key locations throughout the primary distribution system. Equipment duty evaluation results are 
provided for major equipment and any components that are over duty, i.e., operating beyond its 
short circuit rating. The Short Circuit folder contains short circuit summary reports for the entire 
system, including: 

 Three phase fault levels for all primary / low voltage buses. 

 Single-phase-to-ground fault levels for all primary / low voltage buses. 

Comprehensive graphical and text reports containing short circuit and equipment duty information 
for all system elements are readily available from the EasyPower model. Additional fault types 
can also be viewed in EasyPower. 

6.2 Interpreting Short Circuit Analysis Results 

Short circuit analysis results can be viewed directly on the EasyPower one-line diagram. A typical 
EasyPower short circuit display is shown in Figure 6-1. The user controls the type of fault applied 
to the system and which elements of fault currents are to be displayed. Options include: ½ cycle, 
5 cycle, and 30 cycle fault current; symmetrical, asymmetrical, or equipment duty fault current 
elements; and three-phase, single line-to-ground, line-to-line, or double line-to-ground faults. 
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Figure 6-1 

Typical EasyPower Short Circuit Result 

Referring to Figure 6-1, the interpretation of a typical EasyPower short circuit display is as 
follows: 

 The maximum available feeder short circuit current into Transformer TC-1094B is 3,720 
symmetrical amperes and 4,440 asymmetrical amperes. 

 The maximum available short circuit current out of Transformer TC-1094B is 11,090 
symmetrical amperes and 13,740 asymmetrical amperes.  

 The short circuit current at the service entrance panel for Transformer TC-1094B is 11,160 
symmetrical amperes and 13,620 asymmetrical amperes.  

 Two motors also contribute to the short circuit current. One motor contributes 130 symmetrical 
amperes and 150 asymmetrical amperes on the low voltage side of the transformer. The other 
motor contributes 330 symmetrical amperes and 430 asymmetrical amperes on the low voltage 
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ARC FLASH ANALYSIS 

Section 7 provides a summary of the EasyPower arc flash analysis results.  Comprehensive 
graphical and text reports containing arc flash information for all system buses are readily available 
from the EasyPower model.  

7.1 Purpose of Arc Flash Analysis 

The nature of arcing equipment failures and the rate of serious burn injuries in the electrical 
industry led the NFPA to develop arc flash electrical safety guidelines in NFPA 70E, Electrical 
Safety in the Workplace, for work on or near energized electrical equipment. IEEE 1584 provides 
guidance regarding how to assess arc flash. 

For the Air Force, additional criteria related to arc flash hazards are provided in the following 
documents: 

 AFMAN 32-1065, Grounding & Electrical Systems. 

 UFC 3-560-01, Electrical Safety, O&M. 

 ESA – EasyPower IEC Systems Incident Energy Calculation Method. 

An arc flash analysis typically accomplishes the following: 

 Calculates arc flash incident energy levels at key locations throughout the system. 

 Provides basis for personal protective equipment (PPE) requirements based on arc flash 
analysis results for specific work locations. 

 Identifies potential equipment line-ups or protective device setting changes that can reduce the 
arc flash hazard at specific locations. 

 Identifies locations in which energized work cannot be conducted safely regardless of available 
PPE due to exceptionally high arc flash energy levels. 

 Considers whether the upstream overcurrent protective device can perform its safety function 
of clearing the fault based on past maintenance and testing, as applicable. 

The purpose of conducting an arc flash study is to define the arc flash hazard associated with 
energized electrical work so that workers can select and wear the appropriate PPE for the 
anticipated energized work hazard.  PPE categories are specified in NFPA 70E. Table 7-1 lists the 
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typical PPE clothing given the specified arc flash incident energy levels; additional PPE 
requirements are provided in NFPA 70E and UFC 3-560-01. 

Table 7-1 
Selection of Arc-Rated Clothing and Other PPE - 

When the Incident Energy Analysis Method Is Used 

Incident energy exposures equal to 1.2 cal/cm2 up to 12 cal/cm2 
Arc-rated clothing with an arc rating equal to or greater than the estimated incident energya 
Long-sleeve shirt and pants or coverall or arc flash suit (SR) 
Arc-rated face shield and arc-rated balaclava or arc flash suit hood (SR)b 
Arc-rated outerwear (e.g., jacket, parka, rainwear, hard hat liner) (AN) 
Heavy-duty leather gloves, arc-rated gloves, or rubber insulating gloves with leather protectors (SR)c 
Hard hat 
Safety glasses or safety goggles (SR) 
Hearing protection 
Leather footwear 
Incident energy exposures greater than 12 cal/cm2 
Arc-rated clothing with an arc rating equal to or greater than the estimated incident energya 
Long-sleeve shirt and pants or coverall or arc flash suit (SR) 
Arc-rated arc flash suit hood 
Arc-rated outerwear (e.g., jacket, parka, rainwear, hard hat liner) (AN) 
Arc-rated gloves or rubber insulating gloves with leather protectors (SR)c 
Hard hat 
Safety glasses or safety goggles (SR) 
Hearing protection 
Leather footwear 

SR: Selection of one in group is required. 
AN: As needed. 
aArc ratings can be for a single layer, such as an arc-rated shirt and pants or a coverall, or for an arc flash suit 
or a multi-layer system if tested as a combination consisting of an arc-rated shirt and pants, coverall, and arc 
flash suit. 
bFace shields with a wrap-around guarding to protect the face, chin, forehead, ears, and neck area are required 
by 130.7(C)(10)(c). Where the back of the head is inside the arc flash boundary, a balaclava or an arc flash 
hood shall be required for full head and neck protection. 
cRubber insulating gloves with leather protectors provide arc flash protection in addition to shock protection. 
Higher class rubber insulating gloves with leather protectors, due to their increased material thickness, provide 
increased arc flash protection. 

7.2 Arc Flash Analysis Basics 

Arc flash hazard studies require knowledge of both the electrical power system and the system’s 
electrical protection. Arc flash studies can be considered a continuation of the short circuit and 
coordination analysis of a power system, since the results of each are required to determine the 
incident energy associated with an arc flash event at any specific location in the power system. 
Numerous design and configuration factors can affect the calculated arc flash energy levels. For 
this reason, development of the electrical analysis model for the purpose of arc flash calculations 
requires a level of detail. 
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The Arc flash boundary and associated protection requirements are based on the incident energy 
levels available to the person’s chest or face, not the hands or arms. The degree of injury depends 
on the percentage of the person’s skin that is burned, and the degree of the burn.  

7.3 Interpreting Arc Flash Analysis Results 

Arc flash analysis results can be viewed directly on the EasyPower one-line diagram; a typical 
EasyPower arc flash display is shown in Figure 7-1. Analysis parameters are set by the user and 
include many options. Recommended analysis settings are discussed in Section 7.4. 

 
Figure 7-1 

Typical EasyPower Arc Flash Result 

Referring to Figure 7-1, the interpretation of a typical EasyPower arc flash display is as follows: 

 The arc flash value on the primary side of distribution transformer T-B-704 is 0.2 cal/cm2. 
Accordingly, if not able to de-energize equipment the PPE requirements are for under 1.2 
cal/cm2 for this location.  

 The arc flash value for the secondary of Transformer T-B-704 is 69.8 cal/cm2, which exceeds 
the arc flash threshold incident energy of 1.2 cal/cm2. In article 130.5(c) NFPA 70E 2018 
suggests that only after all other risk control have been exhausted should PPE be selected.  
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 The arc flash value at the service entrance of Building 704 is 62.1 cal/cm2, which exceeds the 
arc flash threshold incident energy of 1.2 cal/cm2. In article 130.5(c) NFPA 70E 2018 suggests 
that only after all other risk control have been exhausted should PPE be selected. 

The EasyPower arc flash analysis provides additional information in its arc flash spreadsheet.  
Figure 7-2 shows an example of this display. 

 
Figure 7-2 

Typical EasyPower Arc Flash Spreadsheet 

The following is a brief description of the report headings for the Arc Flash Risk Assessment 
report. 

 Arc Fault Bus Name: This is the ID Name of the buses faulted. You can have single or 
multiple (including all buses) faulted for arc flash analysis. MCC and panel schedules also are 
presented as buses; this represents the main bus within the MCC or panel. 

 Arc Fault Bus kV: The voltage of the bus being faulted. 

 Upstream Trip Device Name: When a bus is faulted, EasyPower checks every protective 
device for the current contribution to the fault. If the current passing through the protective 
device is significant, then the results corresponding to the trip time of that device are provided 
in the spreadsheet. 

 Upstream Trip Device Function: If the trip device is a relay, then the device function name 
is provided in this column. Examples of device functions are: 51/50, 51N, 50G, 49, etc. 

 Equipment Type: Describes the type of enclosure specified in the Bus Data. The available 
types are inclusive of Switchgear, MCC/Panel, Open Air and Conductor. 

 Electrode Configuration: The electrode configuration on which the arc flash calculations are 
based. This considers whether the conductors are in an enclosure or in open air, as well as the 
orientation of the conductors and whether they terminate into an insulated barrier. This comes 
from the device library, or it can be specified by the user in the equipment data. 

 Electrode Gap: Gap between the phase conductors. This comes from the device library, or it 
can be specified by the user in the equipment data. The gap can be specified according to 
enclosure type and voltage. It is always expressed in millimeters.  

 Bus Bolted Fault (kA): This is the total bolted fault current calculated at the faulted bus.  

 Bus Arc Fault (kA): This is the total arcing current calculated at the faulted bus. 

 Trip Time (sec): Trip time for the protective device at the estimated arc current. 
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 Opening Time (sec): Opening time for HV breakers or opening device after the relay trips. 
This column is applicable only for relays. After the relay trips, the HV breaker takes this 
amount of time to clear the fault. If the trip device is a fuse or LV breaker instead of a relay, 
the trip time already includes the opening time so this column will be blank. There are some 
exceptions that apply. Some relays already include the breaker opening time in their trip 
curves. These are referred to as “SST Relays”. Examples are Cutler-Hammer Digitrip 1150V, 
Digitrip MCV, etc. The opening time from the dialog of the switching device will be used. If 
the ID name of the switching device is not specified, the opening time of the breaker right next 
to the relay will be used. If there are no immediate switching devices, the program will traverse 
upstream to find the first switching device. 

 Arc Time (sec): Total duration of arc fault. This is the sum of Trip Time and Opening Time. 
If an Aux Time is specified in the relay dialog, the Arc Time includes aux time, trip time, and 
opening time. 

 Estimated Arc Flash Boundary: The flash protection boundary distance in specified units. 
This value corresponds to the trip device. 

 Working Distance: Approximate working distance in specified units. You can specify up to 
five different working distances in Short Circuit Options. For each working distance, the 
incident energy will be calculated. 

 Incident Energy (cal/cm2): This is the incident energy from arc flash corresponding to the trip 
device. The trip time associated with the trip device is used in the calculation. However, the 
arc current or fault current used is the total fault current on the faulted bus and not the current 
seen by the trip device. The rating of personal protective equipment (PPE) worn by workers 
should be based on this value. 

 Comment: Comments generated by EasyPower–for example, "No Valid Trip Device Found 
Upstream or in Bus Dialog," "Do not Work on Energized Equipment," or "Out of IEEE 1584-
2018 Range." 

7.4 Arc Flash Analysis Parameters 

When conducting an arc flash analysis, the user must define several parameters. There are not 
“right” or “wrong” selections for these settings. Rather, the settings are dependent upon the 
circumstances of the analysis and what specific information the user is trying to obtain. Within 
EasyPower, the arc flash analysis parameters are set within the Short Circuit Options dialog box, 
shown in Figure 7-3.  
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Figure 7-3 

Arc Flash Analysis User Settings Dialog Box 

The various analysis parameters and the settings used for an arc flash analysis are described 
below: 

 Standard – Options include EasyPower specific methods, NFPA 70E, and IEEE 1584.  IEEE 
1584 is recommended as the basis for any calculations and the analysis results are based on 
IEEE 1584. With a detailed model, the IEEE computations should provide the most realistic 
values. The NFPA 70E method is based on low voltage applications and is overly conservative 
for medium voltage analyses. NFPA 70E recognizes IEEE 1584 as an acceptable approach for 
conducting the calculations.  

 Worst-Case Arc Flash Hazards – This is one of the most important and useful fields for 
conducting arc flash calculations. Output results for main buses can be produced with or 
without the main bus incoming breaker included in the calculation. Additionally, an option 
exists to provide “detailed” output results, which provide arc flash quantities downstream of 
the bus feeder breakers. When ‘Worst Case’ branch circuit cubicle labels are used, separate 
unique labels must still be applied to any cubicles housing the equipment’s main overcurrent 
device(s) or tie breakers. Any ‘Worst Case’ branch circuit cubicle labels should be 
conspicuously located on the equipment and should contain wording which clearly indicates 
which cubicles the label applies to. 

 Max Times – User defined times are specified to establish maximum arcing times for the 
different voltage classes. The values established for this analysis are based on engineering 
judgment for the voltage levels involved. These values will generally not influence the analysis 
results when the arc flash values are based upon the time-current response time of upstream 
protective devices. 
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 Calculating Arc Flash Using – When determining arc flash values associated with personnel 
safety, it is generally advisable to use Momentary current, which is the default setting. 

 Display Incident Energy in: You can specify whether you want incident energy displayed in 
calories or joules per square centimeter. 

 Display Working Distance in– Working distances can be specified in different units. This 
analysis specifies working distances in inches. EasyPower provides up to six working distances 
for each voltage level. This allows the user to adjust distances based on the tasks of interest. 
Default working distances can be changed for enclosed and open-air circumstances. This 
analysis uses the EasyPower default working distances, which are generally appropriate for 
typical tasks that do not involve live-line tools.  There may, however, be times when the default 
worst-case distance is not appropriate. For example, if an operation is being conducted using 
a 6-foot hot stick, the arc flash PPE requirements can be based on the known working distance 
and not the default worst-case distance. 

 Working Distances (Below) Apply to: You can specify separate working distances for open 
air and enclosed space. Select the appropriate choice to view or edit the values in the 
spreadsheet. Typically for medium voltage, switches and fuses in open air may be operated 
from a greater distance. 

 Create Report:  

o Arc Flash Threshold: Check this box to obtain a report of buses that exceed the 
arc flash threshold incident energies specified in the options. You can specify any 
incident energy as the threshold for various voltage levels by typing in the values 
in the spreadsheet in the Arc Flash Hazard options. All equipment exceeding the 
hazard thresholds will be displayed in red on the one-line. 

o Threshold Incident Energy: For every voltage level you can specify the threshold 
incident energy. Equipment with incident energies exceeding the threshold values 
will be highlighted in red in the one-line output and they will be reported in the Arc 
Flash Threshold Report. This provides instant notification of a danger condition. 
All equipment with incident energies exceeding the threshold values are displayed 
in red on the one-line. 

7.5 Practical Considerations 

An arc flash analysis determines the incident energy at a specified location and the required PPE 
is selected for working on energized electrical equipment at that location. Several items should be 
carefully considered with respect to this simple statement: 

 AFMAN 32-1065 and UFC 3-560-01 clearly state that working on or near energized 
electrical equipment is prohibited except in rare circumstances, and then only when justified 
and approved by the BCE or equivalent in accordance with the criteria established in these 
documents.  For most day-to-day work activities, the results of an arc flash analysis should 
not be needed because the work will be performed on deenergized equipment. 
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AFMAN 32-1065 clarifies the energized work criteria for primary distribution with the 
following statements: 
 
Work on or near energized overhead distribution lines is prohibited except in rare 
circumstances and then only when approved by the BCE or equivalent in accordance with 
procedures outlined in the following paragraphs.  Authorization is not required for tasks 
such as voltage measurement or phasing tests, as long as maintenance or repair is not 
performed and safe practices and appropriate PPE are used. 
 
Conventional circuit de-energizing/re-energizing methods (i.e., turning off/on a switch, 
opening and closing hook switches, or operating circuit breakers/disconnects) for the 
purpose of isolating circuits needing work are not considered performing “maintenance on 
energized circuits,” and consequently do not require BCE approval; however, proper PPE 
shall be used when performing de-energizing/re-energizing procedures.  

 The PPE requirements are based on working on or near energized exposed electrical 
equipment. If the equipment is deenergized, then the PPE requirements do not apply.  
 
Note: UFC 3-560-01 specifies minimum PPE requirements for qualified electrical workers 
regardless of any arc flash result. 

 The calculated incident energy depends on how long it takes an upstream protective device to 
sense, respond to, and eventually clear the arcing fault. If the upstream protective device is a 
set of fuses, they likely will respond as intended.  If the upstream protective device is a circuit 
breaker that has not been tested or maintained, there is no assurance whatsoever that it will 
respond as intended.   

 Even if the trip device is functional, can the circuit breaker actually open? Has it ever been 
operated? For medium voltage and low voltage power circuit breakers, has the lubricant 
hardened or have any required moving parts broken? Once again, it is hard to envision taking 
credit for an arc flash analysis on a system that has received little or no periodic maintenance. 
 
“The arc flash hazard analysis shall take into consideration the design of the overcurrent 
protective device and its opening time, including its condition of maintenance.” 

 The EasyPower arc flash settings in the Short Circuit Options dialog box are critical to 
consider.  In particular, an arc flash analysis intended to allow energized work on a service 
entrance panel must determine whether credit can be taken for the main service disconnect. 

 All calculated arc flash incident energy levels should be considered only a best estimate of the 
available arc fault energy and calculated on the conservative side with respect to personnel 
safety requirements.  

 An EasyPower arc flash result of “Extreme Danger” means that the calculated energy is greater 
than 40 cal/cm2. One approach suggested for these locations is to purchase flash protection 
suits rated for 65 cal/cm2, 100 cal/cm2, or maybe even 140 cal/cm2.  An arc flash suit provides 
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thermal protection from an arcing fault event; it is not certified to provide blast protection.  An 
arc flash result of “Extreme Danger” means that the equipment must be deenergized before 
work is allowed. 

 One approach used to improve arc flash results for a specific work task is to add in devices that 
reduce the arc flash incident energy. These devices are commonly referred to as an energy 
reduction solution (such as: maintenance mode or reduced energy let through (RELT)). 

The recommended method for evaluating arc flash requirements for a specific work location and 
setup is by the EasyPower model. Refer to UFC 3-560-01 for arc flash criteria and personal 
protective equipment (PPE) requirements for energized line work. Refer also to Engineering 
Technical Letter (ETL) 06-1, Arc Flash Personal Protective Equipment (PPE) Requirements for 
High-Voltage Overhead Line Work at 69 kV (Nominal) or Less, which emphasizes that “Working 
on energized electrical equipment is prohibited except in rare circumstances, and then only when 
justified and approved by the BCE or equivalent in accordance with AFMAN 32-1065.” 

The arc flash protective clothing requirements for energized work vary based on incident energy 
levels throughout the primary distribution system.  Specifically, 1.2 to 12 cal/cm2 and then above 
12 cal/cm2. Along the main portion of each feeder, the switching station relays are credited in the 
arc flash analysis as the protective devices that clear the arcing fault.  

Although this power system analysis extends to the service entrance of each facility, the analysis 
is mainly an evaluation of the primary distribution system.  Arc flash results for the service 
entrance panel of any facility should be applied with care. The model was prepared in a manner 
that allows the service entrance protective device (fuses or breaker) to be used in the arc flash 
calculations. These results only apply if the connections and buswork electrically upstream of the 
service entrance disconnect are not accessible while performing energized line work. 

7.6 Arc Flash Labels 

The following lists the types of arc flash label formats that have been approved within UFC 3-
560-01 are adopted for use when labeling equipment. 

7.6.1 Detail Arc Flash Label. 

Where appropriate, provide detail arc flash labels in accordance with the format shown in Figure 
7-4. 
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8 

ELECTRICAL PROTECTION AND COORDINATION 

CRITERIA 

Section 8 provides the criteria applied to this power system study.  Proper electrical protection and 
coordination are essential for electrical distribution system reliability. The fundamental objectives 
of system protection are to: 

 Rapidly isolate an unwanted electrical event faulted circuit at the closest possible point 
upstream of the fault, while minimizing disruptions to unaffected portions of the system. 

 Mitigate and Minimize damage to the impacted circuit or equipment by rapidly removing it 
from service. 

 Mitigate and Minimize the possibility of damage to equipment upstream of the fault that “sees” 
the fault current but is otherwise unaffected.  

 Mitigate and Minimize the possibility of catastrophic equipment failure, fire, and personnel 
hazards. 

Ideally, the protection scheme design is fully coordinated. A fully coordinated system 
accomplishes the above objectives over the entire range of possible fault currents.  A partially 
coordinated system has gaps in coverage, i.e., coordination is achieved only for a portion of the 
fault current range. Lack of coordination can result in undesired protective action and the 
unnecessary removal from service of portions of the distribution system.  

8.1 Scope of Electrical Coordination Review 

This study represents a review of the primary distribution system, which starts at the substation. 
The scope of the coordination review extends throughout the primary / low voltage distribution 
system. The following summarizes the analysis scope: 

 Protection and coordination along the primary distribution system were evaluated. 

 Because the electrical model typically stops at the facility service entrance disconnect, the 
coordination criteria applied to low voltage equipment within a facility consisted of a 
confirmation that it cannot cause the complete loss of a primary distribution feeder for the 
defined settings or size. 
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10  

ADDITIONAL EVALUATIONS 

Section 10 provides additional evaluations performed as part of this power system study.  The 
evaluations address: 

 Harmonic distortion. 

 Distribution Reliability 

10.1 Harmonic Distortion 

10.1.1 Purpose of Harmonic Distortion Evaluation 

The ideal voltage or current is provided as a 60 Hz sinusoidal waveform, often referred to as the 
fundamental frequency. The term harmonics refers to other frequency signals that are 
superimposed onto the fundamental frequency.  Figure 10-1 shows the waveform of the second 
through fifth harmonics superimposed onto the fundamental frequency.  Figure 10-2 shows an 
example of the resultant waveform when the fundamental frequency is combined with a large third 
harmonic. 
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Figure 10-4 

Voltage Distortion Limits Specified in IEEE 519 

 
Figure 10-5 

Current Distortion Limits Specified in IEEE 519 

10.1.4 Results 

Voltage harmonic distortion was less than 3% percent within the system. There were no locations 
where Voltage Total Harmonic Distortion was greater than 5%. 

Current harmonic distortion reached 100% in seven locations within the system. Current 
harmonic distortion varies considerably. 

Harmonic distortion data is collected via instantaneous spot measurements at the secondary 
transformer level. It is expected that harmonic distortion levels will fluctuate with various loading 
equipment and loading type connected to the system. As such, without further study consisting of 
constant metering over a set period, TWN provides harmonic distortion results for informational 
purposes only.  
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condition of a transformer. Transformer oil ages over time due to loading, contamination (water, 
gases, metal particulates). As the transformer oil deteriorates, its capacity to provide necessary 
dielectric and cooling properties diminish. Periodic oil sampling / analysis is recognized to be a 
cost-effective method to determine transformer health. Detailed diagnostic tests offer insights into 
thermal damage and/or abnormal electrical activity. These tests also provide aging information 
and a glimpse into the condition of the transformer and primary/secondary insulation. Over time 
the transformer oil is exposed to mechanical, and electrical stress (in rush, tap changer movement, 
arcing, thermal damage) as well as chemical contamination (transformer under vacuum, no 
nitrogen blanket, rust). These tests provide an indication of transformer aging over time and 
possible failure. 

10.3.3 Selection Criteria of Substation Transformers 

TWN developed a list of criteria for oil sampling of an energized transformer. This list was 
provided to each base. TWN and the Base CE determine the transformers for the study. 

The criteria for oil sampling of an energized transformer consists of the following: 

 Main tank shall indicate positive pressure. If the unit is under a vacuum and a gas fill 
valve and main tank pressure gauge is available, nitrogen pressure can be added while the 
unit is energized. If tank pressure cannot be determined due to the unit not having a 
pressure gauge or it is not legible the sample cannot be pulled until the unit is de-
energized. Opening of the bottom valve under vacuum will produce air bubbling which 
can cause possible flash overs.   

 Main tank oil level gauge shall be legible and indicate enough oil is available for the 
sample to be taken without causing issues.  

 Main tank sampling valve shall be accessible without having to manipulate energized 
cabling. 

Additional consideration (requirements)in the selection is: 

 Is there a sample valve available and accessible? 
 Are oil level and tank pressure gauges available?  
 Is the unit considered critical to the operation and serve loads without redundant sources? 
 Is the unit leaking? 
 Is the exterior of the tank degraded and suspected of possible moisture intrusion? 
 Is the exterior of the transformer showing signs of paint discoloration caused by 

overheating? 
 Has the unit experienced multiple through faults? 
 Has the unit shown signs of deterioration during electrical testing?  

10.3.4 Standard Oil Sample Tests 

TWN utilizes the services of SDMyers for oil sample testing. TWN plans to utilize two (2) of 
SDMyers testing packages. The first package, SDMyers No. 4003, is for transformers under 
10MVA and the second package, SDMyers No. 4002, is for transformers over 10MVA. The tables 
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10.3.6 Transformer Oil Sampling Results 

Transformers and associated maintenance provide an essential function in any power system. To 
maintain effective operation, it is imperative to monitor the condition of transformers through 
appropriate testing and routine oil sampling.  

Oil Sampling has been De-Scoped from this study because all substation transformers are owned 
and operated by the utility company, AEP Texas. Thus, no Substation transformers were sampled.  

 
Table 10-5 Oil Sampling Limitations Definitions: 

 Oil Sample Drawn (Acceptable): No issues were found with the transformer and all selection 
criteria were met that allowed for the oil sample to be drawn and tested. 

 Oil Sample Drawn (Questionable): Some potential issues with the transformer were found in the 
test results and all selection criteria were met that allowed for the oil sample to be drawn and tested. 

 No Access: No access to the oil sampling valve due to secondary cable and/or other obstructions. 
Safety hazard to personnel. No oil sample drawn. 

 Limited Space: The space between the energized bushings and the oil sampling valve were deemed 
too close and posed a safety issue to personnel. No oil sample drawn. 

 No gauges: The transformer had no gauges to measure oil level, pressure, and/or temperature. No 
oil sample drawn. Consideration for replacement should be given. 

 XFMR Under Vacuum: The transformer is under vacuum and presents a danger to equipment and 
personnel drawing the oil sample. No sample drawn. Transformer maintenance is recommended. 

 Low Oil Level: The transformer has low oil levels and presents a danger to equipment and 
personnel drawing the sample. No sample drawn. Transformer maintenance is recommended. 

 XFMR Valve Damaged: Oil sampling valve is damaged and presents a danger to equipment and 
personnel drawing the oil sample. No sample drawn. Transformer maintenance is recommended. 

 XFMR Tilt Issue: Transformer is at a severe tilt (angle) and presents a danger to equipment and 
personnel drawing the oil sample. No sample drawn. Transformer maintenance is recommended. 

 

10.4 Thermal Imaging (IR) (Transformer) 

10.4.1 Performance Work Statement (PWS) 

For each of the Substation transformers coordinated with the BCE (Base Civil Engineering), TWN 
will perform a thermal Imaging (IR) inspection during preliminary data gathering in accordance 
with NETA MTS and NFPA 70B. 

10.4.2 Purpose of Thermal Imaging (IR) Inspection 

Thermography is the use of an infrared imaging and measurement camera to “see” and “measure” 
thermal energy emitted from an object. Infrared thermography cameras produce images of 
invisible infrared or “heat” radiation and provide precise non-contact temperature measurement 
capabilities. Nearly everything gets hot before it fails, making infrared cameras extremely cost 
effective, valuable, predictive tools. 
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What is light energy? Consider, light is a form of electromagnetic radiation, a type of energy that 
travels in waves. Other kinds of electromagnetic radiation that we encounter in our daily lives 
include radio waves, microwaves, and X-rays. The seven (7) wavelengths that make up the 
electromagnetic spectrum are radio waves, microwaves, infrared, optical, ultraviolet, and gamma 
waves. Together, all the types of electromagnetic radiation make up the electromagnetic spectrum. 
Every electromagnetic wave has a particular wavelength, or distance from one crest to the next, 
and different types of radiation have different characteristic ranges of wavelengths (as shown in 
the diagram below). Types of radiation with long wavelengths, such as radio waves, carry less 
energy than types of radiation with short wavelengths, such as infrared. The complete 
electromagnetic spectrum can be seen in Figure 10-6 Electromagnetic Spectrum. The infrared 
spectrum can cover a very large area for applications, be they medical, mechanical, electrical, 
security, etc. A large section of applications can be viewed in figure 10-7 Therma (IR) Application 
Chart. 

Figure 10-6 

Electromagnetic Spectrum Graph 

 

 

 

 



Dyess AFB  
 

Additional Evaluations 

 
10-16 

Figure 10-7 
Thermal (IR) Application Chart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.4.3 Thermal Imaging (IR) Inspection Results 

TWN did not perform a thermal imaging (IR) inspection on the substation transformers as all 
substation transformers are owned and operated by the utility company, AEP Texas.  
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11  

PROJECT RECOMMENDATIONS  

Section 11 addresses a variety of topics intended to improve the primary distribution system.   

11.1 Electrical System Infrastructure Recommendations 

In the analysis, documentation, field data, future infrastructure projects, and study results, 
deficiencies have been identified and resolutions (project) are provided. Section 11.2 – Table 11-
1 provides a summary of the recommendations (outlined below) and budgetary estimates. 

11.1.1 Replacement of over duty equipment 

Electrical distribution equipment that is shown to be over duty should be removed from service 
until actions are taken to remove the over duty conditions. Refer to Section 1.4.2 for interrupting 
rating and short-circuit current rating criteria per NFPA 70-2023. There were Thirty-Six (36) 
pieces of equipment that are considered overdutied, which should be replaced as soon as possible. 
There are also Nine (9) pieces that have warnings, which indicate it’s within 10% of the Short 
Circuit rating and these should also be replaced as soon as possible. Recommendations are 
provided in Table 11-1. 

11.1.2 Peak Loading Study  

There are three (3) transformers that currently do not meet NEC 450.3 (T9018, T1-24, and T6222). 
Due to limitations of scope, TWN does not perform an extensive peak loading study per building 
therefore, a peak loading study is recommended to ensure the accuracy of the peak load per service 
entrance. This would allow for proper sizing of each service entrance. Some possible 
recommendations could be:  

• Increase the size of the transformer.  

• Feed load from another source. 

11.1.3 Power Factor Study  

From the instantaneous spot measurements taken during data collection, there are sixty-four (64) 
transformers with a power factor less than 90%. The reasons a transformer could have a power 
factor less than 90% are as follows:  

• Light loading.  

• Electronics drawing a large portion of the load.  

• Unbalanced phases.  
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• Current draw from an induction motor.  

• Harmonic currents.  

Solutions to fix power factor issues include:  

• Installing a capacitor bank.  

• Balancing phases.  

• Installing a VFD for induction motors  

The Dranetz measurements taken show that the transformers seem to not have an issue with phase 
imbalance or harmonics. Installing a capacitor bank at these locations could improve power factor. 
With the limitations that come with the scope of this power system study (i.e. instantaneous 
measurements) it is difficult to say with certainty that there is a true power factor issue at these 
locations. Therefore, an in-depth power factor study is recommended for these locations. 

11.1.4 Add cable tags to all HV and LV Cable 

Cable tags should be added to all HV and LV cables. This should include information such as 
cable size and to/from information. 

11.1.5 Ground Study of Installation 

An important aspect of any electrical system is the earth grounding. A study should be performed 
periodically to verify the following: 

 The existing earth grounding system complies with the original design. 

 Changes to the existing earth grounding system have been properly recorded. 

 The earth grounding system performs as designed and/or acceptable standards. 

Given the observed condition of the equipment and changes that have been made in the system, a 
ground study would be beneficial. 

11.1.6 Arc Flash Mitigation - upgrade protective device for an energy reduction 
solution (such as: maintenance mode, reduced energy let through (RELT))  

Installation of intelligent electronic devices (IEDs), to replace the existing solid state trip (SST) 
units, provides the added benefit of an energy reduction solution (such as: maintenance mode, 
reduced energy let through (RELT)). The solution is activated to mitigate the arc flash hazard by 
limiting the duration of the fault current to the fault, using a user selectable and settable secondary 
instantaneous pickup setting.  

This solution can also be added to existing panelboards and/or in front of the service entrance. This 
provides another means of engineering control of elevated arc flash levels. 
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11.1.7 Bravo and Alpha Substation/Switching Station Upgrades 

The current condition of the Alpha and Bravo Substations is recognized as being very poor, with 
equipment showing significant wear due to exposure to sun and sand. Additionally, the Bravo 
Circuit, in its current configuration, will not be able to handle the new load from the upcoming B-
21 Project. Therefore, it is recommended that both the Alpha and Bravo Substations/Switching 
Stations be redesigned to accommodate these new loads. The budgetary estimate provided in Table 
11-1 for this recommendation is a high-level estimate. 

11.1.8 Arc Flash Training 

Provided NFPA 70E based arc flash hazard training to installation personnel.  

The training class provides the following (at a minimum): 

 One (1) day, up to eight (8) hours of instruction 

 Training materials / book 

 NFPA 70E introduction 

 OSHA – MSHA and other Authorities 

 Arc flash basics. 

 Current electrical system overview 

 Installation known and potential areas of risk. 

 Corrective techniques and safe working environments 

 Incident energy level and PPE requirements 

 Documentation, training, and responsibilities 

 

11.2 Recommendations and Budgetary Estimates 

The following represent the recommendations and budgetary estimates. 
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11.3 Electrical Equipment Maintenance 

11.3.1 Selected Equipment 

The electrical distribution system equipment should be periodically inspected and tested. This 
recommendation applies to all equipment included in this study. This includes the following types 
of equipment: 

 Low voltage switchgear and circuit breakers. 

 Protective relays. 

 Switchboards 

 Panelboards. 

 Auxiliary equipment. 

Periodic maintenance and testing are also a requirement in order to use the arc flash results 
provided in this report.  An arc flash PPE level depends in part on the expected clearing time of an 
upstream protective device. Maintenance and testing are both necessary to ensure a device is 
functional and can be supported by an arc flash study. With respect to circuit breakers, maintenance 
confirms that the circuit breaker can operate as designed and testing confirms that a trip signal will 
be initiated as designed.  NFPA 70E addresses this by requiring: 

130.5(C)(B)b. The electrical equipment operating condition and condition of maintenance, 

The condition of maintenance for a piece of equipment plays a major role in the safety of not only 
the maintenance employee but also the person operating the equipment.  Improperly maintained 
or damaged equipment cannot be assumed to function normally or to provide the protection for 
the operator that would be afforded by proper installation and maintenance and recommended 
practices. 

The term “condition of maintenance” refers to maintenance and testing of sufficient quality that 
the upstream protective device can be expected to operate as intended and within the analyzed 
operating time. 

11.3.2 Maintenance Methods 

NETA Maintenance Testing Specifications for Electrical Power Distribution Equipment and 
Systems (MTS) is recommended as a guide for the scope of maintenance.  

NFPA 70B, Recommended Practice for Electrical Equipment Maintenance, or Air Force 
AFJMAN 32-1082, Facilities Engineering Electrical Exterior Facilities, can also be used as a 
maintenance reference. With respect to circuit breakers, refer also to the manufacturers’ instruction 
manuals for additional requirements.   
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11.3.3 Frequency of Electrical Equipment Maintenance 

The frequency of inspection and testing varies with the equipment type. The following documents 
provide inspection and test frequency guidelines: 

 NETA Maintenance Testing Specifications for Electrical Power Distribution Equipment and 
Systems (MTS). 

 NFPA 70B, Recommended Practice for Electrical Equipment Maintenance. 

 Air Force AFJMAN 32-1082, Facilities Engineering Electrical Exterior Facilities. 

AFJMAN 32-1082 recommends that existing medium voltage switchgear should have 
maintenance performed every 5 years. 
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