
Agenda 
2016 WEASC Operator Conference 

“Electrical Distribution – Preventive & Predictive Maintenance” 

1. Utilities perform PM’s on many 

systems - what about the 

plug?? 

2. Asset Management and 2014 

WRRDA and CWSRF 

3. Reliability 

4. EDPM Best Practices 

5. OSHA & NFPA 70E 



Definition of Preventative 

Maintenance  

Preventative maintenance (or 

preventive maintenance) is 

maintenance that is regularly 

performed on a piece of equipment to 

lessen the likelihood of it failing. 

Preventative maintenance is 

performed while the equipment is still 

working, so that it does not break down 

unexpectedly. 



Items We Have Maintenance On  

 

Why our office equipment? 

Why our data centers? 

Why our UPS equipment? 



Why our material  

handling  

equipment ? 

Why our production  

equipment ? 

Why our generators? 



Why HVAC / boiler 

maintenance? 

Why exit signs / 

lights maintenance? 

Why fire extinguisher 

maintenance? 



Why have all of the other 

Preventative  

Maintenance Programs  

if you don’t have a preventative 

maintenance  program on the 

PLUG (electrical system)?   

 

Should  it fail, most other 

maintenance is useless!   



Jill Miller, Executive Director, 

SCRWA, regarding Sustainability 

and Asset Management Planning 

 Aging utility infrastructure industry-wide 

 $72.5 billion estimated to upgrade water 

treatment infrastructure 

 2014 WRRDA and CWSRF requires that 

borrowers develop a fiscal sustainability 

plan 



Asset Inventory 

 What do I own? 

 Where are my assets? 

 What is the condition of my assets? 

 What is the remaining life of my assets? 

 What is the value of my assets? 



Critical Assets 

 How can assets fail and when do they? 

 What are the probabilities and 

consequences of failure? 

 What are the economic costs of repair and 

other associated social and environmental 

costs? 



Capital Improvement Project Plan 

 What are the lifecycles of the system’s 

current assets? 

 What are the costs of repair, rehabilitation, 

and replacement of critical assets? 



What does the above have to do 

with electrical preventive and 

predictive maintenance? 

 Electrical assets are at least 10% of the value of all assets, 
amounting to many millions of dollars in each system 

 A comprehensive electrical PM will document what you 
own, what they’re worth, where they’re located, and their 
condition and remaining life (“inventory”) 

 A good PM should identify how and when assets fail and 
the probabilities of failure (“critical assets”) 

 It should also identify where your assets are in their 
lifecycle, and the costs of repair, rehabilitation, and/or 
replacement (“capital improvement plan”) 



For a prize… 

What year did the WRRDA start requiring a 

Fiscal Sustainability Plan? 

 

 



Reliability 



Looking at it another way  

(like sideways with $$’s attached) 





RESULTS ABERDEEN 

GROUP SIGMA 

RELIABILITY STUDY       

  LOWER 

QUARTILE 

PERFOMERS 

AVERAGE 

PERFORMERS 

UPPER QUARTILE 

PERFORMERS   

AVAILABILITY                        81.8                          87.2                         88.8  

YIELD                        79.2                          81.9                         84.2  

MAINT COSTS/SALES                        23.5                          20.8                         17.2  

INCOME STATEMENT       

SALES          1,000,000,000           1,102,356,079           1,154,108,320  

COSTS       

COGS (assume 60%)            600,000,000              661,413,647             692,464,992  

MAINTENANCE COSTS            235,000,000              229,290,064             198,506,631  

FIXED COSTS            100,000,000              100,000,000             100,000,000  

TOTAL COSTS            935,000,000              990,703,711             990,971,623  

        

EBITDA              65,000,000              111,652,368             163,136,697  

EBITDA AS % OF 

LOWER QUARTILE 

PERFORMERS 

      

100% 172% 251% 

Improving Asset Management 
Effects on Bottom Line 
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Clean electrical joke #1 

A superconductor walked into a bar 

The bartender said, “Get out, we don’t serve 

your kind here.” 

The superconductor left without resistance 
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INFRARED TECHNOLOGY 

Low-end cameras have lower resolution, which means 

potential costly problems are less likely to be identified! 

High-end camera (like we use) showing 

the same transformer heat exchanger   

and fans.  Some of the fins are blocked! 



21 

INFRARED TECHNOLOGY 

 Safety permitting, all covers must be removed to provide a direct 

    line-of-sight to electrical connections.  

 The person removing covers and ‘dead fronts’ must be QUALIFIED and     

 familiar with the construction & hazards of the equipment.  

 He/she also MUST wear the appropriate arc flash and shock 

 protective equipment based on the risk associated with the task. 



Just as Infrared Thermography converts 
colors that we can’t normally “see” to colors  
that we can see, Ultrasonic Testing converts 

sounds that we can’t normally “hear” to 
sounds that we can hear. 

 
Def.Ultrasonic: Having frequencies above 
 the normal range of human 
 hearing, i.e., higher than ~20kHz. 
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ULTRASONIC TESTING 



“Ultrasound will hear 
arcing in circuit 
breakers, switches, 
contacts and relays. In 
most instances, a quick 
scan of a door seal or 
vent will detect the 
ultrasound emission.”  

23 

ULTRASONIC TESTING 
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ULTRASONIC TESTING 

“Destructive corona 

has a build up and 

drop-off of energy 

resulting in a buzzing 

sound accompanied 

by subtle popping 

noises.”  
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ULTRASONIC TESTING 

“The most effective method of inspection is to 

combine Ultrasonic Testing with Infrared Thermography.”  



Video Demonstration 
Payback for combining IR and UT, and not skipping the root 

cause analysis and documentation parts of an electrical 

preventive maintenance program 

 

 

Click to watch video. 

https://youtu.be/4h63TZpsZHU


Fill in the blank for another prize 

To maximize electrical reliability and safety, 

and to minimize electrical maintenance 

costs, it is best to combine infrared with 

_________ inspections 
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The Search Engine allows 

you to easily search for 

any equipment by “Tag ID” 

or by “Item Description”! 
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A hazard sign next to the 

component tag ID 

indicates there was a 

problem identified with 

this piece of equipment.  

30 



The “Description Tab” will show all 

of the pertinent information 

regarding the problem. 
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The “Images Tab” will 

allow you to view all of the 

pictures regarding the 

problem. 
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For WRRDA & CWSRF, asset management must 

include what they’re worth and replacement value! 

 



Clean electrical joke #2 

A neutron walked into a bar 

He said, “How much for beer?” 

The bartender said, “For you, no charge.” 
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Here is my crude attempt at a segue 

into OSHA and arc flash safety 

 A comprehensive PM should include visual 

inspection by a master-level electrician to 

uncover situations that will create an arc 

flash 

 Documentation of ‘before’ and ‘after’ repair 

(regardless of how the anomaly is found) 

must be maintained to satisfy OSHA should 

an accident or investigation occur 



6. “Field Engineered” equipment: 
Visual Inspection: 

Transformers with fan. ‘Homemade’ bus connections. 

Distribution Board with fans. 
Cardboard insulators. 

Two breakers – no panel. 

One or Two wires? 

What's This (On blocks) 



5. Code violations and workmanship: 

Missing bushings can cut insulation. 

Visual Inspection: 

Missing Knockouts and Fuse Storage 

Inadequate working space. ‘Double Lugging’ 



4. Damaged equipment: 

Exposed conductors. 

Impact with forklift. 

Visual Inspection: 

Heat damaged bus. 

Damaged conductors. Evidence of overpressure. 

Leaking insulating oil. 



3. Dirt and corrosion: 

Is dust a good electrical insulator? One fuse is not like the others… 

Visual Inspection: 



2. Poorly engineered equipment: 

…dropping a metal part into the live bus. 

Visual Inspection: 

The plastic ‘Cam’ can break… 



1. (FOD) Foreign Object Detection 

When the customer was notified of this situation, the response was:  

“I can not shut that transformer down, it feeds the computers.”  

Shortly thereafter, the transformer was shut down. 

Visual Inspection: 

The danger of placing a transformer in an employee canteen room… 



 
 



NFPA 70E Article 110 General Requirements for Electrical Safety-Related 
Work Practices 
110.1 Electrical Safety Program 
(A) General : The employer shall implement and document an overall safety 
program that directs activity appropriate to the risk associated with electrical 
hazards. The electrical safety program shall be implemented as part of the 
employer’s overall occupational health and safety management system, 
when one exists. 

OSHA’S General Duty Clause: 
Section 5(a)(1) of the Occupational Safety and Health Act requires an 
employer to furnish to its employees: employment and a place of employment 
which are free from recognized hazards that are causing or likely to 
cause death or serious physical harm to its employees 

1. Maintain an updated NFPA 70E safety plan 
2. Train and qualify employees in NFPA 70E compliance 
3. Generate, update and post a single-line diagram 
4. Perform Arc Flash Risk Assessment then apply Arc Flash labels 
5. Provide employees with Personal Protective Equipment (PPE) 
6. Electrical Predictive and Preventive Maintenance per NFPA 70B 

6 Point Compliance Checklist 



Electricity is just organized lightning 
-George Carlin 



 On 8/12/2004 I almost lost my life in an electrical arc blast/flash 
accident. I consider myself a very blessed and fortunate person. A 
great wife and family, great friends, great doctors and many prayers 
enabled me to recover from an accident that has disfigured and killed 
many others. I recovered so well that I feel it is my duty to share my 
story in hopes that my experiences may help others realize the 
importance of following their safety procedures and proper PPE. My 
wife and I realize the importance of our work and will continue to share 
our story. Nothing gives us a better feeling of accomplishment than 
knowing we may have very well saved someone's life by opening their 
eyes to safety.  

http://www.donniesaccident.com/HOME/home 



Engineer’s Role & Responsibility 

 Identify risk category for each piece of 

equipment 

– Based on trip curves and fault current 

 Conduct breaker coordination 

– Mitigate high-risk situations 

– Adjust so that breaker closest to the fault trips 

 Create one-lines 

– Dovetails with a solid lock-out/tag-out protocol 

 



What’s Missing?? 

 An engineer can calculate ‘til the cows come 

home, but if a protective device does not 

work as designed, the risk category will be 

wrong 

 Other deficiencies will render the 

calculations NA 

 The NFPA committee recognized this in the 

2015 standard as follows: 









Exposure for just 1 SECOND! 

Onset of a third degree burn = 1.6 cal/cm2

Onset of a first degree burn = 0.8 cal/cm2

Onset of a second degree burn = 1.2 cal/cm2

A loose connection can ADD TIME before the breaker trips 

increasing the exposure time and resulting injury 



Q: What’s the big deal? I’m working on a 277 volt 100 amp 

circuit.  It sure as heck isn’t gonna explode like you’re talking 

about. 

A: It IS a big deal; it’s HUUUUGGGEEE (Thanks, Donald) 

 The fault current is usually 3x the rated current.  For the 

cycles that all this energy goes phase-to-phase or phase-

to-ground before the breaker trips, you’re facing: 

1. temperatures hotter than the surface of the sun 

2. vaporized metal 

3. shrapnel moving at 100+ mph 

4. 160 dB of sound pressure, enough to permanently destroy 

your hearing 

Click here to watch an actual slow motion Arc Flash 

https://youtu.be/ldY3DplO3_o


Last chance for a prize 

Who is ultimately responsible for safe 

electrical work practices in the field and 

safety in the workplace: 

 A. The owner 

 B. The manager 

 C. The worker 

 D. The contractor 



Summary  
 Without reliable electricity, nothing 

else works 

 OSHA considers electrical hazards 
one of the fatal four violations in the 
workplace 

 Organize strategies, change your 
culture to increase reliability and 
safety, improve fiscal sustainability, 
and reduce maintenance costs 



Thank you…. 

 …..for what you do 

 proud to be a regular customer….. 

To ask questions or to download this 
presentation please go to: 

www.twielectric.com 


