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Electric railroads are fast, clean, safe, modern, noiseless, can reduce emissions, and be 
quite sustainable.  Or at least we think so.
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All photos supplied by Metro-North Commuter 
Railroad, unless otherwise noted

Yet investment decisions largely overlook the cost and complexity of maintaining the 
electric traction infrastructure after initial construction – especially after several decades 
when major elements need renewal or replacement. 
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Photo courtesy of New York Public Library 
Digital Collections

On this National Historic Engineering Landmark, high-voltage alternating current 
overhead-electrified railroad, it is a complex challenge keeping service operational 
while carrying out infrastructure maintenance and upgrades.
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Mike Brotzman photo, used with permission

You are probably familiar with track outage planning and the trials and tribulations 
that it entails.  On electrified railroads, it is necessary to plan power outages in 
conjunction with track outages, significantly increasing the complexity of planning.
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Fabartus photo (CC BY-SA 3.0)

An electrified railroad is a complex job site.  Maintenance-of-Way personnel seek 
power isolations to perform routine inspections; 
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Bonnachoven photo

Class A Linemen protect Contractor work for electrical safety reasons; Substation 
Groundmen provide field grounds;
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Dispatchers (or as we call them, “Rail Traffic Controllers”) implement track outages; 
Power Directors deliver the planned power isolations; 
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Conductor Flagmen protect Contractor work for track safety purposes; Support 
personnel erect “bridge plates” at stations …
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Mike Brotzman photo, used with permission

… or remove parts of the signal system from service.
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All of this work ultimately depends on coordination of a team of highly skilled 
employees and contractors.  Skilled labor is human.  People get sick, have family 
emergencies, or can’t get to work.  
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Marc A. Hermann / MTA photo (CC-BY 2.0)

Weather can play havoc with infrastructure, or require preparation that uses the 
same pool of skilled employees needed for the outage.
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On-track machines can fail.  Planned track outages might be cancelled at the last 
minute because of an unrelated emergency, like a switch machine getting stuck, a 
failed train, or a fire on the wayside.
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We use a weekly planning cycle to ensure that we can make the most of the 
weekend.  On Mondays, Contractors submit a rolling “four-week look ahead”.  Plans 
for the upcoming week are concrete.  The remaining three weeks are contingent on 
this week’s progress.  

13



On Tuesdays, the Power department decides what work to cancel if there is a 
critical resource shortage.  Contingency plans are drawn up, like Plan B if don’t have 
enough personnel, Plan C if outages weren’t approved, or Plan D if we have 
equipment failures.
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On Wednesdays, requests go out to other areas to get track time, Flagmen, 
Linemen, Groundmen, and Power Directors.  Supervisors in each area account for 
regular maintenance workloads, and commit resources only when not needed 
elsewhere.
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On Thursdays, the track outage conference takes place and the Dispatching Chiefs 
decide whether outages will be granted.
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On Friday is when the real-time factors, like labor shortages, equipment 
malfunctions, severe weather, or unexpected operational incidents will be 
definitively knowable.  Although fraught with points requiring short-notice 
revisions, this process works well if all stakeholders actively support the process and 
are fully engaged.
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Alex Lu photo (CC-BY SA NC 3.0)

Most rail professionals have some experience with routing trains around a track 
obstruction, making moves using appropriate signals, crossovers, and tracks.  
Isolating a segment of overhead catenary is similar in concept, but outages must 
provide electrical paths to deliver power outside the de-energized area, keep 
crossovers and drawbridges energized whenever possible, and ensure that the 
power supply doesn’t become “unbalanced”.
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By placing six motorized disconnects (or MODs) around an universal interlocking, 
we can keep the crossovers live even when a middle track needs to be isolated.  
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The catenaries within the interlocking can essentially be fed from either end.  
However, this adds to the circuit complexity and complicates switching operations.
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Substations are not typically located at interlocking locations.  Interlocking locations 
are based on train service needs and physical site characteristics …
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Mike Brotzman photo, used with permission

… whereas substation locations are based on power demand constraints, electrical 
resistance considerations, supply convenience, and space needs.  This introduces additional 
circuit complexity to accommodate substation switching requirements.
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A high degree of customization is required to configure circuits for wire work at any 
given location.  Work on the same track and the same signal block a few catenaries 
apart on two consecutive nights may have entirely different electrical and 
mechanical environments, and may require a different circuit set-up to provide the 
necessary isolation.  Each outage in effect requires a tailor-made circuit 
configuration and must be meticulously planned by Power Directors responsible for 
switching operations.
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The actions of Power Directors and Dispatchers at the same physical locations must 
line up. Where the catenary is grounded for an outage, the signals and switches 
must be set such that no electric trains enter the segment.  
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Adam E. Moreira photo (CC-SA 3.0)

Some equipment have multiple pantographs bussed together.  Allowing an electric train to 
travel across an air gap or section insulator between energized and de-energized sections 
momentarily allows two sections to be electrically connected, resulting in backfeeding
through the high voltage bus onboard the train.
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To ensure safe operations, we use Plate Orders, which are pre-defined limits 
showing track segments that cannot be used for electric operations, and identify 
switches that must be blocked unless required by a diesel train. Typically, the area 
having electric operations barred (from switch to switch) is slightly larger than 
segments of catenary being isolated (from SI to SI), as a safety backstop.

26



Typically, to accomplish a circuit change, four steps are necessary.  First, the request 
is received from the Field.  The change is then commanded via SCADA or 
paperwork.  Then an employee will execute the change, whether by operating an 
in-line knife switch, motoring an MOD, racking out a breaker, or attaching grounds.  
The device is then tagged out to prevent resetting in error.  For a fully remote-
controlled device, this sequence may take only 30 to 90 seconds.  However, where 
physical operations are necessary in the Field, it will take longer.
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CONCEPTUAL

These (conceptual) steps are needed to isolate a segment of catenary: 
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CONCEPTUAL 1Open Breakers

(1) Open appropriate breakers at all substations within the section.
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CONCEPTUAL 2Reduce Limits

(2) Operate MODs or in-line switches with power de-energized to reduce outage 
limits.

30



Sub Sub Sub

B

B

B

B

B

B

B

B B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

BB

CONCEPTUAL 3Set Up Backfeeds

(3) If adjacent sections become de-energized as a consequence, close appropriate 
switches to provide backfeed.

31



Sub Sub Sub

B

B

B

B

B

B

B

B B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

BB

CONCEPTUAL 4Apply System Grounds

(4) If there’s a substation in the dead section, open breakers and apply system 
grounds.
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CONCEPTUAL 5Install Grounds

(5) Install grounds.  If aerial grounds are used, more de-energizing may be needed 
to allow safe access.
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CONCEPTUAL 6Re-energize Section

(6) When everything is set up, the entire area is re-energized by closing the 
substation breakers.

34



Sub Sub Sub

B

B

B

B

B

B

B

B B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

BB

CONCEPTUAL 7Test for Potential, Install Box Grounds

(7) Test for potential within the outage, and install box grounds.
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How many circuit changes does it take to implement a typical outage?  We have an 
example where  an outage across all four tracks was necessary to remove bridle 
wires.  One anchor bridge (awaiting final decommissioning), one malfunctioning 
substation, and one movable river bridge all fall within the outage limits.  
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Four Track Power Outage
Catenary 516A-537A
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It is not unusual to find these “obstructions” while trying to set up an outage.  Six 
forms were needed, one for each track and one each for feeder line groups on 
either side of the right-of-way, which together required 78 individual operations to 
be commanded.
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Marc A. Hermann / MTA photo (CC-BY 2.0)

How long does this all take?  We measured this on a typical night of operations, and 
found that the longest delay was actually caused by overrunning service due to 
trains from an afternoon baseball game affecting the overnight work window.
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Once track outages became effective, it was fairly fast to run through all the 
necessary steps, but because of their complexity, even under near-ideal conditions 
with proper planning, it still took one hour and 51 minutes to accomplish this.  
Factor in the time required to restore the power before the morning rush, that six-
hour overnight work window can quickly become a two-and-a-half-hour work 
window.  That, ladies and gentlemen, is the fundamental reason why catenary 
renewals under traffic always seem to take longer than generally thought.
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Mike Brotzman photo, used with permission

While track layout is the domain of the civil engineer, where the priorities are track speed, 
capacity, and safety …

40



… power infrastructure is designed by the electrical engineer where the concerns 
are cost, load capability, and safety.  When possible, interlockings and traction 
substations could be co-located, or at least designed jointly, to simplify 
maintenance and emergency power isolations.
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Personnel with a solid understanding of both electrical and track infrastructure and 
processes are vital in both planning and construction.  Typically, Transportation, 
Track, and Power are different departments, but cross-training is possible with 
agreements and promotional paths that facilitate the acquisition of such 
knowledge.
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CONCEPTUAL Friday PM Rush

Overlapping isolations are particularly disruptive when two outages overlap but do 
not begin and end at the same time, requiring re-configuration of circuits four times 
that weekend: 
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CONCEPTUAL Friday Night

… for outage A, …
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CONCEPTUAL Saturday Morning

… for outages A and B together, …

45



Sub Sub Sub

B

B

B

B

B

B

B

B B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

BB

CONCEPTUAL Saturday Night

… for outage B, …

46



Sub Sub Sub

B

B

B

B

B

B

B

B B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

BB

CONCEPTUAL Monday Morning

… and to clear up. 
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The trade-off between piggybacking work to spread the costs of alternative service 
and construction support, and the increased risks and complexity that come with 
overlapping outages, should be carefully considered.
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Maximum maintenance outage capacity should be assessed formally, separately for 
track and power infrastructure.  There exists a maximum practical operational 
capacity to provide track and power outages while maintaining train service, which 
is something that may not be fully appreciated.  This “outage capacity” should be 
assessed formally, similar to how track signaling capacity is assessed now.
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MTA Capital Construction photo (CC-BY 2.0)

The benefits of electric traction are most evident in high-density, high-utilization 
corridors, but ongoing maintenance can impose significant costs.  These “hassle” 
factors help explain why U.S. railroads have historically preferred diesel traction.
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Artist’s concept, © John G. Allen
Used with permission

However, with the recent advent of high-capacity battery-electric locomotives that can haul 
typical loads over a 200-mile gap in electric catenary, electrification may now be possible 
over a wide area while concentrating electric traction infrastructure in the highest density 
segments, re-charging the locomotives in motion.

51



If you’ll now think twice before wiring up every track mile, then I’ve done my job for 
today.
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Any Questions?
Discussion?  Comments?

Author contact information:

Alex Lu
P.O. Box 684

Ossining, N.Y. 10562-0684
Lu@mnr.org

 (978) 361-0528 

Zhiqi Zhong
Zhong@mnr.org

Aleksandr Lukatskiy
Aleksandr.Lukatskiy@amtrak.com

John G. Allen
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Thank you!
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