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Stray Voltage 
Causes of  Stray Voltage 

Stray voltage and its impacts on livestock and other confined animals have been studied in detail by 
state and federal agencies, universities, electric utilities, and numerous scientists since the late 1970s.  
The PSCW has opened investigations, encouraged the upgrade of rural distribution systems, 
established measurement protocols, and compiled a stray voltage database to track investigations, all 
in order to develop successful strategies for minimizing stray voltage in farm operations 
(http://psc.wi.gov/utilityInfo/electric/strayVoltage.htm).  Over the decades, significant resources 
have been allocated to understand this issue. 

Electrical systems, including farm systems and utility distribution systems, are grounded to the earth 
to ensure safety and reliability, as required by the National Electrical Safety Code and the National 
Electrical Code.  Because of this, some current flows through the earth at each point where the 
electrical system is grounded and a small voltage develops.  This voltage is called neutral-to-earth 
voltage (NEV).  When NEV is measured between two objects that are simultaneously contacted by 
an animal, a current will flow through the animal and it is considered stray voltage.  Animals may 
then receive a mild electrical shock that can cause a behavioral response.  At low voltages, an animal 
may flinch with no other noticeable effect.  At higher levels, avoidance or other negative behaviors 
may result.  Stray voltage may not be noticeable to humans. 

Low levels of alternating current (AC) voltage on the grounded conductors of a farm wiring system 
are a normal and unavoidable consequence of operating electrical farm equipment.  In other words 
some levels of stray voltage will always be found on a farm.  For example, a dairy cow may feel a 
small electric shock when it makes contact with an energized water trough.  The issue of concern is 
stray voltage that occurs at a level that negatively affects an animal’s behavior, health, and more 
specifically, milk production. 

Stray voltage can be caused by a combination of on-farm and off-farm causes.  One off-farm 
contributor to stray voltage is the operation of transmission lines in close proximity and parallel to a 
distribution line.  As a means to minimize new transmission line impacts, new lines are often 
co-located near a distribution ROW or the distribution line is underbuilt on the new transmission 
poles.  This configuration can contribute to stray voltage issues.  To minimize the likelihood of stray 
voltage occurrences, utilities sometimes propose to relocate these paralleling distribution lines 
further away from the transmission line and/or burying the distribution line underground.  
Additionally, the PSCW may require the utility to conduct pre-construction and post-construction 
testing of potentially impacted farms and lines. 

Potential Impacts of  Stray Voltage  

Herd problems can be difficult to diagnose.  There are many factors to consider such as the herd’s 
environment, diet, and health.  Dairy cow behaviors that may indicate the presence of stray voltage 
include nervousness at milking time, increased milking time, decreased milk production, increased 
Somatic Cell Count, increased defecation or urination during milking, hesitation in approaching 
waterers or feeders, a reluctance to enter the barn or milking parlor, or an eagerness to leave the 
barn.  Some of these symptoms are interrelated.  For example, a dairy cow that does not drink 
sufficient water due to shocks may have decreased milk production.  However, these same 
symptoms can be caused by other factors that are unrelated to stray voltage such as increased 
mastitis or milk-withholding problems for farms with milking parlors or in barns with milk pipelines.  
If stray voltage is suspected to be the cause of herd problems, the farm should be tested.  
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In 1996, the PSCW established a stray voltage “level of concern” of 2 milliamps (PSCW docket 05-
EI-115).  The level of concern is not intended as a “damage” level but as a very conservative, below-
the-injury level, below the point where moderate avoidance behavior is likely to occur, and well 
below where a cow’s behavior or milk production would be affected.  The PSCW and DATCP 
consider that at this level of current, some form of mitigative action should be taken on the farmer’s 
behalf. 

The level of concern is further defined with respect to how it should be reduced.  If a utility 
distribution system contributes one milliamp or more to stray voltage on a farm, the utility must take 
corrective action to reduce its contribution to below the one milliamp level.  If the farm electrical 
system contributes more than one milliamp, the farmer may want to consider taking corrective 
measures to reduce the level below one milliamp. 

Mitigation of Stray Voltage 

When stray voltage is a concern, electrical measurement in confined livestock areas should be done 
using the established PSCW-approved testing procedures with appropriate equipment.  These testing 
protocols have been developed to collect a reasonable set of data useful in the analysis of the 
quantity and quality of stray voltage that may be present under a variety of conditions, and the 
source (including on-farm versus off-farm sources) of such stray voltage. 

Field research shows that cow contact current is often dependent on both on- and off-farm 
electrical power systems.  A common on-farm source of stray voltage is the inappropriate 
interconnection of equipment grounding conductors with the neutral conductors of the farm wiring 
system.  Mitigation of stray voltage can be achieved through a variety of proven and acceptable 
methods, such as additional grounding or the installation of an equipotential plane. 

Farm operators may receive additional technical assistance from the Wisconsin Rural Electric Power 
Services (REPS) program (as defined and authorized by Wis. Stat. §§ 93.41 and 196.857).  The REPS 
program is jointly managed by the PSCW and DATCP.   DATCP 
(http://datcp.wi.gov/Farms/Wisconsin_Farm_Center/Farm_Rewiring/Stray_Voltage/index.aspx) 
provides an ombudsman, veterinarian, an energy technical advisor, and a program assistant to the 
REPS program.  REPS staff provides information about stray voltage and power quality issues; work 
to answer regulatory questions; conduct on-farm and distribution system investigations that can 
assist farmers in working with the utility or electrician to resolve a power quality concern; provide a 
format for dispute resolution; and continue to research electrical issues.  REPS staff also works with 
farmers, their veterinarians and nutritionists to resolve herd health and production problems.   

Water Resources 
Potential Impacts to Surface Waters 

Waterways in the form of creeks, streams, rivers, and lakes are abundant throughout Wisconsin.  
Many of these waters have been designated as special resources that have state, regional, or national 
significance.  Construction and operation of a transmission line across these resources may have 
both short-term and long-term effects.  The type and significance of the impact is dependent on the 
characteristics of the water resource and the transmission line design.  Waterway use, physical 
features such as channel width, herbaceous plant cover, and water quality, recreational use, and the 
scenic quality of the river and its surrounding landscape are important factors in assessing potential 
impacts. 
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