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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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MPCA What’s In My Neighborhood Sites 

  



Table M-1  MPCA’s “What’s in my Neighborhood Listed Sites in the Proposed Project Area 

County MPCA Site Name Type Status Description Nearest Project Route Section 

Approximate 

Distance to 

Centerline (feet) 

Roseau U.S. Customs Building Leak Site Inactive Fuel Oil 1 & 2 release 

Site closure: June 2001 

No offsite contamination 

Border Crossing Hwy 310 

Variation in Border 

Crossing Variation Area 

West 400 

Mende Auto Body & 

Muffler 

Haz Waste Site Active Small to Minimal Quantity 

Generator 

Proposed Blue/Orange 

Route in the Roseau Lake 

WMA Variation Area 

West 1,735 

Ray Horner Farm Feedlot Active Registered feedlot with 

10 or more animal units 

(AU) 

Proposed Blue/Orange 

Route in the Roseau Lake 

WMA Variation Area 

West 1,720 

Knudson Brothers 

Farm Inc 

Tank Site Inactive Tank Data not available Cedar Bend WMA 

Variation in the Cedar 

Bend Variation Area 

West 660 

Quentin Grittner Farm Feedlot Active Registered feedlot with 

10 or more animal units 

(AU) 

Roseau Lake WMA 

Variation 1 in the Roseau 

Lake WMA Variation Area 

West 1,285 

Skoglund Farm Feedlot Active Registered feedlot with 

10 or more animal units 

(AU) 

Roseau Lake WMA 

Variation 1 in the Roseau 

Lake WMA Variation Area 

West 476 

Nelson Residence Leak Site Inactive Petroleum tank release. 

Site closure: May 2013 

Roseau Lake WMA 

Variation 1 in the Roseau 

Lake WMA Variation Area 

West 1,900 

Harvey Johnson Farm Feedlot Active Registered feedlot with 

10 or more animal units 

(AU) 

Border Crossing 500kV 

Variation in the Border 

Crossing Variation Area 

West 2,094 

Lake of the 

Woods 

Williams Dump Site Investigation and 

Cleanup 

Inactive State Assessment Site 

Unpermitted Dump Site 

closure: June 1978 

Beltrami North Central 

Variation 4 in the Beltrami 

North Central Variation 

Area 

West 116 

Calvin Carson Farm Feedlot Active Registered feedlot with 

10 or more animal units 

(AU) 

Beltrami North Central 

Variation 4 in the Beltrami 

North Central Variation 

Area 

West 1,226 
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Table M-1  MPCA’s “What’s in my Neighborhood Listed Sites in the Proposed Project Area 

County MPCA Site Name Type Status Description Nearest Project Route Section 

Approximate 

Distance to 

Centerline (feet) 

Lake of the 

Woods 

Northstar Electric 

Cooperative 

Haz Waste Site Active Small to Minimal Quantity 

Generator 

Proposed Blue Route in the 

Pine Island Variation Area 

Central 812 

MNDOT Truck Station Leak Site (1504) Inactive Gasoline release. 

Groundwater cont. 

Closure date: 09/26/1995  

Remaining soil 

contamination 

Offsite contamination 

unknown 

Proposed Blue Route in the 

Pine Island Variation Area 

Central 812 

 

 

Petal Pushers Leak Site  Inactive Diesel; Gasoline Leaded 

Release. 

Closure date: 02/23/2001   

Remaining soil 

contamination 

Offsite contamination 

unknown 

Proposed Blue Route in the 

Pine Island Variation Area 

Central 812 

Koochiching Northome Modified 

Sanitary Landfill 

Investigation and 

Cleanup 

Active State Assessment Site SA 

7935 (Active) 

Unpermitted Dump Site 

REM04735 (Inactive) 

J2 Segment Option 

Variation in the J2 

Variation Area 

Central 680 

Northome Modified 

Sanitary Landfill 

Solid Waste Inactive Landfill Closed (SW-225). 

Owned by MPCA. 

Groundwater Monitoring 

Data. 

J2 Segment Option 

Variation in the J2 

Variation Area 

Central 680 

Northome Modified 

Sanitary Landfill 

Industrial 

Stormwater 

Permit 

Inactive Industrial SW Permit 

Termination: 03/17/2000 

J2 Segment Option 

Variation in the J2 

Variation Area 

Central 680 

Koochiching Northome Modified 

Sanitary Landfill 

Industrial 

Stormwater 

Permit 

Active ISW No Exposure 

Exclusion.  

Effective Start: 

12/15/2010 

J2 Segment Option 

Variation in the J2 

Variation Area 

Central 680 
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Table M-1  MPCA’s “What’s in my Neighborhood Listed Sites in the Proposed Project Area 

County MPCA Site Name Type Status Description Nearest Project Route Section 

Approximate 

Distance to 

Centerline (feet) 

Loman Dump Investigation and 

Cleanup 

Active State Assessment Site SA 

7925 (Active) 

Unpermitted Dump Site 

REM04478 (Inactive) 

J2 Segment Option 

Variation in the J2 

Variation Area 

Central 62 

Itasca Balsam Lake II Dump Investigation and 

Cleanup 

Active State Assessment Site SA 

7858 (Active)Unpermitted 

Dump Site REM03558 

(Inactive) 

Proposed Orange Route in 

the Balsam Variation Area 

East 530 

Balsam Store Tank Site  

 

Inactive Last site inspection: 

05/05/2014 

Field Citation MPCA - 

Closure date: 07/15/14 

Proposed Orange Route in 

the Balsam Variation Area 

East 1,710 

Former Balsam Store Leak Site  

 

Inactive Diesel; Gasoline, 

Unleaded release 

Site Closure: 09/12/2014 

Contaminated Soils 

Remaining 

Offsite Contamination 

Proposed Orange Route in 

the Balsam Variation Area 

East 2,012 

Former Balsam Store Tank Site  Inactive Last tank removal: 

11/16/1998 

Last site inspection: 

04/08/1999 

Proposed Orange Route in 

the Balsam Variation Area 

East 2,012 

Rhunde Media  Leak Site 

 

Inactive Fuel Oil 1 & 2; Gasoline 

release. 

Site closure: 12/31/1997 

Unknown soil and offsite 

contamination 

Proposed Blue/Orange 

Route near Taconite 

East 2,078 

Itasca Bray Lake Outlying 

Canister  

Solid Waste  Active Permit-by-Rule landfill.  

Facility permit: 

10/24/2010 

Inspection: 09/24/2010 

Proposed Blue Route in the 

Balsam Variation Area 

East 1,312 
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Table M-1  MPCA’s “What’s in my Neighborhood Listed Sites in the Proposed Project Area 

County MPCA Site Name Type Status Description Nearest Project Route Section 

Approximate 

Distance to 

Centerline (feet) 

Bray Lake Demolition 

& Disposal 

Solid Waste  

 

Active Open Landfill. Facility 

permit: 08/06/2008 

Last routine inspection: 

07/17/12 

Proposed Blue Route in the 

Balsam Variation Area 

East 1,600 

MNDOT District 1b 

Deer Lake 

Haz Waste Site  

 

Active Small to Minimal Quantity 

Generator 

Proposed Blue Route in the 

Pine Island Variation Area 

Central 775 

Wamp Lake Dump Investigation and 

Cleanup 

Inactive State Assessment Site SA 

7862 (Inactive) 

Unpermitted Dump Site 

REM05349 (Inactive) 

Effie Variation in the Effie 

Variation Area 

East 1,834 

Reckinger Solid 

Waste Site 

Solid Waste 

 

Inactive Permit-by-Rule landfill.  East Bear Lake Variation in 

the East Bear Lake 

Variation Area 

East 1,710 

Balsam Elementary 

School  

Leak Site 

 

Inactive Fuel Oil 1 & 2 release. 

Site closure: 01/02/2004  

Contaminated Soils 

Remaining   

Balsam Variation in the 

Balsam Variation Area 

East 610 

Iron Range Sanitary 

Landfill 

Investigation and 

Cleanup 

Active State Assessment Site SA 

7864 (Active) 

Unpermitted Dump Site 

REM04283 (Inactive) 

Balsam Variation in the 

Balsam Variation Area 

East 2,074 

Iron Range Sanitary 

Landfill 

Solid Waste  

 

Inactive Landfill Closed . Owned 

by MPCA. 

Groundwater Monitoring 

Data (EDA - 2764). 

Balsam Variation in the 

Balsam Variation Area 

East 2,074 

Itasca Iron Range Sanitary 

Landfill 

Industrial 

Stormwater 

Permit 

Active ISW No Exposure 

Exclusion.  

Effective Start: 

12/15/2010 

Balsam Variation in the 

Balsam Variation Area 

East 2,074 

Source: Minnesota Pollution Control Agency 2015. 
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