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Introduction 

The distribution system on Martha’s Vineyard is primarily served via four submarine 

distribution cables.  In the event of an N-1 contingency on the largest cable (#75 circuit), peak 

load cannot be served by the remaining three submarine cables alone and so load demand is met 

by operating up to five, 2.5-megawatt (MW) diesel generators.  These generators are the 

primary resource to ensure an adequate and reliable supply of electricity on the island in the 

case of a submarine cable.   

To address the reliability of service on Martha’s Vineyard and reduce air emissions, Eversource 

has proposed an Energy Storage System (ESS) project on Martha’s Vineyard as part of their 

Grid Modernization proposal to reduce the need to operate the diesel generators.  The ESS 

Project is proposed to be constructed on land owned by Eversource at its Oak Bluffs Service 

Center (Service Center) on the west side of Edgartown-Vineyard Haven Road (shown in Figure 

1).  The project is divided into two phases.  Phase 1 consists of an ESS sized to supply 4.9- MW 

for up to four hours, or 20-megawatt-hour (MWh).  Phase 2 of the project will be located 

adjacent to the Phase 1 deployment and will consist of adding an incremental 9.8-MW/64-MWh 

that will result in a total Martha’s Vineyard ESS rating of 14.7MW and 84MWh.   

The ESS Project is proposed to connect to three existing 23-kilovolt (kV) distribution lines (#75, 

#97, and #99-Circuits).  Lines #75 and #97 currently pass by the Service Center on the east side 

of Edgartown-Vineyard Haven Road (cyan and brown lines in Figure 1) and are supported on 

double-circuit wood pole structures.  Line #99 is located approximately 0.5 miles south of the 

Service Center at an open-tie switch (disconnect) between the #97 and #99 Circuits.  In Phase 1, 

the ESS will connect to the #75 line.  In Phase 2, the existing open-tie switch (disconnect) 

between the 97 and 99 Circuits will be moved directly in front of the Service Center.  The 

portion of the 97 Circuit going south from the Service Center opposite the open-tie switch will 

be renamed as an extension to the 99 Circuit.  The portion going north from the open-tie switch 

will remain the 97 Circuit.  In Phase 2, therefore, the ESS is proposed to additionally connect to 

the #97 Circuit (going north) and the #99 Circuit (going south). 
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Exponent has calculated the magnetic-field levels from the existing distribution infrastructure in 

the vicinity of the proposed ESS as well as from the proposed Phase 1 and Phase 2 

interconnections of the ESS to the distribution electrical grid.
1
  An aerial view of the proposed

ESS site is shown in Figure 1 and indicates the approximate location of the ESS and the routes 

of existing and proposed distribution infrastructure at the site. 

Figure 1.         ESS site and distribution interconnections to the 23-kilovolt (kV) #75 and #97 
(#99 in phase 2) distribution lines along Edgartown-Vineyard Haven Road.  The 
approximate locations of the 7 modeling cross sections also are shown. 

1 Electric field levels above ground from overhead lines are calculated to be 0.1 kilovolt per meter or less and do 

not change as a result of this project.  No electric field is produced above ground from underground lines. 

Electric field levels therefore are not presented in this report. 
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Modeling 

Configurations 

Seven separate models of the existing and proposed distribution infrastructure at the site were 

modeled to calculate the magnetic field levels at each location for the existing, Phase 1 and 

Phase 2 scenarios.  The location of each modeling cross section is shown in Figure 1.   

 XS-1 includes the two existing distribution Lines (#75 and #97) on the east side of

Edgartown-Vineyard Haven Road (cyan line in Figure 1) and represents the upstream

(northern) portion of the route.

 XS-2 includes two 23-kV distribution lines on the east side of Edgartown-Vineyard Haven

Road (brown line in Figure 1) and represents the downstream (southern) portion of the

route.  The two existing distribution lines modeled in the Existing and Phase 1

configurations are Lines #75 and #97.  In Phase 2 the portion of the #97 line south of the

Service Center will be renamed to be the #99 Line.

 XS-3 represents the existing 23-kV generator tap (yellow line in Figure 1),

 XS-4 represents the existing 23-kV service to the Oak Bluffs Service Center as well as the

Phase 2 interconnection of the ESS to the #97 Line (orange line in Figure 1)

 XS-5 represents the Phase 1/Phase 2 duct bank from the ESS (blue line in Figure 1)

 XS-6 represents the Phase 1 duct bank connecting to the #75 Line as well as the Phase 2

duct bank connecting to the #99 Line (purple line in Figure 1)

 XS-7 represents the Phase 2 duct bank to riser pole, connecting to the #97 Line (green line

in Figure 1).

Details of the physical configuration of the Lines on segments of the distribution route are 

included in Appendix A.  Figure A-1 shows the double-circuit structure used for modeling XS-1 

and XS-2.  Figure A-2 shows the overhead distribution structure used for modeling XS-3 and 

XS-4 and Figure A-3 shows the duct banks used for modeling XS-5, XS-6 and XS-7.   
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Loading 

As described above, the ESS is expected to reduce the need to operate diesel generators during 

peak loading.  All loading levels modeled herein are therefore representative of peak loading.  In 

the existing configuration, the #75 Line supplies load primarily downstream (south) of the 

proposed ESS and so carries substantially more power (approximately 19.8 MW) at the location 

of the ESS than the #97 Line (~0.27 MW) which supplies load primarily upstream (north) of the 

proposed ESS.  Each of the seven modeling cross sections is evaluated for three separate 

loading scenarios: Existing, Phase 1 and Phase 2.  A graphical summary of the loading scenarios 

is shown in Figure 2.   

 Existing: The Generator Tap is assumed to carry 7.5 MW of power to the #75 Line to

downstream (southerly) loads.

 Phase 1: The ESS will supply 4.9 MW and the Generator Tap will supply 2.5 MW of

power, both to the #75 Line for downstream (southerly) loads.

 Phase 2: In addition to the 4.9 MW supplied to the #75 Line from Phase 1, the ESS also

will supply 4.9 MW of power to the #99 Line for downstream (southerly) loads as well

as 4.9 MW of power to the #97 Line for upstream (northerly) loads.

 12
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Figure 2. Summary of Existing (green), Phase 1 (blue) and Phase 2 (purple) loading 
scenarios considered.   

Phasing 

The analysis of the optimal phasing of the dual-circuit structure supporting the #75 and #97 

Lines  showed that the maximum magnetic-field level, calculated directly below the centerline, 

changes by less than 1 milligauss (mG) regardless of the selected phasing.  For modeling 

purposes, the phasing of the #97 Line was conservatively selected to result in the highest 

magnetic field level for the existing configuration and the same relative phasing was used for 

Phase 1 and Phase 2 calculations (for both #97 and #99 Lines).  In underground sections where 

more than one line is present (XS-5 and XS-6) the phasing of the lines cannot be controlled 

because the trefoil bundle will rotate in an uncontrolled way as they are pulled through the 

individual ducts .  Similarly, in XS-3 and XS-6 the phasing does not affect calculated field 

levels and so no phasing analysis was performed for these sections. 
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Methods 

Eversource provided data to Exponent regarding the configuration and loading of the existing 

and proposed distribution lines and interconnection taps as described above.  In accordance with 

IEEE Std. C95.3.1-2010 and Std. 0644-1994 (R2008), magnetic field levels were calculated in 

units of mG as the root-mean-square (RMS) value of the field ellipse along a transect 

perpendicular to the distribution line at a height of 1 meter (3.28 feet) above ground.  Magnetic 

levels were calculated using computer algorithms developed by the Bonneville Power 

Administration (BPA), an agency of the U.S. Department of Energy (BPA, 1991).  These 

algorithms have been shown to accurately predict magnetic field levels measured near power 

lines (Chartier and Dickson, 1990; Perrin et al., 1991).  The inputs to the program are data 

regarding voltage, current flow, phasing, and conductor configurations.  The current and voltage 

of all lines are assumed to be in phase with a unity power factor.  The magnetic-field values 

were calculated along profiles perpendicular to lines at the point of lowest conductor sag (mid-

span), i.e., closest to the ground for the entire distance between structures and over flat terrain.
2

2 Duct banks were modeled at the Eversource design minimum burial depth of 36-inches to the top of the duct 

bank.  Neutral conductors were not modeled in underground duct banks as their effect on magnetic field levels 

is expected to be negligible. 
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Assessment Criteria 

While the federal government has no regulations regarding EMF, including levels from 

transmission or distribution lines, the Massachusetts Energy Facilities Siting Board (EFSB) 

assesses EMF levels on a case-by-case basis with a focus on practical options to reduce 

magnetic field levels.  This practice is also consistent with the recommendations of the World 

Health Organization (WHO, 2007).   

Consistent with the recommendations of the EFSB and WHO, Eversource is re-using existing 

infrastructure where possible so that there are fewer new sources of magnetic fields.  In 

addition, the design of new distribution infrastructure uses underground duct banks and bundles 

the conductors of individual distribution lines together in a single duct to further reduce 

magnetic-field levels. 

Levels of EMF also can be assessed in reference to standards and guidelines developed by 

scientific and health agencies.  Two international agencies that have published limits of 

exposure to EMF include the International Committee on Electromagnetic Safety (ICES) and 

the International Commission on Non-Ionizing Radiation Protection (ICNIRP).  The assessment 

levels (reference levels) set by these organizations are summarized in Table 1 below. 

Table 1. Reference levels for whole body exposure to 60-Hz fields: general public. 

Organization Magnetic Fields 

ICNIRP 2,000 mG 

ICES 9,040 mG 
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Results 

The calculated peak magnetic field levels before the construction of the ESS are 17 mG or less.  

After completion of Phase 1 and Phase 2 of the ESS project the maximum calculated magnetic 

field level is calculated to decrease to 11 mG and other field levels are calculated to remain 

generally similar to existing levels.  Calculated magnetic-field levels are shown graphically in 

Appendix B (Figure B-1 through B-7).  The figures show the magnetic field levels for Existing, 

Phase 1 and Phase 2 conditions, calculated out to 100 feet from the center of the respective 

distribution line or underground duct bank.  The calculated magnetic field levels at the 

centerline of the Line(s) and at ±25, ±50, and ±100-feet from the centerline are presented in 

Appendix C, Table C-1.   

The peak magnetic-field levels below the #75, #97, and in Phase 2, #99 distribution lines north 

and south of the ESS (XS-1 and XS-2) will not materially change after installation of Phase 1 of 

the project.  Similarly, magnetic-field levels in Phase 2 of the project are calculated to change 

by 3.7 mG or less.  This includes the magnetic field levels south (downstream) of the ESS which 

are calculated to increase from 3.6 mG to 7.3 mG (an increase of  3.7 mG) directly beneath the 

lines and increase by 1.3 mG to 2.7 mG or less at 50 feet from the lines.  This increase is 

primarily due to the additional load capacity supplied by the ESS to the #99 Line in Phase 2.  

North (upstream) of the ESS, the magnetic field levels are calculated to increase by 0.8 mG or 

less at all distances from the line after the Phase 2 of the project.   

Larger variations in magnetic field levels are calculated to occur in the immediate vicinity of the 

ESS but are limited to the overhead road crossings of the Generator Tap and Building Tap.  The 

magnetic field level from the overhead Generator Tap connecting to the #75 Line (XS-3) is 

calculated to decrease as a result of the project from an existing maximum level of 17 mG to 

5.7 mG in Phase 1 and 0.0 mG in Phase 2.  This is because the need for the generators is 

expected to be supplemented by the ESS.  Conversely, the increased load supplied by the ESS to 

the #97 Line (XS-4) over the overhead Building Tap interconnection in Phase 2 of the project is 

calculated to increase magnetic field levels directly beneath the line over the Edgartown-

Vineyard Haven Road crossing from 0.3 mG to 11 mG in Phase 2.   
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The highest magnetic-field level from the duct bank connecting the ESS to the #75 and #99 

Lines beneath Edgartown-Vineyard Haven Road (XS-6) is 4.2 mG directly above the duct bank, 

decreasing to 0.3 mG or less at a distance of 25 feet from the duct bank centerline.  On 

Eversource property (XS-5 and XS-7) the maximum Phase 2 magnetic-field level from the 

underground interconnection duct banks is 6.0 mG and decreases to 0.5 mG or less at a distance 

of 25 feet from the duct bank centerline. 
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Summary 

This report has summarized calculations of the magnetic-field levels associated with the 

proposed ESS on Martha’s Vineyard.  These calculations have been performed using standard 

methods used by the scientific and engineering community and which have previously been 

found to match well with field measurements. 

The magnetic-field level from the distribution lines extending both north and south of the ESS 

are calculated not to change during Phase 1 of the project and to change by 3.7 mG or less 

during Phase 2 of the project.  The highest calculated magnetic field levels both before and after 

the Project are localized to the immediate vicinity of the Oak Bluffs Service Center.  The 

highest existing magnetic field is from the short Generator Tap (17 mG) while after completion 

of the project the highest magnetic-field level will be less (11 mG) and will be from the short 

overhead interconnection to the #97 Line.  Magnetic field levels above the underground duct 

banks are calculated to be lower than beneath the overhead distribution lines and will decrease 

to 0.5 mG or less at distances of 25 feet or more from the duct bank.  Electric field levels are 

calculated to not change as a result of this project.  These results indicate that the operation of 

the ESS system will have a minimal effect on the levels of EMF at the nearest residences. 
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Notice 

At the request of Eversource and TRC, Exponent modeled the levels of electric and magnetic 

fields associated with the proposed Martha’s Vineyard ESS Project.  This report summarizes 

work performed to date and presents the findings resulting from that work.  In the analysis, we 

have relied on geometry, material data, usage conditions, specifications, and various other types 

of information provided by the client.  Eversource has confirmed to Exponent that the summary 

contained herein of data provided to Exponent is not subject to Critical Energy Infrastructure 

Information restrictions.  We cannot verify the correctness of this input data, and rely on the 

client for the data’s accuracy.  Although Exponent has exercised usual and customary care in the 

conduct of this analysis, the responsibility for the design and operation of the project remains 

fully with the client. 

The findings presented herein are made to a reasonable degree of engineering and scientific 

certainty.  Exponent reserves the right to supplement this report and to expand or modify 

opinions based on review of additional material as it becomes available, through any additional 

work, or review of additional work performed by others. 

The scope of services performed during this investigation may not adequately address the needs 

of other users of this report, and any re-use of this report or its findings, conclusions, or 

recommendations presented herein other than for permitting of the proposed project are at the 

sole risk of the user.  The opinions and comments formulated during this assessment are based 

on observations and information available at the time of the investigation.  No guarantee or 

warranty as to future life or performance of any reviewed condition is expressed or implied. 
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Figure A-1. Double-circuit structure used in XS-1 and XS-2, supporting the #75 Line (top) 
and #97 Line (bottom) in the Existing and Phase 1 configurations.  

In Phase 2, south of the Service Center the same structure is used to support 
the #75 Line (top) and #99 Line (bottom) 
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Figure A-2. Structure supporting the Generator Tap (XS-3) and Building Tap (XS-4) 
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a) b) c) 

Figure A-3. Underground duct banks used for modeling. a) XS-5, b) XS-6, c) XS-7.   

Blue circles represent conductors in Phase 1 & Phase 2 connecting the ESS to the #75 Line.  Green circles represent 

conductors connecting the ESS to the #97 Line in Phase 2.  Purple circles represent conductors connecting the ESS to 

the #99 Line in Phase 2. 
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Figure B-1. Magnetic field profile for XS-1 at peak loading. 

XS-1 represents the dual-circuit distribution lines (#75 and #97) upstream (north) 
of the ESS site on the east side of Edgartown-Vineyard Haven Road 
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Figure B-2. Magnetic field profile for XS-2 at peak loading. 

XS-2 represents the dual-circuit distribution lines (#75 and #97 in Phase 1; 
#75 and #99 in Phase 2) downstream (south) of the ESS site on the east side of 
Edgartown-Vineyard Haven Road 
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Figure B-3. Magnetic field profile for XS-3 at peak loading. 

XS-3 represents the existing Generator Tap to the #75 Line 
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Figure B-4. Magnetic field profile for XS-4 at peak loading. 

XS-4 represents the existing Building Tap (and future connection of the Phase 2 
ESS) to the #97 Line 
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Figure B-5 Magnetic field profile for XS-5 at peak loading. 

XS-5 represents the proposed triple-circuit duct bank for connecting the ESS to 
the #75 Line (Phase 1 and Phase 2) and to the #97 Line and #99 Line (Phase 2) 
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Figure B-6. Magnetic field profile for XS-6 at peak loading. 

XS-6 represents the proposed dual-circuit duct bank crossing beneath 
Edgartown-Vineyard Haven Road for connecting the ESS to the #75 Line 
(Phase 1 and Phase 2) and to the #99 Line (Phase 2)  
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Figure B-7. Magnetic field profile for XS-7 at peak loading. 

XS-7 represents the proposed duct bank connecting the ESS to the riser pole 
adjacent to the Oak Bluffs Service Center for connection to the # 97 Line (Phase 
2) 
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Table C-1. Magnetic-field level (mG) at peak loading. 

Distance from Structure/Duct bank Centerline 

Section Configuration –100 ft. –50 ft. –25 ft. Max +25 ft. +50 ft. +100 ft 

XS-1 

Existing 0.3 1.0 1.8 2.7 2.0 1.1 0.4 

Phase 1 0.3 1.0 1.8 2.7 2.0 1.1 0.4 

Phase 2 0.4 1.2 2.3 3.5 2.4 1.2 0.4 

XS-2 

Existing 0.5 1.3 2.4 3.6 2.7 1.5 0.5 

Phase 1 0.5 1.3 2.4 3.6 2.7 1.4 0.5 

Phase 2 0.9 2.6 5.0 7.3 5.2 2.7 0.9 

XS-3 

Existing 0.9 3.2 8.3 17 8.3 3.2 0.9 

Phase 1 0.3 1.1 2.8 5.7 2.8 1.1 0.3 

Phase 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

XS-4 

Existing 0.0 0.1 0.1 0.3 0.1 0.1 0.0 

Phase 1 0.0 0.1 0.1 0.3 0.1 0.1 0.0 

Phase 2 0.6 2.1 5.4 11 5.4 2.1 0.6 

XS-5 

Existing n/a n/a n/a n/a n/a n/a n/a 

Phase 1 0.0 0.0 0.2 1.9 0.2 0.0 0.0 

Phase 2 0.0 0.1 0.5 6.0 0.5 0.1 0.0 

XS-6 

Existing n/a n/a n/a n/a n/a n/a n/a 

Phase 1 0.0 0.0 0.2 1.9 0.2 0.0 0.0 

Phase 2 0.0 0.1 0.3 4.2 0.3 0.1 0.0 

XS-7 

Existing n/a n/a n/a n/a n/a n/a n/a 

Phase 1 n/a n/a n/a n/a n/a n/a n/a 

Phase 2 0.0 0.0 0.2 1.9 0.2 0.0 0.0 




