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Executive Summary 

National Grid, Northeast Utilities, and ISO New England (ISO) formed a working group to conduct 

the studies necessary to develop a 10-year plan for transmission system improvements for the 

southern New England (SNE) region. The 10-year plan specifically addresses western and central 

Massachusetts (particularly the Springfield area), Rhode Island, and eastern and central Connecticut. 

  

The objective of this 10-year plan is to ensure that the SNE region continues to comply with criteria 

and reliability standards established by the North American Electric Reliability Corporation (NERC), 

the Northeast Power Coordinating Council (NPCC), and the ISO.
1
 These criteria and standards define 

regional transmission requirements and transmission-transfer capabilities with respect to stability, 

steady state, and fault-current conditions. They are in place to ensure, for the long term, that the 

regional transmission system serving New England is robust and flexible, reliably delivers power to 

customers under a wide range of projected future system conditions, and is able to address reasonably 

foreseeable contingencies.  

 

The working group developed the transmission system improvements described in this analysis in 

conjunction with the ISOôs 10-year regional system planning process, which showed the likelihood of 

portions of the SNE region not meeting the criteria and standards by 2009.
2
 A full explanation and 

review of the criteria, the results of the analysis, and the statement of need for the SNE transmission 

system are contained in the January, 2008, report, Southern New England Transmission Reliability 

(SNETR) Report 1ðNeed Analysis (Needs Analysis).
3
  

 

This report, Report 2ðOptions Analysis, describes the results of the working groupôs analysis of the 

options that address the needs identified in the Needs Analysis. The Options Analysis explains how 

the options were developed to meet the identified needs, describes the main features of the solutions, 

and compares the solutions in terms of system performance characteristics. As shown in this report, a 

number of the potential solutions would ensure reliable system performance for the SNE region for 

the time periods under study. 

                                                 
1The ISO system must comply with NERC and NPCC criteria and standards and ISO planning and operating procedures. As 

certified by the Federal Energy Regulatory Commission in 2006, NERC is the ñelectric reliability organizationò (ERO) 

whose mission is to improve the reliability and security of the bulk power system in North America. Information on NERC 

requirements is available online at http://www.nerc.com (Princeton, NJ: NERC, 2007). NPCC is the cross-border regional 

entity and criteria services corporation for northeastern North America. NPCCôs mission is to promote and enhance the 

reliable and efficient operation of the international, interconnected bulk power system in the geographic area that includes 

New York State, the six New England states, and the Ontario, Québec, and the Maritime provinces of Canada. Additional 

information on NPCC is available online at http://www.npcc-cbre.org/default.aspx (New York: NPCC Inc., 2007). 

Information about ISO New England Planning Procedure No. 3 (PP 3), Reliability Standards for the New England Area Bulk 

Power Supply System, is available online at http://www.iso-ne.com/rules_proceds/isone_plan/PP3_R3.doc (Holyoke, MA: 

ISO New England, 2006). 

2 Summaries of the ISOôs projections for the southern New England transmission system have appeared in the 2005, 2006, 

and 2007 Regional System Plans (RSPs) as well as previous yearsô Regional Transmission Expansion Plans. These reports 

are available online at http://www.iso-ne.com/trans/rsp/index.html. 

3 The Southern New England Transmission Reliability (SNETR) Report 1ðNeeds Analysis can be obtained by contacting 

ISO Customer Service at 413-540-4220 or custserv@iso-ne.com. 

http://www.nerc.com/
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Development and Assessment of Plan Components and Options 

The first step for this study was to establish the design objectives for the future southern New 

England transmission system based on the reliability deficiencies identified in the Needs Analysis. 

Using these design objectives, the working group developed and evaluated a combination of 

complementary options for upgrading the system to meet the identified performance objectives during 

the long-term planning horizon. 

 

In formulating each option, the working group considered more than just the performance of the 

option under specific conditions. It also considered the relationship that each option could have with 

other components of the comprehensive solution for the SNE region, with other elements of the 

transmission system, and with the regional transmission system as a whole. Consideration of these 

relationships ensured that the development of a ñsolutionò was comprehensive and did not have an 

adverse impact on other parts of the bulk transmission system. These relationships led the working 

group to develop an approach to solving the SNE regionôs needs with these four components: 

 

 Interstate ComponentðThis component provides an additional link between 

Massachusetts, Rhode Island and Connecticut or, in one case, just between Rhode Island and 

Connecticut, and improves regional transfer capabilities. Initial brainstorming sessions among 

working group members resulted in 17 options for the Interstate component, of which five 

viable options remain.  

 Rhode Island ComponentðThis component increases Rhode Islandôs access to New 

Englandôs 345 kV bulk transmission system and eliminates both thermal overloads and 

voltage violations. Three options (two Interstate options plus one independent option) were 

developed to better connect Rhode Island to the rest of the system, three options were 

developed to extend these new facilities farther into the major load center in southwest Rhode 

Island, and two options were developed to bring an additional source into the 115 kV load 

center from the east. 

 Connecticut EastïWest ComponentðThis component provides an additional link between 

western and eastern Connecticut and improves system transfer capabilities between these 

areas. Initially, four options were developed for this component. One option was eliminated 

as a result of poor performance, which left three options for further study. 

 Springfield ComponentðThis component eliminates both thermal and voltage violations in 

the Springfield area while increasing the areaôs access to the 345 kV bulk transmission 

system. The number of 345 kV options for the Springfield component was limited; however, 

35 options were initially developed because a number of possible 115 kV solutions would 

work well with any of the 345 kV options, which created a multiplicative effect. Three 

345 kV options remain, each having four 115 kV variations, for a total of 12 potential 

solutions.  

 

Developing the options for each of these four components has been an iterative process for the 

working group. Options that appeared to be capable of mitigating reliability concerns were 

formulated and then analyzed for compliance with design criteria and objectives. Additional 

modifications were formulated as necessary and then the option was reevaluated. This step was 

repeated until either the option was clearly workable or was determined to be not viable or not 

practical because it would require too many modifications. 
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Component Options that Exhibited Superior Performance 

In each of the four components, most of the options that were found to meet or exceed the system 

criteria and objectives involve adding new 345 kV transmission lines, although all the upgrades 

associated with the four components also include 115 kV facilities and autotransformers. 

Interstate Component Options 

The Interstate component serves to strengthen the ties between the southern New England states and 

increase the ability to move power between eastern New England and western New England. For the 

five Interstate options that exhibited superior performance in meeting system criteria and objectives, 

the new 345 kV lines that would act as the óbackboneô for the options are listed below.  

 

 Interstate Option Aða new 345 kV line from the Millbury, MA, substation to the West 

Farnum, RI, substation and then to the Lake Road, CT, substation and terminate at the Card, 

CT, substation  

 Interstate Option Bða new 345 kV line from the West Farnum substation to the Kent 

County, RI, substation and then to the Montville, CT, substation. (The line from the West 

Farnum substation to the Kent County substation is part of the Rhode Island component.) 

 Interstate Option Cða new 345 kV line from the Millbury substation to the Carpenter Hill, 

MA, substation and terminate at the Manchester, CT, substation 

 Interstate Option Dða new 345 kV line from the Millbury substation to the Carpenter Hill 

substation to the Ludlow, MA, substation to the Agawam, MA, substation to the North 

Bloomfield, CT, substation. (The line from the Ludlow substation to the Agawam substation 

to the North Bloomfield substation is part of the Springfield component.)  

 Interstate Option Eða new 1,200 MW high-voltage direct-current (HVDC) tie between the 

Millbury substation and the Southington, CT, substation 

Rhode Island Component Options 

The Rhode Island component upgrades would serve three basic functions: (1) bring an additional 

source (in the form of a new transmission line) into Rhode Island, (2) extend a second source 

(transmission line) to the southwest area of Rhode Island, and (3) add a new source (345/115 kV 

autotransformer) from the east into the 115 kV load center.  

 

Bringing an additional source into Rhode Island is handled as part of Interstate Options A and B or by 

installing a second Sherman Road, RIïWest Farnum 345 kV line as part of Interstate Options C, D, 

and E. 

 

The addition of a second West FarnumïKent County 345 kV line proved to be the most cost-effective 

option for extending a second source to the southwest area. Adding 115 kV lines and upgrades proved 

unable to support the loss of the existing West FarnumïKent County 345 kV line.  

 

Similarly, adding a new 345/115 kV substation into the 115 kV system from the east side proved to 

be the most effective option for eliminating the 115 kV voltage concerns that had been identified and 

forecast. This new substation would be looped into the existing 345 kV line (the 303 line) that 

extends from Brayton Point to ANPïBellingham. The 115 kV lines that currently tie the South 

Wrentham substation to the Brayton Point substation (the 181 and 182 lines) also would be looped 

into this new substation under this option.  
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Connecticut EastïWest Component Options 

The Connecticut EastïWest component increases the ability to move power between eastern and 

western Connecticut. It can be thought of as an extension to the Interstate component by helping to 

move power from eastern to western New England, and vice versa, depending on the dispatch of 

existing generation and on the location of future generators. The three options for the Connecticut 

EastïWest component that exhibited superior performance are as follows: 

 

 Option Aða new 345 kV line from Manchester to Southington 

 Option Bða new 345 kV line from Manchester to Scovill Rock and from Berlin to Hans 

Brook Junction 

 Option Cða new 345 kV line from North Bloomfield to Frost Bridge 

Springfield Component Options 

The Springfield component reduces Springfieldôs dependence on internal generation by increasing the 

areaôs access to the 345 kV bulk transmission system and eliminates the thermal and voltage criteria 

violations of the area. The three options for the Springfield component that exhibited superior 

performance in meeting these objectives are as follows: 

 

 Option Aða new 345 kV line from Ludlow to Agawam to North Bloomfield 

 Option Bða new 345 kV line from Ludlow to North Bloomfield 

 Option Cða new 345 kV line from Ludlow to Manchester 

Relationships among Components and Options 

The relationships among the four components and options are as follows: 

 

 Interstate ComponentðThe preferred Interstate option can be selected without respect to 

other component selections; however, this selection will dictate some of the Rhode Island 

component selections. Interstate Option E, which adds a HVDC line from the Millbury 

substation to the Southington substation, obviates the need for a separate 345 kV line to 

mitigate Connecticut EastïWest constraints.  

 Rhode Island ComponentðAs stated, some of the system improvements that make up the 

Rhode Island options depend on which Interstate option is selected (as shown in Appendix A, 

Table A-2). Therefore, the Interstate option selected will directly affect which Rhode Island 

option is selected. Some of the improvements of the Rhode Island component options are 

independent of the selections for any of the other components of the plan.  

 Connecticut EastïWest ComponentðThe improvements for the Connecticut EastïWest 

component options are independent of the selections for any of the other component options. 

However, as stated, the selection of Interstate Option E would obviate the need for a 

Connecticut EastïWest 345 kV option, since it would satisfy the reliability need for both the 

Interstate and the Connecticut EastïWest components. 

 Springfield ComponentðThe improvements for the Springfield component are independent 

of the preferred Interstate option unless Option D is selected. In this case, additional 

Springfield area upgrade(s) would be required. This component is independent of the Rhode 

Island and Connecticut EastïWest Component options. 
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Next Steps 

The next part of the process is for the participating transmission owners to analyze the environmental 

impacts, cost, constructability, and routing for each option of each component. Once this information 

is gathered and analyzed, preferred options for each of the four plan components can be identified. 
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Section 1  
Introduction 

National Grid, Northeast Utilities, and ISO New England (ISO) formed a working group to conduct 

the studies necessary to develop a 10-year plan for transmission system improvements for the 

southern New England (SNE) region. The plan specifically addresses western and central 

Massachusetts (particularly the Springfield area), Rhode Island, and eastern and central Connecticut 

(see Figure 1-1). 
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Figure 1-1: Key substations in southern New England. 

 

The objective of the 10-year integrated SNE transmission enhancement plan is to ensure that the 

region complies with a number of design, operation, and reliability criteria and standards, as follows, 

to improve the long-term reliability and performance of the southern New England transmission 

system: 
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 North American Electric Reliability Corporationôs (NERC) Reliability Standards for the Bulk 

Power Systems of North America
4
 

 Northeast Power Coordinating Councilôs (NPCC) Basic Criteria for the Design and Operation 

of Interconnected Power Systems
5
 

 The ISOôs Planning Procedure No. 3 (PP 3), Reliability Standards for the New England Area 

Bulk Power Supply System
6
 

 
These criteria and standards are in place to ensure that the regional transmission system serving New 

England can reliably deliver power to customers under a wide range of system conditions, such as 

anticipated facility outage events and system contingencies (i.e., the sudden and unplanned outage of 

a generating unit or transmission facility). The standards and criteria also ensure the adequate transfer 

of power among the New England Control Area and the surrounding control areas and account for 

possible future system configurations (i.e., load and generation scenarios). To comply with PP 3, the 

system meets the minimum acceptable level of reliable service if it passes the test conditions under 

simulation, as specified in this procedure. 

 

A full explanation and review of the criteria, the statement of need for the SNE regional transmission 

system, and the results of an analysis of the needs are contained in Southern New England 

Transmission Reliability (SNETR) Report 1ðNeeds Analysis (Needs Analysis).
7
 This report,  

Report 2ðOptions Analysis, summarizes the needs identified in the first report and describes each of 

the solutions and how they were developed for addressing the identified needs. This report also 

discusses the results of the analysis for developing options for solutions and compares them in terms 

of system performance characteristics. 

 

A number of the transmission upgrades that were developed were found to meet the stated 

requirements for ensuring reliable and adequate system performance for the areas and time periods 

under study. 

 

                                                 
4 As certified by the Federal Energy Regulatory Commission in 2006, NERC is the ñelectric reliability organizationò (ERO) 

whose mission is to improve the reliability and security of the bulk power system in North America. Information on NERC 

requirements is available online at http://www.nerc.com (Princeton, NJ: NERC, 2007). 

5  NPCC is the cross-border regional entity and criteria services corporation for northeastern North America. NPCCôs 

mission is to promote and enhance the reliable and efficient operation of the international, interconnected bulk power system 

in the geographic area that includes New York State, the six New England states, and the Ontario, Québec, and the Maritime 

provinces of Canada. Additional information on NPCC is available online at http://www.npcc-cbre.org/default.aspx (New 

York: NPCC Inc., 2007). 

6 ISO New England Planning Procedure No. 3, Reliability Standards for the New England Area Bulk Power Supply System, 

is available online at http://www.iso-ne.com/rules_proceds/isone_plan/PP3_R3.doc  (Holyoke, MA: ISO New England, 

2006). 

7 The Southern New England Transmission Reliability (SNETR) Report 1ðNeeds Analysis (August 7, 2006) can be obtained 

by contacting ISO Customer Service at 413-540-4220 or custserv@iso-ne.com. 

http://www.nerc.com/
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Section 2  
Overview of Transmission System 
Problems and Needs 

Through its analyses of the 10-year planning period, the working group identified a number of 

deficiencies in transmission system security that could lead to violations of the planning criteria and 

standards the system must meet. These deficienciesðmany of which are a result of the significant 

degree of load growth in the SNE regionðform the justification for the needed transmission system 

improvements. Although discussed in detail in the Needs Analysis, the specific reliability needs are 

summarized as follows for quick reference: 

 

 The amount of power that can be delivered between eastern New England and western New 

England must be increased. The eastïwest power flows across southern New England could 

be limited because of potential thermal and voltage violations of area transmission facilities 

under contingency conditions. 

 The amount of power that can be moved between Connecticut, Massachusetts, and Rhode 

Island must be increased to eliminate transmission security criteria violations. 

 The reliability of the transmission supply to the Springfield, Massachusetts, area must be 

improved by eliminating thermal overloads and voltage problems under numerous 

contingencies. The severity of these problems increases as the system attempts to move 

power into Connecticut from the rest of New England. In the Springfield area, local double-

circuit tower outages (DCT), stuck-breaker outages, and single-element outages all can result 

in severe thermal overloads and low-voltage conditions. This sentence has been redacted 

and may be accessed by calling ISO New England Customer Service at (413) 540-4220. 

 The ability to move power into and out of Connecticut must be enhanced. In the past, the 

limited ability to export power from Connecticut to the rest of New England was the more 

serious problem; however, this has reversed in recent years. The ability to import power 

presently is limited and could eventually result in the inability to serve load under many 

probable system conditions. Power-transfer capabilities in the Connecticut area are forecast to 

be insufficient for meeting the areaôs requirements as early as 2009.
8
 If improvements are not 

made by 2016, the deficiency for this area under ñgenerator unavailability conditionsò (i.e., 

when the largest unit plus a historical average amount of other generation is out-of-service) 

and when a single power system element is lost (N-1 conditions) is expected to be greater 

than 1,500 MW, assuming a transfer limit of 2,500 MW and no new capacity additions. On 

the basis of planning assumptions of future generation additions of 500 MW and retirements 

of 204 MW within the Connecticut area, by 2016 a deficiency of approximately 1,100 MW 

will occur for N-1 conditions, and 1,200 MW for N-1-1 conditions (i.e., conditions under 

which a transmission element is unavailable and a single power system element is lost).  

 The amount of power that can be delivered from eastern Connecticut to western Connecticut 

must be increased by eliminating transmission security criteria violations. These violations, 

which can cause thermal constraints, limit the Connecticut eastïwest power transfers across 

the central part of Connecticut. The movement of power from east to west, in conjunction 

                                                 
8 RSP06, Table 9-3 
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with higher import levels to serve Connecticut, overloads transmission facilities within 

Connecticut. 

 The reliability of the transmission supply to the Rhode Island area must be improved by 

eliminating thermal overloads and voltage problems. Rhode Island now is overly dependent 

on a limited number of transmission lines or autotransformers to serve its needs, which could 

result in thermal overloads and voltage problems during contingency conditions. Causal 

factors for these conditions include high load growth (especially in southern Rhode Island 

and the coastal communities), unit availability, and planned and unplanned transmission 

outages. The Rhode Island 115 kV system is constrained when a 345 kV line is out of service. 

Outage of any one of a number of 345 kV transmission lines limits the amount of power that 

can be transferred into Rhode Island. For line-out conditions, the next critical contingency 

involving the loss of a 345/115 kV autotransformer or a second 345 kV line results in 

numerous thermal and voltage violations. 
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Section 3  
Development and Assessment of Options 

Developing and assessing the options for addressing the identified reliability needs has been a highly 

complex effort. The first part of the process was to establish the objectives for the future performance 

of the SNE transmission system based upon the reliability deficiencies shown in the Regional System 

Plans (RSPs) and as discussed in the Needs Analysis report. Using these performance objectives, the 

working group developed and evaluated a combination of complementary options for transmission 

system upgrades for the long-term planning horizon. This section describes the design objectives for 

the options as well as the ability of each set of options to meet these objectives.  

3.1 Developing the Four-Component Approach 

In formulating each option, the working group considered not only the performance of the option but 

also the relationship that each option could have with other components of the comprehensive 

solution, with other elements of the transmission system, and with the regional transmission system as 

a whole. Consideration of these relationships ensured that the development of one ñsolutionò was 

comprehensive and did not have an adverse impact on other parts of the system. These relationships 

led the working group to develop an approach to solving the SNE regionôs needs with these four 

components: 

 

 Interstate ComponentðThis component either provides an additional link between 

Massachusetts, Rhode Island, and Connecticut or, in one case, just between Rhode Island and 

Connecticut, and improves regional transfer capabilities. Initial brainstorming sessions 

identified 17 options for the Interstate component, of which five viable options remain.  

 Rhode Island ComponentðThis component increases Rhode Islandôs access to New 

Englandôs 345 kV bulk transmission system and eliminates both thermal overloads and 

voltage violations. Three options (two Interstate options plus one independent option) were 

developed to better connect Rhode Island to the rest of the system, three options were 

developed to extend these new facilities farther into the major load center in southwest Rhode 

Island, and two options were developed to bring an additional source into the 115 kV load 

center from the east. 

 Connecticut EastïWest ComponentðThis component provides an additional link between 

western and eastern Connecticut and improves system transfer capabilities. Four options were 

initially developed for this component; one was eliminated as a result of poor performance, 

which left three options for further study. 

 Springfield ComponentðThis component eliminates both thermal and voltage violations in 

the Springfield area while increasing the areaôs access to the 345 kV bulk transmission 

system. The number of 345 kV options for the Springfield component was limited; however, 

35 options were initially developed because a number of possible 115 kV solutions would 

work well with any of the 345 kV options. Three 345 kV options remain, each having four 

115 kV variations, for a total of 12 potential solutions.  

 

As shown in Figure 3-1, a number of factors were considered in formulating and evaluating the 

options within each component of the plan. These factors ranged from considering the impacts of an 

option on the New YorkïNew England transfer capabilities to assessing the impact of adding a 

specific generating unit.  
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Figure 3-1: Diagram of relationships among southern New England components. 

 

The lines interconnecting the boxes in Figure 3-1 show how the components can have an impact on 

one another. For example, the performance of the Rhode Island 345 kV system depends, to some 

extent, on all the following: 

 

 RI Load (Rhode Island load levels) 

 NE East-West Transfers (transfer level from eastern to western New England) 

 CT Import (N-1) Performance (transfer level into Connecticut) 

 RI Dispatches (generation dispatch in Rhode Island) 

 Status of Lake Road (generation dispatch on the borders) 

 W. Mass. Performance (performance of western Massachusetts system [i.e., Ludlow to 

Manchester loading]) 

 

To ensure the resiliency of the solutions, the design of the system upgrades accounted for the 

premature loss of generation concurrent with the ability of the system to maintain an acceptable level 

of performance under line-out-of-service conditions. This is an important planning consideration 

because implementing a transmission system upgrade to ensure system reliability in response to an 

unforeseen event can require from three to five years. To create solutions that are sufficient to meet 

minimum reliability requirements for both the foreseeable and the unforeseen circumstances, the 

following assumptions have been included as planning considerations: 
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 Connecticut generationðthe unavailability of the following generation, alone or in 

combination, plus no new major generation additions: 

o Millstone #3 (1,260 MW) 

o Other major area generation (Equivalent demand forced-outage rates are calculated at 

over 500 MW.
9
) 

 Rhode Island generationðthe unavailability of any of the following units or stations, alone or 

in combination, plus no new major generation additions: 

o Rhode Island State Energy combined-cycle unit (448 MW) 

o Manchester Street station (357 MW) 

o Brayton Point 115 kV generation (479 MW) 

o Milford Power and Tiverton generation (433 MW) 

 Springfield generationðthe unavailability of any of the following plants, alone or in 

combination: 

o Berkshire Power (280 MW) 

o Mount Tom (147 MW) 

o West Springfield station (194 MW) 

 
All these assumptions enable the design of a system that would be responsive to potential events or 

conditions that limit the resources available to a supply area. The development and selection of 

options that contemplate such conditions allow for a more robust and flexible system and, ultimately, 

system upgrades with greater longevity.  

 

Developing these options has been an iterative process. Options that seemed capable of mitigating 

reliability concerns were formulated and analyzed for compliance with the design criteria and 

objectives. Additional modifications were formulated as necessary and the options reevaluated. This 

step was repeated until either a workable option was identified or it became clear that the option was 

not viable because it would require too many system modifications. 

3.2 Assessing the Options 

All the system upgrades associated with the four plan components were designed to resolve the 

reliability concerns for the southern New England transmission system over the projected planning 

horizon, as identified in the Needs Analysis. The options for the four plan components were evaluated 

for their potential to improve the reliability and performance of the transmission system, including the 

following factors: 

 

 Improving the capability to transfer power into and within the load centers in southern New 

England  

 Improving east-to-west and west-to-east transfer capability across New England and within 

Connecticut 

 Eliminating projected line overloads under contingency conditions 

                                                 
9 An equivalent demand forced-outage rate is the portion of time a unit is in demand but is unavailable because of a forced 

outage. 
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 Improving system voltages under contingency conditions 

 Decreasing system losses 

 Improving system expandability and flexibility 

 

The options also were compared on the basis of the thermal transfer limits across key New England 

interfaces that would be affected by these improvements. These included the New EnglandïNew 

York interface, the New England EastïWest interface, the Connecticut Import interface, and the 

Connecticut EastïWest interface. Thermal transfer limits are a function of a number of variables, as 

follows: 

 

 Load levels 

 Load distribution 

 Generation availability assumptions 

 Generation source and sink combinations
10

 

 Transmission facility outage assumptions 

 Transmission facility equipment ratings 

 Phase-angle regulator settings 

 Solution techniques 

 

Varying any of these factors produces a range of values for any interface transfer limit. System 

conditions could exist that restrict transfers below the limits stated. Conversely, system conditions 

also could allow for even higher transfers. For comparing the transfer-capability improvements 

resulting from the various options of each component, all thermal transfer limit variables were held 

constant in this analysis. 

 

The study evaluated the number of times an element is highly loaded (above 90%) under various 

contingency and dispatch conditions for each of the options within the Interstate component. 

Similarly, the study compared contingency voltage levels. These performance measures convey the 

relative strength of each option. The likelihood of each option reducing system losses, which provides 

both economic and efficiency improvements, also was evaluated.  

 

Limiting the increase in short-circuit duty for areas of the transmission system that may experience 

future short-circuit constraints is important for developing future generation. Areas that presently 

contain existing equipment that is close to the short-circuit limit are less likely to attract new 

generation because of the potential cost for system upgrades that would be required for the generation 

to interconnect. Therefore, comparing options on the basis of their impact on the short-circuit duty of 

an areaôs existing equipment is useful. This analysis did not consider the number of locations where 

increases may occur but rather only the highest increase at any single location observed on the 

system. 

                                                 
10 A source point is a point on the transmission system where electric energy is injected, such as an increase in generation. A 

sink point is a point on the transmission system where electric energy is withdrawn, such as a decrease in generation or an 

increase in load.  
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The working group also evaluated each optionôs potential for enhancing system expandability and 

flexibility . This is a key consideration given that transmission assets typically have lifetimes that 

exceed 40 years.  
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Section 4  
Interstate Component Options 

System studies have extensively examined the existing key transmission paths that interconnect 

Connecticut, Massachusetts, and Rhode Island. These studies have determined that reinforcing or 

otherwise modifying existing facilities alone will not bring the system into compliance with 

applicable reliability criteria and planning standards for the future. The most practical options to meet 

reliability criteria and simultaneously improve interstate transfer capability and load-serving ability 

were determined to be adding new 345 kV lines coupled with other reinforcements, as described 

elsewhere in this report. 

  

Accordingly, all five options for the Interstate component include the addition of new 345 kV lines, 

together with additional modifications and reinforcements. In general, each of the proposed Interstate 

options, coupled with the solutions of the three other components, wil l improve the ability of the SNE 

bulk transmission system to move power between eastern New England and western New England 

and enhance transmission security in Connecticut. They also will mitigate area transmission supply 

concerns for the Springfield and the Rhode Island supply areas and relieve transmission constraints 

for the transfer of power between eastern Connecticut and western Connecticut.  

 

Each option has been designed such that its general performance meets the design criteria established 

for the reliability of the SNE system. However, some salient characteristics related to such areas of 

concern as transfer capabilities, line loadings, voltage levels, and expandability are unique to each 

solution.  

 

This section summarizes the five options of the Interstate component and each optionôs potential to 

improve system performance and reliability. The factors used in evaluating each option are discussed 

and their individual characteristics compared in terms of their impact on other system characteristics. 

Detailed listings of the upgrades associated with each option are included in Appendix A. 

4.1 Process to Develop and Eliminate Interstate Options 

During an initial study session, 17 Interstate options were developed for discussion. The options 

identified as impractical, infeasible, or likely poor performers were eliminated over time, and new 

options were added to the mix. One of three original HVDC options was modified and reconsidered. 

Fourteen options were retained for further testing, which eventually were reduced to the five 

remaining options. The review process is depicted in Table 4-1, which also summarizes the 14 

options and the reasoning used to either eliminate or retain them. 
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Table 4-1 
The Process to Develop and Eliminate the Interstate Options 

Original 345 kV Interstate Options  Disposition Final Top 5 Options 

1 CardïLake Road This option was eliminated 
because it proved to be only a 
partial solution without 
adequate increases in 
interstate transfer capability. 

 

2 CardïLake RoadïSherman Road 

3 CardïLake RoadïSherman RoadïMillbury This option was eliminated 
because of performance 
issues compared with 
 option 4. 

 

4 CardïLake RoadïWest FarnumïMillbury  4. CardïLake RoadïWest 
FarnumïMillbury 
(designated Option A) 

5 CardïLake RoadïSherman RoadïWest 
FarnumïMillbury 

This option was eliminated 
because of performance 
issues compared with 
 option 4. 

 

6 MillburyïSherman RoadïWest FarnumïKent 
CountyïMontville 

 6. MillburyïSherman Roadï
West FarnumïKent Countyï
Montville (designated 
Option B) 

7 CardïLake RoadïCarpenter Hill This option was eliminated 
because it proved to be only a 
partial solution without 
adequate increases in 
interstate transfer capability. 

 

8 MontvilleïBrayton Point This option was eliminated 
because of performance 
issues. (Constructability 
issues also were raised.) 

 

9 ManchesterïCarpenter Hill This option was eliminated 
because it proved to be only a 
partial solution without 
adequate increases in 
interstate transfer capability. 

 

10 ManchesterïCarpenter HillïMillbury  10. ManchesterïCarpenter 
HillïMillbury (designated 
Option C) 

12 North BloomfieldïAgawamïLudlowï
Carpenter HillïMillbury 

Options 12 and 12a were 
combined into one option: 
option 12. 

12 LudlowïCarpenter Hillï
Millbury, plus separation of 
existing 395 line (designated 
Option D) 

12a North BloomfieldïAgawamïLudlowï
Carpenter HillïMillbury, plus separation of 
existing 395 line (LudlowïManchesterïNorth 
Bloomfield) 

13 MontvilleïKent CountyïManchesterï
Brayton Point 

This option was eliminated 
because of performance 
issues. (Constructability 
issues also were raised.) 

 

14 LudlowïAgawamïNorth Bloomfield This option became part of the 
Springfield Component 
analysis. 

 

 DCïMillburyïSouthington 
(added) 

DCïMillburyïSouthington 
(designated Option E) 

 



 

New England EastïWest Solutions    June 2008 

Report 2: Options Analysis 

 

12 

The five final Interstate options are as follows: 

 

 Interstate Option Aða new 345 kV line from the Millbury, MA, substation to the West 

Farnum, RI, substation and then to the Lake Road, CT, substation, terminating at the Card, 

CT, substation  

 Interstate Option Bða new 345 kV line from the West Farnum substation to the Kent 

County, RI, substation and then to the Montville, CT, substation. (The line from the West 

Farnum substation to the Kent County substation is part of the Rhode Island component.) 

 Interstate Option Cða new 345 kV line from the Millbury substation to the Carpenter Hill, 

MA, substation, terminating at the Manchester, CT, substation 

 Interstate Option Dða new 345 kV line from the Millbury substation to the Carpenter Hill 

substation to the Ludlow, MA, substation to the Agawam, MA, substation to the North 

Bloomfield, CT, substation. (The line from the Ludlow substation to the Agawam substation 

to the North Bloomfield substation is part of the Springfield component.)  

 In terstate Option Eða new 1,200 MW high-voltage direct-current (HVDC) tie between the 

Millbury substation and the Southington, CT, substation 

4.2 Description and Performance of the 345 kV Interstate Options 

This section describes each of the interstate options in further detail. One-line diagrams of the 345 kV 

transmission upgrades for each option are included. These figures do not show associated 115 kV 

system improvements; however, Appendix A contains a detailed description of all the upgrades 

included in each option.  For simplicity, these figures also do not show some intermediate 345 kV 

substations, such as Barbour Hill and Killingly. 

 

Each section also contains a table summarizing how the option performed with respect to the 

assessment process as described in Section 3.2. 

4.2.1 Interstate Option AðMillbury to West Farnum to Lake Road to Card 345 kV Major 

Upgrades 

This option adds a new 345 kV line that connects Millbury to West Farnum and then continues on to 

connect West Farnum to Card, with an intermediate connection at Lake Road. The reconductoring of 

the portion of the Sherman Road to Lake Road 345 kV line that physically is in Rhode Island also is 

part of this option. 

 

Figure 4-1 depicts the major upgrades that comprise Interstate Option A. Table 4-2 summarizes the 

assessment results for this option.  
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Figure 4-1: Interstate Option AðMillbury to West Farnum to Lake Road to Card 345 kV major upgrades. 
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Table 4-2 
System Performance Factors of Interstate Option A 

System Performance Factors Results Comments
(a)

 

Effect on transfer capability 

between New York and New 

England 

Positive effect See Section 4.3.8 for details.  

Improving New England 

eastïwest transfer capability 

Increases capability by 1,376 MW 

(to 4,174 MW total) 
Ranked third  

Improving Connecticutôs import 

capability 

N-1 import capability increases by 1,766 

MW (to 4,443 total); 

N-1-1 import capability increases by 

1,591 MW (to 2,783 MW) 

N-1 limit tied for third among the 

options; N-1-1 ranked second 

Eliminating high line loadings 

under contingencies (2016) 

46 high line loadings total; 

3 high all-lines-in loading; 

43 high line-out loadings 

Ranked firstðlowest number of 

high loadings 

Improving system voltages 

during contingencies (2016) 

6 borderline voltage cases following N-1 

contingencies 

Ranked firstð-lowest number of 

borderline voltage issues 

Decreasing system losses 
56 MW reduction in system losses 

compared with pre-project system 
Ranked fourth  

Decreasing short-circuit duty 8.9% increase on worst location Ranked fourth 

Improving system expandability Yes 

AC lines can readily be tapped for 

future substations and generator 

interconnections. 

(a) The performance rankings range from one to five, one being the best and five being the worst. 

 

4.2.2 Interstate Option BðWest Farnum to Kent County to Montville 345 kV Major Upgrades  

Interstate Option B extends the existing 345 kV line from the West Farnum station to the Kent 

County station into Connecticut to Montville station, providing a common supply path for both 

Rhode Island and Connecticut. This option also includes the reconductoring of the 345 kV line from 

Millbury through Carpenter Hill to Ludlow and the 345 kV line from ANP Blackstone (MA) to 

Sherman Road. 

 

Figure 4-2 depicts the major upgrades that comprise Interstate Option B. Table 4-3 summarizes the 

assessment results for this option.  
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Figure 4-2: Interstate Option BðWest Farnum to Kent County to Montville 345 kV major upgrades. 
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Table 4-3 
System Performance Factors of Interstate Option B 

System Performance Factors Results Comments
(a)

 

Effect on transfer capability 

between New York and New 

England 

Positive effect See Section 4.3.8 for details 

Improving New England 

eastïwest transfer capability 

Increases capability by 1,198 MW 

(to 3,996 MW total) 
Ranked fifth  

Improving Connecticutôs import 

capability 

N-1 import capability increases by 1,298 

MW (to 3,975 total); 

N-1-1 import capability increases by 

1,347 MW (to 2,539 MW) 

N-1 limit ranked fifth among the 

options; N-1-1 ranked fourth  

Eliminating high line loadings 

under contingencies (2016) 

118 high line loadings total; 

21 high all-lines-in loading; 

97 high line-out loadings 

Ranked fifthðhighest number of 

high loadings 

Improving system voltages 

during contingencies (2016) 

29 borderline voltage cases following N-

1 contingencies 

Ranked fifthðhighest number of 

borderline voltage issues 

Decreasing system losses 
55 MW reduction in system losses 

compared with pre-project system 
Ranked fifth  

Decreasing short-circuit duty 5.3% increase on worst location Ranked second 

Improving system expandability Yes 

AC lines can readily be tapped for 

future substations and generator 

interconnections. 

(a) The performance rankings range from one to five, one being the best and five being the worst. 

 

4.2.3 Interstate Option CðMillbury to Carpenter Hill to Manchester 345 kV Major Upgrades 

Interstate Option C provides a new 345 kV line from Millbury through Carpenter Hill to Manchester. 

In addition, a new 345 kV line from Sherman Road to West Farnum is required.  

 

Figure 4-3 depicts the major upgrades that comprise Interstate Option C. Table 4-4 summarizes the 

assessment results for this option.  

 



 

New England EastïWest Solutions    June 2008 

Report 2: Options Analysis 

 

17 

     

  

336 

333 

328 
347 

315 

332 

334 

395 

353 

376 
364 

329 

371 

383 

323 

302 

343 314 

Meeksville Jct. 395 

301 

384 

3361 

481 

To SHOREHAM 

Totoket Jct. 

To BRAYTON POINT 

To WEST MEDWAY 

To NORTHFIELD 

To SANDY POND 

To WEST MEDWAY 

STONY BROOK LUDLOW 
354 

CARPENTER HILL 

357 MILLBURY NO.3 

SHERMAN ROAD 
OCEAN STATE 

WEST FARNUM 

ANP BLACKSTONE 

KENT CO. 

LAKE ROAD 

CARD 

MANCHESTER 

NORTH BLOOMFIELD 

MONTVILLE 

MILLSTONE EAST SHORE 

HALVARSSON 

HADDAM NK 

MIDDLETOWN 

SCOVILL RK. 
SOUTHINGTON 

EXISTING HVDC FACILITY 
PROPOSED 345 KV FACILITY 

LEGEND 
EXISTING 345 KV FACILITY 

To EAST DEVON 3827 

3754 

BESECK 

3041 
362 

348N 
387 

383 

348S 

HADDAM 

387 

368 330 

310 N 

310 S 

FROST BRIDGE 

To LONG MOUNTAIN 

See Springfield and CT E-W sections 
for associated upgrade options. 

 

Figure 4-3: Interstate Option CðMillbury to Carpenter Hill to Manchester major 345 kV upgrades. 
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Table 4-4 
System Performance Factors of Interstate Option C 

System Performance Factors Results Comments
(a)

 

Effect on transfer capability 

between New York and New 

England 

Positive effect See Section 4.3.8 for details 

Improving New England 

eastïwest transfer capability 

Increases capability by 1,293 MW 

(to 4,091 MW total) 
Ranked fourth  

Improving Connecticutôs import 

capability 

N-1 import capability increases by 1,766 

MW (to 4,443 total); 

N-1-1 import capability increases by 

1,535 MW (to 2,727 MW) 

N-1 limit tied for third among the 

options; N-1-1 ranked third   

Eliminating high line loadings 

under contingencies (2016) 

73 high line loadings total; 

6 high all-lines-in loading; 

67 high line-out loadings 

Ranked second  

Improving system voltages 

during contingencies (2016) 

8 borderline voltage cases following N-1 

contingencies 
Ranked second  

Decreasing system losses 
69 MW reduction in system losses 

compared with pre-project system 
Ranked first   

Decreasing short-circuit duty 9.3% increase on worst location Ranked fifth 

Improving system expandability Yes 

AC lines can readily be tapped for 

future substations and generator 

interconnections. 

(a) The performance rankings range from one to five, one being the best and five being the worst. 

 

4.2.4 Interstate Option DðMillbury to Carpenter Hill to Ludlow 345 kV Major Upgrades 

Interstate Option D builds a new 345 kV line from Millbury to Carpenter Hill to Ludlow and takes 

advantage of the proposed Springfield area improvements to complete the interstate connection. It 

also requires uprating of the 345 kV lines from Ludlow to Manchester and from Sherman Road to the 

state border. A new line from Sherman Road to West Farnum also is required.  

 

Figure 4-4 depicts the major upgrades that comprise Interstate Option D. Table 4-5 summarizes the 

assessment results for this option.  
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Figure 4-4: Interstate Option DðMillbury to Carpenter Hill to Ludlow major 345 kV upgrades. 
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Table 4-5 
System Performance Factors of Interstate Option D 

System Performance Factors Results Comments
(a)

 

Effect on transfer capability 

between New York and New 

England 

Positive effect See Section 4.3.8 for details 

Improving New England 

eastïwest transfer capability 

Increases capability by 1,853 MW 

(to 4,651 MW total) 
Ranked first  

Improving Connecticutôs import 

capability 

N-1 import capability increases by 1,903 

MW (to 4,580 total); 

N-1-1 import capability increases by 

1,262 MW (to 2,454 MW) 

N-1 limit tied for second among the 

options; N-1-1 ranked fifth    

Eliminating high line loadings 

under contingencies (2016) 

76 high line loadings total; 

5 high all-lines-in loading; 

71 high line-out loadings 

Ranked third   

Improving system voltages 

during contingencies (2016) 

9 borderline voltage cases following N-1 

contingencies 
Ranked third   

Decreasing system losses 
57 MW reduction in system losses 

compared with pre-project system 
Ranked third    

Decreasing short-circuit duty 7.5% increase on worst location Ranked second    

Improving system expandability Yes 

AC lines can readily be tapped for 

future substations and generator 

interconnections. 

(a) The performance rankings range from one to five, one being the best and five being the worst. 

 

4.2.5 Interstate Option EðMillbury to Southington High Voltage DC Major Upgrades 

Interstate Option E involves the installation of HVDC facilities and provides an independent, 

controllable supply path through the addition of a bipole HVDC line from Millbury to Southington. A 

new 345 kV line from Sherman Road to West Farnum also is required in connection with Interstate 

Option E. 

  

Figure 4-5 depicts the major upgrades that comprise Interstate Option E. Table 4-6 summarizes the 

assessment results for this option. 
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Figure 4-5: Interstate Option EðMillbury to Southington HVDC line. 
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Table 4-6 
System Performance Factors of Interstate Option E 

System Performance Factors Results Comments
(a)

 

Effect on transfer capability 

between New York and New 

England 

This option was originally more limiting 

on NY to NE. However, the 2010 

western MA improvements eliminate that 

limiting condition. 

See Section 4.3.8 for details 

Improving New England 

eastïwest transfer capability 

Increases capability by 1,580 MW 

(to 4,378 MW total) 
Ranked second  

Improving Connecticutôs import 

capability 

N-1 import capability increases by 1,974 

MW (to 4,651 total); 

N-1-1 import capability increases by 

1,621 MW (to 2,813 MW) 

N-1 limit ranked first among the 

options; N-1-1 ranked first     

Eliminating high line loadings 

under contingencies (2016) 

100 high line loadings total; 

18 high all-lines-in loading; 

82 high line-out loadings 

Ranked fourth    

Improving system voltages 

during contingencies (2016) 

23 borderline voltage cases following N-

1 contingencies 
Ranked fourth   

Decreasing system losses 

68/33 MW (conventional DC/DC light) 

reduction in system losses compared 

with pre-project system 

Ranked second/fifth    

Decreasing short-circuit duty 7.5% increase on worst location Ranked first 

Improving system expandability No 

DC system not easily expandable; 

an additional converter station 

would be needed for adding a 

generator or substation 

(a) The performance rankings range from one to five, one being the best and five being the worst. 

4.3 Comparison of Interstate Options 

Each of the five options of the Interstate component fully addresses all the reliability concerns for the 

SNE bulk transmission system over the projected planning horizon, although each has its own set of 

characteristics with respect to system performance improvements. This section compares the 

improvements that each option could contribute to system performance for the reliability-based 

characteristics important for the southern New England system and includes comparison tables for 

several of the electrical performance factors.  

 

Target values shown in these tables are based on either the project design objectives or the minimum 

requirements needed to satisfy the reliability requirements for the system.  

 

Table 4-7 is a master comparison table that includes all the factors. Each factor is discussed in detail. 
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Table 4-7 
Comparison of Interstate Options 

Interstate Options 

and Needs 

Pre-Project 

System 
Option A Option B Option C Option D Option E 

New England eastïwest 

transfer capability (MW) 
2,798 4,174 3,996 4,091 4,651 4,378 

CT import: N-1 (MW) 2,677 4,443 3,975 4,443 4,580 4,651 

CT import: N-1-1 (MW) 1,192 2,783 2,539 2,727 2,454 2,813 

Number of óhighô 

óall-lines-inô loadings in 

2016 

NA 3 21 6 5 18 

Number of óhighô 

óline-outô loadings in 2016 
NA 43 97 67 71 82 

Total high loadings NA 46 118 73 76 100 

Number of borderline 

voltage cases 
NA 6 29 8 9 23 

Decrease in New England 

system losses (MW) 
NA 56 55 69 57 

68 (conv)/ 

33 (light) 

Short-circuit impact 

(percent increase) 
NA 8.9 5.3 9.3 7.5 3.8 

 

4.3.1 New England EastïWest Transfer Capability 

The improvement in New England eastïwest transfer capability ranged from a low of about 

1,200 MW for Interstate Option B to a high of about 1,900 MW for Option D. Table 4-8 shows the 

incremental improvement for each of the options for N-1 conditions.  
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Table 4-8 
New England EastïWest 2012 N-1 Transfer Capability Improvement 

Interstate 

Option 

New England 

EastïWest 

Transfer 

Capability (MW) 

Incremental 

Increase in New 

England 

EastïWest 

Transfer 

Capability (MW) 

Base 2,798  

A 4,174 1,376 

B 3,996 1,198 

C 4,091 1,293 

D 4,651 1,853 

E 4,378 1,580 

 

4.3.2 Connecticut Import Improvement 

The results for improving the import capability into the Connecticut area show that each option more 

than satisfies the year 2012 planning horizon requirements for area supply, although each option 

differs in the amount of improvement it could provide to the system.  

 

Table 4-9 and Table 4-10 show the target improvement level, the import level, and the incremental 

improvement for each of the options for both N-1 and N-1-1 conditions, respectively. 

 

Table 4-9 
Connecticut 2012 N-1 Import Comparison 

Interstate 

Option 

CT Import: 

N-1 (MW) 

Incremental 

Improvement in 

CT Import: 

N-1 (MW) 

Base 2,677  

Target
(a)

 3,574 923 

A 4,443 1,766 

B 3,975 1,298 

C 4,443 1,766 

D 4,580 1,903 

E 4,651 1,974 

(a) The target of 3,574 MW is the result of adding the year 2012 N-1 
shortage of 1,074 MW (from Table 9-3 in RSP06) to the existing N-1 
limit of 2,500 MW. 
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Table 4-10 
Connecticut 2012 N-1-1 Import Comparison 

Interstate Option 
CT Import: 

N-1-1 (MW) 

Incremental 

Improvement in 

CT Import: 

N-1-1 (MW) 

Base 1,192  

Target
(a)

 2,374 1,308 

A 2,783 1,591 

B 2,539 1,347 

C 2,727 1,535 

D 2,454 1,262 

E 2,813 1,621 

(a) The target of 2,374 MW is the result of adding the year 2012 N-1-1 
shortage of 1,154 MW (from table 9-3 in RSP06) to the existing N-1-1 
limit of 1,220 MW. 

 

 

The target is a 923 MW increase for N-1 and a 1,308 MW increase for N-1-1 Connecticut-import 

capability.  

 

Interstate Option A provides an improvement of almost 1,800 MW over the existing N-1 Connecticut-

import capability. The N-1-1 improvement under this option for the Connecticut-import capability is 

about 1,600 MW, one of the highest.  

 

Interstate Option B provides the least improvement in Connecticut-import capability, increasing N-1 

imports by about 1,300 MW, which is almost 700 MW less than the option with the greatest 

improvement. The N-1-1 import capability improvement for this option also is about 1,300 MW, one 

of the lowest. 

 

Interstate Option C provides an improvement in N-1 and N-1-1 import capability similar to Option A. 

 

Interstate Option D provides an improvement of N-1 import capability at about 1,900 MW, one of the 

highest. However, the N-1-1 import capability improvement for Option D of less than 1,300 MW is 

the lowest of all options.  

 

Interstate Option E (HVDC) provides the greatest level of N-1 import improvement of all options 

studied at about 2,000 MW. The N-1-1 import capability improvement for this option is about 

1,600 MW, also the highest among all options. 

4.3.3 Line Loading during Contingencies 

All five Interstate options eliminate transmission element overloads that occur for N-1 or N-1-1 

contingency conditions. A comparison of the number of line loadings above 90%-of-rating following 

such events suggests the amount of additional transmission capacity margin each option could 

provide. Alternatives with fewer high loadings indicate more robust plans. 
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These results are displayed in Table 4-11. In total, Interstate Options A, C, and D performed 

somewhat better than the other two options.  

 

Table 4-11 
Comparison of Line Loadings in 2016 

Interstate 

Option 

Number of High 

òAll-Lines-Inò 

Loadings 

Number of High 

òLine-Outò 

Loadings 

Total Number 

of Line 

Loadings 

A 3 43 46 

B 21 97 118 

C 6 67 73 

D 5 71 76 

E 18 82 100 

 

4.3.4 System Voltages during Contingencies 

Similar to the number of contingency high line loadings, the lower the number of borderline 

contingency voltage cases that occur in an option might also suggest that it is a more robust option. In 

general, Interstate Options A, C, and D performed somewhat better than the other options. The 

voltage results appear in Table 4-12 and reflect the number of cases of low or high equipment 

voltages during contingency events for each of the Interstate options. 

 

Table 4-12 
Comparison of Voltages during Disturbances in 2016 

Interstate Option 
Number of Borderline 

Voltage Cases 

A 6 

B 29 

C 8 

D 9 

E 23 

 

4.3.5 System Losses 

The Interstate options varied in their ability to reduce system losses from about 55 MW to as high as 

69 MW, as shown in Table 4-13. 



 

New England EastïWest Solutions    June 2008 

 Report 2: Options Analysis 

 

27 

Table 4-13 
Comparison of System Loss Reductions 

Interstate Option 
Decrease in 

New England System Losses (MW) 

A 56 

B 55 

C (assuming the 

Route I-84 path) 
69 

D 57 

E 68 (conventional DC) 

33 (DC light) 

 

4.3.6 Stability Screening Analysis 

A stability screening analysis was performed to determine if any options exhibited undesirable 

transient behavior following a fault condition. Generally, all the options improved system 

performance; however, some findings are worth noting. 

 

If the West Medway South bus were out of service, only Option A would be able to mitigate system 

instability for a three-phase fault on West Medway bus B (stuck breaker 104).  Similarly, only Option 

A would prevent a Lake Road trip if the 330 line (Lake RoadïCard 345 kV) were out of service and 

the 347 line (Sherman RoadïKillingly 345 kV) had a fault. This also would hold true if the fault were 

on the 330 line and the 347 line were out of service. Also under Option A, Lake Road would not trip 

if the 347 line were out of service and the 383 line (Millstone-Card 345 kV) at Card had a three-phase 

fault that resulted in a 3T stuck-breaker condition (the 383 line, the 330 line, and the 

autotransformer).  

 

Option B is the only option that does not mitigate a Lake Road and Ocean States Power trip for the 

condition where the 330 line is out of service and Sherman Road has a subsequent stuck breaker 

(stuck breaker 142, which takes the 3361 line from Sherman Road to ANP Blackstone and the 328 

line from Sherman Road to West Farnum out of service).  This indicates the need to add a second 

CardïLake Road 345 kV line or a second West FarnumïSherman Road 345 kV line or to eliminate 

the possible stuck-breaker condition. 

 

4.3.7 Short-Circuit Duty Impacts 

Based on a high-level approximation of the percent increase in short-circuit duty at constrained 

locations, Interstate Option E showed the lowest increase in fault duty compared with the other 

options, and Option C showed the greatest increase. The differences in these results, which are 

displayed in Table 4-14, do not appear to be significant and may not be a material factor for selecting 

a preferred alternative. However, the testing did serve as an effective screening tool for determining 

whether any options were fatally flawed. Once the preferred selection is made and the associated 

short-circuit studies are completed, more clearly determining any significant impacts will be possible. 
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Table 4-14 
Comparison of Short-Circuit Impacts 

Interstate 

Option 

Short Circuit Impact 

(percent increase) 

A 8.9 

B 5.3 

C 9.3 

D 7.5 

E 3.8 

 

4.3.8 System Expandability and Flexibility 

In terms of future system expandability and system flexibility, all four AC options offer much more 

expandability than the DC option. DC systems historically have been used for relatively long, point-

to-point type delivery and have not been integrated into the center of AC systems. 

 

The only action required to increase the capacity of an AC line might be a simple reconductoring; 

increasing the capacity of a DC system would require, at a minimum, either major converter additions 

or converter change-outs at each end of the line. Adding a new generator midpoint to a DC line would 

most likely require a new converter station, possibly with two new converters. Similarly, the need to 

connect to a lower voltage system, either to provide voltage support or eliminate thermal overloads, 

would be equally difficult.  

4.3.9 Impact of Improved Connecticut Transfer Capability on the New YorkïNew England 

Interface 

This section presents the results of a parallel transfer analysis conducted by the working group that 

evaluated the impact of each SNE transmission reinforcement upgrade option on the ability of the 

New England bulk transmission system to export to and import from New York. The intent was to 

determine whether any option particularly enhances or has an adverse impact on this capability. 

 

In the simulation analysis performed by the working group, generation in New York was chosen to 

aggravate, as much as possible, a potential clockwise loop flow through New England. In this 

analysis, generation was scaled up at Gilboa (NY) (near the BerkshireïAlps 345 kV tie with New 

England) and scaled down at Bowline (NY) (south of Long Mountain to the Pleasant Valley 345 kV 

tie with New England). As most New York generation was on line in the base case, Roseton (NY) 

generation had to be scaled up to provide coverage for New York exports, despite its beneficial 

impact on countering any clockwise loop flow. 

 

Generation in eastern New England was chosen to represent a homogeneous source or sink point 

across all three eastern regions: Maine, Boston, and Southeast Massachusetts. Because most existing 

generation was on line in the base case, some older retired units had to be scaled up to provide 

coverage for eastern New England exports. 

 

The main transfer analysis was first performed as described in the preceding paragraph. The 

following sensitivity analyses were then performed: 



 

New England EastïWest Solutions    June 2008 

 Report 2: Options Analysis 

 

29 

 

 Replacing output from Millennium with Seabrook  

 Replacing output from Mystic with West Springfield and Berkshire Power 

 Changing the New York source and sink subsystems to represent a ñbest-case loop-flow 

scenario.ò Generation was scaled up at Bowline and scaled down at Bethlehem (Albany area) 

and Athens. 

 

The results of the analysis show the following: 

 

 Except for Option E, the HVDC option, all options either maintain the transfer capability 

with New York or improve it. 

 Except for the Option E, the HVDC option, all options perform similarly. 

 The HVDC option marginally limits imports from New York. However, the transfer-response 

factor on the limiting element is low (5.9%), and the limiting element (Bear Swamp 

autotransformer) is a known issue, which will be fixed as part of the central and western 

Massachusetts upgrades. 

 In all instances, exports to New York are limited by the overload of the E131 line from Bear 

Swamp to the E131 tap. This limiting element also is a known issue, which will also be fixed 

as part of the central and western Massachusetts upgrades. 

 None of the sensitivity runs identified any significant difference in performance among 

Options A, B, C, or D. 

4.3.10 Input from Operations Personnel 

The working group presented the details of the Interstate options to Operations personnel from ISO 

New England, CONVEX, and REMVEC at a joint Planning-Operations meeting. The operators, who 

were not presented with any information concerning cost, environmental, or routing impacts, 

preferred Option A for the following reasons: 

  

 It best alleviates the angular difference between Rhode Island and Connecticut, thus 

removing all the operating complexities related to taking lines out of service in the area.  

 Alleviating the angular differences will eliminate the need for the SPS that takes the Lake 

Road units out of service for certain contingencies to avoid possible shaft damage. 

 The new Killingly substation serving eastern Connecticut can receive support from the rest of 

New England even with the 347 line out of service. 

4.4 Interstate Component Conclusion 

The comparison of the Interstate options indicates that all options meet the design objectives for 

satisfying the reliability criteria for the projected New England transmission system. Each option 

offers different advantages and disadvantages compared with the other options in terms of system 

performance. These differences will be combined with cost, siting, and construction-related factors to 

determine the optimal solution for the identified needs.  
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Section 5  
Rhode Island Component Options 

As discussed in Section 2, Rhode Island now is overly dependent on limited transmission lines or 

autotransformers to serve its needs, which could result in thermal overloads and voltage problems 

during contingency conditions. Causal factors include high load growth (especially in southern Rhode 

Island and the coastal communities), unit availability, and planned and unplanned transmission 

outages. The Rhode Island 115 kV system is constrained when a 345 kV line is out of service; an 

outage of any one of a number of 345 kV transmission lines results in limits to power transfer 

capability into Rhode Island. For line-out conditions, the next critical contingency involving the loss 

of a 345/115 kV autotransformer or a second 345 kV line would result in numerous thermal and 

voltage violations. 

 

To address the identified reliability issues, three new 345 kV facilities were found to be necessary to 

support the Greater Rhode Island area and to better integrate it with the rest of the New England 

system. Generally, these improvements would bring a third source into Rhode Island. This sentence 

has been redacted and may be accessed by calling ISO New England Customer Service at 

(413) 540-4220. The improvements also would extend a second source into the load center in 

southern Rhode Island and add a new source into a 115 kV load center located just east of the Rhode 

Island border. Several options were evaluated for each of these facilities, which are described in the 

following sections.  

5.1 Rhode Island Recommendations  

Figure 5-1 displays the recommended improvements for Rhode Island to increase the ability to move 

power into West Farnum, creating a stronger tie to the rest of New England; extend another 345 kV 

path to the southern part of the state; and add a new 345 kV injection point into the load center from 

the east.
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Figure 5-1: Rhode Island upgrades. 

 


