
2018 INTEGRATED RESOURCE PLAN 6-1 

6. Transmission and Distribution 
 

As energy delivery becomes more distributed and more renewable, our transmission, 
subtransmission, and distribution grid network, which supports and enables that 
transformation, becomes more important and more complex to operate. Combined with 
enhanced cyber security requirements, this transformation exerts pressure on the 
performance of our network grid. Keeping up means we must make critical grid 
investments, not only to ensure the bulk system is safe and reliable for basic energy 
delivery to customers, but also to reliably orchestrate delivery of energy from literally 
thousands of ever-growing distributed sources around the clock. 

TRANSMISSION AND DISTRIBUTION SYSTEM OVERVIEW 

Green Mountain Power is a vertically integrated electric distribution utility. We own and 
manage, for our customers’ benefit, both generating assets and the subtransmission and 
distribution network that delivers power to our customers. We are the state’s largest 
electric utility, serving over 265,000 customers in 202 towns in Vermont.  

We currently own over 60 power generation facilities in Vermont and more than 22,000 
miles of transmission and distribution lines. In 2017, our transmission and distribution 
system delivered over 4,633,475 MWh of electricity; the peak load on the system was 
approximately 700 MW.  

The backbone of our delivery system is 1,005 miles of subtransmission lines. The 
predominant voltages for the subtransmission system are 34.5 kV, 46 kV, and 69 kV. 
The interface between the subtransmission system and the distribution system is 
comprised of 185 distribution substations. These substations supply approximately 300 
circuits and 15,454 miles of distribution lines. Our predominant distribution voltage is 



6. Transmission and Distribution  

Transmission and Distribution Planning 

6-2 GREEN MOUNTAIN POWER 

12.47 kV. We also have a limited amount of distribution at voltages of 2.4 kV, 4.16 kV, 
8.3 kV, and 34.5 kV. 

Vermont Electric Power Company’s (VELCO’s) 115-kV transmission system primarily 
supplies our subtransmission system. The VELCO system, in turn, interconnects to the 
bulk transmission systems administered by ISO-New England, New York ISO, and 
Hydro-Québec at voltages of 115 kV, 230 kV, and 345 kV. Our system also 
interconnects with National Grid in several locations at subtransmission voltages. 

TRANSMISSION AND DISTRIBUTION PLANNING 

We are evolving our traditional transmission and distribution planning principles. 
Instead of limiting our thinking to traditional infrastructure that continues our reliance 
on century-old infrastructure models, we now consider how to use emerging 
technologies to better provide reliable service at a lower cost.  

This means that we now consider whether storage, distributed resources, or a 
combination of both can replace what would otherwise be a traditional infrastructure 
upgrade, saving customers money, increasing reliability and resiliency, and making our 
energy delivery system more customer-based. While we no longer expect projects to be 
driven by load growth like years past, we are seeing a distribution system being used 
more than ever as the level of distributed generation grows significantly. 

This is part of our larger strategy to leverage storage, distributed generation, and 
non-transmission alternatives for grid planning and to harness multiple benefit streams 
for customers, including reduced power and transmission expenses, reduced 
transmission and distribution projects, reduced power supply risk, and enhanced 
resiliency. At the same time, we are upgrading and modernizing the existing T&D system 
to ensure we continue to deliver on our commitment to cost-effective, reliable, safe, and 
efficient service for our customers.  

We have a greater depth of data and information related to the operation of our 
distribution system than we did a decade ago, thanks to the AMI system that has been in 
service as well as the thousands of integrated points on the system that communicate 
back to GMP via our SCADA system or other means. This data is analyzed in a way that 
provides us with a better picture of each circuit, such as how it contributes to the overall 
peak, how it contributes to the local peak, its level of distributed generation and the 
classes of customers on the circuit, to name a few. 
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T&D Capital Investment Goals 

To support the reliability and transformation of our grid, we plan and implement our 
capital investments in generation facilities and related T&D systems for one purpose 
only—to meet our customers’ needs through the delivery of energy and energy services. 
To meet these needs, ongoing capital investment is required to repair and maintain our 
existing generation assets to produce as much low-cost, low-carbon electricity as 
possible, while meeting the important environmental and regulatory obligations 
associated with the operation of these facilities.  

Capital is also required to maintain, and where necessary upgrade, our transmission and 
distribution infrastructure to ensure the safe and reliable delivery of power to each 
customer. As the grid becomes more decentralized and more complex, maintaining the 
resiliency needed to withstand the effects of climate change becomes more challenging.  

Meeting our customers’ needs also requires an investment in the technology and tools 
that are essential to the quick and efficient management of outages when they occur, 
while also protecting grid operations from cyber events and other threats of operational 
disruption. It also requires us to identify and pursue, with our customers’ assistance, 
innovative investments that accelerate the transition to a home-, business-, and 
community-based energy delivery system that our customers tell us they want.  

Infrastructure Investment Objectives 

The main objectives of capital investments are to assure that our T&D system can 
deliver power to our customers safely, efficiently, reliably, and cost-effectively. We 
undertake T&D projects based on several categories of improvement criteria.  

Safety. Projects to replace obsolete or deteriorated plant that may not comply with 
current standards and codes, that may have reduced functionality or will improve safe 
access for our field crews. 

Service Reliability. Projects that increase reliability by reducing the number of outages, 
the duration of outages, or the number of customers affected by outages. An example of 
this type is relocating a distribution line out of the woods to the roadside making storm 
damage less likely and access safer and quicker. 

Efficiency. Projects for the cost-effective reduction of system losses. These projects 
include capacitor placements, line reconductoring, load balancing, circuit 
reconfiguration, and voltage conversions. 
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Capacity Requirements. Projects to upgrade facilities to address thermal, voltage, or 
stability constraints. These projects can be the result of load growth or the need for 
backup capability (improved reliability) for another substation or feeder. 

Customer Requested. Projects requested by a customer, such as line extensions or line 
relocations. These customer requests include distributed generation projects that require 
capital upgrades of T&D infrastructure to enable the customer to interconnect with no 
adverse impacts. 

Regulatory and Tariff Requirements. Projects required to achieve regulatory compliance or 
to meet a contractual or tariff obligation. These projects can be the result of a stipulation 
with the DPS, the Agency of Natural Resources, or the Agency of Transportation (for 
state and municipal road jobs), or be required by our joint-use and third-party 
attachment agreements. 

The Transmission and Distribution Capital Plan 

Many teams within the company participated in developing the T&D Capital Plan 
through a comprehensive planning and budgeting process. We identify possible projects 
by reviewing the multi-year capital priorities, seeking input from internal and external 
stakeholders and using the aforementioned criteria. From this list, we select a subset of 
potential projects that we determine to be the most important. We then gather 
information and develop an initial scope that describes the purpose of each project and 
its design requirements. From this initial scope, we develop a preliminary budget 
estimate for each project; the Engineering, Operations, and Operation Technology 
teams review the projects to identify those with the highest priority. 

Priority is based on a variety of factors: safety considerations, input from field personnel, 
specific operational needs, T&D efficiency and reliability analysis, customer requests, 
cost-to-benefit ratios, capacity constraints, regulatory and tariff obligations, and resource 
availability and timing issues. From this analysis, we establish a list of preliminary 
projects for that year’s T&D capital budget. Our Capital Management team examines 
this list to determine the final T&D capital budget for the year. 

Subtransmission and Distribution Criteria 

Subtransmission 

Our standard subtransmission voltages are 34.5 kV, 46 kV and 69 kV. We transmit 
power through our subtransmission system from VELCO and National Grid to our 
distribution substations as well as to our wholesale and large industrial customers.  
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We plan the subtransmission system according to an Equal Slope Criteria. The Equal 
Slope Criteria is a modified N-1 criterion in which a reasonable balance is sought 
between the total costs of a given solution and the total benefits achieved. The goal is to 
achieve most of the benefit of adhering to a strict N-1 criterion but at substantially less 
cost.  

Our operating criteria require system voltages to be between 95% and 105% of nominal 
on the subtransmission system during all-lines-in operation and between 90% and 110% 
of nominal following a first contingency. Each element in the power delivery system has 
a thermal design load limit reflecting the load at which an element begins to overheat 
and fail. We apply a 100% maximum load limit on all elements during normal operation. 
For specific cases for limited periods of time during first contingency operation, we 
allow overloading, but only with the understanding that operators will take quick action 
to remedy the overload by any means necessary, including the use of load shedding.  

Distribution 

Our standard distribution system voltage is 12.47 kV/7.2 kV grounded wye.56 We also 
employ a limited amount of 34.5 kV/19.9 kV distribution system facilities. Because of 
operating challenges with 34.5-kV equipment, we only expand this voltage to areas 
where 34.5-kV distribution has already been established.  

We are steadily converting the remaining of 2.4-kV, 4.16-kV, and 8.3-kV distribution 
voltages to the standard 12.47 kV to improve voltage performance, reduce losses, and 
permit feeder backup between substations. The voltage delivered to customers adheres 
to the standards prescribed by the American National Standards Institute (ANSI) 
Standard C84.1. 

Subtransmission and Distribution System Monitoring 

We assess a number of data sources to effectively monitor the subtransmission and 
distribution system. We use this information to make decisions regarding a number of 
areas, including transferring load between circuits, removing substation banks for 
maintenance, correcting out-of-standard voltages, interconnection of distributed 
generation, and addressing load growth in potentially constrained areas. This 
information can dictate which areas need studying, and which areas where 
non-transmission alternatives can be effective in deferring capital upgrades.  

                                                
56 A wye is a three phase, four-wire electrical configuration where each of the individual phases is connected to a common point, the “center” 

of the Y. This common point normally is connected to an electrical ground. 
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The monitoring information includes: 

§ Observations by line workers and substation technicians. 

§ The VELCO Long-Range Transmission Plan. Updated every three years, this plan 
identifies portions of our subtransmission system that could violate subtransmission 
planning criteria considering forecasted load growth over the next 20 years. 

§ Line and equipment loading obtained from our supervisory control and data 
acquisition (SCADA) database. This database contains real power, reactive power, the 
status of capacitor banks, and phase unbalance data for the majority of our 
subtransmission lines as well as a number of our distribution feeders. SCADA data is 
essential in calibrating transmission and subtransmission load flow models that are 
used in planning studies. 

§ Substation and circuit MV90 data, which includes real and reactive load and voltage 
data for substations and individual circuits. Selected substations have per-phase 
metering to further enhance the understanding of critical circuit loading. 

§ Additional monitoring equipment, including thermal demand ammeters and revenue 
meters, for those distribution feeders that are not monitored by SCADA or MV90. 

§ Customer interval load data, which is available from most of our customers. Through 
AMI, we accumulate interval load data from all customers. Customer interval load 
data can be combined with load data from other sources to help determine spatial 
loading of a circuit at a given point in time. 

§ New relays, such as the Schweitzer SEL-351, which collects and stores data including 
per-phase current, voltage, real power, reactive power, and neutral currents. These 
relays have been installed at a number of substations and their data can be retrieved 
as needed. 

§ Load loggers, which are portable devices that attach to an individual phase wire and 
record current flow in one-, five-, or fifteen-minute intervals. These devices are useful 
for analyzing phase balancing and determining spatial load distribution across a given 
circuit. 

§ Tong tests, which are instantaneous readings taken with a recording ammeter. Tong 
testing is useful for balancing loads and verifying load estimates, and is often used to 
analyze planned outages. 

§ Ability-to-Serve requests from developers who are planning new load additions 
greater than 100 kW (as per Act 250). These requests are reviewed to ensure that the 
T&D system can accommodate the proposed new load. All requests are stored in a 
database; a review of these proposed load additions and their respective analyses can 
provide an indication of system adequacy and the potential for future constraints. 
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§ Outage history and outage analyses, including identifying distribution feeders with the 
poorest reliability performance to determine system problems. Customer complaints 
(such as those involving reliability concerns, low voltage, and voltage flicker) also help 
identify system weaknesses. 

§ Our geographic information system, which is used to locate aging infrastructure and 
equipment that may need replacing. 

§ AMI data. For details, see “AMI Data” on page 7-6-52. 

The Transmission and Distribution Planning Process 

We plan our T&D system to ensure safe and reliable power delivery while achieving a 
reasonable balance between costs and benefits. There are three main steps in the overall 
planning process: 

Orientation. Identify a system problem or potential problem; gather information; 
coordinate with likely stakeholders; identify a study scope and timeline. 

Study Development and Analysis. Identify the necessary methods, tools and data 
requirements to solve the problem; analyze load-flow simulation to better understand 
system deficiencies; study and devise alternative solutions using the load-flow analysis, 
engineering calculations, and economic analysis as appropriate. 

Decision-Making and Action. Review results; draw conclusions; make and support 
recommendations (typically a project proposal). Secure regulatory approval if necessary; 
implement the project. Note that in this phase, unlike the past, we are now able to 
explore the implementation of distributed energy resources such as energy storage as a 
solution. 

Efficiency, reliability and growth (both traditional growth as well as DER growth) are 
the three main factors that drive transmission and distribution planning although over 
the last number of years, growth has not been a factor driving the system needs. Many 
planning exercises encompass all three. Our planning also considers non-transmission 
alternatives (NTAs), which we discuss through a public process directed by the Vermont 
System Planning Committee (VSPC). The performance of the transmission, 
subtransmission, and distribution systems are highly interdependent and cannot be 
viewed in isolation. Thus, we coordinate our planning with other T&D entities and 
utilities to develop effective, least-cost plans. 

Performing an integrated and comprehensive study on each of our 185 distribution 
substations and 299 distribution circuits would not be cost effective. Instead, we use 
available system data and screening methodologies to identify those areas that would 
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These screenings identify circuits that have potential thermal or voltage constraints, 
inadequate power factors, phase imbalances, relay pickup overloads, or do not meet our 
planning criteria. Much of this analysis requires that we manually review the system data 
and create numerous reports. Because of this, we measure our planning for maximum 
benefit: we annually review peak load for all substations and circuits; and review 
individual circuits that experience a significant change (such as additional load, 
substantial distributed generation, reconfiguration, power performance issues, or phase 
imbalance) as necessary. Through the use of data, and a bulk data analysis tool such as 
Tableau, we are able to more quickly analyze the characteristics of circuits and rank them 
based on factors that we are concerned with. 

This process enables us to find those areas that would most benefit from efficiency 
improvements. All subsequent analysis to address capacity, reliability, and asset 
management inadequacies also incorporates a review of loss-avoidance opportunities 
(including capacitor placement, reconductoring, voltage conversion, feeder balancing, 
and circuit reconfiguration). This strategy helps us direct our limited resources toward 
those circuits most in need and most likely to provide cost-effective opportunities for 
efficiency upgrades. 

VELCO and the Vermont System Planning Committee 

Together with VELCO and other Vermont distribution utilities, we plan the Vermont 
transmission system. In 2005, the Vermont legislature amended the laws governing 
electric utility transmission planning.57 The “least-cost transmission planning” statute 
requires that every three years VELCO, in coordination with Vermont’s distribution 
utilities, develop their Vermont Long-Range Transmission Plan that: 

§ Identifies existing and potential transmission system reliability deficiencies by location 
within Vermont. 

§ Estimates the date, and identifies the local or regional load levels and other system 
conditions where these reliability deficiencies would likely occur without intervening 
action. 

§ Describes the manner of resolving the identified deficiencies through transmission 
system improvements. 

§ Estimates the cost of these improvements. 

§ Identifies potential obstacles to realizing these improvements. 

                                                
57 30 V.S.A. § 218c(d). 
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§ Identifies the demand or supply parameters that generation, demand response, energy 
efficiency, or other non-transmission strategies would need to resolve the identified 
reliability deficiencies. 

This statute also (1) establishes requirements for notice and public input regarding the 
development of the Long-Range Transmission Plan, (2) requires that distribution utilities 
incorporate the most recently filed transmission plan in their individual least-cost 
integrated planning processes, and (3) mandates that VELCO and the distribution 
utilities cooperate as necessary to develop and implement joint least-cost solutions to 
reliability deficiencies identified in the Long-Range Transmission Plan. 

In 2007, the PSB developed a process for satisfying these planning requirements and 
established the Vermont System Planning Committee (VSPC).58 VSPC, responsible for 
implementing the planning process, comprises VELCO, Vermont’s electric distribution 
utilities, public members, and members representing supply and demand resources. The 
goal of the planning process is to ensure the full, fair, and timely consideration of all 
options to solve grid reliability in a way that is transparent and public. Ultimately, VSPC 
allows Vermont’s electric utilities to fulfill the public policy goal behind the “least-cost 
transmission planning” statute, namely that the most cost-effective solution is chosen, 
whether a traditional transmission upgrade, energy efficiency, demand response, 
generation, or a hybrid solution. As part of this process, VSPC coordinates with 
stakeholders at the local, state, and regional levels. These stakeholders include ISO-New 
England, which has the primary responsibility for transmission planning in the region; 
regional planning commissions; local energy committees; Vermont’s energy efficiency 
utility (EEU); and Vermont’s Sustainably Priced Energy Development (SPEED) 
facilitator. 

                                                
58 Docket No. 7081. 
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The PSB approved a transmission planning process; VSPC implements it. The process 
comprises the following steps: 

Step 1. VELCO coordinates with ISO-New England to analyze the transmission 
system, consider a twenty-year horizon, and identify reliability deficiencies with 
subtransmission systems owned and operated by the distribution utilities; then 
create a draft plan. 

Step 2A. VSPC reviews the draft plan and makes a preliminary determination of the 
utilities impacted by the identified reliability deficiencies. 

Step 2B. Distribution utilities and VELCO determine the applicable reliability criteria for 
each reliability deficiency, identify transmission solutions, and determine 
equivalent non-transmission alternatives (NTAs). 

Step 3A. VELCO conducts a preliminary NTA analysis for bulk transmission system 
reliability deficiencies where appropriate. 

Step 3B. Distribution utilities together with VELCO conduct preliminary NTA analyses 
for subtransmission system deficiencies where appropriate. 

Step 4. VELCO releases a draft Long-Range Transmission Plan. 

Step 5. The draft Long-Range Transmission Plan is subject to a statewide public 
involvement process, where comments are solicited. 

Step 6. VELCO and VSPC incorporate relevant comments, and publish the revised 
Long-Range Transmission Plan. 

Step 7. VSPC reviews each reliability deficiency or group of deficiencies, and refines 
the impacted utilities determinations. 

Step 8. For each reliability deficiency or group of deficiencies, the affected utilities, 
VELCO, and VSPC engage in a public involvement process and perform the 
required detailed NTA analysis. 

Step 9. For each reliability deficiency or deficiencies, the affected utilities, VELCO, and 
VSPC select a solution and determine cost allocation among the parties based 
on the results of the public involvement process. 

Step 10. VELCO updates and finalizes the Long-Range Transmission Plan. 

Figure 6-1 summarizes this ten-step process. Depending on relevancy, VELCO and 
VSPC can choose to follow the 2A-3A path, or the 2B-3B path. 
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Figure 6-1. VELCO and VSPC Planning Coordination Flowchart (8.0) 

Standard Offer Projects to Address Reliability Constraints 

In 2012, the Vermont General Assembly passed Act 170, mandating certain changes to 
the Sustainably Priced Energy Enterprise Development (SPEED) standard offer 
program. One of these changes is to exclude new standard offer plants that provide 
sufficient benefits to the operation and management of the electric grid from cumulative 
plant capacity.  

The PSB adopted a screening framework and guidelines that provide potential standard 
offer project developers with information on transmission and distribution constrained 
areas where renewable generation might resolve the constraints. This framework and 
guidelines use VSPC processes, reporting mechanisms, and subcommittees to identify 
and resolve T&D constraints via NTAs, including standard offer projects. These 
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processes analyze the electric grid for reliability gaps, make recommendations to the PSB 
regarding the potential for NTAs to mitigate those reliability gaps, and provide 
stakeholders with the opportunity to comment on the VSPC recommendations. The 
PSB then decides whether or not to issue an RFP for new standard-offer plants. 

We actively participate in this VSPC processes as well as in their Geotargeting 
Subcommittee (GTS). Annually, we share our planned T&D capital projects with the 
GTS to determine whether any reliability plans may be required. Reliability plans 
determine the least-cost solution for identified T&D constraints and potential resolution 
through NTAs. We have presented over 50 transmission and distribution projects to the 
VSPC and the GTS for consideration and review.  

In April 2014, we developed a reliability plan for the St. Albans area, and provided it to 
the PUC and interested parties. Our analysis showed that the need date, even under a 
very aggressive growth scenario, was not until 2021. We continue to monitor this area 
for increases in peak demand and include our new toolset of DERs when reviewing 
future solutions.  

In 2015, we filed the Rutland Area Reliability Plan, which proposed upgrades to improve 
reliability. These upgrades included eliminating a radial transmission line and 
recommended NTA options to address area load growth. With these measures, a large 
transmission build-out would not be needed for 10 to 20 years. We continue to monitor 
this area.  

In 2016, we filed the Hinesburg Area Reliability Plan. This study supported deferring a 
proposed new Hinesburg substation with a battery energy storage system (BESS) to 
address load growth when it occurs. The BESS is currently budgeted for 2023.  

In 2017 and 2018, GMP and the VSPC have not found any new areas where 
geographically targeted energy efficiency or DERs would have the potential to cost-
effectively avoid or defer a transmission or distribution project. As such, no new 
reliability plans have been required or are currently under review. 

Projects with Other Utilities 

The electric grid is interconnected, and so are we with other area electric utilities. We 
continually interact with these utilities to exchange information and upgrade the grid for 
our shared benefit, but especially for the benefit of our customers. Our interactions with 
other utilities have increased since the adoption of Rule 5.500, which governs the 
interconnection of DERs. 
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Hinesburg Distribution Feeder. As a short-term solution to relieve potential load 
constraints in the Hinesburg area, we collaborated with Vermont Electric Cooperative 
(VEC) to install a new 12.47-kV distribution feeder originating from the VEC Rhode 
Island Corners substation. We completed this project in 2015. For information on the 
planned long-term solution, see “Hinesburg Substation Rebuild” on page C-19. 

Supply for Sheldon Substation. Early in 2015, VEC temporarily supplied our Sheldon 
substation from the VEC Sheldon Springs substation to relieve the reliability exposure 
on our 34.5-kV subtransmission system until we upgraded the supply into this system 
later that same year. 

Subtransmission Line Ownership Transfer. In 2017, we transferred ownership of a 
recently disconnected subtransmission line to the Burlington Electric Department 
(BED) to our mutual benefit. As a result, we avoided the expense of retiring and 
removing the line; BED developed a low-cost express feeder from its Queen City 
substation into the downtown Burlington area. 

Collaboration with Vermont Municipal Electric Companies. We are committed to being an 
advocate for all electric service customers in Vermont. Toward that end, we provide 
bulk power, operational services, and engineering services to two of Vermont’s 
municipal electric companies:  

§ Jacksonville Electric Department, serving 716 residential, commercial, and industrial 
customers in Jacksonville and Whitingham with about 5,400 MWh of energy per year. 

§ Northfield Electric Department, serving 1,850 residential, commercial, and industrial 
customers in Northfield with about 25,500 MWh of energy per year.  

For example, we collaborated with Jacksonville to study the feasibility of a proposed 
installation of 150 kW solar generation. We also collaborated with Northfield Electric 
regarding solar installations and to address load increases that required upgraded 
protection settings.  

National Grid Collaboration. National Grid provides service to its New York customers 
adjacent the western portion of our service area, and to its Massachusetts customers 
adjacent the southern portion of our service area in Vermont. Because of this geographic 
positioning, National Grid’s subtransmission system supplies our lines at several 
interconnection points. In reciprocity, we annually develop load forecasts and 
summarize power factor data that helps National Grid meet certain planning and 
reporting requirements for ISO-New England.  

Some recent collaborations included: 

§ Updating the G33 contract, in relation to the 69-kV line feeding from Putney to 
Brattleboro in August 2018. 
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§ In August 2018, together we updated the G33 contract, in relation to the 69-kV line 
feeding from Putney to Brattleboro. 

§ Discussions regarding the National Grid Vernon (GMP#57) substation and its 
capacity about serving load for the decommissioning of the Vermont Yankee nuclear 
power plant. 

§ Discussions regarding the ownership of the 6,900-volt delta line served from 
Harriman station in Readsboro, Vermont. The line is old and in bad shape, and only 
serves our customers.  

§ Our supplying a small section of single-phase National Grid load from our North 
Bennington #72 circuit (via single-phase primary metering) at the state line on Route 
67A in Shaftsbury, Vermont. As part of the project, National Grid must remove an 
existing railroad crossing.  

Our collaboration with National Grid is ongoing. 

Village of Ludlow Electric Primary-Metered Delivery Point. In 2015, after collaboration with 
the Village of Ludlow Electric Department, we constructed a primary-metered delivery 
point originating on the Ludlow distribution system to supply an expanding load in our 
service territory (specifically for a local ski area expansion) through 2020. This short-
term project allows three-phase load to be fed to the area, avoids our upgrading several 
miles of single-phase distribution lines, helps the ski area meet short-term deadlines, and 
lowers the overall cost to our customers. We plan to feed this load from our Smithville 
62G circuit starting in 2020. 

In addition, we are working with Ludlow to configure their system to supply their 
expanding loads, lowering both our services costs and making the best use of existing 
distribution facilities. 

Hinesburg Substation. We are continuing to collaborate with VEC on a jointly-owned 
34.5/12.47 kV substation in Hinesburg (as discussed in see “Hinesburg Substation 
Rebuild” on page C-19). This substation is part of a longer-term solution to relieve 
potential constraints surrounding load growth, solar penetration, and the proposed 
BESS performance. We will be reviewing the need for this substation more closely 
within the next two years and determine how the need could be resolved utilizing DERs 
and other demand side resources.  

Cambridge Substation. We are working with VEC to construct a new, jointly owned 
34.5/12.47 kV substation in Cambridge. Together, we designed the concept of us 
retaining sole ownership of the in and out transmission line breakers. This substation is 
under construction. 
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CAPITAL INVESTMENT PLANNING, REVIEW, AND APPROVAL PROCESS 

The core purpose of our capital investments is to improve outcomes for customers. 
Thus, we use a sequenced planning process to identify and screen proposed capital 
projects to ensure that the ones we pursue are cost-effective and valuable for customers. 
For a project to be included in our capital plan, its proposed investment must deliver 
meaningful qualitative or quantitative benefits to our customers. These benefits can 
manifest themselves in many ways, including: reduced operating costs, improved 
customer services, improved reliability or safety, or advancing innovation and delivering 
transformative opportunities. To achieve these outcomes, we employ a four-part process 
consisting of: (1) long-term strategic alignment; (2) annual capital project planning; (3) 
annual capital project budget preparation; and (4) capital project tracking and 
monitoring. 

Long Term Strategic Alignment 

We plan in three to twenty-year horizons through our IRP, our Long-Range T&D Plan, 
and our 10-Year Generation Capital Plan. We also work with VELCO and other parties 
with whom we jointly own various facilities to conduct long-term planning to ensure a 
group alignment.  

As part of our long-term planning, we: 

§ Maintain and improve our current infrastructure for customers. 

§ Engage in long-term energy transformation activities that enable a transition from a 
centralized energy delivery system to a distributed one and allows for the elimination 
of carbon as much as possible. 

§ Explore new generation opportunities for customers that will save them money over 
the long term. 

Annual Capital Project Planning 

Every year, each team reviews the current needs and opportunities in their respective 
areas, and refreshes their list of potential projects to include those that can deliver strong 
operational performance. Each team evaluates the priority and exigency of each one, 
then develops scope and design considerations for those that make the cut. All 
budgeting information and documentation is then assessed as part of our capital project 
budgeting process. 
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Annual Capital Project Budget Preparation 

Our capital management team reviews and assesses project recommendations made by 
each team. The team then evaluates each project and assigns a ranking—Required, 
Recommended, or Strategic—to determine if the project will be included in our capital 
plan. “Required” indicates there is a regulatory, safety, certification, or other element to 
them that makes their completion urgent, if not mandatory. These projects are deemed 
the most important. “Recommended” indicates there are operating improvement 
opportunities that will deliver benefits to customers in the form of lower operating costs 
or risks, improved service quality, better customer experience, or some other benefit. 
These projects are deemed to be of lesser importance. “Strategic” indicates the project 
will advance a capability for us and our customers that improves service delivery but 
without as much urgency or financial justification as Required or Recommended. The 
team identifies each project’s benefit, including improved safety, improved reliability, 
regulatory compliance, improved operational efficiency, and improved customer service. 

The capital management team reviews and filters each project, and whittles the projects 
down to a list of capital projects for the year. Our executives and our Board reviews and 
approves the final list. For the last ten years, the PSD and its independent consultant, 
either under our prior regulation plan or as part of a traditional rate case, has also 
reviewed our capital plan and documentation. 

Capital Project Tracking and Monitoring 

Throughout the rate period, we track and monitor the status of these capital projects. As 
often as necessary (at least monthly), each team and the capital management team review 
the status of all their capital projects, and make adjustments as necessary. We do not 
want customer rates to include costs for capital projects that we are not able to deliver. 
We replace planned projects that are no longer feasible with other cost-effective, high-
value capital projects that are in the interests of customers and have passed mettle when 
examined by our rigorous selection process. 

Capital Project Planning and Documentation Process 

As part of our project implementation process, we complete a financial analysis for 
individual capital projects describing the justification, costs, benefits, and alternatives to 
each capital project. All projects above $2 million are subject to a full cost-benefit 
analysis or clearly address an immediate safety hazard, replace in-kind equipment that is 
damaged or no longer usable, address a regulatory requirement, or is a reliability project 
with no reasonably available alternative. These projects also contain either a full, 



6. Transmission and Distribution  

Distribution System Optimizations 

2018 INTEGRATED RESOURCE PLAN  6-17 

quantitative cost-benefit analysis evaluating the net present value of each project, or an 
explanation for why the project meets one of the identified exemptions for this cost-
benefit requirement. 

For each project in our capital plan, we prepare a capital folder that contains six 
documents: 

§ Work order and financial analysis that explains the project, its justification, and its 
costs. 

§ Capital summary of all capital expenditures for each project. 

§ Quantifiable costs and benefits (such as avoided costs). 

§ Copies of invoices. 

§ Quotes or estimates. 

§ All other appropriate supporting information unique to each project. 

DISTRIBUTION SYSTEM OPTIMIZATIONS 

Optimizing our distribution system improves the efficiency, performance, and reliability 
of energy deliver. 

Conservation Voltage Regulation 

We continue to implement conservation voltage reduction (CVR) on a number of our 
distribution circuits.  

CVR, an energy efficiency program, involving measures and operating strategies 
designed to provide service at the lowest practicable voltage level while meeting all 
applicable voltage standards. It is applied to distribution systems. Studies revealed that, 
in general, reducing voltage by one percent results in energy consumption also being 
reduced by one percent. The predominant strategy for implementing CVR is the use of 
line drop compensation (LDC), a control device connected to tap-changing transformers 
and voltage regulators that measures feeder load current and computes the resultant 
voltage drop. The value of the voltage drop is then used by the tap changer or regulator 
to raise or lower the feeder voltage. 

We supply service voltage to our residential customers at 120 volts nominal with a range 
of +5% to –5% (as required by ANSI Standard C84.1-2011). By changing the central 
mean voltage (CMV) settings on distribution substation and line regulators from 122 
volts to 120 volts, we reduce the maximum service voltage on these circuits by 2%, 
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which results in a compressed service voltage range of +3% to –5% with 120 volts 
nominal.  

Implementing CVR is not appropriate for certain circuits. These include long circuits, 
circuits where the substation bus regulates voltage, and circuits where large commercial 
and industrial loads provide their own voltage regulation. We have stopped CVR on 
some circuits to enable circuits transfers during planned or contingency situations and 
because of customer complaints. 

Increasing amounts of distribution generation complicates the implementation of CVR. 
A large penetration of DG on a distribution feeder reduces the amount of current that 
LDC controls can detect; this reduces the apparent voltage drop across the feeder 
length, resulting in low voltages at the ends of feeders. However, the addition of 
distributed energy storage is providing us with a new tool that can be set to help stabilize 
voltage out on the ends of the feeder. 

We have begun to capitalize on our advanced metering infrastructure (AMI) to widen 
the implementation of CVR. AMI gives us access to integrated Volt/VAR control 
(IVVC) of distribution circuits, which measures distribution circuit voltages along a 
given circuit in real time then, using these measurements, optimizes voltage regulator 
settings and capacitor bank switching.  

Voltage Conversion 

We are continually converting our distribution system to our standard 12.47 kV/7.2 kV 
grounded wye to better accommodate load growth, enable feeder back up between 
substations, improve voltage performance, and reduce losses. Still, some 2.4 kV, 4.16 kV, 
and 8.3 kV distribution circuits remain. 

We consider a number of factors before deciding to convert the voltage of a certain 
circuit, among them: capacity constraints, consideration of feeder backup with adjoining 
substations, in adequate fault currents, low voltage complaints, and voltage losses. We 
consider line losses, substation transformer losses, and distribution transformer losses 
when analyzing the potential for voltage loss savings. The most significant loss savings 
can be gained by converting highly loaded circuits. In addition, voltage conversions can 
provide opportunities for reconfiguring feeders and balancing voltages with adjacent 
area circuits, enabling further opportunities for loss savings. 

Rather than making a specific plan, we carefully evaluate and balance the costs and 
benefits of any potential voltage conversion, and select those projects that provide the 
greatest value to our customers. Over the last four years, we have evaluated and selected 
a number of voltage conversion to make progress toward our goal. 
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When the Graniteville substation was rebuilt, we converted our circuits from 4.16 kV to 
12.47 kV. By rebuilding this substation, we were able to retire the Wetmore Morse #58 
substation that fed the 58H1 circuit at 2.4 kV, improve motor starting at area quarries, 
and enable feeder backup with the Websterville #61 substation. 

We rebuilt the Barre North End substation, converting its 2.4-kV circuits to 12.47 kV as 
a first step in standardizing all area substations. We are currently in the process of 
rebuilding the Barre South End substation, converting its 4.16-kV and 2.4-kV circuits to 
12.47 kV. In addition, we filed for a Certificate of Public Good to rebuild the 
Websterville substation and convert its circuits to 12.47 kV. When completed, service to 
the Barre area will significantly improve. 

After being flooded during Tropical Storm Irene in 2011, we relocated and rebuilt the 
Waterbury substation. As part of that rebuild, we converted all of its circuits from 4.16 
kV to 12.47 kV to better accommodate future load growth and to permit feeder backup 
with circuits from the Waterbury Center Substation. 

In addition to these completed conversions, we are planning and beginning construction 
on a number of other voltage conversion projects. 

Over the next several years, we plan to convert the Fair Haven and Hydeville substations 
from 4.16-kV to 12.47-kV circuits. These conversions will reduce losses and enable 
backup among the Fair Haven, Hydeville, and Castleton substations to be improved. 

Our rebuild of the Airport substation, planned for 2019, includes converting its existing 
4.16-kV circuits to the Vermont Air National Guard to 12.47 kV. 

We plan to convert the three 8.32-kV circuits at the Putney substation to 12.47 kV over 
the next several years. These conversions will reduce losses and enable improved backup 
between the Putney, Westminster, and Brudies Road substations. 

Power Factor Correction 

Placing capacitors enables reactive power (VAR) compensation, delivering power more 
efficiently. We place most of these capacitors on our distribution system, close to load to 
correct reactive power flow and to reduces losses. Through these placements, we 
maximize efficiencies by being able to use lower voltage distribution capacitors that are 
generally less expensive than higher voltage subtransmission capacitor banks.  

ISO-New England strictly limits reactive power flow between reliability regions, and 
requires VELCO to hold its transmission system power factor to 0.98 at a minimum. In 
turn, VELCO limits the power factor at our delivery points to no less than 0.95. We 
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calculate power factor using real and reactive power obtained from our SCADA 
database and from substation and circuit MV90 data. 

We perform capacitor optimization studies for the majority of our circuits to help meet 
these limitations, enhance circuit performance, and decrease losses. Optimal capacitor 
placement involves several factors including voltage drop, regulator placement, loss 
reduction, and capacitor costs. We plan to continue these studies when our engineering 
judgment or our monitoring suggests that loading, DSM efforts, growth, and circuit 
configuration indicate that we re-evaluate the placement of capacitors.  

We set the minimum power factor required for customers to avoid a demand 
determination adjustment under its commercial and industrial tariffs to 90% as an 
incentive for them to correct their power factors adjacent to their loads. On April 1, 
2020, we will increase the minimum power factor required to avoid a demand 
determination adjustment to 95%. 

Battery storage can also provide dynamic reactive support. Unlike capacity banks that 
provide fixed amounts of reactive power, storage systems can provide a continuous 
dynamic range of reactive power up to their limits. We have begun testing these 
capabilities with our Powerwall program. 

Circuit Reconfiguration and Phase Balancing 

Many factors drive the need to rebalance and reconfigure a circuit: inadequate capacity, 
unstable reliability, voltage performance issues, low fault currents, inadequate protection 
issues, feeder backup opportunities, the addition of large single-phase loads, insufficient 
DER interconnection, and opportunities for loss savings. Reconfiguring and balancing 
circuits most often occurs in dense urban areas and not so much in rural areas where 
distribution feeder backup is not as crucial. 

AMI’s ability to collect relevant data helps better quantify the distribution circuit loads 
by phase. This information identifies potential imbalances at substations, as well as at 
key locations on a circuit, including protective devices, tie points, and distributed 
generation sites. This helps us identify circuits that can be balanced by swapping their 
loads to reduce losses and improve voltage performance. 

AMI data also helps us evaluate the relative loading of adjacent circuits and, when 
necessary, optimize the normally open points between these circuits to lower losses, 
improve voltage performance, enhance circuit protection, and extend the load 
capabilities of substation transformers. 
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Completed Reconfiguration and Balancing Projects 

We have reconfigured and balanced a number of circuits over the previous four years. 

Barre City Circuits. We converted most of the remaining 2.4-kV and 4.16-kV circuits in 
the Barre area to 12.47 kV mainly to maximize their feeder backup capabilities. 

Barre Town Circuits. We balanced the load and upgraded the circuit ties on the 
Websterville 61G1 circuit as part of the voltage conversion of the Graniteville substation 
and its circuits to 12.47 kV. 

Brandon to Salisbury Circuit. We rebuilt portions of the Brandon BR-G71 and Salisbury 
SA-G23 distribution circuits and tied them together to allow for enhanced circuit 
balancing and feeder backup. 

Leicester Circuit. We added phases to the end of the LJ-G12 and LJ-G13 circuits 
(supplied by the Leicester Junction substation) to allow for load growth and to unload 
overloaded circuit reclosers. 

Pownal to Bennington Circuit. We rebuilt the Pownal to Bennington circuit with three-
phase construction to enable feeder backup between the circuit’s terminal Pownal and 
South Bennington substations. 

South Brattleboro Substation. We rebuilt the South Brattleboro substation, reducing its 
transformers from two to one, and its distribution circuits from four to three. By 
reconfiguring these circuits, we eliminated some cross-country lines and enhanced feeder 
backup. 

Waterbury Substation. We relocated the Waterbury substation and converted the 
associated feeders from 4.16 kV to 12.47 kV. In addition, we reconfigured the area’s 
circuits to address load growth and to allow for feeder backup with the Waterbury 
Center substation’s 12.47 kV circuits. 

White River Junction to Wilder Circuits. We rebuilt the White River Junction substation, 
expanding its circuits from one to three. In addition, we reconfigured these circuits with 
the adjoining three circuits from the Wilder substation to reduce losses and enhance 
feeder backup. 

Planned Reconfiguration and Balancing Projects 

We constantly assess our transmission and distribution system. As such, we anticipate 
completing a number of circuit reconfiguration and phase-balancing projects over the 
next several years. 
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Dover to Wilmington Circuit. We plan to build a second Dover substation to supply 
expanding loads at the Mount Snow ski area. In addition, we plan to reconfigure the 
circuits between this new substation, the existing Dover substation, and the Wilmington 
substation to better balance loads, improve reliability, and enhance feeder backup. 

Milton Circuit. We plan to extend a circuit south from the Milton substation to provide 
feeder backup to the Catamount Industrial Park. We are also analyzing the benefits of 
extending a circuit north from the Mallets Bay substation into this area. Together, these 
projects promise to improve the balance among existing feeders and enhance feeder 
backup. 

Sharon Circuit. To ease interconnecting a large solar facility, we plan to balance the 
SH-G35 circuit phase that is supplied by the Sharon substation. 

Sheldon Substation. The 12.47 kV circuit that originates at the Sheldon substation is 
long, carries high loads, and experiences low fault current. We plan to balance this circuit 
to reduce losses, and improve its voltage profile. 

South Burlington Area. We plan to rebuild and relocate the Airport substation, in part, to 
upgrade the existing 4.16-kV circuits to 12.47 kV. In addition, we plan to reconfigure the 
circuits among this new substation and the adjacent Essex, Gorge, and Dorset Street 
substations. 

Winooski Area. We are currently upgrading a three-conductor, two-phase step-down area 
to a three-phase step-down area. This upgrade will relieve step-down transformer 
overloading, improve the balance on the phases, improve voltage profile, and lower 
losses. 

Winooski Feeder. In 2015, we built a new 34.5-kV distribution feeder from the Gorge 
substation into Winooski. To complete the project, we plan to reconfigure, the 34.5-kV 
feeders from the Winooski and Ethan Allen substations to better balance the loads 
among these three feeders and enhance reliability. 

Distribution Transformer Load Management 

We are developing a distribution transformer load management (DTLM) program as 
part of our AMI structure. A DTLM program matches individual distribution 
transformers to their respective loads to: 

§ Optimally size new transformers while considering existing loads, motor starting 
requirements, and the projected capacity and energy losses over the lifetime of the 
installation. 

§ Replace highly loaded transformers that are sources of failures and high load losses. 
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§ Replace under-loaded transformers that are sources of excessive capital investment 
and no-load losses. 

Our AMI could establish a link between meter accounts and the individual transformer 
supplying these meters. This would allow the AMI to: 

§ Calculate the coincident demand imposed on a given transformer. 

§ Calculate the energy supplied by the transformer. 

§ Calculate load losses and no-load losses on the transformer. 

§ Identify overloaded units. 

§ Identify potentially under-loaded units. 

§ Evaluate the effects of anticipated load growth on the losses and remaining capacity 
of a given transformer. 

A DTLM program could efficiently manage transformer loading, postpone unnecessary 
transformer replacements, and identify overloaded and inefficient units. The program 
could be especially useful in areas where distribution voltage will be converted and a 
large number of transformers will be replaced. 

We started a DTLM project using DataRaker analytics, but it was too complex. Instead, 
we can bring AMI data for a specific date and time directly into our CYME models, 
enabling us to identify overloaded transformers during the one interval snapshot. We 
continue to develop a systematic program for reviewing the distribution transformer 
loading for all transformers. 

Interconnecting Distributed Generation 

The application and installation of renewable distributed generation (DG) continues 
robustly, creating new opportunities for carbon reduction and load balancing along with 
new challenges for managing the distribution system. We methodically interconnect 
these DG systems onto our transmission and distribution system. DG developers 
generally follow one of three paths: net metering, purchase power contracts through the 
Sustainably Priced Energy Enterprise Development (SPEED) programs, or direct 
purchase power agreements (PPAs). 

Each developer must receive a Certificate of Public Good (CPG) from the Public 
Utilities Commission (PUC) for their DG facility before interconnecting with our T&D 
system. As part of this process, we ensure a safe and reliable interconnection, consistent 
with our procedures and requirements as well as those of ISO-New England and the 
Public Service Board. 
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We remain active within the ISO-New England Distributed Generation Forecast 
Working Group. This DG Working Group considers national trends, interconnection 
requirements, under-frequency setting concerns, and interconnection costs related to 
DG. In addition, we have developed a number of tools to help DG developers navigate 
the interconnection process.  

These tools include: 

§ A Guide to Customer-Owned Generation & Distributed Resources.59 This guide provides 
resources to the developer including applicable tariffs, registration and application 
forms, enabling statutes, PUC rules, trade association information, and regulatory 
contacts. The guide also provides service requirements, meter socket connections, 
and a map showing the location of our three-phase distribution lines. 

§ The Green Mountain Power Distributed Resource Interconnection Guidelines (Interconnection 
Guidelines). These detailed technical interconnection guidelines provide developers 
with information on the interconnection process, equipment requirements, 
application instructions, screening criteria, and service extensions. 

§ An internal distributed resources database that contains information on proposed and 
installed distributed resources on our system. The database includes the developer’s 
contact information, type of generator, the primary energy source, generator technical 
parameters (including capacity), generator location, interconnection voltage, ancillary 
equipment, and site information. This database, linked to our CYME distribution 
system planning software, automatically updates our planning models and streamlines 
needed interconnection studies or future system analyses. 

We are running into significant DG saturation on a number of circuits, which is 
bumping up against limitations and the need for additional system upgrades. Unlike load 
growth-related T&D system needs, under the current PUC rules, generation must pay 
for the upgrades necessary for them to interconnect. However, because it would not be 
feasible or realistic to perform a detailed system impact study on every single small-scale 
rooftop solar installation (not to mention it would add considerable time to the process 
for the solar customer), these smaller systems typically go through the expedited net 
metering process and are able to interconnect in a matter of weeks, regardless of 
whether any particular new system might “tip” the circuit toward needing an upgrade. 
Ultimately, these smaller systems add up and push distribution circuits toward their limit. 
To begin to address this issue, we are now able to show which circuits on our system 
have either reached these limits or are approaching them through our Solar Map 
(Figure 6-2). 

                                                
59 This guide is available at: http://www.greenmountainpower.com/customers/distributed-resources/a-guide-to-customer-owned-generation-and-

distributed-resourc. 
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Distributed Energy Resource Map 

On our website, we publish and constantly update a comprehensive DER map—the 
GMP Solar Map—detailing all distributed generation installations on our distribution  

 
Figure 6-2. Our Distributed Energy Resource (Solar) Map 

system. This publicly displayed distribution 
grid data helps customers, developers, and 
other state and local organizations better 
understand DER integration issues to reduce 
delays from competing queue positions or 
needed system upgrades. 

Figure 6-2 shows a statewide perspective of 
our Solar Map, available on our company 
website.60 This map currently details where 
DERs are prevalent, where they are not, and 
where DERs might be more easily 
interconnected. 

Our DER map allows customers and 
developers to see how their installation would 
fit into the overall picture of DERs across 
our service area. This map gives a great deal 
of useful, color-coded information. Icons 
viewable on the website represent 
substations, solar installations, wind 
installation, and other types of generation. 
The Solar Map displays circuits in different 
colors: 

§ Green. Substation transformer rating with 
at least 20% capacity remaining. 

§ Yellow. Substation transformer rating with 
between 10% and 20% capacity remaining. 

§ Red. Substation transformer rating with less than 10% capacity remaining. 

§ Orange. Constrained circuits that, because of system limitations, might result in higher 
costs and delayed interconnections. 

                                                
60 http://gmp.maps.arcgis.com/apps/webappviewer/index.html?id=4eaec2b58c4c4820b24c408a95ee8956 
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Figure 6-3. Solar Installation DER Map Details (part 1) 

Zooming in produces a clear map of all the 
icons that represent DER installations. 
Clicking on an icon places a light blue box 
around the installation’s icon, and reveals 
detailed information about that installation 
(Figure 6-3). There are two pop-up boxes 
that describe each installation. 

The first pop-up box describes the type of 
installation, whether solar or wind (this 
example is ‘DG Active: Solar’) and its output 
capacity (6 kW).  

Clicking on the triangle icon on the pop-up 
box’s heading bar displays the information on 
the second pop-up box. 

 
Figure 6-4. Solar Installation DER Map Details (part 2) 

The second pop-up box (Figure 6-4) 
describes the: 

§ Circuit rating 

§ Circuit feeder ID 

§ Substation 

§ Location rating 

§ Total DG on the feed 

§ Transformer capacity 

§ Total DG on the substation transformer 

§ Remaining capacity in kW 

§ Remaining capacity in percent 

Notice also that the circuit fed by this 
substation turns a light blue color. 

Substation loading is calculated by adding the connected and proposed generation, and 
comparing this total to the top nameplate rating of the transformer. System limitations 
may include, but are not limited to, transmission ground fault over voltage (TGFOV) 
constraints, as well as areas where the primary operating voltage of the distribution 
circuit is less than 12.47 kV.  

We plan to continue to enhance the Solar Map to include additional information as it 
becomes available. Potential enhancements include the distance from a proposed site to 
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the nearest circuit and substation, the number of phases available, the circuit voltage, 
conductor identification, solar irradiance information, and links to Agency of Natural 
Resources GIS environmental data layers. We are considering the development of a cost 
estimation tool to help developers estimate the cost of interconnection for a proposed 
generator at a given location.  

Conductor Selection 

We have standard conductor sizes for our subtransmission and distribution systems. 
These include: 

§ Overhead Primary: 1/0 6201 Aluminum, 4/0 6210 Aluminum, 336 ACSR, 477 
ACSR, and 556 ACSR 

§ Underground Primary: 1/0, 4/0, 350, 500, 750, 1000, 1250 Aluminum or Copper 

Our conductor methodology can evaluate a least-cost conductor size based on the 
conductor’s first cost together with the conductor’s present value of the demand and 
energy losses calculated over a twenty-year period. This makes it possible to evaluate the 
least-cost conductor to install for new line construction and reconstruction.  

System planners can also employ this methodology to select the appropriate conductor 
using the expected (non-contingency) conductor loading. Planners must consider other 
factors (including expected voltage drops, fault currents, post-contingency current levels, 
geographic constraints, and expected system changes) before ultimately choosing a 
conductor. For example, we installed a 795 ACSR conductor when reconductoring on 
the 34.5 kV subtransmission system. We chose the 795 ACSR conductor because it 
experiences very low loss under normal loads, can carry the post-contingency thermal 
loadings of this system, and be supported with single pole and cross-arm construction 
without the expense of excessively robust structures or short spans. This is a common 
conductor used in Vermont and New England, making it readily available in emergency 
situations. 

With few exceptions, reconductoring solely for loss savings is not cost effective. The 
cost of new conductors together with new, larger pole plants will generally exceed the 
value of any expected loss savings. Nonetheless, we always analyze the benefits of 
reconductoring whenever a subtransmission and distribution plant needs to be rebuilt. 
The need to rebuild a plant arises for many reasons—to support road improvement 
projects, address age, improve degraded plant condition, relocate lines from cross-
country to roadside and from overhead to underground, or establish feeder backup 
between substations—and sometimes reconductoring can be cost-effective. 
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TRANSMISSION AND DISTRIBUTION RELIABILITY INITIATIVES 

Hinesburg Substation and Energy Storage Solution 

Reliability deficiencies in the Hinesburg area needed to be addressed. We considered 
numerous options, ruling out a new substation because that would have created two 
substations in the area: ours and VEC’s. In addition, VEC would have been forced to 
rebuild its substation to address asset condition.  

Our analysis also determined that DG would not address post-sundown peaks and could 
actually exacerbate system voltage fluctuations. VEIC’s energy efficiency study showed 
very limited potential for load reduction with geographic targeting. These potential load 
reductions were not substantial enough to ward off additional upgrade requirements. 

A jointly owned GMP-VEC substation emerged as the least-cost solution. It provides 
the lowest cost “T&D only” option for both utilities, effectively addressing all 
Hinesburg reliability and system protection deficiencies as well as removing any 
requirement for distance relaying. Installing a battery energy storage system (BESS) with 
a two-circuit substation (rather than a four-circuit substation) appears to be a more 
flexible solution. In addition, it can potentially provide the lowest cost solution under 
some outcomes (such as limited load growth in the Hinesburg area and robust market 
revenues from battery operation).  

A BESS can potentially defer certain GMP upgrades, including delaying construction of 
two GMP circuit positions at the substation as well as the distribution line infrastructure 
needed to interconnect the substation to the GMP Hinesburg distribution system. 
Depending on the input assumptions, comparing a BESS with the two-circuit substation 
with a fully constructed four-circuit GMP/VEC jointly-owned substation resulted in a 
wide disparity between resulting higher or lower net costs. 

As outlined in our 2014 IRP and discussed in the Vermont Comprehensive Electric Plan 
2016,61 building a BESS is a shared goal for us and the state. We are committed to 
building additional storage facilities on our electric system to obtain project-specific 
benefits (such as reduced power and transmission expenses, deferred distribution and 
transmission projects, reduced power supply risk, and additional resiliency).  

The Hinesburg area provides an opportunity for us to gain insight into the costs and 
effectiveness of a BESS to address an actual reliability deficiency. The Hinesburg area 

                                                
61 The 2016 Vermont Comprehensive Energy Plan, page 232, states: “The fact that energy storage blurs (the) line between load and supply, and 

offers other values to consumers, utilities, and grid operators, poses challenges that regulators, utilities, and industry will need to address 

sooner rather than later… As the industry matures, and states including Vermont learn from the pilot projects we are undertaking, solutions to 
these growing pains will emerge—but it’s clearly time to get started.” 
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reliability deficiencies include multiple facets of interest, including high solar penetration 
and a weak radial distribution system with limited capacity for future growth. Unlike 
most traditional T&D solutions, battery solutions have the advantage of modularity, 
allowing for relatively easy expansion as system needs dictate.  

In the Hinesburg area, the flexibility of a battery system could be particularly useful to 
help us respond to a substantial degree of uncertainty in the key planning assumptions 
(such as the amount, type, and timing of future load in the area). Markets, such as the 
Forward Reserve Market (FRM),62 can potentially provide even further benefits from 
storage. Our recent offering of Tesla Powerwall batteries as behind-the-meter energy 
storage may, in the future, offer even more options for implementing battery storage to 
defer T&D upgrades in the Hinesburg area.  

If a BESS fails to address the reliability deficiencies or system growth expands beyond 
the BESS’s capacity, we could then complete the capital upgrades associated with the 
jointly owned GMP-VEC substation. If that occurs, the BESS could fully participate as a 
merchant project. Together, we plan to build the substation with enough space to allow 
for two future GMP circuit positions.63  

Given the uncertainties in this area surrounding load growth, solar penetration, and the 
BESS performance, we believe it appropriate for us to pursue the BESS together with a 
new substation with VEC. 

Relocating Cross Country Distribution Lines 

A number of our distribution lines do not run along roadsides, but rather traverse open 
fields, forests, and other rural areas. Most of these lines were built over twenty years ago 
when rural loads were low and the need to interconnect DERs was virtually nonexistent. 

There are a number of challenges with these cross-country lines. Rather than using our 
bucket trucks, our crews must access them on foot or with all-terrain vehicles. As a 
result, trimming trees, maintaining lines, upgrading equipment, restoring outages, and a 
plethora of other tasks are more time-consuming and costlier. Climbing these older, 
smaller, and often failing poles also presents safety issues. 

The obvious solutions of undergrounding or relocating these lines along roadsides, 
however, presents a number of problems. Relocation is costly; roadside areas are limited, 
easements are difficult to obtain, construction often requires substantial effort to create a 

                                                
62 In winter and summer, the Forward Reserve Market acquires commitments ahead of time from resources to provide reserve capacity (that is, 

to start or ramp-up output quickly) in real time. 

63 The actual cost allocation between GMP and VEC for this project has not yet been determined. 
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viable, safe path, Act 25064 permits take time and are difficult to obtain, and the even 
greater expense and effort for burying lines underground is mostly unjustified. 

When these cross-country lines must be rebuilt in place, we improve the line’s safety and 
reliability by spending a little more in their reconstruction to save a lot more in the long 
term: we use stronger poles, install poly-coated tree wire for primary conductors and 
transformer taps, trim trees with wider clearances, and install animal guards. 

Whenever possible, we combine other necessary safety and reliability upgrades when 
relocating a line to maximize our investment. 

Implementing System Improvements 

We seek opportunities for implementing efficiencies in our T&D studies and capital 
expenditures. These efficiencies can be realized through sizing wires, correcting power 
factors, purchasing transformers, balancing circuits, converting voltage, and 
reconfiguring circuits.  

We prioritize projects that reap multiple benefits, including combinations of managing 
assets, improving feeder backup, relocating off-road lines, increasing capacity, and avoid 
line loss. Larger projects often involve upgrading a substation, reconductoring 
subtransmission lines, and upgrading larger three-phase distribution lines. Smaller 
projects generally involve working on individual distribution circuits, and include placing 
capacitors, balancing phases, and balancing load among feeders. Larger projects require 
three to five years to complete, while smaller projects because of their smaller scope and 
reduced preconstruction requirements take less time. 

Implementation schedules are project specific. For example, installing a distribution 
transformer (identified through our least-cost transformer acquisition tool) to quickly 
capture loss-avoidance opportunities generally are completed with a year of being 
evaluated. We would select the least-cost conductor when the project is designed; 
completion time would depend on the upgrade’s scope and its priority compared to 
other ongoing projects.  

Replacing Streetlights with LEDs 

We have taken the initiative to change all non-LED street lights to LED streetlight 
technology. Through August 31, 2018, we have installed 4,186 LEDs for a system-wide 
total of 18,812 LED streetlights.  

                                                
64 Act 250, Vermont’s Land Use and Development Act, enables a public review for construction projects to mitigate their environmental, social, 

and fiscal impact while complimenting Vermont’s unique landscape, economy, and community needs. 
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Our collaborative initiative with Efficiency Vermont helps all customers improve the 
lighting efficiency on streets, public spaces, and in private locations by re-examining their 
lighting needs and replacing less efficient streetlights with new LEDs.  

LED streetlight benefits include: 

§ Significantly reduced energy use. 

§ Longer lasting lamps—at least four times that of mercury vapor fixtures, thus 
lowering maintenance costs. 

§ Improved nighttime environment. LED fixtures fully shut off; no light escapes from 
the top, reducing light pollution into the night sky and neighboring properties and 
decreasing glare to motorists and pedestrians. 

Together with Efficiency Vermont, we have developed tariffs that offer financial savings 
to municipal customers for converting to LEDs. To obtain the savings, customers 
simply determine where to install the LED and its size.  

Since 2014, we have collaborated with the cities of South Burlington, St. Albans, 
Worcester, and Montpelier to install high-efficiency LED streetlights with intelligent 
controls together with solar panels mounted on utility poles. The panels should produce 
enough energy to offset the use of the LEDs. These LEDs can notify the installing 
company when they fail, which reduces down time with more continuous lighting, and 
improves customer service.  

Table 6-1 listed the solar panels mounted on LED streetlights in these four cities. 

City Solar Panels Mounted Nameplate Capacity (kW) 

Montpelier 43 8.6 

South Burlington 31 6.2 

St Albans 33 6.6 

Worcester 7 1.4 

Table 6-1. Solar Panels Mounted on LED Streetlights 

TRANSMISSION AND DISTRIBUTION SYSTEM PLANNING CHALLENGES 

The Impacts of Electric Vehicles and Heat Pumps on Load Growth 

Chapter 5: Our Increasingly Renewable Energy Supply provides a much deeper dive into 
the different potential system loading outcomes from electric vehicles and heat pumps. 
For example, in the high EV deployment case, we would see an estimated 85 MW of 
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coincident peak demand addition to the system, if we did not implement any control of 
the charging infrastructure. We have already implemented a control platform and 
specifically integrated with residential Level 2 charging, which we believe will provide the 
bulk of customer charging during the peak hours of early evening. This means that if this 
high case outcome were to materialize, it is highly likely that we will be able to manage a 
majority of the charging infrastructure and avoid complications to the distribution 
system. For the EVs charged through uncontrolled charging infrastructure, it will 
depend on the location and disbursement of the vehicles as to whether or not local 
issues could arise. We hope to continue to have a high uptake rate through our charging 
program and the Bring Your Own Device charging program to keep track of the 
location for these resources, as well as have the ability to control for peak reductions 
whether that be regional peak value or local peak management. 

The same is true for heat pumps, except a lower anticipated coincident peak demand in 
the high deployment case. As laid out in Chapter 5, our view of a high deployment case 
would hit approximately 35MW of coincident peak demand if no control is 
implemented. As with our EV program, we have developed a control methodology for 
heat pumps as well. However, a peak demand of 35MW spread out over 300 distribution 
circuits does not pose major concerns for operation of the distribution system. There 
will be the possibility for very localized distribution transformer loading issues that may 
arise, we hope to catch those through our AMI data and transformer monitoring 
program. 

In addition to controlling these resources to manage their peak impacts to the 
distribution system, they will be leveraged as power supply resources and capture 
additional value for customers such as energy arbitrage. (This is further discussed in 
Chapter 8: Portfolio Evaluation.) They can also be used as tools to improve DG hosting 
ability by, whenever possible, creating more demand during the peak solar hours. For 
example, through charging controls we can ramp up charging during the peak solar 
hours and ramp it down during the evening peak demand hours. 

Securing Our System from Cyber Attacks 

Technology and innovation continue to transform the distribution system from a largely 
conventional analog electrical grid to a smart grid built on a platform of software-centric 
services. This evolution both standardizes the technologies shared between conventional 
transmission, distribution, and corporate systems, and also harnesses a variety of new 
data sources for improving the efficiency and overall operation of the grid. 

These technologies continue to proliferate and mature. Coincidently, so does the 
complexity of cyberattack sources and mechanisms, dramatically increasing the risk to 
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the security of our operations and grid infrastructure. To mitigate these security risks, we 
subscribe to and implement many of the controls recommended by three key risk 
mitigation and management frameworks:  

§ The National Institute of Standards and Technology (NIST) Cyber Security 
Framework. 

§ The Center For Internet Security (CIS) 20 Critical Controls Framework. 

§ The ISO/IEC 27001 Security Standards. 

With these frameworks as a guide, our cybersecurity program has evolved significantly. 
We now employ a number of key practices and technologies to detect, defend, and 
respond to a wide variety of technical attack methods. We have also incorporated 
numerous social-engineering practices. We augment this approach by consulting and 
engaging with several independent cybersecurity partners as well as the Department of 
Homeland Security’s Industrial Control Systems Cyber Emergency Response Team 
(ICS-CERT).  

The Vermont Department of Public Service and Public Utility Commission have been 
actively engaged in monitoring utility cyber security protocols and responses through 
meetings that may lead to a statewide response program. 

ISSUES SURROUNDING DISTRIBUTED ENERGY RESOURCES 

The Numerous Challenges of Increasing DER Penetration 

The increasing penetration of DERs onto radial distribution circuits presents numerous 
planning, operational, and interconnection challenges. Consideration must be given to a 
DER’s size and generation type, the relative strength of the electric system at the 
proposed interconnection point, and the protection strategies in the area. Regarding 
protection strategies, GMP is requiring that all inverter-based resources be compliant 
with IEEE 1547 SA and also meet the requirements of the ISO New England Source 
Requirement Document, February 6, 2018, which is available at: Inverter Source 
Requirement Document of ISO New England (ISO-NE).  

We are conducting a series of feasibility, system impact, stability, and facilities studies to 
identify potential problems and develop appropriate solutions. When the studies are 
complete, we plan to work with generation developers to address specific 
interconnection issues and develop mutually beneficial solutions.  

The increased penetration of DERs gives rise to a number of issues. 
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Thermal Loading. Conductors, transformers, voltage regulators, and other equipment 
along the electrical path to the interconnection point can potentially exceed their thermal 
ratings because of the current contributions from these resources. 

Operational Loading. Fuses, reclosers, and other protective devices can exceed their 
thermal rating (above nameplate, but below trip level) and operational rating (above trip 
level). 

Reverse Power Flow. Large interconnections can reverse the power flow through voltage 
regulators and protective devices, precipitating the need to replace devices that cannot 
properly operate with reverse power flow. 

Voltage Fluctuations. Power entering the grid from DERs can affect voltage levels, 
usually raising the voltage at the interconnection point. Induction generators, when first 
starting, can create a large reactive power surge that causes voltage sags. Gradually 
integrating larger facilities online might be necessary to allow distribution voltage 
regulation equipment to keep pace with changing voltage levels. 

Unintentional Islanding. Protective devices can sometimes cause DER-supplied load to 
disconnect from the grid, resulting in a phenomenon called islanding. Without an 
adequately stronger and larger grid, islanding can cause voltage and frequency to 
fluctuate, damaging equipment and degrading both safety and reliability. 

Fault Current Contributions. DERs connected on radial feeders can cause line protection 
problems. Radial feeder protection schemes s handle current that flows into a fault 
through the upstream protective devices. DG can provide fault current from alternate 
directions, which causes the existing protection to fail. 

Ground Fault Over-Voltages. DERs that are not effectively grounded can cause high 
voltage levels during ground faults when there is a relatively large generation-to-load 
ratio in the area. This is one of the most common limitations that we run into with 
saturation because of distributed generation. 

Distribution Grid of the Future 

Many of our proposed T&D capital additions increase the capability to interconnect 
additional DERs without compromising system power quality or reliability. This is one 
of the reasons we rebuilt the Barre North End substation and are rebuilding the Barre 
South End substation (the primary drivers were to improve reliability and better manage 
assets). The previous infrastructure had very limited capability for interconnection of 
DERs. Converting these substations from 4.16 kV to 12.47 kV and adding a larger 
substation transformer strengthened all of the Barre-area distribution circuits and 
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reduced the potential adverse impacts (such as voltage flicker) when connecting DERs. 
This stronger distribution system also increases flexibility and creates opportunities to 
implement emerging technologies, improving overall system performance.  

We plan to explore implementing BESS solutions for increasing DG hosting capacity at 
substations nearing their hosting limit and while we do not yet have the ability to 
propose capital improvements to increase hosting capacity we will continue to test and 
work with the Department and other stakeholders to propose the best solutions 
possible. During the Panton Battery project, we proposed limited testing of 
implementing a BESS to increase DG hosting capability to gain experience, and learn 
requirements and tradeoffs. In addition, we used this project to explore other potential 
grid-related DER benefits such as reactive power support, conservation voltage 
reduction (which may reduce or eliminate line regulators required on the Panton circuit 
in the future) and distribution islanding.  

Battery storage also provides potential benefits of reducing the regional network service 
charge and of participating as a merchant plant in the Forward Capacity Market, energy 
arbitrage, and frequency regulation market. 

Distribution Planning and Design Considerations 

With the continued influx of variable DERs behind the meter, our distribution system 
must accommodate bi-directional power flows that can be redirected to different 
substations and feeders across our system. In response, integrated resource planning is 
expanding to include other areas of system and grid planning, especially distribution 
planning. A redesign of radial distribution system to looped systems, self-healing 
networks, and microgrids might prove necessary.  

More and more, as our circuits become constrained with DERs, passive and reactive 
system management is transitioning to active management with real time processing of 
large amounts of information and proactive system operation. We constantly plan for 
cost-effective system upgrades that create and maintain a secure, flexible distribution 
system, improves grid resiliency and reliability, and enhances system efficiency—all while 
facilitating the integration of more and more distributed and renewable resources. 

Circuit Ranking for Future DER Installations 

Determining how to effectively and efficiently increase DER capacity on our circuits 
would require a capability study performed on every circuit. With almost 300 distribution 
circuits, it would not be cost effective to perform this type of detailed analysis for every 
location on our system, especially given the unknowns regarding potential DER sizes 
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and locations. A more reasonable path would be to determine which circuits have 
greater potential to host more DERs. In addition, it would be valuable to identify circuits 
where limited resources could be added that maximizes cost-effective DER integration. 

To solve this issue, we are developing a “circuit-ranking matrix” screening process 
across our service territory. This process strategically employs available system data to 
determine areas that warrant an in-depth examination of possible DER integration. The 
goal is to use data metrics and analytics to direct resources and emerging technologies to 
the optimum locations. 

Currently, the circuit-ranking matrix considers: 

§ Circuit reliability 

§ Power quality sensitivities (such as customer type, hospitals, and emergency shelters) 

§ Substation capacity  

§ Circuit minimum and maximum kW and kWh loads 

§ Total amount of connected and proposed DERs 

§ Peak responsibility factors (that is, coincidence with other peaks) 

One of our strategic goals is to reduce our system peak when it coincides with the 
ISO-New England peak. Employing DERs when ISO-New England peaks reduces 
Forward Capacity Market and regional network service costs, thereby providing 
economic value to our customers. We can attain further value when this same DER is 
located on a circuit (or its supplying substation) peaks simultaneously with the ISO-New 
England peak. Locating DERs in this manner extends substation transformer life and 
reduces losses.  

Under our methodology, a circuit with higher coincident kW loading would likely screen 
higher than another coincident circuit having lower demand. Other ancillary T&D 
system metrics must also be considered (such as opportunities to improve reliability or 
defer T&D upgrades).  

This methodology bridges the engineering particulars of system operation with the 
economic opportunities of market operation, and may act as good indicators for the 
placement of DERs. Each matrix component is weighted to identify a “DER 
opportunity” numeric ranking of a circuit. We then review this ranking together with 
other pertinent information (such as planned capital projects) to prioritize DER 
placement.  

The GMP Solar Map is an example of this data-based approach already working for 
ranking and organizing circuits based on their capabilities. 
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PRESERVING RELIABILITY 

Reliability Improvements 

Our method for identifying areas to improve reliability continues to evolve. Every 
month, we compile and analyze reliability data (such as the average number of 
interruptions and their average length from SAIFI and CAIDI indices, as well as other 
sources) to better track performance and establish reliability goals. From this 
information, we choose projects—tree trimming, fuse coordination, sectionalizing, new 
infrastructure and reconstruction—to improve reliability. 

While this method has proved successful, we nonetheless continue to develop and 
implement programs, pilots, and recommendations to improve reliability. We separated 
these recommendations by area: transmission, distribution, and substation. 

Transmission Reliability Recommendations 

We have identified several reliability recommendations for our transmission system. 

§ Continue to recapture transmission rights-of-way to reduce tree-related faults and 
outages. 

§ Increase the number of SCADA-controlled, motor-operated load break switches, 
which enables us to sectionalize faster when problems occur. 

§ Control and monitor SCADA-controlled switches by using the VELCO fiber 
build-out. 

§ Quicken our pace for replacing aging poles. 

§ Reconductor lines and develop operating practices to address identified thermal 
constraints during critical outages. 

§ Reduce the length of voltage sags during a fault by installing high-speed 
communications-assisted tripping (HSCAT) schemes. These schemes allow sensitive 
electronic loads to ride through temporary system disturbances that otherwise would 
have caused the electronic loads to shut off or malfunction. 
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Distribution Reliability Recommendations 

Here are several reliability recommendations we’ve identified for our distribution system. 

§ Continue to rely on outage statistics to prioritize circuits for tree trimming and capital 
reconstruction projects. 

§ Increase our pace for replacing the miles of aging distribution line. 

§ Continue to implement our method for coordinating fuses to restrict circuit outages. 

§ Implement the updated transformer standard that foregoes completely self-protected 
(CSP) transformers in favor of conventional transformers. 

§ Install animal deterrents, guards, and fences on our line equipment. 

§ Expand the use of spacer cable. 

§ Develop distribution pilots including AMSC Dynamic-VAR volt/VAR (to stabilize 
and regulate voltage and power factors), GridEdge Networks (transfer trip protection 
systems that better enable DER integration), and microgrids (to mitigate and isolate 
power quality issues). 

Substation Reliability Recommendations 

We have identified several areas for improving reliability at our substations. 

§ Quicken our pace for replacing aging substation infrastructure. 

§ Continue to use portable substations to minimize planned outages. 

§ Install more animal deterrents, guards, and fences on our substations. 

§ Install substation fence security systems. 

§ Enhance feeder backup capability between substation circuits whenever a substation 
is upgraded. 

Substation Reliability Improvements 

In “Reliability Improvements” (page 7-6-37), we discuss a number of programs, pilots, 
and recommendations for improving reliability. This section elaborates on some of those 
recommendations. 
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Figure 6-5. Animal Deterrent System 

Animal Fences. Most of our substations and switches are 
located in out-of-way and rural places, where the chance for 
animals to “investigate” increases. Outages caused by animal 
contact have affected the reliability and power quality to our 
equipment as well as thousands of residential customers and 
hundreds of commercial and industrial customers. Animal 
fences protect substations and their assets, virtually 
eliminating outages caused by wandering animals—as our 
experience with animal fence installations at several 
substations has clearly demonstrated. 

Animal Mitigation. Not all animals amble into the grounds of 
our substations. Some climb security fences; other simply fly 
in. To protect against these “invasions”, we have installed a 
product called Green Jacket to subtransmission buses, 
disconnect switches, breakers, and substation transformers  

to enhance reliability. The animal protection is form fitted for its exact location and 
placed either on live parts or the ground plane to eliminate the different potential 
locations where animal contact is most likely to occur 

Substation Security System. Animals aren’t the only “invaders” we have to deal with; 
some people also find “visiting” a substation irresistible. To counteract these 
unauthorized entries, we are installing security systems at our substations, which include 
surrounding fences with barbed wire tops and video cameras. These security fences 
reduce the risk of injury or death to the intruder. The remote cameras enable us to 
record events at the substation, helping identify intruders, identify potential fault causes, 
and improve overall safety. 

High-Speed Communications-Aided Tripping Scheme. An HSCAT improves power quality 
by reducing the length of voltage sags during a fault. This time reduction allows sensitive 
electronic loads to ride through temporary system disturbances, maintaining power. 
Without an HSCAT, these voltage sags would cause the electronic load to shut off or 
malfunction. 

Motor-Operated Air Breaks. Motorizing switches significantly improves the reliability, 
operations, and safety of our subtransmission system. A MOAB helps to isolate and 
sectionalize remote faults and disturbances, enabling us to restore service quicker to 
substations supplied by those line sections, therefore minimizing outage times for 
customers. Motorizing switches increases safety because line workers will no longer have 
to access the switch and manually operate it. 
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We are upgrading all of our older, manual gang-operated air brake (GOAB) switches 
with modern, remote MOAB switches. These upgrades improve worker safety and 
efficiency and decrease outage times. MOAB switches integrate with our SCADA 
systems, which helps us more quickly address outages from our centralized control 
system. This integration reduces the time customers are without service during each 
outage event. Installing MOABs further automates our SCADA master system, which 
operates over a high-speed fiber communication network, to better reduce outages and 
increase safety. 

Managing Vegetation 

In 2017, faults from trees contacting our overhead subtransmission and distribution lines 
accounted for 50% of all outages, and we have seen a similar pattern this year. To 
combat this, we have created, and constantly update, an integrated, long-term vegetation 
management (IVM) program. We implement our IVM program safely and cost-
effectively with minimum environmental impact. Our goal is to create safe and efficient 
operation of the subtransmission and distribution system by reducing service 
interruptions and power quality disturbances. 

Trimming Around Distribution Lines 

We monitor the number of tree-related outages every month. We also revised our 
distribution vegetation management plan as part of the PSB rule 3.631(J). The IVM plan 
details the relative composition of tree species near our T&D system, provides growth 
rates for the dominant species, and lists low-growing compatible species. We trim our 
entire distribution system every seven years. We developed this periodicity based on a 
2015 study of the composition of the trees in our service territory, their growth rates, 
and clearance distances from energized lines. Every year, we determine areas most in 
need of trimming based on the last year the area was trimmed, the frequency of service 
interruptions, customer density, and the number of sensitive customers (such as 
hospitals).  

We clear at least 20 feet vertically and 10 feet horizontally for 2.4-kV to 34.5-kV 
distribution lines, whenever possible. These clearances increase for conifers (with their 
tendency toward ice and snow loading) and tree species whose regrowth rates exceed the 
seven-year standards. We cannot always adequately clear in the green belt areas of most 
villages, towns, and cities; we are considering trimming these areas more frequently.  

To clear and trim, we manually cut trees, prune using various methods, mow with large 
equipment, and selectively apply herbicides. Appendix E: Vegetation Management Plans 
details these clearing techniques as well as our overall vegetation management programs.  
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State officials recently detected the emerald ash borer (EAB) in our forests and trees. 
There are hot spots in certain areas of our service territory and the infestation is 
expected to spread. Their infestation is a source of concern for us, as well as for other 
state utilities and municipalities across the state. The EAB larvae feed on the inner bark 
of the ash trees, disrupting the tree’s ability to transport water and nutrients, which 
ultimately leads to the tree’s death.  

Because EABs feed under an ash trees bark, it is extremely difficult to identify infected 
trees until the tree is on the verge of dying. Because of this, we have devised an EAB 
mitigation strategy that proactively removes healthy ash trees along utility corridors 
within confirmed infested areas and are working with the Department now, as we release 
this IRP, to review and implement this plan. Getting ahead of this problem, rather than 
letting ash trees become infested, weaken, and fall, is the right way to approach this in 
the planning period. 

Maintaining Our Subtransmission System 

Our subtransmission right-of-way management plan was updated in 2018 as part of the 
PSB rule 3.631(J).  

As part of the reclamation program in 2018, we cut vegetation in 115 acres of our 
subtransmission system, and removed 967 hazard trees and 4,701 danger trees. We 
applied herbicides on 967 of the total 1,350 acres on the subtransmission system. 

Our subtransmission system supplies power to cities, towns, villages, and other large 
areas. Losing a single subtransmission line negatively impacts large numbers of 
customers. Because of this, we maintain our subtransmission corridor on a five-year 
cycle (rather than a seven-year cycle).  

On average, we maintain 50 feet to 100 feet wide on each side of the centerline of our 
subtransmission right-of-way. Our subtransmission system maintenance techniques are 
similar to those of our distribution system: flat cutting, manual and mechanical 
trimming, mowing with large equipment, and applying herbicides.  

When managing vegetation within our distribution and subtransmission system, we 
strive to be sensitive to the concerns of property owners. We contact property owners 
before working in the right-of-way, and also encourage them to use the land within the 
right-of-way to help ensure safe electricity transmission. 

Using Herbicides 

After we cut vegetation within the T&D right-of-way, we selectively apply herbicides on 
vegetation troublesome to electricity transmission, and to promote low-growing 



6. Transmission and Distribution  

Preserving Reliability 

6-42 GREEN MOUNTAIN POWER 

vegetation as a way to increase plant bio-diversity. Selectively applying herbicides reaps a 
number of benefits: reduced overall environmental impact, lower costs, reduced 
incompatible stem densities (thus decreasing the amount of herbicides applied in future 
maintenance cycles), and improved safety and reliability of the system. 

We apply herbicides in three ways: 

1. Foliar Application Treatment. Typically used where sprout growth is dense. We apply 
herbicide directly onto the incompatible plant’s leaf surfaces, a method of up to 95% 
effective in treating target plants in one year.  

2. Basal Bark Treatment. Used to control susceptible woody stemmed plants less than 
six inches in basal diameter. We apply herbicide to basal parts of brush and stems, 
including the root collar area.  

3. Cut Stump Treatment. Used on recently cut tree stumps to inhibit the regrowth of 
stump sprouts. This technique is primarily aesthetic, as no brown-out or dead stems 
remain standing. It’s our least effective treatment, however, because of the difficulty 
of finding tree or brush stumps after they have been cut. 

The Foliar treatment is best applied one growing season after cutting. This allows the 
sprouts to grow long enough to be easily located and at a size where the herbicide is 
most effective. We treat stumps right after they are cut, applying additional herbicide 
during our next maintenance cycle. 

The Vermont Agency of Agriculture, Food & Markets regulates the herbicide 
application on our system; we comply with their regulations. 

Inspecting Poles 

Every ten years, we inspect every pole on our distribution and subtransmission system. 
During our inspection, we examine each pole for splits, holes, and abrasions. We also 
perform core boring and sound tests above and below the ground to detect soft spots or 
other internal imperfections.  

We excavate distribution poles to eight inches below grade on two sides of the pole. 
Subtransmission poles are excavated 360 degrees, removing soil to 18 inches below 
grade. We then treat those portions below grade with an antifungal compound, and wrap 
them before covering them up again.  

We chemically treat a partially decayed subtransmission pole when its life can reasonably 
be extended. If extending its life is not an option, we replace the pole. We generally 
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replace distribution poles that fail inspection or are decayed because, after ten years, they 
most likely do not meet current height and class specifications. 

Preventing Underground Utility Damage 

It’s important to us to prevent any damage to our subtransmission, distribution, and 
fiber optic underground cables. Their integrity is vital to system reliability.  

We routinely excavate (such as when we set utility poles), as do other outside parties. 
Damaging our underground infrastructure can create serious safety hazards, compromise 
reliability, and result in costly repairs. Therefore, we must be diligent when we excavate 
to prevent damage not only to our own infrastructure, but that of water, natural gas, 
telephone, and cable television. 

To remain diligent and avoid damaging equipment, we participate in and adhere to the 
procedures of Dig Safe® for the states of Maine, Massachusetts, New Hampshire, 
Vermont and Rhode Island. Dig Safe is a not-for-profit clearinghouse, providing a free 
service to its member utilities. Dig Safe notifies participating utilities of plans to excavate 
in areas where underground facilities may be present. In turn, these utilities mark the 
location of their underground facilities. Excavation within 18 inches of a marked facility 
must be non-mechanical—in other words, hand digging. 

Vermont state law 30 V.S.A. § 7001-7008 as well as Public Service Board Rule 3.800 
requires our participation in Dig Safe. Specifically, these regulations require us to: 

§ Be a member of Dig Safe. 

§ Notify Dig Safe at least 48 hours (but not more than 30 days) before excavation. 

§ Mark our facilities within 48 hours of being notified by Dig Safe. 

§ Forward an Underground Facility Damage Prevention Report to the Vermont PSB 
and DPS when we discover damage to underground facilities. 

§ Build our facilities to conform to the National Electric Safety Code. 

§ Install subsurface markers above all underground facilities. 

We have formalized our practices for inspecting overhead and underground distribution 
equipment. For our overhead distribution equipment, we will inspect regulators, air 
break switches, load break switches, and hydraulic reclosers every five years; we will 
inspect capacitors, poles (Osmose inspection), framing structures (Osmose inspection), 
and solid dielectric reclosers every ten years. We will visually inspect our underground 
distribution equipment every five years, and fully inspect this equipment every ten years. 
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Conducting Aerial Patrols and Infrared Inspections 

We conduct an aerial patrol of our entire subtransmission system every spring and fall, 
and after major storms, to locate and assess possible damage. During these patrols, we 
fly our helicopter close to locate danger trees, broken cross arms, floating phases, 
cracked insulators, displaced cotter pins, and other problems that might adversely affect 
the performance of the transmission lines.  

In August during peak load, we conduct an additional aerial patrol to perform an 
infrared scan of both transmission lines and substations. These scans employ an infrared 
camera mounted directly to the helicopter. The scan identifies hot spots that can indicate 
a failing conductor, corroded splice, loose connection, or other problem area where a 
line or substation is stressed and vulnerable to failure.  

From the ground, we also periodically scan our substations using hand-held infrared 
cameras to detect problems. 

Securing Substations in Floodplains 

Thirteen of our substations are located within Federal Emergency Management Agency 
(FEMA) floodplains: 11 are in a FEMA-designated 100-year floodplain, and two are in a 
FEMA-designated 500-year floodplain. Under extreme weather conditions, these 
substations may be vulnerable to damage from flooding.  

To identify substations in FEMA, we cross referenced their locations with the available 
FEMA geographic information systems (GIS) floodplain maps. FEMA has developed 
GIS layer maps showing 100-year and 500-year floodplains for Chittenden, Washington, 
Rutland, Windsor, and Windham counties. These five counties contain 110, or 54% of 
our 202 distribution, hydro, and switching substations.  

The most effective method to protect a substation from flooding damage is to relocate it 
out of the floodplain. Relocating substations solely to mitigate against flood risks is 
costly. For example, our reconstruction and relocation of the Waterbury substation cost 
over $2.4 million. The costs associated with relocating a substation can include supply 
transmission line additions, distribution line upgrades required to relocate main feeders, 
and the environmental impacts of disturbing and developing a new site. 

We evaluate the costs and benefits of relocating a substation in a floodplain when it is 
scheduled for a major upgrade. Upgrades can be triggered by a number of issues 
including obsolescence, structure or equipment deterioration, load growth, or the desire 
for enhanced feeder backup with adjacent substations. We consider relocating these 
substations when the overall benefits exceed the total current and projected costs. 
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For example, we are rebuilding our Barre South End substation (currently located within 
the floodplain of the Jail Branch river) by raising the new substation yard by 
approximately three feet to that it is above the high-water mark of a 100-year flood. In 
addition, we are moving several adjacent utility poles away from the floodway fringe. 

We plan to avoid locating new substations in floodplains.  

Implementing Power Quality Solutions 

Poor power quality adversely affects the reliability of the now ubiquitous computers and 
microprocessor-based equipment integral to the operation of the power grid.  

Power quality is the relative frequency and severity of deviations in the incoming power 
supplied to electrical equipment from the customary, steady, 60 Hertz sinusoidal voltage 
waveform. Examples of poor power quality include voltage impulses, high frequency 
noise, harmonic distortion, unbalanced phases, voltage swells and sags, and total power 
loss. Because the sensitivity to such deviations varies among equipment, poor power 
quality to one device might be acceptable on another. 

Because of this, we are developing tools using AMI data to assist or proactively address 
power quality issues. We have used AMI data to show areas where customers are out of 
acceptable voltage ranges. We are also exploring using AMI data to identify momentary 
outages to assist with power quality complaints associated with blinking lights or 
temporary outages. 

We immediately respond to power quality issues identified by our customers. The 
majority of power quality issues result from inadequate wiring, failed connections, or 
poor grounding. In most cases, we quickly identify and solve the issue. When this isn’t 
possible, we investigate the cause by using power quality recording devices installed at 
the customer’s premises. When the problem lies with the customer’s equipment, we 
inform them of the source and help them in finding appropriate consultants and vendors 
to solve the problem. If the problem originates with our transmission or distribution 
system, we immediately develop and implement a solution to the customer’s satisfaction. 

Protecting Our Distribution System 

Protecting our distribution system provides multiple benefits; it minimizes hazards to the 
public, protects utility workers, prevents equipment damage, maximizes reliability, and 
enables prompt service restoration. Overcurrent devices on our distribution circuits 
remove temporary faults and limit the number of customers impacted by permanent 
faults.  
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A number of specific design strategies protect our distribution system. We: 

§ Set circuit loads and distributed resources to not exceed 66% of relay pickup settings. 
Exceptions are made for circuits that feed only one customer (such as a ski area or a 
solar facility) or when a feeder is being backed up. This strategy provides for 150% 
cold-load pickup capability. 

§ Size and set overcurrent protection (including circuit breakers, reclosers, and fuses) to 
allow for maximum load or generation current, cold load pickup, feeder backup, and 
load growth, while maintaining the sensitivity required to detect bolted faults at that 
end of each device protection zones. 

§ Set temporary protection operating sequences for “fuse saving” under normal 
circumstances. Fuse saving enables circuit breakers and reclosers initially operate with 
a “fast” timing characteristic, allowing temporary faults to clear before downstream 
fuses operate. Fuse saving, while avoiding permanent fuse outages downstream, 
subjects upstream customers to momentary interruptions. As such, fuse saving is not 
set for circuits that supply customers that are especially sensitive to momentary 
interruptions. 

§ Install three-phase or single-phase electronic reclosers where justified to provide 
additional capability and flexibility for present and future loads, and for distributed 
resources. 

Planning for and Responding to Weather Events 

Severe weather events, which can occur almost without warning, pose a significant threat 
to our system reliability. Our response, however, is swift. We have developed a sharply 
honed planned response through our Incident Command System (ICS) team; these 
employees are well versed in their storm responsibilities and what is expected of them.  

We engage our ICS team about thirty times a year. Some of these events are small and 
only involve a limited cross section of company; others are “all-hands-on-deck” events 
involving virtually every employee in the company. We continually adopt improvements 
based on feedback after each event. 

The type and severity of weather events predicate power outages. The on-call Storm 
Directors closely monitor weather for conditions that may cause outages. They poll 
many weather sources and scores of public and private weather sites, and contact a 
meteorologist retained by the Vermont utilities as well.  

When conditions demand, the storm team convenes, then develops and implements a 
storm plan commensurate with the weather event. The storm team mobilizes field 
assessors and field crews before an outage occurs.  
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We are also a member of the North Atlantic Mutual Assistance Group (NAMAG). As a 
member of NAMAG, we can request crews from around New England and beyond 
when Vermont is faced with a catastrophic weather event. Our proactive and disciplined 
approach to storm events has had a material effect in minimizing the duration of outages 
that our customers experience. 

Besides eight Storm Directors, we use ICS Chiefs to prepare for and manage our 
restoration efforts. The following teams have been established, each with an upper 
management Chief and executive sponsor: 

Incident Commander. Oversees the overall restoration effort and works directly with the 
ICS Chiefs to ensure a safe, fast, and effective restoration. 

Operations Chief. Oversees several functions related to our restoration efforts, including 
both internal and contract line crews, tree crews, and the teams responsible for 
dispatching resources locally when operations are decentralized to the District office. 

Assessment Chief. Assembles assessor crews that inventory the storm damage and, when 
necessary, escort contract line crews to trouble locations.  

Logistics Chief. Oversees the logistics team and is responsible for securing rooms and 
meals for the overall storm team. 

Information Technology Chief. Ensures the functioning of all computer hardware, 
software, and communications equipment during storm restoration. 

Communications Chiefs. Ensure coverage for the call center, public relations, press, and 
social media. 

Safety Chief. Provides safety briefings to all contract crews and performs safety visits to 
crews during storm restoration. 

We use several interrelated software systems to manage restorations. This allows us to 
efficiently answer high volumes of customer calls, manage reported outages, and 
maximize available resources.  

Our advanced metering infrastructure (AMI) allows storm organizers to contact or 
“ping” meters to determine which are out and which have had their power restored. 
This saves valuable crew time. The AMI infrastructure also assists crew dispatchers in 
understanding the extent of outages. 

Our main focus at the start is to restore power to priority areas first. These areas include 
critical roadways are blocked with downed wires, outages affecting large number of 
customers, and outages affecting key customer sites, including hospitals and patient care 
facilities. 
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MANAGING OUTAGES 

Every year, we make concerted efforts to reduce the number of outages and their 
duration, as well as implement upgrades and improvements to our distribution system to 
reduce outages. 

Outage Analysis and Technology 

Technology also plays a significant role in managing weather events. We employ a 
software package called Responder, a device-driven, highly integrated outage 
management system (OMS). Responder accepts a variety of customer and system 
information inputs and outputs information useful for analyzing and responding to 
outages.  

Input data comes from a variety of sources: 

§ Our customer service representatives and, when volume is high, our overflow call 
center inputs information received from outage phone calls into our outage portal. 
The portal then automatically populates Responder with this data. 

§ Our integrated voice response (IVR) system uses pre-recorded voice messages and 
customer responses to automatically log customers’ outage information into 
Responder and, if available, provide the customers with an anticipated restoration 
time for their outage.  

§ Customers who enroll receive text notification can report an outage as well as obtain 
the status of power restoration. Customers can also report outages and obtain status 
updates from our website. 

§ Our geographic information system (GIS), which contains the locations of customer 
data, line types, and the interrupting devices, is also integrated into Responder. 

§ Finally, our fleet truck tracking system is integrated with Responder which allows 
operators to track the locations of line crews and tree crews. 

Armed with this information, Responder predicts the discrete interrupting device that 
most likely operated for a given fault and locates the failing device. Operators can then 
dispatch line crews or outage assessors to patrol downstream of the device to determine 
the cause of the outage. Once the extent of the outage is known, the estimated 
restoration time is updated, as needed.  
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Outage History 

We track outage history to assess year-to-year impacts. Table 6-2 compiles the history 
for major storm-related outages in 2017. 

Outage Cause Customers Affected Customer Hours Out 

Trees 433,578 2,757,486 

Weather 16,157 67,813 

Company Initiated 61,888 103,881 

Equipment 54,834 142,746 

Operator 772 255 

Accident 41,243 85,546 

Animal 15,941 19,704 

Supplier 2,797 1,894 

Unknown 37,406 54,828 

Total 664,616 3,234,152 

Table 6-2. 2017 Outages with Major Storms 

Table 6-3 compiles the history for storm-related outages in 2017 outside of major 
storms. 

Outage Cause Customers Affected Customer Hours Out 

Trees 287,350 718,066 

Weather 14,684 46,184 

Company Initiated 59,483 100,925 

Equipment 50,430 102,748 

Operator 772 255 

Accident 41,237 85,323 

Animal 15,940 19,703 

Supplier 2,792 1,809 

Unknown 35,858 51,203 

Total 508,546 1,126,216 

Table 6-3. 2017 Outages without Major Storms 

Every year, we review and analyze outage data to discover overall trends, identify our 
worst-performing circuits, develop a priority list, and implement plans to improve the 
reliability of these circuits. We create a priority list by ranking each circuit by the number 
of customers affected by outage events and by total customer hours out. This priority list 
allows us to focus our available resources on the least reliable areas of the power 
system—a cost-effective method for improving overall performance. Coupled with a 
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system-wide focus on preparedness, technology, and a proactive vegetation management 
plan, this initiative creates a comprehensive approach to advancing the reliability of our 
power system. 

We target improvements on the 20 worst circuits, considering a number of factors 
before considering capital improvements, especially the main reason why a particular  

 
Figure 6-6. Line Crew Restoring a Storm-Related Outage 

circuit failed. Changing the 
operation or maintenance 
of a given circuit 
sometimes is the best way 
to address an issue, thus 
avoiding a capital 
expenditure. For the 20 
worst circuits identified in 
2017, we implemented 
improvements including 
road-side rebuild projects, 
installation of covered tree- 

resistant wire, installation of the animal guard, and various reconstruction projects.  

We use business analytics query tools to analyze and generate reports, including monthly 
reports that identify customers who have experienced a high number of outages over a 
short period of time. These reports help us decide where improvement dollars may best 
be invested.  

We continue to make significant investments in the reliability of our electric system. We 
invest millions each year in capital upgrades to the transmission and distribution system 
(as illustrated in Chapter 7: Financial Assessments). We have rebuilt substations 
(including installing conductors large enough to provide feeder back-up where 
necessary), moved cross-country lines roadside, installed new protection devices, 
upgraded SCADA controls, and replaced end-of-life plants. These capital investments 
are in addition to the operation and maintenance expenses associated with vegetative 
management, pole inspections, aerial patrols, and infrared scanning. 

Smart Grid Technologies 

We employ Smart Grid technologies to improve the functionality and reliability of the 
transmission and distribution system. The Airport Self-Healing Project that will 
minimize outage durations is an example of a Smart Grid project. This project, put into 
service in spring 2018, provides an automatic restoration scheme for the Burlington 
International Airport.  
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The airport BTV is normally supplied by the Town Line 44G2 feeder. Existing circuit 
ties allow for feeder backup between the Town Line 44G2 and the Dorset Street 78G1 
circuit. These feeder backup ties have required manual switching in the past. The airport 
restoration scheme automates this load transfer in the surrounding area. 

The auto restoration scheme required the installation of two new line reclosers which 
have voltage sensing on both sides of the line recloser. We installed one recloser at the 
44G2/78G1 tie point on White Street and the other on Patrick Street, connecting a fiber 
optic cable between both devices to allow them to communicate. This project has 
already addressed an outage; the restoration scheme worked as designed, quickly 
restoring power to the airport.  

We expect to implement an additional automatic restoration scheme on a recently 
constructed a tie line between the Pownal and South Bennington substations. This tie 
line establishes a permanent feeder backup for both of these substations to improve 
reliability. This project not only replaced the aged and deteriorating Bennington tie line, 
but also greatly improved reliability for our Pownal customers, who had experienced 
numerous outages. The Pownal substation was supplied from a radial 46 kV 
transmission line and had no feeder backup. The entire village of Pownal was being 
supplied from a single-source radial transmission line. The Pownal tie line provides 
backup for the Pownal substation from the South Bennington substation and vice versa. 
Adding an automatic restoration scheme will further improve reliability.  

We have been working with Schweitzer Engineering Laboratories to implement a 
microgrid in Vergennes in 2019. The use of the Smart Grid technologies will continue to 
evolve and expand to improve the reliability of the electric system. 

Smart Grid Data 

Accurate data are imperative in operations, decision making, and planning. We are 
making a concerted effort across numerous areas to improve our data quality. 
Interconnecting high quantities of DERs, using the Responder OMS, and implementing 
Smart Grid technologies makes the data integrity ever more critical.  

We are making progress in correcting items that are in our customer care and billing 
system but are incorrectly modeled in GIS. These include conductor sizes, connectivity 
errors, missing stepdown transformers, missing primary metering points, and missing 
meters. We are working on getting all of the induction and synchronous machines in the 
proper equipment files, working to improve phasing, and properly training designers to 
ensure that the corrections are maintained into the future. 
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Better data will lead to better results, which in turn, means more effective service for our 
customers. Data quality has a direct impact on our planning circuit models, outage 
management reporting, and storm response. Improved data mean more accurate analysis 
to support the interconnection of DERs and new load (including Tier III loads), 
management of load transfers for feeder backup, and scheduling of dispatchable 
resources such as Tesla Powerwall batteries and BESS for peak load reduction. 

AMI Data 

We have greatly expanded our use of AMI data since the 2014 IRP. As expected, the 
availability of these data has allowed us to develop additional tools to aid in the planning 
and operation of the T&D system. AMI technology is allowing us to improve reliability; 
enhance operational outage management; proactively address power quality issues; and 
enhance monitoring, data quality, and planning of the T&D system. AMI technology 
also supports the interconnection of DERs and facilitates peak load reductions.  

The AMI data in the Oracle® BI reporting and DataRaker analytics, have allowed for the 
following capabilities: 

§ Improved modeling of the distribution circuits in CYME® load flow. The CYME 
gateway now links to, and imports, the AMI, SCADA, and MV90 data, and can create 
data models for a specific date and time. The AMI data provide engineers with a 
more accurate distribution of loads and allows for more efficient and accurate model 
calibration. The result is a calibrated circuit based on actual data from every smart 
meter.  

The AMI data help with model troubleshooting if a large customer load, primary 
metering point or generator, has not been modeled correctly. The AMI voltage 
readings also provide validity of the CYME load flow results and help identify 
overloaded transformers from the load flow results. 

§ AMI data can be pulled for every service point identifier where a smart meter has 
been installed. This provides insight on voltage and transformer loading to assist with 
power quality complaints. 

§ We have plotted all of voltages outside of the ANSI Range A for four consecutive 
intervals for the entire company. This allows us to proactively address steady state 
power quality issues.  

AMI data can be obtained for all DER sites with smart meters. This has been used to 
provide insight into individual or conglomerated solar output curves, data integrity 
issues, and variance in performance on the basis of kW size. It has also allowed us to 
define hours of the year where solar production actually occurs. This knowledge allows 
for further penetration of DERs in highly saturated areas by allowing generation to 
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interconnect if it follows a “non-solar hour” generation schedule. We had a wind and a 
solar project wanting to interconnect in highly saturated areas with the requirement that 
they cannot export power onto the grid during specified solar hours throughout the year.  

Figure 6-7 shows the results of an effort to use AMI data to show how solar output 
compares for different size categories of solar. This diagram shows categories of solar 
interconnections for 150 kW, 500 kW, less than 15 kW, and greater than 500 kW 
interconnections. 

 
Figure 6-7. Comparison of Solar Output to Different Size Categories 

We are developing additional tools, including: 

§ Using AMI data to identify momentary outages to assist with power quality 
complaints associated with blinking lights or temporary outages. 

§ Validating system phasing by using AMI voltage data for all the meters on a circuit. 
Identifying incorrect phasing and correction in GIS will improve data quality which 
help system planning and storm response. 
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§ Developing the “ABC by Feeder” project, which uses service meter AMI data, rolling 
it up to the feeder and substation level. This project outputs the following aggregate 
feeder and substation data:  

A. Gross generation. 

B. Grid consumption. 

C. Excess generation from customer meter (that is, net metering). We also consider 
generation directly interconnected to the feeder. 

D. Real load (system load without generation). 

E. Feeder total (kW) (approximately equal to the measured values at the feeder 
breaker). 

Figure 6-8 shows a graphic representation of these parameters. 

 
Figure 6-8. ABC by Feeder Parameters 

This data provides us with clarity regarding how much load is actually on a circuit as 
large amounts of DERs can mask circuit load. This masking effect results in the feeder 
meter showing low demand or possibly reverse flow when, in fact, feeder load is present. 
These enhanced data allow us to understand the risks associated with the sudden loss of 
generation and plan the system accordingly. Identifying real load also helps us identify a 
circuit’s minimum load more accurately, which adds efficiency and improves the 
analytics for interconnection studies. Also, by aggregating the load data from the end use 
meters, this data is immune from the effects of feeder backup. A few more examples of 
how we can leverage the data to review a snapshot of the overall system can be seen in 
Figure 6-9.  

This is a direct snapshot from our data toolset and shows three color-coded views of the 
system. The first map is showing the conductor sizing across the system; the darker the 
color, the larger the conductor sizing, which means the greater loading it can handle 
before reaching its limit. The middle map provides a color-coded view of each circuit 
segment’s distance from the substation. Generally speaking, the closer you are to a 
substation, the less likely for certain power quality issues when interconnecting load or 
distributed generation. And the last map is showing the likelihood of voltage flicker 
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which is a function of both the wire sizing as well as the distance from the substation. In 
this map, the darker the coloring, the lower the probability of flicker when 
interconnecting generation. These types of screening tools provide us, and ultimately all 
stakeholders with a way to focus their siting where it is the least likely to create new 
issues, or require costly interconnection. 

 
Figure 6-9. Transmission and Distribution System Mapping 

With better data integrity and data acquisition tools, circuit depictions will be more 
accurate. Possible future application would be to use the CYME load flow to proactively 
evaluate the impacts of DG penetration and indicate the most appropriate areas for 
DER interconnection. 

TRANSMISSION AND DISTRIBUTION STUDIES 

Through the year, we conduct studies to determine the feasibility, necessity, costs, and 
benefits of certain transmission and distribution projects. Here is a summary of recent 
studies and their outcomes. 

Barre Area Study 

The Study. Our Barre area study had a number of performance, reliability, and safety 
goals. One performance goal was to rebuild the area’s substations, upgrading all existing 
2.4-kV, 4.16-kV, and 12.47-kV circuit voltages to 12.47 kV, enabling several benefits: 
loading flexibility among the circuits, lowering line losses, enhancing feeder voltage 
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profiles, permitting feeder backup throughout the area, enabling more load growth, 
allowing increased penetration of DERs, and lowering maintenance and equipment 
stocking costs. Rebuilding each substation to enable feeder backup throughout the area 
ensures that any one substation can be out of service while allowing all of that 
substation’s load to be served by the other substations, thus substantially increasing 
reliability. 

Outcomes. As a result, we rebuilt the Barre North End substation, are currently 
rebuilding the Barre South End substation, and have plans to rebuild the Websterville 
substation. When completed, all three substations will include a new 15/28-MVA 
transformer and three 12.47-kV feeders. In addition, the Barre North End substation 
now permits full feeder backup to the Barre South End substation and partial feeder 
backup to the Berlin substation; the Barre South End substation will permit full feeder 
backup to the Barre North End substation and partial feeder backup to the Graniteville 
and Websterville substations; and the Websterville substation will permit full feeder 
backup to the Graniteville substation and partial feeder backup to the Barre South End 
substation. 

For more details on the construction of all three substations, see Appendix D: 
Transmission and Distribution Projects. 

Rutland Area Study 

The Configuration. The greater Rutland area includes the 46-kV subtransmission system 
with associated distribution systems. VELCO’s North Rutland, Cold River, and Blissville 
substations’ three 115-kV-to-46-kV transformers are the area’s primary supply points. In 
addition, the recently acquired VMPD 46-kV subtransmission system, distribution 
system and loads, primarily supplied by the VELCO Florence 115-kV-to-46-kV 
transformer, is effectively islanded from the Rutland area 46-kV system. 

The Study. Three years ago, we completed our Rutland Area Study (required by Docket 
Nos. 7873 and 7874 Attachment II Screening Framework and Guidelines), which 
identified solutions to potential transformer overloads accompanied by line overloads 
and system under-voltages. 

Outcomes. The study presented several solutions that are being addressed. As a result, 
we: 

§ Reconductored the 46-kV line from West Rutland to Florence in August 2018. 

§ Are permanently closing the 46-kV West Rutland B7 tie to the former VMPD system. 
This is under construction and scheduled to be completed in December 2018. 
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Figure 6-10. Rutland Area Study Map 

§ Are permanently closing the presently 
normally open second 46-kV line between 
Rutland and West Rutland and reconductoring 
this line to enhance reliability. This closing 
requires two new 46-kV breakers at West 
Rutland, transfer-trip protection to the Glen 
and Patch generators, and approximately one 
mile of reconductoring on the 46-kV Rutland 
to West Rutland tap line. These elements are 
under construction and scheduled for to be 
completed in spring 2019. 

The study also recommended the following be 
implemented on a recurring basis: 

§ Monitor area load growth to determine when 
the available reliability margin is within three  

to four years of being exhausted. 

§ Monitor the shapes of the daily peak load curve and annual load duration curve. 

§ Evaluate the impact of new company initiatives on Rutland area reliability margins. 

§ When the reliability margin is within three to four years of being exhausted, begin 
implementing the necessary resource options to reestablish adequate reliability 
margins. 

Results from the Rutland Study listed seven resource options to close this three-to-four-
year reliability gap. This hierarchical list of options is based on a cost-benefit analysis; in 
other words, the option with the lowest cost and most benefit is first. Also, these 
options are the ones recommended to be implemented today. As such, these options 
might change as technology advances and new opportunities arise. Nonetheless, here are 
the seven recommended resource options. 

1. Dispatch the new Stafford Hill energy storage facility following a contingency. The 
facility already exists and its operating cost to regulate frequency is minimal. Because 
of its location, its effectiveness on a per MW basis would be high. 

2. Use smart meters to control hot water heating. The cost of this option is minimal, 
since all capital costs have already been expended and operating costs are minimal. 
Targeted implementation of this water control program would have a profound 
effect on reducing load, especially in the North Rutland area. 

3. Island our operations headquarters following a contingency. The cost of this option is 
minimal as capital costs have been expended, and its implementation would be the 
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cost of fuel minus the wholesale cost of the avoided energy purchase. Since this 
option entails a backup diesel classified as “emergency use”, its implementation 
might include penalties. Its effectiveness on a per MW basis, however, would be 
high. 

4. Implement broad-based energy efficiency measures. The cost of this option rises in 
conjunction with its use. As such, the cost-to-benefit ratio of its implementation 
would be higher than the first three options. The first three options, however, are 
shorter-term solutions (essentially constituting kilowatts of efficacy) whereas this 
option would have a greater effect (in MWs). This option, then, would keep the 
reliability gap from re-emerging for a longer period of time than would the 
combined impact of the first three options. 

5. Implement future initiatives (including E-Co). This option’s cost cannot be determined, 
while its impact would be similar to that of the first four options. 

6. Dispatch other new energy storage facilities following a contingency. The cost for this 
option is substantial, while its impact would be similar to that of the first four 
options. 

7. Employ other renewable sources (such as biomass and bio-gasification). This option’s 
cost would be substantial (higher than option 6), while its impact would be similar to 
that of the first four options. 

Windsor Area Study 

The Configuration. Our Windsor substation, which includes a 14-MVA, 46-kV-to-12.47-
kV transformer supplying three 12.47-kV distribution circuits, is the only source to the 
Windsor area. 

The Problem. In July 2013, the substation reached its top nameplate rating, prompting 
the need to address thermal issues, especially since there are no opportunities for feeder 
backup in the area. 

The Study. Our study, completed in 2015, examined the feasibility, costs, and benefits of 
constructing a new North Windsor substation. This potential substation could consist of 
a 14 MVA, 46-kV-to-12.47-kV transformer with oil containment that supplies two 
12.47-kV distribution circuits, distribution circuit breakers, feeder voltage regulators, 
steel structures, foundations, and a 46-kV high-side circuit breaker. It could be supplied 
via a 46-kV subtransmission tap line from the existing 46-kV VELCO Windsor-to-GMP 
Taftsville line. This substation could supply part of the load presently supplied by the 
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Windsor substation, increase available capacity to the area to serve new load and host 
distributed generation, and provide feeder backup for Windsor area loads. 

Outcomes. Since 2013, peak loads at the Windsor substation have dropped to 10 MVA 
and the project has become a lower priority. As such, we have postponed any possible 
upgrades for at least five years. 

Legacy VMPD Subtransmission Lines Study 

The Configuration. A 14-mile, 46-kV subtransmission line from the Huntington Falls 
hydro to our Salisbury switching station (formerly owned and operated by the Vermont 
Marble Power Division (VMPD) of Omya) connects both this hydro and the Beldens 
hydro (about 1.5 miles apart on Otter Creek in Addison County) to our distribution 
system. 

The Problem. The proximity of this line to other 46 kV subtransmission lines uncovers 
the possibility of multiple system improvements: reduced reliability exposure, reduced 
maintenance expenses, enhanced aesthetics, improved system connectivity, and lower 
system losses. 

The Study. We first studied these configurations in 2004, and then again in 2016 to 
consider the feasibility, costs, and benefits of certain projects to improve system 
performance. One possibility connects the Huntington and Beldens hydro units directly 
to the VELCO Middlebury substation by constructing a 0.7-mile, 46-kV subtransmission 
line. The line would begin where the Huntington to Salisbury line crosses our 
Middlebury Lower to VELCO Middlebury 46-kV line, and end at VELCO Middlebury 
substation. This new line would allow us to decommission a nine-mile section of the 
46-kV Huntington to Salisbury line. 

Another possibility would be to build a four-mile, 46-kV subtransmission line to connect 
Huntington directly to the VELCO New Haven substation. This would transform the 
radial line connecting the Huntington and Beldens hydro units to a networked line and 
allow us to return the 46-kV, 5.4-MVAR capacitor at the Hewitt Road substation to 
inventory. 

Outcomes. Continuing the study and implementing a solution, while valuable, has been 
postponed to at least 2022 while we pursue other higher-priority projects. 

Berlin to Mountain View Subtransmission Line Analysis 

The Configuration. A three-mile, 34.5-kV subtransmission line, the 3325 line, extends 
from our Berlin #5 substation to our Montpelier substation. At the Dog River switch (a 
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half-mile east of the Berlin #5 substation), a 0.7-mile radial tap line extends to the 
Mountain View substation. This substation not only supplies 12.47 kV loads to the 
Montpelier area, but also provides feeder backup to Montpelier substation distribution 
circuits and Berlin #40 substation distribution circuits. 

The Problem. Preliminary analysis indicates that the one-half-mile line section between 
the Berlin #5 substation and the Dog River switch may thermally overload following the 
loss of the 115-kV-to-34.5-kV source at the VELCO Barre substation. In addition, the 
0.7-mile radial tap line may thermally overload under certain feeder backup 
configurations. 

The Study. Our study, completed in 2015, examined the thermal and voltage parameters 
of the 3325 line and the 0.7-mile radial tap line to the Mountain View substation. The 
study considered normal peak loads, post-contingency scenarios, the impact of increased 
distributed generation, and various feeder backup configurations. Three potential 
solutions emerged: reconductoring both the 3325 line and the 0.7-mile radial tap line; 
retiring the Dog River switch and upgrading the radial tap with a two-line, in-and-out 
configuration; and upgrading the Mountain View substation with a high-side circuit 
breaker and 34.5-kV switching capability. 

Outcomes. Continuing the study and implementing a solution, while valuable, has been 
postponed to at least 2022 while we pursue other higher-priority projects. 

Sheffield Highgate Export Interface (SHEI) Initiative 

The Configuration. SHEI is a region in northern Vermont, bounded by the 115-kV loop 
spanning from the Sheffield to Lyndonville line (K39 line) to the Highgate to St. Albans 
line (K42 line). The 34.5 kV Johnson to Lowell line (B20 line) is a critical 
subtransmission asset within the interface because it creates a parallel path back to the 
115kV system creating a closed loop system. 

The Problem. Power generated in northern Vermont exceeds local demand. Excess 
power is then transmitted to points south in the state. Under certain contingencies, this 
north to south transfer puts a tremendous strain on the existing aging electrical 
infrastructure, which could lead to voltage collapse or overloading of the transmission 
system. To handle these contingencies, ISO-New England created the SHEI to control 
power flow in the region by calculating a set of power export limits for different system 
configurations. When the system is in a specific configuration, ISO-New England 
institutes a limit of power that can be transferred across the interface. In many cases this 
results in the issuance of do-not-exceed (DNE) orders to generators in the region to 
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mitigate contingencies before they happen. These DNE orders, however, lead to lost 
revenue for these generators—an untenable situation. 

A Partial Solution. We are currently implementing an automatic voltage regulator (AVR) 
upgrade at Sheldon Springs Hydro which we expect to have in service by late 2018. This 
upgrade will help enhance the 46-kV voltage in the Highgate area, thus having a positive 
impact on the transmission SHEI voltage-based limit. 

The Study. GMP and other Vermont utilities have formed a working group to address 
the current problem in this region which adversely affects the generator stakeholders in 
the SHEI. Collectively, with the assistance of VELCO, we are currently evaluating 
several options to increase the SHEI limits, many of which were identified and studied 
in VELCO’s Northern Vermont Export Study. The group is evaluating and researching 
a wide array of options, including traditional transmission projects, battery storage, and 
demand-side options. The group is focused on cost effectively mitigating current SHEI 
congestion and providing relief for all affected customers as quickly as possible. We 
expect to have recommendations to resolve the current SHEI constraints in the first 
quarter of 2019. This work also has the potential to help inform the evaluation of future 
generation in the area. 

New Planning Studies 

As noted earlier, we are constantly conducting studies to evaluate and improve our 
transmission and distribution system. Here are four we are conducting or planning to 
conduct. 

Danby Area. A recent study showed that we need to construct a 28-MVA, 46-kV-to-
12.47-kV substation in Danby, which is planned for 2022. In addition, we also plan to 
construct a new 46-kV line networked between Dorset to Danby to West Rutland, 
eliminating two weak radial subtransmission lines. We will update our study to support a 
future filing. 

Killington Area. We plan to conduct a study to determine the available capacity in the 
Killington area should additional load start being added in that area. The study will 
determine the best method for serving this additional load. 

Ryegate Area. We currently have plans to upgrade the East Ryegate transmission 
substation to address asset management concerns. Before upgrading, however, we plan 
evaluate the potential for permanently closing the 46-kV subtransmission line at 
Bradford and creating a network from the VELCO Hartford substation instead. 
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In 2015, we improved the subtransmission system by installing a 46-kV breaker at the 
Bradford Switch station, providing protection from the Bradford Switch station to the 
Ryegate bus. This protection allows for the Newbury and Wells River substations to be 
supplied in the event the Ryegate B-37 breaker trips because of a fault on the 3324 line 
or loss of the TransCanada source. It also allows the Ryegate Wood Plant and Dodge 
Falls Hydro to come back on line, but at a curtailed amount. 

Vergennes, Ferrisburgh, Weybridge and Hewitt Road Area. An influx of DER projects has 
saturated the 12.47-kV distribution systems in this area. These substations have virtually 
no feeder backup capability. We plan to study this area for how best to provide feeder 
backup at least-cost with the potential ancillary benefit of allowing for additional DER 
interconnections. 


