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Executive Summary

This report is prepared and updated every five years by the Connecticut Siting Council and is intended to
provide useful information regarding the cost of transmission lines in the State of Connecticut to the
general public. In addition to providing quantitative data, it provides general information about
transmission line cost elements that are affected by regulatory requirements, environmental regulations,
line type, and maintenance requirements. There also is a discussion of existing and new technologies and
how they could affect future line costs. A description of the Net Present Value (NPV) method of
evaluating transmission life-cycle costs is presented in Section 1. First costs for transmission lines
applicable to Connecticut are presented in Section 2. Of the four overhead and four underground line
types that were considered in this report, the total first cost of each line type are listed from least to most
costly, as follows in Table ES-1:

Table ES-1: Ranking of Transmission Line First Costs

Line Type Total First Costs

Overhead 115 kV Wood H-Frame $3,315,400
Overhead 115 kV Steel Delta $4,871,000
Overhead 345 kV Wood H-Frame $5,421,200
Overhead 345 kV Steel Delta $7,714,800
Underground 115 kV HPFF $14,970,700
Underground 345 kV HPFF $16,634,100
Underground 115 kV XLPE $18,780,600
Underground 345 kV XLPE $21,970,700

Note: costs are in $ per circuit-mile.

As illustrated by this ranking, first costs for underground transmission lines can range from roughly three
to six times more than those for overhead transmission lines. Key factors affecting first costs are
presented in Section 3. Greatly varying costs related to right-of-way (ROW) differences, permitting and
legal requirements, cost of materials and labor, escalation, and environmental costs are discussed in
general terms.

Cost differences between overhead and underground transmission technologies are discussed in Section 4,
along with the concept of a “hybrid” line. Emerging transmission technologies, Flexible AC
Transmission Systems (FACTS), High-Voltage Direct-Current (HVYDC) Transmission Lines, High-
Temperature, Low-Sag (HTLS) Conductors, Superconductors, and the applicability of each of these
technologies in the State of Connecticut are also presented in this section.

Connecticut Siting Council ES-1
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Transmission loss costs are presented in Section 5. The loss calculation method is presented along with a
general discussion of key factors contributing to the cost of losses. The formula for calculating electrical
energy losses is provided in Appendix G.

Annual operations and maintenance (O&M) costs of transmission lines are presented in Section 6. Since
underground transmission O&M costs in the State of Connecticut were affected by significant
underground cable failures in 2007 and 2009, an average of 2009 and 2010 O&M expenditures was used
as the basis for the underground life-cycle cost calculation. To capture the most recent data, 2010 O&M
expenditures were used as the basis for the overhead life-cycle cost calculation.

Cost effects of electro-magnetic field (EMF) mitigation are presented in Section 7. For more information,
please review the Council’s “Best Management Practices for EMF Mitigation”, located in Appendix E.
This document presents the most recent information available on acceptable transmission line EMF
mitigation practices for the State of Connecticut.

Environmental considerations and costs are presented in Section 8. Some examples of remediation plans
that resulted in high environmental costs are provided to illustrate the specific nature of these
expenditures and how quickly they can become a major portion of the project cost.

Life-cycle cost calculations for the lines referenced in this report are presented in Section 9. The
economic assumptions used in the life-cycle cost calculations include:

Capital Recovery Factor: 14.1 percent
O&M Cost Escalation Factor: 4.0 percent
Load Growth Factor: 2.03 percent
Energy Cost Escalation Factor: 5.0 percent
Discount Rate (inflation): 8.0 percent

The NPV of transmission line costs over a 40-year life were calculated for each of the lines referenced in
this report.

The overhead transmission line life-cycle costs are shown in Table ES-2:.

Connecticut Siting Council ES-2
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Table ES-2: NPV of Overhead Life-cycle Cost Components

LcC "115kV Wood 115 kV Steel 345 kV Wood 345 kV Steel
Component H-Frame Delta H-Frame Delta
Poles & Foundations $1,034,631 $2,450,297 $2,280,275 $4,739,447
Conductor & Hardware $1,307,434 $1,410,458 $2,476,827 $3,043,953
Site Work $1,616,554 $2,483,186 $2,435,045 $2,850,427
Construction $227,826 $229,568 $228,919 $247,750
Engineering $334,465 $818,996 $455,752 $648,572
Sales Tax $118,215 $188,155 $229,357 $369,433
Admin/PM $935,291 $609,297 $1,008,872 $1,071,855
Losses $1,132,936 $1,132,936 $460,041 $460,041
O&M Costs $96,631 $96,631 $96,631 $96,631
Total LCC $6,803,983 $9,419,524 $9,671,719 $13,528,109

The yearly growth in cumulative NPV of life-cycle costs for each of the overhead line types is shown in
Figure ES-1.

Figure ES-1: Overhead Transmission Lines Life-cycle Cost 40-Year Cumulative NPV
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The total NPV of the underground transmission line life-cycle costs for each underground line type
considered is shown in Table ES-3.
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Table ES-3

LCC

Component

: NPV of Underground Transmission Life-cycle Cost Components

115 kV XLPE

115 kV HPFF

345 kV XLPE 345 kV HPFF

Ducts & Vaults $10,104,687 $8,935,795 | $11,821,084 $9,928,661
Cable & Hardware $11,052,001 $7,677,232 | $12,929,310 $8,530,258
Site Work $5,052,343 $4,530,826 $5,910,542 $5,034,250
Construction $631,543 $503,426 $738,818 $559,362
Engineering $789,429 $629,281 $1,108,227 $839,042
Sales Tax $1,002,259 $787,357 $1,172,504 $874,841
Admin/PM $2,944,885 $2,107,338 $3,260,403 $2,201,647
Losses $348,519 $412,237 $348,519 $412,237
0&M Costs $177,000 $177,000 $177,000 $177,000
Total LCC $32,102,666 $25,760,492 | $37,466,407 | $28,557,298

The yearly growth in cumulative NPV of life-cycle costs for each of the underground line types are

shown in Figure ES-2.

Figure ES-2: Underground Transmission Lines Life-cycle Cost 40-Year Cumulative NPV

Underground Transmission Lines

Life-Cycle Cost 40-Year Cummulative NPV
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From this life-cycle cost comparison, one can make some general observations about the cost of
transmission lines in the State of Connecticut:

1. The total life-cycle cost of steel delta overhead lines is roughly 38 percent higher than wood H-
Frame lines. One of the major reasons is the cost of materials.

2. The total life-cycle cost of overhead 345 kV lines is roughly 42 percent higher than overhead 115
kV lines, while providing 3 times the capacity for an equivalent conductor size.

3. The total life-cycle cost of underground XLPE cables is 24 to 31 percent higher than for HPFF
cable systems. Since HPFF (fluid-filled cable) is the environmentally undesirable choice near
waterways, this cable is also not being used as much as in the past.

4. The total life-cycle cost of underground 345 kV cables is roughly 10 to 16 percent higher than
underground 115 kV cables, while providing 3 times the capacity for an equivalent conductor
size.

5. The total life-cycle cost of underground lines is roughly three to five times higher (mirroring first
costs) than the cost of overhead lines at the same voltage level.

Appendices A through E contain useful reference data and the life-cycle cost calculations for each
specific line type considered in this report. The cost data presented in this report are specific to
Connecticut utilities and should not be used for estimating costs in other states.

Connecticut Siting Council ES-5
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Background and Introduction

Pursuant to Connecticut General Statutes § 16-50r (b), the Connecticut Siting Council is required to
prepare and publish information on transmission line life-cycle costs (LCCs) every five years. The
previous report, issued in 2007, investigated the costs of 115 kV and 345 kV transmission lines. This
report provides current updated information on those costs.

To assist the Council in this matter, the Council retained the services of the technical consulting firm
KEMA, Inc. (KEMA). The Council held a public hearing on life-cycle costs and also provided an
opportunity for public comment on November 15, 2011. A continued hearing was also held on January
17, 2012. Other participants in this proceeding are The Connecticut Light and Power Company (CL&P)
and The United Illuminating Company (Ul). CL&P and Ul are the primary owners/operators of electric
transmission in the State of Connecticut. CL&P’s territory contains approximately 93 percent of the
transmission circuit mileage in the State, and UTI’s territory contains approximately 7 percent of the circuit
mileage. With the assistance of KEMA, the Council prepared this final report.

The life-cycle costs of electric transmission lines include:

= Costs that are incurred to permit and build a line;
= Costs of operating and maintaining the line over its useful life; and
= Costs of energy losses resulting from the line’s use. (Typically, all of the electrical energy losses
are expressed in the equivalent dollar value for a single year, such as the year the line is first
energized.)
In preparing this report, two key objectives were: to provide information that is relevant to Connecticut’s
future transmission decisions; and to provide data useful in comparing one transmission line to another
equivalent line. Achieving these objectives was a challenging assignment. The transmission cost data
submitted by the utilities in Connecticut and used in this report are based on the most current costs
available for transmission lines in the State of Connecticut.

The life-cycle costs can be qualitatively compared with those identified from other eastern states that are
similar in population, demographics, and terrain.

While recently-built lines are clearly the best sources of cost data, future transmission lines may have
attributes that result in either higher or lower costs. Also, as this report discusses, two different
transmission lines of the same voltage may have characteristics that make them quite difficult to compare
as exact substitutes for one another. In response to these challenges, this report provides the best
available cost information on recently-built transmission facilities and a discussion of how these costs
have varied and might vary for future lines with different attributes.

Connecticut Siting Council B&I-1
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1. Life-cycle Costs

Life-cycle costs are the total costs of ownership of an asset or facility from its inception to the end of its
useful life. These costs include the design, engineering, construction, operation, maintenance, and repair
of the asset. Life-cycle costs provide the information to compare project alternatives from the perspective
of the least cost of ownership over the life of the project or asset *.

Life-cycle cost calculations use the “time value of money” concept to evaluate alternatives on a common
basis. NPV computations bring all anticipated expenses of a project or asset, over its entire useful life, to
a present day value that is then used for comparison with other alternatives. NPV analysis is an accepted
standard method for financial evaluation of alternatives in the capital budgeting process, and is commonly
used by utility companies as a life-cycle cost methodology.

Transmission line life-cycle costs are a function of many factors, and can vary greatly from one project to
another. Life-cycle costs are influenced by the line design required to meet the specific need, the
geographic area through which the line is to be built, the regulatory and permitting requirements of the
jurisdiction(s) involved and many other factors. Because each transmission line project is unique, the life-
cycle costs for each project are specific to that application, and caution should be exercised in any attempt
to compare life-cycle costs across different projects in different time periods. This report will discuss in
detail the major elements of costs included in life-cycle costs, the factors influencing those costs, and the
overall impact of the cost factors on a life-cycle analysis.

In the case of life-cycle cost analyses for transmission lines in Connecticut, the transmission operating
utilities have a common view of what cost elements should be included and how they should be
considered. There is general agreement that the life-cycle cost comparisons should be used to compare
two assets that have a roughly equivalent useful life 2. Whether a transmission line life is estimated at 35
years or 40 years is a subjective judgment based on the best information available. NPV analysis of
transmission line costs shows that operations and maintenance costs incurred beyond year 25 have very
little bearing on the NPV of a project and therefore, become insignificant in terms of materially changing
the overall life-cycle cost evaluation. If there are no anticipated major investments for a rebuild or
upgrade, for example, beyond year 25, whether the estimated life of a transmission line alternative is 35
years or 40 years is less significant. The critical factor is that alternatives be compared over an equivalent
lifetime.

The transmission operating utilities in Connecticut have identified the following items as the major
components of the life-cycle cost of an electric transmission line.

Connecticut Siting Council 1-1
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First costs typically include the following costs:

= Structures (poles/foundations or ducts/vaults);
= Conductors or cables with associated hardware;
= Sijte work;

= Construction work;

= Engineering;

= Sales Tax; and

=  Administration and project management.

Operations and Maintenance (O&M) costs typically include labor and expenses for control and
dispatching, switching, and other element of routine operation of a transmission line. Maintenance
includes the costs of scheduled inspection and servicing of equipment and components as well as right-of-
way (ROW) vegetation management, painting, general repairs, emergency repairs and all other activities
required to keep a line in proper operating condition.

Electrical energy losses include the cost of the resistive losses of electrical energy that occur on a
transmission line as reflected by the cost of producing that electricity.

Each of these components of transmission line life-cycle costs are examined in detail in this report. Both
the key elements of costs and the factors that affect those costs are discussed. Section 9 gives examples of
transmission line life-cycle costs based on typical cost data from utilities that own and operate
transmission lines in the State of Connecticut. Appendix B presents the 40-year NPV calculations for each
type of transmission line discussed in this report.

As mentioned earlier in this section, transmission line projects are specific to a particular need and
application. Therefore, it is difficult to develop “typical” life-cycle costs that are meaningful beyond the
specific project for which they are calculated. This report will, however, use recent project cost
information to represent how different cost components can influence the life-cycle cost of a project. To
be relevant to the State of Connecticut, this report examines the life-cycle costs of four basic types of
alternating current (AC) transmission lines. The four types of lines are among those currently in use in
Connecticut and the types that are most likely to be used in the near future. These include the following:

= 115 kV overhead transmission lines;

= 115 kV underground transmission lines;

= 345 kV overhead transmission lines; and

= 345 KkV underground transmission lines.
Within each of these four basic types of lines there are variations of design and materials that will also be
considered in the sample cost calculations.
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Single versus Double-Circuit Lines

The four basic types of “typical” transmission lines addressed in this report, whose life-cycle cost
elements are shown in Figure 1-1 through Figure 1-4, focus on single-circuit construction types. Double-
circuit lines are not “typical” in the State of Connecticut for reasons of reliability and are not presented in
this report®.

Life-Cycle Costs of Typical Lines

The life-cycle cost calculations use an energy cost of 10 cents per kilowatt hour for the purpose of
calculating energy losses. This figure is consistent with past reports and is a good benchmark price for
wholesale energy. Figure 1-1 through Figure 1-4 offer a basis for understanding the contribution of the
basic life-cycle cost elements that are detailed in this report.

Figure 1-1: Life-Cycle Cost for a Typical 115 kV Overhead Line

Overhead 115 kV Transmission Line
Distribution of Life Cycle Cost Elements
Energy Cost: 10 cents/kWh
40-Year Life-Cycle Cost NPV =$8,111,753 per Mile of Line

Losses
12%

O&M Costs
0%
Poles & Foundations
Admin/PM 28%

6%

Sales Tax
1%
Engineering
8%

Construction
2%

Site Work Conductor & Hardware
21% 22%
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Figure 1-2: Life-Cycle Costs for a Typical 345 kV Overhead Line

Overhead 345 kV Transmission Line
Distribution of Life Cycle Cost Elements
Energy Cost: 10 cents/kWh
40-Year Life-Cycle Cost NPV = $12,626,464 per Mile of Line

Losses

12%
O&M Costs
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Admin/PM 28%
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Sales Tax
1%
Engineering
8%

Construction
2%
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Figure 1-3: Life-Cycle Costs for a Typical 115 kV Underground Line

Underground 115 kV Transmission Line
Distribution of Life Cycle Cost Elements
Energy Cost: 10 cents/kWh
40-Year Life-Cycle Cost NPV =$29,677,416 per Mile of Line
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Figure 1-4: Life-Cycle Costs for a Typical 345 kV Underground Line

Underground 345 kV Transmission Line
Distribution of Life Cycle Cost Elements
Energy Cost: 10 cents/kWh
40-Year Life-Cycle Cost NPV = $33,757,690 per Mile of Line

Losses
3%

O&M Costs
1%
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Ducts & Vaults
32%

Engineering
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Site Work
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2. First Costs of Transmission Lines
2.1 Introduction

Transmission systems provide the physical means to transport bulk electric power and constitute an
essential link between producers and consumers of electric energy. The transmission system consists of a
network of transmission lines, in which normally more than one transmission line is connected to each
line termination, thus providing redundancy. This report, for the purpose of identifying the first costs of
representative transmission lines in the State of Connecticut, includes all capital, installation and
permitting costs associated with the transmission line itself, except for the transmission line terminations
and associated equipment (switchyard equipment, protection and controls, etc.). Electric power can be
transmitted between any two geographical locations by overhead transmission lines, underground
transmission lines, or a combination of the two. The first costs of overhead and underground transmission
lines are presented in the following two sections.

2.2 Overhead Transmission

Overhead transmission lines are located above the ground level and are easily seen by the general public.
There are different designs of overhead transmission lines that are built to meet different purposes,
consistent with the National Electrical Safety Code (NESC). Some of the factors that are included in the
design of an overhead transmission line are voltage level, type of supporting structure, and number of
circuits per supporting structure. Generally, a single-circuit AC transmission line consists of three
current-carrying conductors, one for each phase of a 3-phase AC system. These conductors are made of
stranded aluminum or a mix of stranded aluminum and steel, and are electrically isolated by the
surrounding air. The transmission line voltage is the magnitude of the electric potential difference
between any two of its current-carrying conductors, normally referred to as the “line-to-line” voltage.
The voltage is usually expressed in kilovolts or kV. One kilovolt is equal to one thousand volts.
However, since 345 kV lines typically use two or more conductors per phase, known as “bundled
conductors,” the line to line voltage exists between two separate phases, not simply between any two
conductors. The voltage across two conductors of the same phase is zero because they are at the same
electric potential.

In the State of Connecticut, the most common overhead transmission line voltages are: 69 kV, 115 kV,
and 345 kV. Because of their limited electric power capacities, 69 kV transmission lines are being phased
out over time. Therefore, this report addresses the first costs of 115 kV and 345 kV overhead
transmission lines. In overhead transmission lines, the current-carrying conductors are supported by
insulators. The conductors and insulators are mechanically supported by structures, which are made from
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different designs and materials, such as wood or steel. The conductors and insulators of overhead
transmission lines can be attached to the supporting structures in different arrangements according to
specific design requirements. Similarly, transmission lines can have more than one circuit on a single
supporting structure.

A large number of different overhead transmission line designs are used in the U.S. In Connecticut,
however, the major utilities have provided four common transmission line designs that are the most likely
to be built in the future. Therefore, this report addresses the first costs of these five designs only. These
differ significantly from the 2007 report, however, because the designs investigated in the previous report
were based on the use of ACSR conductors, whereas these five designs all employ ACSS conductors.
This will be discussed in more detail in Section 5.3. Table 2-1 shows the key characteristics of the four
overhead transmission line designs that would likely be considered for future use in the State of
Connecticut.

Table 2-1: Characteristics of Common Overhead Transmission Line Designs in Connecticut

V?Ili«';l)ge Conductor Size and Type  Supporting Structure  Configuration Cl\il:c.uoi:s Dri\(j:ing
115 1272 kemil ACSS Wood Pole H-Frame Horizontal 1 A-2
115 1272 kemil ACSS Steel Poles Delta 1 A-1
345 1590 kemil ACSS (bundled) | Wood Pole H-Frame Horizontal 1 A-2
345 1590 kemil ACSS (bundled) Steel Poles Delta 1 A-3

As shown in Table 2-1, the conductor configurations for overhead transmission lines in Connecticut are
Delta and Horizontal. These names are common terminology within major utilities and relate to the
physical appearance of the transmission line (see drawings in Appendix A).

The major electric utilities in Connecticut identified wood and steel as the primary structural materials for
the line designs listed in Table 2-1. The companies also confirmed that they no longer use lattice steel
structures except for river crossings and hard-angle structures *. The designs listed in Table 2-1 are for
single circuit lines only.

As illustrated by the drawings in Appendix A, the physical appearance of one overhead transmission line
design may be quite different from others, even those at the same voltage level. In order to present the
full range of first cost information for the overhead transmission line designs listed in Table 2-1, a cost
breakdown by costing accounts is necessary. The accounts used for this purpose are established and
defined by the Federal Energy Regulatory Commission (FERC) and are included in the FERC Uniform
System of Accounts.
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These accounts include the following listed below.

= Poles/Foundations — includes all labor, materials, and expenses incurred in the acquisition and
installation of structural components.

= Cable/Hardware — includes all labor, materials, and expenses incurred in the conductors,
insulators, and associated items (including cable splices).

= Site Work — includes all labor, materials, and expenses incurred in clearing and preparing the
land.

= Construction — includes all labor, materials, and expenses incurred during construction including
but not limited to foundations, erecting the structures, stringing the conductors.

= Engineering — includes all labor, materials, and expenses incurred in engineering activities.

= Sales Tax (4.6 percent) — includes taxes on material in Connecticut 2.

= Project Management — includes all labor, materials, and expenses incurred in project
administration. All permitting costs are included in this costing account.

The costs of land and land rights are not included in the above accounts. These costs are highly variable,
site and project specific, and constitute one of the key factors that affects the overall cost. This will be
discussed in greater detail in Section 3.

The first costs for single-circuit 115 kV overhead transmission line designs are listed in Table 2-2. These
costs are per unit of transmission line length (United States dollars/circuit mile), and are based on the
information provided by Connecticut Light and Power (CL&P) ** with adjustments by KEMA °.

Table 2-2: First Costs for Single-Circuit, 115 kV Overhead Transmission Lines

Line Design
Cost Item Supporting Structure / Conductor Configuration
Wood Poles / Horizontal Steel Poles / Delta

Poles/Foundations $615,350 $1,457,321
Cable/Hardware $777,600 $838,874
Site Work $961,450 $1,476,882
Construction $135,500 $136,536
Engineering $198,924 $487,100
Sales Tax (4.6 percent) $70,309 $111,906
Project Management $556,267 $362,381
Total Cost/Mile $3,315,400 $4,871,000

From Table 2-2, one can see that the use of steel poles for single-circuit 115 kV overhead transmission
lines has a significantly higher cost of poles and foundations along with site work. The use of steel poles

Connecticut Siting Council 2-3
Life-cycle Costs 2012 September 20, 2012



results in a 46 percent higher total cost per mile when compared with wood poles. Steel poles require
concrete foundations whereas wood H-frame structures do not. This accounts for most of the additional
cost.

The first costs for two 345 kV overhead transmission line designs are listed in Table 2-3. These costs are
per unit of transmission line length (USD/circuit mile), and are based on the information provided by
CL&P * with adjustments by KEMA °. A wood H-Frame structure with horizontal conductor spacing
results in a 42 percent lower total cost per mile when compared with using single steel poles.

Table 2-3: First Costs for Single Circuit, 345 kV Overhead Transmission Lines

Line Design

Supporting Structure / Conductor Configuration
Cost Item

Wood H-Frame / Horizontal Steel Poles / Delta
Poles/Foundations $1,356,200 $2,818,800
Cable/Hardware $1,473,100 $1,810,400
Site Work $1,448,250 $1,695,300
Construction $136,150 $147,350
Engineering $271,060 $385,740
Sales Tax (4.6 percent) $136,411 $219,721
Project Management $600,029 $637,489
Total Cost/Mile $5,421,200 $7,714,800
2.3 Underground Transmission

Underground transmission lines are located below the ground level and are not easily seen by the general
public. As with overhead lines, there are several different designs for underground transmission lines that
are built for various purposes. A number of factors are considered in the design of underground
transmission lines, including voltage, type and size of cable technology, type of installation, and number
of circuits. As with overhead lines, a single-circuit AC underground transmission line typically consists
of three current-carrying conductors, and the magnitude of the electric potential difference between any
two of them constitutes the transmission line voltage.

Due to the reasons mentioned previously regarding the 69 kV transmission lines, this report addresses the
first costs of 115 kV and 345 kV underground transmission lines.

The conductors for underground transmission lines are cables consisting of a central core (usually copper)
surrounded by electrical insulation. Different technologies for transmission cables are based on the type
of insulation that surrounds the copper core. The insulation medium can be a fluid, a compressed gas, or
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a solid dielectric. Examples of different insulation media include: for a fluid, kraft paper impregnated
with mineral oil; for a gas, sulfur hexafluoride; and for a solid dielectric, cross-linked polyethylene.
Cables can be installed underground in different ways. Normally, the cables are located inside steel or
PVC ducts which are immersed in thermal sand or lean mix concrete that is contained by a concrete
trench. Inside this underground concrete trench, the ducts and conductors can be laid in different
arrangements and can have single or double circuits according to specific design requirements for the type
of installation.

There are a number of different underground transmission line designs in the US. In the State of
Connecticut, the major utilities have identified four transmission line designs that are representative of
underground transmission lines either currently in service or under construction. This report addresses
the first costs of these four designs only. They are based on two cable technologies: high pressure fluid
filled pipe type cable (HPFF), and cross-linked polyethylene cable (XLPE).

Table 2-4: provides characteristics of the four underground transmission line designs representing those
used in the State of Connecticut.

Table 2-4: Characteristics of Underground Transmission Line Designs used in Connecticut

Voltage Cable Size and Conductor Configuration / No. of See
(kV) Type Cables per Phase Circuits | Drawing
115 3000 kemil HPFF Delta / One cable per phase 1 A-4
115 3000 kemil XLPE Horizontal / One cable per phase 1 A-5
345 3000 kemil HPFF Delta / One cable per phase 1 A-4
345 3000 kemil XLPE Horizontal / One cable per phase 1 A-5

As mentioned previously, the cost of land is not included in first costs but is discussed in Section 3.

The first costs for 115 kV underground transmission lines are listed in
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Table 2-5: . These costs are per unit of transmission line length (USD/circuit mile), and are based on the
information provided by CL&P * with adjustments by KEMA °.

Table 2-5: First Costs for Single-Circuit 115 kV Underground Transmission Lines

Line Design

Cable Size / Configuration - Cables per Phase

Cost Item 3000 kemil HPFF 3000 kemil XLPE
Delta - One cable per phase Horizontal - One cable per phase

Duct/Vaults $5,314,590 $6,009,792

Cable/Hardware $4,566,056 $6,573,210

Site Work $2,694,722 $3,004,896
Construction $299,414 $375,612
Engineering $374,267 $659,121
Sales Tax (4.6 %) $468,283 $697,350
Project Management $1,253,345 $1,939,134

Total Cost/Mile $14,970,677 $21,970,700

Table 2-5: shows, that for single-circuit 115 kV underground transmission lines, the total XLPE cable
system cost is 46 percent higher per mile than for the HPFF cable system. This reverses the findings of
the 2007 report. XLPE cable system costs have risen at a much steeper rate than HPFF cable systems
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during the past 5 years, and this is shown in the data. HPFF cables have not really been built in the past 5
years, however, so the costs may not reflect the most recent data.

The first costs for single-circuit 345 kV underground transmission lines are listed in Table 2-6. These
costs are per unit of transmission line length (USD/circuit mile), and are based on the information
provided by CL&P 2 with adjustments by KEMA °.

Table 2-6: First Costs for Single-Circuit 345 kV Underground Transmission Lines

Line Design
Cost Item Cable Size / Configuration - Cables per Phase

3000 kemil HPFF 3000 kemil XLPE
Delta - One cable per phase Delta / Horizontal - One cable per phase

Duct/Vaults 5,905,100 7,030,624

Cable/Hardware 5,073,396 7,689,745

Site Work 2,994,135 3,515,312
Construction 332,682 439,414
Engineering 499,023 659,121
Sales Tax (4.6 %) 520,314 697,350

Project Management 1,309,436 1,939,134

Total Cost/Mile 16,634,086 21,970,700

The data in Table 2-6 shows that the total cost per mile of a single-circuit XLPE cable system is 32
percent higher than for an equivalent HPFF cable system at 345 kV. Additional investigation shows that
“splice vaults” and other costs related to the cable installation have a big impact on this increase. When
two cable segments need to be joined, large and costly concrete enclosures called “splice vaults™ are
installed below the ground level to protect the cable joints. The dimensions of these splice vaults are
approximately 27 feet long x 8 feet wide x 8 feet high (See Figure 2-1).

Figure 2-1: Typical 345 kV XLPE Splice Vault (Under Construction)
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The material and labor costs of burying these splice vaults are significant. The splice vaults used for
XLPE cable systems are physically larger than the ones used for HPFF. Furthermore, a 345 kV double-
circuit underground transmission line with one cable per phase would require six of these splice vaults
every mile for an XLPE cable system. For HPFF cable systems, however, only two splice vaults per mile
would be required. Other factors are related to the vault’s location (i.e., on the road, or off the road on
private property), and the amount of excavated soil that has to be disposed of in an environmentally-
friendly manner. These factors can add many millions of dollars to the cost of XLPE duct vault
installations. These will be discussed further in Section 4.

In addition to these first costs for underground cables, other costs relate to accessories required for the
proper operation of cable systems, such as pressurization plants and shunt reactors. These accessories and
their associated costs are discussed in Section 5.

While overhead transmission is significantly different from underground transmission in many aspects
and one-to-one comparisons are not always possible, a key observation is that the total cost per mile of an
underground 345 kV transmission line can be six to eight times higher than the total cost of an overhead
345 kV transmission line. Not only first costs, but a number of other factors provide the basis for this
significant cost difference. These factors are discussed further in Section 3.

References:
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3. Key Factors Affecting First Costs

3.1 Introduction

The previous section presented the basic component for any transmission line life-cycle cost
calculations—the first costs. This section presents the key factors that affect these first costs, which
include:

= Transmission line right of way

= Permitting and legal requirements

= Land and land rights

= Materials, labor, and associated cost escalation
= Electric and magnetic field (EMF) mitigation

These factors are all interrelated. Each of them has a role in any project, but the weight of each one is
very project specific. While these factors are not all-inclusive, they represent a selected list of factors that
need to be considered as variables that can influence the first costs. Furthermore, these factors can provide
some basis for the significant cost difference between overhead and underground transmission lines.

EMF mitigation is included in the list of key factors above, but will be discussed in more detail in Chapter
9 of this report.

3.2 Transmission Line Right of Way

The term “right of way” (ROW) generally has two meanings. The first one relates to the corridor of land
over which facilities such as highways, railroads, or other utility infrastructures are built. The second one
relates to the right to pass over property owned by another party. Combinations of the two in a given
application are also possible. For transmission lines, the ROW usually includes the area of land in which
the transmission line structures are located and the additional areas around the transmission line required
for its proper operation and maintenance. Occasionally, and particularly in urban areas, the right to pass
over specific property owned by a third party is part of the transmission line ROW.

There are many variables that relate to a transmission line ROW and affect transmission line costs. The
most relevant variables are the types of terrain, obstacles along the ROW, and the level of development
near the ROW. The impact of these variables on transmission line design and its possible effect on costs
are discussed.
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3.2.1 Types of Terrain

In this discussion, we consider five basic types of terrain: flat, rolling, mountainous, rocky, and wetlands.
The impact that the different types of terrain may have on the overhead and/or underground transmission
line designs and associated costs include:

= Incremental length of the transmission line to avoid difficult types of terrains;

= [ncremental number of stronger structures and foundations for terrain with different elevations,
i.e., rolling terrain;

= Incremental labor for foundations in rocky terrain;

= Special foundations and taller/stronger structures for water crossings

= [ncremental costs of access road construction in difficult terrains

Flat and dry terrain provides the ideal scenario, and serves as the baseline for analyzing the impact of
types of terrain on the transmission line designs. Rolling terrain may result in higher costs associated
with stronger structures and foundations that are required between two contiguous towers at significantly
different elevations. Steeper terrain is generally not suitable for underground cables or conduit systems,
which is why underground cables are not commonly sited off road right-of-ways in Connecticut.
Mountainous terrain increases costs by necessitating stronger structures and foundations; also,
transmission line length may increase to avoid passing through steep mountainous areas. The different
kinds of structures are discussed in the next section of this section.

Wetlands are typically environmentally sensitive areas and the transmission line span may increase to
avoid passing through this type of terrain. If the transmission line needs to cross wetlands, special
foundations and taller structures are typically required, resulting in higher costs.

Rocky terrains, common in Connecticut, may present particular challenges. Mechanical methods is the
first choice to break rock; however, blasting may be required to install structure foundations for overhead
transmission lines or to excavate the cable trench and manholes/splice vaults required for underground
transmission lines. For blasting and rock removal, special procedures must be followed to assure
compliance with Connecticut regulations. Excavated material that cannot otherwise be used at the site
has to be removed and properly disposed of elsewhere. Underground cable installation typically involves
the excavation of a trench about 4 feet wide and 5 feet deep, as well as areas (every 1,500 — 2,000 feet)
for manhole or splice vaults that are about 27 feet long by 8 feet wide and 8 feet high. Based on the
recent Bethel-Norwalk 345 kV transmission project, more than twenty-five percent of the trench
excavation has been in rock. Rock excavation can be almost four times more expensive than soil
excavation®.
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Based on CL&P’s experience with the underground portion of the Bethel to Norwalk project and UI’s
environmental and test pit surveys along its portion of the route of the Middletown-Norwalk project,
estimates for trench excavation due to rock and soil disposal have both been increased®.

The degree to which terrain affects costs is very project specific, but experience with difficult terrain does
allow cost impacts to be estimated. According to the study titled “Transmission Line Capital Costs”,
prepared for the US Department of Energy”, the incremental cost per mile for rolling terrain is 10 percent
of the total capital costs. CL&P has seen 100-200 percent increases in foundation costs in areas that have
large rock formations, as compared to the costs of foundations in more agricultural types of land>.

3.2.2 Obstacles along the ROW

A second factor is related to obstacles that may be encountered in specific locations along the
transmission line ROW. In this discussion we consider four types of obstacles:

private houses, schools, public buildings and parks
rivers and streams

roads and railways

other infrastructure or utilities

A w b e

Since these obstacles typically are not spread over a wide geographical area, their impact on costs tends to
be small when compared to factors related to the type of terrain. The impact that these obstacles may
have on the overhead and/or underground transmission line design and the associated costs include:

= Incremental length of the transmission line to avoid obstacles

= Incremental number of stronger structures and foundations for road crossings

= Special foundations and taller/stronger structures for water crossings

= Incremental labor for installation of underground lines due to the presence of other utilities

To avoid private houses, schools, public buildings and parks, the transmission line length may have to
increase. Rivers and streams are typically environmentally-sensitive areas, and the transmission line
span/length may also have to increase to avoid them. If the transmission line needs to cross the rivers or
streams, a number of special foundations are typically required and longer span require taller structures.

Wherever an overhead transmission line needs to cross a road, stronger structures and foundations are
required. Different types of structures are built for different purposes. On most lines, the majority of
structures are suspension structures that carry the conductor on either a straight line or a very shallow
angle (5°-10°); the structures, insulators and associated hardware are not designed to resist the full tension
of the wires. Sharper bends (up to 45°) require stronger angle structures in which the insulators and
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associated hardware are most robust, but are not capable of resisting the loss of all the wires on one side.
At each end of the line, and periodically along its length, dead-end structures are used. Unlike
suspension and most angle structures, dead-end structures are designed to withstand the unbalanced load
carried in the event that all the conductors on one side go slack®.

Underground utilities may also impact the design of underground transmission lines, since additional
labor and materials may be required to avoid conflicts.

The impact that the different kinds of obstacles may have on costs will be proportional to the incremental
length of the line needed to avoid them, or the incremental costs of stronger/taller structures and
foundations. Thus, cost impacts are very project-specific.

3.2.3 Level of existing development near the ROW

In this discussion we consider three basic levels of existing development near the transmission line ROW:
urban, suburban, and rural. The impact existing development may have on the overhead and/or
underground transmission line designs and its associated costs include:

= [ncremental length of the transmission line due to additional number of turns in the transmission
line route

= Incremental number of stronger structures and foundations (dead-end and angle structures) due to
additional number of turns in the transmission line route

= Taller structures with concrete foundations due to narrow ROW in urban/suburban areas

A number of the implications of building a transmission line in an urban/suburban area were noted by
CL&P. With the degree of urban and suburban land development that are encountered, especially in
Southwest Connecticut, existing transmission line routes take many turns to avoid densely developed
areas. Each turn requires more dead-end and angle structures, which in turn causes the line length to
increase. Tall steel structures, and especially dead-end and angle structures, require much larger poles
and foundations, resulting in significantly higher material and construction costs®. Transmission
construction in urban areas within the State of Connecticut is frequently confined to a narrow ROW that
can only accommodate vertically-configured lines on taller steel poles.

The impact that existing development near the ROW may have on costs will be related to the specific
details of the suburban/urban area and the characteristics of the ROW within these areas, which will
determine the number of turns that need to be made. Therefore, the absolute impact in cost due to
increased transmission line length and due to the incremental number of taller and stronger structures and
foundations is very project specific.
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3.3 Permitting and Legal Requirements

Utilities” permitting costs are broad in nature, and include but are not limited to the following:
development of permit applications, environmental reports and maps; permit/certificate application filing
fees; support of the permit applications at agency hearings; and preparation of plans and/or studies that
may be required for permit approval®. While the utilities in Connecticut do not separately track
permitting costs, they agree that the costs related to permitting have increased during recent years and
they believe that trend is expected to continue.

Most utilities now have Community Outreach programs and public relations organizations that hold
public meetings to explain transmission development and environmental management plans at open
houses. Meetings and permits are required with the United States Army Corps of Engineers (USACE),
the Department of Energy and Environmental Protection (DEEP), the Connecticut Siting Council
(Council), and Native American Tribal representatives.

Utilities building transmission facilities in the State of Connecticut are facing more public scrutiny of
their plans and practices, as well as increased permitting and review requirements, and have experienced
increased costs as a result. The ISO New England also has a formal process of studying transmission
options to meet FERC reliability requirements which can sometimes lead to lengthy reviews.

While ISO-NE is not an entity regulated by the State of Connecticut, its analysis of regional transmission
development is an important component of the utility’s transmission planning and siting process.

Many variables in the permitting and legal requirements for transmission lines affect transmission line
costs. We have identified the most relevant government entities that affect transmission line siting,
design, and associated costs. Those government entities include: the Council, the Connecticut
Department of Transportation (CDOT), DEEP, and the USACE.

3.3.1 Connecticut Siting Council (Council)

The Council has jurisdiction over the siting of power facilities and transmission lines in Connecticut, and
evaluates utility applications for those facilities and lines. When conceptualizing the addition of a new
transmission line to the power system, utility system planners perform many planning and preliminary
engineering activities. This work ultimately leads to the development of an application to the Council for
a new line. In addition to the details of the proposed line, the application includes a set of alternative
solutions that have been evaluated by the utility in an effort to confirm that the proposed line represents
the optimum solution. Criteria for determining the best solution typically include system benefit
(reliability and operability), technical feasibility (ability of a project to be engineered and built), property
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impact (social perception), environmental impact, and cost. The application by the utilities is the first step
in a statutorily defined permitting process’.

On June 2004, the Connecticut Legislature enacted Public Act 04-246, “An Act Concerning Electric
Transmission Line Siting Criteria.” In basic terms, PA 04-246 requires the Council: 1) to maximize the
technologically feasible lengths of new underground 345 kV transmission lines in areas of certain land
uses, and 2) to apply the best management practices for electric and magnetic fields for electric
transmission lines. The impact of this Public Act on new 345 kV overhead and/or underground
transmission line designs and associated costs includes:

= Incremental length of the underground segments for transmission lines in certain land uses;

= Incremental length of the transmission line (overhead and underground);

= Use of more expensive XLPE cables, instead of HPFF;

= [Increased complexity and costly time for planning and siting transmission lines;

= Increased number of underground-overhead transition stations; and

= Potentially increased project cost due to requirements for significant magnetic field management
measures.

Although PA 04-246 requires the use of underground 345 kV designs only in certain defined areas where
technologically feasible, utility companies seeking to build new facilities will, in fulfilling their obligation
to manage costs, invest substantial effort to develop alternative designs and to evaluate the technical and
financial viability of such underground construction and its alternatives.

Since the 2007 report on life-cycle costs was published, the Connecticut Legislature enacted Public Act
07-4, which amended PA 04-246 to make clear that, in considering the feasibility of underground
transmission lines pursuant to the Act, the Council should consider “whether the cost of any contemplated
technology or design configuration may result in an unreasonable economic burden on the ratepayers of
the State.”®

3.3.2 Connecticut Department of Transportation (CDOT)

The mission of the CDOT is to provide a safe and efficient transportation system for the people traveling
in Connecticut. In order to accomplish this mission, the CDOT works with the public, transportation
partners, State and federal legislators, and other State and local agenciesg. The CDOT has direct
responsibility for the efficient operation of ground transportation such as railways, State roads, and even
local streets in urban areas. When a transmission ROW is located near roadways, railways or rights of
way that fall under the CDOT jurisdiction, special procedures must be followed. CDOT requirements and
regulations can affect underground transmission line designs for installations in rural, urban, and
suburban areas. CDOT requirements may result in:
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= Incremental costs for easements over private property because construction within the highway
ROW for utility facilities such as splice vaults is not permitted

= Incremental costs for horizontal directional drilling or self-supporting structures to cross water
bodies and other features, when attachment of cables to bridges is not allowed

= Work schedule restrictions

Specific examples of the type of impact CDOT requirements can have on project costs are summarized
below.

Vault location

As stated in a previous section, the physical dimensions of the splice-vaults for 345 kV XLPE cables are
considerable. Because the installation of these splice vaults can require road closures with an estimated
time of up to three weeks, the CDOT has decided as many vaults as possible must be built off the
roadway. (CL&P notes that most of the time spent on vault work is for splicing, not burying the vault.)
This requirement imposes considerable added costs, including obtaining easements over private property
adjacent to the road, the cost of turning the cable ducts off of and then back on to the road at each vault,
the cost of the crossing of more buried utilities, and, ultimately, as cable length increases, the cost of
additional vaults.

The number of splice vaults is, in part, a function of the lengths of the cables. The length of the
transmission cables is limited to the weight and size of a cable coil that can be transported on typical
roadways.

Working schedule

In order to not disturb roadway traffic, CDOT has decided that contractors working on underground
transmission lines in State roads are allowed to work only during the night shift. This may have impacts
in costs since the working hour window for labor at the site may be reduced to 6-8 hours due to the
considerable set-up and clean-up time required for each shift®.

Cable installations along bridges and special construction methods

Historically, the attachment of transmission cables to highway bridges or other State structures crossing
water bodies and/or railroads has not been supported by CDOT. Special construction methods such as
horizontal directional drilling or “jack and bore” are the alternatives. In horizontal directional drilling, a
pilot hole is drilled and then reamed out to an appropriate size, and the duct or pipe is pulled into the hole.
Jack and bore involves the construction of pits on either side of the obstacle; a small tunnel is built while
simultaneously a pipe is installed as the tunnel is formed.® These methods normally place the cables at

Connecticut Siting Council 3-7
Life-cycle Costs 2012 September 20, 2012



greater depths, a minimum of 15 feet below the surface, and may require significant environmental
impact controls and associated costs. Furthermore, cable capacity decreases with cable depth. This is
another limiting consideration for underground cable design systems.

The degree to which these design changes imposed by CDOT affect costs is very project-specific, but
generally these requirements may cause an increment of 10 to 20% on the construction costs for
underground transmission lines.

3.3.3 Connecticut Department of Energy and Environmental Protection
(DEEP)

The mission of DEEP is to conserve, improve and protect Connecticut’s natural resources and
environment while ensuring a clean, affordable, reliable and sustained energy supply."* When a
transmission line ROW is located near an environmentally sensitive area under DEEP jurisdiction, special
procedures must be followed. DEEP requirements and regulations can affect underground transmission
line designs for installations in rural, urban, and suburban areas. One significant impact of DEEP
requirements on the incremental costs of construction has to do with the management of excavated soil
materials.

Contaminated Soil

Since some of the soil under the roads in the State of Connecticut can be contaminated, the DEEP
requires that the excavated soil not be reused to close underground cable trenches and must be stored
according to special rules.

3.34 U.S. Army Corps of Engineers (USACE)

The USACE is responsible for investigating, developing and maintaining the nation's waterways and
related environmental resources. When a transmission line ROW is located near waterways under the
USACE jurisdiction, special procedures must be followed. The impact of USACE requirements includes
increased project lead-time and permitting costs. Normally, for the permits required from the USACE, a
final design is needed. The USACE does not allow project segmentation in this permitting process. This
permit, which may take up to a year, is typically done in connection with other permits granted by the
Council and/or DEEP. Therefore it may add to the total project time and have a direct impact on the
project costs.

3.4 Land and Land Rights

As mentioned before, the first costs information included in this section do not include the costs of land
and land rights. In some US states, and particularly within rural areas, these costs are relatively small and
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may not be significant when compared with material and labor costs. According to the study titled
“Transmission Line Capital Costs”, prepared the US Department of Energy”, 5.5 percent of the materials
(cable, structures, etc.) costs would be enough to cover land and land rights in a non-urban area.

According to the utilities in Connecticut, however, the costs of land and land rights are quite significant
and therefore deserve extensive review.

The impact of the cost of land and land rights on overhead and/or underground transmission line project
cannot be over-emphasized. These costs can be the decisive factor to build a transmission line either
underground or overhead. The cost of land for transmission ROW is site-specific and can actually alter
the proposed route or preferred line design. Project cost estimates (including ROW costs), for the
Milford-Norwalk section of the Middletown-Norwalk 345 kV transmission project were higher for the
underground option due to higher land costs, even though the distance was shorter.

The costs associated with land and land rights are both highly variable and very project-specific.
Regarding the specific land cost differences in Connecticut, recent estimates indicate that for the Bethel-
Norwalk 345 kV transmission project an acre of land near Bethel, a suburb of Danbury, costs
approximately $100,000 USD, whereas for Norwalk the cost is $350,000 USD. In this project, one of the
alternatives required widening the ROW by 40-50 feet, and the estimate for land acquisition was 50
million dollars.?> Twenty (20) miles for fifty (50) million dollars is $2.5 million dollars per mile.
Comparing this $2.5 million per mile with the other capital costs for 345 kV overhead transmission lines,
we can see that the land costs become one of the largest components of the overall capital costs, along
with structures and foundations. For underground transmission lines, however, $2.5 million per mile of
land represents the fourth largest component, after ducts/vaults, cable/hardware, and site work.

3.5 Materials, Labor, and Cost Escalation

Once a transmission line design has been completed, an estimated materials list is defined. Similarly,
construction estimates have detailed lists for the expected labor hours required to build the transmission
line. Since transmission projects may take one to seven years to complete, there may be a significant
increase in first costs simply due to the cost escalation of materials and labor over time.

The cost escalation for materials and labor depends on many social and economic variables. Some of the
factors that drive these cost escalations include high demand for raw materials like steel and fuel,
limitations of manufacturing capability for large items like cables and tubular steel structures, and labor
and material shortages.

There are significant differences in the amount of materials and labor required to build an overhead as
opposed to an underground transmission line. Underground construction requires significantly higher
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material costs as a percentage of total project cost than overhead construction. Also, most of the
underground line cost data represents transmission lines in Southwest Connecticut, and this is a costly
area to construct transmission due to its population density and urban nature.

Since the 2007 report, the labor vs. material percentage of the total project cost has increased
dramatically, from 35 to 45 percent for overhead lines, and from 24 to 31 percent for underground lines.
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4, Cost Differences among Transmission Technologies

The cost to design, build, operate, and maintain an overhead transmission line is lower than the cost of an
underground equivalent due to basic cost differences in materials and construction methods. Also, the
technology of overhead transmission is less complex than that of underground transmission and therefore
requires less in the way of special equipment or facilities to operate the transmission system. The various
types of overhead structures and line configurations, as well as the different types of underground cable
can impact total project costs significantly.

4.1 Electrical and Operating Characteristics of OH and UG Lines

A basic issue in the design of a transmission line is the difference in electrical characteristics between
overhead and underground line designs and the need to compensate for those differences. For example,
overhead and underground lines differ greatly in their electrical inductive and capacitive reactance.
Inductance and capacitance are properties of an electric circuit that relate to the voltage induced in a
circuit by an alternating current (inductance) and the charge on the conductors per unit of potential
difference between them (capacitance).

Underground lines have a higher capacitance than overhead lines due to the closer proximity of the
conductors to one another. When a line is energized, the capacitance can cause the line voltage to rise
above acceptable limits and therefore it must be controlled or canceled. If the load on the circuit is not
capable of absorbing the reactive power resulting from the high capacitance of the underground cables,
shunt reactors must be installed to compensate for the excess reactive power. While this is a normal
operating characteristic of an underground line, it does result in additional costs to a project.

The cables in underground lines also have lower impedance than the bare conductors in overhead lines,

and therefore are susceptible to higher fault currents. This could potentially damage the cable and may

require mitigation in system design, such as the installation of a series reactor to reduce fault currents or
use of higher rated circuit breakers.

Shunt reactors, when needed in underground circuits, are installed at the terminal facilities where
overhead/underground transitions are made. Because this equipment is physically located in a transition
station, it is not technically considered to be part of the transmission line itself. However, because it is the
line design that creates the need for the shunt reactor, the cost of that equipment is appropriately
considered as part of the first cost of the transmission line and included when evaluating an underground
alternative. According to CL&P, a typical shunt reactor costs around $6.5 million®. Transition stations
are discussed in a little more detail in the following section on hybrid lines.
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4.2 Hybrid Lines

A hybrid line is a single circuit of one voltage that consists of both overhead and underground sections
over the course of the line route. Such construction is called “porpoising” the line as a result of the above
and below surface nature of the line, similar to a porpoise swimming at sea.

There can be many viable reasons for a line to be designed and constructed in this manner. The most
obvious reasons are associated with the line routing and the difficulty that may be involved in building
certain segments of a line overhead. Rough terrain, dense urban development, unsuitable subsurface
conditions, bodies of water and any other number of obstacles may cause these difficulties. It should be
stated that engineering technology exists to build a line in most any configuration desirable at any
location. Therefore, a hybrid line is sometimes the most feasible option for line construction at a
reasonable cost.

Hybrid lines require additional equipment and facilities as compared to fully overhead or fully
underground lines. An overhead line requires switching stations or substations at each end of the line. An
underground line requires similar terminal stations at each end of the line. A hybrid line, however, may
require terminal facilities at each point where the line changes from overhead to underground and again to
overhead. Ata minimum, a hybrid line would require underground termination facilities within existing
stations along the route of a line. So the first costs of a hybrid line, in addition to the fundamentally
higher cost of underground construction, would also increase by the additional cost of terminal facilities
required for overhead/underground transitions. These facilities are generally referred to as “transition

stations.”

Transition stations also require the acquisition of land and may result in increased costs for associated
environmental impacts. The issues of land and land rights for transmission line projects are discussed in
section 3 of this report.

When the Bethel-Norwalk line was originally proposed by CL&P in 2003, project estimates created for
three different alternatives indicated that the most expensive alternative was a hybrid line, as opposed to
fully overhead or underground alternative. For the hybrid line option, $20 - $25 million of the additional
cost was for the transition stations and the shunt reactors required to accommodate the hybrid design.’

4.3 New and Emerging Transmission Technologies

As the need for more transmission capacity increases throughout the State of Connecticut, as well as the
entire country, new technologies are being introduced to facilitate the higher throughput of energy. These
technologies are being used in both retrofit applications to existing lines as well as initial design elements
of new lines. These technologies are in the areas of materials and systems devices and include FACTS,
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HVDC transmission and HTLS composite conductors. Each has benefits in certain line applications and
represents additional tools and methods for future use to increase transmission capacity.

4.3.1 FACTS and Typical Costs

FACTS (Flexible Alternating Current Transmission System) incorporate electronic-based controllers with
other standard power system components to enhance transmission system control and increase power
transfer capability. Problems created in transmission networks today by uncontrolled power flows and
voltage transients have created a need for more dynamic regulation of networks to reduce the likelihood
of power transfer bottlenecks and blackouts. FACTS devices can be used for dynamic voltage control and
for steady-state power flow regulation. FACTS devices and the primary applications for them are
included in Table 4-1.

Table 4-1: Primary applications of FACTS devices

FACTS APPLICATIONS

FACTS Equipment Dynamic voltage Power flow Voltage unbalance Reduction of
stability control compensation short-circuit level
Static VAR Compensator
(SVC) X X X
Static Synchronous X X X
Compensator (STATCOM)
Thyristor Controlled Series X X
Compensator (TCSC)
Unified Power Flow
Controller (UPFC) X X X
Interphase Power Controller X X
(IPC)

Only an SVC or STATCOM would have a direct application in the State of Connecticut. CL&P currently
has one FACTS device on their system, a fully-redundant 75 MVAR STATCOM device (150 MVAR
total) located at the Glenbrook Substation. This device is the only one in the State and was installed in
2004 at a cost of $15.6 million®. Installation of FACTS devices is becoming more widespread across the
country as system capacity limitations create problems under the slightest contingency.

The cost of FACTS devices depends mostly on their size, but technical characteristics, control functions
and application are all influencing factors. FACTS controllers (SVC, STATCOM, SSSC) for larger
transmission based projects (i.e., capacities of 200 MVAR and higher), which are usually applied at
voltage levels of 138kV and higher, are in the range of $40 to $50/kVAR. Smaller FACTS installations
are more expensive on a $/kVAR basis, and these would be systems less than 100 MVVAR and applied at
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industrial facilities or on utility distribution systems of 69 kV and below. A chart of these relationships is
shown below for a Conventional Static VAR Compensator (SVC) in Figure 4-1.

Figure 4-1: SVC System Cost vs. Size (Controlled kVAR)
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Advanced STATOM (Voltage-Sourced Converter) system costs are about 20 percent higher than a
conventional SVC for the same size. However, the MVAR required fora STATCOM in a given
installation can be about 10-20 percent less than what is required to meet the same performance as a
conventional SVC*.

4.3.2 HVDC Typical Costs

High voltage direct current transmission systems involve the conversion of alternating current (AC)
power to direct current (DC) for the purpose of transmitting the power over long distances, typically
hundreds of miles. Shorter applications are also feasible depending upon the specific requirements. A
recent example in the State of Connecticut is the Cross Sound cable, a 40 km, 330 MW, +150 kV HVDC
cable connecting Connecticut with Long Island, New York. The