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Findings of Fact

Introduction

1. Pursuant to Connecticut General Statutes (CGS) §16-50Rctmber 9, 2003, the Connecticut Light and
Power Company (CL&P) and The United llluminating Compady) (collectively referred to as the
“Applicants” hereafter] applied to the Connecticut Siting Cour{@ouncil) for a Certificate of
Environmental Compatibility and Public Need (Certificate) fthre construction, operation and
maintenance of a new 345-kV high voltage electric transmissierahd associated facilities between the
Scovill Rock Switching Station in Middletown and the Norkw&ubstation in Norwalk, Connecticut. This
includes construction of the Beseck Switching Station in Wbrd, East Devon Substation in Milford,
and Singer Substation in Bridgeport and modificationsh& $covill Rock Switching Station and the
Norwalk Substation and certain interconnections. (Applichnt#olume 1)

2. The Applicants provided service and notice of the applicaticecaordance with CGS 816-50I(b). This
included, but was not limited to, notice to municipalitieghim 2,500 feet of the proposed facility,
municipalities affected by the alternate route, published noti2& imewspapers on three individual dates
between September 16, and October 10, 2003, and a digitit# describing the proposed construction
of a high voltage electric transmission line inserted wi#doh electric company or electric distribution
company customer’s bill in the municipality where the propdaeility would be located. (Applicants 2,
2c, 2d)

3. Pursuant to CGS §16-50I(b), landowners abutting exisimgroposed substation /switching station sites
were provided notice by the Applicants. Also, community omgions and water companies were
provided notice consistent with the Council’'s Applicationd&uor Terrestrial Electric Transmission Line
Facilities. (Applicants 2, 2e, 2f and 5)

4. Pursuant to CGS § 16-50m, the Council, after giving chieeen thereof, held public hearings for citizen
comment on December 17, 2003 at Bridgeport City Hall, Bridgeganuary 5, 2004 at Bedford Middle
School, Westport; January 15, 2004 at Parson’s GovernnmamteiCAuditorium, Milford; January 21,
2004 at the Weston High School, Weston; (Weston Transchphruary 5, 2004 at the Sheehan High
School, Wallingford; February 9, 2004 at the Communityt€erwoodbridge; February 23, 2004 at the
Mary L. Tracy School, Orange; and February 24, 2004 at tielstown High School, Middletown. Each
hearing commenced at 7:00 p.m. for the convenience of the pidicord)

5. The Council and its staff conducted public field reviews & groposed preferred and alternative
overhead transmission line routes and underground cabkegouhe same day of the hearings for citizen
input. (Council Hearing Notice)
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The Council held public evidentiary hearings on March 23a8d,25, 2004; April 20, 21, and 22, 2004;

May 12, and 13, 2004; June 1, 2, 3, 15, 16, 17, and@®4; July 27, 28, and 29, 2004; August 19, 2004;
September 8, 28, and 29, 2004; October 14, 2004; Decemband 45, 2004; January 5, 11, 13, 18, 19,
and 20, 2005; and February 1, and 17, 2005. (Record)

Parties and Intervenors to these proceedings include the AgplicRobert W. Megna State
Representative - §‘7District; Al Adinolfi State Representative fﬁ‘):E)istrict; Town of Middlefield; Town
of Milford; Town of Wallingford; Town of Durham; Citpf Norwalk; Town of Westport; Mary G. Fritz
State Representative - ®istrict; Mary G. Fritz State Representative "district; City of Meriden;
Attorney General Richard Blumenthal; Raymond Kalinowski SRapresentative — 18Mistrict; City of
Bridgeport; Communities for Responsible Energy; Offic€ohsumer Counsel; Woodlands Coalition for
Responsible Energy, Inc.; ISO New England Inc.; Departmenhtasfsportation; Town of Fairfield; PSEG
Power Connecticut LLC; Town of Wilton; Town of West@guth Central Connecticut Water Authority;
Town of Orange; Connecticut Business & Industry Assamia(CBIA); Town of Cheshire; Town of
Hamden; City of Middletown; Town of Bethany; Town of EastWilliam A. Aniskovich State Senate —
a District; Town of North Haven; Ezra Academy, CongregatioNd@’Jacob, the Jewish Community
Center of Greater New Haven, the Jewish Federation of GreaterHsean, and the Department of
Jewish Education; Senator Joseph J. Crisco, v District; First District Water Department (Norwalk);
Leonard A. Fasano State Senator - Jistrict; City of New Haven; Branford Conservation and
Environment Commission; Town of Branford; Linda Wilsdfevin M. DelGobbo; Ralph E. Wilson,
Allison Wilson, and the South Main Street Irrevocable Triiecord)

Pursuant to CGS 8§16-50I(e), CL&P provided draft applicatiocuments to the Chief Elected Official for
the 24 towns that may be affected by the proposed faciligy pféferred route would traverse the towns of
Middletown, Haddam, Durham, Middlefield, Meriden, Wallingfo Cheshire, Hamden, Bethany,
Woodbridge, Orange West Haven, Orange, Milford, StratfBratijgeport, Fairfield, Westport, Norwalk.
Alternate A or B route would cross into the Towns of &astWeston, Wilton and Trumbull. New Haven
and North Haven are towns within the statutory threshdl®, %00 feet for notification of the proposed
facility. (CL&P 2)

Pursuant to General Statutes 816-50j (h), on Novembel@%3, the following state agencies were
requested to submit written comments regarding the propaszlityf Department of Environmental
Protection (DEP), Department of Public Health (DPH), Council Environmental Quality (CEQ),
Department of Public Utility Control (DPUC), Office of Ry and Management (OPM), Department of
Economic and Community Development (DECD), and the Departaf@iransportation (DOT). (Record)

Project Area

The electric system in “Southwest Connecticut” (SWCT) ctssi$ facilities in the following towns:
Bridgeport, Darien, Easton, Fairfield, Greenwich, New Canidanyalk, Redding, Ridgefield, Stamford,
Weston, Westport, Wilton, Ansonia, Branford, Beacon F&lkthany, Bethel, Bridgewater, Brookfield,
Cheshire, Danbury, Derby, East Haven, Hamden, Meriden, MidgieMilford, Monroe, Naugatuck,
New Fairfield, New Milford, New Haven, Newtown, North Brardp North Haven, Orange, Oxford,
Prospect, Roxbury, Seymour, Shelton, Sherman, Southb8oythington, Stratford, Trumbull,
Wallingford, Waterbury, Watertown, West Haven, Wolcott, Wharidtye and Woodbury. (See Appendix
B) Because the boundaries of the SWCT electric system are défnelktctrical interfaces with other
portions of the transmission system (as opposed toaipahibboundaries), portions of some of the towns
referenced above are outside of the SWCT electric system. (Agplitaviol. 1, p.F-1)

The Norwalk-Stamford Sub-Area of SWCT is also defined bgtdtal interfaces, and includes all or part
of the municipalities of Bridgeport, Darien, Easton, FdilfiecGreenwich, New Canaan, Norwalk,

Redding, Ridgefield, Stamford, Trumbull, Weston, Wedtpand Wilton. The Norwalk-Stamford Sub-

Area is the portion of SWCT that is farthest away fromhihi& 345-kV transmission grid. (Applicants 1,

Vol. 1, p.F-2)
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Need for Expansion of the Electric Power Grid

12. Until approximately 1970, peak electric load in the SWCT areabetmsv the generating capacity of the
area. However, subsequent to this date, demand has growesaitdd in the need to import power from
sources outside the area. (Docket No. 5, Finding of Fact 26)

13. ISO-NE considers the SWCT electric delivery system to be vaeakunreliable, and thus in need of
reinforcement. (ISO-NE 1, pp. 3 and 13; Tr. 3/23. @dd 120)

14. Connecticut currently has approximately 1,300 circuit miles1&-kV lines, 398 circuit miles of 345-kV
lines, 5.8 circuit miles of 138-kV lines and 104 circuitesiof 69-kV lines; of these, approximately 12.8
miles of 115-kV lines are underground and 2.7 miles ok\¥6&re underground. In Docket No. 217, the
Council approved a total of approximately 9.0 miles of overliead and 17.0 miles of underground line.
(Council Review of Ten Year Forecast of Loads and Resourc@8, g010; Docket No. 217, Findings of
Fact)

15. The Connecticut Department of Public Utility Control (DP\ZD02 Summer Shortage Report identified,
in part, that: SWCT is generation deficient; transmissibpawer is constrained, which limits import
power into the region without additional generation to in@esgoply; existing generation in SWCT
cannot be dispatched simultaneously; and the congestion cestsassd with transmission constraints
create significant economic consequences for Connecticut electrionemsto The Federal Energy
Regulatory Commission (FERC) has designated SWCT as a seliebdity risk. (CL&P Vol. 1, p. F-5;
CL&P 31, p.28; Docket No. 217, Findings of Fact N&;, Rpplicants 31, pp. 3-4)

16. CL&P’s first “Ten and Twenty Forecasts of Loads and Resounegsirt to the Council, in 1972, listed
the proposed Beseck to Norwalk 345-kV transmission liime1974, CL&P applied for a Certificate for
the first part of the contemplated loop through SWCTe-libng Mountain to Plumtree 345-kV line. At
that time, CL&P noted that SWCT was the only major load isrdlae state not already supplied from the
345-kV system.” (Applicants 11, Q. 12, 1972 Load andBe Forecast)

17. The load growth of the early 1970's indicated a 345-kV lwopld be necessary. However, the lower load
growth experienced in the late 1970's and early 1980's alloefedral of the need for a 345-kV supply
into SWCT by the use of high capacity 115-kV lines thiotlge late 1990’s, after which the existing 345-
kV line would need to be implemented. (Docket No. 26, iRmaf Fact 27 and 28; Docket No. 57
Finding of Fact 18 and 20; Docket No0.26, Opinion, 8¢ket No. 141 Findings of Fact No. 15)

18. The existing 345-kV line from Long Mountain switchingt&dn in New Milford to Plumtree substation
was the first segment of a planned expansion of the 34 system into southwestern Connecticut.
CL&P planned to extend the 345-kV transmission line lsdubm Plumtree substation, to Norwalk
substation then northeasterly to Beseck substation innytadlid, where it would be connected to the 345-
kV system. (Docket No. 5 Findings of Fact Nos. 69 aljd 7

19. ISO-NE is responsible for managing the New England régiomk electric power system, operating the
wholesale electricity market, administering the region’s open ad@assmission tariff, and conducting
centralized electrical power planning (ISO-NE 1, p. 6)

20. In 2001, the FERC delegated to ISO-NE the responsilidityonduct long-term system planning for the
New England region, which began the regional transmission sigpaplanning (RTEP) process. This
process is continuous and results in an annual report devdbypRdEP participants and reviewed by
state regulators, NEPOOL participants and interested par€3-NE 1, p.8)

21. RTEP is a comprehensive electrical engineering assessment compngadenous studies and analyses
of the New England bulk electric power system. (ISO-NE 8)
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RTEP is intended to provide information to the wholesale ridégt marketplace concerning power

system problems and needs that may be addressed throagtiiamt in market solutions. Absent market
response, ISO-NE is charged with providing a coordinatetsmission plan that identifies upgrades for
reliability and economic needs. (Applicants Administrativeid¢oNo. 11, CL&P 2004 Forecast of Loads
and Resources for 2004-2013, March 1, 2004; ISO-NES), p.

RTEPO1, of October 2001, described the SWCT system aschagiere reliability problems whenever
the largest single generation source in SWCT is unavailableP&T Eecommended feasibility studies to
examine alternatives and cost estimates for major transmisgjpades to increase imports to the SWCT
and the Norwalk-Stamford sub-areas. RTEPOL also noted thatiab for significant congestion costs.

(ISO-NE 1, pp. 10-12)

RTEPO2 and RTEO3 continued to recognize SWCT's existiagsinission system could not reliably
support projected loads, generation expansion, or simuliangperation of existing generation at full
load. (Applicants 31, p. 6; ISO-NE 1, pp. 32-33)

Good utility practice considers a range of forecasted peak denmasélecting a load level for planning.
ISO-NE considers two forecast scenarios: 1) a 50/50 foreeasidhumes average weather conditions and
a 50 percent probability that the peak load will be exceedwt2na 90/10 forecast assumes extreme
weather conditions and a 10 percent probability that the pedkndl be exceeded. (ISO-NE 1, p. 20)

The Council’s “2003 Forecast of Loads and Resources” predidizdoak load growth will increase by
293 MW from 6851 MW, in 2002 to 7144 MW by the yean20 (Council 2003 Forecast of Electric
Loads & Resources, p. 2)

ISO-NE has contracted in recent years for temporary generasonrces for SWCT to meet peak loads.
ISO-NE continues to seek up to 300 MW of additional gemeratiemand response, or peak-load
reducing resources pending completion of a 345-kV loopesé&esources are contracted under a Request
for Proposal (RFP) to improve system reliability wittBWCT at times of peak load. Neither new
generation nor load response programs are able to achieve théoegrerm results as a 345-kV loop.
(Applicants 31, p. 7; ISO-NE 1, pp. 32-33)

Without transmission improvements or added generation, fatheo existing generation in SWCT is
required for system reliability. (Applicants 1, Vol.d,G-4)

Generation in SWCT totals approximately 2,200 megawatts (NBinmer rating), with peak load in
2002 having reached 3,465 MW. It was, therefore, necessdrmgptmrt an additional 1,200 MW of
additional power to SWCT in 2002. (Applicants 4, May 20@chnical Application, Vol. 5 Appendix 13,
p. 15)

Transmission is needed in southwestern Connecticut (SWCTestmive line thermal overload and
inadequate voltage issues, as well as high short-circuit cftdeny”) issues. Transmission must be part
of any solution in SWCT. (Tr. 3/23/04, p.31)

A STATCOM is in the process of being installed at Glenbreokstation to correct a voltage collapse
problem. The 150 MVAR STATCOM will be one of the largestits kind in the United States. (Tr.
3/23/04. p.33)

The system in SWCT experiences overloads of 30 to 60 perndet a variety of contingencies. (Tr.
3/23/04, p.36)

The Applicants’ studies indicated that a 345-kV east/westititee SWCT is necessary in 2004. (Tr.
06/01/04, p. 233)
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portion of the load in that area to be served by generatiidewof southwest Connecticut and outside the
State of Connecticut. (Tr. 06/15/04, p. 50)

The proposed project would enable new generation to connece tprdposed 345-kV system. The
existing 115-kV system does not support the connectiorewaf generation in SWCT to the system. (Tr.
06/15/04, p. 51)

ISO-NE’s highest priority in SWCT is to improve thranismission system infrastructure. ISO-NE states
that it possesses adequate electrical generating capacity, bikenmarismission system, to move the
capacity. (Tr. 3/23/04, p.158)

All of the generation located in SWCT is interconnected to ekl transmission system and cannot be
operated at the same time because of the inadequacy of the 1l&nkmission system. The proposed
345-kV loop will “unlock” this generation thereby reducingogkcircuit duty and power flows on the
system and allowing the addition of more generation. 4S@® 1; Tr. 3/23/04, p.3)

The Applicants now have 345/115-kV autotransformers atPilnentree substation (Bethel), the Frost
Bridge Substation (Watertown), the Southington substatind the East Shore substation in New Haven.
The proposed 345-kV loop will include autotransformeithatproposed East Devon substation, and at the
proposed Singer substation in Bridgeport. In additidocket 217 approved the extension of the 345-kV
system from Bethel to Norwalk and the installation of aniteacl autotransformer at Norwalk. (Tr.
3/23/04, p.41)

The autotransformers would supply the 115-kV systemm fitee 345-kV grid, and allow the Applicants to
efficiently move bulk power to locations in SWCT. Increna¢itl5-kV construction would include some
reconductoring of certain lines. (Tr. 3/23/04, p.42)

The proposed project would allow the Applicants to imporer from the eastern part of the state where
the largest generating plants at Millstone Power Station arestbcdlilistone is the strongest source on
the NU system. Four 345-kV transmission lines termsigtMillstone, from Montville (Montville Station
and AES Thames), Willimantic (Lake Road), Manchester, andh®mion. Units two and three at
Millstone are capable of producing a total of approximately GVDW. (Tr. 4/22/04, p. 78-79) (Tr.
3/23/04, p.44)

Modern, efficient combined-cycle generating plants have a capaciébaft 550 MW, and the 115-kV
system is incapable of allowing the connection of such a lagergtion source. The 345-kV loop would
allow newer and more efficient generation to be added to the fissiemsystem in SWCT. (Tr. 3/23/04,
p. 58, p.91)

Economic forces have prevented project developers from complgéngrating plants previously
approved by the Council in Meriden and Oxford. (Tr. 323p. 58, p.91)

Flexibility of operation is important to ISO-NE becausevery heavy line loading in SWCT with
excessively high dependency upon the availability of the generamti®WCT. ISO-NE dispatches the
various resources in SWCT in a manner to avoid overloael efithout regard to economic efficiency.
(Tr. 3/23/04, pp. 119-120)

Building the proposed 345-kV system would allow sayeaeration presently on the 115-kV system to be
reconnected to the 345-kV system. This would ultimadelye to reduce short-circuit duties and enable
the import of more generation into SWCT from the restafiri@cticut. (Tr. 3/23/04, p.158)

Short-circuit duty problems in SWCT are significant because#pabilities of 115-kV circuit breakers to
interrupt short-circuit current is at their limit. A 34V loop would allow some generation which
contribute large amounts of current into a short-circuibedaeconnected to the 345-kV, reducing short-
circuit duty in the area. (Tr. 3/23/04, pp. 118-119)
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After the project is completed and the system is operatiegh\pplicants will address remaining problems
such as incremental transmission rebuilds by filing thosegts with the Council. (Tr. 3/23/04, p.64-65)

CL&P forecasts a 2.2 percent annual peak growth rate betweera20@013. (Tr. 3/23/04, p.66)

Ul's annual peak growth forecast is essentially flat (apprateiy one-half of one percent). (Tr. 3/23/04,
p.67)

In seven of the last ten years, peak demand load was a resulrexhe weather. Weather can affect a
peak forecast by a range of seven to 10 percent. The trendltlarger homes and the addition of more
electrical appliances (air conditioning) also increases peak demawerallDdemand for electricity is
exceeding the ability of consumers to conserve. (Tr. 3/2p/08F-69)

The NEPOOL 2003 CELT Report forecasts a summer peak loagvnBngland of 27,820 MW in the
year 2010. ISO-NE and the Applicants assumed a 27,700 Mi¥mnsypeak load as a design basis for
analysis. (Applicants 32, p. 4; Applicants 4, May 20@8hnical Application Vol. 6, p. 7; ISO-NE 1, p.
20)

ISO-NE identified the 27,700 MW load level as a reasonable Mevalse in planning near term
transmission additions. The New England peak load has dogv®0 MW in each of the last six years.
If the New England load continues to grow at that rate (afauannually), peak load would reach 27,700
MW by 2006. (Applicants 4, May 2003 Technical Applicatioal\6, p. 6; Docket No. 217 Findings of
Fact 41)

SWCT accounts for almost half of the load in the state. ddmsely populated load pocket is one of the
fastest growing and most economically vital regions in CoimectSWCT is presently the largest load
pocket in New England without 345-kV interregional traissmon service capability. (Applicants 4, 2003
Technical Application Vol. 6, SR.3 p. 7)

Obsolete and inefficient generating plants are often more hatmitlle environment than newer, less
polluting plants. (Tr. 3/23/04, p. 58, p. 91)

The project has a public need, due to continued load grogittforcement to ensure reliability, continued
deterioration of the reliability of the electric system in SWa&hd a failure to meet regional and national
reliability standards. (Applicants 32, p. 4; Tr. 6/3/@4,29; PCC 1, p. 4; Applicants 1, Vol. |, p. F-7;
Applicants 31, pp. 24-25)

SWCT cannot rely on conservation and load management or dertenthsiagement programs to resolve
the current transmission system problems. (Tr. 3/2340433-35)

The project would benefit the area by providing voltage stgbihcrease transfer limits into the state,
allow electricity to move from strong transmission souindhe eastern part of the state, allow newer and
more efficient generation to be added, and strengthen the entireENgland transmission system via
improved interconnections between the rest of New England’'s«84§/stem and SWCT. (Applicants
31, p. 4, pp. 25-26; Tr. 3/23/04, p. 41-45, pp559%-

Reliability

Transmission infrastructure must meet reliabilitanslards set by the North American Electric
Reliability Council (NERC), Northeast Power Coomting Council (NPCC) and the New England
Power Pool (NEPOOL). Such standards reflect tBstdransmission contingencies, and various
dispatch scenarios, such as the unavailability wifiple generation units and/or transmission limes
a local area. (Applicants 4, May 2003 Technicapkgation Vol. 6, pp. 14-15; Applicants 31, p. 22)
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The integrated 345-kV system is constructed inreesef “loops” so that if interruption occurs on
one of the lines to an area served by a loop systerwice can still be provided to the area from th
other end of the loop. CL&P’s existing 345- kV ®ym includes several interconnected loops within
Connecticut, and portions of loops that extend hdy@onnecticut into Rhode Island, Massachusetts,
and New York. Most of the load centers and germrain the eastern and central parts of
Connecticut are connected to loops on the 345-&Ksimission grid, which consists of approximately
400 miles of 345-kV transmission lines in Connagtiand 1,769 miles throughout New England.
(Applicants 4, Technical Application Vol. 6, pp.-26)

There is no 345-kV loop in the southwest area of Connectidutfull loop” 345-kV transmission line
located within southwest Connecticut is necessary to addreasiligliproblems and would satisfy those
problems more completely than other alternatives studie@®yNE. (Applicants 31, p.11; ISO-NE 1, p.
4, p. 28;1SO-NE 4, p. 22)

A 345-kV loop could deliver large blocks of powerdareduce power flow on the 115-kV system, thereby
relieving overloads and allowing for future loaa&dl growth. (Applicants 31, p. 11)

One of the elements necessary to maintain thabiily of bulk power systems is to maintain traission
voltage within a prescribed bandwidth. Voltages be@®o of normal damage customer equipment and
create a high risk of generator outages and load sheddipglicants 4, 2003 Technical Application Vol.
6, pp. 20-21; ISO-NE 1, p. 4; ISO-NE 4, p. 22)

Over eighty (80) 115-kV transmission elements exceed emergatings under many design criteria
contingencies (e.g., transmission line(s) outage, generatitege). Post-contingency overloads on
transmission lines range from 100% to over 185% of kengr emergency (LTE) ratings. The most
affected transmission corridors are the following:

*  Plumtree to Norwalk

* Norwalk to Norwalk Harbor to Glenbrook
* Devon to Norwalk

* Pequonnock to Norwalk

» Frost Bridge to Devon

» East Shore to Pequonnock

» Southington to Devon

All the major transmission corridors in southwestern @atinut experience transmission line power
flows above emergency ratings and voltages that fall outsidacceptable limits. Modeling of
contingencies also indicates a potential for voltage collapsepli¢ants 4, 2003 Technical Application
Vol. 6, SR.3 p. 19; Applicants 31, p. 25)

The most critical and problematic contingencies are those thdvéntlee loss of two transmission lines

sharing common structures. More than 70% of the CL&P MBHcuits in southwestern Connecticut are
supported by multi-circuit structures. Unplanned outagdsvofof these lines can occur due to a shield
wire failure, insulator/hardware failures, tower failure, lighg, severe weather, or a transportation
accident. (Applicants 4, 2003 Technical Application Vol. 6,3R.20)

Modeling indicates that under certain conditions problemghe area could propagate outside of
southwest Connecticut to the remainder of Connecticut and fadiermstffect other northeastern states.
(Applicants 31, p. 25)

This project is part of a long-range plan for expansiontatslectric systems. The Phase | (Bethel to
Norwalk) project, approved in Docket 217, would reduce wgrithermal overloads to approximately 65
incidences; however, with the completion of the proposed Midain to Norwalk project this estimate
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would be reduced to 24. These remaining overloads would bresaéd locally through substation or
transmission line upgrades. (Applicants 31, pp. 6-75p. 2

The 345-kV system is considered the “backbone” of the eledility grid of New England. This system
efficiently transmits large amounts of electricity over longfatices from major generating plants in New
England, New York State, and Canada to 345/115-kV stem dmstations near load centers. (Docket
No. 217 Findings of Fact No. 30)

Existing 345-kV transmission line ties with adjacent statelside the 347 circuit between the Lake Road
Generating station in Killingly, and the Sherman Road substé Rhode Island connection with the
New England Power Company grid; the 395 circuit between thechésier substation in Manchester,
Connecticut and the Ludlow substation in Massachusetts cormesiih the Western Massachusetts
Electric Company grid (a subsidiary of NU); and the 398 titmetween Long Mountain switching station
and Pleasant Valley substation in New York connecting to tieEGison company grid. (Applicants 4,
May 2003 Technical Application Vol. 6, p. 2)

Other lower voltage transmission tie line connections are:sC3osind 330-kV HVDC circuit from New
Haven Connecticut to Shoreham New York; the 138-kV 1385itiimm Norwalk Harbor to Northport
New York; the 115-kV 1768 circuit from North Bloomfiel®ubstation Windsor to Southwick
Massachusetts; the 115-kV 1781 and 1782 circuits both ¥k6misor to Agawam, Massachusetts, the
115-kV 1394 and 1515 circuits both from Enfield to FranapMassachusetts, the 115-kV 1870 circuit
from Mystic to Rhode Island, and the 69-kV 690 circuitfr8haron to Central Hudson Gas and Electric
service area. These transmission tie lines to neighboring eleststems provide customers with
improved reliability benefits under both non-contingency ematingency conditions. (Applicants 4, May
2003 Technical Application Vol. 6, pp. 2, 3 and 32)

CL&P has increased capacity and reliability in SWCT by reinfigy¢he existing 115-kv system thereby
deferring extension of the 345-kV system into SWCT. Suafor system upgrades include:

* Docket No. 26 - the reconstruction of the Plumtree Subsidietiel to Ridgefield Junction, Redding
line completed in 1985;

* Docket No. 57 - the reconstruction of the Trumbull Junctibrumbull to Old Town Substation,
Bridgeport line completed in 1988;

* Docket No. 105 - the reconstruction of the Stevenson substddlonroe to Newtown substation,
Newtown to Bethel substation, Bethel line completed in 1864;

* Docket No. 141 - a new overhead 115-kv line between Uniteahiltlating’'s Pequonnock substation,
Bridgeport, to CL&P's Ely Avenue Junction, Norwalk comgdein 1993.

(Council Administrative Notice Nos. 11, 12, 13, and Ddcket Nos. 26, 57, 105, and 141 Findings of
Fact, Opinion, and Decision and Order. )

Between the mid-1970’s and 2002, there were over 30 transmil#sé projects within the SWCT area
which increased the existing transmission system capabiliti€his included projects to increase
conductor clearances above the ground and installing large corsdductubstation work included
upgrading or replacing breakers and capacitors, or adding regBtocket No. 217, Findings of Fact No.
36)

The Applicants need to upgrade the SWCT infrastructure to mesth Mmerican Reliability Council
(NERC) and Northeast Power Coordinating Council (NPCi@ra. (Tr. 3/23/04, p.36)

The interconnected electric system is divided into sub-areagperating regions to monitor system
performance and to protect against wide-area interruptiorxtriglty flows within the overall system and
sub-areas on a free flowing basis. Inter-area flows are maddtauithin normal limits by adjusting

generation schedules. Reserve capability, both generation asghiBsion, must be maintained to safely
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accommodate equipment outages, whether scheduled or unsched@fgulicants 4, 2003 Technical
Application Vol. 6, SR.3 pp. 8 and 15 Applicants 31, pand 20)

The SWCT 115-kV interface connections are as follows:

» Frost Bridge - Carmel Hill 1238 line

* Green Hill - Branford 1508 line

» Frost Bridge - Shaws Hill 1445 line

» East Shore - Branford RR 1460 line

» Frost Bridge - Freight 1721 line

« East Shore - English 8100 line

» Frost Bridge - Baldwin Tap 1990 line

» East Shore - Grand Ave. 8200 line

* Southington - Glen Lake Jct. 1610 line

* Southington - Wallingford Jct. 1208 line

» Southington - Lucchini Jct.1690 line

e Plumtree 345/115-kV T1 autotransformer
*  Plumtree 345/115-kV T2 autotransformer

The Norwalk — Stamford 115-kV interface connections are &snfs]

* Plumtree - Ridgefield 1565 line

* Pequonnock - RESCO 91001 line
e Trumbull Jct. - Old Town 1710 line
* Pequonnock - Compo 1130 line

e Trumbull Jct. - Weston 1730 line

The power-transfer capability over an electrical interface is notstiremation of individual line
capabilities. Interface limits are determined by computer simulatcalculating maximum allowable
power transfer levels of pre-defined transmission facilitighinvprescribed limits of generator stability,
equipment current carrying capabilities or permissible rangasltige and frequency within an area.
These calculations are performed in accordance with local, regionalaséindal criteria. (Applicants 4,
2003 Technical Application Vol. 6, SR.3 pp. 8, 9; andAyplicants 31, p. 9))

The transfer limit is an indication of how much power canalstioe moved into that area of the state. To
allow for load growth most major load pockets have trangfdts greater than the area load. Upon
completion of the proposed project, transfer limits intatBeest Connecticut would nearly equal the load
in this area. (Tr. 3/23/04, p.57)

SWCT peak load is approximately 3500 MW. The present trasgmi facilities have a range of
approximately 2200 to 2400 MW. During peak load condgiof 2400 MW, approximately 1100 MW of
additional generation is needed to reliably serve load. Thgoped project would increase transfer
capability to between 3200 and 3400 MW. Approximately D000 MW of generation would be needed
in SWCT upon project completion. As transfer capabilitytlincreases to 3800 MW, another 400 to 500
MW of generation would be needed. (Applicants 31, p. 203/23/04, p.59)

300 MW of power would be called upon, by ISO-NE, dumfigPOOL OP-4 conditions, an emergency
procedure action during a capacity deficiency. (Tr. 3/2304)

A Flexible AC Transmission Solution (FACTS) device incesagansmission capability without operator
intervention, by adding capacitance to the system when voleageases due to the loss of a generator or
transmission line. (Applicants 31, p. 36; Tr. 3/23/0475 p.79)
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CL&P has installed FACTS devices (such as Dynamic VAR (D-V&&)age regulation systems in the
Bethel area and a STATCOM at the Glenbrook Substatiotemfsrd) for local area voltage support and
to increase the transfer limit into these areas. However, FAGU®at are not sufficient to address
southwest Connecticut’s reliability problems without #igant transmission improvements. (Applicants
31, p. 36)

The loss of one transmission line causes increased flovedifielty in other parallel transmission lines,
which can then lead to increased losses and an additional viittage The FACTS equipment operates in
a quarter cycle and will inject capacitive current to maintailtage or inject reactive current to drop
voltage in the event of extremely high voltages. (Tr. 323#.76-78)

Relays are devices which sense the operating conditions of a igsiesntine and cause current breakers
to trip open if abnormal conditions exist. (Tr. 3/23/p81)

If the proposed 345-kV loop in Southwest Connecticutbesh in service during the widespread blackout
on August 14, 2003, the loop might have allowed CL&ReRiore power faster to affected customers after
the outage. (Tr. 3/23/04, pp. 82-83, 170)
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82. The New England Dispatch Scenarios used in system mode&ngsafollows; capacities are given in
MW.

New England Dispatch Scenarios

Generators Capacity Dispatch - 1 Dispatch - 2 Dispatch3 Dispatch - 4 Dispatch - 5 Dispatch - 6
Maine
MIS 54¢ 0 0 0 0 0 0
AEC 17: 15¢ 15¢ 15 15¢ 15¢ 0
RPA 272 0 0 0 0 0 0
\Westbrool 565 0 562 562 562 562 0
\Wymar 87t 42( 34C 40( 392 49¢€ 26
New Hampshire
Newington/: 95k 0 95k 42z 422 95¢ 0
Seabroo 115(C 115C 115(C 115C 115(C 115C 115C
Schillel 14€ 0 14€ 14€ 14€ 14€ 14€
Merrimack 46€ 32( 43z 43¢ 112 43¢ 32C
Comerford/Moor 35€ 0 272 272 272 272 272
AES Londonderr 822 0 0 0 0 0 0
NEMA/Boston
Mystic 270¢ 55¢ 1517 952 952 1517 565
Salem Harbc 70z 0 70C 70C 70C 70C 0
New Bostol 76( 0 38( 38( 38( 38( 707
SEMA/RI
|Milford Power | 152 0 124 124 124 124 124
ANP Blackston 58C 0 58C 29C 29C 58( 0
ANP Bellinghan 58C 0 0 0 0 0 0
NEA 301 301 24¢ 24¢ 24¢ 24¢ 24¢
Ocean State Pow 524 262 33¢ 33¢ 33¢ 33¢ 0
Brayton Poir 151z 60¢ 108¢ 108« 108¢ 108 81¢
Manchester/FRS 49t 0 48t 48t 48t 48t 42t
Hope Energ 54& 0 0 0 0 0 0
Sith Fore Rive 881 0 0 0 0 0 0
Dightor 18t 18t 18t 18t 18t 18t 0
Tivertor 281 281 281 281 281 281 281
Cana 114: 49¢ 114z 1142 114z 114z 1142
Pilgrim 67C 67( 67(C 67(C 67C 67( 67C
W. Mass/VT
Vermont Yanke 562 49¢ 562 562 562 562 0
Bear Swam 58¢ -56( 58¢ 294 294 58¢ 0
Northfield 108( -100( 108( 108( 108( 108( 0
Stony Brool 41z 0 0 0 0 0 0
Berkshire Powe 30E 0 30E 30t 30E 30t 28C
Millennium 39C 39C 39C 39C 39C 39C 39C
Connecticut
Lake Roar 84C 0 84C 84( 84C 84( 0
Millstone 200¢ 200¢ 200( 200( 200( 200( 1137
Middletowr 771 0 75C 75C 75C 75C 517
Montville 48¢ 0 482 48¢ 482 48¢ 0
Merider 58€ 58¢€ 58€ 58¢€ 58€ 58€ 58€
Milford 61C 28( 28( 56( 56( 0 58t
\Wallingford 25k 0 0 25¢ 25k 0 25k
Towantic 55C 0 0 [ 51F 0 54¢
South Meadoy 18€ 0 0 0 0 0 0
New Haven Harbc 447 447 447 447 447 447 447
Bridgeport Harbc 567 37t 37¢ 37¢ 37¢ 37¢ 0
Bridgeport Energ 52C 0 0 52C 52C 0 52C
Norwalk Harbo 33C 0 0 0 32¢ 32¢ 0
Devor 382 0 212 21z 212 0 0

Tnterfaces Timit
INB-NE 70C 70C 70C 70C 70C 70C 70C
Highgate 22F 15C 22t 22¢ 22F 22t 22F
Phase | 200( 0 200( 200( 200( 200( 200(
ME-NH 140 68€ 384 444 43€ 53¢ -22¢
NNE-Scobi 255( 1602 1927 1482 1382 206€ 692
North-Soutl 270(C 214¢ 157¢ 113¢ 807 171« 14¢
East-Wes 200( 257 443 -86¢ -119¢ 59(C 574
NY-NE +70C 14 -6 -8 -8 -3 19
PV-2C 15C 11C 11C 11C 11C 11C 11C
Boston Impol 350( 152¢ 251: 308( 308¢ 2514 233¢
SEMA/RI Expor 220( 74C 731 441 44C 731 129¢
Conn. Impot 220( -101¢ 148¢ -12C -857 1237 49t
SWCT Impor 200( 66( 312¢ 155¢ 822 288( 66¢
Norwalk-Stamfor 110C 51€ 153C 1531 79¢ 79t 904
1385 Cable Export +20C 0 200 200 -199 -200 0
481 Cable Export 355 352 352 352 352 352 352

(Applicants 4, 2003 Technical Application Vol. 6, SR®B p2 and 13)
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The generation dispatches that were modeled at each load level dievas fo

New England Dispatches
Load Level Modeled
30,000 MW 23,45
27,700 MW 23,45
19,000 MW 4,6
11,400 MW 1

(Applicants 4, 2003 Technical Application Vol. 6, SR.3 pp and 13)

The proposed 345-kV line, by itself, addresses voltage iarit@lations in the SWCT system. New 115-
kV transmission lines would not adequately resolve thesageltriteria violations. (Applicants 4, 2003
Technical Application Vol. 6, SR.3 pp. 12 and 13)

No Action Alternative

A no action alternative means no improvements would be matie &xisting transmission infrastructure
or generation resources in SWCT. This course of actiondaaaritinue to place the SWCT region at an
ever-growing risk for electric outages while incurring inciegscongestion charges. Moreover, a no-
action alternative would increase the number of violations ebmeltand regional reliability standards.

(Applicants 1, Vol. 1, pp. G-4-G-5)

All 115-kV Alternative

A 115-kV transmission system was considered and rejected beemfsecement of the existing SWCT
115-kV system would require extensive upgrades to multiiglets-of-way as well as exacerbating
problems of high short-circuit duty and the installatibnmodern efficient generation. (Applicants 31, p.
38)

The rebuild of the existing 115-kV transmission grigdauthwest Connecticut would require modification
to 111 miles of existing ROWSs, creation of 37 miles of m@@Ws, 155 miles of new underground 115-
kV lines, and 32 substations including some STATCOMsrate shifting transformers. (Applicants 1,
Vol. 1, p. G-15)

An All Underground Alternative

An all underground route within the existing transmisdine ROW would require construction within
steep terrain, rock outcroppings, inland wetlands, and watese®s. (Applicants 1, Vol 1, pp. 21 to 24)

An all underground route using public road rights-of waguld add an additional 10 miles to the
proposed approximately 69 mile route. For each overhead 34&irk\Mit, at least two circuits of
underground cable would be required to achieve minimal retial@hd equivalent capacity. An all
underground scenario would require four circuits for tHerfile section between Oxbow Junction and
Beseck Switching Station, eight circuits for the 4 miles betwBlack Pond Junction and Beseck, and
three circuits for the 30.4 miles between Beseck and East Davich totals approximately 159 circuit-
miles of cable in addition to the 48 circuit-miles proposetiveen the proposed East Devon and existing
Norwalk substations. (Applicants 44, Q. 28)
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An all underground route would require two or three suiosisior switching stations between Beseck and
East Devon, where very large amounts of reactive compensatiod Wweunstalled to offset the high
amount of cable capacitive charging current. (Applicants 44810. 2

The Applicants did not study an underground route frortsidne to East Devon because the length of
cable required would far exceed the capability of what can be achigtledlternating current design.
(Tr. 4/22/04, p. 72)

Generation Alternative

The Applicants now do not own or control electric generati®iting and operation of electric generating
facilities is driven by market forces, independent of transamisglanning. Historically, the generation
and transmission of electricity was an integrated process witilitg companies would plan for both
generation and transmission when and where supply resouzgeged to meet demand. However, in
1998, Connecticut legislation created a competitive energy marketgotageaccordingly, state utilities
were required to divest themselves of their electric generatirlgiésci(Applicants 1, Vol. 1, pp. G-4-G-
5)

New electric generating facilities that have been certificated andrectest in SWCT since 1998 include
the Bridgeport Energy facility and the Milford Power facil{ypplicants 1, Vol. 1, p. G-5)

Distributed generation (DG) is small modular electric generatiostorage technology typically installed

at the customer’s point of use. DG can be used for emgrggreration, back-up power, peak-load
shaving, premium power for critical loads (i.e. computer opdraguipment), and combined heat and
power. (Applicants 32, p. 12; ISO-NE 1, p. 33)

RTEPO3 projects DG will grow slowly over the next 1A ®years, and as much as 21 to 186 MW of DG
will be developed in SWCT by 2013. Obstacles to DG teclymedoinclude lack of technology maturation
and reliability, cost associated to economy of scale, reguléi@nyers (air permitting), and ISO-NE’s
ability to dispatch during peak load events. While theseuress have a limited role in meeting future
load growth, DG cannot alleviate the reliability concerns aretaiimg constraints of a large bulk power
transmission system. (Applicants 32, pp. 12-13; Agplis Administrative Notice No. 12, p.121; Council
Administrative Notice No. 8, p. 9; Tr. 3/23/04, p. 156)

Conservation and Demand Response Alternative

Conservation and Load Management (C&LM) programs are impleadyt the state’s utilities with input
from the Connecticut Energy Conservation Management Board. fwgtams include Energy Star
appliances, high efficiency fluorescent lighting, high efficiermating/cooling systems and variable
speed motors. (Applicants 1, Vol. 1, p. G-9)

C&LM funding was established by the State’s legislature aniélived from an assessment of 3 mils per
kilowatt hour of electricity sold to each customer. Howevag tb State budget revenue shortfalls, recent
legislation transferred some C&LM funds (44 percent of the 2884 funding) into the State’s general
fund account effective through 2011, thereby reducing availsdsleurces to further conserve electric
consumption. (Applicants 1, Vol. 1, p. G-8; Applican® 8. 9)

For the C&LM plan year of 2003-2004, both CL&P and |pest about $90 million with an energy
savings of approximately 108 MW statewide. About $55 amllwas expended in SWCT with an
approximate energy savings of 70 MW. Projected cumulativer&urpeak load reduction in 2006 from
C&LM programs between CL&P and Ul is expected to be aboutd86 which is roughly equivalent to

a very large electric generating facility. (Applicants 1, Vob.1G-9; Applicants 32, pp. 8-9)

C&LM programs have been targeted to SWCT pursuant to theCDégdision in Docket No. 03-11-01
with special efforts targeting such uses as air conditioningpewgnt for residential, commercial and
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industrial customers. Present expenditures have been directedmabsh targets, so it is most likely that
future MW peak reduction would require more dollars per M@htthe savings have achieved so far.
(Applicants 32, p. 10)

Conservation programs have been focused in SWCT for severaldysats transmission congestion in
the area. CL&P has marketed conservation programs to repladegerigtiipment with more efficient
equipment. (Tr. 3/23/04, p.37)

Demand response programs are typically used by commercial arstrimdend users. Customers
receive incentive payments for reducing electricity consumptioimgippeak demand. In Connecticut,
the utilities enrolled about 50 MW of demand response fad Ieeduction, of which 32 MW is in
SWCT. (Applicants 1, Vol. 1, pp. G-9 and G-10; Apalits 32, p. 11)

Both conservation and demand response programs are custowesr. d Implementation is at the
customer’s discretion. Because of the nature of this arrange@&htyl programs alone cannot
provide a complete solution to the capacity and reliability lprob that exist in SWCT. (Applicants 1,
Vol. 1, p. G-9; Applicants 32, p. 10)

The Applicants have relied on conservation and load managementdtdhle load down to current
levels. Approximately 450 MW of peak load reduction has tssmounted for via conservation and
load managements. (Tr. 3/23/04, p.33)

CL&P does not believe the problems in SWCT can be solvethéyse of conservation and load
management, demand-side management and using both STATCOMsVaARD (Tr. 3/23/04. p.34)

High Voltage Direct Current Technology Alternative

ABB was engaged by Northeast Utilities to study a DC basel@rground option from Beseck to
Norwalk as an alternative to the proposed Phase Il AC solutiime study considered the HVDC
alternative relative to system criteria established by NortHéglgies and ISO New England. ABB
developed three underground HVDC alternatives which it believerd vechnologically feasible. (Tr.
12/15/04, p. 46, 47)

ABB Limited is based in Zurich, Switzerland. ABB, Inc., édsin the U.S., and ABB Power
Technologies, based in Sweden, are affiliated ABB companiesl1d/i5/04, p. 44, 45)

ABB Power Technologies division is a provider of transiois and distribution equipment and systems.
ABB supplies equipment to electric utilities including AC d@ systems, electric equipment such as
transformers and circuit breakers, power electronics equipment asICBTATCOMSs, static VAR
compensators, and high voltage DC. (Tr. 12/15/04, p. 45)

ABB is the only manufacturer of the HVDC cable and the Voltagerce Converter (VSC) converter
that was evaluated for use in this project. (Tr. 12/15082)

ABB has used HVDC technology since 1954 and the VSC HVB&@rology since 1997. (Tr.
12/15/04, p. 258)

There are two types of HVDC systems: Classic and DC Ligtdssic HYDC does not have the ability
for instantaneous load pick-up, and causes harmonics tdrbduoed into the system. DC Light does
have instantaneous pick-up and does not introduce harmormdbénsystem; however placing multiple
circuits in parallel has never been done with this technol@d®B is the sole supplier of HYDC Light
technology. (Tr. 06/15/04, p. 110; Tr. 7/29/04, $3)L

HVDC facilitates power flow but does not provide strengthn AC system. (Tr. 06/15/04, p. 111)
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The cost to construct an HVDC system for the proposejqiris estimated at between $1.73 to 2.0
billion. (Applicants, 178, pp. 6-7)

In the event of a power outage, an HVDC cable does not haweaplability of independently starting
up. Strong AC sources are needed to operate a DC systend6/05/04, p. 88, 116)

The construction of a substation and converter station assbcwith DC Light would require
approximately four acres of land area. (Tr. 06/15/04, @) 12

The construction of a switching station and a converter statith 2,000 MW capacity located at East
Devon would require the acquisition of approximately 24 adré&snd. There is approximately 30 acres
of land owned by CL&P at the Beseck switching station, whiohld be adequate space for a converter
station at that end. (Tr. 06/15/04, p. 130, 131)

An all-overhead DC line would require approximately 75-foigth structures to be added along the
right-of-way. (Tr. 06/15/04, p. 157)

For VSC HVDC there are energy losses on the converterstatiens, and the cables themselves. (Tr.
12/15/04, p. 100)

Aspects of expandability include the interconnection of neveigeion, the ability to add a substation to
strengthen the system, and the ability to incrementally incréesecapacity on the system. (Tr.
12/15/04, p. 120, 121)

There are no multi-terminal VSC HVDC installations curremtlgxistence. (Tr. 12/15/04, p. 127)

Each converter station would cost approximately 51 milliohado at 370MW, which includes the
converter box and the breakers needed to connect it to autgtation. (Tr. 12/15/04, pp. 136-138)

To connect a generator to a VSC HVDC line would cost much itiae to connect to a 345-kV
overhead AC line because of the high cost of the converter1Zm5/04, p. 285, 286)

Redundancy is used in auxiliary systems, control systanascooling systems. Under such redundancy
arrangements, failures can occur on main circuit equipment andg/dteemsmay continue to operate
without derating. An outage of a transformer in the maicuiwould cause a forced outage of the
converter station. (Tr. 12/15/04, p. 139)

DC lines would not become overloaded in the event of a camtaygon the AC system because their
power flow can be controlled. (Tr. 12/15/04, p. 174)

ABB recommends control techniques for HVDC projects that pegated in parallel to AC projects.
The simplest is a bipolar system, which is similar to ans§§tem, which directs that if one line goes
out the other automatically compensates. At stations whereageneuse DC as an outlet, there is an
automatic scheduling protocol that can allocate a portion ofahergtor dispatch to the DC system and
allow another portion to remain on the AC. system (Zf13/04, p. 190, 191)

The duct bank for the VSC HVDC cable would have an average depfiproximately three and a half
feet. The deepest burial of the cables that is expected is appteki 60 inches. (Tr. 12/15/04, p. 248)

If the VSC HVDC cable is buried deeper, the conductor woeleld to be larger to maintain the same
rating on the cable because of problems which would occur e@htfansfer away from the cable. (Tr.
12/15/04, p. 248, 249)

Magnetic fields from DC cables are static fields similar twséhof the earth’s magnetic field. The
magnetic field would increase with greater spacing between the cble42/15/04, p. 250)
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An HVDC cable could be buried at the edge of the transmidisierright-of-way, as long as there are
access roads to the cable or in the streets. (Tr. 12/15/236p

Integrating additional converter stations along the line ssipte but would materially complicate
operation. (Tr. 12/15/04, p. 274, 275)

A voltage source converter is expected to have approximately thmesd foutages per year. (Tr.
12/15/04, p. 279)

The control and operation of a VSC HVDC system would beencomplex than a conventional AC
system due to the scheduling of power. (Tr. 12/15/02385)

The amount of space required for two 530 MW converter s&ticould be approximately 377 feet in
length by 476 feet in width. (Tr. 12/15/04, p. 296)

AC system line losses are estimated at about 1.2 percentZ/Z9f04, p. 96)

VSC DC technology generally has substantially lower space ezgeirts than conventional DC. A
conventional converter station in East Devon would requirecappately 10 acres of land with DC
light and stacking the 330 MW units would require 8 acréss(ihe AC interconnection). (Tr. 7/29/04,
p 107-108)

CL&P would have to acquire two parcels of land to the weste@proposed project in East Devon, and
the land may be available. (Tr. 7/29, p. 108-109)

There is an electrical interaction between an AC line and a DC lirdhwhn affect conventional DC
lines. Blocking filters can be placed on the DC system if egtedTr. 7/29/04, p. 123)

A blocking filter is a device to prevent alternating currediuced in the DC line which could damage
equipment. Blocking filters are terminal equipment typicplaced in a converter station. (Tr. 7/29/04,
p. 123-125)

All HVDC source converter transmission lines to date have pemed underground. ABB has never
installed a VSC HVDC link above ground. (Tr. 7/29/04196)

If a DC system were to be installed between the Beseck andEw&sh substations, the line north of
Beseck would probably have to be installed overhead. (T9/042p. 130)

Installation of a DC terminal at Millstone would be thatfiof its kind and the Applicants have concerns
related to harmonics and the interface between the terminal and #ratgenplant. (Tr. 4/22/04, p.
77)

Installing a 115-kV line and also a DC cable with both ciscan a single monopole or lattice tower is
not known to have ever been done. (Tr. 7/29/04, p. 132)

An all-DC solution may preclude any additional generatiomfiever being installed between Beseck
and Norwalk due to the additional costs of a 100 to 15@omidiollar for each generator connection and
the difficulty in recovering these high costs. (Tr. 7029/. 139)

Having generators off-line increases the need for the capacitovelfage support of a system. (Tr.
7/29/04, p. 144)

Harmonic impedance in the current system range from 2.8to(8r. 7/29/04, p. 146)
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Voltage source converter use would not further weaken the Glyg&Rem. Conventional HVDC use
would weaken the system.(Tr. 7/29/04, p. 146-147)

A voltage source converter can be used to black start a systaom would be an advantage over
conventional DC. (Tr. 7/29/04, p. 150)

A “commercial orphan” occurs when a manufacturer with a new technéituds insufficient business
to sustain that technology and exits the business. Owafdisat equipment would be left without
technical support. HVDC Light may be considered an immaaatenology, which is therefore at risk
of becoming a commercial orphan because of small demand./Z9f0Z, p. 155, p. 162)

GE studied the DC alternative from Beseck to East Devon, twithalternatives for the AC cable
running from East Devon west to Norwalk (one was HPFF thedother XLPE.) For the HPFF
alternative, the Bethel-Norwalk line was modeled as the compokidéLBE for a short-distance
overhead line with two HPFF cables in 8.7 mile segments.thieoKLPE option for the East Devon-
Norwalk transmission system, GE modeled the Bethel-Non8dl-kV circuit with one of the two
HPFF cables out of service to reduce capacitance. (Tr. 7/20/089-160)

Any DC option from Beseck to East Devon would have techiimoéhtions. Conventional DC for that

segment would be most impractical. A VSC DC would be agineering challenge because of
weakening of the system with the capacitance still there. IABRC system from Beseck to Norwalk

with conventional DC would be infeasible because of weaknebe afystem. (Tr. 7/29/04, p. 161)

One of the detriments of using synchronous condensersrectpower faults is that they contribute to
short-circuit problems. (Tr. 7/29/04, p. 171)

14 converter units would be required at four locationsstall VSC in a total DC option. (Tr. 7/29/04,
p. 173)

To install DC from East Devon to Beseck would require 2 iooatwith eight 330 MW converter units.
The flow of DC is highly controllable and can therefore betsemaintain certain amperage. (Tr.
7/29/04, p. 173-175)

DC can behave like a generator. HVDC has been used to integrat@atgenfrom remote locations
into locations of need. (Tr. 7/29/04, p. 174)

The Applicants have no plans to develop new substationsebeetiast Devon and Beseck. (Tr.
7/29/04, p. 184)

Voltage source DC is more amenable to a multi-terminal steithian conventional DC. (Tr. 7/29/04,
p. 195)

HVDC does not provide instantaneous backup upon compoossatds would an AC alternate.
(Applicants 15, Q. D-W-14; Applicants 54, p. 20)

Direct costs of an HVDC underground facility are approximafedytimes that for an equivalent AC
facility. The primary reason for higher cost is the need foveder stations at the terminals to convert
AC to DC and vice versa. (Applicants 15, Q. D-W-14)

HVDC is a viable technology for submarine installatiore;duse no reactive compensation is needed,
unlike AC technology, which requires reactive compensation sfatto offset changing current.
(Applicants 15, Q. D-W-14)
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AC/DC converters require installation of capacitive reactance. Fdr,280 MW HVDC line,
synchronous or static capacitance would range from 480 to &8¥Rylor about 50 percent of the line
rating. (Applicants 15, Q. D-W-14)

AC/DC converters generate harmonics, and filters (for AC) aadtors (for DC) would be required to
mitigate this harmonic interference. This equipment requiresge lamount of space and is typically
noisy. (Applicants 15, Q. D-W-14)

One of ISO’s concerns about an embedded HVDC system i# thatot a typical application and did
not meet operability and reliability criteria of the Relialiitnd Operating Committee (ROC). HVDC
has been used more to link systems of different frequenciefbasdheduled point-to-point deliveries
from one system to another. (Tr. 1/13/05, p. 143)

ISO did not collaborate with ABB to develop and test a madalcheduling of DC links into 1ISO’s
Security Constrained Unit Commitment and Security Congtdaliconomic Dispatch System. (Tr.
1/13/05, p. 147)

ISO and the Applicants believe that their experience and knowt#dg8C HVDC systems and their
feasibility and reliability are more credible than that of ABBr. 1/13/05, p. 155)

Project Description

The route was determined by first establishing the bestgstsource, which is the Beseck area in
Wallingford. Then the strong source has to be connectedt¢ariediate terminals, which are East
Devon Substation, and Singer Substation, and finally textinig in Norwalk. (Tr. 06/01/04, p. 11)

The route evaluation criteria used to identify and investigatiential overhead and underground routes
are: system benefit [operability and reliability], technical feitisi [can it be engineered and can it be

built?], property impact [impact to home and property asdaliimpact], environmental impact [impact

to wildlife, vernal pools, aquifers], and cost. (CL&PVDbI. 1, p. ES-5; Applicants 44, Q. 28)

The following assumptions were used by the Applicants @luate the selection of an overhead
transmission route for the 345-kV Middletown to NorwBHoject:

* maximize the use of existing linear corridors (existing gas &adtric rights-of-way, highway,
railroad);

* minimize conflicts with developed areas (local, state, and fedelus@ plans, public health and
safety, condemnation or voluntary sale of property);

« consideration of visual impacts (residents, historic, sceniuress);

« avoid or minimize impacts to environmental resources;

« construction feasibility constraints; and

» accessibility.
(Applicants 1, Vol. 1, p. H-4; Applicants 54, p. 7-9)

The National Electric Safety Code (NESC) establishes the minidesign levels and clearances that
must be maintained for public safety such as: structure heiggignce between structures (span
lengths), conductor and shield wire tensions, structuréguoations, and ROW widths. (Applicants 1,
Vol. 1, p. I-57 and 1-58)

A basic structure configuration, such as a vertical configuratequires the narrowest ROW, but has
the tallest structure. H-frame configuration uses the shatresture, but has the widest ROW and delta
configuration blends the features of both the vertical arichide configurations. Available ROW is a
factor in determining options for the structure configoratif additional ROW is made available, some
variations in the design may be possible and structure beigdy be reduced. (Applicants 1, Vol. 1, p.
[-57 and 1-58)
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169. Taller structures with higher tensions could be used to ggaater distances and thus reduce the number
of structures. However, this places structures in new locationd increases the visual impact due to
increased heights. Tension on the line has been increased frorargostandards in areas that were not
prone to wind vibration, low level, steady state wind-indugédation, which can cause fatigue on the
conductor and is more likely to occur at higher tension$hodilgh the tensions have not exceeded the
NESC limits, they have been increased from company standérdsv These higher tensions would
require the use of dampers on the lines to absorb thistiabr (Applicants 1, Vol. 1, p. I-57 and 1-58)

170. The proposed 345-kV transmission line will be located overtieagpproximately 45 miles from
CL&P’s existing Scovill Rock Switching Station to the posed East Devon Substation (Segments 1
and 2). The proposed line will be installed undergroamdapproximately 24 miles from the proposed
East Devon Substation to Ul's proposed Singer Substatiothe existing Norwalk Substation
(Segments 3 and 4). See Appendix C. (Applicants 1, VpIES-2)

171. The following table describes characteristics of the existingpambsed overhead ROW:
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Transmission Linei pprox. |Existing Structure Configurations and Typical ROW Width broposed 345-kV/Reconstructed 115-kV Configuraons and Typical ROW Width?
Section (Municipality) Mileage
Structure Type and Heighe ROW Width [[Structure Type and Heigh# ROW Width (feet)
(feet)
Segment 1
See Figure I-1
Scovill Rock 25 Two 345-kV circuits supported on wdd-frame 250 Install one steel or laminated 345-k¥f&ine, with a typical 335
Switching Station - structures, with a typical Higf 80 feet and heights height of 80 feet andlsiranging between 65 and 120 (85 feet of addition
ranging between 61 and 102 feet. feet. Two existing 345-kV H-frames would remain. R@equired, for non-
CL&P owned property)
(Middletown)
Oxbow Junction 7.0 Two existing 115-kV circuits supgpd on wood H- 125 Install one steel composite (R¥E45-kV) monopole, with a 125
Beseck Switching frame structures, with a typicagheof 57 feet and typical height of 105 feet dwights ranging between 92 (no additional ROW
Station heights ranging between 43 and 61 feet. and 157. Existing 157-kV wood H-frame structuresild be required)
removed.
(Middletown,
Haddam, Durham
Middlefield,
Wallingford)
Black Pond Junction 1.4 One 345-kV circuit supporrdsteel monopoles with 275 Install two steel 345skvle circuit monopoles, each with a 275
to East Meriden a typical height of 130 feet andjhts ranging typical height of 130 feet and heighatgying between 120 (no additional ROW
Substation between 115 and 160 feet. and 165 feet. Existing steel 345-kV monopoles woul required)
remain, but would be modified.
(Meriden)
East Meriden 1.4 Two circuits, one 115-kV supportedvood H-frames 320 Install two steel composite (k¥8345-kV) monopoles, each 320
Substation to Beseck with a typical height of 5% faed heights ranging with a typical height of 186tf and heights ranging between (no additional ROW
Switching Station between 48 and 57 feet and onek34&ircuit 105 and 160 feet in height. Existingait345-kV monopoles required)

(Meriden,
Wallingford)

supported on steel 345-kV single circuit monopelgb
a typical height of 130 feet and heiglatisging
between 120 and 145;

would remain, but would be modified. Existingod 115-kV
H Frame would be removed.

1Figure Nos. refer to Typical Cross-Sections Draio. CS-001 Figures 1-22 in Volume 10.
2The _typicalheight refers to the height of the structures uéetain prescribed conditions in topography dwlline layout. Individual Structure heights maywfrom this value.

The rangen height refers to the variation in height betwélee shortest structure and the tallest struchased on the layout of the line. The range igltes caused by topography conditions and engimgelesign criteria.
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W

Transmission Line Section  (Municipality) [ Approx Existing Structure Configurations and Typical ROW Width Proposed 345-kV/Reconstructed 115-kV Configurions and Typical ROW Width?
Mileage
Structure Type and Heighe ROW || Structure Type and Heigh# ROW Width (feet)
Width
(feet)
Segment 2
See Figure -2
Beseck Switching 5.9 One 345-kV circuit supported wood H-frame 275 Install one steel 345-kV H-feastructure, with a typical 275
Station to East structures with a typical height of 90 feet amibhts height of 90 feet, and heights rangingvbet 75 and 140 (no additional ROW
Wallingford Junction ranging between 70 and 1dé f feet. Existing 345-kV H-frame structuresuldaremain. required)
(Wallingford)
East Wallingford 21 One 115-kV circuit supportedveood H-frame 200 Install one steel composite {\1£845-kV) monopole with 200
Beseck Switching structures with a typical heigh7 feet and heights a typical height of 18&tfand heights ranging between (no additional RO|
Station ranging between 57 and 79 feet. 102 and 158 fedsting 115-kV H-frame structures required)
would be removed.
(Wallingford)
Wallingford Junction to 2.9 Two 115-kV circuits ugpted on steel double- 200 Install one steellddBlelta monopole structure, with a 200
Cook Hill Junctiof circuit lattice towers, with a typical height @@ feet typical height of 108 feet and heightggiag between 98 (no additional ROW
(Wallingford and and heights ranging between @9 09 feet. and 128 feet. Existing 115-kV ¢attsteel structures would required)

Cheshire)

remain.

1Figure Nos. refer to Typical Cross-Sections Drawlifgg XS-001 Figures 1-22 in Volume 10.

2The typicalheight refers to the height of the structures umeéetain prescribed conditions in topography dralline layout. Individual Structure heights mayyfrom this value.

The rangen height refers to the variation in height betwéiee shortest structure and the tallest struchased on the layout of the line. The range ightes caused by topography conditions and engingelesign criteria.

3The supported change in Cheshire, beginning nea€tieshire town line and extending to Cook Hillctiom, would place one of the 115-kV circuits urgteund along Old Farms Road to allow installatibome

steel composite (115/345-kV) monopole with a typleight of 130 feet, and heights ranging betwe2h dnd 140 feet, to carry both the new 345-kV dedetxisting 115-kV lines in the ROW. (Figure 7B)
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Transmission Line Section  (Municipality) [ Approx. Existing Structure Configurations and Typical ROW Width Proposed 345-kV/Reconstructed 115-kV Configurions and Typical ROW Width?
Mileage
Structure Type and Heighe ROW Width Structure Type and Heighe
(feet)
Cook Hill Junction to 225 Two 115-kV circuits easlpported on wood H- 165 Install one steel 345dkYa monopole, with a typical

East Devon Substation

(Cheshire, Hamden
Bethany, Woodbridge
Orange, West Haven,
Milford)

frame structures, wittpec#y height of 57 feet, and

heights ranging between 43 and 79 feet and one
115-kV circuit* supported astel lattice tower,
with a typical height of @@tfand heights ranging
between 80 and 101 feet.

*This was originally two separate circuits noedt
Together to operate as one.

height of 85 feet] &eights ranging between 70 and 123
feet.

Install one steel 11%5Ha\wble circuit monopole for the
onseticted 115-kV lines with a typical height offeet,
and heights ranging between 60 and 120 feet.

Existing 115-kV wood H-frames and 115-kVitztsteel
towers would imeved.

One of the 115=KkV lines is to be de-energizedrantbved

from service.
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Transmission Line Approx. Description of Proposed Route Description of Proposed Facilities

Section Mileage

(Municipality)

Segment 3

See Figure I-3

East Devon Substation 8.1 Primarily along municgtedets and along U.S. Route 1. The design dilebank for the proposed 345-kV circuit designsists of two 8"
pipes, spaced 24" on center, each containing fitrases of the new underground HPFF

(Milford, Stratford, Would involve crossings obdsatonic River, Bruce Brook, Yellow Mill 345-k\hie, backfilled with a thermal material and plaged irench 4' wide and 5' deep.

Bridgeport) Creek, and Pequonnock River. The duck bank will also include 2-5" steel pipespérmit future installation of an insulating
fluid circulation system, and 2-3" PVC conduitsasated with the installation of fiber
optic cable for relaying purposes.
Splicing vaults, 8'H x 8'W x up to 28'L, would beried approximately 2000' apart along
the route.
Additional underground ROW would be required irntamees when the crossing of
watercourses requires an alignment of the undengroables to avoid the bridges and
thereby located outside of the roadway ROW.

Segment 4

See Figure I-4

Singer Substation to 155 Primarily along municigtegets and along U.S. Route 1. Same facilitiebase.

Norwalk Substation

(Bridgeport, Fairfield,
Westport, Norwalk)

Would involve crossings of Ash Creek, Southptatbor, Sasco Creek
Deadman's Brook, Willowddk, Saugatuck River, Stony Brook and
Norwalk River.

(Applicants 1, Vol. 1 pp. I-8 to I-10; Applicants Vol 1 p. I-11)
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173.The towns and cities and distance of the proposed overheamhdedround transmission lines.
(Overhead = OH Underground = UG)

Proposed Route w/ Alternate A Route Alternate B Route

supported changes
Bethany 26 OH 26 OH 26 OH
Bridgeport 6.3 UG 55 UG 5.9 (2.0 UG) (3.9 OH)
Cheshire 0.9 OH 09 OH 0.9 OH
Durham 50 OH 50 OH 5.0 OH
Easton N/A 1.0 OH 1.0 OH
Fairfield 3.6 UG (2.9 OH) (3.0 UG) 5.2 OH
Haddam 0.2 OH 0.2 OH 0.2 OH
Hamden 3.7 OH 3.7 OH 3.7 OH
Meriden 23 OH 23 OH 23 OH
Middlefield 0.7 OH 0.7 OH 0.7 OH
Middletown | 3.1 OH 3.1 OH 3.1 OH
Milford 55(3.40H) (2.1UG) | 55(3.40H)(2.1U@)4.7 OH
Norwalk 3.1 UG 25 OH 25 OH
Orange 59 OH 59 OH 59 OH
Stratford 28 UG 28 UG 3.8 OH
Trumbull N/A N/A 3.1 OH
Wallingford | 11.5 OH 11.5 OH 11.5 OH
West Haven 0.1 OH 0.1 OH 0.1 OH
Weston N/A 2.7 OH 2.7 OH
Westport 50 UG N/A N/A
Wilton N/A 3.4 OH 3.4 OH
Woodbridge | 6.2 OH 6.2 OH 6.2 OH
Total 68.5 miles 73.1 miles 74.5 miles

(Applicants 1, Vol. 1, pp. I-20, 1-38, 1-53)
174.The components of the proposed project are as follows:

¢ Bundled 1590-kcmil ACSR conductor (2040 MVA summer noroaglacity)
would be used for the new overhead 345-kV segments fromcthwliSRock Switching Station to
Beseck Switching Station to East Devon Substation.

« Two sets of 3000-kcmil XLPE cable (1650 MVA summer noroagacity) would be used for the
new underground 345-kV segments from East Devon SubstatiSinger Substation to Norwalk
Substation.

e One 1590-kcmil ACSR conductor (340 MVA summer normal capgaeityuld be used for the
rebuilt overhead 115-kV segments from Scovill Rock Switch8tgtion to Beseck Switching
Station to East Devon Substation.

(Applicants 1, Vol. 1, p. I-21, Vol. 6, Cable Tutorial¥0, Vol. 9, Segment Nos. 61, 61A, and 62)

175.The existing Scovill Rock Switching Station is located a#fdman Road in Middletown. (An existing
420-foot by 535-foot fenced compound would not be expahdBae Applicants would:

¢ Install one new 345-kV line position with associated equignweimich would connect to the
Southington Substation. This equipment includes two I3A5eircuit breakers, four 345-kV
disconnect switches, other associated equipment, and bus suppbe new 345-kV line
termination structure would be approximately 90 feet highijlai to the existing line termination
structures.
(Applicants 1, Vol. 1, p. I-23, H-4421)
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To construct an overhead transmission line between Scovill Fvakching Station to Beseck
Switching Station (Segment 1) the Applicants would:

Build an OH 345-kV line (2-1590 kcmil ACSR) from Scdvock Switching Station to Chestnut
Jct and connect it to the existing 348 Line (western section)

Build an OH 345-kV line (2-1590 kcmil ACSR) from Beseckitghing Station to Oxbow Jct and
connect it to the 348 Line (eastern section)

De-energize the 348 Line between Chestnut Jct and Oxbow Jct

Split the existing 362 Line at Black Pond Jct and lodlpridugh the Beseck Switching Station
Rebuild the 1975 Line (1-1590 kcmil ACSR) between OxbovaddtEast Meriden Substation
Rebuild the 1466 Line (1-1590 kcmil ACSR) between Eastidéer Substation and Beseck
Switching Station

(Applicants 1, Vol. 1, p. I-12)

The proposedeseck Switching Station would be a new facility to be locai@th and west of the
intersection of Carpenter Lane and High Hill Road in the Toivkvallingford. This new switching
station would occupy approximately 5.4 acres of a 52 acre parmgenty owned by CL&P. This
property is located within an area zoned “Industrial ExpariSistrict — 1X".

To construct the switching station, the Applicants would:

Install four new 345-kV line positions with associated pmént to allow termination of lines from
Southington, Haddam Neck, East Devon and Millstone. Thelsing station yard would be graded
and fenced to allow the future installation of four add#ioB45-kV line positions and associated
equipment without expansion of the yard.

A 345-kV air-insulated outdoor breaker-and-one-half busngiement consisting of steel structures,
porcelain insulators, aluminum tubular bus conductor, sewenitcbreakers, twenty disconnect
switches and other associated equipment;

A new 32-foot by 56-foot by 10-foot high equipment escire for protective relay, control, and
communications equipment; and

An emergency generator is expected to be installed. The emergencgtgemeruld burn either
diesel or propane fuel. If the emergency generator is a diesaiadgen a diesel fuel tank with spill
prevention measures or leak detection measures would be installed.

(Applicants 1, Vol. 1, pp. I-23 and |-24)

To construct an overhead transmission line between the BesedhiBgittation and the East Devon
Substation (Segment 2) the Applicants would:

Build an OH 345-kV line (2-1590 kcmil ACSR) from BeseSkitching Station to East Devon
Substation;

Rebuild the 1655 Line (1-1590 kcmil ACSR) between Eastigdtird Jct and New Haven Jct;
Rebuild the 1630 Line (1-1590 kcmil ACSR) between New Haetmidd Pent Road Jct (does not
include the taps to WALREC and to Wallingford);

Rebuild the 1640 Line (UG 3000 kcmil XLPE) for approxietat2100’ easterly and approximately
2800’ southerly from Cook Hill Jct;

Reconductor the 1208 Line for approximately 2,100’ eastssty {Cook Hill Junction;

Rebuild the 1640, 1610 and 1685 Lines (1-1590 kcmil RLCIgetween Cook Hill Jct and Devon 7R
Substation (does not include the tap to June Street SubsatioMix Avenue Substation); and
De-energize and remove from service the 1690 Line from Codldtilo Devon 7R

(Applicants 1, Vol. 1, p. I-12; Vol. 9 segment 45)
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179. The proposed East Devon Substation would be a new faalitgtdd south of the intersection of
Shelland Street and Plains Road, adjacent to the Milford Pgemgrating facility, in the Town of
Milford. The Applicants would have to acquire this 15 acre fsom a private landowner. This property
is located within an area zoned “Housatonic Design DistricDBH To construct the substation the
Applicants would:

Install 345-kV breakers, one 345/115-kV auto transformued, other equipment, three new 345-kV
line positions with associated equipment to allow terminatibfines to Beseck and Singer, and
four new 115-kV line positions and associated equipment ldov @ermination of lines to the
Milford Power generating facility and to Devon Power Plamistation;

A 345-kV air-insulated outdoor breaker-and-a-half bus arrangeowrsisting of steel structures,
porcelain insulators, aluminum tubular bus conductor, seweunit breakers, two circuit switchers,
twenty-one disconnect switches, and other associated equipment.

A 115-kV air-insulated outdoor breaker-and-a-half bus arrangeowrsisting of steel structures,
porcelain insulators, aluminum tubular bus conductor,taighbuit breakers, twenty-six disconnect
switches, two circuit switchers, two current limiting reactmd other associated equipment;

One 600 MVA 345/115-kV autotransformer consisting of tsank of three 200 MVA single-phase
units and the required insulating fluid spill containmepasures;

New 32-foot by 110-foot by 10-foot high enclosure tousw protective relay, control, and
communications equipment;

An emergency generator which would burn either diesel or prdpehdf the emergency generator
is a diesel generator, a diesel fuel tank with spill prevemtieasures or leak detection measures as
required would be installed; and

A 115-kV overhead line would serve as the generation interconneisétween the East Devon
Substation and the Milford Power Plant.

(Applicants 1, Vol. 1, p. I-12; Applicants 201, p. 2)

180.To construct an underground transmission line between EastnDSubstation to Singer Substation
(Segment 3) the Applicants would:

Build an UG 345-kV line (2-3000 kcmil XLPE) from Ease®n Substation to Singer Substation;
Re-terminate the Milford Power generator lead to the new 115tgtation near Devon 7R (East
Devon Junction) by re-using the existing generator lead Bexon 7R;

Build an OH 115-kV line (4-954 kcmil ACSR) from DevoR To the new 115-kV substation near
Devon 7R (East Devon Junction);

Reconductor existing 1780 and 1790 115-kV lines (1-1&96il ACSR between Devon Substation
and Devon Switching Station);

Install 1percent series reactors on each of the 115-kV linegéetidevon 7R and the new 115-kV
substation near Devon 7R (East Devon Junction);

Open the bus tie (1480) at Devon 7R; and

Disconnect Milford Power from Devon 7R and re-connechéortew 115-kV substation near Devon
7R (East Devon Junction)

(Applicants 1, Vol. 1, p. I-12; Applicants 201, p. 2)
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181. The proposed Singer Substation would be a new facility iy Main Street, Russell Street,

182.

183.

Atlantic Street, and Henry Street, near the Bridgeport Energgrggémg facility in the City of
Bridgeport. This site is approximately 2.8 acres, essentiabant, and owned by PSEG. PSEG has
agreed to sell a 1.5 acre parcel to Ul and retain the remaining§ &8s as a lay down area for
Bridgeport Harbor Station. The City of Bridgeport doet algject to this site. This property is located
within an area zoned “multi-use.” An architectural-treated sountkbacreen wall, approximately 35-
40 feet in height, would be installed, on the north, westl south sides of the substation. To construct
the substation the Applicants would install:

* 500-kV class breakers, two 345/115-kV auto transformets, ariable 345-kV shunt reactors, and
other equipment. New facilities would include four 345-kMderground line terminations with
associated equipment to allow termination of lines from tast Bevon Substation and from the
Norwalk Substation. Two 115-kV underground line termovatipositions with associated
equipment to allow termination of 115-kV lines from Pequmk Substation and Bridgeport
Energy would also be installed. One 115-kV undergroune Vimuld serve as the generation
interconnection between the proposed Singer Substation andrittge@rt Energy Generating
Plant. The second 115-kV underground line would serveeafadility interconnection between the
proposed 345-kV Singer Substation and a new 115-kV pposiit the existing Pequonnock
Substation, and associated work. The existing 115-kV ovedeaetation interconnection between
the Bridgeport Energy Generating Plant and Pequonnock Sobsiatuld remain as a contingency
backup;

¢ One 345-kV gas-insulated indoor breaker and a half bus @&meerg consisting of sixteen circuit
breakers, thirty-eight gas insulated disconnect switches amd a#isociated equipment with gas
insulated switchgear (GIS) housed in a rectangular buil@bg’ (ong x 75’ wide x 40’ high);

¢ Two 600 MVA 345/115-kV autotransformers consisting né @ghree single-phase unit each and the
required insulating fluid spill containment measures;

* Four 345-kV 50-100 MVAR variable shunt reactors withdlabntainment.

¢ One Relay and control enclosure integrated into the GIS facility.

(Applicants 1, Vol. 1, pp. 126-127; Applicants 52, [@2-34; Applicants 201, p. 3; Applicants 188,
p. 3-4)

To construct an underground transmission line between Sigbstation to Norwalk Substation
(Segment 4) the Applicants would:

e Build an UG 345-kV line (2-3000 kcmil XLPE) from SingBubstation to Norwalk Substation;

¢ Modify existing Bridgeport Energy connection to Pequonn8gkoy adding a disconnect, a series
reactor and a bypass switch;

* Re-connect Bridgeport Energy to the new 345-kV Singer &tibst and

¢ Build 115-kV connection from Pequonnock (modified) tad&r Substation.
(Applicants 1, Vol. 1, pp. I-27 and I-28; Applicants 2p13; Applicants 71, Q. 55)

The existing Norwalk 9S 115/345-kV Substation is locatetthnand east of the intersection of the
Norwalk River and New Canaan Avenue (Route 123) in the €i§oowalk. New equipment would be
installed within the expanded fenced compound approved in Datket To modify this substation, the
Applicants would:

« Install two new 500-kV class circuit breakers with associatedpetent for the lines from Singer
includes four gas insulated 345-kV circuit breakers and switemestwo 345-kV, 50-100 MVAR
variable shunt reactors isolated by circuit switchers;

« Install three single phase 115-kV/345-kV 200 MVA autotfamsers
(Applicants 1, Vol 1, pp. I-27 and 1-28; Applicants B, 4, 36; Applicants 201, p. 3)
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A secondary containment system would be installed at Simgeratect against the possible loss of
insulating fluid from transformers and shunt reactors.is Blgstem would consist of a containment pit
surrounding the equipment with concrete walls, an impervastic liner, and filled with 2” trap rock.
The containment pit with the trap rock would be sized to acauate 110 percent of the volume of fluid
contained in the device. Periodic monitoring and removal ofveter would be accomplished through
oil/water separators located on-site. Monitoring devices woelldrovided to indicate rainwater levels that
need to be pumped out in order to accommodate the fluid vohimie transformer or reactor.
(Applicants 1, Vol. 1, pp. I-27 and |-28; Applicants pf, 4, 36)

The Applicants support a change of the proposed transmiks®mfrastructure within the Town of
Cheshire. Specifically, the existing transmission line dorriraverses 4,900 feet through the Old Farms
Road/Old Lane Road subdivision (between existing structuse #4663 and 4020). Initially, the structures
were designed with one new and one existing structure betledbhieshire-Wallingford town line and
Cook Hill Junction, and with two new structures betwee@okCHill Junction and the Hamden-Cheshire
town line. (Applicants 1, Vol. 1, pp. I-2 and 1-3; V@, segment 23 and 24, Vol. 10 Drawing XS-001
Figure 7B)

A change supported by the Applicants would consist of wamgoone of the existing 115-kV overhead
circuits (Circuit 1640) from the ROW and placing it undergrd (using 115-kV XLPE cable) along Old
Farms Road and Old Lane Road for approximately 5,000 fees. theyproposed 345-kV transmission line
and the remaining 115-kV line (Circuit 1208) would be alietl on a single double-circuit monopole
structure. This change would eliminate the need to clear 60 femdditional tree buffer within the
existing ROW from the Cheshire-Wallingford town lineGook Hill Junction (3 acres). (Applicants 1,
Vol. 1, pp. I-2 and I-3; Vol. 9, segment 23 and 24,.\16l Drawing XS-001 Figure 7B)

The Applicants support a change of the proposed transmiis®rinfrastructure within the City of
Bridgeport. The proposed route follows Noble Streensuwest on Washington Avenue to cross the
Pequonnock River, and turns south on Housatonic Avenue silipported change would have the route
continue along Noble Street under the Metro North Railroadtlaewl cross the river onto waterfront
property owned by the city. The variation would then chessk under the railroad and turn south on
Housatonic Avenue/Water Street. This variation would reducdetigth of the route by approximately
1,850 feet and would provide for a crossing of the PequinRaver that minimizes the use of private
property. (Applicants 1, Vol. 1, pp. I-3 and I-4, L;M®l. 9 segment 52)

The Applicants support a change of the proposed transmiks@mfrastructure within the Town of
Westport. The proposed route would turn north off a§tHRoad onto Myrtle Avenue, then turn west on
Kings Highway North, cross the Saugatuck River and contimtiethe route merges back with the Post
Road. The supported change would turn south from theopeaproute on the Post Road and follow
Imperial Avenue for approximately a quarter of a mile, and test into Westport Commuter Metro
North parking lot before crossing the Saugatuck River. @mst side of the river, the route would cross
over Riverside Avenue and continue west along Lincoln Avenuedeferging with Post Road. The
variation would reduce the length of the proposed route Ipyoapnately 2,750 feet and avoid the
Westport historic district and downtown businesses. (&apts 1, Vol. 1, pp. I-3 and I-4, L-15, Vol. 9
segment 5)

In place of the proposed Norwalk River crossing, the Appl&anipport a change with an alternate
crossing that would begin approximately 1,000 feet sofitthes original location which would require
property of the Riverside Cemetery Association and cause cerdisiociated with construction of the
New Canaan Avenue Bridge. This would avoid disruptiothefcemetery location and mitigate concerns
about conflicting construction activities. This route wol650 feet shorter and improve bending radii
of the pipe and cable. (Applicants 54, Supplemental testidated April 19, 2004; Applicants 15, Q. D-
W-14)
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Alternative A (Singer-Hawthorne)

Alternative A, 73 miles in total, would consist of 60 esiloverhead and 13 miles of underground lines.
Alternative A is identical to the proposed route from ScdRitick to Singer Substation. From Singer
Substation, this alternative would place lines undergroundh fSinger Substation to Hawthorne

Substation to Norwalk Substation. Alternative A wouldalmng an existing CL&P transmission corridor.

(Applicants 1, Vol. I, pp. H-28-H-29, H-34)

The existing overhead line from Hawthorne Transition StatomMNorwalk Junction has two 115-kV
circuits on one lattice structure. The lattice structure woelteplaced with one compact composite steel
monopole holding one 345-kV line and one 115-kV linee $acond 115-kV line would be removed from
service. (Tr. 2/1/05, p. 281-282)

Alternative A would require 62 additional acres of easement tachaired. The route would have to
traverse underground through a residential street in Bridgefor 4/20/04, p. 201-202)

Alternative A would not require the taking of homes becausevilves a narrow right-of-way. (Tr.
4/20/04, p. 207-208)

If either alternatives A or B are used, wrap around or teanpdimes would have to be constructed to
leave an energized line in place. The additional work involved tiese lines would extend the
construction schedule, increase costs, and cause greater potetittadreental impacts. (Tr. 4/20/04, p.

198-199)

Alternative B

Alternative B is the all overhead route except for two circulesnin Bridgeport, between Seaview and
Singer Streets, which would be underground. In Stratfbmamnbull, Bridgeport and Fairfield, 29 homes
would have to be acquired to install the 345-kV line.. fT20/04, p. 207-208)

There would be 49 wetlands crossings for Alternative A andv88Bands crossing on Alternative B.
Alternative A would result in four miles more of constroatithan the proposed route. (Tr. 4/20/04, p.
210-211)

Compared to the proposed route, Alternative A would result i

» Overhead crossings of 49 more wetlands and watercourses, mchadir wetlands with high
potential and five wetlands with moderate potential for pradei@mphibian habitat. (Along the
underground portion of the proposed route between Sindest&ion and Norwalk Substation,
the cable would be installed beneath 11 watercourses and asse@é#tatds using subsurface
installation techniques such as horizontal directional dritingoring);

» Acquisition of overhead easements of 62 acres of privately-ovamedfor the expanded ROW,
underground easements of over 2.4 acres, and approximateqgr2<! of privately-owned land
for the Hawthorne Transition Station;

» Clearing of approximately 59 acres of forested areas (it is &sktimat the existing vegetation on
virtually all of the expanded ROW would have to be cleared);

» Substantially longer alignment through residential areas; and

* 15 more miles of overhead transmission line.

(Applicants 1 Vol. 1, p. H-33; Applicants 54, p. 6;@ipants 59. revised p. 20; Applicants 49, p.
H33)



Page 30 of 81 D272 Findings of Fact

198.

199.

200.

201.

202.

203.

April 7, 2005

Compared to the proposed route, Alternative B would reasult i

« Construction and operation of approximately 5 more mildésaosmission line;

* Potential acquisition of a total of 29 homes and one commeitciaiture in order to expand the
ROW;

» Acquisition of easements of over 111 acres of privately-owaed for the expanded overhead
ROW. (it is assumed that the existing vegetation on vistuall of the expanded ROW would
have to be cleared), underground easement over one-acre, and api@igxiPn4 acres of
privately-owned land for the Seaview Transition Station;

»  Substantially longer alignment through residential areas;

» Overhead crossings of 85 more wetlands and watercourses,irigcfodr wetlands with high
potential and seven wetlands with moderate potential for ptivduamphibian habitat compared
to the underground portion of the proposed route wheredble would be installed beneath 14
watercourses and associated wetlands using subsurface instadlatinoigues such as horizontal
directional drilling or boring;

» Additional impacts to water birds and other coastal/estuagperdient wildlife species resulting
from the overhead crossing of the Housatonic River; and

* Minor benefits to shrubland, birds and other wildlifeegps dependent on shrub lands, but
significantly greater adverse impacts to wildlife in general.

(Applicants 1 Vol. 1, p. H-33; Applicants 59, p. reviggd 21 and 22)

Segments 1 and 2

The highest poles proposed along the right-of-way arefédDagl. The height of the poles can be
increased to approximately 199 feet agl and still be operatidhéh poles that are 199 feet agl and 600
foot spans between poles, the height of the lowest conduotdd e approximately 100 feet agl. (Tr.
09/28/04, p. 221-225)

The monopoles used to support the transmission linesypiealty designed for approximately 120
percent of the stresses that they would experience. (Tr./Q8/34 236)

If a transmission structure were to fail, the conductorsldvéend to keep the structure from falling
sideways. The structure would fall in line with the condrecbecause of the tension and the large size of
the conductors that are proposed. (Tr. 10/14/04, p. 239)

In the proposed project the 348 line which currently ruesvéen Millstone and Southington would
become the Scovill to Southington line. A new section ef 348 line at Oxbow Junction would go
through the Durham area into Beseck. There would be threk\8#Bes going from east to west through
Black Pond, including the proposed route. The proposett rcreates additional lines west and south of
Black Pond. (Tr. 06/01/04, p. 229)

The proposed 345-kV system is predicted to last for ZDtgears before major investments are required.
(Tr. 3/23/04, p.40)
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Route Alternatives

The general types of route alternatives identified and revieveaatlit

Use and/or expansion of existing transmission line ROW;
New ROW alternatives;
Railroad alternatives;
Highway alternatives;
Combination overhead/underground/marine alignment;
Combinations of use or expansion of existing overhead nvige®n line ROW and use of
underground cable along streets.
(Applicants 1 Vol. 1, H-10)

Criteria used by the Applicants on the project in evaluatmges include system benefit, operability,
reliability, property impacts, home impacts, environmentalaicte including effects on wildlife, vernal
pools and aquifers, and cost. (Tr. 4/22/04, p. 68)

The Applicants considered alternative corridors including haghworridors such as Interstate 91,
Interstate 95, and Route 15; railroad corridors such as Aratrdkhe Air Line, and the transmission line
rights-of-way. (Tr. 06/01/04, p. 15)

Northerly Route

The northerly route would traverse portions of Middletowiddlefield, Meriden and Wallingford. The
proposed 345-kV transmission line would follow an ergptiransmission line right-of-way starting at
Chestnut Junction and traversing west through Hans Bhaogtion and then to Black Pond Junction. The
route would follow a ROW presently occupied by three 345+Rvismission lines (the 387, 362, and 348
lines). From Hans Brook Junction to Chestnut Junctidkl5kV line is also located on the ROW. This
configuration would place four 345-kV lines on a common/RRQApplicants 90, pp. 12-13)

This alternative transmission line would extend south fBlatk Pond Junction to the proposed Beseck
Switching Station, along the same ROW as the proposed fthiteROW is presently occupied by one
345-kV transmission line (the 387 line). Three additi@#8-kV lines would be added to the ROW which
would place four 345-kV lines on a common ROW. (Applisa@0 p. 12)
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The northerly route would have approximately 11 miles (5@gmérlonger than proposed route) of four
345-kV lines on a common ROW. The following table comptregproposed route with variations of the
northerly route:

Northerly Route - Configuration | Proposed Route
A B C
(H-frame) | (Monopole) | (Monopole) |Composite Monopole
Circuit length (miles) 10.5 10.5 25.9* 7.0
ROW width increase (feet) 80 40 0 0
Chestnut to Black Pond
ROW Width Increase (feet) 20 20 20 0
Black Pond to E. Meriden Jct.
Structure Height (feet) 90 130 130 105
ROW Increase(acres) 75 38 0 0
Chestnut to Black Pond
ROW Increase (acres) 3 3 3 0
Black Pond to E. Meriden Jgt.
Home acquisition 8 4 0 0
Cost (not including uplift) $24.5M 24.9M 70.3M $22.9M
Reliability Less Reliable More Reliable

(Applicants 90a)

The new corridor alternative is an entirely new ROW (sometieiesred to as a “greenfields” corridor),
not adjacent to any existing corridors. An entirely new overleeaddor for a 345-kV transmission line
would require a minimum 120-foot-wide ROW, whereas a corrfdr a new cross-country (non-street)
underground transmission cable would require a minimunfiodBwide ROW. This alternative was
rejected due to population density and development in SW@er@actors considered include steep
slopes, wetlands, designated natural areas, and the high castjuofng a new easement. (Applicants 1
Vol. 1, H-11)

Railroad Route

Many railroad corridors traverse Connecticut; however, mbgtese railroad corridors do not provide a
direct route from Middletown to Norwalk nor sufficient spdoe transmission line construction. The
primary railroad routes considered are the Amtrak lines frontfé#drto New Haven, and the portion of
the Metro-North/Amtrak rail corridor between New Haven andWddit. (Applicants 1 Vol. 1, H-12)

The CL&P agreements that were signed on the Pequonnock-Epuavline do not allow for any
transmission lines on the railroad greater than 115,008. véltseparate Ul agreement in effect until the
year 2030 limits voltage on the existing railroad catenarie$18tkV. (Applicants 67, pp. 5-6; Tr.
4/21/04, pp. 140-141)

Any construction on the railroad line from Milford to Né¥aven by Ul would require the total rerouting
of existing 115-kV underground lines in that area, withasae pole line structures to support the 345-kV
lines. The height of the structures would be a minimurh26f feet, and 200 feet at highway crossings.
Some condemnation of property would be necessary. (TrO0422/127)

The Applicants considered use of the existing Airline Railrbatlencountered major problems with lack
of space in industrial areas. The lines traverse into central Neexerki leading to a dead end. (Tr.
4/22/04, p. 133-134)

Possible railroad derailments are a consideration of placincheagrtransmission facilities along a
railroad. A derailment approximately 15 years ago took doweneaes, and both 115-kV Ul circuits
were out of service for a considerable time. (Tr. 4/22/044p-143)
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The railroad corridor would require an additional 125 feetigiit-of-way for the construction of a
transmission line. The location of many businesses and mmdkences along the railroad corridor would
cause a conflict with the expansion of the right-of-way.. (6f01/04, p. 27)

Installation of a railroad underground route between Eastiand Singer Substations would necessitate
the removal of one existing 115-kV line and its placemenergrdund, for a distance of two miles, using
two cables. (Tr. 4/22/04, p. 30)

The top of the existing railroad catenaries is about 65 fe¢heffailroad bed; other structures are 90 feet.
To consider building a 345-kV line would require structunésl20 feet, which is 30 feet higher than

present. Feeder wires for the railroad are now on the outselasting poles. To put the wires inboard

for safety clearances would require taking the 12V wires and pléoém outside. Any clearances must
not only consider the 345-kV lines, but the 12V lines.ald@a. 4/22/04, p. 32-33)

The line would have to terminate at Bridgeport Energy becaase tould be no room for the 345-kV
line at Pequonnock Substation. (Tr. 4/22/04, p. 34-35)

Existing 120 foot towers in Stratford would have to dieed by 20-30 feet and some streets would have to
be relocated. (Tr. 4/22/04, p. 38)

To use the railroad corridor, the Applicants would haveetdopm a full study of the impacts of EMF on
the railroad signaling system. To use the railroad thdidggs would have to build new structures to
hold the new 345-kV line, as the existing catenaries are ratisnf to handle the weight and stresses that
would be placed on them by a 345-kV line. (Tr. 4/220419-50)

The Applicants has considered the railroad option and rejeatlee ito its environmental, economic, and
social and construction challenges. (Tr. 4/22/04, p. 41)

Shielding technology could be used to shield the railroathbity system; however, the entire signaling
infrastructure would need to be replaced. (Tr. 4/22/082h3)

On the railroad route, a minimum of 25 feet of space wbeldheeded away from the railroad track to
meet clearance requirements. (Tr. 4/22/04, p. 55)

Structures on the railroad line would typically be approxiga8fl0 to 400 feet apart at maximum,
compared to 700 to 800 feet on an overland right-of-wdyis Would minimize the amount of conductor
movement and blow-out by use of short span lengths.4(Z2/04, p. 55)

Highway Corridor Option

Connecticut has a well-developed network of interstate, statdpeaichighways. This alternative would
involve the alignment of the proposed 345-kV facilities h@it overhead or underground) within or
adjacent to existing highway corridors. The principal higysxthat are aligned in the general direction for
the proposed Middletown — Norwalk transmission line are:

« State Route 15 (Wilbur Cross and Merritt Parkways) fromidéerto Norwalk;
« |-91 from Meriden to New Haven;

* [-95 from New Haven to Norwalk;

* U.S. Route 7 in Norwalk; and

* U.S. Route 1 between Stratford and Norwalk.

(Applicants 1, Vol. |, p. 4-14)

Route I-91 is elevated in some areas. In some areas the higheveiyhrough rock, making going around
the highway infeasible. (Tr. 4/22/04, p. 22)
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It might be possible to attach an underground cable tovarhead road structure, but such an option
would be subject to DOT permitting requirements. (Tt66)4, p. 232)

The Applicants would need to acquire an additional 65 feetdsutbie DOT right-of-way, to use the
highway corridor. An aerial easement would also be needed With [Tr. 4/22/04, p. 56-57)

Route 15 Option

If Route 15 were used as an alternative route, approximatéipidés or businesses would be taken, and
on Routes 91/95 approximately 100. (Tr. 4/22/04, p. 54

The portion of Route 15 referred to as the Merritt Parkigagiesignated as a scenic byway. Factors
considered in rejecting the highway corridor are the histosicalificance of the Merritt Parkway, width
and availability of a ROW; (120-foot required for an overhaad 15 feet for underground), steep side
slopes; shallow depth to bedrock, elevated portions of rogdavelythe potential to displace homes or
businesses located adjacent to the highway corridors. Morewvsignificant length of highway corridor
was found that would provide a complete linear connection bettheewvarious transmission substations
and switching stations. (Applicants 1 Vol. 1, H- 14 %) 1

The median of Route 15 was considered but eliminated as ipgamgctical. The median is very narrow
and all of its vegetation would have to be cleared. (Tr.@&2%. 59)

The portion of U.S. Route 1 west of Milford was ideetfias a feasible route for an underground cable
because it would avoid the need to expand existing overheagmission line ROW through lower
Fairfield County where the existing ROW is not wide erptmy accommodate a new transmission line.
(Applicants 1 Vol. 1, H-15)

To use the median a four-foot wide trench would be neededlpldset of construction access. (Tr.
4/22/04, p. 61)

During construction the entire width of the median wouldnbeded for construction easement. The
Merritt Parkway right-of-way is 300 feet wide, shouldeskmulder, as is the Wilbur Cross Parkway. (Tr.
4/22/04, p. 63-64)

The Applicants would not place an overhead cable inside the tufinéfest Rock because more
protection of the cable is needed. Burying or tunnelinguifin would be required and although feasible, it
would be difficult. Putting a line over West Rock Ridgeuld require cutting a swath across the ridge, a
task complicated by existing hiking trails and archaeologicalress. (Tr. 4/22/04, p. 65-66; p. 90)

An overhead route along Route 15 would require construetiomg a limited access highway and the
clearing of numerous trees. (Tr. 4/22/04, p. 67)

The portion of Route 15 referred to as the Merritt Parkwadesignated as a scenic byway by the United
States Department of Transportation. (Applicants 4, p. 6)

An overhead transmission line could be built along a podidRoute 15. Underground transmission lines
would be more difficult to construct along a portion @uie 15 than an overhead transmission line. (Tr.
06/01/04, p. 26)

According to design standards, installation of cable musit beast 30 feet from the road. The median is
less than 20 feet wide on the Wilbur Cross section and the median is not considered a viable
alternative. In some places, Jersey barriers stand back-to-badkgleavroom for equipment. (Tr.
4/22/04, p. 83-84)
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For overhead lines at least 75 feet of right-of-way (ROWphd the edge of the pavement is required. If
a compact delta structure is used, the ROW would be 95Feetunderground lines, only 40 feet of ROW
would be needed, consisting of 15 feet for actual construethd 25 feet for access for vehicles. (Tr.
4/22/04, 84-85)

Route 15 is paralleled by the Quinnipiac River, wetlands,aafidod plain, with a large portion of the
highway on a raised road bed. The toe of the slope wauildhe line in the river and the other side is
often the site of commercial and residential buildings. 4m2/04, p. 86-87)

The Route 15 route would involve 24 bridges and overpadsesnajority of which are on the National
Register of Historic Sites. (Tr. 4/22/04, p. 94)

Installing a line along Route 15 would directly affect tlsgibility of future expansions to the highway.
(Tr. 4/22/04, p. 97)

Marine Route Options

Alternative marine routes considered and rejected were the propwsgst Substation, Bridgeport to the
existing Norwalk Substation, and the existing East Shotestdtion New Haven to the proposed East
Devon Substation. Factors considered were; impacts to at |eastssmsitive marine resources, distance
of route (extended by as much as eight miles), laws govetimngrotection of water, marine, and coastal
resources (i.e., the project is not considered a “water depemskgit and use of self-contained fluid
filled (SCFF) cables, a technology not favored by Conneatgadurce agencies. (Applicants 1 Vol. 1, H-
14)

Other issues raised concerning marine routes included the Fetlaal\@ater Act, the Federal Coastal
Zone Management Act (CZMA) and recent legislation concerning riiteqgtion of Long Island Sound.
Under the CZMA, projects that are not water-dependent are encoucagedocated inland. (Tr. 4/22/04,
pp. 102-103)

East Shore-Devon Route

A route from East Shore into New Haven harbor would havadtspo shellfish beds. Any marine route
would use self-contained fluid filled cables. The route wdudve to traverse the Housatonic River, a
major source of seed oysters, and pass the Stewart B. McKitatenal Wildlife Refuge. (Tr. 4/22/04,
p. 104-105)

The shellfish beds off of the Devon section of Milford &imel Housatonic River are a major source of seed
oysters. The Housatonic River is classified as a Federal Nawvigatiannel. (Tr. 4/22/04, p. 118)

Singer-Norwalk Marine Route

The feasibility of a marine route from Singer Substatmmorwalk Substation was considered. Such a
route would cross shellfish beds. (Tr. 4/22/04, p)107

The SCFF cables would need to be 90 feet apart in near-shoreamd 290 feet apart in offshore areas.
There would be two bundles of such cables, embedded inseéhioor at a depth of 6 to 15 feet. Issues
include geological obstacles, federal channels, dredge disposaindgt shipwrecks, sensitive
environmental resources, shellfish beds, wetlands, culturauneesy protected species habitats and
impacts to communities. (Tr. 4/22/04, p. 108-109, 114)

An optimized route was selected out of nine potential rot¢enaltives. This route is 23 miles long, 15.4
miles of which is marine and 7.6 miles of upland. By cangon the proposed alternative from
Bridgeport to Norwalk would be 15 miles long. (Tr. 422 p. 109-110)
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DC cables are best suited for long distances. SCFF cables t@nnsdd in lengths greater than 25 to 30
miles. The project would require a bundle of two to six &ablThe two circuit configuration would
provide 1000MW of capacity. (Tr. 4/22/04, p. 113-114)

A marine route between Millstone and Norwalk could not agbllfish resources. (Tr. 4/22/04, p. 120)

East Shore Option

The East Shore route would run from Beseck through WédlidgJunction to East Shore then to East
Devon. (Tr. 06/02/04, p. 8)

There are two alternatives to get from Beseck to East Wallithgéor overhead route and an underground
route. The overhead route adds an H-Frame to the exightepf-way for six miles. No widening of the
right-of-way is necessary. The underground route would W4liams Road in Wallingford, and a
transition station with full switching capabilities woulte located south of Pond Hill School. (Tr.
06/02/04, p. 9, 10)

There are three routes to get from East Wallingford to EasteSthe existing right-of-way, the Amtrak

corridor, and the Conrail corridor. The existing rigitway can be used through Wallingford, North
Haven, North Branford, and into East Haven. There are 22és1tiat are within 150 feet of the right-of-
way, and 13 statutory facilities within 1,200 feet. Thetrak and the Conrail corridors are immediately
adjacent to business and residential development. There areo2®&8s kithin 150 feet of the Amtrak

corridor, and 18 statutory facilities. There are 260 hom#snal50 feet of the Conrail corridor, and 18
statutory facilities. (Tr. 06/02/04, p. 14-19)

There are two route options to get from East Shore toBEa&bn; an overhead/underground hybrid, and
an all underground route. The overhead/underground routdvésv six miles of underground to a

transition station in the Orange/West Haven area then eight milrhead to East Devon. The all

underground route has various street combinations that beulded, totaling 12.7 miles to 16 miles. (Tr.
06/02/04, p. 21-23; Applicants 91, pp. 24-27)

The East Shore route would work only if a second line wesglied into East Shore. The second
additional line would be needed because in the event the gx&8in line were lost, the 329 line, from
Frost Bridge to Southington, would be overloaded. &f02/04, p. 148, 149)

The East Shore route is not a viable alternative because when ednpahe proposed route, 50 percent
more wooded vegetation would have to be cleared, there are operatmhatliability issues due to
underground installation, and the cost would be twice as geetite proposed route. (Tr. 06/02/04, p.
211, 212)

An existing circuit (387) traverses portions of the pregbsoute from Scovill Rock Substation on to

Black Pond Junction to Beseck Junction to Totoket Junctidntexminates at the East Short Substation.
This circuit was considered with upgrading conductors, rdimgilthe line, or constructing a new line

adjacent to the 387 line. (Applicants 89, Q. 66-SP01 pfi2}0

To consider an upgrade with a larger conductor, the total nuohlveplacement structures to support the
conductor must not exceed 50 percent of the original Virregch would warrant a rebuild of the line.
(Applicants 89, Q. 66-SP01 pp. 10-12)
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Potential conductors considered were the 1158 kcmil and 14&B18 sized conductors. The load
analysis of structures to support a 1158 kcmil conductaridveequire replacement of as much as 39
percent of existing structures between Scovill Rock and Blank,Rmd as many as 18 percent of existing
structures from Black Pond to East Shore. The 1455.3 leondluctor would require replacement of 69
percent of existing structures between Scovill Rock and Blacl.Rased on the substantial inadequacy
of existing structures, a 1455.3 kcmil conductor would ireca complete rebuild of the line. (Applicants
89, Q. 66-SP01 pp. 10-12)

A probable route would be to place the lines entirely undengrdtom East Shore to East Devon via
Route 1, a distance of approximately 13 miles. Another noatdd be from East Shore, approximately
six miles along the streets of New Haven along an existig of way, through West Haven and Orange
(a two to four acre transition station would be neededk rdbte would then follow the proposed right of
way route ten miles to East Devon. (Tr. 4/22/04, p-135)

The East Shore alternative does not strengthen the powey safWCT by introducing a new source
because the 387 line would be excessively loaded. (Tr. 3/283p.

Use of HVYDC from East Shore to East Devon would requite DC converter terminals at East Shore.
The existing terminal at East Shore has 330MW of capacitye prbposed project would require
1200MW capability. (Tr. 4/22/04, p. 75)

Even if the 387 line is reconductored with the largest condastailable, it still has to be protected for
loss of the line. (Tr. 09/28/04, p. 65)

If Miramichi conductors were used on the 387 line and tlelB2, 50 percent of the structures would
have to be replaced. The Miramichi is a larger wire that requioee deadends. (Tr. 09/28/04, p. 66)

A second circuit would be necessary on the 387 right-oftavayoid conflict with the standards of NPCC
and ISO-NE. However, a second 345-kV circuit on the samé-afglvay is not desirable because it
would essentially duplicate the existing 345-kV circuit, #metefore is an alternative that would not work
as well as the preferred route. (Tr. 09/28/04, p. 90, 91)

Environment

Some critical wetland areas include vernal pools and wetlandsawitigh or moderate potential for
amphibian breeding. (Tr. 06/01/04, p. 59)

The Applicants would minimize the removal of vegetatiorhimhabitat surrounding a vernal pool because
such vegetation provides shading that is necessary for armpltgeding. (Tr. 06/01/04, p. 95)

There is a physical and biological component to vernal pobih& vernal pool should be protected from
sedimentation and filling. The upland areas surroundingeh®al pools also should be protected. Vernal
pools are evaluated through the study of their location, dchvgpecies are using them. (Tr. 06/03/04, p.
182, 183, 242, 243)

To protect amphibians, construction of the proposed projectbeascheduled to avoid the breeding
season, which is spring. Silt fencing or other erosiottralsncan be placed around the construction area
so that amphibians cannot get into the construction area. ditioad herpetological specialists can be
hired to identify and relocate amphibian species that exiseiaréa. (Tr. 06/01/04, p. 79)

If poles are currently located in wetlands, modifications anegbevaluated by the Applicants to move the
structures out of these areas. (Tr. 06/01/04, p. 61, 62)
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There are some wetlands that run longitudinally along tt-afyway for a distance, making it difficult to
avoid wetland impacts. The Applicants would determine the artree afetland where the depth of water
is the shallowest, and would minimize the impact of constmaih that wetland. (Tr. 06/01/04, p. 94)

Final placement of the poles would be determined during tepapation of the Development and
Management plan. (Tr. 06/01/04, p. 111)

Temporary impact of construction impacts to wetlands couldetieced from 100 feet by 100 feet, as
stated in the application, to 40 feet by 50 feet, throughiskeof wooden mats. (Tr. 06/01/04, p. 76, 77)

The construction process for the removal of poles that are loagtteid wetlands would include placing
matting in the area where the existing poles are located. Témwould then be cut into smaller pieces to
minimize the amount of heavy trucks; the pole butts woulgpldked up and a new structure would be
constructed in the same location, if necessary. The butt pbteecould be left in place if a new structure
is not proposed to be constructed in the same location0§M1/04, p. 123, 125)

A crane would be used to hold the pole in place while it isgodismantled. The crane boom can be 15 to
20 feet away from the pole, depending on the distance frometi@na. (Tr. 06/01/04, p. 124)

The Applicants are willing to not locate pulling stationsvetlands. (Tr. 06/01/04, p. 134)

Shrubland provides habitat for certain species, including dorde and amphibians. The right-of-way

provides shrub and forested habitat. It is the Applicaritnt to make the right-of-way available to

smaller shrubs and natural vegetation. Utility ROW'’s oftame a greater number and diversity of birds
than forested habitats. (Tr. 06/01/04, p. 224, 225]iéampts 1, Vol. I, p. L-41))

The noise that is associated with a conductor pulling steitypically from a crane to lift the cable reels
onto the tensioner machines. The conductor pulling processackt pulling location would last
approximately one and one half days of daylight hours.uling location is where a conductor will be
pulled and tensioned from structure to structure. (TOWBA4, p. 135; Applicants 83, Q. 15)

The Applicants consulted with the Connecticut DEP, the Natilglaaine Fisheries Service, the U.S. Fish
and Wildlife Service, and the Bureau of Aquaculture of then@oticut Department of Agriculture in
preparation of the application. (Applicants 1, Vol. |, bl to L-2; Applicants 53, pp. 2-4; Applicants 90,
5/25/04, pp. 20-22)

The Applicants performed noise surveys near the proposedologaif substations and switching sites;
examined amphibian breeding habitats and breeding birds anch#tidiats; examined inland and tidal
wetlands; and researched cultural resources along the propoged r@pplicants 1, Vol. I, p. L-2;
Applicants 53, pp. 3-10; Applicants 90, pp. 20-26)

The project would maximize use of existing linear corridorasigtent with FERC guidelines. The
overhead portion of the route would be primarily withilsérg ROW’s. The Applicants would purchase
approximately 9.5 acres of new easement from private landowhbesunderground portion of the route
would be located largely within existing public roads. ghigants 1, Vol. I, p. I-21, p. L-51; Vol. 9, 11,

12)

In the underground portion, the cable system would netdiele, except for manholes near splice vaults,
and the proposed above ground facilities at Singer, NorwallEast Devon. (Applicants 1, Vol. |, p. 14-
30; Applicants 53)

The overhead portion of the new line would be aligned genexlalhg existing transmission line ROW'’s.
Some of the existing structures would be consolidated oowedn New structures would generally be
placed at the same locations where existing structures are locAggalicgnts 1, Vol. I, pp, M-31 to M-
38; Applicants 90, pp. 33-34; Applicants 1, Vol. |, Tabl-5)
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Cultural Resources

Cultural resource studies were conducted along the proposed ocmmducted in accordance with the
Connecticut Historical Commission standards, and includegalvisispection of existing transmission

structure sites and an examination of the ROW. Slopes,admiareas, landfills and ledge sites were
examined as potential archeological sites. The studies fooirmtbcumented archaeological sites within
the proposed ROW. (Applicants 1, Vol. I, pp. M-40 teAl Vol. 111, Abstract)

Additional field studies at proposed transmission pole iocatmight be needed for a final determination
of areas where reconnaissance investigations would be needed tsitéadof Native American
archaeological sensitivity. (Applicants 1, Vol. |, p. M-41)

Fourteen significant above-ground historic resources werdifiddnwithin approximately 0.25 miles of
the overhead section of the line, including sites listed agligible for listing on the National Register of
Historic Places or State Register of Historic Places. Of 4hkisttoric properties, terrain and vegetation
would preclude visibility of the new line. One of the remnag four properties may be subject to adverse
visual effects. (Applicants 1, Vol. I, Abstract)

Thirty-three significant above-ground historic resources wagatified within 500 feet of the proposed
underground route. The 500-foot distance is cognizant tehpal blasting effects. Identified resources
include four cemeteries at least 100 years old. (Applicarwtsl1]il, Abstract)

Soil Contamination

When Ul has encountered contaminated soils, the State of Caomdudis taken control of the soils

management and disposal, under state mandated projects. Itateomandated projects, the company
seeks to determine the source of contamination, and if notlfdakes control of the material. (Tr.

4/21/04, p. 81-82)

In state mandated projects, the DOT pays for the cost of hgrebintaminated material. (Tr. 4/21/04, p.
81, p. 85)

Any hazardous material encountered would be collected, propeclyneimted, and disposed of. (Tr.
4/21/04, p. 90)

An independent environmental inspector would be involvemionitoring the contamination issues. (Tr.
4/21/04, p. 90-91)

Endangered Species

To protect endangered species, the Applicants would conshlth&tUS Army Corps of Engineers and
the DEP regarding timing of construction. One such specibe peregrine falcon, nesting under the 1-95
Barnum Bridge. Another is the Atlantic sturgeon, whicteptally occurs in the Housatonic River. The
actual proposed crossing of the river is not near the peeefgicon nesting area. Construction timing
could be adjusted to avoid the life cycles of both specigate-8sted species include: blue-winged teal
(threatened) and king rail (endangered) are identified as beibgrham Meadows Wildlife Area; wood
turtle (special concern) in Middletown, and the box tugfgetial concern) in Middlefield, red-shouldered
hawk (special concern) in Woodbridge, and two plant speciesatd special concern, mudwort and
bayonet grass in the Saugatuck River basin. (Tr. 4/20/0268269; Applicants 1, Vol. 6, Analysis of
Bird Species, p. 16, p. M-26)
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Department of Environmental Protection Comments

Alternatives A and B appear to offer no advantages compardtetproposed route, while involving
additional impacts, including the acquisition and clearing ditashal ROW width. (DEP letter of 5/4/04,

p. 2)

The DEP would be unlikely to approve a marine route alterai light of less-disruptive land-based
alternatives. (DEP letter, 5/4/04, p. 2)

Permits needed for the project include a Structures, Dredgingitrecthd Tidal Wetlands Permit, and a

Section 401 Water Quality Certification. The Office of Lostahd Sound Programs would review and
evaluate each tidal crossing. Horizontal Directional Drillind>[}J projects require the Applicants to

submit a Monitoring and Operations Plan. All HDD prggecequire the Applicants to obtain a
performance bond for each tidal crossing. (DEP letter 5/4/03)

The DEP has not determined yet which crossing technique, Hd2loand bore, is the preferred method
for each location. DEP must make sure the depth of the mompessing does not interfere with future
maintenance dredging. (DEP letter 5/24/04, p. 3)

Along the overhead portions of the project, no direct coosdn related impacts to watercourses are
expected. Fording of streams can and should be avoided dmdnagfter construction. As a routing Best
Management Practice, the DEP Inland Fisheries Division suggestseam work be restricted to the

period from June 1 to September 30, inclusive. (DEP |&it24/04, p. 4)

The recommended window for construction activities in areashwdupport wood turtles and box turtles
is November 1 to April 1; these species may occur in MiddletaMiddlefield and Milford. If any of
these wetlands are riverine wetlands, it will be necessary td angi in stream work or access in these
areas. (DEP letter, 5/24/04, p. 4)

The Inland Fisheries Division advocates that 100-foot wideraly vegetated buffers be maintained
along perennial watercourses, and 50 feet along intermittentcaatses. It is recommended as much
natural vegetation is preserved for beneficial shading. (DEd?,18124/04, p. 5)

Many of the streams to be crossed support resident freshiighites, and anadromous fishes, including
blue-black herring and alewife. If it is determined by DEBRt tseasonal restrictions are needed, they
would generally apply to the period of upstream migratioaraidromous fishes, April 1 through June 30.
Unconfined in-water work is often prohibited in selected areas fFebruary 1 to May 15 to protect
winter flounder spawning areas. Anadromous migration ghoellprotected from July 1 to September 30.
DEP letter, 5/24/04, pp. 5-6)

It is imperative the Applicants design each HDD crossing tomize threat of a drilling fluid release as
much as possible. This may require much deeper drillingighrainderlying materials. Complications
can be avoided by the use of qualified, experienced independetrtaators, who will use best
management practices such as periodic drill bore cleaning andingugigminor leaks. (DEP letter,
5/24/04, p. 6)

If a jack and bore crossing technique creates a substantial aofimaite, DEP may request a time-of-day
restriction for work within the standard anadromous peirioch April 1 to June 30 to ensure a continuous
12 hour period free of noise in each 24 hours, to allowtbgass the work zone. (DEP letter, 5/24/02, p.
6)

DEP is not aware of any critical Atlantic sturgeon habitah@Housatonic River, but the applicants may
be required to submit more information on the sedimentdanthic community adjacent to the crossing
route. (DEP letter, 5/24/04, p. 7)
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The DEP property most impacted would be the Housatonic Boaidh in Milford by 1-95. Because of
the busy activity here in summer, the crossing should eaicheduled during the active boating season.
The line should also be sited so as to not interfere withfatoye maintenance needs. (DEP letter,
5/24/04, p. 8)

The impacts of the project to Quinnipiac River State Park aep8lg Giant State Park are expected to be
negligible. (DEP letter, 05/24/04, p. 8)

The proposed route crosses the Middletown-Durham and Wallohgdndfills. If any new pole structures
fall within the footprint of any previously places wasd@, authorization for disruption of a solid waste
disposal area must be obtained from the DEP Bureau of Wastmgktaent. (DEP letter, 05/24/04, p. 8)

At the East Devon Substation site, DEP notes there has heatetailed testing for presence of
trichloroethylene (TCE) on the site. Levels are likely to be,|but testing should be done. If
contamination is found, removal and disposal of contaminatéld will be required. (DEP letter,
05/24/04, p. 9)

At the Southport Harbor Crossing, it is imperative tthet HDD path be deep enough to stay within
bedrock and not allow the migration of chromium-contaminatedrgdwater from the west side of Mill
Creek. (DEP letter, 05/24/04, p, 11)

A set of existing pole structures could re removed immediadefgcent to the Farmington Canal
Recreational Trail in Hamden. Structures on circuits 1610 44 {structure #4010 in latter case) may
be eliminated. In Woodbridge, structure #3920 is locatednrarshy area with poor access and new poles
may be eliminated in the area of wetland #133. A numbetradtares within wetland #70 adjacent to
Tamarac Swamp in Wallingford may be reduced, especially stesct#®769 and 8800, which are within a
wetland in difficult-to-access areas. (DEP letter, 05/24/043p

South Central Connecticut Water Authority Land

The South Central Connecticut Regional Water Authority (RV@#)ns land in the Segment 1 and
Segment 2 portions of the proposed route. Land owneaebyater utility within the State of Connecticut
within a watershed area is defined as Class | or Class |l degeowl the distance to the reservoir. Class
Il land is owned by a water utility but is outside tbe watershed. The land in Bethany and northern
Woodbridge is primarily Class | and Class Il. The landanthern Woodbridge and northern Orange is
Class lll land. There are also two separate watersheds wWithiBegment 1 and Segment 2 areas, one of
which drains into more than one reservoir. A watersheceisdipture area where water is collected and
stored in reservoirs throughout the water district. (SG@REX. 1; Tr. 06/03/04, p. 119, 120, 136 137)

As a condition of approval, the RWA recommends the Couegilire the following information that the
DPH requires to issue a Change in Use permit: evidence vbeatge license for construction activities
on RWA land; an estimate of how much Class | and Il landetimpacted during construction; the exact
number of structures removed and installed on RWA land;dbation of storage/staging areas and
temporary access areas; location of sanitary facilities, numberyped df construction equipment;
fueling locations; how many sites active each day; identificatioblasting areas; details on long-term
maintenance; and an Integrated Post Management Plan to limdf ysesticides. (SCCRWA brief,
3/16/05, pp. 3-4)

The largest reservoir in the Segment 1 and 2 areas is Lakewd/atréhe Town of Woodbridge. (Tr.
06/03/04, p. 120)

The largest watershed within the Segment 1 and 2 area is teeshet to Lake Whitney, which is
approximately 37.5 square miles. Lake Whitney is located inddam(Tr. 06/03/04, p. 121)
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If the RWA watershed property were crossed, a DPH change-gfarseit would be required. This
permit would be applied for by the RWA based on informasiopplied by the applicants of the project.
(Tr. 06/03/04, p.151)

The RWA recommends the condition that the Applicants weulshmit an annual report regarding its
Integrated Pest Management Plan. (Tr. 06/03/04, p. 154)

Cables

Gas Insulated Transmission Lines (GITL)

Gas-insulated transmission lines (GITL) have only been usagctions of several hundred meters in
length. One meter is equal to 3.28 feet. (Tr. 1/19/085p

Gas-insulated lines are installed either at ground level ocavered trench. (Tr. 1/19/05, p. 46-47)

The recommended minimum phase-to-phase separation for a 3d5FkM) line is 22 inches. The trench
would have to be two to three feet in depth. (Tr./D8.9. 49)

An open grate would be installed to cover the trench. Thiddmarovide air circulation to improve the
current-carrying capacity of the buses. (Tr. 1/19/05, p. 50)

In the Royal Oaks ROW, several options are available. Onenoigtito install GITL to the side of the
existing towers, close to the edge of the ROW. Anotheoojidito re-conductor one of the tower systems
with an aluminum-clad steel re-enforced (ACSR) conductcer afhich one of the two lines would carry
the entire current, and then put the GITL close to the dead (ifr. 1/19/05, p. 53)

Changing the conductor from copper to ACSR, using the sametwse, would allow the ACSR
conductor to carry the entire load that is presently carrieth@rnwo existing lines using copper. (Tr.
1/19/05, p. 54)

Examples of GITL include the Seabrook Nuclear Station, andraB&do (Tr. 1/19/05, p. 56-57)

The GITL has about one half the capacitance of XLPE cable and muchhées HPFF cable. (Tr.
1/19/05, p. 93)

GITL installation in New England have all been a part of atatibs or a generation station. (Tr. 1/19/05,
p. 78-79)

EMF in a GITL is relatively low because the current in the enctss similar to the current in the
conductor, so it tends to cancel. (Tr. 1/19/05, p. 94)

If the GITL were kept away from the edge of the ROW, no ENEIding would be needed. (Tr. 1/19/05,
p. 108)

The three phases are contained inside aluminum pipes. Fob-thehlenclosure of a 345-kV line, the
conductor would be five to six inches in diameter, and stpgan epoxy spacers. Sulfur hexafluoride
(at a pressure of about 45 psig) insulates the system1/(B/05, p. 81)

Two circuits are recommended to provide for 100 percent redapddr. 1/19/05, p. 90)

Although the gas-insulated system has about a 30-yeanhititere is not significant utility experience in
the use of GITL. (Tr. 1/19/05, p. 92)
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ISO-NE has concerns regarding the use of gas-insulated beeause it has not been applied in a
transmission power application. ISO-NE states that theyldmoot support any amount of gas-insulated
line. The magnetic fields at a level of 1 meter above the grouadthe center of the trench would be
approximately 30 mG. (Tr. 2/17/05, p. 259-260)

Cross-linked polyethylene cabléXLPE)

Cross-linked polyethylene cable (XLPE) is now widely usetilib-kV systems worldwide. The operating
experience of the XLPE cable is not as substantial as that é\LXh PE cable or 345-kV HPFF cable.
(Applicants 1, Vol. 6, pp4, 10-11, 26; Applicants 1&6p. A. p. 6)

Significant progress has been made in the design of the XBBIE and its splices, which has served to
make it more reliable. The electric industry is therefore mdltimg to embrace it for high-voltage cables
and is now moving toward the use of XLPE technology. Z1x7/05, p. 82)

The life expectancy of an XLPE cable joint would be the sameeasable itself. (Tr. 2/17/05, p. 226)

Among the advantages of XLPE cable over 345-kV HPFF cables lavger capacitance; higher load
carrying capability; allowance of splicing in discontinuoustshenabling cable installation to take place
during lower traffic periods; a lack of insulating fluitieteby eliminating risk of leaks; and lower losses
and lower maintenance costs. (Applicants 176, App. A, p. 2)

Among the disadvantages of XLPE compared to HPFF cable are:ergoasite cost; higher levels of
magnetic fields and less operating experience at 300kV and abdpplicants 176, p.5, pp. 18-19, App.
A, p.2)

The applicants evaluated use of both XLPE and HPFF cable, imglsdch factors as reliability, fault
rates, and experience of cable operation worldwide. The applipaqusse to use XLPE cable because it
has lower capacitance than HPFF cable. (App. Ex. 179; TrOB13b. 77-78, 85)

ISO supports the use of both HPFF and XLPE technolbdggst practices are used. (Tr. 1/13/05, p. 191)

The use of XLPE, instead of HPFF, would mean more vaulise state highway system (96 versus 32).
The trenches would be similar. (Tr. 1/13/05, p. 216)

There is some uncertainty as to the exact amount of cable capacitdineeXicPE cables. There is also
uncertainty as to whether deviations may be required in tred @able routing. Together, these
uncertainties could contribute additional capacitance equivalent dihnean2.5 miles of underground
installation to the proposed Case 5 alternative. (2/14/0&tT08)

Avalanche Effect

The “avalanche effect” is a longitudinal creeping of cables whicmatalled in pipes, ducts and extruded
aluminum sheaths and has been recognized since the 1920'’s, egpeaiahs of grade change. There is
a tendency for cables to move downhill, as a result of heatidgamling of cables. Vibrations from
vehicle movements can also cause a similar effect. (Tr. 2/191802,15-217)

The Applicants expect splices to be designed with appreciable mangih that any movement of the
cable would not be within the splices. (Tr. 2/17/05,32)2

Cable Failure Rates

The failure rate for 48 circuit miles of XLPE, using opstic assumptions would be once every 39
months. A realistic failure rate would be once every 12 monthsmore pessimistic failure estimate
would be once every two and a half months. (Tr. 1/190528-129)
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The Singapore 345-kV XLPE cable has, after five years in semiperienced three cable failures, nine
splice failures, and two termination failures, due to cable tyuakues. (Applicant ex. 113; Tr. 1/19/05,
p. 139)

The amount of time to repair and service HPFF versus XLPE wahilel be very similar. (Tr. 1/19/05, p.
143)

In the 1960’s and 1970’s there were several failures of Cs F5-kV HPFF cables caused by thermal
mechanical bending, a movement of the cables within the jointgcHsan flexed the cables and caused
eventual failure. (Tr. 4/21/04, p. 107)

Restraints are now installed on cables to prevent mechanical berfdmg/21/04, p. 108)

Reliability and Operability Committee

The Applicants and ISO-NE established a Reliability and OpéyaBibmmittee (ROC) in June 2004 to
study and determine the maximum amount of underground teilevould be technologically feasible to
use in this project, while meeting reliability and operapiléquirements. (Tr. 1/11/05, p. 44; Applicants
147, p. 1)

The ROC issued a report on August 16, 2004, an intejrart on October 8, 2004, and a final report on
December 20, 2004. The ROC tasked its consultants, ingl@kmeral Electric (GE) and EnerNex, with

modeling transient network analysis studies to predict teempavervoltage conditions in underground

cable installations. (App. Ex. 147; Applicants 164; Apgtits 176)

To determine technological feasibility the ROC looked at acceptatitgys for voltages, primarily in the
transient network analyses, under various load conditiomshioations of generation, and combinations
of substation capacitor switching. (Tr. 01/11/05, p. 45)

The ROC held technical sessions at which CL&P, ISO-NE, ahdvé&fe represented. All three
participants had to agree on the contents of the ROC Rdpor01/11/05, p. 38, 39)

The ROC found that more risks are assumed as more undergrabledis added to the weak system in
Southwest Connecticut. (Tr. 01/11/05, p. 30)

The ROC identified three supported solutions; the fole-nunderground solution, the 13-mile
underground solution and the 24-mile underground swolutif mitigating measures are used. (Tr.
01/11/05, p. 31)

The mitigating factors that would be required for the 2& milderground case include using pre-insertion
resistors, using two XLPE cables instead of HPFF cable,ost oases, operating only one of the two
HPFF cables approved in Phase I, replacing more than 1,20Ceeresid the installation of 500-kV
circuit breakers, rather than 345-kV circuit breakers. (TAD05, p. 32)

The ROC ran studies on the use of C-type filters to méidetrmonics and increase the amount of
underground installation. The results of the studies walatile; in some cases the C-type filters worked,
in other cases the C-type filters hurt the system. (711005, p. 33)

The ROC studied the use of HVDC Light in Southwest Coiméct The use of HVDC Light integrated
within an AC system has not previously been done and wautcbmplex. (Tr. 01/11/05, p. 34)

The ROC found that 24 miles of underground cable was trénmm feasible amount of underground
installation. From a strictly engineering viewpoint, theference of the ROC would be to have four miles
or 13 miles of underground cable because it would entaitissf failure. (Tr. 01/11/05, p. 39)
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Synchronous condensers located at the optimal part of thersgstuld be used to absorb the reflected
waves and control temporary overvoltages. (Tr. 01/11/052)

In terms of voltage mitigation, a synchronous condenséeisame as a generator. The difference is that
a synchronous condenser is not steam driven. It is a 300nMchine that is brought to synchronous
speed with a pony motor and when there is a change in sgsteditions it has the ability to deliver
energy to the system in megaVARs. (Tr. 01/11/05, i H9-

If 24 miles of underground cable were installed, all futureitexd of generation to the system would
have to be studied to ensure that the reliability of theesyss not compromised as a result of those
modifications. (Tr. 01/11/05, p. 52, 53)

Generation connecting to an underground cable may result iadaerse situation because of the
additional capacitance on the cables and further study would besagcesior to the interconnection.
(Tr. 01/11/05, p. 56, 57)

As more cable is added the resonance points move lower betweegcdmel @nd the third harmonic,
which is where the majority of the harmonic current inject&grdue to the transformer in-rush currents.
(Tr. 01/11/05, p. 166)

The line outage conditions that were modeled were intended tsegprcases for which a line was out of
service for maintenance and a fault then occurred on anothefTinel/13/05, p. 13)

ISO-NE

ISO dispatches generation to maintain system reliabilitydtept for voltage thermal stability constraints
on its system. ISO could also perform load sheddingtating feeder blackouts. (Tr. 1/13/05, p. 15-16)

ISO-NE supports the 24 mile underground installation cd#gugh it carries some risk. (Tr. 1/13/05, p.
41)

ISO-NE has stated it could not accept an underground cable lehgtieater than 24 miles due to its
capacitance and unreliability. (Tr. 1/13/05, p. 60-61;7981)

GE Portion of ROC Report

General Electric (GE), a consulting firm engaged by the appliceant$650 cases based upon the Base 5
Case. Of the 650 cases, GE found one case, excluding the RoekySubstation, which exceeded
maximum temporary overvoltages. (Tr. 1/13/05, p. 16-17

The GE model above assumed all capacitor banks were in servic&/2/04, p. 160)

GE modeling assumed the DC source was a current sourceenythigh source impedance. (Tr. 7/29/04,
p. 191)

In Table 8 of the GE Report, there are no results of extamugelrground installation. (Tr. 1/13/05, p. 17)

In its sensitivity cases, GE considered weakening an already systéém. GE added more capacitor
banks beyond those on the existing system. (Tr.Q31%/. 18)

The sensitivity cases considered minimal local generation inceerviThe cases that looked at the
additional cable were with 70 percent load. A sensitivity aiglyas performed with 30 percent load, but
not with the cable additions. (Tr. 1/13/05, p. 18-19)
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The GE Report narrative did not discuss any of the assomsptised in GE’s modeling for additional
underground installation. (Tr. 1/13/05, p. 22/23)

GE considered some mitigation, including synchronous coeden® evaluate some additional strength
in the system and in some cases it made conditions worsel/{3/05, p. 34-35)

A feasibility study by GE examined the use of DC with &b éable in place between East Devon and
Norwalk. Such a system had problem caused by a substantiahtuimfocable capacitance, while the

primary source of short-circuit strength from Beseck waoffuand thereby weakening the system. The
study results further indicate low resonant frequency iBhst Devon to Norwalk section of AC cable is

stranded from its source of strength. (Tr. 7/29/0438-139)

EnerNex Portion of ROC Report

EnerNex, a consulting firm engaged by the applicants, ran 748 based upon Case 5 (24 miles of 345-
kV underground cable from East Devon substation to Siaglestation to Norwalk substation) with no
additional underground installation, and 740 cases based Gpsa 5 for ten miles of additional
underground installation. (Tr. 1/13/05, p. 23)

The Applicants assumed certain mitigating measures when stu@4ingles of underground installation,
including operating one of the cables instead of two on Phase8ing XLPE on Phase Two with two
circuits; changing out the lightning arresters with highaed arresters which puts more risk on the
transformers. (Tr. 1/13/05, p. 32)

The Applicants could not find any additional mitigation measuo extend beyond a total of 24 miles of
underground installation. (Tr. 1/13/05, p. 34)

EnerNex ran hundreds of simulations of the C-type fittggact on the frequency response of the system
in one mile increments from the zero base 24 miles up to rasidding 40 miles to understand the
underlying phenomena. See Appendix A. (Tr. 1/13/084p.

EnerNex evaluated synchronous condensers for five, ten andytwalg additional underground
installation cases. (Tr. 1/13/05, p. 35)

EnerNex studies show multiple temporary overvoltages aipteuB45-kV buses simultaneously. Many
345-kV and 115-kV locations in the system experience temparegyvoltages, because it is a low
frequency phenomenon. (Tr. 2/17/05, p. 118)

For every three miles of underground installation between Dewwh Singer, the system can only
accommodate two miles north and east of Devon. (Tr. 1/1p/(8)

If the system had 13 miles of underground installatiow&en Norwalk and East Devon, the system could
only support between seven and eight miles in the northetiopof the route. (Tr. 1/13/05, p. 51-52)

Use of underground cable may delay electric service restorafien a blackout. All black-start
equipment must be in operation prior to restoration stablish oil pressure in HPFF cables. Energizing
cables with no load on them can lead to extremely high voltageke restoration is meticulous and slow.
(Tr. 1/23/05, p. 92-93)

If HPFF cable were installed, the length limit would be apjpnately 13 miles due to high TOVs. (Tr.
1/13/05, p. 94)

The purpose of having only one of the Bethel to Norwalk calblesperation in a study is to reduce
capacitance from the system. (Tr. 1/13/05, p. 117)
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The system could operate with only one cable between Plumtréécawdlk, particularly during periods
of lighter load. (Tr. 1/13/05, p. 117)

If only two cables were assumed to be in operation during@geif lighter load, there would be less
capacitance in the system. Two cables in operation would yigkt betnporary overvoltage results. (Tr.
1/13/05, p. 119)

The Applicants did not perform any studies assuming thellason of C-Type filters and one additional
STATCOM facility. (Tr. 1/13/05, p. 120)

In future gas-insulated substations, the Applicants w# H00kV-rated circuit breakers with pre-insertion
resistors. (Tr. 1/13/05, p. 129)

If the Applicants had to construct additional undergroursthifation it would prefer to do so from East
Devon, especially with XLPE cable. This is because East D&uistation has an extremely good
ground system which helps to stabilize voltages. (3/05, p. 134-135)

After further study of the ABB proposal, the ROC graupdnclusions remain the same as those contained
in the interim ROC report. (Tr. 1/13/05, p. 142)

The ROC report did not provide an analysis of ABB’s claithat the principles developed for
conventional HYDC multi-terminal technology are directly applieaio VSC HVDC. (Tr. 1/13/05, p.
148)

The Applicants only made extensive studies of undergrounthllation for the proposed route,
Alternative A, and Alternative B. (Tr. 1/13/05, p. 158)

The addition of generation to a 345-kV loop through SWIId strengthen the system. Strengthening
the system with the addition of new generation would coaatéhe additional capacitance that any new
underground line would require, if the generation were gtesrough. (Tr. 1/13/05, p. 163-164)

The 13-mile case (Case 2) would be the preferred alternativethev@d-mile case, from an engineering
viewpoint. By comparison to the four mile underground céee13 mile case would not involve the need
to acquire 24 homes and businesses, and would involve lessitiaguf ROW between East Devon,
Singer, and Hawthorne. (Tr. 1/13/05, p. 172-173)

Because of less capacitance the 13 mile underground system wadddigered a stronger system than
the 24 mile route. (Tr. 1/13/05, p. 173)

The Applicants has concluded that change-out of substatioipnegpt required for the 24 mile
underground case is acceptable. (Tr. 1/13/05, p. 179)

With the exception of the HPFF 345-kV cable, most all B45and higher equipment is manufactured
outside of the US. (Tr. 1/13/05, p. 181)

As more cable is added to a system, a resonance is created whigtasggthe TOV problem. (Tr.
1/13/05, p. 186)

The replacement of surge arresters with ones better able teestawmiporary overvoltages, would be done
on a case-by-case basis at each substation to optimize paramekégher rated surge arrester would be
more likely to survive the TOV, but would provide lesstpction for the associated equipment. The
Applicants will put the lowest-rated surge arresters pasdibleach location to have the maximum
protection for the existing equipment but still be abloterate the TOVs. (Tr. 1/13/05, p. 187)
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From a purely engineering and reliability standpoint, the foile underground system would be better
than the 13 mile case. (Tr. 1/13/05, p. 190)

Going beyond 13 miles of underground installation tav2ks of underground installation increases risk
of transients and voltage abnormalities which reduce relighidlite to increased capacitance on the
system. (Tr. 1/13/05, p. 194)

The four mile underground installation case offers a bettegimaf safety for TOVs than 13 miles of
underground installation. (Tr. 1/13/05, p. 195)

If there were more 345-kV connections into the grid from tBeast Connecticut so that when a
contingency arises, major sources in the area are not lost, arichgkdance stays strong, this would
constitute a more robust system, which is capable of acceptimg than 24 miles of underground
installation. (Tr. 1/13/05, p. 206)

The Applicants recommend having 24 miles of double circuit cabt of East Devon, which is a total of
48 circuit miles. (Tr. 1/13/05, p. 214)

The Applicants recommend a minimum of three cables per ciretiitelen Beseck and East Devon for all
conditions so that two cables are available in the event one (&is1/13/05, p. 215)

KEMA

KEMA, NV is based in the Netherlands and owns KEMA Incoaped (KEMA) in the United States. The
headquarters of Transmission and Distribution Consulng Raleigh, North Carolina. KEMA is not
affiliated with any party or intervenor in this case, or thpgplWcants. (Tr. 12/14/04, p. 20)

KEMA provides services related to the design, testing, and sieabf power supply systems and
equipment. (Tr. 12/14/04, p. 20)

KEMA responded to a request for proposals issued by tadiian early 2004 and was retained by the
Council on May 21, 2004. The original scope of the what KEMA was contracted for included support
of the Council in reviewing studies made by the Applicantd,garties in this proceeding, and to assist in
discovery and interpretation of the results of those studisbsequently the contract was altered to
include the additional study of harmonic resonances and impedancé#se Southwest Connecticut
system. (Tr. 12/14/04, p. 20, 21)

KEMA was asked by the Council to develop a harmonic resonancel naod perform harmonic analysis
with that model as a first step in assessing the feasibiitthe proposed 345-kV improvements and
various alternatives. (Tr. 12/14/04, p. 21)

KEMA studied the new base system, Case 5, using 24 nfilesderground XLPE cables and to compare
the harmonic resonance performance with the approved Phase |.sy$tBMA also investigated
extending the underground installation, using XLPE cablegaiiee Devon to Beseck corridor and looked
at 10, 15, 20, and 40 additional miles of undergrousthllation. The studies also looked at STATCOMs
and C-type filters as methods of mitigating the harmonionasce performance and the resonance peaks.
(Tr. 12/14/04, p. 22)

The initial results of the KEMA studies found that C-tyfjeering, a passive filtering, were encouraging.
Based upon its initial studies of harmonics, KEMA concludeat an additional up to 20 miles of
underground installation appeared to be technologically feadible after further examination, later
determined that this was not reasonable. (Tr. 12/14/@%,23; 2/17/05, pp. 44-45)
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The harmonic studies done by KEMA are indicative of additiamalerground installation rather than
definitive. To determine if additional underground installatis feasible a more extensive harmonic
impedance evaluation and transient network analysis would be ne@ded2/14/04, p. 76)

KEMA did not perform any transient network analysis (TN&)dies of their own. (Tr. 12/14/04, p. 23)

KEMA determined TNA studies would be valid for some timte the future unless additions significantly
change the nature of the transmission system. Most chandbe Bystem tend to be gradual. (Tr.
12/14/04, p. 68)

Steady state voltages would reside on the system under stedeynsrmal operating conditions.
Transient voltages result from transient phenomena on thensysisually lasting only a few cycles.
Temporary voltages result from temporary changes on thensystet necessarily in response to a
transient phenomenon, and would typically last for lessdamute. (Tr. 12/14/04, p. 28-30)

After a significant blackout, the restoration of undergrooable systems is slower than for overhead
portions of the transmission system, because of the highrarof capacitance. (Tr. 12/14/04, p. 43)

Increased damping results from the additional capacitive charginthai corridor and having more
damping resonances and impedances at the lower frequencies isva pesult. (Tr. 12/14/04, p. 128,
129)

In designing a transmission system it is important lowab sufficient margin of safety with regard to
resonance to take into account uncertainties and variation iniogeranditions. (Tr. 12/14/04, p. 163)

At higher frequencies the shunt reactor is damping the higbguencies, which may be associated with
the voltage at that bus bar. Damping means reducing the impeddnc#2/14/04, p. 184)

KEMA attended a Technical Session held on February 14, 200fchwdiscussed additional
undergrounding beyond 24 miles, the use of C-type fileand, the feasibility of alternative underground
technologies. At the session, additional investigation ly &pplicant and its consultants were
summarized. (Council ex. 25, p. 1)

After reviewing the results discussed at the technical sesskEMAKrevised its original conclusions and
found the additional results provided by EnerNex do sugherconclusion that 10 to 20 additional miles
of undergrounding would not be technologically feasibleouftil Ex. 25, p. 1)

C-Type Filters

A C-Type filter is a standard shunt capacitor along witkaetor, which is tuned to have a total harmonic
filtering characteristic at a specific frequency. The size of gp€-ffilter at 115-kV would be
approximately 50 feet by 50 feet. (Tr. 12/14/04, p. &3, 8

C-type filtering could be beneficial to the system regarddésbe TNA results because of their ability to
reduce harmonic impedances in areas where there are critical profiamgallow the switching in and
out of capacitor banks without shifting the harmonic impedgeaks of the system. (Tr. 12/14/04, p.
153, 154)

C-type filters operate based on the conditions of the cir€uit. 12/14/04, p. 157)

If the C-type filters were off-line there would be less damgmn the system but there also would be less
capacitance on the system, which would increase the resonance (oint2/14/04, p. 158)
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The most beneficial location to place C-type filters to redueenthgnitude of temporary overvoltages is
at locations where harmonic currents are generated, especialgsatvih auto transformers stepping up
the voltage from 115-kV to 345-kV. (Tr. 2/17/05, 4)9

If a component of a C-type filter is not properly rated teanporary overvoltage mitigation, unexpected
operational problems could result. (Tr. 2/17/05, p. 63)

C-type filters are not used for mitigation of harmonicgamsition stations. (Tr. 2/17/05, p. 64-65)

Although the use of C-type filters may be a promisinggation method for temporary overvoltages,
there is still to date no record of any established indystagtice in using C-type filters for mitigating
temporary overvoltages. The use of C-type filters woudth tfesult in significant risk in a way which
could affect customer load and power supply equipment.2(IT/05, p. 16-17)

C-type filters have been employed through the electric powesindfor a long period, but these filters
have not been used specifically to mitigate temporary overedtaghe C-type filters may be phased in at
selected locations under carefully monitored conditions imtsitas with minimal possible impacts. (Tr.
2/17/05, p. 17-18)

C-type filters have not been previously used to mitigate oeanp overvoltages in a system as large and
extended as proposed by the Applicants. (Tr. 2/17/@R))p.

C-type filters may be effectively and safely employed for gneposed 24 miles of underground
installation to reduce the overvoltages that may occur. Emeadditional five miles of underground

installation with C-type filters is not recommended, gitle® number of installations required to mitigate
the temporary overvoltages. See Appendix A. (Tr. 2/17/034-26)

The Applicants performed further studies on additional tygefdtering beyond C-type filters with GE
Energy. The studies showed that using C-type filters dvoebkult in a reduction of temporary
overvoltages after both two cycles and six cycles. Howelkergtis an inherent risk using such filters
which is magnified by the number of possible temporary @hages and the severity of those temporary
overvoltages. (Tr. 2/17/05, p. 49-50)

While computer studies indicate that the use of C-Type fittexg become a feasible technical option to
mitigate TOVSs, their use for such applications is unproweimdustry practice. Because of this, there is
uncertainty regarding their physical size, power rating, and T@t\gating performance. Therefore, the
use of C-type filters to mitigate the extensive number of $@\at could occur in SWCT is too risky and
is not technologically feasible at the present time. The inttizh of these filters should be done in a
conservative, step-wise process. As more experience is gainethevidesign and use of C-Type filters
they may prove to be an effective mitigating device in theré that may permit additional underground
cable to be installed. (Tr. 2/17/05, pp. 16-18)

Surge Arresters

Surge arresters are normally used to control transient oteagesl Surge arresters are subject to failure
from longer duration temporary overvoltages. (Tr. 2/27f0 90)

Surge arresters need to be replaced to make the 24 miles o¥/ 3#tdkrground technologically feasible
to survive some of the temporary overvoltages associatedthdthconfiguration. The Applicants will
potentially replace a total of 1,200 surge arresters in sulistaiin Southwestern Connecticut such as
Southington, Frost Bridge, Long Mountain, and East &hoAdditional studies will be performed to
identify the exact number. (Tr. 01/11/05, p. 135)
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Temporary Overvoltages (TOVS)

The maximum length of transmission underground instatidtiat is technologically feasible is limited by
the magnitude and number of temporary overvoltages (TQ\&)dre likely to occur on the SWCT
transmission system. (Tr. 2/17/05, pp. 44-46 Wake#eld Enslin)

A temporary overvoltage is defined as an oscillatory overvoltiagieis at a given location of relatively
long duration (seconds, even minutes) and that is undampexhlp weakly damped. Temporary
overvoltages usually originate from switching or fault dlegioperations or from nonlinearities, or both.
They are characterized by the amplitude, the oscillation frequerteéetmtal duration, and the decrement.
(Applicants Ex. 176, Appendix B, p. 3)

Overvoltage conditions can cause problems on a utility’s systeeh as equipment failures, overheating
or mis-operation. Overvoltages increase the magnetic flukeimtagnetic cores of equipment such as
transformers and shunt reactors, which produces heat in ahefdrmer cores, and can cause the
equipment to fail. Overvoltage can cause mis-operation of @gmip For instance, it can cause surge
arresters to fail, causing short circuits, or it can cause tipbtaakers to fail to interrupt power flow.
(Applicants Ex. 176, Appendix B, p. 4)

Using underground cable, rather than overhead design, adds capadibaa power system. This
additional capacitance changes the system “resonances” — frequencld@shathe impedance is much
higher than what would be expected without system capacitance. sBetteumagnitude of harmonic
currents during disturbances tends to be greatest at the seabtidrdrorder harmonics, resonances at
and near those levels are concerns. The point of first resomdihdee lower when there is more
capacitance on the system or when the system is weaker (lessigarardfor less transmission capacity
in the area than “normal”). (Applicants Ex. 176)

When system elements that increase the capacitance of the systEmafchbapacitors) are added, the
primary resonance frequency moves lower. Since the main solidistarbing current under fault
conditions is due to transformer saturation and the highestnts produced are at low frequencies, in
general the highest TOVs are created when the system resonaveesis IThis is the fundamental reason
why power engineers try to keep the primary resonance of thergystem from getting too low. It is
also the reason why the introduction of a large source of capeeit- such as underground cables — into a
weak transmission system raises concerns related to harmoniamesoof the system, and warrants
investigation by harmonic screening studies to identifyedgmces that could interact with low order
harmonic currents. (Applicants Ex. 176)

Certain kinds of electrical disturbances generate voltages and tsuatemagnitudes and frequencies
based on their physical characteristics. The current inrushiltpl® transformers following the clearing

of a nearby fault is the most significant, because large curatrgsveral frequencies other than the
fundamental power frequency are generated. The largest magnittiieseffrequencies occurs at low-
order multiples of the fundamental power frequency (120, &80, 240 Hertz for example) For this

reason, power engineers try to keep the primary resonance pbtter system from getting too low. A

common rule is to avoid resonances at or below the thirddmenor 180 Hz. With 345-kV XLPE cables

added to the SWCT power system, the first resonance is B80wiz, and will closely approach 120 Hz
in some configurations. Because of this, there is a concerriathiatclearing transients will produce

sustained temporary overvoltages (TOVs) which could damagepregoi and lead to outages.
(Applicants Ex. 176, Appendix C, pp. 8-9)

A safety margin of 0.25 per unit (i.e., 25 percent) forderary overvoltages is appropriate. The potential
for high temporary overvoltages increases with the amounaloie as the linear miles of underground
cable increase from 24 miles. (Tr. 2/17/05, p. 56-57)
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The Applicants have revised their original proposal to inchkeleeral mitigating measures, including the
use of XLPE cable, replacement of surge arresters, and use-k¥/58€ed equipment at substations. (Tr.
2/17/05, p. 58-59; Applicants Ex. 199, p. 3)

Acceptable vs. Unacceptable TOVs

Lower level TOVs are unavoidable on a large power systeroweler, it is clear that the existing
equipment in SWCT cannot tolerate the TOVs shown in mo#ieoflransient Network Analysis (TNA)
results — including those for Case 5. In considering timwated capability of critical system elements
could be upgraded to handle these TOVs, the ROC Groupegased to exercise engineering judgment,
with the assistance of its consultants. No system shmmildesigned with an expectation that it will be
operated for an indefinite time at or near the limit of tolerariceew system equipment, since equipment
integrity degrades slowly over time. Moreover, all of theATiModels incorporated assumptions as to
load characteristics that are necessarily based in part on engirjadgnent rather than definitive data.
In any event, these load attributes will change over timeallfirsystem conditions will change, including
the possible addition of generators and substation capadtitsb Perhaps most important, it is
impossible to be sure that the TNA studies and screens hawdigglfy identified the worst TOV cases
that the system will be required to withstand. Some marfisafety is prudent to account for system
variability. (Applicants Ex. 176)

The Applicants determined the limiting factors for TOV$&éoas follows:

Table 1
Typical 84 kV MCOV *and 235 kV MCOV* Surge Arrester Temporary Overvoltage Limits
2 cycles 6 cycles 30 cycles 1 second
115-kV (84 kV MCOV) 2.03 1.98 1.92 1.89
345-kV (235 kV MCOV) 1.85 1.80 1.74 1.71

(Applicants Ex. 176, Appendix, B, p. 21) *Maximum Ciowmibus Operating Voltage”

Together with their consultants, the ROC Group identidie@perating margin to account for the elements
of system variability to address sensitivities associateth widitional substation capacitor banks,

additional generation, and loads. The ROC Group assessed ¢helfcofmponents of the required system
variability margin individually and then derived a total margf 0.25 per unit. This defines a “safety

margin” beneath the limiting factors listed in Table 1. TBOWithin the safety margin are a cause for
concern. TOVs that exceed the safety margin are clearly unacceptgbdicgnts Ex. 176)

Expected TOVs on the SWCT System

TNA studies were performed by the Applicants, and theseestudhfirm that TOVs become higher as the

total length of underground transmission increases. Fhidué to the associated increase in system
capacitance and its tendency to lower the frequency levels afgheylstem resonance peaks. Even for
the proposed amount of underground installation (appréxmites) the magnitude of TOVs exceeds

recommended safety margins on some occasions. (Council pp.253))

Additional underground installation increases TOVs to unaabéptevels, even for an additional 5 miles
of U/G. EnerNex studies indicate the potential for exceedirgesarrester ratings on numerous
occasions. With an additional 10 and 20 miles of undergraostallation the number of such TOVs
increases further as shown in Figures 1A and 1B. See afsndx A. (Council Ex. 25, pp. 2-3))
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TOV Mitigation Options

One mitigation option that was considered and adopted facirggl capacitance was to change the type of
underground cable technology to XLPE. In their origingdligation, the Applicants proposed to use
HPFF underground cable because of its proven reliabilitg.th& Council noted in Docket 217, XLPE
cable is a newer and still maturing technology at the 345-kiagm level. However, the capacitance of
this cable is only about 60% of that of HPFF cable. Sineec#ipacitance of the system is a significant
cause of TOVs, XLPE cable can reduce the negative effect of capacitempared to HPFF cable. The
harmonic screens and TNA studies that were performed before Ge3R@Ip was formed indicated that
the Applicants original proposal, with HPFF cable, wouldldpice unacceptable harmonic resonances. A
change to XLPE cable preserves the underground route as oyigiradbsed. (Applicants Ex. 176)

After considerable deliberation, the ROC Group determined itndight of performance statistics that
have become available since the Docket 217 hearings, XLPE cablbewikliable enough for this
application, and the greater risk of employing this cable caacbepted in order to comply with the
mandate of P.A. 04-246 to maximize 345-kV underground nactgin. (Applicants Ex. 176)

Another measure that was adopted to reduce system capacitance veasave from service of one of
the Phase | cables when it is not needed. Under light and awedigaid conditions, the Bethel to Norwalk
system will be operated with only on of its two 345-KNPFF cables in service so as to reduce system
capacitance. Both HPFF cables are likely to be in operation hedey generation conditions, and may
be operated then without a problem since more local generatiold Wwe in service and far greater load
would be connected to the system acting to dampen transiehi®Cars. Even when only one cable is
operating during light load periods, the other could édtched into service following a system
contingency. (Applicants Ex. 176)

The substitution of STATCOMSs for shunt capacitors to cedsystem capacitance was considered but
rejected because the control of a large number of STATCOMs ie €lestrical proximity presents
additional design, reliability, and operational challenges.o ABTATCOM technology is not a mature,
reliable technology for this application, and its use wowtrasult in a reliable solution to the electric
needs of SWCT. (Applicants Ex. 176)

The use of various types of passive filtering was considerea pstential means of mitigating the
magnitude of TOVs. Such filters reduce (or attenuate) harnmopiedances in specific frequency ranges,
causing a directly proportional reduction in the TOVs fritvm affected harmonic resonance peaks. The
most promising filter option was the use of C-Type fdiebecause it provides damping across all the
frequencies. (Council Ex. 25, p. 2-3)

Construction

State of Connecticut Department of Transportation (DOT)

The DOT has requested that the Council allow the DOT to ragadin agreement with the applicant
regarding issues with the installation of the proposedesabithin State roadways, comparable to Phase |
(Docket 217). The DOT proposes that the encroachment agreemenimfthse 1 be used as a template
for the proposed project. (Oral Arguments Tr. 03/310200-201)

An encroachment permit issued by the DOT allows the permdtaeke installations within the highway
right-of-way under certain conditions. The encroachment pessued by the DOT, based on past time
limits, typically takes approximately three weeks to review,tlfis type of utility installation, and an
additional one to two weeks or two to issue the permitns€guently, such a permit may take one to two
months to process, and involves a full review of the coatm plans, methodologies, timing of the work,
and traffic management. (Tr. 4/22/04, p. 168; Tr. 06450232, 233)
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The DOT would be willing to allow the applicants to bunmg proposed cables at a depth of three feet if
the applicants are willing to agree to pay the relocation codfseofables in the future. The three foot
burial depth of the cable is consistent with the encroachmentragmédor Phase | (Docket 217). (Tr.
06/15/04, p. 229; Oral Arguments Tr. 03/31/05, p.)201

The encroachment agreement for Phase | (Docket 217) took naorethear to be reached. The DOT
feels that using the Phase | agreement as a template would rsavén tiinalizing an encroachment
agreement for the proposed Phase Il project. (Oral Argumieni33/31/05, p. 201)

The DOT recommends locating the underground transmission icatdlads other than state highways to
minimize the construction impact on traffic and the commur(ity. 06/15/04, p. 215)

The DOT believes secondary or town roads do not have the awiounderground utilities in them that
the state highway system has, nor do they have the tvaficne. They are better able, therefore, to
withstand alternating, one-way traffic during constructi@nr. 4/22/04, p. 174)

The DOT has asked the Applicants to avoid the use of Routéé.DOT is concerned about segments 3
and 4. (Tr. 7/28/04, p. 116-117)

On August 19, 2004, the Applicants met with representatifdise towns in segment 4 and the DOT to
discuss route options and the possibility of using sa#tlof Route 1. The Applicants then had individual
meetings with the City of Bridgeport on September 14, 284 Town of Westport on September 16,
2004, and the City of Norwalk on September 22, 2004. 09/29/04, p. 9-11)

The DOT brought forth two additional routes for consadien. Both of the DOT routes were 2.6 miles
longer than the original proposed route. The routes lileaDOT proposed are solely in residential areas.
The original proposed route along Route 1 is a combinagsidential and commercial area. (Tr.
09/29/04, p. 11, 12, p. 60)

Prior to construction of the proposed underground caldtate roads, traffic safety, traffic operations, and
mobility issues have to be resolved to allow the DOT &mniain a safe and efficient transportation system
and accommodate the cables in the roadway. (Tr. 06/15/045). 2

The DOT would recommend the Applicants consider the land usadf area to determine hours of
construction. (Oral Arguments, Tr. 03/31/05, p. 203)

Along Route 1, permissible DOT construction schedulesyaredly limited to the hours of 10:00 p.m. to
6:00 a.m. (Tr. 4/22/04, p. 170)

The DOT would require daily progress reports from theieppls. A DOT permit inspector would be on
site to oversee the general administrative issues with the p€imit06/15/04, p. 283)

Restrictions on the construction along railroad lines aremed by the operating railroad, the criteria and
requirements, of which, are established by the railroad compahtharFederal Railway Administration.
(Tr. 4/22/04, p. 151)

DOT concerns on utility construction along highways ideluoperations and safety. Route 1 in
southwestern Connecticut is one of the most heavily travebativays in the state. Along limited access
highways, which are high volume, high speed roadways; ther@tth@mny longitudinal activity near the
highway pavement. (Tr. 4/22/04, p. 155-156)

To allow access to splice vaults for maintenance, the DOT recodsntieait the vaults be located outside
of the roadway wherever feasible to avoid impact to the tratadmor system, especially during peak
travel periods. The DOT prefers the vaults must be locatethefpaved surface of the right-of-way
because cable splicing is a lengthy procedure. (Tr. 0¥2p/01; Tr. 4/22/04, p. 162)
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There is a long history of cooperation between Ul, CL&P ardXOT. (Tr. 4/22/04, p. 166)

In the case of electric transmission, a co-location agreementl@nfgitudinal installation of lines which
are permitted under appropriate DOT conditions. An encroachpeemit would still be needed if a co-
location permit is issued. Fiscal responsibilities wowdrizluded in the co-location agreement, and night
time construction limits are typically in the encroachment per(iit. 4/22/04, p. 169-170)

DOT requires open trenches to be as short as possiblae Phise | (Docket 217) encroachment permit
the DOT adopted steel plating guidelines for the constructidine cables in the roadways. (Tr. 4/22/04,
p. 171; Oral Arguments, Tr. 03/31/05, p. 201)

Additional Underground Installation

With the proposed 24 miles of underground installatitve, proposed system would incur only one
violation in the safety zone, which is acceptable. In the safatgin, there were 134 violations. The
safety margin is a cushion of .25 above the red zone. The nediz@n area of catastrophic failure of
equipment. In the Case 5+5 miles scenario, there are 195 instartbessafety margin, and 15 other
violations which the equipment is not rated for. (Tr7285, p. 108-110) (See Appendix A)

An 18-mile underground scenario would approach zero safetyirmaogations. (Tr. 2/17/05, p. 109)

The Applicants did not propose 18 miles of undergrousthilation instead of 24 miles, because an 18-
mile scenario would terminate in the Bridgeport-Stratfordaarwithout a substation to connect to
Bridgeport Energy. (Tr. 2/17/05, p. 110)

An intrusion into the red zone, where equipment capabsitgxceeded beyond the safety margin, as
shown in Appendix A, would lead to a failure of equipmentvdstream, including breakers and
transformers. This would cause large system outages2/{W/05, p. 110)

To be technologically feasible, additional underground insi@atlanust employ technology that has been
adequately proven in actual industry practice, including mitigattmporary overvoltages that occur after
transients on the system. (Tr. 2/17/05, p. 16)

An additional 10 to 20 miles of underground installatoay appear possible using only harmonic study
data; however, transient and temporary overvoltage concerns ribgat@rmonic study results. (Tr.
2/17/05, p. 18-19)

KEMA found the studies provided by the Applicants anddtssultants to be adequate to base a judgment
on whether underground installation is technologically féasifrr. 2/17/05, p. 20)

KEMA found additional underground installation beyondl @iles would result in some changes in
resonance characteristics of the system. An extension ofotvlurde miles, extending from the East
Devon substation, raises concerns on impacts to the harmonéctehnatics of the system. (Tr. 2/17/05,
p. 37)

Additional investigations of underground installation bey@4 of lengths of five, ten and 20 miles are not
recommended. Evidence to support this conclusion was fouthih vAppendix E of the final ROC
Report. (Tr. 2/17/05, p. 44-45)

The temporary overvoltage problems were found to be worseotignally expected. (Tr. 2/17/05, p. 47)
An additional underground length of three miles would bprablematic as five miles, resulting in more

temporary overvoltages exceeding the safety margin. The total teaqe&cresulting in second and third
harmonic resonance is the deciding factor. (Tr. 2/17/083)p.
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Additional studies by EnerNex showed approximately 10datians within the safety margin of
temporary overvoltages. The temporary overvoltages would exiceedjuipment rating. (Tr. 2/17/05, p.
95)

Adding any additional miles over the 24-mile undergroursdaitation would only further endanger the
SWCT system. (Tr. 2/17/05, p. 95-96)

Porpoising

Combining overhead and underground segments in the same @danobising) results in changing the
impedance from overhead to underground, resulting in additiansients added to the system which can
result in a doubling of the voltage wave which occurs whenitibcaakers are closed. XLPE systems
must be extremely well grounded to minimize the voltagesappéar on the sheath of the cable. (Tr.
2/17/05, p. 96-97; 6/1/04, p. 238)

Splitting up the 24 miles of underground installatioio ivarious separate segments would add complexity
to the system. (Tr. 01/11/05, p. 62)

Having any cable system connected directly to East Devon, Sorgeorwalk substations, which have an

extensive ground grid, would be the preferred engineeringi@olulnstalling a section of cable between
two overhead transmission lines adds risk and compleXitys makes it more difficult to identify where a

fault is located. No re-closing of current breakers can ta@epintil the site of the fault has been clearly
identified. (Tr. 2/17/05, p. 30, p. 41, p.97-98)

A key issue with underground installation, and especiallpgising, is the switching transients associated
with the operation of the system. Full transition statiaith switching capability would be necessary.
(Tr. 06/01/04, p. 238, 239)

Porpoising a transmission line may increase the risk @hibly by creating a weak point. The weak
point is typically the hardware where the conversion is made @reerhead to underground and at the
opposite end from underground to overhead. Transitiofiossatvould consist of individual circuit
breakers and/or shunt reactors at each terminal. Constructicamsition stations would require four to
eight acres of land. (Tr. 06/15/04, p. 156; Tr. 6/020421; 6/03/04, p. 9)

Vaults

A vault is a buried concrete enclosure where underground cableaendpliced and cable grounding is
installed. To determine the distances between vaults in undadymostallation, factors to be considered
include subsurface data of what infrastructure is in the pfatheoline, the curves in the roadway, and
depth below infrastructure. It is preferred that vaults afmid-way intersections by going on one side or
the other of the intersection. The Applicants would locatedlts so they would have minimum impact
on the community and traffic. (Tr. 4/22/04, p. 8-1@phcants 1, Vo. |, Glossary, p. 8))

Horizontal Drilling and Boring

The Applicants are considering two trenchless techniques forgoonder rivers, horizontal directional
drilling and boring and jacking. (Tr. 4/20/04, p. 157)

HDD is a surface-to-surface process. Equipment is set ulpf &gqle is drilled and then reamed out to an
appropriate size, and the duct or pipe pulled into the Hbis.a “steerable” drilling process. (Tr. 4/20/04,
p. 158-159)
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Boring and jacking involves construction of pits on eitlside of the obstacle and then thrusting and
simultaneously installing pipe by use of a jacking procesam auger to bring spoil out or some type of
slurry system to make a small tunnel. A 60-inch tunralld/ be bored with a pipe casing. (Tr. 4/20/04,
p. 159-160)

For HDD, two separate 36-inch holes would be drilled and eacitdvweontain three eight inch pipes. To
facilitate pulling the pipes through the hole, the actual hmalst be 150 percent larger than the diameter of
the pipe being installed. (Tr. 4/20/04, p. 160)

If the soil is composed of larger grain material or gravdl@bble, pipes could get stuck during pull-back
requiring pulling the pipes out of the hole. (Tr. 40/p. 161-163)

In HDD, while the pipe is being reamed out, bentoniteidglimud is pumped in. This allows the pipe to
be pulled through sand or cohesion-less soil while inid ftate even if the hole collapses. The depth is
designed to be a minimum of 15 feet. (Tr. 4/20/04, f-163)

It is possible for drilling mud to migrate upward inkee body of water above it. (Tr. 4/20/04, p. 167-168)
The depth of jack and bore would be 8 to 10 feet below therway. (Tr. 4/20/04, p. 163, p. 168)

Heat dissipation can be a problem in a jack and bore or H2atipn. In HDD, there would be two
bores, each containing one of two cable lines, about 15 tee2@part, greatly reducing the heating effects
and thereby maintain the rating of the cable. (Tr. 4/2@/0#69-170)

HDD typically is drilled at an angle of 10 to 14 degreesmfthe horizontal at a depth of about 40 feet
from the river surface. (Tr. 4/20/04, p. 174-175)

CL&P transmission lines in state roads include: 0.25 milel1b-kV XLPE cable from the Exeter
generating plant along Route 14 in Plainfield; a 69 kV HE&lble connected to SCRRRA in Preston for
2.25 miles along Routes 12, 2A and 117; and one mild%kY ethylene propylene rubber cable in New
London along Route 32. No contaminated soils were discowertbese projects. (Tr. 4/20/04, p. 178-
179)

The cost of an underground line ranges from $8,500,00Q,&v0,000 per mile. (Applicants 1, p. I-4, I-5,
Applicants 172)

Split-Phasing

Split-phase consists of dividing a single circuit in a wagt equal amounts of current flow on the
conductors in parallel and that the phasing of these condw®mdjusted to maximize cancellation of
magnetic fields. (Tr. 5/12/04, p. 51; Tr. 7/27/0439-40)

The use of split-phasing is an accepted industry practiceerfausthe past 15 years throughout New
England and the United States. The reliability of splagihng has been proven in thousands of miles of
transmission lines across the nation, although not spebificalmagnetic field mitigation. (Tr. 2/17/05,

p. 104-105; Tr. 5/12/04, p. 50))

Costs of optimized split-phasing include the additionaldutors required, the size of the pole, and the
size of the foundation. (Tr. 7/27/04, p. 179)

The only place optimized split-phasing may not be possibile locations with severe angles, or in going
from a split phase to two separate vertical structures. {27/04, p. 181-182)
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The negative impacts of split-phasing in this project wanldude the increase of the height of the
structures, the bulk of structures and the increase in cost,deetwami circuits would have to be built rather
than one. (Tr. 05/13/04, p. 139)

Split-phase can be used for an indefinite length and ibssiple to transition back out of it, for either a
short length or a much longer length. The transitiotd-lme rather than at terminals, into and out of
split-phasing of the lines would require approximately thspans of structures, or 2,500 feet. (Tr.
7127104, p. 82-83; Tr. 02/17/05, p. 199)

Optimized split-phase has been used by a utility in New Ydrrkwould be expected to be as reliable as a
double-circuit line, and is very similar to a double cirduie with three wires on each side of the

structure. Split-phase lines show reductions in EMF lemets match calculated levels. (Tr. 7/27/04, p.
61-62)

There are currently no split phase installations of trangmnisnes, for mitigation of EMF, in
Connecticut. (Tr. 5/12/04, p. 50; Tr. 05/13/04, p5)13

In the EMF calculation model, the variables include the condgetometry and current magnitude. (Tr.
7127104, p. 203)

A slight increase in line outages may occur if split-phastngnplemented, as it could increase the
chances of an insulator flashover. (Tr. 7/27/04, 207-208)

The Connecticut grid has instances of split-phasing thrdwgldled circuits from Frost Bridge to Devon.
When the two circuits were bundled, the current split. {&7/04, p. 215-216)

In an AC system, each of the phases is 120 degrees ouas¥ plith each other in a 360 degree vector
notation. Each phase in a transmission line is determipéid bonnection to equipment at a substation.
(Tr. 7/27/04, p. 216-217)

The 27.7GW case assumes the worst possible stressed cagemmimum generation on-line in SWCT,
resulting in maximum currents flowing on the 345-kV antb-kV systems to meet SWCT load
requirements. (Tr. 7/27/04, p. 230-231)

Peak electrical usage in New England typically occurs in summgrgdilhe daytime. The winter peak
typically occurs at night. (Tr. 7/27/04, p. 238)

Municipalities and Communities

Durham

There are a total of 15 residences along the ROW in Durham@Gtddrhigher, calculated at the 15GW
load level. (Tr. 2/1/05, p. 139, p. 167, p. 205)

The Applicants has identified one home at 15 Packing HouseRd#ld which encroaches onto the
existing ROW. The Applicants have not identified any othemes encroaching onto the ROW, as
determined by the use of aerial photographs. (Tr. 2/1/05,3172)

Royal Oak Bypass

The Royal Oak subdivision neighborhood is located in ththam portion of Durham and the southern
portion of Middletown. The project as proposed by theplispnts would follow the existing ROW
through the subdivision for a distance of about 3,000 f@at.06/02/04, p. 27, p. 225)
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The Applicants investigated a route that would bypass the Riglaineighborhood beginning on June 2,
2004. There is adequate space to take the 345-kV line to ttheaidhe Royal Oak neighborhood and
south of another development, through a hardwood foré€ke bypass would require the clearing and
crossing of seven acres of wetlands. This bypass wouldchbes aight-of-way, which would have to be

cleared. (Tr. 06/02/04, p. 27; Tr. 7/27/04, p. 59;,08/31/05, p. 265)

The bypass of the Royal Oak neighborhood would be locatdtiddletown and Middlefield and totals
1.1 miles. There are three structures within 300 feet of dyalRDak bypass. ((Tr. 10/14/04, p. 32, 33;
Tr. 06/02/04, p. 226, 228; Applicant 163, aerial phadpbs, map 2 of 13)

The Royal Oak Bypass would be just as reliable for theqgsexp facilities as the proposed route. (Tr.
06/02/04, p. 230)

The Royal Oak Bypass would be a new ROW with split phaSe&®84only. A split phase 115-kV would
remain on the existing ROW. (Tr. 2/1/05, pp. 149-151)

The 115-kV line could be rebuilt and split-phased onsingle monopole. The bypass for only the 345-
kV line would be 125 feet wide or 165 feet for both thB-3hd 115-kV lines. (Tr. 2/1/05, pp. 149-151)

If both the 115-kV and 345-kV lines were placed on the gaohe with one line on each side, a 105-foot
structure would be used. The 115-kV line could be plaretbrground for a total distance of about one
mile. (Tr. 2/1/05, p. 155-156)

If a 345-kV line is placed on the bypass alone, a 150-folet would be needed for split-phasing. (Tr.
2/1/05, p. 157)

The diameter of a 150-foot pole would be between six and fEghat the base. A 190-foot pole would
have a diameter of approximately 10 feet at the base. (Tr. 2(1/063-164)

If the bypass is used for the 345-kV line, the existing-kY line could either be reconstructed with a split
phase configuration and remain where it is or follow the y/paste. (Tr. 09/28/04, p. 158, 159, 164)

Two H-frame structure 115-kV lines now constitute one dircuihe Royal Oaks area. The H-frames are
about 57 feet tall. The 115-kV line could be placed undengrau the streets, and the H-frames removed
from the ROW, which is 125 feet wide. (Tr. 2/17/05, pp3-234)

The calculated magnetic field for the existing 115-kV line.B @G on the southeast edge of the ROW
and 13.9 mG at the northwest edge. (Tr. 2/17/05, p. 235)

The low magnetic field design, with split-phase 345-kV & 18140 feet above ground, would be 6.2 mG
at both sides of the ROW. (Tr. 2/17/05, p. 235)

The Royal Oak Bypass is supported by the towns of Middglet@urham and Middlefield. There is an
agreement in place since 1997 between the residents of Royal CdikiSab and Northeast Utilities to
preserve vegetation along this unique ROW in this area. Pppécants do not oppose construction of the
Royal Oak Bypass. (Brief of City of Middletown, 3/16/@b 6; Tr. 2/27/04, p. 59; Tr. 3/31/05, p. 218, p.
221, p. 263)

Wilson Parcel

Linda D. Wilson owns a fifty percent interest in a parcebofllin Durham and Middletown. South Main
Street Irrevocable Trust holds a 50 percent interest in theoWVpsrcel. The Wilson parcel is zoned
residential. The Wilson’s sought approval for a 25 loidestial subdivision in 2004. The final
subdivision plan was submitted to the Middletown InlanétMhds agency in November 2004. (Tr.
1/19/05, pp. 34-35, 61-63; Wilson 3)
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The proposed subdivision plan includes 25 lots and isvkras Majestic Oak Estates. (Tr. 1/19/05, p. 63)

An existing 125-foot wide electric utility ROW runs tiwgh the Durham portion of the Wilson parcel, part
of the ROW used for existing overhead lines extending tirdlig Royal Oak subdivision. (Tr. 1/19/05,
pp. 79-80; Wilson 2)

Wetlands on the subdivision include lot numbers 25, 1822, 11 and 22. (Tr. 1/19/05, p. 66)

The Wilson property is predominantly forested. Placirgygloposed ROW through the Wilson parcel
would require clearing a new 125-foot wide ROW throughvwtheded parcel of a potential 165-foot wide
ROW, if two lines are installed on the ROW. (Wilson &;719/05, p. 115; Tr. 2/1/05, p. 154)

Mr. Wilson has indicated to the Applicants that he doesuwaoit any construction on his subdivision, but
has no objection to use of the present ROW. (Tr. 1/19/0B5)0)

Middlefield

The proposed route, from Oxbow Junction to the proposskdk Switching Station is shorter, less
expensive, and a more reliable route than a suggested “nortbate/. The Northerly Route would
require the location of four 345-kV circuits along a comm@WRbetween Chestnut Junction and Black
Pond Junction and between Black Pond Junction and the pobpaeseck Switching Station. (Applicants
90, p. 14)

Black Pond Junction and Beseck were both considered as s\itthtion sites. There is insufficient land
available at Black Pond Junction owned by the Applicants totrembs switching station. CL&P owns
52 acres of land at the Beseck site. (Applicants 90, p. 18)

Black Pond Junction borders Cockaponset State Forest antthisgstation there would be visible from
the Mattabessett Trail and from nearby Mt. Higby. (Applic&dtsp. 19)

Meriden

The proposed route through Meriden would run from BlagkdRlunction to East Meriden Substation, 1.4
miles; and then another 0.9 miles to the Wallingford tane | (Applicants 1, Vol. I, p. I-14)

Meriden identifies two statutory facilities adjacent to the RO®Wday care facility, and a girls’ softball
complex. (Meriden 1, pp. 2-3; Meriden 2; Meriden 3; Tr8105, p. 82-83)

The Connecticut Baptist Convalescent Home (60 bed facilityafi@ated independent living housing
units and a 30 unit condominium complex on Thorpe Avenidddriden are adjacent to the ROW. Also,
an estimated 54 residential structures are within 300 feetadutermost conductor (Meriden 1, pp. 2-3;
Meriden 2; Tr. 1/18/05, p. 82-83)

The City of Meriden suggests an alternate route, Research Pavidaiely,is 0.3 miles to the west, parallel
to the proposed route. There are no residences or staatoiyes along this alternate route and the City
suggests the lines be undergrounded and relocated along Rese&veqyReithin the City of Meriden
ROW. The City holds a 60-foot ROW along this road.efidlen 1, p. 4; Tr. 1/18/05, p. 84-85)

Milford

The proposed transmission line ROW extends 5.5 milesghrilford. (Tr. 6/3/04, p. 231)
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In Milford, the Applicants would remove the two H-framesl dhe lattice structure that exist today, and
install a 135-foot tall split-phase 345-kV line and a dewircuit 115-kV line. Lowering the structures by
30 feet would result in no greater than 6mG at the edge &®®@W, which is 165 feet wide. (Tr. 2/1/05,

p. 201)

Eisenhower Park is Milford’s largest open space and recreatiaraklp including ball fields, a
playground, tennis courts, equestrian area, picnic area, and hikils. (Milford 15, p. 2)

In the Eisenhower Park ball field, a statutory facility, gsiow magnetic field design, magnetic field
calculations yield levels of 4.3mG in the center and movintpéonorthwest side in 25-foot increments,
the levels would go from 4.3 to 5mG, 4.5 to 2.9mG atdtige of the ROW based on a 15 GW line load.
(Tr. 2/1/05, p. 202-203)

The City of Milford is concerned that the restrictive buffene limitations associated with the proposed
project would bisect Eisenhower Park, separating two recreatiogas from each other. (Tr. 1/18/05, p.
5)

There are now three rows of electric transmission line structuossing Eisenhower Park, bisecting the
park. The Applicants proposal would result in to twosoWTr. 1/18/05, p. 65)

A 300-foot buffer zone, with acquisition of that buffer eoloy the utility, would disrupt any plans for
Eisenhower Park. Bisecting the park into two parcels washdigt the park. (Tr. 1/18/05, p. 69)

A large well functioning vernal pool is located near a polde removed and another vernal pool and
amphibian breeding area are located adjacent to the transmission F@W/1/04, P. 113; Milford 11, p.
11)

Approximately 2.8 acres of wetlands in Milford would be tenapily disturbed and approximately 1.4
acres of wetlands would be permanently filled. (Milford g4, 10-11)

The City of Milford proposed installing approximatelys 3niles of underground cable from East Devon
Substation to a transition station site. The City idieatiseveral possible transition station sites, including
a 66 acre parcel owned by the city near Eisenhower Park. (Adpli@anp. 2, 97a; Tr. 1/18/05, pp. 43-

46, 50; Milford 14)

Stratford

In Stratford, the line would pass about 70 feet from aadbhailding (S-101 on the maps). Steel plating
over the proposed underground line in front of the sclvoald be possible. (Tr. 2/1/05, p. 270-271)

Wallingford

If the existing line is left in place, and a 345-kV delta giess used for the new line, the magnetic fields
would be 4.2mG at the southeast edge and 21.2mG on ttevast edge. If two H-frames were used as
proposed, the magnetic fields would be 15.9mG on the sasitledge and 27.8mG on the northwest edge.
(Tr. 2/1/05, p. 184)

A 115-kV H-frame line exists in Cross Section 6 (westhe driginal proposal had one monopole with the
345-kV line on one side and the 115-kV line on the othddsing a low magnetic field design would
require a two-pole structure, with the split-phase 345-k¥ tin one structure and the relocated 115-kV
line on the second structure. Existing magnetic fields ara®.8n the southeast side and 2.4mG on the
northwest side. The original configuration would have teduln 5.1mG on the southeast side and
12.4mG on the northwest side. (Tr. 2/1/05, p. 186187
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In Wallingford, in the Valley View Drive area, the existinglgmare double H-frames 57 feet high. The
application design is for a 140-foot monopole design ®#b-kV and 115-kV on one pole. The low
magnetic field design would employ a 182-foot pole to gedtiexj houses within the 6mG level. The
higher pole could be moved farther from existing homesdaratka. (Tr. 2/1/05, p. 189-191)

The lowest engineering height achievable in this area is 117(feet2/17/05, p. 185)
The existing H-frames in Cross Section 6 are about 57 iget IiTr. 2/17/05, p. 190)

The 182-foot tower would be a composite monopole, with3##tekV circuit on one side and one 115-kV
circuit on the other. (Tr. 2/17/05, p. 194)

The base of the composite monopole would be 8 to 12 fe@nmeter, and the footing would be 12 to 16
feet in diameter. (Tr. 2/17/05, p. 195)

A transmission tower now on Beseck Mountain is approximaiel feet high. Any low EMF design
replacement tower in this location would require a 112 doaiposite monopole. (Tr. 2/17/05, p. 196)

The low EMF design would produce a magnetic field of 6 m@&ss at the nearest house. (Tr. 2/17/05,
pp. 197-198; Applicants 202)

In order to move from a best design to a low magnetic figlcttsire, a transition must be made with a
number of structures, and structure shifts must be accommodatede spans on either side would be
sufficient. (Tr. 2/17/05, p. 199)

The EMF levels provided were calculated at the lowest conduxtitret closest point of a house. (Tr.
2/17/05, p. 200)

Westport

The proposed route along Route One in Westport woula il ©f the site of a former landfill bordered
by the Saugatuck River and Deadman’s Brook. The Applicant&lwonsult with the EPA and the Town
Engineer to avoid this site. (Tr. 4/20/04, p. 217-218)

It would take an estimated five days for construction teaged along a 650-foot section of Lincoln Street
in Westport. The Applicants would ensure residences have acaass aut of their homes. Adjacent to

the end of Lincoln Street either a receiving or jacking pit @dnd installed to accommodate construction
of the Saugatuck River submarine crossing. (Tr. 4/2Q2a@-,222)

There would be minimal disruption on Riverside Avenue in tp&s because the boring would go under
Riverside Avenue. The bore activity would take approximdeteeks. (Tr. 4/20/04, p. 223-224)

The Applicants would be working 24 hours a day to place the m subsurface soils beneath the
Saugatuck River. The residents likely would notice the cart&iruon Lincoln Street, as engines would
be running and equipment lights kept on at night. THindrrig is planned to be placed on the west side
of the Saugatuck River. (Tr. 4/20/04, p. 225-226)

To accommodate the work in the Saugatuck River crossing inp@festhe Applicants would consider
placing some of the affected residents in local hotels duringtremtion when the noise is greatest. (Tr.
4/20/04, p. 229)

Before starting, the Applicants would have open discussigtisthe towns concerning the best ways to
proceed with the least disturbance. (Tr. 4/20/04, p. 220-23
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For the Saugatuck River crossing, the Applicants did coniideuise of Burr Road versus Lincoln Street;
however, Burr Road is much steeper. They also consideredesfadimer along Riverside Avenue, which
is a busy street. (Tr. 4/20/04, p. 239-240)

The maximum distance for HDD is about 7000 feet. (Tr./0&20. 240)

Depending on soil conditions, a 5000-foot river crossimay take three to five months. (Tr. 4/20/04, p.
240)

In Westport, a day care center (142 on map) is about 60 feetliie proposed line route. (Tr. 2/1/05, p.
277-278)

Woodbridge

The Town of Woodbridge submitted to the Applicants a psed underground route along Town roads,
including locations for two transition stations in thenficto enable the line to be “porpoised”. This Town
proposed route would result in approximately 3.4 mileanaferground installation in Woodbridge. (Tr.
6/15/04, p. 189; Letter from David Ball to Applicants da&#5/04, Supplement to Town’s Municipal
Consultant Comments)

The Town’s proposed 3.4 mile underground route woulcetragrth from Johnson Road to Pease Road,
east on Route 114, across Route 63, then north on Cedar &®oRoute 63, reaching CL&P owned
property near the intersection of Route 63 and Clark RoaettefLfrom David Ball to Applicants, dated
May 25, 2004)

The purpose of the proposed Town of Woodbridge Routdduae to avoid placing overhead lines at the
B'Nai Jacob/Ezra Academy and the Jewish Community Center6/{B/04, p. 191; Woodbridge Ex. 17;
Tr. 1/20/05, pp. 13/16)

The Town of Woodbridge has proposed a transition statear the intersection of Clark, Cedar and
Amity Roads where CL&P already owns property. Another itiansstation would be located on 180

acres of property owned by the Regional Water Authority utl8on Woodbridge which the Town is in

the process of purchasing. (Tr. 2/1/05, p. 211; TK/64, pp. 191-192)

The Town’s proposed route would be designed to avoid impgacWetland Number 133, four vernal
pools, and a habitat of the eastern box turtle. (Tr. 6/3/84timony of Christopher Allan of Land Tech,
pp. 227-228, pp. 230-231)

Jewish Community Center

An existing CL&P ROW crosses the property of the Jewism@unity Center of Greater New Haven
(JCC) on which there are existing 115-kV transmissioaslin Both the ROW and transmission lines
traverse through the JCC property at Amity Road in Woddpti (Pre-filed testimony of Witkin, 1/13/05)

The JCC’s main building is approximately 45 feet from thgeedf the existing CL&P ROW. Two
playgrounds used by children attending the JCC are appr@yméh feet from the ROW. The JCC
currently has 3599 children enrolled who are under agePr@-fijed Testimony of Witkin, 1/13/05)

The JCC prefers the line be placed underground. Placing heagraway from the JCC building, would
place it directly over the day camp, playing fields, picnic azemp building, and pool area. About 400
children attend their day camp daily in the summer. Creatiog in the line may require moving the day
camp. (Tr. 2/17/05, p. 160-161)

If the lines cannot be placed underground, the JCC notehiéhApplicants own land adjacent to the JCC
property well within the buffer zone of the proposed need. If the Applicants could move the JCC
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Camp, they could place the lines as proposed, and the cam@@nolidding would both be far enough
away from the lines. This would be the JCC’s next preferajftion. (Tr. 1/20, p. 39-41)

When asked whether the JCC would prefer putting the line dioslee building or closer to the day camp,
the JCC responded that they would prefer that the line ram#ie ROW at a point that is as close to the
centerline as possible. (Tr. 2/17/05, pp. 164-166)

The JCC wants a buffer zone of at least 300 feet from all argae eBmp and the building due to their
safety concerns. (Tr. 1/20, p. 43)

In the vicinity of the JCC property, the Applicants pragpts construct 135-foot poles to hold the 345-kV
lines and 105-foot poles to hold the two 115-kV circu(fér. 1/20, p. 212)

The JCC asked the Applicants if the right-of-way could loged farther away from their facilities. One
option would be a jog in the right-of-way, moving arther away from the JCC facility itself. Another
option was moving the right-of-way as far back along thgeeof the JCC property as possible. (Tr.
7127104, p. 99)

Option A would shift the ROW to the west over a swimnogl. Option B is a jog in the ROW to move
the ROW away from the JCC building by using the inf@ddtion of a ball field. Assuming split-phasing,
the magnetic field at the pitcher's mound would be 4.4 m@GfbB5-foot tower for the 345-kV line and
110-foot tower for the 115-kV line, based on a 15 GW leadl. (Tr. 2/1/05, p. 221-222; Tr. 2/17/05, pp.
160-168)

In Option B, at 25 feet from the pitcher's mound moviagard second base, magnetic fields would be
5.6 mG, then decreasing to 4.6 and then 2.9 mG in center{ietd2/1/05, p. 225-226)

The JCC building is approximately 60 feet from the exisR@V. (Tr. 2/1/05, p. 241)

The JCC bypass would relocate a day camp (Option C), andhad the existing JCC day camp could be
relocated to the property south of the JCC property. Theecaf the JCC day care facility would be

approximately 270 feet from the relocated ROW on Option ke Applicants are uncertain as to whether
an existing day camp on the JCC property can be relocatech@@eacre parcel adjacent to the ROW.
(Tr. 2/1/05, pp. 207-208; pp. 244-246)

The magnetic field at the corner of the building from thecatled ROW would be less than 0.1mG. Both
options A and B, which are closer, are also at 0.1mG. 2(Tf05, p. 246-247)

Option C was presented by the Applicants at the request@fad@ would shift the ROW west over the
outfield of the ball field. Options A and B were at thguest of the Council. Options A, B, and C are not
supported changes by the Applicants. The Applicants fiqdo® C, which would cross over the pool,
less desirable. Relocating the pool and other facilities woanddtitute a great cost to the Applicants. (Tr.
2/1/05, p. 256-257)

Electric fields from a 345-kV line would be a concern for akipgr area more than magnetic fields,
especially for higher vehicles, such as a bus. (Tr. 2/p/@%51, p. 263-264)

To place a ball field directly underneath the 345-kV lines,X8C would have to request a waiver from
the Applicants. (Tr. 2/1/05, p. 259)

The JCC currently has a waiver to use its parking facilitthenrROW. The impact of locating a 345-kV
line over the parking area would have to be re-investigated 2(V05, p. 260-261)

The Applicants would prefer to keep the existing ROW in th€ &rea and employ prudent avoidance
technigues such as low magnetic field designs, including inogegsile heights by up to 30 feet.
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However, Options A, B, and C are all considered buildablepitdesncreased costs. Based on the
evidence, the Council finds use of the center of the ROW withnhagnetic field design to be prudent.
(Tr. 2/1/05, p. 257-258)

B’Nai Jacob/Ezra Academy

Congregation B’Nai Jacob is located at 75 Rimmon Road imdbadge and has approximately 400
students. Ezra Academy has 227 students. (Pre-filedmicestiof Waynick, et al, dated 1/13/05)

A ROW of four existing 115-kV lines in a ROW currgntrosses the B’Nai Jacob/Ezra property, crossing
over a basketball court, sports field and a preschool naturd fieThe school's classrooms are
approximately 60 feet from the edge of the ROW, and a maygl is directly adjacent. (JCC 14, 1-26-
05)

The B’Nai Jacob/Ezra Academy first preference is that the pedplises be buried underground in the
middle of the existing ROW across the campus. Their sec@fdrence would be to have the overhead
lines relocated away from the daycare and school facilities as fasaible on the B’Nai Jacob property.
The Reis property, an undeveloped parcel to the north, is eacedhby a portion of the existing ROW,
and B’Nai Jacob/Ezra suggests moving the ROW onto thjsepty. (JCC 14, 1/26/05)

If the existing ROW were moved onto the Reis propettyould be about 350 feet from the edge of the
ROW to the corner of the building. The magnetic field widug about 0.1mG at the building edge using a
split-phase configuration. (Applicant ex. 73, p. 13;2/11/05, p. 248-250)

Homes on a cul-de-sac on Twin Brook in Woodbridge ® ribrth would be about 180 feet from the
relocated line. (Tr. 2/1/05, p. 250)

The Applicants approached the property owner of an adjacent pactaekked about relocating the ROW
entirely onto their property. The owner, Mr. Reis, indicdteds not interested in changing the easements
that presently exist, due to residential development plans2/05, p. 209-210)

The Applicants have offered a deviation from the existing +idvtay to be relocated roughly to the north
side of the Ezra Academy and B’Nai Jacob property. The magretiofould be approximately 0.1 mG
at the nearest edge of the building using a split-phase ooatign. Based on the evidence, the Council
finds relocating the overhead lines away from day care and|deleilities as far as possible on the B’Nai
Jacob property to be prudent. (Applicant ex. 73, p. Tr1;10/14/04, p. 69; Applicant 163, aerial
photograph, p. 10 of 13)

Electric and Magnetic Fields

The Applicants transmit electricity in the form of an altenwaturrent (AC) operating at 60 hertz (Hz),
meaning the power flows at 60 cycles per second. Electric fietdproduced by voltage and increase in
strength as the voltage increases. The electric field is expressatts of volts per meter (V/m) or
kilovolts per meter (kV/m; 1 kV = 1000 V). Most objedteluding fences, shrubbery, and buildings
easily block electric fields.  (Applicants 1 Vol. 6, p.GQuncil’s Administrative Notice 2, pp. 4-5; Tr.
06/03/04, p. 56)

Magnetic fields result from the flow of electric current thdowgconductor and increase in strength as the
current increases and the distance from the conductor decreases.trefigéh sof magnetic fields is
commonly expressed as magnetic flux density in units calleslsg#&t), or Tesla (T). In the case for 60
Hz, an extremely low frequency, a fraction of these units e&d 4G=1000 milligauss (mG) and
1T=1,000,000 microtesla (uT). The conversion from miclatesmilligauss is 14T = 10mG at 50Hz or
8.33mG at 60Hz. (Applicants 1 Vol. 6, p. 3; (Councdministrative Notice 2, pp. 4-5; Tr. 06/03/04, p.
56, Ex. 183)
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Current in a transmission conductor will be determined byorey other things, the load (customer
demand) that is being served at a given time, and the locattbe eburces of the generation that is being
dispatched to serve that load. (Applicants 156, p. 2)

Magnetic fields from overhead transmission lines attenuate distance and achieve levels similar to
background levels found inside or outside the home at a déstnapproximately 200 to 300 feet from
the power line depending on the current in the line pp{iants Administrative Notice 1, Tr. 01/05/05, p.
105, 106; Tr. 2/1/05, p. 251; Tr. 05/13/04, p. 55)

The magnetic fields expected to be associated with the propusdicad and underground transmission
lines are similar to those present along transmission lates/tin Connecticut and throughout the nation,
and comparable to those produced by other sources of expssite,as household appliances and
distribution lines. (Applicants 1, Vol. 6, “Electric aMhgnetic Field Assessment: Middletown-Norwalk
Transmission Reinforcement,” p. 4, p. 82; Applicants 190)

At a 300-foot distance from transmission lines exposwasd be basically at background levels. The
Connecticut Department of Public Health (DPH) is focused nmorethe EMF level at residential
properties than the 300 foot distance from the transmisises (Tr. 10/14/04, p. 143, 145, 146)

Over the last 30 years, research efforts to investigate suggettiat magnetic fields may cause adverse
health effects, particularly childhood leukemia, has not prodscieatific or medical evidence to support
this conclusion. The weight of the evidence by multidisegrly national and international scientific
panels of scientists that have reviewed the totality of the Ed€&arch, including the National Institute of
Environmental Health and Sciences (NIEHS); the National Acadeim$c@énces (NAS); (United
Kingdom) National Radiological Protection Board (NRPB); lttealth Council of the Netherlands (HCN);
and the International Agency for Research on Cancer (IARQ)ptisupport the assumption that EMF is
harmful. (Applicants Administrative Notice 18, 19, 20, 2B, 24, 25; Applicants ex. 1, p. 81-105;
Applicants ex. 40; Applicants ex. 169; Applicants ex. 188uncil Administrative Notice 3, 4; Council
ex. 5; Ezra Academy et al 1, appendices)

Dr. Phillip Cole testified that for many years, a successioBMF studies have each shown a weaker
relationship than the previous ones, until the periodd8011995. All of the studies afterward, including
national collaboration studies in the US and UK have fatesupport a relationship between EMF and
childhood leukemia. (Ezra Academy et al. 1, appendix #8; M5/, testimony of Dr. Cole
(Applicants), p. 28-29)

Dr. Cole testified the most recent meta-analyses have conclbhded tcausal relationship cannot be
established for EMF and cancer, and that if there is any associawill be extremely small, extremely
rare, and extremely difficult to establish. (Tr. 3/254@4fimony of Dr. Cole (Applicants), p. 29)

Dr. Gary Ginsberg testified the single largest study was Uhited Kingdom (UK) study of 2,000
enrollees which found a negative association of childhood leakeiith EMF exposure. (Tr. 5/12/04,
testimony of Dr. Ginsberg (DPH), p. 146-147)

Dr. Ginsberg testified the UK study found no associatietwben EMF and childhood leukemia. The
study has little statistical power to determine whether expesaver 4 mG are associated with an
increased risk of childhood leukemia. The Greenland and Ahibeta-analyses suggest positive findings
for exposures above 3 or 4 mG. (Ezra Academy et al. 1, app&id] #18; Tr. 06/17/04, testimony of Dr.
Ginsberg (DPH), p. 10-13)

Dr. Ginsberg testified two meta-analyses both found a relgtamall but significant association between
EMF and childhood leukemia. These studies were Ahlbom 20@0Q, and Greenland et al, 2000. (Ezra
Academy et al. 1, appendix #17, #18; Tr. 3/25/04, testinodmyr. Ginsberg (DPH), p. 317)
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Dr. Cole testified the meta-analyses which have been completedshaven that there is a weak
inconsistent relationship at best between EMF from powes land childhood leukemia. (Tr. 3/25/04,
testimony of Dr. Cole (Applicants), p. 95)

A meta-analysis by Ahlbom of the risks of acute lymphacytiukemia considered three levels of

magnetic fields: less than 2.0 milligauss (mG), 2.0 @G, and greater than 4.0 mG. The relative risks
were 1.08, 1.12, and 2.08, respectively, meaning no dosensespelationship was evident. (Ezra

Academy et al. 1, appendix #17; Tr. 3/25/04, testimonyrofddle (Applicants), p. 197, p. 199-200)

A meta-analysis combines epidemiology data sets from diffetedies to increase the number of exposed
and unexposed individuals so that more than one studsliésl rupon. (Tr. 5/12/04, testimony of Dr.
Ginsberg (DPH), p. 140)

In the Ahlbom (2000) study, exposures of 4 mG demorestnaiative risks near the no-effect level. For a
very small proportion, (0.8 percent) of subjects exposemagnetic field levels above 4 mG, the data
show a two-fold increase which is unlikely to be due to remdariability. Ahlbom stated the explanation
for the elevated risk estimate is unknown, but selectionrbéashave accounted for some of the increase.
(Ezra Academy et al. 1, appendix #17; Tr. 5/12/04, testinodby. Ginsberg (DPH), p. 147-148)

The Ahlbom Study (2000) used 3 mG as a cut point betwemse tubjects who are more highly exposed
and those who are lesser exposed, and found an odds rat8Y dbdthose exposed to greater than 3 mG,
which Dr. Ginsberg testified is statistically significarfEzra Academy et al. 1, appendix #17; Tr. 5/12/04,
testimony of Dr. Ginsberg (DPH), p. 176)

The Greenland meta-analysis stated trend analyses indicate tleaatbesome associations comparing
fields above 3 mG to lower exposures, although Greenlamadfthere are as yet insufficient data to
provide more than a vague sense of its form and possihieesouThe Greenland analysis had an average
level of exposure of 5.8 mG and an elevated odds ratio of ¢toswvo. (Tr. 5/12/04, testimony of Dr.
Ginsberg (DPH), p. 177; Ezra Academy et al. 1, appendix B1&/12/04, testimony of Dr. Ginsberg, p.
148)

Dr. Leonard Bell testified that all of the meta-analyses hawesha statistically significant association
between leukemia and EMF values above 2 to 3 mG. (Tr. 1/2@€ttmony of Dr. Bell (Ezra Academy
et al), p. 148)

Dr. Bell's analysis of a study originally conducted by Graadlshowed that magnetic field exposures at
the 2 to 5 mG range, there was a statistically significanped@ent increase in the risk of leukemia in

children. In the 3 to 5mG range, Bell found a statisticgsitipificant 80 percent increased risk of leukemia
in children. (Tr. 1/20/05, testimony of Dr. Bell (Ezraad&lemy et al), p. 149-150)

Dr. Bell's analysis of the Greenland Study found an 80 pelicerease in risk in leukemia to children
exposed to 3 mG magnetic fields than those exposed to backdewats. (Tr. 7/28/04, testimony of Dr.
Bell (Ezra Academy et al), p. 215-216)

Dr. Ginsberg testified that any increase in exposure to a ogrginthat specifically targets children is a
potential health concern. The level of uncertainty about EME&s&s above levels of 3 to 4mG, because
of fewer subjects participating in those studies. (Tr.,541278, testimony of Dr. Ginsberg)

Dr. Ginsberg believes there is less confidence to determine @vHetig term average exposure to EMF
levels of 5 or 6mG is safe. (Tr. 5/12/04, testimonpofGinsberg (DPH), p. 179)

There are no known causes for childhood leukemia. However theoadern based on suggestions in the
literature that there might be a possibility EMF exposuomeésof the few environmental signals regarding
childhood leukemia. (Tr. 5/12, testimony of Dr. Ginsb@®&H), p. 182, 183; Tr. 5/13/04, p. 244)
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The DPH has statewide statistics on age-specific tumors. rdtkeof childhood leukemia cases in
Connecticut is approximately one case per 10,000 children. Treeapproximately 30 cases of childhood
leukemia reported in Connecticut for the year 2000. For ithe yfears prior to 2000, there were
approximately 16 reported cases per year on average. The meyeéiv reporting period would have to
be included to determine if the 2000 data is anomalouslydrigtthere is an increasing trend. The DPH
is not aware of any clusters of childhood leukemia in the Sfa@®nnecticut. (Tr. 5/12/04, testimony of
Dr. Ginsberg (DPH), pp. 91-92; Tr. 05/13/04, testimari Dr. Ginsberg (DPH), p. 68, 69; Tr. 3/25,
testimony of Dr. Ginsberg (DPH), p. 314)

Acute lymphocytic leukemia occurs in children and young adudim ages 0 to 14. A theory put forth by
Dr. Bell of why that particular age group is more susceptishn others hypothesizes that young children
are developing rapidly, have a rapid turnover of cells and aegraatface to weight ratio. In addition, the
immune system in children is not fully developed. EF12/04, testimony of Dr. Ginsberg (DPH), p. 192;
Tr. 06/16/04, testimony of Dr. Bell (Ezra Academy et al1§4, 193-195)

Dr. Ginsberg testified the association between childhood leekemi EMF appears weak, with the
association being more noticeable at higher EMF exposure le\f&ls3/25/04, testimony of Dr. Ginsberg
(DPH), p. 300)

Dr. Ginsberg testified that if magnetic field exposure isitbto be a cause of childhood leukemia, some
studies have suggested that approximately three to ten peredintlafdhood leukemia cases may then be
attributed to EMF sources. (Tr. 5/12/04, testimony nf@nsberg, p. 185-187)

The National Toxicology Program conducts cancer studies andgtmétology studies for the National
Cancer Institute. EMF is not on their list of knownreasonably anticipated carcinogens. (Tr. 5/12/04,
testimony of Dr. Ginsberg, p. 157-158)

An evaluation by the International Agency for Research on CansBIC{l found there was inadequate
evidence to consider EMF exposure in animal studies as a lpolisibto human cancer. IARC found
limited evidence in humans for the carcinogenicity of extrermlyfrequency magnetic field in relation
to childhood leukemia and designated extremely low-frequencyetiagrs an agent that may be possibly
carcinogenic to humans and static electric and magnetic fields aadekt low-frequency electric fields
as not classifiable as to their carcinogenicity to humans. Opegtiaular agent is rated by the IARC it
can be upgraded or downgraded on the list with more rese@nctb/12/04, testimony of Dr. Ginsberg, p.
133; Applicants Administrative Notice 20; Tr. 06/16/0dsttmony of Dr. Rabinowitz (Ezra Academy et
al, p. 138-140)

In its conclusions and recommendations, “the NIEHS sugdesatstie level and strength of evidence
supporting ELF-EMF exposure as a human health hazard arddientffo warrant aggressive regulatory
actions; thus, we do not recommend actions such as strisggrdards on electric appliances and a
national program to bury all transmission and distrdoufines. Instead, the evidence suggests passive
measure such as a continued emphasis on educating both the gnabkthe regulated community on
means aimed at reducing exposures. The NIEHS suggestsighadwer industry continue its current
practice of siting power lines to reduce exposures andntentd explore ways to reduce the creation of
magnetic fields around transmission and distribution liwé#Bout creating new hazards. The NIEHS
encourages technologies that lower exposures from neighbodisiatution lines provided that they do
not increase other risks, such as those from accidental elewiroart fire.” (Appendix No. 1 to
Testimony of Drs. Bell, Rabinowitz, Baum, Gerber, and Cagrefi8/16/04, Tab 2, pp. 37-38)



Page 70 of 81 D272 Findings of Fact

645.

646.

647.

648.

649.

650.

651.

652.

653.

654.

April 7, 2005

NIEHS determined EMF fields may be classified as a possilbl@hwcarcinogen, Group 2B. Group 2B is
a list of approximately 250 chemicals. The category includes tmgemixtures, and exposure
circumstances for which there is limited evidence of carcinodgriicihumans and less than sufficient
evidence of carcinogenicity in experimental animals. It may b&saised when there is inadequate
evidence of carcinogenicity in humans but there is sufficienieacig of carcinogenicity in experimental
animals.” The other groupings are known human carcinogen abdlpge human carcinogen. Group 3
lists items which do not have enough evidence to show a clednagenic effect. Group 4 includes
proven not to be a carcinogen. (Ezra Academy et al, ex. 1, apdengl; Tr. 5/12, testimony of Dr.
Ginsberg, p. 158-159)

The World Health Organization has identified 14 studies whrehongoing for EMF. The NIH has one
funded ongoing EMF study. (Tr. 5/12/04, p. 210-211)

Dr. Aaronson testified that studies done in the United Stiteshole animals over the lifetime of an
animal have shown no evidence of any adverse effects from ERIEdiimg brain damage. In tests on
animal subjects, magnetic fields of at least 1,000 times hidjla@r normal human exposure have been
completely negative with respect to developmental abnormaliffes5/12/04, testimony of Dr. Aaronson
(Applicants), p. 218; Tr. 3/25/04, testimony of Dr. sason (Applicants), p. 42)

Dr. Bell testified among all homes surveyed in a grouft,000 homes conducted by the Electric Power
Research Institute (Zaffanela, 1993), 50 percent have magnetidefield of 0.6 mG. About 50 percent
of school-age children are exposed to magnetic fields of al®m® over a 24 hour day. Adult exposure
is about 1ImG. (Appendix to supplementary testimony off@il, 7/19/04, p. 35; Tr. 7/28/04, testimony
of Dr. Bell (Ezra Academy et al), p. 253)

Dr. Bell testified most children are exposed to levels of o@eamd below, over a 24 hour period, in their
homes. Only a small percentage of children are exposed teigtiean 2 to 3 mG over 24 hours. (Tr.
1/20/05, testimony of Dr. Rabinowitz (Ezra Academy et al},§5-186)

Dr. Ginsberg testified that there is no clear documentatiorepatsures to time-weighted magnetic fields
below 3.0 mG pose a health risk. A time weighted exposwaeeisaged over a duration of time. Levels
above 6.0 mG are a clear public health concern. Best management ptagtioelimit the number of
people exposed in the range between 3.0 and 6.0mG. (T/0Z/28stimony of Dr. Ginsberg (DPH), p.
14-16; Tr. 5/12/04, p. 181)

Dr. Ginsberg testified that the DPH recommends that Best MamegeRractices should be used to
minimize any increase in magnetic field exposure, and to be awé#rne pbtential health risks and what
background levels of exposure tend to be and try to gtrikebalance so that there is minimal exposure or
minimal increase in exposure. (Tr. 5/12, p. 168)

Dr. Ginsberg testified that, prudent avoidance, as definedebipPH, means that magnetic field exposure
should be avoided under circumstances that one can normally tdke wne’s power and control,
without consideration of economic investment. The DPH reoemds prudent avoidance of EMF
exposure between 3 mG and 6 mG can be reasonably anticipatecoresteiot an increased public health
risk. EMF levels above 6 mG have a larger public health cond@m.3/25, p. 317; Tr. 5/12/04 p. 181,
Tr. 06/17/04, p. 13; Tr. 7/29/04 p. 15; Tr. 10/144/p. 92, 139, 144)

Dr. Ginsberg testified that controlling external fields entgthomes may be the best way to minimize
children’s EMF exposures because it may be too difficulhstriict parents to keep their children away
from home appliances that generate EMF. (Tr. 06/17/04, wsyiwf Dr. Ginsberg (DPH), p. 14, 15)

Dr. Ginsberg testified that because of the increased shiadflingme appliances over time, the increased
use of electricity may not have led to an increase in EMF expaosichildren. (Tr. 5/12/04, testimony of
Dr. Ginsberg (DPH), p. 174-175)
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Dr. Ginsberg testified that there is a possible link betwelf Exposure and the incidence of brain
cancer in adult electrical workers and childhood leukemia due tergemeighborhood and household
exposures. The fact that a number of studies have shown #olictkldhood leukemia is of potential

concern. Animal toxicology studies have generally not suppoa carcinogenic effect from EMF.

However, Lei and Singh (2004) found exposure of rats td-Eed to an increase in DNA damage which
would be consistent with cancer. (Tr. 3/25/04, testimdrroGinsberg (DPH), p. 315)

A study by Lei and Singh, “Magnetic Field Induced DNA Str&rdaks in Brain Cells of the Rat”, in
Environmental Health Perspectives, January 2004, exposed fai®l® of 100 mG for a period of 42 to
48 hours. The longer the exposure, the greater the damagePsoGinsberg’s opinion, a dose response
took place. (Tr. 5/12/04, testimony of Dr. Ginsberg ). 108-109)

A NIEHS evaluation of the body of animal experimental evideneeladed that studies on animals do
not show an effect from magnetic fields that would be consigtigimthe effects suggested in humans, and
that no mechanism now emerging could explain the human (Eta5/12/04, testimony of Dr. Ginsberg,
p. 132)

Dr. Ginsberg testified that possible carcinogenic effects ofElvk characterized by a high degree of
uncertainty. Since background concentrations of EMF areyhighilable in most people throughout the

day, there is no true control group with consistently Bposure. The studies generally have a low
statistical power to find an effect due to the small numbesubfects in the most highly exposed EMF

categories. (Tr. 3/25/04, testimony of Dr. Ginsberg (DRHB16)

Dr. Ginsberg testified that background EMF levels, basethmweighted averages appear to be in the 1
to 5 mG range with most homes at or below 3 mG. (k5/84, testimony of Dr. Ginsberg (DPH), p.
317)

Dr. Ginsberg testified that short-term peak EMF exposurgsheaf greatest concern if the EMF cancer
mechanism involves a threshold. If a high baseline exposwsts ekie to nearby power lines and home
appliances add to this exposure, then the EMF levels may bdiketyego exceed cellular thresholds and

lead to genetic effects. (Tr. 06/17/04, testimony of DnsGérg (DPH), p. 14, 15)

Dr. Cole testified that a child born in 1990 is exposealltsources of EMF an estimated 20 times greater
than a child born in 1950. Half of childhood leukemia osdefore the age of five. Since 1950 there has
been no increase in the incidence of the disease. (Tr. 3/8Bomg of Dr. Cole (Applicants), p. 240-
241)

Dr. Bailey testified that for the proposed overhead routeettare two public and private schools with
reading of 0 and 0.6mG levels of EMF. There are three licedesgzhre facilities between 0 and 0.6mG;
two licensed youth camps and public playgrounds betweer0BIG, and one between 0.7 and 3.0mG;
seven residential areas between 0 and 0.6mG; 13 residential areesrb@t7 and 3.0mG; four residential
areas between 3.1 and 6.0mG; and two between 6.1 and 6.2@&im@ny of Dr. Bailey, Tr. 7/28, p. 10-
12; Applicants Ex. 138)

It is not unusual for magnetic field levels to reach the 2nd range under distribution lines, and may
range from 8 to more than 20mG. Magnetic field levels diregciber 115-kV lines may range as high as
20 to 80mG, depending on load. (Tr. 7/28, p. 26A#licants 164, p. 2)

In establishing buffer zones, PA 04-246 states the Counst take into consideration residential areas,
private or public schools, licensed child day care facilities, siednyouth camps, or public playgrounds
adjacent to the proposed route of overhead portions, withefudefinition by the Council. (Tr. 7/27/04,
p. 17)
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Based on the weight of the evidence presented above, the Canuigind definitive causal link has been
determined between EMF and human health effects as shown itetatulie and research on this subject.
However, the Council finds the Prudent Avoidance policy,dlned in its Best Management Practices of
February 11, 1993, to be sufficient to protect public heatith safety. (Findings 614-664; Council Best
Management Practices, February 11, 1993)

International and United States Standards/Prudent Avoidace

The International Commission on Non-lonizing Radiation téution (ICNIRP) has a health-based
standard of 833mG for a frequency of 60 Hz. (Tr. 2/105,7)

Great Britain and approximately 30 other countries have adoptadean the process of adopting the
ICNIRP guidelines. A few countries have recommended moreicte@r exposure values as a
precautionary approach. For example, Italy has established yogedits” in the design of a new power
line. In the vicinity of children’s playgrounds, residahtiwellings, school premises and in areas where
people are staying for 4 hours or more per day the “quadiy’ f 3 T (approximately 24.9 mG) is
adopted. This “quality goal” value is the median of values daxbover 24 hours, under normal operating
conditions.” Poland has set a magnetic field exposure lin#6afmG for exposures longer than 8 hours.
Applicants 183, pp. 9-11 and Attachment 1); Council Adstiative 27; Tr. 2/1/05 pp. 79-80)

Italian EMF exposure regulations have a standard of 10 regdeofor children’s playgrounds, residential
dwellings and school premises. This is equivalent to 83on@®0 Hz fields. New power lines have a
standard of 3 microtesla, equivalent to 24.9mG at 60 Hz.2(T/05, p. 79)

The International Commission on Non-lonizing Radiationt&stion (ICNIRP) guidelines recommend
limiting the magnetic field exposure of the general publie@OuT (1,000 mG at 50 Hz; 833 mG at 60
Hz); and the International Commission on Electromagnetic YS@féES) recommend limiting magnetic
field exposure of the general public to 9,040 mG. Appld0tpp. 4-7; Applicants 75, Attachment 5; Tr.
2/1/05, p. 80)

The World Health Organization explains that prudent avoidances“dot imply setting exposure limits at
an arbitrarily low level, and requiring that they be achievegardless of cost, but rather adopting
measures to reduce public exposure to EMF at modest cost.”dpidge 1, Appendix 2, Tab 32, p. 4).

On January 28, 2005, the Vermont Public Service Commisgiproved the Velco Northwest Reliability
Project, new 115-kV and 345-kV transmission lines, adgmipolicy of “prudent avoidance” in the siting
of transmission lines. The proposed lines are expected dogreedge of ROW magnetic fields of 14mG
to 42 mG at average loads, and 183 mG to 286 mG at maxioaats. (Applicants Administrative Notice,

pp. 6, 64)

In 1999, the Public Service Commission of Wisconsin repeitdedrder to require low-EMF design
structures where practicable. (Applicants 75 Attachment 3apd &)

New York has set standards of 1.6 kilovolt per meter for ridefitlds and 200 mG for magnetic fields, at
maximum load and at edge of ROW. Florida has set a standarkliloiolts per meter for electric fields
and between 150 to 250 mG (dependent on voltage) for mafe&tgat maximum load and at the edge
of the right-of-way. The basis of this recommendatioarisobjective of maintaining the status quo —
assuring that magnetic fields for new lines will be wittia tange of those that could be associated with
existing lines. Massachusetts observes a “threshold” of 85amsconsiders edge of ROW fields below
that threshold to be acceptable. (Woodbridge 8, Appendiddplicants 74, p. 5; Applicants
Administrative Notice 16)
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The Council’'s Electric and Magnetic Field Best Management Practicesfféist at the time this
Application was filed were those adopted on February 11,.1@9%licants 1, Vol. 6, “Electric and

Magnetic Field Assessment: Middletown-Norwalk Transmissidteinforcement”; Applicants
Administrative Notice 1)
A Summary Table of International
60 Hz EMF Exposure Guidelines and Recommendations of Select®dganizations
ICNIRP ! EC? SsK® ICES* ACGIH® NRPB®
(1998) (1999) (2001) (2002) (2003) (2004)
Controlled
Environment
Magnetic Field 0.42 mT - - 271 mT 1mT 0.42 mT
(4200 mG) (27,200 mG) | (10,000 mG) (4200 mG)
Electric Field 8.3 kV/m - - 20 kV/m 25 kV/m 8.3 kV/m
Contact Current 1.0 mA - - 1.5mA 1.0 mA 1.0 mA
General Public
Magnetic Field 0.083 mT 83.3uT 0.083 mT 0.904 mT - 0.083 mT
(830 mG) (833 mG) (830 mG) (9,040 mG) (830 mG)
Electric Field 4.2 kV/m 4.2 kV/m 4.2 kV/m 5 kv/rh - 4.2 kV/m
Contact Current 0.5 mA - - 0.5 mA 0.5 mA 0.5 mA

675

676.

0.1 mT=1Gor 1,000 mG

1 microTesla|(T) = 10 milliGauss (mG) at 50 HZ or 8.33 mG at 60 H

YICNIRP = International Commission on Nonionizingdraion Protection. Countries that have adoptedl@NIRP standards include
Belgium, The Netherlands, Germany, Sweden, Fra8pajn, Switzerland, Czech Republic, South Africapah, United Kingdom,
Australia, and New Zealand (WHO, 2004).

EC = European Commission. Adopted ICNIRP (199&)iglines but applied subject to: “This recommefmahas as its objective the
protection of the health of the public and it tliere applies, in particular, to relevant areas wherembers of the public spend
significant time in relation to the effects covel®dthis recommendation” (p. 60, EC, 1999)

3SSK = Swedish Commission on Radiological Protectiddopted ICNIRP (1998) guidelines

“ICES = International Commission on Electromagn&tidety. Within power line rights-of-way, the MP& fthe general public is 10
kV/m under normal load conditions.

SACGIH = American Conference of Governmental Indaétrygienists

®NRPB = National Radiological Protection Board ok@rBritain. Adopted ICNIRP (1998) guidelines

(Applicants Ex. 75)

System Loading

. The calculations assumed loads of 15 gigawatts (GW) and2¥.7 The 15 GW load represents typical

conditions when this line is put into service. (Tr. 3042 p. 33-34, p. 39; Tr. 10/14/04, p. 241-243)

The 15 GW load in 2002 occurred a total of 4187 houtb®@fyear, which is 48 percent of the hours in a
year. 1SO-NE indicates New England could approach a pealofdadl7 GW anytime between 2005 and

2010. A 30 GW peak load is expected by 2013, for whiehaberage load would be 18 GW. The

generation that is scheduled to be online is more important ttie magnitude of the load because it
determines what flows are on the transmission lines. ThE Edel produced by a line is proportional to

the current flow on that line. (Tr. 5/12/04, p. 39;0%/13/04, p. 15-19; Tr. 09/29/04, p. 162)
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Load flows on a transmission line can change from minutdriaten hour to hour and seasonally, thereby
changing the calculated EMF values. (Tr. 5/12/04, p. 58)

EMF Cross Sections 1-8

The transmission configurations and EMF levels of crossosscl through 8 are shown in Appendix B,
and include low magnetic field designs. All the calculated fiidshis analysis are based on the 15GW
average New England load case. (Tr. 7/27/04, p. 18-19, 34)

Statutory facilities, as defined by Public Act 04-246, ineludsidential areas, public or private schools,
licensed child day care facilities, licensed youth camps, and glajigrounds. (Tr. 07/27/04, p. 17)

The design of the overhead portion of the proposed routentesded by the Applicants to minimize
visual impacts by using the lowest structure height passilthout having to increase the width of the
right-of-way significantly through developed areas, andsthe existing structure locations for the new
structures. The Applicants have proposed consolidated cimuitswers and have optimally phased the
lines for magnetic field cancellation where possible to compth ¥he Council's Best Management
Practices. (Applicants ex. 1 Vol. 6, p. 9, 24, 97)

EMF Mitigation Configuration

There are three strategies to reduce overhead transmission linetimdgids: distance, optimum
phasing, and optimization of structures. Distance is achigveddening the right-of-way, increasing the
pole height, or relocating the line. Conductors may be asthrig a vertical, H-frame or delta
configuration and achieve different levels of EMF cancellatiom. q/R7/04, p. 17-18)

“Split-phasing” is a configuration in which a line is constedl using six, rather than the conventional
three, phase conductor positions. The conductors are peditimm opposite sides of a transmission
structure, phased for optimal field cancellation, and the cufi@mtis split among the six conductors.
The resulting cancellation effect reduces the magnetic fields assowittiettie lines. (Applicants 73, p.
3; Tr. 7/27/04, p. 37-38)

In principle, the split phase design is no different frodoable-circuit transmission line. In this case, the
similar phases are connected together in a symmetrical arrangenmeiigtde EMF. (Tr. 05/13/04, p.
137)

If a pole holding transmission lines is near a residence, meadiedds near the pole would be less than at
the low point of a line. Moving the poles to increase heiglnt thereby reduce EMF levels. (Tr. 2/1/05,
p. 147-148)

Transmission lines in this area have existed for at least 86. yé&spplicants 1, Vol 1, p. 356)

In some areas, EMF values may increase using the low magnefiarfiijation techniques proposed.
(Tr. 2/1/05, p. 255)

In order to reduce magnetic fields to a level of 6mG or thespoles must be moved longitudinally up or
down the ROW, or the pole height increased, or a combinaitiootle options. (Tr. 2/1/05, p. 17-168)

Considering EMF from a perspective of specific sources or amwents does not fully reflect the
variations in a person’s personal exposure as encountered yda&ydife. Sources of magnetic fields
include transmission lines, distribution lines, home amgles, wiring in the home, exposure at grocery
stores, visits around town, etc (Applicants 1 Vol. 6, “Elecand Magnetic Field Assessment:
Middletown-Norwalk Transmission Reinforcement,” pp. 1-5pphcants 190; Council’'s Administrative
Notice 2).
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Modeling of EMF levels was calculated using a computer progieweloped by the Bonneville Power
Administration, an agency of the US Department of Energye grogram has been shown to accurately
predict electric and magnetic fields measured near power lines. Pphbts ito the program are data
regarding voltage, current flow, phasing, and conductor cordigpns. The fields associated with power
lines were estimated along profiles perpendicular to linesgbdmt of lowest conductor sag, i.e., closest
to the ground or opposite points of interest. All caltoies were referenced to a height of 1 m (3.28 ft)
above ground according to standard. (Applicants 1, VolERctric and Magnetic Field Assessment:
Middletown-Norwalk Transmission Reinforcement,” pp. 8-9phigants Administrative Notice 28).

Calculations of EMF are developed by taking the design ofrteeahd its operating conditions, including

the projected loading and by using standard techniques comgpht calculated electric and magnetic
field values at one or more locations. The model used takescamsideration the distance of the

calculation points and the current on the conductors. It a&sstim conductors are flat and parallel to the
ground and that the ground is essentially flat. Forctideulation of electric fields, it was assumed the
nominal voltage of the line was increased by five percent.5(T2/04, p. 30-32)

Underground Cable EMF and Mitigation

The magnetic field from an underground cable diminishes atdissnce away from the line than the
magnetic field from an overhead line; however, people are expectgnd little time on a transmission
line right-of-way beneath overhead lines and may spend mmueediiving down roadways or walking
directly above the conductors of an underground line. @03305, p. 110-112)

Placing the conductors closer together would result in lowagnetic fields from improved mutual
cancellation. (Tr. 3/25/04, p. 66)

Magnetic fields from XLPE cables would be essentially in thébtiodigits directly over the cable, even
with the reduced phase spacing. This is because the cables md®draund are very close to the
receptors. (Tr. 09/29/04, p. 124, 125)

Directly over underground cables, substantial levels of magfielils would be expected. Background
levels might not be reached until a distance of 40 to 100depgnding on the design of the line and the
current flowing through it. (Tr. 3/25/04, p. 112-)13

Soil types have no effect on underground magnetic fields.3(Z5/04, p. 113)

Magnetic field levels would likely be highest for undergrdwable systems in a manhole or vault where
they are spliced together, and the separation of the cabled Wweujreater than any place else. The
separation would cause the fields to be higher. (Tr. 3/2p/0419-120)

Techniques to shield or reduce magnetic fields from undergreaundes include the installation of steel,
or aluminum plates above cable, increasing the depth of theuctonsl, spacing the conductors closer
together, and encasing the conductors in a steel pipe. 1{T&/05, p. 34)

There have been some cases in the United States where shieldsieg,isisually in buildings over duct
banks or for short runs of cable. Shielding has been insésiv cases for an extended distance over
conductors. (Tr. 01/05/05, p. 34, 35)

Aluminum plating would not be practical, due to soil reatti Steel plating would perform better with a
seamless joint in between sections but it is not as criticalitasthe aluminum plating. The corrosion
effects would be similar for aluminum plating and steel péati(Tr. 01/05/05, p. 42, 43; Tr., 09/29/04, p.
77)
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A protective plate made of steel installed above an undergroabl@ would reduce magnetic fields
directly over the plate by a factor of two to five. Sucheplabuld also re-shape the magnetic field and
increase levels beyond the edge of the plate. (Tr. 09/29/88, 90)

Plates would have to be covered with mastic to protect the metaldorrosion. Once the plates are in
place above the cable sections, they have to be welded togetheeandastic has to be put over the
welded area above and beneath the plates. The welded plates axriln e lifted up to be certain that
the mastic is covering the entire plate, which would be difficlilests would have to be done every six
months to a year to make sure there are no voids in the m@iti€9/29/04, p. 97-99)

Plating used for magnetic field mitigation for undergrotrahsmission cables over a long distance has
not been used before. Consolidated Edison (Con Ed) inYel City has one steel plate installation,
with overlapping plates, that is approximately two mileglo The purpose of the Con Ed installation was
to mitigate magnetic field exposure directly above a duct b&nk.09/29/04, p. 113; Tr. 01/05/05, p. 82,
83)

Installation of plates above a cable would complicate worktbér utilities that are buried along the
roadway. (Tr. 01/05/05, p. 46)

Buffer Zones for EMF

In establishing buffer zones, Public Act 04-246 states than€llomust take into consideration residential
areas, private or public schools, licensed child day care fesjliticensed youth camps, or public
playgrounds adjacent to the proposed route of overheadrport{@r. 7/27/04, p. 17)

In its buffer zone analysis, the Applicants considered an aré@0dfieet out from the edge of the right-of-
way, extended for a length of 2000 feet along the rightaf. If there were a group of homes in that
category, they were included as a statutory facility adjacehetaght-of-way. (Tr. 7/27/04, p. 132)
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706. The estimated capital costs of the Proposed Route (as mduiffid Final ROC Report dated December
20, 2004, in which the Proposed Route is referred to ase'®”), Alternative A, and Alternative B,
expressed in 2004 dollars, are set forth in the table belbwh provides a breakdown of cost by route
segment. The table also includes cost estimates for constrlostingagnetic field designs in segments 1
and 2:
Summary of Cost Estimateby Route Segment
(Millions of 2004 Dollars)
Proposed Route Alternative A Alternative B | All Incremental
Segment (24 Miles UG (13 Miles UG (4 Miles UG Cost for
9 45 Miles OH) 60 Miles OH) 72 Miles OH) Constructing
Low Magnetic
Field Designs
1
including Scovill Rock 92 to 105 92 to 105 94 to 108 20 td'23
and Beseck Switching
Stations
. . 2 241 10 275 244 10 278 247 to 281 48 t6 57
including East Devon
Substation
3
including Singer 229 to 275 222 to 266 149to 170 not estimated
Substation and
Interconnections
. . 4 276 to 339 253 to 299 264 to 305 not estimated
including Norwalk
Substation
TOTAL 837 to 993 811 to 947 754 to 864 68 to 80

1. The range of costs reflects conceptual engineering, differisgmagions, and unknown field
conditions.

2. Includes cost for the 345-kV line without the 1154k\é at the Royal Oak bypass and does not include
costs associated with relocation of lines at the JCC or Caatiged3'Nai Jacob/Ezra locations.

3. Does not include equipment upgrades (i.e. surge arresteesrat half of CL&P’s substations and all
of Ul's substations at a cost of $7 to $10 million.

(Applicants 172, pp. 2-3 and Appendix A)
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707. The life cycle costs of the Proposed Route (as modified byitied ROC Report), Alternative A, and
Alternative B are set forth in the following table:

Summary of Life Cycle Costs by Route Segneht

(Millions of 2004 Dollars)

Proposed Route Alternative A Alternative B Incremental Cost for
Segment (24 Miles UG (13 Miles UG (4Miles UG Low Magnetic Field Designs
9 45 Miles OH 60 Miles OH) | 72 Miles OH) 9 9
1
including Scovill Rock and 133to 151 134 to 152 137 to 155 31to 36
Beseck Switching Stations
2
including East 333 to 382 336 to 386 349 to 397 74 to 85
Devon Substation
3
ncluding Singer Substation a 318 to 383 316 to 380 $188 to 214 Not Estimated
Interconnections
4
including Norwalk 395 to 488 360 to 427 361 to 417 Not Estimated
Substation
TOTAL * 1,180 to 1,405 1,146 to 1,346 1,036 to K18 106 to 122

1. Cost estimates calculated in accordance with Acres InternatiifeaCycle Report 1996 and 2001 but

includes land acquisition cost.

2. The range of costs reflects conceptual engineering, diffassgmptions, and unknown field conditions.
3. Total may not add due to rounding
(Applicants 181, Q. 15; Tr. 02/01/05, p. 96)

708.

709.

710.

If transmission facilities are unable to transport power filoenlowest price generation source into a given
area, higher priced generating units within that congested atkmdmpocket” may have to be dispatched
to meet demand and maintain a reliable power supply. ISO-Nfifies SWCT as a deficient load
pocket due to transmission constraints. The additiona$ ¢ostun these more expensive generators in
“out of merit order” are paid by customers in the form of “@simpn” charges. ISO-NE’s Standard
Market Design (SMD) rules, which became effective on March 1326t{pulate the congestion charges
for SWCT are paid for by Connecticut customers alone. Rrslyiosuch costs were socialized among all
New England consumers. ISO-NE concluded in RTEPO2 thantst effective long-term strategy for
reducing congestion costs was to improve import limitsSWCT by constructing a 345-kV loop.
(Applicants 1, Vol. 1, p. F-33)

Economic Benefits

Completion of the Bethel to Norwalk line (Docket No. 217) eliminate transmission constraints and
associated congestion costs at the present Norwalk-Stamibrdrea interface. The proposed project
would greatly reduce remaining transmission constraints 8WET interface. Additional transmission

upgrades would enhance Connecticut's import capability and welidde other transmission problems in
Connecticut. (Applicants 1, Vol. 1, p. F-33; Tr. 2/17{i}5 86-88)

The annual “inefficiency cost” of the existing transmissiortesysin Connecticut is approximately $308
million, including the costs of RMR contracts, interim BFBongestion costs, and the costs of running
uneconomic generators. The proposed project will not elimihate costs but would lead to reducing
them by reducing dependence on RMR contracts. Connecticuemidlin a net importer of power until
further facilities are constructed. The planned Card Streehdar®n Road line is expected to improve
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the import capability by providing a new 345-kV interconmattietween Connecticut from Rhode Island.
(Applicants 1, Vol. 1, F-33; ISO 13, p. 3; Tr.1 /13/0p. 24-25; Tr. 2/17/05, p. 84)

In deregulated environment for electric generation, the comgetgigneration marketplace can demand a
very high price for energy in a generation-deficit area such asTSW@e proposed 345-kV loop would
foster competition in the power markets in SWCT and theafe€onnecticut through increased supply
options hence tending to lower costs. The 345-kV looproves the options in the marketplace by
providing higher deliverability to the area, eliminating theditonal dependency that currently prevents
the concurrent operation of all existing generation in SWQi@, enabling the interconnection of new
generation in SWCT. (Applicants 1, Vol. 1, pp. F-30 181 F-34; Applicants Administrative Notice 12)

A 345-kV transmission system is more efficient than systeperating at a lower voltage. Losses at 345-
kV system are only about 1/9 of those at 115-kV fordhme energy transfer. This reduction in losses
reduces the generation requirement lowering costs and reduciegniasions. In the ISO-NE study
(SCERS), base power flow cases that were modeled for the pedkd periods revealed losses
approximately 35 MW lower with the 345-kV system thanhwitite 115-kV system, savings enough to
provide power to about 35,000 homes. (Applicants 1, Y,dk-34)

The proposed project would reduce the risk of cascading outagksas the blackout that occurred in
August of 2003. The economic cost of such blackouts faeesls the costs associated with the
inefficiencies associated with the existing transmission syst&onnecticut. (Tr. 2/17/05, p. 88)

Socialization of Costs

The cost of transmission facilities in New England deemeguideide a regional benefit has been paid for
on a New England-wide basis since 1997. Assets that are degdrini qualify as Pool Transmission

Facilities (PTF) qualify for regional cost support. Unaerrent rules, Connecticut customers pay
approximately 27 percent of a project to the extent it quafifiesegional cost support from all wholesale

customers. (Council Administrative Notice 15 Finding of Fagtand 51; ISO Administrative Notice 12,

Section I, Schedule 12; Tr. 3/23/04 pp. 51-52)

Two classes of projects are eligible under FERC for regiorstlstgport: (1) Regional Benefit Upgrades
(RBUSs); and (2) projects listed in Schedule 12B of the NBP@ariff from the Regional Transmission
Expansion Plan (RTEPO2 Upgrades). The Middletown-Nor®atkect is listed in Schedule 12B as an
RTEPO2 Upgrade. 1SO Administrative Notice 5; ISO Adstiritive Notice 12)

If a project qualifies for regional cost support, localized £@se not recoverable under Schedule 12C.
Even if a project qualifies for regional cost support, IS©-conducts a review of the cost of a project
pursuant to Schedule 12C of the NEPOOL tariff to deterriiiseme portion of the project costs should
be treated as localized costs. Localized costs are defined as “inaleoostd resulting from a RTEP02
Upgrade or a Regional Benefit Upgrade that exceeds thoseemeuirs that the ISO deems reasonable
and consistent with Good Ultility Practice and the current eeging design and construction practices in
the area in which the Transmission Upgrade is Built.” ISO lvaonsider the reasonableness of the
proposed engineering design and construction method wigleaes$o alternate feasible Transmission
Upgrades and the relative costs, operation, timing of imgitation, efficiency and reliability of the
proposed Transmission Upgrade. (Applicants 54 p. 38ji¢gps Administrative Notice 30 p. 9; I1ISO-
NE’s Ex. 8; ISO Administrative Notice 12, Section IcHedule 12; Tr. 3/23/04 pp. 50, 53, 135, 141, 142,
147 and 177; Tr. 4/20/04 pp. 42-43; Tr. 6/17/043§37; Tr. 7/29/04 pp. 72-74)

Initially in the Schedule 12 or Schedule 12C process, a trasgmiowner is expected to include a final
engineered design and a cost estimate. The proposed project hget haten submitted to ISO for
determination regarding costs under Schedule 12 or Schedule (I3Q Administrative Notice 12,
Section I, Schedule 12; Tr. 3/23/04 p. 191; Tr. 6/1p037)
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Following approval, a project is brought before ISO-NEdust analysis, and ISO-NE would then decide
the Connecticut costs. The NEPOOL Reliability Committee ex@snengineering questions and their
costs. Government officials from all the New Englandestaiso submit questions. A final determination
is then rendered by ISO-NE and the results provided to fipticants. The FERC examines the project
after ISO-NE makes its determination. (Tr. 2/17/05, 4/102)

The following list of examples of types of projects thatulgiobe considered to contain Localized Costs
under PP-4 includes: (a) the project costs more than a feasimlactical transmission alternative and has
equal or less robust bulk power system performance tharatignission alternative; (b) the project does
not address a bulk power system need; (c) the project includiesgnound transmission cable which is
selected either at the direction of a local or state siting boata address other local concerns, and the
cost of overhead transmission lines is less expensive; éptbject is a gas-insulated or covered
substation when an open-air substation would be feasiblepeautical for lower cost. (Applicants
Administrative Notice 30, Attachment A).

An applicant for regional cost allocation must include a disoastescribing why the project was selected
over other transmission alternatives, defined as an alternatiae i&hfeasible and practical from an
engineering design and construction perspective.” PP-4 furties that “(a)n alternative that is or may
not be approved by a Siting or local review board may Iséliconsidered a feasible and practical
alternative.” (Applicants Administrative Notice 30, pp. 8-9)

Concluding Findings

There is a public need for the facility approved by thisr@dun the Opinion, Decision and Order. (See
Findings of Fact Nos. 12-56; 709-713, and provisidrie@® Record cited by those Findings.)

The facility approved by this Council in the Opinion, Demisand Order will be reliable. (See Findings
of Fact Nos. 56-84; 350-522, and provisions of the Recited by those Findings.)

The nature of the probable environmental impact of the faailitne and cumulatively with other existing
facilities has been reviewed by this Council in approvingftdgity. (See Findings of Fact Nos. 270-319;
615-706, and provisions of the Record cited by thoseriged) Included in the review of the probable
environmental impact was a review of electromagnetic fields. (Beéngs of Fact Nos. 615-706, and
provisions of the Record cited by those Findings.) ThanCib has examined the policies of the State
concerning the natural environment, ecological balance, public lealthafety, air and water purity, and
fish, aquaculture and wildlife, together with all other envinental concerns, and balanced the interests in
accordance with Conn. Gen. Stat. § 16-50p(a)(3)(B) andh.G0Ben. Stat. 8 16-50p(a)(3)(C). (See
Findings of Fact Nos. 269-318; 614-705, and provisa@iriee Record cited by those findings.)

The environmental effects that are the subject of Conn. Gah.&16-50p(a)(3)(B) can be sufficiently
mitigated and do not overcome the public need for the faeipproved by the Council in the Opinion,
Decision and Order. (See Findings of Fact Nos. 269-31876%, and provisions of the Record cited by
those findings; also see Findings of Fact Nos. 12-56,7139 and provisions of the Record cited by those
Findings.)

Conn. Gen. Stat. § 16-50p(a)(3)(D)(i) requires thatGbencil specify what part, if any, of the facility
approved shall be located overhead. That is designated in ithierQDecision and Order.

The facility approved by the Council in the Opinion, Decisaod Order conforms to a long-range plan for
expansion of the electric power grid of the electric systeminggetive State of Connecticut and its people
and interconnected utility systems and will serve the intecdstectric system economy and reliability.
(See Findings of Fact Nos. 12-56; 709-713; 56-81; 3B0)-and provisions of the Record cited by those
Findings.)
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The overhead portions of the facility approved by this Caumdis Opinion, Decision and Order are cost
effective and the most appropriate alternative based on a life-cgsteanalysis of the facility and
underground alternatives to the facility and comply with thavipions of Public Act No. 04-246. (See
Findings of Fact Nos. 350-729, and provisions of the Recited by those Findings; see also Opinion,
Decision and Order.)

The overhead portions of the facility approved by this Caduncits Opinion, Decision and Order are

consistent with the purposes of Chapter 227a of the Ge®etaites of Connecticut, and with Council
regulations and standards adopted pursuant to Conn. G&#n8St16-50t, including the Council’'s best
management practices for electric and magnetic fields for electric dinéswith the Federal Power

Commission “Guidelines for the Protection of Natural Hist@cenic and Recreational Values in the
Design and Location of Rights-of-Way and TransmissionliEiasl' or any successor guidelines and any
other applicable federal guidelines. (See Findings of Fact 3&s.729, and provisions of the Record
cited by those Findings; see also Opinion, Decision and Qrder

The overhead portions of the facility approved by this Cduncits Opinion, Decision and Order are
contained within an area, no less in area than the existingofigtdy that provides a buffer zone that
protects the public health and safety. In establishing ttifertizone, the Council took into consideration,
among other things, residential areas, private or public sghiim@nsed child daycare facilities, licensed
youth camps or public playgrounds adjacent to the propossthead route of the overhead portions and
the level of voltage of the overhead portions and any existiaghead transmission lines on the approved
route. (See Findings of Fact Nos. 350-729, and pradsid the Record cited by those Findings; see also
Opinion, Decision and Order.)



