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Executive Summary

National Grid, Northeast UtilitieeandISO New England (ISOfprmeda working grougo conduct
the studies necessaxydevelopa 1Gyear plarfor transmission system improvements for the
southern New England (SNE) regidrhe10-yearplanspecificallyaddressesiestern andentral
Massachusetts (particularly the Springfield area), Rhode Islan@aatetn andentral Connecticut

The objective of tis 10-yearplan is to ensure that tiBNEregioncontinues t@omply with criteria

and reliability standards established by Nwth American Electric Reliabilit€orporation(NERC),

the Northeast Power Coordinating Council (NPC&d thelSO.* These criteria and standamdisfine
regionaltransmission requiremerasd transmissictransfer capabilities with respectgtability,
steady stateand faultcurrentconditions They arein placeto ensurefor the long termthat the

regional transmission system serving New Englenabust and flexibleeliably delives power to
customers under a wide range of projected future system condéruatis able to address reasonably
foreseeable contingencies.

Theworking group developedhétransmission systeimprovementsiescribed in this analysiis
conjunction witht h e  L0S/€xafregional system planningrocesswhichshowedhelikelihood of
portions ofthe SNE regionnot meeting theriteriaand standardsy 2009° A full explandion and
review of the criteriatheresults ofthe analysisand the statement of need for 8E transmission
systemare containeth the January 200, report Southern New England Transmission Reliability
(SNETR) Reportd Need Analysi¢Needs Analysis®

This report Report 3 Options Analysisdescribeghe results othew o r k i n g anglysie athe 6 s
optiorsthataddresshe needs identified in tHéeeds Analysis The Options Analysigxplainshow

the options weredevelogdto meet the identifiedeeds descrbesthe main featuresf the solutions,
and compaesthe solutions in terms @ystem performance characteristiss.shown in this reporg
number of theotentialsolutionswould ensue reliable system performance for tBBIE regionfor
thetime periods under study.

The 1SO system must comply with NERC and NPCC criteria and standards and ISO planning and operating procedures. As
certified by the Feder al Energy Reguli @t ory i @Gbommii ¢ yi @om giami 2
whose mission is to improve the reliability and security of the bulk power system in North America. Information on NERC
requirements is available onlinetdtp://www.nerc.con{Princebn, NJ: NERC, 2007). NPCC is the crdswder regional

entity and criteria services corporation for northeastern
reliable and efficient operation of the international, interconnected bulk postensin the geographic area that includes

New York State, the six New England states, and the Ontario, Québec, and the Maritime pof\@acesiaAdditional

information on NPCC is available onliaehttp://www.npcecbre.org/default.aspx (New York: NPGRc., 2007).

Information about ISO New England Planning Procedure No. 3 (FReBbility Standards for the New England Area Bulk

Power Supply Systens available online at http://www.isee.com/rules_proceds/isone_plan/PP3_R3.doc (Holyoke, MA:

ISO NewEngland, 2006).

2Summaries of the | S0O6s projections for the southern New Er
and 2007 Regional System Plans (RSPs) as wel/l as previous
are available online at http://www.isge.com/trans/rsp/index.html.

% The Southern New England Transmission Reliability (SNETR) Repdiekds Analysisan be obtained by contacting
ISO Customer Service at 4B310-4220 or custserv@isoe.com.
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Development and Assessment of Plan Components and Options

Thefirst stepfor this studywas toestablisithe design objectives for the futuseutherrNew
Englandtransmission system based on the reliability deficiencies idshitifithe NeedsAnalysis.
Usingthese design objectives, the working group developed and evaluated a combination of
complementarypptions for pgrading thesystemo meettheidentified performance objectiveduring
the longterm planning horizon.

In formulating each option, the working group considengare than justhe performance dhe

optionunder specific conditiondt alsoconsideredherelationshipthat eactoption could havevith
othercomponent®f the comprehensivsolutionfor the SNE regionwith other elements of the

transmission systerandwith theregional transmissiosystem as a whal€onsideration of these
relationshipsensured that the developmentadgisolutiord was comprehensive aiid nothave an

adverse impact oother parts ofthe bulk transmissiomsystem Theserelationshipded the working

group todevelopan approach to solving the SNE regionds

¢ Interstate Componen® This component provides an additional link between
Massachusett®khode Islad andConnecticubr, in one case, just betweBMmode Islandnd
Connecticutand improves regionalansfer capabilitiednitial brainstorming sessior@mnong
working groupmembergesulted inl7 optionsfor the Interstate componermf which five
viableoptions remain

¢ Rhode IslandComponen® Thisc o mponent i ncreasesNeRhode | sl a
En gl aB468\0bslktransmissiorsystem and eliminates both thermal overloads and
voltage violationsThreeoptions(two Interstate options plus one indepertdstion)were
developed to better connect Rhode Island to the rest of the syisteenoptions were
developed to extend these new facilities farther into the major load cestertihwesRhode
Island and two options were developed to bring an additisaurce into the 115 kV load
center from the east.

e Connecticut East West Componen® Thiscomponent provides an additional link between
western and eastern Connectiaatl improves system transfer capabilitteswveen these
areaslnitially, four options were developetbr this componentOne optionwas eliminated
as a result opoor performancewhich leftthree options for further study.

e Springfield Componen® Thiscomponent eliminates both thermal and voltage violations
the Springfield arewhileincreaesi ng t he ar e akVbulkaansmssos t o t he 3
system Thenumber of 34KV optionsfor the Springfield componemtas limited;however,
35 optionswereinitially developedecause a number of possible Xi5solutions would
work well with anyof the 345kV options whichcreaeda multiplicative effect Three
345kV optionsremain each havindour 115kV variations, for a total 012 potential
solutions

Developingtheoptions for each of these four compondrds beemn iterativeprocesdor the
working group Options thatppeared to beapable omitigating reliability concernsvere
formulated and theanalyzedor compliance witldesigncriteria andobjectives. Additional
modificationswereformulatedasnecessargndthenthe option waseevaluated This stepwas
repeated untiéitherthe option waglearlyworkableor wasdetermined to baotviable or not
practicalbecause it would require tooanymodifications
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Component Options that Exhibited Superior Performance

In each of the four coponents, rast ofthe optionsthatwere bund b meet or exceethesystem
criteriaand objectivesnvolve addingnew 345kV transmissionines, although 8 the upgrades
associated with the four componeatso includel15kV facilities and autotransformer

Interstate Component Options

Thelnterstatecomponenserves tstrenghen theties between the southern New Englastdtesand
increase the ability to move powsetweereastern New Englareahdwestern New EnglandFor the
five Interstate options thatxhibited superior performangemeetng systencriteria and objectives
thenew 345kV lines thatwoulda ct a s t hferthé dptonskdiisted lzefow

e Interstate Option Ad anew 345kV line fromtheMillbury, MA, substatiorto the West
Farnum RI, substationand therto the Lake Roa¢CT, substationand terminate ¢he Card
CT, substation

¢ Interstate Option Bd anew 345kV line fromthe West Farnunsubstatiorto the Kent
County, RI, substationand therto the Montville, CT, substation (The lire from the West
Farnum substation to the Kent County substation is part of the Rhode Island component.)

¢ Interstate Option Cd anew 345kV line fromtheMillbury substationto the Carpenter Hill
MA, substationand terminate ahe ManchesterCT, substation

¢ Interstate Option D& anew 345kV line fromtheMillbury substationto the Carpenter Hill
substationto the Ludlow, MA, substationto the Agawam MA, substatiornto the North
Bloomfield, CT, substation (The line from the Ludlow substation to the Agawamssaifion
to the North Bloomfield substation is part of the Springfield component.)

e Interstate Option Ed anew 1,200 MWhigh-voltage directturrent HVDC) tie betweerthe
Millbury substationand theSouthingtonCT, substation

Rhode Island Component Options

The Rhode Islandomponenupgradesvould servethreebasicfunctions:(1) bring an additional
sourcg(in the form of a neviransmissioriine) into Rhode Island2) extend a second source
(transmission linejo the southwest ared Rhodelsland and(3) add a new sourd@45115kV
autotransformerrom the east into the 118/ load center

Bringing an additionalsource into Rhode Island is handiesipart ointerstate Options A and B or by
installing asecondShermarRoad RIi West Farnum 34KV line as part ofinterstate Options C, D
andE.

The aldition of asecondVest FarnurmKent County 34KV line proved tobethemostcosteffective
option forextendng a seconaource to the southwest arédalding 115 kV lines and upgrades proved
unable tosuppat the loss of the existing West Farniudent County 34%V line.

Similarly, addinga new 345115kV substationinto the 115 k\systenfrom the east sidprovedto
be the most effective option fetiminaiing the 115kV voltage concernthat had been idé¢ified and
forecast This newsubstation would be looped into the existing 3dbline (the 303 line}that
extends from Brayton Point to ANBellingham The115 kV lines that currently tiéghe South
Wrenthamsubstationto the Brayton Poinsubstation(the 181 and 182 lingsalsowould be looped
into this newsubstationunder this option
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Connecticut Easti West Component Options

TheConnecticuEast Westcomponentncreases the ability to move powsstweereasten and
western Connecticutt can be thoughdf as an extension to the Interstate component by helping to
move power from eastern to western New England, and vice versa, tigpendhe dispatch of
existing generation anzh the location of future generatof$e threeoptionsfor the Connecticut
Easti Westcomponenthat exhibited superior performance are as follows:

e Option Ad anew 345 kV line fromManchester to Southington

e Option B& anew 345 kV line fronManchester to Scovill Rock arficom Berlin to Hans
Brook dunction

e Option Co anew 345 kV line fom North Bloomfield to Frost Bridge

Springfield Component Options

The Springfield componente duces Springfieldbds dependence on |
areads acces s transmissidmgsterd dnf elikivatale thérrkal and voltag criteria
violations of the ared he threeoptionsfor the Springfieldcomponenthat exhibited superior
performancen meeting these objectivese as follows:
e Option Ad anew 345 kV line from_udlow to Agawam to North Bloomfield
e Option Bo anew 345 kV ine fromLudlow to North Bloomfield

e Option Co anew 345 kV line from_udlow to Manchester

Relationships among Components and Options

Therelationshipsamong the foucomponentand optionsre as follows:

¢ Interstate Componen® The preferrednterstate optiocan beselectedvithout respect to
other component selectiornmwever, thiselection will dictate some of the Rhode Island
component selectionBiterstate Optiotie, which adds a HY2C line from the Millbury
substation tahe Southingtorsubstation obviates the need for a separate 8¥Hine to
mitigate Connecticut EadtVest constraints.

¢ Rhode Island Componend As statedsomeof thesystemimprovementghat make uphe
Rhode Islanaptionsdepend onwhich Interstate optiotis selectedas shown in Appndix A,
Table A2). Thereforethe Interstate optiogselectedwill directly affect which Rhode Island
option is gleced Some of themprovement®f the Rhode Islandomponenbptionsare
independent othe selections for any of tlmthercomponent®sf the plan

e Connecticut East West Componend Theimprovementgor the Connecticut EasiVest
componenbptionsare independent of tteelections for any of the other componeptionrs.
However,as statedthe selection of Interstate Option E would obviatertbed for a
Connecticut EastVest 345V option, since it would satisfy the reliability need for baotie
Interstate and the Connecticut E&¥Est components.

e Springfield Componen®d Theimprovementdsor the Springfieldcomponentre independent
of the preferedInterstateoptionunlessOption D is selected. In this case, additional
Springfieldareaupgrade(syvould berequired.This component is independent of the Rhode
Island and Connecticut Ea8Vest Component options.

New England EasiVest Solutions iv June2008
Report 2: Options Analysis



Next Steps

The next part of the procgssfor the participatingransmissiorownersto analye the environmental
impacs, cost, constructabilityand routingior each optiorof each componen©Once this information
is gathered andnalyzedpreferred options for eadt the fourplancomponets can be identifid.
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Section 1
Introduction

National Grid, Northeast UtilitieandISO New England (ISOjormed a working goup to conduct
the studies necessarydevelopa 1Gyear plan fotransmission system improvements for the
southern New Englan&NE) region. The plan specifically addresses western and central

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

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

The objective of th&O-year integrated SNE transmission enharemplan is

to ensure that the

region complies witla number oflesign, operation, and reliabilityiteria and standargas follows

to improve the londerm reliability and performance of the southern New
system
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¢ North American Eletric ReliabilityC o r p o r @ERCYRelidkslity Standards for the Bulk
Power Systems of North Amerita

e Northeast Power Coor @asin@ritefiarfog the®esign and Opération( NP CC
of Interconnected Power Systems

e Thel S CR¥asning ProcederNo. 3 (PP 3)Reliability Standards for the New England Area
Bulk Power Supply Systetn

These criteria and standards ar@laceto ensure that the regional transmission system serving New
England can reliably deliver power to customers under a widge rainsystem conditionsuch as
anticipated facility outage events asybstemcontingencies (i.e., the sudden and unplanned outage of
a generating unit or transmission facilitfhe standards and criter&so ensure thadequate transfer

of power amonghe New England Control Area and the surroundioigtrol areasindaccount for
possible future system configuratiae., load and generation scenarids) comply with PP 3he
system meets ehminimumacceptabléevel of reliabé serviceif it passeghe test conditions under
simulation, aspecifiedin this procedure

A full explanation and review of the criterife statement of need for tB&Eregioral transmission
system, andheresults ofan analysis ofhe needsarecontainedn Southern Neviengland
Transmission Reliability (SNETR) Repodt Need Analysis(Needs Analysis) This report

Report @ Options Analysissummarizes the needs identifiethe first reporanddescribegach of
the solutions antdowthey were developed for addressitig identified needs. This report also
discusses theesults of theanalysisfor developingoptions forsolutionsand compars then in terms
of system performance characteristics.

A number ofthetransmission upgrade¢hat were developed were found to e stated
requirementgor ensuring reliablend adequatsystem performance for the areas and time periods
under study.

4 As certifiedby the Federal Energy Regulatory Commissio# 0 0 6 , NERC is the fAelectric relizé
whose mission is to improve the reliability and security of the bulk power system in North America. Information on NERC
requirements is available amé at http://www.nerc.con{Princeton, NJ: NERC, 2007).

SNPCCisthecrossor der regional entity and criteria services corpo
mission is to promote and enhance the reliabteedficient operation of the international, interconnected bulk power system

in the geographic area that includes New York State, the six New England states, and the Ontario, Québec, and the Maritime
provincesof CanadaAdditional information on NPCC isvailable onlineat http://www.npcecbre.org/default.aspx (New

York: NPCC Inc., 2007).

51S0O New England Planning Procedure NoR8&liability Standards for the New England Area Bulk Power Supply System
is available online at http://www.isoe.com/rules_pceds/isone_plan/PP3_R3.doc (Holyoke, MA: ISO New England,
2006).

" The Southern New England Transmission Reliability (SNETR) Repdvekds Analysi6August 7, 2006) can be obtained
by contacting ISO Customer Service at 6484220 or custserv@isoe.can.
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Section 2
Overview of Transmission System
Problems and Needs

Through its analysedf the 108yearplanningperiod, the working groujaentified a number of
deficiencies in transmission system secutigtcould lead to violations of th@lanning criteria and
standardshe system must medthese deficienci€s manyof which are a result dhe significant
degree of load growth in the SNE regioform the justification for the needed transmission system
improvementsAlthoughdiscussed in detail in the Needs Analytlie pecific reliability needsre
summarized as follows fayuick reference

e The amount of power that can be delivebetiveereastern New Engind andwestern New
Englandmust be increased heeast west power flows across southern New Englemald
be limited because of potential thermal and voltage violations of area transmission facilities
under contingency conditions.

¢ The amountf power that can be moved between Connecticut, Massachusetts, and Rhode
Islandmust beincreased t@liminatke transmission security criteria violatians

e The reliability of the transmission supply to the Springfield, Massachusettsnastée
improvedby eliminating thermal overloads and voltage problems under numerous
contingencies. The severity of these problémseases as the system attempts to move

power into Connecticut from the rest of New Engldndhe Springfield area, local double
circuit tower outages (DCT), studhreaker outages, and singllement outageall canresult
in severe thermal overloads and lgaitage condition QRGN EEN o T N =T Te
and may be accessed by calling ISO New England Customer Service at (413)-3220

¢ The ability to move power intand out ofConnecticumustbe enhancedn the past, the
limited ability to exportpowerfrom Connecticut to the rest of New England was the more
seriousproblem;however, tiis has reversed in recent years. The ability toarhpower
presentlyis limited and could eventually result in the inability to serve load under many
probable system conditiorBowertransfercapabilitiesin the Connecticut aresreforecast to
beinsufficient formeeingt he ar eads r g asR009. leimeEovementsars noe a r |
made by 2016, the deficiency for this atea d generafounavailability conditiong (i.e.,
whenthe largest unit plus a historical average amount of other generatioraksmrtice
andwhen a single power systeriement is lost (NL condtions) is expected to be greater
than 1,50MW, assuming transfer limit of 500MW andno new capacity adkibns. On
the basis of planning assumptiafduture generation additiortd 500MW and retirements
of 204MW within the Connecticut area, by 2016 a deficiencyapproximately 1,100AW
will occur for N-1 conditions, and,200 MW for N-1-1 conditions (i.e., conditions under
which a transmission element is unavailable and a single power system element is lost)

e Theamount 6 power that can be delivered from eastern Connecticut to western Connecticut
must be increasdaly eliminating transmission security criteria violations. These violations,
which can causthermalconstraintslimit the Connecticut eastvest power transfeli@cross
the central part of Connecticut. The movement of power from east tpinveshjunction

8 RSF06, Table BB
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with higher import levels to serve Connectiamterload transmission facilities within
Connecticut.

e Thereliability of the transmission supply to the Rhodiahd areanust be improved by
eliminatingthermal overloads and voltage problefRBode Island now is overly dependent
onalimited number oftransmission lines or autotransformers to serve its needs, which could
result in thermal overloads and voltageliems during contingency conditior@zausal
factorsfor these conditionsiclude high load growth (especially in southern Rhode Island
and the coastal communitiegit availability, andolanned and unplanned transmission
outagesThe Rhode Island 115 k&ystem is constrained when a 345 kV line isadigervice.
Outage of any one of a number of 345 kV transmission lines lihetamount opowerthat
can beransferedinto Rhode Island. For lineut conditions, the next critical contingency
involving the loss of a 345/115 kV autotransformer or a second 345 kV linesigsult
numerous thermal and voltage violations.
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Section 3
Development and Assessment of Options

Developng andassedag the optiors for addressing the identifiedliability needshas been a hitdy
complex effort. Thdirst part of theprocessvas toestablistthe objectives for the futurperformance
of theSNEtransmission systeivasedipon the reliability deficiencieshown in theRegionalSystem
Plans(RSPs)andas discusseth the NeedsAnalysisreport Usingtheseperformancebjectivesthe
working group developed and evaluatedombination of complementapptions fortransmission
system upgradédser the longterm planning horizorThis sectiordescribe the designobjectivesfor
the options as well as thability of each set ofptionsto meetthese objectives

3.1 Developing the Four-Component Approach

In formulating each option, the working group considered not only the performance of the option but
also the relationship that easption @uld havewith other components of the comprehensive

solution, with other elements of the transmission system, and with the regional transmission system as
a whole. Consideration of thesdationshipge nsur ed t hat the devel opment
conprehensive and did not have an adverse impact on other parts of the systemel@itiesships

l ed the working group to develop an approach t
components:

(0]

¢ Interstate Componen® This componengitherprovidesan additional link between
Massachusetts, Rhode IslaaddConnecticut arin one case, just betweBMmode Island and
Connecticutand improves regionalansfer capabilities. Initial brainstorming sessions
identified 17 options for the Interstate compaoiheof which five viable options remain.

e Rhode Island Componend Thi s component increases Rhode |
Engl and6s tanbrhissikrystamuandleliminates both thermal overloads and
voltage violations. fireeoptions(two Interstate ofxdns plus one independent optiavgre
developed to better connect Rhode Island to the rest of the syisteenoptions were
developed to extend these new facilities farther into the major load cestertihwesRhode
Island and two options were develed to bring an additional source into the 115 &t
centerfrom the east.

e Connecticut East West Componen® This component provides an additional link between
western and eastern Connecticut and improves system transfer capabilities. Four options were
initially developed for this component; one was eliminated as a result of poor performance,
which left three options for further study.

e Springfield Componentd This component eliminates both thermal and voltage violations in
the Springfield area while increagin t he ar eads access to the 345
system. The number of 345 kV options for the Springfield component was limited; however,
35 options were initially developed because a number of possible 115 kV solutions would
work well with any of the 85 kV options. Three 345 kV options remain, each having four
115 kV variations, for a total of 12 potential solutions.

As shown inFigure3-1, a number of factors were considerefoinrmulating and evaluating the
optionswithin each componertf the plan These factors rangdibm consideing theimpactsof an
optionon the New YorkNew England transfer capabilities to assesthe impact oaddinga
specific generating unit

New England EasiVest Solutions 5 June2008
Report 2: Options Analysis



Interstate NE Easti

A 4

Improvement West
Transfers
A
Status of I {
Lake Roac NYT NE
. Status of CT Import (N
> —> <
SPS Lake Road Performance Transfers
——k A
A
Western Mass ECT CELLLLLLLLLL TELEEEL (XL XD madessssssssssnsssansssnnssEnnsnRRE R R R nn R
Load RI Load
Imgrogement 4_’| W. MassPerformance|« cd ’l R1345 k\Performancel‘ Improvemer
T Y SV U + 4 t
| Western Mass. Dlspatcd - > RI 115 KV
RI Dispatche Performanck
Legend Y

CT Import

P Parameteor system condition (N1-1) SWCT Import

P' Needed improvements based on parameters ar Performance
system conditions (load level, dispatch state, and I

network configuration)

Y. Pgrameter or system condition hagpacton CT EagtWest
adjoining box Improvement
€ To avoidthe confusion ofine crossinas

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

The lines interconnecting the boxag-igure3-1 showhow the components can have an impact on
one anotherFor example, thegsformance of the Rhode Island 345 kV system depends, to some
extent, on all the following:

¢ Rl Load Rhode Island load levgls

o NE EastWest Transferstfansfer level from eastern to western New England
e CT Import (N1) Performancetansfer level into Camecticu)

¢ RI Dispatchesdeneration dispatch in Rhode Island

e Status of Lake Road¢neration dispatch on the borders

e W. Mass. Performancedrformance of western Massachusetts sy$temLudlow to
Manchester loadirjy

To ensure the resiliency tfesolutiors, the design of the system upgrades accmiior the
premature loss of generation concurrent with the aldfitye systento maintain an acceptable level
of performance under lineut-of-service conditions. This is an impantplanningconsideation
becausemplemening a transmission systeapgradeo ensure system reliability response to an
unforeseerevent can require from three to five yedrs.createsolutiors that aresufficient to meet
minimum reliability requirements for both theréseeable and the unforeseen circumstartioes
following assumptions have been includegplanningconsiderations
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¢ Connecticugeneratio® the unavailability othe following generation, alone or in
combination, plusmo new major generation additions

o Millstone#3 (1,260MW)

o Othermajorareageneration Equivalentdemandorcedoutage rates are calculated at
over500 MW.%)

¢ Rhode Islandjeneratiod the unavailability of any of the following units or stations, alone or
in combination, plus no new major geaton additions:

0 Rhode Island State Energgmbinedcycle unit (448 MW)
0 Manchester Streatation (357MW)

o Brayton Point 11%V generation(479MW)

o Milford Power and Tiverton generati¢gd33MW)

e Springfieldgeneratio® the unavailability of any of the fol@ing plants, alone or in
combination:

0 Berkshire Powe(280MW)
0o Mourt Tom(147MW)
0 West Springfieldstation (194MW)

All these assumptiorsnable the design afsystem thawould beresponsive to potential events or
conditions that limit the resources #ahle to a supply area. The developmand selectiorf

optiors that contemplate such conditions allow for a more robust and flexible system and, ultimately,
systemupgrades witlgreatedongevity.

Developingtheseoptiors has beemn iterativeprocessOptions thatseemed capable ofitigating
reliability concernsvereformulated andnalyzedor compliance witithedesigncriteria and
objectives Additional modificationswereformulatedasnecessargndthe optiongeevaluatedThis
stepwasrepeatedintil eitheraworkable optionwasidentified or it became clear thalhe option was
not viablebecausdt would requiretoo manysystemmodifications

3.2 Assessing the Options

All the systenmupgradesssociated with the four plmomponerdg weredesigned toesolve the
reliability concerns for the southern New England transmission system oyepjeetedplanning
horizon,as identified in th&eeds AnalysisThe optiors for thefour plancomponerg were evaluated
for their potential to improvehereliability and performance of the transmissgystemincludingthe
following factors

e Improving the capability to transfer power irgnd withinthe load centers in southern New
England

e Improving easto-westand westo-easttransfer capabilityacross New Erignd andwithin
Connecticut

e Eliminatingprojectedine oveloads under contingencconditions

° An equivalent demand forcedutage rateis the portion of time a unit is in demand but is unavailable because of a forced
outage.
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e Improving system voltagasmdercontingeng conditions
e Decreasing system losses

e Improving system expandabilignd flexibility

The @tionsalsowere comparednthebass of thethermal transfer limits across key New England
interfaceghat would be affected by these improvementese included the New Englaridew

York interface, the New England E&#lest interface, the Connectidmportinterface, and the
Conneticut EastWest interfaceThermal transfer limits are a function of a number of variables, as
follows:

e Load levels

e Load distribution

e Generation availability assumptions

e Generation source and sink combinatins
e Transmission facility outage assumptions
e Transmission facilityequipmentatings

e Phaseangle regulator settings

e Solution techniques

Varying any of these factors produces a range of values fantamacetransfer limit. System
conditions could exist that restrict transfers below the limitsct&enversely, system conditions
alsocould allow for even higher transfers. For comparing the traxafgability improvements
resulting from the various optiomd each componepall thermal transfer limit variables were held
constant in this analysis.

The study evaluated the number of times an element is highly loaded (abover@@¥oyarious
contingeng and dispatch conditiorfsr each of theptions within thdnterstatecomponent

Similarly, the study comparembntingencyoltagelevels These pedrmance measuresnvey the

relative strength of eadabption. The likelihood of each option reducing system losses, which provides
both economic and efficiency improvemeratsowas evaluated.

Limiting the increase in shedircuit duty for areas of thigansmissiorsystem that may experience
future shorcircuit constraints is important for developing future generation. Ahedgpresently
containexisting equipment that is close to the stoirtuit limit are less likely to attract new
generation beasse of thepotentialcostfor systemupgradeshat would be required for the generation
to interconnectTherefore, omparing options on the basistbéirimpacton the shoricircuit duty of
anar eads exi st i ng isagalysisglicheonhatsiddr the nunsberfofuocationsiwiere
increases may occur but rather only the highest increase at any single location observed on the
system.

10 A sourcepoint is apoint on the transmission system where electric energy is injestiell as amcrease in generatioA.
sinkpointis apoint on the transmission system where electric energy is withdsauweh as a decrease in generation or an
increase in load.
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The working group al so e venhanciagystem egpanddbilitgmg t i on 6 s
flexibility . Thisis a key consideratiogiventhat transmission assets typically have lifetimes that
exceed 40 years.
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Section 4
Interstate Component Options

System studies have extensively examittegkexistingkey transmission pathbatinterconnect
Connecticut, Massachusettsd Rhode Island hese studies hawketermined thiareinforang or
otherwisemodifying existing facilitiesalonewill not bring the system into compliance with
applicablereliability criteriaand planning standardisr the future The most practical ofins tomeet
reliability criteria andsimultaneously improvinterstate transfer capabiligndload-serving ability
were determinetb beaddingnew345 kV lines coupled with otheeinforcementsasdescribed
elsewheren thisreport

Accordingly, all fve options for the Interstate component include the addition of new\34ihes,
together with additional modifications and reinforcemelntgieneraleach of the proposddterstate
options coupled with thesolutions of the threethercomponentsyil | improvethe abilityof the SNE
bulk transmission systeto move powebetweereastern New Englarehdwestern New England
andenhanceransmission security in Connecticliheyalsowill mitigate area transmission supply
concerns for the Springfield atide Rhode Island supply areas and relieve transmission constraints
for the transfer of powdretweereastern Connecticandwestern Connecticut

Each optiorhas been designed such thietgeneral performance meets the design criteria established
for the reliability of theSNE systemHowever, some saliesharacteristicselated tosuch areas of
concern as transfer capabilities, line loadings, voltage levels, and expandabilityique t@ach

solution

This section summarizes the five options & thterstate componeatn d each opti onds
improve system performance and reliabilihefactors used in evaluating each option are discussed
and thé& individual characteristics compared in terms of their immamodthersystem characterissc
Detailed listings of the upgrades associated eétbh optiorare included iAppendixA.

4.1 Process to Develop and Eliminate Interstate Options

During an initial studysession, 17 Interstate optionsre developetbr discussionThe options
identified agmpractical, infeasible, or likely poor performavere eliminateaver time andnew
optionswere added to theix. One of three originaHVDC options was modified andconsidered
Fourteen options were retained for further testivigch eventuallywere reduced tghefive
remaining optionsThereviewprocess islepicted inTable4-1, which alsssummarizes th&4
options andhe reasoningsed tceithereliminaie or reainthem.
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Table 4-1

The Process to Develop and Eliminate the Interstate Options

Original 345 kV Interstate Options

Disposition

Final Top 5 Options

1 Cardi Lake Road

2 Cardi Lake Roadi Sherman Road

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

3 Cardi Lake Roadi Sherman Roadi Millbury

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

4 Cardi Lake Roadi West Farnumi Millbury

4. Cardi Lake Roadi West
Farnumi Millbury
(designated Option A)

5 Cardi Lake Roadi Sherman Roadi West
Farnumi Millbury

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

6 Millburyi Sherman Roadi West Farnumi Kent
Countyi Montville

6. Millburyi Sherman Roadi
West Farnumi Kent Countyi
Montville (designated
Option B)

7 Cardi Lake Roadi Carpenter Hill

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

8 Montvillei Brayton Point

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

9 Manchesteri Carpenter Hill

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

10 Manchesteri Carpenter Hilli Millbury

10. Manchesteri Carpenter
Hilli Millbury (designated
Option C)

12 North Bloomfieldi Agawami Ludlowi
Carpenter Hilli Millbury

12a North Bloomfieldi Agawami Ludlowi
Carpenter Hilli Millbury, plus separation of
existing 395 line (Ludlowi Manchesteri North
Bloomfield)

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

12 Ludlowi Carpenter Hilli
Millbury, plus separation of
existing 395 line (designated
Option D)

13 Montvillei Kent Countyi Manchesteri
Brayton Point

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

14 Ludlowi Agawami North Bloomfield

This option became part of the
Springfield Component
analysis.

DCi Millburyi Southington
(added)

DCi Millburyi Southington
(designated Option E)

New England EasWWest Solutions
Report 2: Options Analysis

11

June2008




The five final Interstate options are as follows:

e Interstate Option Ad anew 345 kV line from the MillburyMA, substation to the West
Farnum RI, substatiorand therto the Lake RoadCT, substationterminaing atthe Card
CT, substation

e Interstate Option B& anew 345 kV line from the West Farnum substation to the Kent
County, RI, substatiorand therto the Montville CT, substation(The line from the West
Farnum substation to the Kent County substation is part of the R$ladd component.)

¢ Interstate Option Cd anew 345 kV line from the Millbury substation to the Carpenter, Hill
MA, substationterminaing atthe ManchestelCT, substation

¢ Interstate Option D& anew 345 kV line from the Millbury substation to the Carpentir
substation to the LudloyWA, substation to the AgawarvlA, substation to the North
Bloomfield, CT, substation(The line from the Ludlow substation to the Agawam substation
to the North Bloomfield substation is part of the Springfield component.)

¢ Interstate Option EG anew 1,200 MW highvoltage directcurrent (HVDC) tie between the
Millbury substation and the Southingtd®iT, substation

4.2 Description and Performance of the 345 kV Interstate Options

This ®ctiondescribs each of the interstate optioirsfurther detailOneline diagrams of the 345 kV
transmission upgrades for each option are included. These figures do not show associated 115 kV
system improvementfiowever AppendixA contains a detailed description of all the upgrades
included in eacloption. For simplicity, these figures also do not show some intermediate 345 kV
substations, such as Barbour Hill and Killingly.

Each section also contaiagablesummarizinghow the option performed with respect to the
assessment process as descrih&kction3.2

4.2.1 Interstate Option Ad Millbury to West Farnum to Lake Road to Card 345 kV Major
Upgrades

This optionaddsa new345KkV line thatconnects Millbury to West Farnum and themtinues on to
connectWeg Farnum to Cardwith an intermediate connection at Lake ROHute reconductang of
the portion of the Sherman Road to Lake RoadkK34bne thatphysicallyisin Rhode Islandlsois
part of this option

Figure4-1 depicts the major upgrades that comprise Interstate Optidale4-2 summarizes the
assessmemesults for this option
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Figure 4-1: Interstate Option Ad Millbury to West Farnum to Lake Road to Card 345 kV major upgrades.
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Table 4-2

System Performance Factors of Interstate Option A

System Performance Factors

Results

Comments®

Effect on transfer capability
between New York and New
England

Positive effect

See Section 4.3.8 for details.

Improving New England
easti west transfer capability

Increases capability by 1,376 MW
(to 4,174 MW total)

Ranked third

| mproving Connect

capability

N-1 import capability increases by 1,766
MW (to 4,443 total);

N-1-1 import capability increases by
1,591 MW (to 2,783 MW)

N-1 limit tied for third among the
options; N-1-1 ranked second

Eliminating high line loadings
under contingencies (2016)

46 high line loadings total;
3 high all-lines-in loading;
43 high line-out loadings

Ranked firstd lowest number of
high loadings

Improving system voltages
during contingencies (2016)

6 borderline voltage cases following N-1
contingencies

Ranked firstd -lowest number of
borderline voltage issues

Decreasing system losses

56 MW reduction in system losses
compared with pre-project system

Ranked fourth

Decreasing short-circuit duty

8.9% increase on worst location

Ranked fourth

Improving system expandability

Yes

AC lines can readily be tapped for
future substations and generator
interconnections.

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

4.2.2 Interstate Option B& West Farnum to Kent County to Montville 345 kV Major Upgrades

Interstaeé Option B extends thexisting345 kV line fromthe West Farnunstationto the Kent
Countystationinto Connecticut to Montvillstation, providing a common supply path for both
Rhode Island and Connecticlihis option also includes the reconductoringh&345 kV line from
Millbury throughCarpenter Hill to Ludlow and theé45 kV line fromANP BlackstongMA) to

Sherman Road.

Figure4-2 depicts the major upgrades that comprise Interstate Optidbable4-3 summarizes the
assessment results for this option.
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Table 4-3

System Performance Factors of Interstate Option B

System Performance Factors

Results

Comments®

Effect on transfer capability
between New York and New
England

Positive effect

See Section 4.3.8 for details

Improving New England
easti west transfer capability

Increases capability by 1,198 MW
(to 3,996 MW total)

Ranked fifth

| mproving Connect

capability

N-1 import capability increases by 1,298
MW (to 3,975 total);

N-1-1 import capability increases by
1,347 MW (to 2,539 MW)

N-1 limit ranked fifth among the
options; N-1-1 ranked fourth

Eliminating high line loadings
under contingencies (2016)

118 high line loadings total;
21 high all-lines-in loading;
97 high line-out loadings

Ranked fifthd highest number of
high loadings

Improving system voltages
during contingencies (2016)

29 borderline voltage cases following N-
1 contingencies

Ranked fifthd highest number of
borderline voltage issues

Decreasing system losses

55 MW reduction in system losses
compared with pre-project system

Ranked fifth

Decreasing short-circuit duty

5.3% increase on worst location

Ranked second

Improving system expandability

Yes

AC lines can readily be tapped for
future substations and generator
interconnections.

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

4.2.3 Interstate Option Cd Millbury to Carpenter Hill to Manchester 345 kV Major Upgrades

InterstateOption C provides a new 345 kV line from Millbury through CarparHill to Manchesdr.
In addition, anew 345 kV line from Sherman Road t&/est Farnunis required

Figure4-3 depicts the major upgrades that comprise Interstate Optidbable4-4 summarizes the
assessent results for this option
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Figure 4-3: Interstate Option Cd Millbury to Carpenter Hill to Manchester major 345 kV upgrades.
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Table 4-4

System Performance Factors of Interstate Option C

System Performance Factors

Results

Comments®

Effect on transfer capability
between New York and New
England

Positive effect

See Section 4.3.8 for details

Improving New England
easti west transfer capability

Increases capability by 1,293 MW
(to 4,091 MW total)

Ranked fourth

| mproving Connect

capability

N-1 import capability increases by 1,766
MW (to 4,443 total);

N-1-1 import capability increases by
1,535 MW (to 2,727 MW)

N-1 limit tied for third among the
options; N-1-1 ranked third

Eliminating high line loadings
under contingencies (2016)

73 high line loadings total;
6 high all-lines-in loading;
67 high line-out loadings

Ranked second

Improving system voltages
during contingencies (2016)

8 borderline voltage cases following N-1
contingencies

Ranked second

Decreasing system losses

69 MW reduction in system losses
compared with pre-project system

Ranked first

Decreasing short-circuit duty

9.3% increase on worst location

Ranked fifth

Improving system expandability

Yes

AC lines can readily be tapped for
future substations and generator
interconnections.

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

4.2.4 Interstate Option D3 Millbury to Carpenter Hill to Ludlow 345 kV Major Upgrades

InterstateOption D builds a news45 kV line fromMillbury to Carpenter Hill to Ludlow anthkes
advantage of the proposed Springfiatda improvement® complete the interstate connectitin
alsorequires upratingof the345kV lines from Ludlow to Manchesteand from Sherman Road to the
state borderA new linefrom Sherman Road to West Farnum ass@quired.

Figure4-4 depicts the major upgrades that comprise Interstate Optidatide4-5 summarizes the
assessment results for this option
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Table 4-5

System Performance Factors of Interstate Option D

System Performance Factors

Results

Comments®

Effect on transfer capability
between New York and New
England

Positive effect

See Section 4.3.8 for details

Improving New England
easti west transfer capability

Increases capability by 1,853 MW
(to 4,651 MW total)

Ranked first

| mproving Connecf

capability

N-1 import capability increases by 1,903
MW (to 4,580 total);

N-1-1 import capability increases by
1,262 MW (to 2,454 MW)

N-1 limit tied for second among the
options; N-1-1 ranked fifth

Eliminating high line loadings

76 high line loadings total;

. . 5 high all-lines-in loading; Ranked third
under contingencies (2016) g ) . 9
71 high line-out loadings
Improving system voltages 9 borderline voltage cases following N-1
p. g .y . g r ! ,V g Ses wing Ranked third
during contingencies (2016) contingencies
. 57 MW reduction in system losses .
Decreasing system losses 4 Ranked third

compared with pre-project system

Decreasing short-circuit duty

7.5% increase on worst location

Ranked second

Improving system expandability

Yes

AC lines can readily be tapped for
future substations and generator
interconnections.

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

4.2.5 Interstate Option Ed Millbury to Southington High Voltage DC Major Upgrades

Interstate Option E involves tliestallationof HVDC facilities andprovides an independent
controllablesupply path througlheaddition of abipole HVDC line from Millbury to SouthingtonA
new345 kVline from Sherman Road to West Farnum ass@quiredin connection with Interstate

Option E

Figure4-5 depicts the major upgrades that comprise Interstate Optibalite4-6 summarizes the
assessment results for this option.
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To NORTHFIELD
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See Springfield and
CT E-W sections for
associated upgrade options.

HVDC serves as CT E-W
option in this case.

‘ NORTH BLOOMFIELD ‘

395

301

To FROST BRIDGE ¢+— 29 SOUTHINGTON

3041

3754

395 Meeksville Jct.

CARPENTER HILL

To SANDY POND

S To WEST MEDWA

330

302 To WEST MEDWAY

SHERMAN ROAD |__3361

NP BLACKSTONE|

33é
-OCEAN STATE

347

fowco

383

To EAST DEVON ¢— 3827 BESECK

348N

383— 364

Totoket Jct. -

ber

E‘HALVARSSON

To SHOREHAM
EAST SHORE

HADDAM

481

348S 371

MILLSTONE

-

LAKE ROAD

MONTVILLE

328

WEST FARNUM

310 —» To BRAYTON POINT

332

KENT CO.

LEGEND
EXISTING 345 KV FACILITY

PROPOSED 345 KV FACILITY

EXISTING HVDC FACILITY
PROPOSED HVDC FACILITY

Figure 4-5: Interstate Option ES Millbury to Southington HVDC line.
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Table 4-6
System Performance Factors of Interstate Option E

System Performance Factors Results Comments®

This option was originally more limiting

Effect on transfer capability

on NY to NE. However, the 2010 ) .
between New York and New . o See Section 4.3.8 for details
western MA improvements eliminate that

England . .
limiting condition.
Improving New England Increases capability by 1,580 MW
p" g g . pabllity by Ranked second
easti west transfer capability (to 4,378 MW total)
N-1 import capability increases by 1,974
| mproving Connec{MW (to4,651 total); N-1 limit ranked first among the
capability N-1-1 import capability increases by options; N-1-1 ranked first

1,621 MW (to 2,813 MW)

100 high line loadings total;
18 high all-lines-in loading; Ranked fourth
82 high line-out loadings

Eliminating high line loadings
under contingencies (2016)

Improving system voltages 23 borderline voltage cases following N-

. . . . . Ranked fourth
during contingencies (2016) 1 contingencies

68/33 MW (conventional DC/DC light)
Decreasing system losses reduction in system losses compared Ranked second/fifth
with pre-project system

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

DC system not easily expandable;
an additional converter station
would be needed for adding a
generator or substation

Improving system expandability |No

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

4.3 Comparison of Interstate Options

Each of hefive options of thdnterstatecomponenfully addresssall the reliability concerndor the
SNEbulk transmission system over the projected planning horatdmugheach ha itsown set of
characteristics with respects$gstem performance improvementsis sectiorcompaesthe
improvementghateach option auld contribute teystem performance for the reliabilibpased
characteristics important fthe southern New Englansystemandincludescomparisortables for
several of thelectrical performancfactors

Target values shown in tbetables are basedn either the project design objectives or the minimum
requirements needed to satisfy the reliability requirements for the system

Table4-7 is a master comparison table that includes all the fadtach factor is discussed detail.
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Table 4-7
Comparison of Interstate Options

Interstate Options Pre-Project . . . . .
Option A Option B Option C Option D Option E
and Needs System P P P P P
New England easti west
. 2,798 4,174 3,996 4,091 4,651 4,378
transfer capability (MW)
CT import: N-1 (MW) 2,677 4,443 3,975 4,443 4,580 4,651
CT import: N-1-1 (MW) 1,192 2,783 2,539 2,727 2,454 2,813
Numberhigho6o
@ll-lines-in doadings in NA 3 21 6 5 18
2016
Numberhi gh 60 NA 43 97 67 71 82
dine-ou tldadings in 2016
Total high loadings NA 46 118 73 76 100
Number of borderline
NA 6 29 8 9 23
voltage cases
Decrease in New England
g NA 56 55 69 57 | 08 (cony
system losses (MW) 33 (light)
Short-circuit impact
. NA 8.9 5.3 9.3 7.5 3.8
(percent increase)

4.3.1 New England Easti West Transfer Capability

The improvement in New England éasest transfer capability ranged from a low of about
1,200MW for Interstate OptioB to a high of about 1,900 MW for Option Dable4-8 shows he
incremental improvement for each of the options fek dbnditions.
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New England Easti West 2012 N-1 Transfer Capability Improvement

Table 4-8

Incremental
New England Increase in New
Interstate Easti West England
Option Transfer Easti West
Capability (MW) Transfer
Capability (MW)
Base 2,798
A 4,174 1,376
B 3,996 1,198
C 4,091 1,293
D 4,651 1,853
E 4,378 1,580

4.3.2 Connecticut Import Improvement

The results formproving theimport capability into the Coniécut aresshow thatach optiormore
thansatisfies theggear 2012lanning horizomequirements foarea supplyalthougheach option
differsin the amount ofimprovemenit could provideto thesystem

Table4-9 andTable4-10 show the target improvement level, the import level, and the incremental
improvement for each of the options for botHlMndN-1-1 conditions, respectively.

Table 4-9
Connecticut 2012 N-1 Import Comparison
Incremental
Interstate CT Import: Improvement in
Option N-1 (MW) CT Import:
N-1 (MW)
Base 2,677
Target® 3,574 923
A 4,443 1,766
B 3,975 1,298
C 4,443 1,766
D 4,580 1,903
E 4,651 1,974

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

Incremental
Interstate Option SEIT(F)J\;:I) Imch:r_I?\I/rir;srr;[ n
N-1-1 (MW)
Base 1,192
Target® 2,374 1,308
A 2,783 1,591
B 2,539 1,347
C 2,727 1,535
D 2,454 1,262
E 2,813 1,621

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

The target i®1923 MW increasdor N-1 anda 1,308MW increasdor N-1-1 Connecticuimport
capability.

InterstateOption Aprovides an improvement afmost1,800 MW over the existigg N-1 Connecticut
import capability The N-1-1 improvement under this option for tR@®nnecticiimport capability is
about 1600 MW, one of the highest

InterstateOption Bprovidesthe leastmprovemenin Connecticuimport capabilityjncreasing N1
imports by about ,B0O0 MW, whichis almost700MW less than the option with the greatest
improvementThe N-1-1 import capability improvement for this optiaisois about 1300 MW, one
of the lowest

InterstateOption Cprovides a improvemenin N-1 andN-1-1 import capabilitysimilar toOption A.

InterstateOption Dprovides an improvement of-Nimport capability at aboutd00 MW, one of the
highest However,the N-1-1 import capability improvement f@ption Dof less tharl,300MW is
the lowest ofall options

InterstateOption E (HVDC) provides the greatest level of Nimport improvement of all options
studied at about,@00 MW. The N-1-1 import capability improvement for this option is about
1,600MW, also the highest among all options

4.3.3 Line Loading during Contingencies

All five Interstateoptions eliminate transmission element overloads that occur-100MNN-1-1
contingency conditiongA comparison of theumber of line loadings above %@of-rating following
such events suggeshe amount ofidditional transmission capacity margiach option could
provide Alternatives with fewehigh loadinggndicatemore robust pla
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Theseresults are displayed ifable4-11. In total, Interstate @tionsA, C, andD performed
somewhat better than the other two options

Table 4-11
Comparison of Line Loadings in 2016
Number of High | Number of High Total Number
Interstate . : . o N .
Option OAll-Lines-Ino oLine-Outo of Line

P Loadings Loadings Loadings
A 3 43 46

B 21 97 118
C 6 67 73
D 5 71 76
E 18 82 100

4.3.4 System Voltages during Contingencies

Similar to the number of contingency high line loadings, the lower the number of borderline
contingency voltage cases that occur in an option mightsaltygest that its a more robust optiom |
generalnterstate @tions A, G and D performedomewhat better thahe other optionsThe
voltage results appear Trable4-12 and reflect the number of cases of low or high equipmen
voltages during contingency events for each of the Interstate aptions

Table 4-12
Comparison of Voltages during Disturbances in 2016
Interstate Option Nun:/?)‘letra‘;LBg;:;f“ne
A 6
B 29
€ 8
D 9
E 23

4.3.5 System Losses

Thelnterstateoptions varied in their ability to reduce system losses from al&ou/8 to as high as
69 MW, as shown irmmable4-13.
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Table 4-13
Comparison of System Loss Reductions

Decrease in

Interstate Option
P New England System Losses (MW)

A 56
B 55
C (assuming the 69
Route 1-84 path)
D 57
E 68 (conventional DC)
33 (DC light)

4.3.6 Stability Screening Analysis

A stability screening analysis wpsrformed to dermine if any options exhibited undesirable
transient behavior following a fault condition. Genergadly the options improved system
performancehowever, some findingareworth noting.

If the West Medway Southuswereout of serviceonly Option Awould be able tanitigatesystem
instability forathreephasefault on West Medwapus B &tuck breakerl04). Similarly, only Option
A would preventa Lake Rad tripif the330 line(Lake Roa@lCard 345 kV)wereout of serviceand
the347line (Sherman Rah Killingly 345 kV) had a fault Thisalsowould holdtrue if the fault were
on the 330ine and the 347 line were out of serviééso under Option AlL.ake Roadvould nottrip

if the 347 linewereout of serviceandthe 383 lingMillstone-Card 345 kV)at Cardhad a thregohase
fault that resulted in a 3T studkeaker condition (the 383 line, the 330 line, and the
autotransformer)

OptionB is the only option that doest mitigatea Lake Road and @eanStatesPowertrip for the
condition where th&30line is out of serviceandSherman Road hassubsequent stuck breaker
(stuck breaket42 whichtakesthe 3361line from Sherman Road to ANP Blackstone and32@
line from Sherman Road to West Farnaut of servicg This indicateshe needo adda second
Card Lake Road 345 kVne or asecondNestFarnum Sherman Bad 345 kV line orto eliminate
the possible stueckreaker condition.

4.3.7 Short-Circuit Duty Impacts

Based on a higlevel approximation of the percent increase in shinduit duty at constraied
locations,InterstateOption Eshowed the lowest increase in fault duty compared witlottner
options and otion C showedthe greatest increasthe differences inhese resultsvhichare
displayed inTable4-14, do not apear to be significant and may not bmaterial factofor selecting
a preferred alternativélowever, he testing diderve asaeffectivescreening tool for determining
whetherany options were fatally flawe@nce the preferred selection is maahel he associated
shortcircuit studiesarecompletedmore clearlydetermiring anysignificant impacs will be possible
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Table 4-14
Comparison of Short-Circuit Impacts

Interstate Short Circuit Impact
Option (percent increase)
A 8.9
B 5.3
C 9.3
D 7.5
E 3.8

4.3.8 System Expandability and Flexibility

In terms of fiture system expandabilignd system flexibilityall four AC options offer much more
expandability than the DC optioBC systens historicallyhavebeenused for relatively long, point
to-point type deliverandhavenot beenintegrated into the center of AC systems.

The onlyaction required tonicreas the capacity of an AC line migbea simplereconductoring;
increasing the capacity of a DC systemudorequire, at a minimum, either major converter additions
or converter changeuts at each end of the line. Adding a new generator midpoint to a DC line would
most likelyrequire a new converter station, possibly with two new conve&arslarly, the reed to
connect to a lower voltage systegither to provide voltage support or eliminate thermal overloads
would be equally difficult

4.3.9 Impact of Improved Connecticut Transfer Capability on the New Yorki New England
Interface

This section presents the réswof a parallel transfer analysienducted by the working grouipat
evaluatedhe impact okach SNEransmissionmeinforcement upgrade option on the abilitythod
New Englandulk transmission systetn exportto and importirom New York The intentwas to
determinewvhetherany optionparticularlyenhanesor has an adverse impact this capability.

In the simulation analysigerformed by the working grougeneration in New York was chosen to
aggravate, as much as possible, a potential clockwegeflow through New Englandn this
analysis, gneration was scaled up at Gildd') (near the Berkshii&Alps 345kV tie with New
Englangd and scaled down at BowlirfdlY) (south of Long Mountain tthe Pleasant Valley 34kV
tie with New England. As mos New Y ork generation was oline in the base case, Rose(diY)
generatiorhad to be scaled up to provide coverage fewN ork exports, despite its beneficial
impact on countering any clockwise loop flow.

Generation ireastern New England was chosemdpresent a homogeneous source or goift
across all threeastern regions: Maine, Bostand Southeast MassachusdBscausenost existing
generation was oline in the base case, some older retired units had to be scaled up to provide
coverage foeastern ew Englandexports.

The main transfer analysis was first performed as desdnlibé preceding paragraphhe
following sensitiviy analysesverethenperformed:
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¢ Replacing output fronMillennium with Seabrook

e Replacing output from Mystic wittWest Springfield and Berkshire Power

¢ Changing the New York source aasédlooglownk subsys:

scenario. 0 Generation was scaled up at Bowl

and Athens

The results of the analysis sinthe following:

e Except forOption E theHVDC option, all optionseither maintain the transfer capability
with New York orimprove it

e Except for theDption E the HVDC option all optionsperform similarly.

e TheHVDC optionmarginally limits imports froniNew Y ork. However, the transferesponse
factor on the limiting element is low (5.9%nd the limiting element (Be&wvamp
autotransformer) is a known issue, which will be fixesdoart of theentraland western
Massachusetts upgrades

¢ In all instancesexports to w York are limited by the overload of the E131 line from Bear
Swamp to the E131 tafhis limiting element als@s a known issue, which wililsobe fixed
as part of theentraland western Massachusetts upgrades.

¢ None of the sensitivity ruridentified anysignificantdifference in performance among
Options A, B, Cor D.

4.3.10 Input from Operations Personnel

The working group presented the details of the Interstate options to Operations personnel from ISO
New England, CONVEXand REMVEC at a joinPlanningOperations meetind he operatorswho

were not presented with any information concerning cost, environmental, or routing impacts,
preferred Option A for the following reasons:

e |t bestalleviaiesthe angular difference between Rhode IslandConnecticut, thus
removing all the operating complexitiesdated taaking lines out of service in the area

e Alleviating the angular differencedll eliminake the need for th&PSthat takes théake
Roadunits out of service focertain contingencie® avoid possible shaft damage.

e The newKillingly substation serving eastern Connecticamreceivesupportfrom the rest of
New England evewith the 347 line out of service.

4.4 Interstate Component Conclusion

The comparison dhe Interstate optionadicakes thatll optionsmeet the design objectives for
satisfying the reliability criteria for the projected New England transmission syStarh.option
offersdifferentadvantageanddisadvantagecomparedvith the other options in terms of system
performarme. These differences will be combined withst,siting, and constructiomelated factors to
determine the optimal solution for the identified needs
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Section 5
Rhode Island Component Options

As discussed in Section Rhode Island now is overly dependent ontéditransmission lines or
autotransformers to serve its needs, which could result in thermal overloads and voltage problems
during contingency condition€ausal factors include high load growth (especially in southern Rhode
Island and the coastal commues), unit availabilityand planned and unplanned transmission
outagesThe Rhode Island 115 kV system is constrained when a 345 kV line is out of samvice
outage of any one of a number of 345 kV transmission lines results in limits to power transfer
capability into Rhode Island. For lirmut conditions, the next critical contingency involving the loss

of a 345115kV autotransformer or a second 345 kV line would result in numerous thermal and
voltage violations.

To address the identified reliabilitgsues, three new 345 kV facilities were found to be necessary to
support the Greater Rhode Island area and to better integrate it with the rest of the New England
system. Generally, these improvements would bring a third source into RhodeiglEEI| e
has been redacted and may be accessed by calling ISO New England Customer Serv
(CHR)ETI:vPI8 Theimprovementsalso would extend a second source into the load center in
southern Rhode Island and add a newra®into a 115 kV load center located just east of the Rhode
Island border. Severaptionswere evaluated for each of these facilities, which are described in the
following sections.

5.1 Rhode Island Recommendations

Figure5-1 displays the recommended improvemefds Rhode Islando increase the ability to move
power into West Farnupareating a stronger tie to the rest of New Englaxtiend another 346/
path to thesoutherrpart of the stateand add a new 348/ injection pont into the load center from
theeast.

New England EasWest Solutions 30 June2008
Report 2: Options Analysis



Figure 5-1: Rhode Island upgrades.
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