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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.
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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.

New England EasiVest Solutions % June2008
Report 2: Options Analysis



Table of Contents

EXECULIVE SUMIMIAIY.....euitiiiiiiiiiiiiiiiiiiimneeeeeeeeeeeaaeeaaaeaaaeeestaaaesnn e naasanaanaaan i mmmreseeeeeeerereeseeeeenes i..
Development and Assessment of Plan Components and Qptions..........ccoooevvvcceeevveeeieeeeeeeeee, ii.
Component Options that Exhibited Superior Performance...........cccccooviviccnniiiciiiiniieeee e iii
Interstate ComMPONENT OPLIONS......coiiiiiiiiiiiii e e e e e emer e e e e e e e e e e e emmeeeeas iii
Rhode Island Component OPLIQNS...........uuiiiiiiiiieiieeee et rmme e e e e amees iii
Connecticut EasiVest Component OPLIONS...........uuviriiiiieeiiieee e e e rmmee e iv
Springfield Component OPtioNS.......cccooiiiiiii i rree e e e e e e e e e e e e e e e e e e e e e e e e enenaaed iv
Relationships among Components and OPLONS......cccoieiiiiii i rrrr e e iv
N[y S (=] o1 J PP v
[ o o U =S PPPRPPRRSPRRRN iX
LISt Of TADIES.....ceiiieeeeii et et e s et e e e e e e e e e e bbb r e e e e e e s enmeaeas X
Section 1
1] o o 11X 1o o U USEEUPRRSP 1
Section 2
Overview of Transmission System Problemsral NeedS...........oooiuiiiiiiiiiiieeeeeeee e 3
Section 3
Development and AsSesSSMENt OFf OPLIONS.......uuuuuiiiiiiiiiiimee e eeeer e 5]
3.1 Developing the FotLomponent APProachs............ooo oo ccci e 5
3.2 ASSESSING the OPLIOMIS......eiiiieiiiiiiiie ettt eeeer et e e e e e e e bbb e e e ememrr e e e e e e e e e annnne 7
Section 4
Interstate ComMPONENT OPLIONS .....uuiiiiiiiiiiiiiiiieie e e e e e e e e e e e e e e e e e e e e e e e e eeeeea e ee e 10
4.1 Process to Develop and Eiivate Interstate OptioNS............eeeeiieeeriiiicenn e sees 10
4.2 Description and Performance of the 345 kV Interstate OpLonS.............occvvieemrivviieeeenenn. 12
4.2.1 Interstate Option& Millbury to West Farnum to Lake Road to Card 345 kV Major
(@] To = 1o {23 PP PP TPPPPPPP 12

4.2.2 Interstate OptiondWest Farnum to Kent County to Montville 345 kV Major Upgrade$
4.2.3 Interstate OptiondMillbury to Carpenter Hill to Manchester 345 kV Major Upgrade$6

4.2.4 Interstate Option® Millbury to Carpenter Hill to Ludlow 345 kV Major Upgrades.....18
4.2.5 Interstate Optionc&EMillbury to Southington High Voltage DC Major Upgrades......... 20
New England EasiVest Solutions Vi June2008

Report2: Options Analysis



4.3 Comparison of Interstate OPLIONS...........oooi i e aes 22

4.3.1 New England EdstVest Transfer Capability.............coooviiiiiiiicoiiieeeccee e 23
4.3.2 Connecticut IMpPort IMProVEMENL..........uuiiiiiiieee e meee e 24
4.3.3 Line Loading during CONtINGENCIES........c.coeeeiiee e mmmr e e e e 25
4.3.4 System Voltages during CONINGENCIES........uuuiiiiieeiiiiicee e e e ieeee e 26
e IR (=] T I 0 1T =1 PP 26
4.3.6 Stability Screening ANalYSIS.........coooiiiiiiiiii e 27
4.3.7 ShOHCIrCUIt DULY IMPACTS......eeviiiieiiiiiiiiiii e ieeeie e e eeer e e e e e e e 27
4.3.8 Systenkxpandability and FIexibility................ccoo e 28
4.3.9 Impact of Improved Connecticut Transfer Capability on the Newi Y&k England
1] (=T = T = OO PPRPUPRR 28
4.3.10 Input from Operations PersonnEel............ccoouiiiiimmmriiiiiiiieeeee e eere e 29
4.4 Interstate Component CONCIUSIAN...........cuuuiiiiiiiiieeere e e e e eeer e e e e e s s eeeeeeenn 29
Section 5
Rhode Island Component OPtiONS.........cooiiiiiiiiiiii et e e e e e eeer e e e e e s e e e e eeaes 30
5.1 Rhode Island RECOMMENTALIQMIS........ciiieeiiiiiiiireeiiiiieee e e e e e e e s s e nesse e e e e e e e e s s snsneesanens 30
5.2 Overview of Rhode Island Options.............ooooiiiiii i eeci e 32
5.2.1 New345 kV Line from West Farnum to Kent County (Recommended with All
a1 S = LI @] 1[0 IS USRS 32
5.2.2 New 345 kV Line from Sherman Road to West Farnum (Recommended with
Interstate OPtioNS C, D, E)..uuuuuiiiiiiiiiiiiiiiiemme e s 33
5.2.3 New 345/115 kV Substation and Transformer (Recommended with All
a1 S = LI @] 1[0 4 1) PP 33
5.3 Rhode Island Component CONCIUSIAN.........uuuiiiiieeeiiice et e e e e e smmme e eneeaeeeeeaeees 33
Section 6
Connecticut East West CompPoNnent OPLIONS.........uuuiiiiieeeeiiiiieenriiiieeeeee e e e e s sssiieieeeinnreeeeeeens 34
6.1 Description of Connecticut EABYESt OPLIONS.........ovviiiiiiiiiiiiiiiiiemee e e e e 34
6.2 Comparison of Connecticut EAAIESt OPLIONS.......ccoiviiiiiiiiiiiiii e 40
6.3 Connecticut EastVest Component COoNCIUSIQN..............coovvviiiiieeeeiiiecceeee e 40
Section 7
Springfield CompoNent OPLIONS. .........ooiiiiiiieeee e e e e e e e e e e e eeeeaeesaannne s 41
7.1 Description of the Springfield 345 KV OPtiONS. ......ccoooiiiiei i veceeeeeeeeeeeeeeeeeeeeeeveees e 41
7.1.1 Springfield Option A 345 kV Linefrom Ludlow to Agawam to North Bloomfield........41
7.1.2 Springfield Option 8 345 kV line from Ludlow to North Bloomfield........................... 43
7.1.3 Springield Option @ Ludlow to Manchester 345 KV LiNe.........ccccoviiiiiiiieeniiiiieeeeen 45
New England EasiVest Solutions Vii June2008

Report2: Options Analysis



7.2 Comparison of Springfield OPLiQNS.............cooiiiiiii e a7

7.2.1 Springfield Option A VariatiOnS...........couiiiiiiiiiiieeeiieiee e eeesrr e e e e A7
7.2.2 Springfield Option B VAriations...........cooiiiiiiiiiiieeeiieiiee e 49
7.2.3 Springfield OptionN C VariatiOn...........ccooieiiiiiiiiimee e eeer s a e e e 51
7.2.4 Input from Operations PersONNEl..........c.uviiiiiiii i 52
7.3 Springfield CompoNent CONCIUSION. ..... ...ttt areer e a e e e e e e e e e e e e eeeas 52
Section 8
Option Relationships and the Selectionf the Preferred OptioNns...........ccovvvvveeviieeivieeniieeeeeneenn. 53
Section 9
Lo Y (=] 03U 54
Appendix A
Listing of Reinforcements by COMPONENES..........cooiiiiiiiiiiiii e 55
New England EasWWest Solutions viii June2008

Report2: Options Analysis






