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ON BEHALF OF NSTAR ELECTRIC COMPANY 

INTRODUCTION1

1. Q. Please state you name and business address. 2

A. My name is Henry V. Oheim, Jr.  My business address is One NSTAR 3

Way, Westwood, Massachusetts 02090. 4

2. Q. By whom are you employed and I what capacity? 5

A. I am employed by NSTAR Electric & Gas Corporation as the Project 6

Director for large capital projects constructed for NSTAR Electric 7

Company (referred to herein as “NSTAR”), an affiliate of NSTAR Electric & 8

Gas Corporation.  My responsibilities have included NSTAR’s 345 kV 9

Transmission Reliability Project (“the 345 kV Project”) and Barnstable 10

Static VAR Compensation Project (“the Barnstable Project”) which is a 11

component of the SEMA Upgrades.  “SEMA” stands for Southeastern 12

Massachusetts Reliability Region, which is a Reliability Region within the 13

New England Control Area operated by ISO New England Inc. (“ISO-NE”). 14

3. Q. Please summarize your educational background and work 15

experience.16
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A. In 1966, I earned a Bachelor of Science degree and, in 1967, a Master of 1

Science degree, both in Electrical Engineering and both from Rensselaer 2

Polytechnic Institute in Troy, New York.  Following graduation, I served 3

four years in the U.S. Navy in the nuclear propulsion program.  I joined 4

Pennsylvania Power and Light Company (“PP&L”) in 1971 working in 5

Engineering and Construction for the Susquehanna Steam Electric 6

Station, a 2200 MW, dual unit boiling water reactor nuclear power plant, 7

progressing to the position of the Electrical Engineering Manager.  In 8

1985, I joined the Institute of Nuclear Power Operations (“INPO”) 9

evaluating nuclear plants throughout the United States and abroad to help 10

them achieve excellence in nuclear operations.  In 1987, I joined NSTAR, 11

which was then known as Boston Edison Company, working in 12

Engineering and Licensing for the Pilgrim Nuclear Power Station 13

becoming in turn the Engineering Manager, Regulatory Manager, and then 14

General Manager of the Station.  Following the sale of Pilgrim Nuclear 15

Power Station to Entergy Nuclear Generation Company in 1999, I 16

continued to work as General Manager at Pilgrim until 2001.  Between 17

2001 and 2002, I worked for Sequoia Consulting Group performing 18

consulting services for Ontario Power Generation Company in Toronto, 19

Canada, and later Framatome-ANP (now known as AREVA) as the 20

Manager of Boiling Water Reactor Engineering.  In 2003, I rejoined 21

NSTAR in my current position as Project Director. 22

4. Q. Who else testifies on NSTAR’s behalf? 23
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A. Joseph G. Mayall testifies regarding the Brook Street and Carver Projects 1

that are part of the SEMA Upgrades.  Robert P. Clarke explains the ISO-2

NE planning process and the reliability needs in the SEMA area.  Christine 3

L. Vaughan provides testimony concerning the financial and rate impacts 4

of the 345 kV Project and the SEMA Upgrades. 5

5. Q. What is the purpose of your testimony? 6

A. I testify in support of NSTAR’s request for incentive rate treatments for the 7

345 kV Project – Phases I and II.  In particular, NSTAR seeks an incentive 8

return on equity (“ROE”) adder of 50 basis points for the use of advanced 9

technologies in design and construction of both phases of the 345 kV 10

Project.11

  The 345 kV Project was approved by ISO-NE as a needed 12

reliability project in the ISO-NE Regional Transmission Expansion Plans 13

for 2003 and 2004 (“RTEP 03” and “RTEP 04”).  Phase I of the 345 kV 14

Project included two underground 345 kV transmission lines that entered 15

service in October 2006 and April 2007.  I am informed that the Phase I 16

lines and related facilities qualify automatically for the Opinion No. 489 17

and 489-A 100 basis point ROE incentive for projects that have been 18

approved through the RTEP, now called the Regional System Plan 19

(“RSP”) planning process and that enter service prior to December 31, 20

2008.21

  The expectation is that Phase II of the 345 kV Project will enter 22

service by December 31, 2008 and thus will also qualify for the Opinion 23

No. 489 100 basis point ROE incentive.  If Phase II should not enter 24
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service before January 2009, I support NSTAR’s request for a waiver of 1

the December 31, 2008 deadline and alternative request for a 100 basis 2

point adder in accordance with the Commission’s Order No. 679.3

In addition, my testimony includes support for NSTAR’s request for 4

incentive rate treatments for the Barnstable Project.  NSTAR requests (1) 5

an incentive ROE adder of 100 basis points for construction of the project; 6

and (2) a 50 basis point incentive ROE adder for the use of advanced 7

technologies in the project.8

NSTAR’s incentive requests are capped at the top end of the zone 9

of reasonableness as discussed in Ms. Vaughan’s testimony. 10

My testimony provides an overview of each of these projects 11

including development and regional approval, explains the need for each 12

project, describes the unique attributes and risks associated with each 13

project, and also describes the advanced technologies used for each 14

project.15

6. Q. Do you sponsor any portion of NSTAR’s Technology Statement? 16

A. Yes.  I sponsor those portions of the required “Technology Statement” 17

identifying the alternative technologies that were considered for the 345 18

kV and Barnstable Projects.19

THE 345 KV TRANSMISSION RELIABILITY PROJECT20

7. Q. Please provide a brief overview of the 345 kV Project. 21

A. The 345 kV Project is a major transmission system upgrade that NSTAR 22

has constructed to reinforce transmission system elements in the Greater 23

Boston Area.  Completion of the Project required engineering, licensing, 24
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procurement of materials and property, construction, and testing of three 1

345 kV underground transmission lines that originate from an existing 2

overhead 345 kV transmission line south of Boston.  This 345 kV 3

overhead transmission line was severed and routed into a new 345 kV 4

Switching Station that we constructed in Stoughton, Massachusetts, a 5

town south of Boston (“the Stoughton Switching Station”).  The three new 6

underground 345 kV transmission lines begin in this new switching station 7

and terminate at two different substations in the City of Boston.  Two of 8

the three 345 kV underground transmission lines are each approximately 9

18 miles in length and are connected directly from the Stoughton 10

Switching Station to a terminal substation in South Boston, the K Street 11

Station.  The third underground 345 kV transmission line is approximately 12

11 miles in length and is connected from the Stoughton Switching Station 13

to the Hyde Park Substation within the City of Boston (see Exhibit NS-5, 14

figures 1-4 through 1-6).  All three new 345 kV underground transmission 15

lines maintain reliability of electric service to Boston and its surrounding 16

metropolitan towns and communities, collectively referred to as the 17

Greater Boston Area.  The total cost of the 345 kV Project is estimated to 18

be approximately $304 million. 19

8. Q. Why was the 345 kV Project needed? 20

A. Without the Project load growth would have caused the area to experience 21

potential overload conditions under single-contingency situations (e.g.,22

loss of an existing transmission circuit) beginning in 2006.  Without the 23



Exhibit NS-1 
Page 6 of 38 

345 kV Project, the region would not be in compliance with national and 1

regional reliability standards. 2

9. Q. What work was divided between Phases I and II? 3

A. Phase I included all design, licensing, permitting, and supporting 4

substation facilities for all three 345 kV underground transmission lines 5

and procurement of equipment for and installation of two of the three 6

transmission lines (one 18 mile line to K Street Substation and one 11 mile 7

line to Hyde Park Substation).  Phase I also included construction of the 8

conduit (or pipe) for the Phase II transmission line.  Phase II includes 9

procurement of equipment for and installation of the third 345 kV 10

underground transmission line to the K Street Substation. 11

10. Q. Why was the Project divided into two phases? 12

A. The Project was phased in order to accelerate construction of Phase I 13

which was needed before Phase II.  Consequently, the installation, testing, 14

and operation of Phase I was fast-tracked in order to address several 15

transmission system overload concerns, expected load growth, and 16

reduced available generation tied to the announced retirement of several 17

generation stations in the metropolitan Boston area.  As noted above, the 18

existing transmission system serving the Greater Boston Area was 19

projected to begin experiencing potential overload conditions under single 20

contingency situations in 2006.  Thus, while Phases I and II were 21

designed as a single project, the Phase I facilities were needed sooner 22

than the Phase II facilities and began providing customer benefits as of 23

their in-service dates.24
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11. Q. What basic exhibits are you sponsoring in connection with the 345 1

kV Project? 2

A. I sponsor Exhibits NS-5 through NS-16.  My first series of exhibits involves 3

governmental approvals.  Exhibit NS-5 is the January 16, 2004 report to 4

the Massachusetts Energy Facilities Siting Board (“EFSB”) whose 5

approval was needed for construction of the 345 kV Project.  That Exhibit 6

contains Critical Energy Infrastructure (“CEII”) information, and is 7

submitted in public and non-public form.  Exhibit NS-6 is the EFSB Order 8

approving construction of the Project.  Exhibits NS-7 and NS-8 consist of 9

introductory portions of the Expanded Environmental Notification Form, a 10

document in its entirety consisting of approximately 200 pages, submitted 11

to the Massachusetts Secretary of Environmental Affairs under the 12

Massachusetts Environmental Policy Act and the Single Environmental 13

Impact Report, a document in its entirety consisting of approximately 500 14

pages, also submitted to Secretary of Environmental Affairs.  Exhibit NS-9 15

lists a number of other governmental permits or licenses that were needed 16

in order to undertake the 345 kV Project.17

Exhibits NS-10 and NS-11 relate to the ISO-NE RTEP process, 18

which is now called the Regional System Plan, or “RSP,” and contain 19

excerpts from RTEP 03 and RTEP 04 relevant to the 345 kV Project.  20

Exhibits NS-12 and NS-13 contain excerpts from RSP 06 and RSP 07 21

relevant to the SEMA Upgrades.  My testimony concerns the Barnstable 22

Project which is one of the three projects constituting those Upgrades.  23

Exhibit NS-14 contains NSTAR’s Technology Statement for all the projects 24
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involved in this filing.  As noted, I sponsor the portion of Exhibit NS-14 1

related to the 345 kV and Barnstable Projects.   2

Exhibits NS-15 and NS-16 relate to the 345 kV Project.  Exhibit NS-3

15 contains U.S. Census Bureau population figures for the purpose of 4

showing the population density of the Greater Boston Area where the 345 5

kV Project was constructed.  Exhibit NS-16 contains photographs intended 6

to illustrate the complexity of construction work for the project.7

ALTERNATIVE REQUEST FOR WAIVER OF OPINION NO. 489 DEADLINE OR FOR A 1008
BASIS POINT INCENTIVE PURSUANT TO ORDER NO. 679 FOR PHASE II OF THE 345 KV9
PROJECT10

12. Q. What is the purpose of this part of your testimony? 11

 A. This part of my testimony principally deals with the possibility that Phase II 12

of the 345 kV Project may not enter service by the Opinion No. 489 13

December 31, 2008 deadline for qualification for the 100 basis point 14

incentive for RTEP-approved projects.  The testimony principally supports 15

the request for waiver of the December 31 deadline for granting a 100 16

basis point incentive pursuant to Order No. 679 for Phase II of the 345 kV 17

Project in the event a December 31, 2008 in-service date is not achieved.  18

This testimony also provides background for consideration for the 19

Company’s request for a 50 basis point advanced technology incentive for 20

both Phase I and Phase II of the 345 kV Project. 21

RELIABILITY NEEDS IN THE GREATER BOSTON AREA22

13. Q. Was the 345 kV Project conceived of as a reliability project? 23

 A. Yes.  However, the Project also provides ancillary economic benefits 24

which are described in Robert Clarke’s testimony.25
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14. Q. What were the reliability concerns underlying the 345 kV Project? 1

A. As a transmission provider in the northeast region of the United States, 2

NSTAR is responsible for maintaining the integrity of the bulk power 3

system and ensuring that adequate transmission and generation 4

resources are available to meet projected load requirements.  NSTAR 5

operates its system consistent with the reliability standards and criteria 6

developed by the Northeast Power Coordinating Council (“NPCC”), the 7

New England Power Pool (“NEPOOL”), the North American Electric 8

Reliability Corporation (“NERC”), and ISO-NE.  Adherence to the reliability 9

standards and criteria requires transmission operators to design, test and 10

operate their systems to withstand representative contingencies.  Where 11

the transmission system does not have sufficient capability to serve 12

forecasted load, NSTAR must plan and implement system additions and 13

upgrades to address the identified inadequacies.14

Analysis of the transmission system showed that overloads under 15

the single-contingency conditions prescribed by the NPCC, NERC, and 16

NEPOOL/ISO-NE criteria would occur in three geographic sub-areas on 17

the NSTAR system, beginning in 2006 (Exhibit NS-5 at 2-1). 18

15. Q. What geographic areas posed the biggest threats to reliability? 19

A. NSTAR identified critical load centers within its service territory that posed 20

the greatest threat to reliability due to potential overload conditions.  The 21

primary areas of concern were three geographic sub-areas within 22

NSTAR’s system, and included (1) the downtown Boston area, which is 23

supported by the K Street Substation in South Boston, (2) the area within 24
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Greater Boston supported by the Hyde Park and West Roxbury 1

Substations, including Needham, Dedham, Milton, Newton, Brookline, 2

Brighton, Watertown, Waltham and Cambridge, and (3) portions of the 3

Greater Boston Area to the south, which includes suburban communities 4

such as Dover, Westwood, Medway, Sherborn, and Walpole (Exhibit NS-5 5

at 2-1).  As I have noted, two of the Project’s transmission lines connect to 6

the K Street Substation and one connects to the Hyde Park Substation. 7

16. Q. Did ISO-NE also identify those threats to reliability in these areas? 8

A. Yes. RTEP 03 (Exhibit NS-10) issued by the ISO-NE specifically identified 9

Northeast Massachusetts and the Greater Boston Area as regions in need 10

of “significant transmission improvements” (Exhibit NS-10 at 29).  Within 11

the Greater Boston Area, three interrelated problems needed to be 12

addressed in order to solve reliability issues (Exhibit NS-10 at 29): 13

First, there exists a total Boston area import 14
constraint.  The existing generation in the Boston 15
area, in combination with the inability to transport into 16
the area, raises immediate reliability concerns.  17
Second, applications to retire nearly 1,500 MW of 18
local generation have been recently received.  Third, 19
two local load pockets within the Boston Area 20
(Downtown and the North Shore) have insufficient 21
local transmission capability.  These areas require 22
most, if not all, of the local generation to meet the 23
expected loads.24

25
17. Q. What other reliability evaluations were made by ISO-NE in 2003? 26

A. The ISO-NE technical report related to RTEP 03 identified the “Boston 27

Sub-area [as] the most sensitive RTEP Sub-area outside of 28

Connecticut…from the standpoint of impact on LOLE due to changes in 29

load or supply resources.”  (RTEP 03 Technical Report at 102.)  In the 30
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technical report (at 100), ISO-NE concluded that there was a projected 1

need for additional resources to ensure the reliability of the electric system 2

in the Northeast Massachusetts/Boston Import sector of the New England 3

bulk-power system, stating: 4

The Boston Import capability has recently been 5
increased by various upgrades, including 6
reconductoring of overhead and underground lines, 7
the replacement of autotransformers, and the 8
replacement of substation equipment.  These 9
upgrades have been implemented as part of the 10
efforts to reduce congestion and address reliability 11
needs in the NEMA Boston region.  This approach – 12
reconductoring and replacing existing equipment with 13
higher capacity equipment – has now been 14
exhausted.  Longer-term solutions have focused on 15
adding new transmission sources into the deficient 16
area or areas.  Integrated solutions to address 17
multiple issues are appropriate to address the needs 18
of this area.   19

20
18. Q. Did RTEP 04 make similar findings? 21

 A. Yes.  RTEP 04 states (Exhibit NS-11, Paragraph 14.2.5): 22

ISO New England reliability studies show the critical 23
need to improve the reliability of the bulk electric 24
power system in the BOSTON area by 2006.  The 25
construction of a Stoughton 345 kV station and the 26
installation of three new 345 kV lines were found to be 27
the most cost-effective option.  The first stage, 28
planned for service in 2006, will include construction 29
of the Stoughton station, one 345 kV underground 30
cable to Hyde Park, and one 345 kV underground 31
cable to K Street.  The second stage calls for another 32
345 kV underground cable to K Street to be installed 33
by 2007.34

35
19. Q. What other RTEP 04 findings did ISO-NE make? 36

A. RTEP 04 described the 345 kV Project as a “required action” that 37

encompasses improvements in infrastructure and processes, and is 38
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required to ensure system reliability and promote market efficiency over 1

the next ten years (Exhibit NS-11 at 10).  ISO-NE identified Boston as one 2

of several “critical areas” where the demand for power has outstripped the 3

ability of the existing transmission and installed generation infrastructure 4

to reliably meet local demand (Exhibit NS-11 at 14).  Specifically, RTEP 5

04 identified the Boston Sub-area as an area where “new transmission 6

infrastructure is required to improve interrelated reliability problems” 7

(Exhibit NS-11 at 43).  Among the interrelated reliability problems outlined 8

by RTEP 04 (Exhibit NS-11 at 43) were: 9

 Limited access to regional supplies because of import 10
restrictions into the BOSTON area. 11

12
 Dependency on over 1,300 MW of generation which 13

has the possibility of retiring. 14
15

 Inability to import power into separate load pockets in 16
Downtown Boston and the North Shore. 17

18
 Vulnerability to outages possibly caused by fuel 19

interruptions because about 45 percent of the 20
generation in the BOSTON Sub-area is fueled by 21
natural gas, a dependency that raises additional 22
concerns.23

24
 Reliance on up to 400 MW of emergency load 25

shedding for the second contingency outage of a 26
transmission facility. 27

28
As recognized in RTEP 04 “the NSTAR 345 kV Transmission Reliability 29

Project and North Shore Upgrades would ensure overall system reliability, 30

including the requirements of the downtown Boston and North Shore 31

areas,” and “would facilitate the repowering of existing sites and/or the 32
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interconnection of new generating resources in the BOSTON Sub-area” 1

(Exhibit NS-11 at 43). 2

20. Q. What information is contained in Exhibit NS-5? 3

A. As noted above, this exhibit was submitted to the EFSB to obtain its 4

approval for the 345 kV Project and contains the basic justification for 5

construction of the Project.  Chapter 2 of the exhibit demonstrates the 6

basic need for the Project.  Pages 2-11 through 2-12 explain that without 7

the 345 kV project the combination of generation and transmission serving 8

the Greater Boston area would be inadequate to serve load reliably 9

beginning in 2006. Pages 2-14 to 2-18 of Exhibit NS-5 describe the 10

projected peak loads from 2006 through 2013 and the method NSTAR 11

used to develop those projections taking into consideration historical load 12

data, land-use data, a customer growth potential assessment within each 13

area and weather sensitivities.  Page 2-7 describes the contingency 14

analyses and simulations that were preformed to identify which 15

transmission elements would become overloaded under what conditions 16

and the system’s capacity to meet normal and emergency operating 17

requirements.  As described at pages 2-19 through 2-22, the simulations 18

showed that the transmission elements serving the Downtown Boston 19

area and also those serving the Greater Boston area would begin to 20

experience overloads under contingency conditions in 2006.  The 345 kV 21

Project specifically address these Downtown Boston and Greater Boston 22

reliability concerns by adding additional 345 kV sources at K Street and 23

Hyde Park from the area south of Greater Boston.  Although the combined 24
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effect is to add transmission capacity to the overall system, each delivery 1

point was designed to address different emerging reliability issues.  2

(Exhibit NS-5 at 1-1 through 1-3). 3

21. Q. Does the Project provide other benefits? 4

A. The Project also improved system reliability in terms of supply diversity 5

and import capability.  Supply diversity improved because the Greater 6

Boston area was highly dependent on a single station located in 7

Tewksbury, which is north of Boston.  This station interconnects four key 8

345 kV transmission lines that serve the Greater Boston Area and loss of 9

this station would have significantly degraded the import capability of the 10

entire system.  The introduction of a new major transmission resource 11

from the south was essential to maintaining resource adequacy for the 12

Greater Boston Area. In terms of improved import capability, the overall 13

import capability of the transmission system supplying the Greater Boston 14

area increased by approximately 800 MW with the addition of the two 15

Phase I 345 kV transmission lines in 2006, and by an additional 1,000 MW 16

with the addition of the Phase II 345 kV line.  The increased import 17

capability also reduced congestion in the Greater Boston Area thereby 18

reducing out-of-merit generation costs resulting from the then existing 19

transmission constraints (Exhibit NS-2 at 1-5 through 1-7). As other 20

transmission reinforcements are made by NSTAR and adjacent utilities, 21

the 345 kV Project transmission lines could support an increase in area 22

import capability of up to 2,000 MW. 23

22. Q. Were alternatives to the 345 kV Project considered? 24
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A. NSTAR considered eight alternatives to maintain the reliability of the 1

transmission system in the Greater Boston area.  These alternatives are:  2

(1) the 345 kV Project; (2) a “no-build” alternative; (3) demand-side 3

management; (4) distributed generation; (5) new generation facilities; (6) 4

overhead transmission; (7) lower voltage transmission; and (8) a bundled 5

reconductoring and expansion project.  (Exhibit NS-5 at 3-2 through 3-17).  6

NSTAR analyzed each alternative, and determined that the 345 kV Project 7

was superior to the alternative approaches in terms of ability to meet the 8

identified need, reliability, environmental impact, and cost (Exhibit NS-5 at 9

3-17 through 3-30). 10

23. Q. What is the status of the 345 kV Project? 11

A. Construction of Phase I of the 345 kV Project was fast-tracked, and the 12

two Phase I transmission lines were placed into service in October 2006 13

and April 2007 to meet the immediate reliability needs of the Greater 14

Boston Area.  The Phase II 345 kV transmission line and related facilities 15

are expected to be in service by the end of December 2008.   16

THE 345 KV PROJECT IS NOT A ROUTINE PROJECT17

24. Q. Is the 345 kV Project a routine transmission project? 18

A. The 345 kV Project is not a routine project for a number of reasons.  First, 19

the scope of the project is significantly greater than NSTAR’s routine 20

transmission investments.  In fact, it is the biggest and most complex 21

transmission project ever undertaken by the company.  As demonstrated 22

in Exhibit NS-17, NSTAR’s total net transmission investment for the four 23

year period of 2001 through 2004 was approximately $117 million, with an 24
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average annual transmission investment of $29.3 million.  In contrast, 1

NSTAR’s total investment in the 345 kV Project for the four year period of 2

2005 through 2008 is projected to total approximately $289.8 million (95% 3

of the estimated total cost of the 345 kV Project), with an average annual 4

cost for the project of $72.4 million.  NSTAR’s average annual investment 5

in the 345 kV Project was 2.5 times its average annual investment in the 6

period immediately preceding the 345 kV Project.  In addition, NSTAR’s 7

net transmission plant in rate base in 2004 was $430.9 million (excluding 8

the 345 kV Project), and its total projected investment in the 345 kV 9

Project is $305.8 million.  This means that NSTAR’s investment in the 345 10

kV Project alone has increased its net transmission plant in rate base by 11

71%.  In sum, the 345 kV Project was in no way a routine investment for 12

NSTAR.  Both in terms of annual transmission investment and net 13

transmission plant in rate base, the 345 kV Project represents a significant 14

financial undertaking for NSTAR. 15

Second, the effect of the 345 kV Project on regional reliability 16

indicates that it is not a routine transmission investment.  As discussed 17

above, load demand forecasts prepared by both ISO-NE and NSTAR prior 18

to construction of the 345 kV Project indicated that the Greater Boston 19

Area would be faced with insufficient capacity to serve loads as soon as 20

2006 given the need to maintain adequate reserve margins (Exhibit NS-5 21

at 2-16).  ISO-NE stated in its technical report accompanying RTEP 03 22

that the “Boston Sub-area is the most sensitive RTEP Sub-area outside of 23

Connecticut . . . from the standpoint of impact on [Loss-of-Load 24
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Expectation] due to changes in load or supply resources” (RTEP 03 1

Technical Report at 102).  The Project was approved by ISO-NE’s RTEP 2

process, and was determined to be necessary for reliability in the New 3

England region (Exhibits NS-10 and NS-11).  In fact, ISO-NE requested 4

that NSTAR endeavor to complete the project by summer of 2006 5

because of ISO-NE’s acute concern that several of the existing portfolios 6

of generators serving Greater Boston were living on borrowed time, but 7

could not retire for reliability purposes.  NSTAR’s 345 kV Project has 8

helped to reinforce the New England regional transmission system, and 9

upon completion will provide the system with necessary head room in the 10

event that an existing generation unit goes out of service suddenly.   11

Third, as explained further below, the 345 kV Project faced 12

significant risks and challenges that are not present in a routine 13

transmission investment.  These included siting/permitting risks, as well as 14

challenges related to the underground construction of such long 15

transmission lines through the very densely populated Greater Boston 16

Area.17

Finally, construction of the 345 kV Project, as discussed further 18

below, involves the undergrounding three 345 kV transmission lines, two 19

of which were 18 miles in length and the third eleven miles in length.  We 20

believe that no other utility in the United States, if not the world, has 21

placed in service 345 kV underground transmission lines of this length.22

25. Q. What risks and challenges did the 345 kV Project encounter? 23
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A. As noted, the 345 kV Project has been under construction since 2004 and 1

is close to completion.  During the course of its construction, the 345 kV 2

Project faced siting/permitting risks as a result of the need to obtain state 3

approvals.  Before NSTAR could proceed with the construction of the 345 4

kV Project, it had to obtain regulatory approvals from a number of state 5

and local regulatory agencies and conservation commissions.  Exhibit NS-6

7 contains the comprehensive list of the approvals that were needed for 7

construction of the Project.  The 345 kV Project underwent an extensive 8

and comprehensive siting/permitting process before the Massachusetts 9

EFSB which considered numerous factors, such as the need for the 10

project, alternatives to the project, route alternatives, environmental 11

impacts, costs, and reliability of the project.  Exhibits NS-5 and NS-6 are 12

NSTAR’s petition to the EFSB and the EFSB Order approving construction 13

of the Project.  If any agency had not granted regulatory approval, the 345 14

kV Project could not have moved forward.  Delays in regulatory approvals 15

could also have jeopardized the timing of construction of the 345 kV 16

Project, which could have further compromised reliability in the Greater 17

Boston Area.18

26. Q. What construction challenges did the 345 kV Project face? 19

A. The Project involved significant use of advanced technology in the form of 20

underground transmission lines which in total length equaled 21

approximately 47 miles.  Construction of underground transmission 22

facilities is complicated and time-consuming in any setting because of the 23

many steps involved.  These steps include survey and soil testing, 24
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identification of existing underground utilities and structures, set-up and 1

trenching, steel-pipe installation, backfill and repaving, pulling of electrical 2

cables, splicing of the cables, and startup (Exhibit NS-5 at 5-4).  In the 3

case of the 345 kV Project, this process was made even more difficult by 4

the fact that two of the underground transmission lines are 18 miles in 5

length while the third is 11 miles in length, and all three pass through to 6

the very densely populated metropolitan Boston area.  According to U.S. 7

Census Bureau figures, Boston is the tenth most populous metropolitan 8

area in the United States, with an estimated population of 4.48 million 9

people as of July 1, 2007 (Exhibit NS-15 at 1).10

27. Q. Does the installation of the conduit that houses the Project’s 11

transmission lines also show that the Project is not routine? 12

A. Yes.  The installation of the Project required a unique and extraordinary 13

effort which I discuss subsequently in my testimony.14

ADVANCED TECHNOLOGY INCENTIVE FOR THE 345 KV PROJECT15

28. Q. Please describe the advanced technologies used in the 345 kV 16

Project.17

A. The 345 kV Project makes extensive use of advanced transmission 18

technologies, including in total 141 miles of underground transmission 19

cables, fiber optic technologies, and variable shunt reactors.  Underground 20

cables and fiber optic technologies are both included on the list of 18 21

advanced technologies recognized by Congress in Section 1223 of the 22

Energy Policy Act of 2005.  Underground transmission is not merely 23

advanced, but at that voltage level and at those distances was the first of 24
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its kind.  To our knowledge, the two Phase I lines at the time they entered 1

service were the longest 345 kV underground transmission lines in the 2

country, and the Phase II line at the time of its scheduled entry into service 3

will be equaled in length only by the Phase I 18 mile 345 kV underground 4

transmission lines. 5

29. Q. Why did NSTAR select underground transmission technology for the 6

345 kV Project? 7

A. Underground technology was selected for all three 345 kV transmission 8

lines due to the unavailability of right of way for overhead transmission 9

lines in the suburban areas surrounding Boston and in densely populated 10

metropolitan Boston.  Underground transmission is very suitable for 11

densely populated areas.  Underground transmission has the added 12

advantage of being out of sight, being relatively impervious to damaging 13

effects from adverse weather conditions, and when installed along 14

roadways, generally does not have any natural or human environmental 15

impact.  This is particularly true in relation to electric and magnetic field 16

concerns.17

30. Q. Did NSTAR consider overhead transmission instead of the 18

underground cables used in the 345 kV Project? 19

A. As noted above, NSTAR considered a number of alternatives to the 345 20

kV Project, including the use of overhead transmission lines.  While 21

overhead transmission could provide sufficient transmission capacity, 22

NSTAR made the determination that use of overhead transmission was 23

not feasible and that failure to use underground transmission would have 24
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precluded construction of the Project with the consequence of requiring 1

customers to rely on more expensive generation alternatives and/or 2

tolerate reduced levels of reliability.  To pursue an overhead option, 3

NSTAR would have had to acquire right-of-ways involving nearly 100 4

acres of prohibitively expensive real estate in a heavily congested urban 5

area.  Overhead transmission would also have required extensive 6

condemnation and displacement of residences and businesses with 7

unacceptable political and social consequences (Exhibit NS-5 at 3-10 8

through 3-11). 9

31. Q. What type of underground technology did NSTAR utilize?10

A. For all three underground transmission lines, NSTAR selected High 11

Pressure Fluid Flow (“HPFF”) transmission cable technology using 12

Polypropylene Paper (“PPP”) as the insulation.  NSTAR investigated a 13

variety of available underground transmission technologies and elected to 14

construct the Project using 345 kV HPFF “pipe-type” cable.  As compared 15

to the alternatives, HPFF pipe-type cable technology provides the best 16

combination of constructability, reliability, capacity, cost, minimal 17

environmental impact, and, as I will explain later, is particularly suitable for 18

construction in heavily populated and developed urban areas.  PPP 19

insulation is the most modern insulation technology available for HPFF 20

cable, using a sandwich of Paper-Polypropylene-Paper in the insulating 21

tapes.22

The Project also included design and construction of the entirely 23

new Stoughton Switching Station at the point of origin of the three 24
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underground transmission lines directly adjacent to the overhead 345 kV 1

transmission line that is the source for the three underground transmission 2

lines.  Existing substations in metropolitan Boston, one in Hyde Park and 3

the other in South Boston, were expanded to include 345 kV termination 4

equipment as well as step-down transformers to step voltage down to 115 5

kV.  Four variable reactance shunt reactors were added at the Stoughton 6

Switching Station and two more were added at the termination substation 7

in South Boston to provide operational flexibility to optimize reactive 8

loading on the transmission lines under differing load conditions. 9

32. Q. What is the benefit of the HPFF underground technology? 10

A. For purposes of the 345 kV Project, a major benefit of the HPFF 11

underground technology is its compact design (see Exhibit NS-5 at A-3).  12

A single transmission line consists of three cables in one conduit.  The 13

conduit is filled with pressurized dielectric fluid so that the three cables 14

may be installed in close proximity to and even touching one another 15

inside the steel conduit.  This enabled us to utilize conduit with a diameter 16

of eight inches.  While eight inch conduit is significant in size, it is more 17

manageable than larger size cable requiring larger diameter conduit.  This 18

advantage allowed cables to be installed in relatively narrow trenches in 19

roadways that provided a less circuitous transmission line path between 20

the Stoughton Switching Station and the two terminal switching stations.  21

Keeping the conduit to an eight-inch diameter was critical to the 22

integration of the Project conduit with the pre-existing facilities used for 23

water, sewerage, etc.  The eight-inch diameter of the conduit also enabled 24
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us to install the three conduits needed to accommodate the Project’s three 1

transmission lines (consisting of three cables for each line) in the same 2

trench.3

33. Q. Did NSTAR investigate other underground technologies? 4

A. NSTAR investigated a variety of available underground transmission 5

technologies.  Because the Project was proposed to ensure system 6

reliability, NSTAR evaluated each technology to identify a system design 7

that would ensure electrical capacity, reliable performance, cost 8

effectiveness and minimal impacts on the human and natural environment 9

from construction and operation (Exhibit NS-5 at 1-7 through 1-8). 10

At a voltage of 345 kV, the number of options for underground 11

transmission technology is limited.  The primary alternatives available are:  12

HPFF cable; Cross Linked Polyethylene cable (“XLPE”); and Self 13

Contained Fluid Filled cable (“SCFF”).  A fourth technology, High Pressure 14

Gas Filled cable (“HPGF”) is available at 115 kV, but is not technically 15

qualified or offered at 345 kV (Exhibit NS-5 at A-5).  The design status and 16

amount of experience worldwide with cable technology above 115 kV 17

varies greatly with each technology.  The electrical and mechanical 18

stresses on a cable increase greatly with voltage and are among the major 19

factors to be addressed in the evolution of high-voltage cable technology, 20

which is ongoing.  NSTAR reviewed all available options to identify the 21

most reliable, cost-effective and environmentally compatible cable 22

technology for the 345 kV Project (Exhibit NS-5 at A-6). 23
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SCFF cable is a variant of the HPFF technology, but is not 1

commonly used in underground installations in the United States.  2

Because each conductor is a separate electrical phase, this technology 3

requires three times as many conduits or ducts as HPFF, which brings 4

with it added complexity in routing and siting in congested urban streets.  5

In addition, the phases are not surrounded by steel pipe, so higher 6

magnetic fields can be expected than with HPFF because the cables are 7

not in close proximity with one another (i.e., there is no canceling effect).  8

SCFF cable technology combines some of the drawbacks of each of the 9

other technologies without providing a unique benefit (Exhibit NS-5 at A-10

9).11

34. Q. Why was XLPE technology not suitable for the 345 kV Project? 12

A. At the time the decision on which cable technology to use was made, 13

XLPE cable had been employed in dedicated tunnels with air circulation 14

systems and easy access.  Insulation thicknesses, combined with jacket 15

thicknesses, have resulted in 345 kV XLPE cable designs of 5 to 6 inches 16

in diameter for a single phase cable.  The thickness, weight and rigidity of 17

the insulation impose restrictions on the capacity of cable reels for 18

transportation and for construction in public streets.  A Denmark 19

experience provides an XLPE example.  Each cable reel was over 15 feet 20

in diameter and 9 feet wide.  A direct-burial installation was performed so 21

that long lengths could be placed into a trench, where typically as much as 22

2,000 feet would be open at one time.  These types of construction 23

methods would not have been suitable in the densely populated areas of 24
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the Greater Boston Area.  A 2,000-foot open trench would present a safety 1

hazard for construction in urban areas. Manufacturers indicated that cable 2

segment lengths would typically be limited to 1,700 to 1,800 feet because 3

of the size of the cable reel needed for transportation on public roadways 4

and for cable pulling tensions to remain within acceptable design limits 5

(Exhibit NS-5 at A-10 through A-11). 6

However, the critical deficiency on the XLPE technology for the 345 7

kV Project came down to space.  First, each cable would require its own 8

conduit meaning that we would have had to install nine conduits instead of 9

three.  This would have required a wider and deeper trench that would 10

have precluded the transmission path we used and potentially any other 11

route.  In addition, for the 345 kV Project we had thirty-one manhole 12

locations with one manhole at each location.  If we had used XLPE 13

technology, we would have had approximately fifty-one manhole locations 14

with three manholes at each location for a total of 153 manholes.  In 15

addition, XLPE manholes are approximately twice the length of HPFF 16

manholes.  The XLPE technology would require more manhole locations 17

due to the shorter cable lengths that would be needed so cable reels could 18

be transported over highways.  The greater number of manholes would be 19

needed to meet OSHA safety requirements so work could be performed 20

on one transmission line while the others were energized, since with XLPE 21

technology the cables are not encased in conduit inside the manholes.  In 22

HPFF technology, the three cables constituting a transmission line are 23

encased in a single steel conduit so that it is possible for workers to work 24
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on one transmission line with the two other lines energized.  While this 1

increased number of manholes would have had a significant effect on 2

traffic congestion and underground utility congestion during construction, 3

the real problem is that the underground congestion in city streets would 4

likely have precluded use of the 345 kV Project transmission path and 5

possibly any other path.  In other words, XLPE technology may have been 6

as infeasible as overhead transmission.7

35. Q. Why was it important to limit the size of the conduit for the 345 kV 8

Project?9

A. Installation of the steel conduit used to house the cable was challenging 10

because the route followed intensively developed streets and highways 11

running through the towns and the City of Boston.12

  A complication from this location that was minor only in the relative 13

sense was the need for NSTAR to dig trenches between three and four 14

feet wide in these heavily-used roadways (Exhibit NS-5 at 5-4).  To 15

minimize traffic disruption in Boston and the affected towns, NSTAR had 16

to develop detailed traffic management plans that required the approval, 17

cooperation and participation of state and municipal agencies.  We used 18

shoring to protect the workers from collapse of the trenches.  We covered 19

the trenches with steel plates to allow traffic over the trench during non-20

working hours (Exhibit NS-5 at 5-6).  Obviously, smaller-sized conduit 21

facilitated this task significantly. 22

The chief complexity from installation of the conduit in these streets 23

and highways was the existence of a high concentration of underground 24
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utilities (water, gas, electric, telephone, and sewer) along the route.  This 1

confronted NSTAR with two uniquely challenging tasks.  First, NSTAR had 2

to consult with all the owners of these utilities along the entire route of the 3

transmission lines to obtain drawings of where their facilities were located 4

and had to collate the information so received in order to lay its own 5

conduits for the 345 kV transmission lines.6

Secondly, NSTAR had the extremely difficult job of maneuvering 7

the conduit to avoid obstructing these other facilities.  In some cases, 8

other utilities had to be relocated so the transmission line trench could be 9

reasonably constructed.  The drawings were useful but often incomplete; 10

thus, the scope of the required underground work could not be fully 11

determined until the trenches were dug and the existing utilities exposed.  12

The NSTAR conduit consisted of 50-foot lengths eight inches in diameter.  13

This conduit had to be bent and shaped around the existing facilities and 14

then installed and welded together.  All this work including the bending 15

and shaping of the conduit was done on-site in the trenches excavated to 16

accommodate the conduit.  Exhibit NS-16 contains photographs that 17

illustrate but do not fully capture the full complexity of the construction 18

work for the 345 kV Project. 19

In order to facilitate installation of the 47 miles of underground 20

transmission lines, NSTAR placed manholes at intervals of approximately 21

3,000 feet along the route.  The manholes were fabricated in two pieces at 22

a concrete plant and delivered to the job site, where they were installed by 23
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the manhole crew in advance of the pipe crew.  The conduit was then 1

installed through the manholes (Exhibit NS-5 at 5-4 through 5-5). 2

36. Q. Besides the 345 kV underground cables, are there other advanced 3

technologies employed in the construction of the 345 kV Project? 4

A. In addition to constructing approximately 47 miles of 345 kV underground 5

transmission lines using HPFF cable technology, NSTAR employed a 6

combination of innovative technologies at the newly constructed 7

Stoughton Switching Station, the origin of the three underground 8

transmission lines, and at the K Street 345 kV Substation in South Boston 9

and the Hyde Park Substation in Boston. 10

Variable reactance shunt reactors (the “shunt reactors”) were 11

employed at the Stoughton Switching Station and at the K Street 12

Substation.  There were a total of six 345 kV, 160 MVAR shunt reactors 13

installed, four at the Stoughton Switching Station and two at the K Street 14

Substation.  The shunt reactors are used to compensate for the inherent 15

capacitance of HPFF transmission lines.  Having variable reactance shunt 16

reactors that are an integral part of the design enhances NSTAR’s 17

operational capability to operate all three underground 345 kV 18

transmission lines under a wide variety of loading conditions without 19

removing transmission lines from service.  This improves reliability of 20

service to customers.  Variable reactance shunt reactors at the 345 kV 21

voltage level are rarely used.  In addition, due to the reasonably close 22

proximity of both the Stoughton Station and the K Street Substation to 23

residential neighborhoods, the variable reactance shunt reactors were 24
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procured with specially-designed sound enclosures to reduce the 1

operating noise level of the units to well below Massachusetts Department 2

of Environmental Protection noise levels.  NSTAR also employed sound 3

absorbing rubber vibration pads under the shunt reactors to further absorb 4

vibrational noise. 5

NSTAR employed state-of-the-art station equipment control and 6

protection equipment for the Stoughton Station and the substations at both 7

Hyde Park and K Street.  The equipment included monitoring and 8

indication of transformers and shunt reactors, solid-state relaying, and 9

fiber optic communications.  Transformers and shunt reactors are 10

monitored real time for gas build-up and moisture in the insulating oil with 11

an automated real time monitor.  Real time equipment loading for 12

transformers and shunt reactors is also monitored. State-of-the-art solid-13

state relaying is also used for protection of equipment from abnormal 14

events such as faults, lightning strikes, and the like. 15

Information from the local control stations at the Stoughton 16

Switching Station and the K Street and Hyde Park Substations is 17

communicated to a central control center in Boston by way of fiber optics, 18

some of which is embedded in the static wires of overhead transmission 19

lines, to provide reliable control and indication at the central station.   20

37. Q. What are the costs associated with the advanced technologies used 21

in the construction of the 345 kV Project? 22

A. The total cost of the 345 kV Project facilities for which NSTAR is seeking 23

the advanced technology incentive is $235.9 million. Exhibit NS-24 24
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provides detailed information regarding the assignment of project costs for 1

advanced technologies, the advanced technology utilized, and the dates 2

such costs were incurred.3

38. Q. Other than the advanced technologies identified in your testimony, 4

did NSTAR consider using any other advanced transmission 5

technologies listed in Section 1223 of the Energy Policy Act of 2005? 6

A. NSTAR’s Technology Statement, Exhibit NS-14, identifies the advanced 7

technologies considered for the project, and if not deployed, explains why 8

not.9

THE BARNSTABLE PROJECT10

39. Q. What is the next subject of your testimony? 11

A. This part of my testimony supports NSTAR’s request for a 100 basis point 12

incentive for new construction pursuant to Order No. 679 and a 50 basis 13

point advanced technology incentive for the Barnstable Project.  Given the 14

unique nature of this Project, the same testimony relates both to the 100 15

basis point and 50 basis point incentives.   16

40. Q. Please explain the terminology you will use to describe the 17

Barnstable Project 18

A. VAR – This is a term for the electrical unit of Volt-Ampere Reactive.  It is a 19

unit of reactive power.20

Thyristor – This is a solid-state device (a PNPN junction that can handle 21

high currents) that is used as a high-speed switch. 22
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Reactor – In the context of the Static VAR Compensation System, this is 1

an older electrical term for inductance, meaning a coil of wire wrapped 2

around a ferromagnetic core such as iron.  (Note, it is not nuclear.) 3

Capacitor – This is a common electrical device that can store energy. 4

41. Q. What is the Barnstable Project? 5

A. The Barnstable Project is a Static VAR Compensation System (the “SVC 6

System”) and a component of the SEMA Upgrades designed to work with 7

the other components of the SEMA Project to enhance reliability of service 8

to customers.  The SVC System is a Flexible AC Transmission System 9

(“FACTS”) that is engineered and constructed to maintain reliable electric 10

service under certain contingency conditions that will be described later in 11

my testimony.  The system consists of thyristor-switched capacitors 12

(“TSC”) and thyristor-controlled reactors (“TCR”) that inject reactive power 13

into the transmission system when called upon under the contingency 14

condition.  These large power components are controlled by a high-speed 15

control system that senses voltage on the transmission system and 16

responds almost instantaneously to preserve service to customers.  All of 17

the SVC System equipment will be located at NSTAR’s existing 18

Barnstable Switching Station. 19

42. Q. What are the major components of the SVC System? 20

A. The SVC System consists of Thyristor-Switched Capacitors (“TSC”), 21

Thyristor-Controlled Reactors (“TCR”), a power transformer, a high-speed 22

control system, and a closed cooling water system for the thyristors.  The 23

transformer, reactors, capacitors, and cooling system are located outdoors 24
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while the control system along with monitoring and protective equipment, 1

communications equipment, and power supplies are located indoors. 2

43. Q. What does the term “Static” mean in the SVC System? 3

A. The term static means there are no substantial moving parts to the SVC 4

System.  The system is charged and in a stand-by mode most of the time 5

until 115 kV transmission system voltage falls below a prescribed setpoint 6

signifying the possibility of the occurrence of the contingency event of the 7

loss of the two 345 kV transmission lines serving Cape Cod along with 8

both Canal Generating Units being out of service has occurred.  Once 9

sensed, the SVC System high-speed control system senses the lower 10

voltage and activates the system to maintain 115 kV transmission system 11

voltage and prevent voltage collapse. 12

44. Q. How does the SVC System Work? 13

A. The SVC high-speed control system constantly monitors 115 kV 14

transmission system voltage.  The SVC System is in the stand-by mode 15

most of the time with the TSCs charged, consuming minimal energy.  If 16

115 kV system voltage falls below a prescribed setpoint, the control 17

system switches on the TSCs to rapidly inject reactive power into the 18

transmission system.  The control system also switches on the TCRs and 19

controls inductive reactance to compensate for the injection of capacitive 20

reactive power so that 115 kV transmission system voltage is maintained 21

within NSTAR’s prescribed voltage tolerances.  The control system 22

modulates the capacitive and inductive reactive power levels until the 23

voltage transient has stabilized.  Once voltage is stable, the SVC System 24
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returns to the stand-by status.  The SVC System response is so fast that 1

following the contingency event, 115 kV transmission system voltage 2

recovers to 90% of its nominal value within 0.85 seconds and to 95% of its 3

nominal value within 3 seconds, thus, preventing a collapse of voltage on 4

Cape Cod that could likely migrate into SEMA. When in the standby 5

mode, the thyristors are not conducting appreciable current so there is 6

virtually no heat to dissipate.  If the SVC System is called upon to activate, 7

the thyristors for both the TSCs and the TCRs become hot from 8

conducting current and the heat controlled by a closed-cooling water 9

system that uses a series of radiators to dissipate the heat.  Once the 10

system returns to the standby mode and the heat has dissipated, the 11

radiators automatically switch off. 12

45. Q. Is there some analogy to the SVC System that would help explain 13

how it works? 14

A. The SVC System acts very much like a fast-acting shock absorber on an 15

automobile to dampen out electrical “shocks” on the 115 kV transmission 16

system similar to how a shock absorber dampens out motion in an 17

automobile caused by bumps in the road.18

46. Q. Does anyone else use a system like the SVC System? 19

A. Systems similar to the SVC System are used in various applications 20

around the world; however, there is no standard system.  Each SVC 21

System is custom-designed to the application and need.  Both NSTAR 22

and the SVC System supplier conducted extensive studies of the SEMA 23

transmission system under a wide variety of operating scenarios to 24
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determine what equipment was needed to mitigate the contingency event 1

and to analyze and confirm that the final design of the SVC System would 2

serve its intended purpose. 3

47. Q. What is the status of the SVC System? 4

A. There are two parts to implementing the SVC System.  One part involves 5

NSTAR’s expansion of the Barnstable Switching Station buswork to 6

provide a connection location for the SVC System.  The second part 7

involves designing and building the SVC System.  Conceptual design for 8

both parts is complete and long-lead equipment is on order and is being 9

manufactured.  Detailed design of both parts is in progress with 10

construction set to commence in December 2008.  Final completion of an 11

operational system is scheduled for summer 2009. 12

48. Q. What reliability problem is the SVC System designed to address? 13

A. Robert Clarke describes the reliability issues the SEMA Upgrades as a 14

whole are designed to correct.  Joseph Mayall discusses the Brook Street 15

and Carver Station Projects which are part of the SEMA Upgrades and the 16

role those Projects play in improving reliability in the area.  As Mr. Clarke 17

explains, the SEMA reliability concerns include collapse of the 115 kV 18

system serving Cape Cod under certain contingency conditions.  19

Complementing the other SEMA Upgrades, the Barnstable Project’s SVC 20

System works to prevent a voltage collapse on Cape Cod that could cause 21

a loss of the entire Cape Cod load and could affect “off-Cape” customers 22

as well.23

49. Q. How does the SVC System work? 24
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A. Both NSTAR and the SVC System supplier conducted extensive studies 1

using computer modeling with the latest available programs to analyze the 2

problem caused by the contingency event and the mitigating effects of the 3

SVC System on the transmission system should the contingency event 4

occur.  The SVC System, which is a product of those analyses, is a high-5

speed system that will provide a similar impact on the 115 kV transmission 6

system as having one of the units at the Canal Generating Station 7

operating for voltage support without the high cost of burning fossil fuel.  8

Consequentially, with the SVC System in service, it will not be necessary 9

to dispatch either Canal Generating Station unit except for high demand 10

periods of time. 11

THE BARNSTABLE PROJECT IS NOT A ROUTINE PROJECT12

50. Q. Is the Barnstable Project a routine transmission project? 13

A. The Barnstable Project is not a routine project for a number of reasons.  14

First, ISO-NE included the Barnstable Project as a necessary reliability 15

project in its RSP 2007 (see Exhibit NS-13 at 22-23).  Second, the effect 16

of the Barnstable Project on regional reliability indicates that it is not a 17

routine transmission investment.  As discussed above, a loss of the two 18

345 kV transmission lines serving Cape Cod while the two Canal 19

Generation Station units were not operating would result in a massive 20

voltage collapse and loss of service to Cape Cod.  This loss of service 21

would likely migrate into lower SEMA as the remaining 115 kV 22

transmission system attempted to supply load and began to sequentially 23

trip on overload.  The Barnstable Project’s SVC System will provide a 24
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similar impact on the 115 kV transmission system as having one of the 1

units at the Canal Generating Station operating.  As a result, it will not be 2

necessary to dispatch either Canal unit except for high demand periods of 3

time.4

Third, the Barnstable Project faced significant risks and challenges 5

that are not present in a routine transmission investment.  The Project 6

involved the use of advanced technology in the form of a custom-designed 7

Flexible AC Transmission System.  In order to develop a system to 8

address the specific needs in the SEMA area, NSTAR approached 9

numerous vendors to explore potential technologies to apply to the 10

problem and to develop proposals.  As explained above, there is no 11

standard SVC system.  Each SVC System is custom-designed to the 12

application and need.  The Project required a extensive studies of the 13

SEMA transmission system under a wide variety of operating scenarios to 14

determine what equipment was needed to mitigate the contingency event 15

and to analyze and confirm that the final design of the SVC System would 16

serve its intended purpose.  These studies involved detailed modeling of 17

electrical load performance in the period of time from the first few 18

milliseconds to several seconds following the power system contingency.  19

Providing compensation that will respond quickly enough and restore and 20

sustain voltage at pre-contingency levels sufficiently long enough for 21

steady state compensation to be switched in is technically challenging.22

Fourth, in addition to improving reliability, as explained by Robert 23

Clarke, the Barnstable Project will result in substantial consumer savings 24
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by reducing reliance on the Canal generating units to maintain service 1

reliability.2

ADVANCED TECHNOLOGY3

51. Q. Are advanced technologies used in the SVC System? 4

A. The entire SVC System is a Flexible AC Transmission System or 5

“FACTS,” which is one of the advanced transmission technologies listed in 6

EPAct2005, Section 1223, Item (10).  As described earlier in my 7

testimony, the SVC System uses a combination of thyristor-switched 8

capacitors and thyristor-controlled reactors, controlled by a state-of-the-art 9

high speed control system, to inject just the right amount of reactive power 10

into the 115 kV transmission system during a contingency event to prevent 11

a catastrophic voltage collapse of the transmission system on Cape Cod 12

that could migrate farther into lower SEMA.  The SVC System will also 13

respond and activate during other fluctuations in transmission system 14

voltage that are outside of the setpoint range to either inject or absorb 15

reactive power to control voltage to remain within the specified range of 16

tolerance.17

The control system for the SVC System has been designed with a 18

self-diagnostic feature that automatically will activate on a periodic basis 19

the TSCs and TCRs on a small power scale to check the operational 20

status of these components to ensure their readiness to perform their 21

intended design functions.  Status of the tested components is logged and 22

reported back to the centralized control center in Boston as well as 23

presented locally at Barnstable Station.  This self-diagnostic feature 24
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provides valuable information concerning the need to perform component 1

and system maintenance. 2

In addition, fiber optic communications links are used to 3

communicate system condition and status back to a centralized remote 4

control center in Boston.  Fiber optics is another advanced technology 5

noted in EPA2005, Section 1223, Item (16).6

52. Q. What are the costs associated with the advanced technologies used 7

in the construction of the Barnstable Project? 8

A. The total estimated cost of the Barnstable Project facilities for which 9

NSTAR is seeking the advanced technology incentive is $30.6 million.  10

Exhibit NS-25 provides detailed information regarding the assignment of 11

project costs for advanced technologies, the advanced technology utilized, 12

and the dates such costs were incurred.13

53. Q. Other than the advanced technologies identified in your testimony, 14

did NSTAR consider any other advanced transmission technologies 15

listed in Section 1223 of EPAct 2005 for the Barnstable Project? 16

A. Yes.  As noted above, NSTAR considered several alternative SVC 17

systems, each of which would have qualified as an advanced transmission 18

technology.  These alternatives are discussed in Exhibit NS-14, which is 19

the advanced Technology Statement.  However, the conditions in the 20

SEMA area dictated use of an SVC system to complement the two other 21

components of the SEMA Upgrades. 22

54. Q. Does this conclude your testimony? 23

A. Yes.24
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UNITED STATES OF AMERICA 
BEFORE THE 

FEDERAL ENERGY REGULATORY COMMISSION 

NSTAR ELECTRIC COMPANY | DOCKET NO. ER09-___-000

TESTIMONY OF JOSEPH G. MAYALL 
ON BEHALF OF NSTAR ELECTRIC COMPANY 

INTRODUCTION1

1. Q. Please state your name and business address. 2

A. My name is Joseph G. Mayall.  My business address is One NSTAR Way, 3

Westwood, Massachusetts 02090. 4

2. Q. By whom are you employed and in what capacity? 5

A. I am employed by NSTAR Electric & Gas Corporation as a Project 6

Manager for large capital projects for NSTAR Electric Company or 7

“NSTAR”.  My responsibilities have included the “Brook Street” and 8

“Carver” Projects which are the subject of my testimony.9

3. Q. Please summarize your educational background and work 10

experience.11

A. I graduated from Worcester Polytechnical Institute (“WPI”) in 1980 with a 12

Bachelor of Science Degree in Mechanical Engineering.  I received a 13

Masters in Business Administration from the University of Massachusetts 14

in 2003.  I received an Electrical Power Systems Certificate from WPI in 15

2006.  I have taken courses in Engineering, Economics and Thermofluids. 16

I participated in an Environmental Law seminar and have taken a course 17
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in Selling Effectiveness from the Sales Analysis Institute.  I completed and 1

passed the Engineering Training exam in the Commonwealth of 2

Massachusetts.3

I worked as a Project Engineer for General Electric Company from 4

1985 to 1987 and from 1987 to 1999 held several engineering positions at 5

Commonwealth Electric Company, which was merged into NSTAR.  6

Those positions included Group Administrator of Maintenance which 7

involved management and administration of annual maintenance projects 8

and outages.  I then became the Southeast Regional Gas Supply 9

Manager for Commonwealth Gas Company which is now NSTAR Gas 10

Company.  In 2003, I assumed my responsibilities as Project Manager in 11

NSTAR’s Electric Operations Department.12

4. Q. What is the purpose of your testimony? 13

A. I support NSTAR’s request for incentive rate treatments for the Brook 14

Street and Carver Projects which represent two of the three projects 15

constituting the SEMA Upgrades.  The third SEMA component is the 16

“Barnstable Project” which Mr. Oheim discusses in his testimony.  “SEMA” 17

stands for Southeastern Massachusetts Reliability Region, which is a 18

Reliability Region within the Control Area operated by ISO-New England 19

Inc. (“ISO-NE”).   20

NSTAR seeks an incentive return on equity (“ROE”) adder of 100 21

basis points for construction of the Carver Project and a 50 basis point 22

adder for the use of advanced technologies for a part of the Carver 23

Project.  NSTAR also seeks a 50 basis point adder for the use of 24
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advanced technologies for a part of the Brook Street Project which 1

entered service in May and June, 2008 and thus qualifies for the Opinion 2

No. 489 100 basis point adder for RSP approved projects.  These 3

incentives would be capped at the top end of the zone of reasonableness 4

as discussed in the testimony of Christine Vaughan. 5

5. Q. Were the SEMA Upgrades approved through the ISO-NE RSP 6

process?7

A. Yes, each of the three Projects constituting the SEMA Upgrades was 8

approved as a regional reliability project in the ISO-NE Regional System 9

Plan (“RSP”) process were discussed in RSP 06 and RSP 07, relevant 10

excerpts of which are included in Exhibits NS-12 and NS-13.11

6. Q. Please provide a brief overview of the SEMA Upgrades. 12

A. As Robert Clarke explains in his testimony, ISO-NE has determined that 13

the transmission in SEMA fails to satisfy the reliability criteria established 14

by the North American Electric Reliability Corporation (“NERC”) and the 15

Northeast Power Coordinating Council (“NPCC”).  The SEMA Upgrades 16

consist of three separate projects, the Brook Street Project, the Carver 17

Project and the Barnstable Project, designed individually and in the 18

aggregate to improve reliability in the southern or “lower” SEMA area 19

consisting primarily of Cape Cod and adjacent Towns in southeastern 20

Massachusetts.21

The Brook Street Project strengthens the 115 kV system serving 22

the Cape Cod area by increasing the capacity and reliability of the Brook 23

Street Switching Station which is connected by 115 kV lines to the Bourne 24
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Substation which is located on Cape Cod, and also added another 115 kV 1

line that helps to serve the lower SEMA area.  The Carver Project 2

increases the reliability and capacity of the 345 kV system serving the 3

area and also adds an additional 345 kV/115 kV transformer and an 4

additional 115 kV transmission line for service to the area.  The Barnstable 5

Project, which Mr. Oheim discusses in his testimony, consists of the 6

design and installation at the Barnstable Switching Station of a Flexible 7

AC Transmission System or “FACTS” that is designed to protect against 8

voltage collapse of the 115 kV system serving Cape Cod in the event of 9

the occurrence of certain contingencies.  The estimated overall cost of the 10

SEMA Upgrades is approximately $85 million.  11

7. Q. Do you sponsor any portion of the Exhibit NS-14 “technology 12

statement”?13

A. Yes.  I sponsor that part of the required “technology statement” identifying 14

the alternative technologies that were considered for the Brook Street and 15

Carver Projects.16

THE BROOK STREET PROJECT17

8. Q. Could you describe the Brook Street Station prior to the Brook Street 18

Project?19

A. The Brook Street Station was a 115 kV Transmission Switching Station 20

located on Brook Street in Plympton, Massachusetts which is northwest of 21

the Town of Plymouth and thus very close to Cape Cod.  Previous to the 22

Project, the Station consisted of four 115 kV transmission lines, two 23

breakers and a simplistic control and protection system, and depending on 24
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system conditions, one or two of the lines would deliver power to the 1

station and two or three of the lines would deliver power from the station.  2

Under normal conditions prior to the Brook Street Project, approximately 3

up to 142 MW could be transmitted through the Brook Street Station and 4

the carrying capacity of the station was 239 MW.  The new 115 kV 5

transmission line can bring 463 MW to the station, and the Brook Street 6

Station has the current carrying capacity of 600 MW.  The 7

communications equipment in the Station relied on telephone lines.8

9. Q. What did the Brook Street Project accomplish? 9

A. The Brook Street Project did not change the location or name of the Brook 10

Street Station or its function as a Switching Station.  However, the Project 11

involved the complete demolition of the old Station and the construction 12

and design of a brand new and enhanced Bulk Power Station with 13

redundant control and protection in compliance with NERC standards.  14

This reconstruction and design increased the Station’s capacity and also 15

increased reliability through devices that provided improved surveillance 16

and greater flexibility in handling contingencies.   17

In addition, in part utilizing existing but unused conductors on a 18

double circuit power line, we then constructed and designed a new 115 kV 19

transmission line that ran from National Grid’s Auburn Street Station in 20

Whitman and NSTAR’s Plymouth transmission structure to create a new 21

115 kV line into the new Brook Street Station.  We also constructed and 22

designed a fiber optic relay communication path from the Brook Street 23

Station to the Auburn Street Station. 24
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10. Q. Would you distinguish the fiber optic technology package from 1

conventional communication technology? 2

A. The old Brook Street Station utilized conventional telephone technology in 3

the form of lines under the control of the telephone company to allow 4

components of the system to communicate with each other.  The old 5

telephone technology is still used at the Station (although completely 6

rebuilt) as a redundant back-up system in compliance with NERC 7

redundancy requirements that two communication systems work 8

simultaneously at all times.  However, the new fiber optic technology 9

package provides for faster and more reliable communication through 10

facilities that are under the control of NSTAR rather than the telephone 11

company.  The fiber optic package is actually a relaying system that 12

enables one facility to provide instantaneous and automated backup for a 13

faulted facility.  The fiber optic package also continuously monitors itself to 14

verify that all of its components are properly operating.15

11. Q. What are the distinguishing characteristics of the new Brook Street 16

Station?17

A. The old substation did not have fiber optic communication, had only two 18

breakers, and had mechanical relays.  The capacity of the new Brook 19

Street Station is expanded through (1) the new transmission line that is 20

connected to the Station, (2) installation of seven new breakers to create a 21

breaker and a half design (with the ability to add two additional breakers 22

and one new transmission line when needed), and (3) a complete 23

replacement and upgrade of the Station’s current carrying components. 24
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Also, significant reliability improvements have been achieved 1

through the fiber optic communication package and also by the expanded 2

breaker design which creates greater flexibility in removing lines from and 3

restoring them to service.  An additional reliability enhancement involved 4

the installation of two redundant control and protection systems as well as 5

their associated communication systems between Brook Street Station 6

and Auburn Street Station enabling the two substations to communicate 7

virtually instantaneously over NSTAR-controlled communications 8

equipment rather than solely over conventional phone lines. 9

12. Q. Does Mr. Clarke also discuss the reliability benefit added by the 10

Brook Street Project? 11

A. Mr. Clarke discusses one measure of the reliability benefit added by the 12

Project which is the reduction it produces in the need to rely on out-of-13

merit generation to maintain reliability in the SEMA area.  As he explains, 14

the Project considered separately from the other SEMA Upgrades reduces 15

reliance on out-of-merit generation in the Spring and Fall off-peak periods. 16

13. Q. How would you characterize the construction of the new Brook 17

Street Station?18

A. In major part, the Station was constructed “off site” in modules.  In fact, the 19

Station could be described as consisting of modules within modules.  The 20

largest modules consist of four “Control Enclosure Shipping Modules” or 21

“CESM.”  These four CESMs are adjacent to each other and thus 22

constitute a single structure or building at the Station.  Each CESM itself 23

houses modules consisting of control and protection “cabinets” which I 24
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describe later in my testimony and which contain control and protection 1

equipment.  NSTAR developed a unique standardized design for these 2

“cabinets” and used this design for all the cabinets at both Brook Street 3

and Carver.  In total, the CESMs contain approximately forty of these 4

cabinet modules.  The Station also includes “Switch Breaker Skids” which 5

are platforms on which switch breakers are installed.  This modular design 6

allowed acceleration of the Station’s construction and facilitates 7

maintenance and replacement of equipment now that the Station is in 8

operation.9

14. Q. Can you describe the steps taken to expedite construction of the 10

Brook Street Project? 11

A. The modular construction provided a major means for expediting station 12

construction.  As I stated, the Station’s modular components were 13

prefabricated off-site.  The cabinets were installed in the CESMs off-site 14

and the CESMs with the cabinets installed were shipped as completed 15

components to the construction site.   16

The new equipment for the Station, including the module 17

components, was ordered prior to the receipt of permits and methods 18

were developed for assembling equipment off-site that was moved on-site 19

as soon as state permits were issued.  Also, the construction of the control 20

and protection systems into prefabricated modules took place before the 21

state permits were issued.  As a consequence, these modules were 22

shipped to, installed and connected at the Station site promptly after the 23
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permits were received.  In other words, the Station’s systems were 1

constructed off-site while the permitting process was still underway.   2

Of equal if not greater importance to the expedited construction of 3

the Station, NSTAR erected a transmission loop and utilized a modular 4

sectionalizing breaker skid with relay protection and communication back 5

to SCADA to create a temporary mini-station that performed the functions 6

of the old Brook Street Station.  This technique permitted the isolation of 7

the old Station and created a temporary electrical bypass that maintained 8

continuity and reliability of service, but at the same time enabled 9

construction personnel to work on a de-energized (i.e., electrically dead) 10

substation.  De-energizing the Station greatly accelerated the construction 11

process and allowed the complete razing of the old Station in its entirety.12

15. Q. Can you now describe the “cabinets”? 13

A. Cabinets are used to house control and protection equipment such as 14

wiring, termination devices, relays and digital devices as well as switches 15

and indicators.  As noted above, the Brook Street Project included 16

approximately forty cabinets.  The cabinet dimensions are approximately 17

three feet wide, three feet deep and six feet in height and a weight when 18

fully equipped of approximately four hundred to seven hundred pounds.  19

The cabinet design was intended to facilitate construction of the Brook 20

Street Project, and also to serve as a prototype for the cabinets at the 21

Carver Project thereby facilitating construction of that facility as well.  A 22

critical feature of the cabinet design is that it creates the ability to make 23

minor adjustments to the design without the necessity of redesigning and 24
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rewiring the entire cabinet.  This is not an “off-the-shelf” design, but one 1

which NSTAR created exclusively for the Brook Street and Carver 2

Projects construction and which NSTAR plans to use for its other control 3

and protection systems.4

16. Q. What resulted from this effort? 5

A. The combined effect of these steps was to energize the Brook Street 6

Station on an accelerated basis.  Once the “bypass” was established, the 7

existing station was razed and the new and expanded Brook Street 8

Station was placed on line in only sixteen weeks.  This is a major and 9

significant achievement.  Placing a nine position, seven breaker, five 10

transmission line, bulk power system station on line in only sixteen weeks 11

is a very remarkable occurrence. 12

17. Q. Have you prepared a timeline of the work performed for the Brook 13

Street Project? 14

A. Yes.  The timeline applies both to Brook Street and Carver and is included 15

as an appendix to my testimony.16

18. Q. What incentives are appropriate for the Brook Street Project? 17

A. Since Brook Street is an ISO-NE RSP project that entered service prior to 18

December 31, 2008, the project automatically receives the Opinion No. 19

489 100 basis point adder.  We do seek a 50 point advanced technology 20

incentive for part of the project in accordance with Order No. 679.21

19. Q. What Brook Street elements qualify for the 50 basis point advanced 22

technology incentive? 23
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A. An advanced technology incentive is appropriate for the modular 1

equipment used in the construction of the Project including the CESMs 2

and the cabinets.  Modular equipment is included on the list of eighteen 3

advanced technologies in the EPAct 2005 statute.4

An incentive is also appropriate for the fiber optic relay 5

communication package.  As I indicated above, this state-of-the-art 6

communications system permits instantaneous, highly reliable and 7

automated communication between transmission facilities enabling the 8

facilities to self-correct faults.  Therefore, the fiber optic package improves 9

the reliability of the transmission facilities to which it is attached.  Fiber 10

optic technologies are included on the list of eighteen advanced 11

technologies in the EPAct 2005 statute. 12

Finally, an advanced technology incentive is also appropriate for 13

the automated safety systems consisting of the relays and breakers 14

connected to the fiber optic system with the resulting creation of two 15

redundant independent computer-based, automated safety systems that 16

control and isolate the breakers in the event of an electrical fault.  In of 17

themselves, the relays and breakers as stand-alone devices do not 18

necessarily constitute “advanced technology.”  However, the relays and 19

breakers in conjunction with the fiber optic communication package do 20

constitute an advanced technology system that increases the reliability of 21

the Brook Street Station.  I am informed that similar automation packages 22

were found to qualify as advanced technology in the Northeast Utilities23

and United Illuminating cases. 24
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20. Q. Did NSTAR consider the use of any advanced technologies other 1

than the fiber optic relay communications package and automated 2

safety systems for the Brook Street Project? 3

A. The Exhibit NS-14 Technology Statement explains other technologies 4

considered by NSTAR for the Brook Street Project and why NSTAR did 5

not employ each of these technologies.6

21. Q. Is there a relationship between the Brook Street Project and the 7

Carver Project? 8

A. Aside from the fact that the two Projects complement each other in 9

increasing service reliability in the SEMA Reliability Region, the Brook 10

Street Project had to be completed and in service before work on the 11

Carver Street Substation could begin.  This is because the system would 12

have become too unreliable if both substations were out of service at the 13

same time. 14

THE CARVER PROJECT15

22. Q. Would you describe the Carver Substation prior to the Carver 16

Project?17

A. The Carver Substation is located in Carver, Massachusetts which is west 18

of the town of Plymouth.  The Carver Substation consisted of both a 345 19

kV and 115 kV substation as well as one 345 kV/115 kV autotransformer.  20

The substation was connected to two 345 kV transmission lines and two 21

115 kV transmission lines.22

23. Q. Would you provide a general description of the Carver Project? 23
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A. The aggressive timetable to complete this project in the quickest manner 1

possible dictated the means and methodology of electrically bypassing 2

both the 345 kV and 115 kV systems at the Station.  The 115 kV system 3

has already been bypassed and the 345 kV system is scheduled to be 4

electrically bypassed within the next several days.  As part of the Project, 5

Carver’s 345 kV to 115 kV transformation capacity is being increased and 6

facilities are also being added to enhance reliability.  The expansion of 7

Carver capacity necessitates a somewhat larger substation structure 8

which in turn necessitated a land purchase to accommodate the larger 9

substation size.  The Project involves the following principal electrical 10

elements:11

 Sectionalizing and looping into and out of the new Carver Substation 12
the existing 345 kV Pilgrim to Bridgewater 345 kV line thus providing 13
an additional 345 kV source from a generator into Carver and a second 14
feed for the 345 kV autotransformers.15

16
 Construction of an underground cross-linked polyethylene (“XLPE”) 17

three-phase circuit within the station to connect the new 345 kV 18
autotransformer to the expanded 345 kV bus work.  19

20
 Expanded 345 kV bus work that is being built to interconnect the 345 21

kV lines serving the substation. 22
23

 Installation of a new 490 MVA 345 kV/115 kV autotransformer, the 24
largest on the NSTAR system, creating a new 345 kV source to 25
complement the existing 345 kV source and other sources already 26
serving the area. 27

28
 Installation of a new 115 kV transmission line extending from the 29

Carver Substation to the Tremont Substation thus adding a second 30
source of power at the Tremont Substation for service to loads in the 31
SEMA area. 32

33
 A total of 11 new breakers and two redundant control systems are 34

being added at the 345 kV and 115 kV levels to allow addition of the 35
new 345 kV and 115 kV facilities.  36
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1
 Creation of a new board section and control house expansion at the 2

Tremont Substation. 3
4

 Control and communication work at the SEMASS, Canal, and West 5
Walpole Substations; and 6

7
 Installation of the same type of fiber optic communications system and 8

automated safety system described above in connection with the 9
Brook Street Project.10

11
The Carver Project also entails complementary work at National 12

Grid’s Bridgewater Substation and Entergy’s Pilgrim Nuclear Station.  13

NSTAR’s incentive request does not apply to the National Grid and 14

Entergy work.15

24. Q. What additional sources will serve the SEMA area after the Carver 16

Project is completed? 17

A. As Robert Clarke explains, prior to the SEMA Upgrades, the lower SEMA 18

area was served by two 345 kV lines, the two Canal units which fed their 19

output onto a 345 kV bus at the Canal switchyard, and a 115 kV system 20

which could feed power directly to the lower SEMA area.  These sources 21

also provided electricity for upper SEMA, which is also served by 22

additional 115 kV transmission lines.  After the Carver Project is 23

completed, the area will be served from the additional Carver 345 kV lines, 24

the additional 345 kV/115 kV autotransformer, and the two additional 115 25

kV sources at Brook Street and Tremont.  The additional Carver 115 kV 26

transmission line will deliver power to Tremont.  These four additional 27

sources, together with the Brook Street and Carver reliability 28

enhancements and the Barnstable Project VAR compensation 29
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improvements, will substantially improve reliability and reduce reliance on 1

Canal generation.2

25. Q. Is the Carver Project a routine transmission project?3

A. The Carver Project is not a routine transmission project for a number of 4

reasons.  First, the effect of the Carver Project on regional reliability 5

indicates that it is not a routine transmission investment.  As discussed by 6

Mr. Clarke, ISO-NE has required at least one Canal generating unit to run 7

out-of-merit 365 days a year in order to meet the reliability requirements of 8

the region.  If the Canal units were out of service when an N-2 9

contingency arose, this could cause cascading overloads and excessive 10

low voltage affecting much of the lower SEMA region.  Once the Carver 11

Project is complete, the system will be able to support an estimated 70% 12

of the peak summer load in SEMA, and ISO-NE should only have to call 13

upon the Canal units in merit.  The Project was approved by ISO-NE’s 14

RSP process.  The need for the Project was discussed in RSP 06, Exhibit 15

NS-12 at 21 and 23, and determined to be necessary for reliability in the 16

New England region in RSP 07, Exhibit NS-13 at 22-23.17

Second, as explained further below, the Carver Project faced 18

significant risks and challenges that are not present in a routine 19

transmission investment.  These included siting/permitting risks, as well as 20

challenges related to underground installation of XLPE cable beneath the 21

Carver Substation, following an accelerated construction schedule and 22

maintaining system reliability while the Carver Substation is out of service.23

26. Q. What siting or permitting risks did the Carver Project encounter? 24
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A. Before NSTAR could proceed with the construction of the Carver Project, 1

it had to obtain regulatory approvals from a number of state and local 2

regulatory agencies.  The Carver Project underwent a comprehensive 3

permitting process before the Massachusetts Department of Public 4

Utilities (“DPU”) which considered numerous factors, such as the need for 5

the project, alternatives to the project, impacts of the project, and zoning 6

issues.  Exhibits NS-18 and NS-19 are NSTAR’s petition to the DPU and 7

the DPU order approving construction of the Project.  The Project also 8

required approval by Conservation Commission of each town, the U.S. 9

Army Corps of Engineers, the U.S. Environmental Protection Agency, and 10

Massachusetts Division of Fisheries and Wildlife.  If any agency had not 11

granted regulatory approval, the Carver Project could not have moved 12

forward.  Delays in regulatory approvals could also have jeopardized the 13

timing of construction of the Carver Project, which could have further 14

compromised reliability in the lower SEMA area and extended the 15

requirement for out-of-merit Canal generation.16

27. Q. Would you describe procedures the Company is following to 17

expedite construction of the Carver Project and minimize any 18

reductions in service reliability while the Carver Substation is out of 19

service?20

A. As in the case of the Brook Street Project, NSTAR took several steps to 21

fast-track the Carver Project, including the early ordering of equipment, 22

project design, and the scheduling and coordination of the teams working 23

on the design and construction of the Project.24
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Contrary to its traditional business practice, NSTAR entered into 1

business contracts for the equipment required for the Carver Project prior 2

to obtaining the required DPU permits.  This allowed NSTAR to begin 3

construction more quickly after the permits were obtained, but also 4

exposed it to greater risks if the project had not obtained approval.   5

Also as in the case of Brook Street, NSTAR incorporated non-6

traditional modular construction techniques, including developing and pre-7

assembling equipment into components for faster construction and 8

reduced critical path time.  NSTAR designed control and protection 9

systems such that they could be engineered and constructed into pre-10

assembled factory-made and tested skids.  In addition, NSTAR 11

implemented the standard cabinet design utilized and proven at Brook 12

Street.13

NSTAR has also constructed a temporary by-pass of the Carver 14

Substation.  While the same bypass technique was used at Brook Street, 15

the Carver bypass is more challenging since Carver is the connecting 16

point for major 345 kV transmission and the generation attached to that 17

transmission and has both 345 kV and 115 kV transformation and 18

switching facilities.  De-energization of the entire Station permits work to 19

proceed without the need for switching equipment in and out of service, 20

thereby avoiding the risks of inadvertent tripping of equipment or requiring 21

the additional caution associated with working near “live” equipment.  At 22

the same time, NSTAR pre-staged temporary relaying and control 23

equipment to facilitate restoring the Carver autotransformer and other 24
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equipment to service should failures occur elsewhere on the system 1

during the construction period.  Because the Carver Substation is really 2

two stations in one, with a 345 kV side and a 115 kV side, the bypass also 3

involves additional extra work at four remote stations.  A project of the 4

scope of the Carver Project would ordinarily take several years to 5

complete.  Through the steps I have described, NSTAR has successfully 6

compressed construction into a greatly reduced timeframe, but has 7

resulted in the need for simultaneous critical paths for project construction.8

This has increased the complexity of the construction process, created a 9

resource constraint for NSTAR, and required the outsourcing of workforce 10

tasks that are normally performed by internal NSTAR personnel.  This has 11

elevated the risks of the Project.12

28. Q. What facilities in the Carver Project qualify for the advanced 13

technology incentive? 14

A. An incentive is appropriate for the underground XLPE three-phase circuit 15

that will be utilized to connect the new 345 kV autotransformer to the 16

expanded 345 kV bus work that is being built to interconnect the 345 kV 17

lines serving the substation.  The use of these cables in the Carver 18

Substation and the interconnection they achieve mitigate congestion and 19

enhance the grid by increasing the capacity, efficiency, and reliability of 20

the interconnected transmission facilities.  Underground cables are one of 21

the eighteen advanced technologies that Congress named in the EPAct 22

2005 statute.  The Commission also found the use of XLPE underground 23
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transmission cables to be advanced technology deserving of an incentive 1

in the Northeast Utilities and United Illuminating cases.2

An incentive is also appropriate for the fiber optic relay 3

communications package.  As I indicated above, this state of the art 4

communications system permits instantaneous, highly reliable and 5

automated communication between transmission facilities enabling the 6

facilities to self-correct faults.  Therefore, the fiber optics package 7

improves the reliability of the transmission facilities to which it is attached.  8

Fiber optic technologies are also included on the list of eighteen advanced 9

EPAct 2005 technologies.   10

An advanced technology incentive is also appropriate for the 11

automated safety systems consisting of the relays and breakers 12

connected to the fiber optic system with the resulting creation of two 13

redundant independent computer-based, automated safety systems that 14

control and isolate the breakers in the event of an electrical fault.  The 15

relays and breakers in conjunction with the fiber optic communication 16

package constitute an advanced technology system that increases the 17

reliability of the Carver substation.  The Commission found similar 18

automation packages to be advanced technology in the Northeast Utilities19

and United Illuminating cases.20

An advanced technology incentive is also appropriate for the 21

modular equipment used to expedite construction of the Carver Project.  22

Modular equipment is included on the list of the eighteen EPAct 2005 23

advanced technologies.24
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29. Q. Did NSTAR consider the use of any advanced technologies other 1

than the underground XLPE cable, fiber optic relay communications 2

package and automated safety systems for the Carver Project? 3

A. The Exhibit NS-14 Technology Statement explains other technologies 4

considered by NSTAR for the Carver Project and why NSTAR did not 5

employ each of these technologies.   6

30. Q. Were other alternatives to the Carver Project considered? 7

A. As described in detail in the DPU Petition, Exhibit NS-18, NSTAR 8

considered a number of potential alternatives to address the various 9

problems in the SEMA area.  In evaluating potential alternatives, NSTAR 10

considered issues relating to the complexity, cost, and time required to 11

implement them in order to address the identified need in an expedited, 12

least cost and least environmental impact manner.  After thorough 13

evaluation, NSTAR determined that the Carver Project would be the least 14

costly and complex alternative, would minimize environmental impact, and 15

would require the least time to construct.16

31. Q. Does this conclude your testimony? 17

A. Yes.18
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APPENDIX TO JOSEPH G. MAYALL TESTIMONY

SYSTEM PLANNING TIMELINE FOR LOWER SEMA (EXCLUDING PERMITTING AND LICENSING)

Date Event Comments Department
Sept-05 Brook Street Concept Initiated Planning request to engineering to develop conceptual 

designs for Brook Street expansion Planning

January / Feb 2006 Canal uplift starts

Mar-06 Cape Cod Operation Guide
NSTAR Planning (and Operations) starts working with ISO 
Operations to interpret and update the Cape Cod Operating 
Guide regarding the dispatch of the Canal generation.    

Planning

NSTAR Planning performs loadflow analysis to help ISO 
clearly define the transmission system constraints.  Thermal 
and voltage issues are identified.  Planning starts to develop 
solutions.

Planning

May-06 Mtg w/ ISO in Westwood 
NSTAR hosts meeting with ISO Operations and Planning 
Management.  NSTAR introduces short term and long term 
solution concepts. 

Planning

Jun-06 Land Acquisition for Carver Real Estate notified to commence land search for Carver; 
negotiations with owner begin shortly thereafter Real Estate

Jun-06 Lower SEMA Working Group Planning study group formed with ISO and NGRID to study 
transmission alternatives. Planning

Sep-06 Lower SEMA Guide Completed
Cape Cod Operating Guide changed to Lower SEMA 
Operating Guide including a new operating interface defined 
to target the dispatch of Canal generation.

Planning

Dec-06 NSTAR Orders Carver Breakers NSTAR issues purchase order for Carver Breakers Material 
Management

Dec-06 PAC Presentation Presentation to Planning Advisory Committee on needs and 
transmission alternatives for Lower SEMA  Planning

Jan-07 NSTAR requests Autotransformer 
for Carver

NSTAR requests pricing information from transformer vendor 
HICO 

Material 
Management

Feb-07 NSTAR Files Brook Street Project
NSTAR files with the Massachusetts DPU for Brook Street  
Zoning Exemption/Section 72 Petition. D.P.U.D.T.E./D.P.U. 07-
09/10, respectively.

Legal

Feb-07 NEPOOL Task Force Review NSTAR starts process for approval of Lower SEMA Upgrades Planning

Apr-07 Brook Street RFI Substation vendor replies to Brook Street RFI Engineering

Apr-07 Consultant Hired
NSTAR hires expert consultant to analyze system harmonics, 
needed to define parameters of proposed dynamic voltage 
device at Barnstable.  

Planning

May-07 2nd PAC Presentation Presentation to Planning Advisory Committee on final solution 
for short term Lower SEMA Upgrades Planning

Jul-07 NSTAR Files Carver Project
NSTAR files with the Massachusetts DPU for Carver Zoning 
Exemption/Section 72 Petition. D.P.U. 07-60 and D.P.U. 07-
61, respectively.

Legal

Aug-07 ISO Approval NSTAR submits Proposed Plan Application for the Short Term 
Lower SEMA Upgrades and ISO approves application. Planning

Aug-07 Carver Autotransformer 
Purchased Engineering finalizes autotransformer specification with HICO Engineering

Nov-07 DPU Issues Brook Street Permit Massachusetts DPU issues the Brook Street project permits External Agency

Dec-07 Land Acquired for Carver Land Acquired to expand Carver station Real Estate
Apr-08 DPU Issues Carver Permit Massachusetts DPU issues the Carver project permits External Agency
Jun-08 Brook Street Completed Fifth transmission line energized at Brook Street Acceptance
Apr-08 Carver Construction Commences Site work begins at Carver Construction
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UNITED STATES OF AMERICA 
BEFORE THE 

FEDERAL ENERGY REGULATORY COMMISSION

NSTAR ELECTRIC COMPANY | DOCKET NO. ER09-___-000

TESTIMONY OF ROBERT P. CLARKE 
ON BEHALF OF NSTAR ELECTRIC COMPANY

1. Q. Please state your name, address and title. 1

A. My name is Robert P. Clarke.  My business address is One NSTAR Way, 2

Westwood, Massachusetts 02090. 3

2. Q. What is your educational background and work experience? 4

A. In 1981, I graduated from Columbia University with a Bachelor of Science 5

Degree in Electrical Engineering and from Providence College with a 6

Bachelor of Science Degree in Mathematics and Applied Sciences.  In 7

1989, I received a Masters Degree in Business Administration from the 8

University of Rhode Island, with a concentration in Finance.  I am also a 9

registered Professional Engineer in the State of Rhode Island. 10

From 1981 through 1999, I worked for Eastern Utilities Associates, 11

a medium-sized investor-owned utility, in various positions of increasing 12

authority.  From 1996 through 1999, I was Director of Power Supply.  I 13

was responsible for all activities associated with power supply investments 14

and procurements.  From 1981 until 1986, I held various engineering 15
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positions and was responsible for the design, specification, and 1

management of a wide range of utility construction projects.  From 1986 2

until 1996, I was responsible for developing and managing power supply 3

and transmission contractual arrangements and representing the company 4

on industry restructuring and regional power pool matters.  I joined 5

NSTAR in 2000. 6

3. Q. What are your current responsibilities? 7

A. I am Director of Transmission Business Strategy for the regulated 8

operating companies of NSTAR.  In this capacity, I am responsible for 9

developing transmission business and regulatory strategy.  I represent the 10

Company with respect to transmission matters in the New England Power 11

Pool (“NEPOOL”), ISO-NE, state and federal regulatory, and industry 12

trade forums.  I am also responsible for all transmission contracting and 13

billing.14

4. Q. What is the purpose of your testimony? 15

A. I support NSTAR’s request for incentive rate treatments for its 345 kV 16

Transmission Reliability Project (“the 345 kV Project”) and for the SEMA 17

Upgrades which are described in Henry Oheim and Joseph Mayall’s 18

testimony.  I explain the regional planning and approval process that is 19

conducted by ISO New England Inc. (“ISO-NE”) for the New England area 20

and that considered and approved construction of both the 345 kV Project 21

and the SEMA Upgrade Projects.  I explain how the overall design of the 22

SEMA Upgrade Projects improves service reliability.  Finally, I estimate 23

the customer savings that result from each Project’s impact on reducing or 24
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eliminating reliance on old inefficient generating units to maintain system 1

reliability, as well as the energy and reserve market savings provided by 2

the 345 kV Project.3

ISO-NE PLANNING PROCESS4

5. Q. What does ISO-NE’s regional planning process entail? 5

A. ISO-NE is a Commission-approved Regional Transmission Organization 6

(“RTO”) and its planning process has also been approved by the 7

Commission.  ISO-NE has primary responsibility for transmission planning 8

in the New England region, and in exercising this authority prepares an 9

annual Regional System Plan (“RSP”) which was formerly called the 10

Regional Transmission Expansion Plan (“RTEP”).  The RSP is a 11

Commission-approved process that entails an extensive examination of 12

system needs throughout New England with the objective of providing an 13

independent assessment of the need for new transmission projects in the 14

region.  Through collaboration with all interested stakeholders, the RSP 15

provides a comprehensive regional system expansion plan that addresses 16

all aspects of planning to ensure the reliable and efficient operation of the 17

New England bulk electric power system and wholesale electricity 18

marketplace.19

6. Q. What procedures does ISO-NE use to identify projects needed to 20

enhance system reliability? 21

A. ISO-NE works with the “Planning Advisory Committee” (formerly known as 22

the Transmission Expansion Advisory Committee), which is composed of 23

a wide variety of regional stakeholders, including the New England Power 24
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Pool (“NEPOOL”) Participants (such as generator owners, marketers, load 1

serving entities and transmission owners), governmental representatives, 2

state agencies, representatives of local communities, and consultants.  3

The Committee works to provide advisory input and feedback to ISO-NE 4

regarding regional system planning activities, including the development of 5

the RSP and review of needs assessments, and assists with guiding 6

solutions studies and reviewing the RSP project list. 7

The needs assessment evaluates whether the regional 8

transmission system meets the applicable reliability standards, has 9

adequate transfer capability to support local, regional, and inter-regional 10

reliability, supports the efficient operation of the wholesale electricity 11

markets, and is adequate to integrate new resources and loads on an 12

aggregate or regional basis.  A report is then issued detailing the location 13

and nature of projected problems by identifying transmission constraints, 14

estimated congestion, and the impact of market-based solutions, thereby 15

providing signals for generation, merchant transmission and demand 16

response solutions for the relief of transmission constraints and 17

congestion. 18

7. Q. Did both the 345 kV Project and the SEMA Upgrades undergo 19

scrutiny in and gain approval through the ISO-NE planning process? 20

A. Yes.  The 345 kV Project was considered in, approved by and is part of 21

ISO-NE’s RTEP 03 and RTEP 04.  Mr. Oheim’s Exhibits NS-10 and NS-11 22

include excerpts of the two RTEPs regarding the 345 kV Project.  RTEP 23

04 described the 345 kV Project as a “required action” that encompasses 24
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improvements in infrastructure and processes, and is required to ensure 1

system reliability and promote market efficiency over the next ten years 2

(Exhibit NS-11 at 11).  I attach to my testimony Exhibit NS-13, which 3

contains excerpts from the 2007 ISO-NE RSP.  ISO-NE approved the 4

SEMA Upgrades, which actually consists of three separate projects, and 5

included them in the 2007 RSP (see Exhibit NS-13 at 22-23, 28).  Also, 6

the 345kV project and the SEMA upgrades received all the requisite ISO-7

NE technical approvals required to proceed with construction. 8

345 KV PROJECT9

8. Q. What reliability concerns underlie the 345 kV Project? 10

A. Henry Oheim, the Project Director for the 345 kV Project, discusses those 11

reliability concerns in detail at pages 9 through 15 of his testimony which 12

is Exhibit NS-1.  His testimony establishes that the transmission system in 13

the Greater Boston area was subject to significant reliability concerns and 14

would fail to meet applicable reliability criteria without the 345 kV Project.  15

He introduces with his testimony documentation submitted by NSTAR to 16

the Massachusetts Energy Facilities Siting Board, Exhibit NS-5, findings 17

made by ISO-NE in its RTEP-04 plan, Exhibit NS-11, as well as other 18

documents showing the reliability need for the Project and the reliability 19

benefits it provides.20

SEMA UPGRADES21

9. Q. What reliability concerns underlie the SEMA Upgrades? 22

A. SEMA is an ISO-NE Reliability Region and, as part of ISO-NE, the area is 23

subject to the reliability requirements of NERC, NPCC and ISO-NE.  ISO-24
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NE manages the New England transmission network to sustain a double 1

transmission line (N-2) level of contingency protection.  As ISO-NE 2

explained in ISO-NE’s Report on the SEMA Upgrades (Exhibit NS-17), the 3

NPCC criteria require the availability of sufficient operating reserves so 4

that after a contingency has occurred:  “[p]ost-contingency facility loadings 5

are within equipment emergency ratings; [a]ll facilities can be brought to 6

below the Long-Time Emergency . . . rating within applicable time frames; 7

and [c]overage . . . for the next contingency is restored within 30 minutes” 8

(Exhibit NS-17 at 7).9

Prior to the SEMA Upgrades, the main power supplies for the 10

“lower” SEMA area, comprising Cape Cod and Towns close to Cape Cod, 11

consist of two 345 kV lines connected to the Carver Substation and the 12

two “Canal” generating units which are located on the “Cape” side of the 13

Cape Cod Canal.  Those two units generate onto a 345 kV bus at the 14

Canal Station and each can be considered a 345 kV source.  This area is 15

also served by 115 kV transmission lines, but the 115 kV system cannot 16

without 345 kV support supply the necessary load for the area.17

Accordingly, if one 345 kV supply is lost, two 345 kV supplies must 18

stand guard against occurrence of a second contingency.  This means 19

that the initial system condition must start with three of the four available 20

345 kV sources in operation in order to satisfy reliability requirements.  21

This requires continuous reliance on at least one of the Canal generators 22

to guard against loss of the second 345 kV line, and thereby to provide for 23

system security and to prevent the severe overloads, low voltage 24
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conditions, and the potential for voltage collapse that would follow a 1

second contingency.  At least one of these units must be committed during 2

normal operating conditions due to the units’ start-up times and ramp 3

rates.  ISO-NE cannot satisfy reliability criteria requiring that coverage for 4

a second contingency be restored within 30 minutes without the 5

continuous operation of minimum levels of Canal generation (see Exhibit 6

NS-17 at 7-8).7

10. Q. What load loss would result from an outage? 8

A. Given the current system configuration without any component of the 9

SEMA Upgrades in service, about 750 MW of load could be lost for as 10

long as 24 hours (or longer if the Canal generating units fail to start) during 11

an N-2 contingency at system peak, which for lower SEMA as a whole is 12

forecast to be over 1100 MW.  This is equivalent to the entire Cape Cod 13

load plus Plymouth, Wareham, New Bedford and other communities to 14

their immediate north and east.  The customers that make up the 750 MW 15

of load could be lost for the entire duration of the outage.  NSTAR would 16

be able to continue serving the remaining 350 MW of the load in lower 17

SEMA only if the rest of the system was functioning normally and all local 18

generation other than Canal was online and operating.  However, ISO-NE 19

indicated to NSTAR that continuing service to the remaining load would be 20

problematic due to thermal and voltage reduction challenges that would 21

confront the 115 kV system.   22

11. Q. Did ISO-NE make findings regarding these reliability concerns 23

through its regional planning process? 24
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A. In its Regional System Plan for 2006 (“RSP 06”) issued in October 2006, 1

attached as Exhibit NS-12, ISO-NE identified a number of reliability 2

concerns in the SEMA area which were being studied.  These included 3

thermal and voltage concerns in the Cape Cod area due to projected load 4

growth, as well as the need for procedures to assure that adequate 5

generation has been committed to address N-2 contingency protection in 6

SEMA, resulting in significant reliability costs (Exhibit NS-12 at 21).  RSP 7

06 further explained that the Canal units in SEMA had been run to control 8

high-voltage conditions during light-load periods and to provide 9

transmission security during intermediate and peak hours, and indicated 10

that transmission alternatives were needed to mitigate the dependence on 11

the Canal unit (Exhibit NS-12 at 23).12

ISO-NE’s Regional System Plan for 2007 (“RSP 07”), attached as 13

Exhibit NS-13, identified the components of the NSTAR SEMA Upgrades 14

as part of its short-term plan to reduce the reliance on out-of-merit 15

generation from the Canal units (Exhibit NS-13 at 22).  ISO-NE explained 16

that the performance of the transmission system is dependent upon 17

embedded generators operating to maintain reliability by providing voltage 18

support and preventing overloads of transmission system elements in 19

areas such as SEMA (Exhibit NS-13 at 24).  According to RSP 07, the 20

dependence on these local generating units typically results in relatively 21

high reliability payments due to out-of-merit commitments, and 22

transmission solutions are needed to relieve transmission system 23

performance concerns (Exhibit NS-13 at 24).24
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The uplift charges associated with this out-of-merit generation are 1

substantial.  They exceeded $80 million in 2006 and $100 million in 2007.  2

They are well over $100 million for 2008 to date.  Out-of-merit costs of this 3

magnitude were first experienced in 2006 because the Canal generating 4

units chiefly burn oil and the spread between oil and natural gas prices 5

beginning in approximately 2006 caused a considerable reduction in the 6

Canal units’ historic record of “in-merit” dispatch.  This out-of-merit cost 7

further increased in 2008 as the price of oil continued to escalate at a 8

more rapid rate than the price of natural gas.9

12. Q. What specifically are the SEMA Upgrades? 10

A. They are a series of transmission upgrades which NSTAR identified, 11

designed, and proposed to ISO-NE.  These upgrades constitute three 12

separate projects, “Brook Street,” “Carver” and “Barnstable.”  Mr. Mayall 13

provides detail on Brook Street and Carver and Mr. Oheim on Barnstable.  14

I comment on the overall design of the SEMA Upgrades which increase 15

the system’s ability to import power into the Lower SEMA region, 16

improving system reliability and reducing or eliminating the need for out-17

of-merit operation of the Canal units without the need for adding additional 18

generation.  The estimated cost of the SEMA Upgrades is approximately 19

$86 million. 20

13. Q. What is Appendix A to your testimony? 21

A. Appendix A is an ISO-NE presentation summarizing findings from studies 22

conducted by ISO-NE and NSTAR regarding the benefits of the SEMA 23

Upgrade Projects in terms of reduced reliance on the Canal units for 24
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system reliability purposes.  I refer to the Appendix A presentation in my 1

discussion of the SEMA Upgrade Projects and in calculating the economic 2

benefits that the three Projects produce.3

14. Q. Please describe the overall design of these Projects. 4

A. The three projects improve service to lower SEMA through a strategy of 5

providing alternative paths for power, improving reliability through 6

improved communications and the ability to instantaneously respond to 7

system faults through use of alternative facilities, and protection against 8

voltage collapse.9

Brook Street is a 115 kV Substation which is located in Plympton, 10

MA.  Brook Street connects to the Carver Substation located in Lower 11

SEMA.  The old Brook Street Station was demolished and a new 12

enhanced Substation constructed in its place.  The new Brook Street 13

Station has additional capacity, an additional 115 kV transmission line, 14

new breaker and protection systems and fiber optic communications.  The 15

station formally was a conduit for power produced in north of Lower SEMA 16

to flow over a single 115kV line into Lower SEMA and connected long 17

radial feeds to serve the Plymouth area.  The new station adds a second 18

supply line and isolates the radial 115kV lines from the supply lines, to 19

produce a more robust and secure supply.  The new Brook Street Station 20

entered service in June 2008.21

By bolstering the 115 kV system, power import levels into Lower 22

SEMA are increased in the range of 170 to 220 MW as shown on Slides 6 23

and 8 of Appendix A.  As a result, on a stand-alone basis, the new Brook 24
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Street Station should obviate reliance on Canal generation during lower 1

load periods in the spring and fall.2

The Carver 345 kV Substation is located at the northern end of 3

Lower SEMA.  The existing Carver Station is undergoing substantial 4

enhancement.  Previously, Carver was served by two 345 kV lines.  The 5

Carver Project involves connecting and sectionalizing an additional, 6

already-existing 345 kV line to the Substation in such a way that under 7

constrained conditions the line could deliver electricity to Carver from 8

either end.  Thus, whereas only two 345 kV lines served Carver, now a 9

third 345 kV line, which for reliability purposes could be deemed to be two 10

separate lines, can bring power to the station and can do so even if one or 11

both of the original 345 kV lines that terminated at Carver is out of service.  12

The Project also includes the installation of a new 345 kV/115 kV 13

autotransformer so that the Carver Substation will house two such 14

transformers.  Both transformers will provide service on a regular basis, 15

can be used to provide additional supply in the event a problem is 16

experienced on the 115 kV system, and one of the transformers will back 17

up the other in the event of an outage of the other.  The Carver Project 18

also bolsters the 115 kV transmission system in Lower SEMA by the 19

construction of a second 115 kV line from Carver to the Tremont 20

Substation.   21

As can be seen, the Carver Project creates significant new 345 kV 22

paths for electricity to reach the Cape Cod area and increases the transfer 23

capability of the 115 kV system.  Upon completion, the Carver Project will 24
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significantly increase the Lower SEMA import capability.  Until the 1

Barnstable Project, described below, is in-service to address voltage 2

concerns, the amount of additional import capability is limited to a range of 3

100 to 130 MW as shown on Slides 6 and 8 of Appendix A.  This 4

restriction will ensure excessive low voltage conditions are prevented and 5

transmission equipment is not overloaded during contingency conditions.6

As explained in Henry Oheim’s testimony, Exhibit NS-1 beginning 7

at page 30, the Barnstable Project involves the installation of a Static VAR 8

Compensation System (“SVC System”), which specifically addresses the 9

problem of voltage collapse at the 115 kV level in the event of an outage 10

at the 345 kV level.  The Project System is a high-speed system involving 11

installation of thyristor-switched capacitors and thyristor-controlled 12

reactors that virtually instantaneously inject reactive power into the 13

transmission system when called upon under certain contingency 14

conditions.  The system will provide immediate voltage support to the 115 15

kV transmission system that is equivalent to operating one of the two 16

Canal units but without the high cost of burning fossil fuel.  As a result of 17

this upgrade, the power import levels into Lower SEMA are further 18

increased in the range of 170 to 220 MW as shown on Slides 6 and 8 of 19

Appendix A.20

15. Q. Did the Barnstable Project require any unique studies to be 21

performed?22

A. Yes.  Dynamic compensation is not in the common experience and 23

NSTAR approached it recognizing that complexity, its own unfamiliarity 24


