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Qualifications and Purpose ol~Testimon~

2

Q.

Please state your name, title, and business address.

3

A.

My name is Kenneth Bowes. I am a Vice President of Transmission Performance

4

at Eversource Energy ("Eversource"), currently assigned to the Northern Pass Transmission

5

Proj ect ("Northern Pass" or the "Proj ect") being developed by Northern Pass Transmission LLC,

6

an Eversource company ("NPT" or the "Company"). My business address is 107 Selden Street,

7

Berlin, Connecticut, 06037.

8

Q.

What is the purpose of your testimony?

9

A.

The purpose of my testimony is to provide an update on the Northern Pass

10

Transmission Proj ect ("Northern Pass" or the "Proj ect") as proposed by Northern Pass

11

Transmission LLC ("NPT") and submit additional information to the Site Evaluation Committee

12

("SEC" or "Committee") that has been developed since the Application was filed with the

13

Committee. As an initial matter, on September 15, 2016 along with Mr. William Quinlan, I

14

adopted the pre-filed testimony of Mr. James A. Muntz. I remain responsible for discussing

15

details relating to the Proj ect’s route selection process, alternatives analysis in the federal

16

environmental impact statement ("EIS") process, details relating to the international border

17

crossing, and additional details about the Applicants’ technical and managerial capability to

18

construct and operate the Proj ect.

19

I also submitted substitution testimony for Mr. Jerry Fortier on February 26, 2016; I will

2O

provide supplemental pre-filed testimony on the topics contained in the February 26, 2016

21

testimony by the April 17, 2016 deadline established by the Presiding Officer for Track 2 topics.

22

At that time, I anticipate providing a further update on: the status of the Proj ect’s contractors,

23

land rights, methods to avoid, minimize, and/or mitigate potential impacts from the Proj ect,

24

decommissioning, and additional details related to the Applicants’ and its contractors technical

25

and managerial capability.

26

What additional information would you like to provide to the Committee at

27

this time?

28

A.

Although the review of potential route alternatives for this Proj ect and alternative

29

designs for the Proj ect are not properly before the Site Evaluation Committee for consideration

30

in this proceeding, the focus of much criticism for this Proj ect has been the cost of additional

31

undergrounding. Many opponents have argued that the Proj ect should be sited entirely
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1

underground. To respond to those views and arguments, the Applicants believe that the

2

Committee should have a thorough explanation of why the Proj ect cannot be sited entirely

3

underground. Therefore, I submit a copy of the confidential report titled "An Evaluation of All

4

UG Alternatives for the Northern Pass Transmission Proj ect," prepared by Burns and

5

McDonnell, Inc., dated May 31, 2016. Please see a redacted version of the report which is

6

provided as Attachment A. 1 This report was provided previously to Counsel for the Public and

7

to all parties who have executed a confidentiality agreement during the discovery process. The

8

report details the specific costs associated with constructing a high-voltage transmission line

9

underground and concludes that the overall increase of cost of the Proj ect--should it be

10

constructed entirely underground--would be approximately $1 billion. Based on the cost

11

increase, siting the entire Proj ect underground would make the Proj ect entirely uneconomical.

12
13
14

Q.

Please explain how you determined that additional burial of the proposed

Project would make the proposed Project economically infeasible or inviable.
A.

In order to be economically feasible or viable, a project such as NPT must be able

15

to attract investment from a market participant--in this case Hydro Qu6bec (HQ). For its part,

16

HQ’s investment decision will be based on the prospect of being able to recoup its investment,

17

plus an acceptable return.

18

Since the proj ect was conceived in 2008, NPT has made changes to the line’s proposed

19

route and construction approach in order to respond to concerns expressed by New Hampshire

2O

stakeholders. In doing so, NPT believes it has struck the fight balance between addressing these

21

concerns and ensuring that the proj ect remains both technically and economically feasible.

22

NPT’s cost has increased by over $500 million, from $1.1 billion to $1.6 billion. The

23

primary driver of this increase is the addition of underground transmission cable. Almost one

24

third of the proj ect, or a little more than 60 miles of its overall length of 192 miles, will be placed

25

underground, including approximately 52 miles in and around the White Mountain National

26

Forest and Franconia Notch and another 8 miles in the North Country. Construction of the

27

remaining two-thirds of the proj ect underground would add a further $1 billion to the proj ect

28

cost, for a total of $2.6 billion.

1 The Applicants will follow up separately with a Motion For Confidential Treatment, which will include an unredacted version of the report.
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In addition to increasing the Proj ect cost, the underground initiative has also reduced the

2

NPT line’s capacity. A change in technology was required to enable this new long length of

3

underground construction, which resulted in a reduction of the line’s capacity from 1200 MW to

4

1090 MW. That reduced capacity means that there is a corresponding reduction in revenue that

5

can be derived from potential electricity sales.

6

The dramatic increase in required proj ect investment has been accompanied by an equally

7

dramatic decrease in its expected revenues--at least in its early years. Roughly 50% of New

8

England’ s electricity demands are being met by natural gas fueled generators, and natural gas

9

prices have been in sharp decline as a result of increased gas supply. As a result, the price of

10

electricity in the New England wholesale energy market has dropped by 48% since the project’s

11

inception. Low gas prices are expected to persist at least into the early years ofNPT’s operation.

12

The expected energy price in New England in 2019, the first year of operations for the proj ect, is

13

approximately $40 per megawatt hour. Thus, the wholesale energy price expected when NPT

14

enters service will be about 50% of that which prevailed when HQ made its initial investment

15

decision; HQ will be able to deliver 10% less energy than it expected; and the U.S. transmission

16

cost of those deliveries will have increased by about 50%. At approximately $40 MWh, energy

17

revenues HQ receives from deliveries over the line will not cover its cost ofNPT’s revenue

18

requirement, which HQ would be required to pay regardless of the revenues it earns from sales

19

over the line. While HQ would seek to cover the shortfall with other sources of revenue, such as

2O

participation in the forward capacity market, it would face a more significant risk of loss.

21

Given these proj ect and market developments, even with no further proj ect cost increases,

22

NPT and HQ need to explore new market opportunities, which necessarily requires a cost

23

competitive profile.

24

For its part, NPT must judge where the tolerance of potential investors for increased cost

25

and risk will be exhausted. Its senior management believes that the project is at or near that point

26

by virtue of acceptance of an additional $500 million in proj ect costs for the construction of 60

27

miles of underground line to avoid visual effects in most areas of special scenic and recreational

28

value. In incorporating these changes, NPT believes it has struck the appropriate balance~

29

addressing the key concerns of New Hampshire stakeholders and ensuring the proj ect remains

30

commercially viable.

31
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1

Q.

Is there anything else further you would like to provide?

2

A.

No, not at this time. However, I will file additional pre-filed testimony on or

3

about April 17, :2017 to address the Applicant’s technical and managerial capabilities to construct

4

and operate the Proj ect.

95599\11966791
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Executive Summary
¯

Northern Pass Transmission has evolved over time through dialogue with New
Hampshire stakeholders and the public to become the project it is today - $1.6 billion,
1090 MW, Voltage Source Converter (VSC) technology, and approximately 60 circuit
miles of +320 kV cross-linked polyethylene (XLPE) underground High-Voltage DirectCurrent (HVDC) cable

¯

As a part of the Department of Energy (DOE) application, many route alternatives were
studied, several of which were all underground

¯

Some of the public comments received to date have expressed an interest in an all
underground alternative for the Project, potentially utilizing the interstate highway
right-of-way (ROW) as a corridor

¯

The Project has reviewed three all underground alternatives
o

DOE AIternative4a

o

DOE Alternative 4c

o

An all underground alternative determined by the Project on state and local
roads

¯

The route using the all state and local roads complies with the current NH DOT Utility
Accommodations Manual

¯

Compared to the proposed Northern Pass Transmission route, the increase in cost for an
all underground route is approximately $1 billion

¯

The project costs represented in this document for the three underground alternatives
have been interpolated based on firm fixed pricing that has been contracted for the
work covered under the current project scope

¯

Regardless of which of the three underground alternatives analyzed, the overall increase
in the cost of the project is approximately 31 billion
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Background
The Northern Pass Transmission Project ("Project") has undergone many iterations since the
project was first announced in 2010. The original 1200 MW proposed project was a 180 mile all
overhead solution using existing Eversource right-of-way (ROW) for the majority of the route.
The project proposed a Direct Current (DC) line from the international border to Franklin, NH
where a converter terminal was to be located. The converter terminal technology was Line
Commutated Converter (LCC). An Alternating Current (AC) line would take the energy from the
Franklin Converter Terminal south to Deerfield, NH where the project would enter the New
England electrical system at the Deerfield Substation. The northern portion of the route was to
be located along the western edge of the state paralleling Route 3 from the towns of Clarksville
to Northumberland.
To respond to public feedback about both the potential visual impacts of the Project and
potential impacts on property rights, in 2013 Northern Pass selected a new proposed route.
This 187 mile route was a mostly overhead solution utilized the same existing ROW for the
majority of the route. The northern portion of the route was revised and relocated across to
the eastern edge of the state and to traverse through the Wagner Forest property, an actively
managed forest, in the towns of Dixville, Millsfield and Dummer where it was then located in
the Eversource ROW. A small portion of this 1200 MW route was engineered to be
underground in two locations. An approximately 0.5 mile section at the CT river crossing at
Route 3 in the town of Pittsburg and Clarksville and an approximately 7.5 mile section in the
towns of Clarksville and Stewartstown along local roads. The technology used to achieve this
underground design at +300 kV and 1200 MW was a Mass Impregnated (M.I.) underground
cable system.
In 2015 a third iteration of the route was announced that addressed the concerns of many
project stakeholders regarding the proposed overhead lines through the White Mountain
National Forest (WMNF) and surrounding area. The new 192 mile route committed to put an
additional 52 miles of the project underground from Bethlehem to Bridgewater along state
roads. To accommodate the additional length of underground, the Project changed its highvoltage direct-current (HVDC) cable technology to a Cross-Linked Polyethylene (XLPE)
underground cable system and the converter terminal to a Voltage Source Converter (VSC)
technology. This resulted in a Project that delivered 1090 MW at a voltage of +320 kV with a
new underground mileage of approximately 60 miles. This route and its associated information
was filed with the New Hampshire Site Evaluation Committee (SEC) in the fall of 2015.
At the various stages of the Project’s evolution, cost estimates were prepared. These estimates
were based on route studies, geotechnical and survey reports, engineering design details and
estimated engineering costs. Appropriate amounts of contingency, escalation and allowance
for funds used during construction (AFUDC) were included in the Project costs.
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In the fall of 2015, the Project contracted with material supply vendors and construction
companies for the complete project. This process provided real "fixed-price" dollars for the
Project’s scope of work. These numbers provided a basis for further analysis of other potential
underground routes.
In October 2010, the Project applied to the Department of Energy for a Presidential Permit
authorizing the construction, connection, operation and maintenance of facilities for
transmission of electric enersy at international boundaries. This application was amended in
July 2013 and June 2015 based on the project’s continued development and included the route
change in the northern section of the project and the inclusion of approximately 7.5 miles of
underground construction. The application was amended in October 2015 to reflect the
inclusion of an additional 52 miles of underground transmission.
As a part of the Presidential Permit process, alternative routes were identified by the DOE (DOE
Scoping Report Alternatives Addendum - May 2014). There were several alternative routes
that were analyzed including the use of railroad ROWs, rivers, co-located AC structures and
other routes including both overhead and underground options on the existing Project ROW
and on State and Interstate roads. The location of the converter terminal was also reviewed
with an alternative location noted in Deerfield, NH. Additionally, alternative DC converter
technology and operating voltages were analyzed as a part of the additional length of
underground installations. In all, 21 alternatives were reviewed. Some of the options were
eliminated as they were determined to be non-feasible by the DOE.
In the Draft Northern Pass Transmission Line Project Environmental Impact Statement
published in July of 2015 and the Supplement to this Draft published in November of 2015, the
DOE stated its preliminary results and findings. As is noted above, several of the alternative
routes reviewed included all underground solutions.
During the outreach effort after the October 2015 route announcement and during the Public
Information Sessions associated with the SEC filing and the DOE public comment sessions, many
participants have expressed their opinion that the route should be buried along state or
interstate roadways.
In an effort to ascertain the total cost of an underground route, two of these DOE routes were
reviewed more thoroughly to develop cost estimates (DOE Route Alternatives 4a and 4c). An
additional all underground route was also reviewed that utilized state roads only. DOE Route
Alternative 4a proposed an all underground route using state and local roads and the Interstate
Highway System 1-93 through Franconia Notch and 1-393. The converter terminal was proposed
to be in Deerfield, NH on North Road and the remaining approximately 2.5 miles of AC line was
proposed to be in local roads to the Deerfield S/S. DOE Route Alternative 4c proposed the
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same route except that state roads were to be used around the WMNF and the approaches to
it. The all state road alternative proposed an all underground route using state and local roads
to get to the North Road converter location and the remaining approximately 2.5 miles of AC
line was proposed to be in local roads to the Deerfield S/S. Details of these three proposed
routes can be found in the next section.
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Route Descriptions’
Proposed Route (DOE Route Alternative 7):
The proposed Project is a transmission line to deliver electric power from Quebec to southern
New Hampshire. Designated Alternative 7 in the DOE Draft Supplemental EI5, the route
includes a proposed _+320 (kilovolt) kV HVDC transmission line that would be capable of
transmitting up to 1,090 MW of power. The northern HVDC converter terminal is proposed to
be constructed at the Des Cantons Substation in Quebec, Canada, and would be connected to
an HVDC line that would run southward in Quebec for approximately 49 miles (78 km) where it
would cross the U.S./Canada border into Pittsburg, NH.
The Project would consist of a single circuit _+320 (kV) HVDC transmission line running
approximately 158 miles (254 km) from the U.S. border crossing with Canada in Pittsburg, NH,
to a new direct current (DC)-to-alternating current (AC) converter terminal to be constructed in
Franklin, NH. From Franklin, NH, to the Project terminus at the Public Service of New
Hampshire’s (PSNH’s) existing Deerfield Substation located in Deerfield, NH, the Project would
consist of 34 miles (55 km) of 345 kV high-voltage alternating-current (HVAC) electric
transmission line.
The Project would include approximately 60 miles (97 km) of underground +320 kV HVDC cable.
Approximately 8 circuit miles {13 km) would be in two distinct underground cable sections in
Pittsburg, Clarksville and Stewartstown, NH where the Project would be buried under the
Connecticut River and beneath roadways. In addition, the Project would be located
underground for approximately 52 miles (84 km) between Bethlehem and Bridgewater, NH. In
Bethlehem, NH the Project would transition from overhead to underground HVDC. Between
Bethlehem and Bridgewater, NH, the Project would be buried in US Route 302, NH Route 18,
112, and 116 and US Route 3 corridors. The Project would transition from underground to
overhead HVDC in Bridgewater, NH and would continue in the existing Eversource ROW to the
proposed Franklin Converter Terminal in Franklin, NH. From the proposed Franklin Converter
Terminal, the Project would continue as an overhead HVAC transmission line through the
municipalities of Northfield, Canterbury, Concord, Pembroke, Allenstown, and Deerfield. The
Project would terminate at the existing Deerfield Substation in Deerfield, NH.
The Project under Alternative 7 would be approximately 192 circuit miles (309 km) in length,
with approximately 60 circuit miles (97 km) of underground HVDC cable. Refer to the applicable
Proposed Project Map in Appendix A. As a part of the Project, system upgrades to existing

1 Descriptions of the DOE Route Alternatives are substantially taken from the Draft Northern Pass Transmission
Line Project Environmental Impact Statement published in July of 2015 and the Supplement to this Draft published
in November of 2015.
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PSNH AC transmission facilities would be required, including upgrades to the existing Deerfield
Substation, the existing Scobie Pond Substation (Londonderry, NH), and existing 345 kV
transmission lines between the Deerfield Substation and Scobie Pond Substation.

Underground Route #1 (DOE Route Alternative 4a):
Alternative 4a would install the transmission circuit underground for the entire route length,
and would be buried under or adjacent to existing roadways (state and federal) except for a
portion of the line totaling just over 2 miles (3 km) from the U.S./Canada border crossing in
Pittsburg, NH to US Route 3 in Pittsburg, NH that would be overhead in a new transmission
ROW. Within the WMNF, Alternative 4a would be buried in the 1-93 roadway corridor through
Franconia Notch.
The Project under Alternative 4a would be approximately 175 miles (282 km) in length,
requiring the burial of approximately 172 circuit miles (277 kin) of +320 kV HVDC transmission
cable from Route 3 in Pittsburg, NH to the North Road Converter Terminal and 2.5 miles (4 km)
of HVAC transmission cable to the Deerfield Substation. The transmission system for this
alternative would be developed with a capacity of 1,090 MW.
The Project would enter the United States in Pittsburg and would transition underground near
US Route 3 in Pittsburg. The route would then follow US Route 3 south until it intersects with 193 in the White Mountain Forest Section of Franconia, NH. From here, the route would follow
1-93 into Concord and then 1-393 east. The route would follow NH Route 4, NH Route 107 and
North Road to the proposed converter terminal site in Deerfield, NH. From there the project
would follow local roads to the Deerfield S/S on Cate road in Deerfield, NH. Refer to the
applicable Underground Route #1 Map in Appendix A.

Underground Route #2 (DOE Route Alternative 4c):
Alternative 4c would install the transmission circuit underground for the entire route length,
and would be buried under or adjacent to existing roadways (state and federal) except for a
portion of the line totaling just over 2 miles (3 km) from the U.S./Canada border crossing in
Pittsburg, NH to US Route 3 in Pittsburg, NH that would be overhead in a new transmission
ROW. Alternative 4c would differ from Alternative 4a between Whitefield and Franconia, NH,
and North Woodstock and Ashland, NH where it would follow NH Routes 142, 302, 18, 112, and
116 and US Route 3.
The Project under Alternative 4c would be approximately 182 miles (293 km) in length,
requiring the burial of approximately 179 circuit miles (288 km) of +320 kV HVDC transmission
cable from Route 3 in Pittsburg, NH to the North Road Converter Terminal in Deerfield, NH and
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2.5 miles (4 km) of HVAC transmission cable to the Deerfield Substation. The transmission
system for this alternative would be developed with a capacity of 1,090 MW.
The Project would enter the United States in Pittsburg and would transition underground near
US Route 3 in Pittsburg. The route would then follow US Route 3, NH Routes 142, 302, 18, 112,
and 116 and US Route 3 south until it intersects with 1-93 in Ashland, NH. From here, the route
would follow 1-93 into Concord and then 1-393 east. The route would follow NH Route 4, NH
Route 107 and North Road to the proposed converter terminal site in Deerfield, NH. From here
the project would follow local roads to the Deerfield S/S on Care road in Deerfield, NH. Refer to
the applicable Underground Route #2 Map in Appendix A.

Underground Route #3 (All State Roads):
This All State Roads alternative would install the transmission circuit underground for the entire
route length, and would be buried under or adjacent to existing roadways (municipal and state)
except for a portion of the line totaling just over 2 miles (3 km) from the U.S./Canada border
crossing in Pittsburg, NH to US Route 3 in Pittsburg, NH that would be buried in a new
transmission route. This route would follow state roads all the way to the proposed North Road
converter terminal in Deerfield, NH.
The Project under this alternative would be approximately :~81 circuit miles (293 km) in length,
requiring the burial of approximately 178 circuit miles (288 kin) of +320 kV HVDC transmission
cable from the U.S./Canada border crossing to the North Road Converter terminal and 3 miles
(5 kin) of HVAC transmission cable to the Deerfield Substation. The transmission system for this
alternative would be developed with a capacity of 1,090 MW.
The ProJect would enter the United States in Pittsburg and would transition underground near
US Route 3 in Pittsburg. The route would then follow US Route 3, NH Routes 142, 302, 18, 112,
and 116 and US Route 3 south to Laconia, NH. The route would then follow NH Route 107
through Laconia, Gilford, Belmont, Gilmanton, Barnstead and Pittsfield; NH Route 28 through
Pittsfield, Chichester and Epsom; NH Route 4 through Epsom; NH Route 107 through Epsom
and Deerfield and North Road to the proposed converter terminal site in Deerfield, NH. From
here the project would follow local roads to the Deerfield S/S on Cate road in Deerfield, NH.
Refer to the applicable Underground Route #3 Map in Appendix A.
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Engineering Estimates
Project cost estimates were prepared at either conceptual or detailed levels, depending upon
the status of the project’s design, siting and permitting or contracting status. Conceptual
estimate(s) developed for initial project budgeting were based on preliminary scope and
preliminary engineering of a preferred route for the project.
As additional information became available, and design progressed, the project was reestimated through detailed analysis of labor markets and commodity units and pricing with
appropriate indirect costs, AFUDC, escalation and contingencies. Reference cost data from
previous transmission projects in the region and similar constructions methodologies and cable
system technology were also used. Contingencies were established based on the level of detail
known about the project, similar project experience, and estimating standards. Escalation was
based on the project duration and labor and equipment cost volatility in future years.

Historical Cost Estimates:
At various stages of the Northern Pass Transmission Project’s evolution, Project cost estimates
were prepared. These estimates were based on route studies, geotechnical and survey reports,
engineering design details and estimated engineering costs. The estimates were updated as the
design was refined and as the technology of the project changed.
The most significant impact to the cost of the project was the decision to install underground
cable technology. The original Project cost estimate was based on an all overhead project. In
2010 the Project’s cost estimate was approximately 51.1 billion. At this time, the project was a
+300 kV HVDC 1200 MW, 187 circuit mile all overhead solution with the converter terminal
located at Franklin, NH.
In 2013 the Project’s cost estimate had risen to approximately 51.4 billion with the change in
the routing of the northern section and the addition of the 8 circuit miles of underground. The
HVDC technology proposed was Mass Impregnated (MI) underground cable system and the
converter terminal technology was Line Commutated Converter (LCC) for the +300 kV HVDC
1200 MW project.
With the Forward NH announcement in 2015, the Project’s cost estimate rose to approximately
31.6 billion with the additional 52 circuit mile length of underground cable. For economic
reasons, this increased cable length caused the switch of cable type to a Cross-Linked
Polyethylene (XLPE) underground cable system and the converter terminal technology to a
Voltage Source Converter (VSC). In the fall of 2015, the Project contracted with material supply
vendors and construction companies for the complete project. This process provided real
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"fixed-price" dollars for the Project’s scope of work. These costs provided a basis for analysis of
other potential routes.
The proposed project’s cost estimate is summarized in Appendix B - Proposed Project Cost
Estimates.

All Underground Cost Estimates:
As is noted in the Route Description section, three all underground route alternatives were
analyzed in addition to the Proposed Route (DOE Route Alternative 7). These routes
represented two solutions identified by the DOE in the Environmental Impact Statement
Process (DOE Route Alternatives 4a and 4c) as well as an all State Road alternative chosen by
the Project (Route Alternative #3). This route was chosen as it would be constructed in largely
disturbed soil within existing roadways. The use of state roads removed the significant public
safety, environmental impact and constructability concerns encountered when using an
Interstate corridor.
The overall project costs are higher for underground lines when compared to overhead lines.
Installation costs for underground transmission lines can typically be 2.5-:~0 times those of an
overhead line. Site-specific factors influencing cost include:
¯

Technology: type of cable (mass impregnated, cross linked polyethylene, high pressure
fluid filled), as well as marine vs. terrestrial applications, cost of insulated cable vs. bare
wire, additional substation facilities, and mitigating soil and thermal characteristics.

¯

Routing: Rights-of-way, easement and permitting costs and whether the line will be

¯

Terrain and obstacles: Other underground utilities or obstructions, streams and railroad

placed in the road right-of-way or at the edge of DOT right-of-way(s)
crossings, embankments, bridges, major roads, traffic and soil conditions
¯

Permitting: Traffic and lane restrictions, noise, time of day and other construction
restrictions

¯

Construction: Significantly more construction costs for open-cut trench or trenchless
installation of an underground cable system versus overhead conductors installed on
po les/st ruct u res

Methodology/Assumptions
The analysis of each underground route involved the same expert team of engineers to perform
a desktop study of available wetland, geotechnical and other resource maps superimposed on a
Google Earth image to assess design, potential resource impacts and potential constructability
issues. These desktop reviews were supported by limited field data collected during various
site visits. Because there is only high level geotechnical and field survey information available,
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the route selection and cost estimation will have variability in certain "high risk" construction
areas where many unknowns are still to be defined (e.g. complex trenchless crossings).
The engineering cost estimate of the underground portion of the routes detail quantities and
unit prices (see Appendix C- All Underl~round Project Cost Estimate Details). In addition,
complex trenchless crossings have been identified and evaluated.
Where applicable, unit prices similar to what was negotiated for the Proposed Project’s
construction of the Proposed Route (DOE Route Alternative 7) were used. Cost estimates for
the Project’s other items (converter terminal, ISO-NE 1.3.9 upgrades, substation upgrades, etc.)
were assumed to be consistent across all projects and are based on pricing received though the
Project’s procurement process.
Other assumptions include:
The environmental data gathering and permitting process has been extended one full
year (receipt of all construction permits by end of 2017).
¯

Average duct bank depth of cover is consistent with the DOE Proposed Route
Alternative 7 design at 3.4 feet.

¯

Due to lack of geotechnical information, the rock assumption for the trenching portion
of the proposed alternatives was assumed to be similar to the DOE Proposed Route
Alternative 7 - at approximately 5.5%.

¯

The alternative routes have assumed no utility interferences (gas, fiber optics, water,
sewer, etc.) because of the location at edge of the DOT ROW. Allowances have been
made for water culverts and other river crossings.

¯

It has been assumed that there will be on average just less than one trenchless crossing
per mile based upon desktop review. This is consistent with the DOE Proposed Route
Alternative 7.

¯

Specific "high risk" construction locations have been identified (see overview in
Appendix C). The cost for any adjustments to design or proposed trenchless crossing
techniques were not included in this analysis or estimated project pricing.

¯

Because the State of New Hampshire Department of Transportation Utility
Accommodation Manual (NH DOT UAM) states that the project must be constructed at
the edge of the DOT ROW except for in extreme hardship cases, calculations for tree
clearing, site preparation for trenchless crossings and access roads have been added to
the Project cost estimates. These unit costs are based on those received during the
contract negotiations for the Overhead portion of the DOE Proposed Route Alternative
7.

¯

The project team expects any underground solution along the edge of the DOT ROW to
have significant wetland impacts. The additional cost of this mitigation above and
beyond what is already in the application was not included in this analysis.
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¯

The current project schedule has all construction activities completed in 30 months from
receipt of permits and specifically the underl~round portion of the project to be
completed in two- 8 month windows {the allowable window of time construction can
occur according to the NH DOT UAM - April to November). Because of the complexity of
installing 175 to 180+ circuit miles of underground cable for the all UG solutions, it is
anticipated that it will take four - 8 month windows of construction to complete all
activities. There are significant limitations on the amount of trenchless crossing
equipment that is available for the approximately 160+ crossings that will have to occur.
In addition, there will be severe resource constraints on cable splicing personnel {this is
a highly specialized technical activity that has limited supply worldwide).

¯

The estimate has assumed that there will be no cost impacts due to supply issues for
aggregate, concrete and flowable fill. In addition, the cost to truck such materials has
not been increased due to the roundtrip distances that would likely have to be travelled
as a result of the long distances between on and off ramps associated with a limited
access highway.

¯

The fixed prices that the analysis is based upon is valid through 2019. For construction in
2020 and 2021, the project direct expenditures have been escalated by 3%.

Cost Estimates
The total project cost is determined by taking the direct project costs and adding them into the
project’s cash flow model. This involves converting the direct costs into a cashflow. The
detailed engineering estimate for the underground work discussed above is an integral part of
the overall project estimate.
The cost estimate has been broken down into the construction segments, station locations and
ancillary work that needs to be completed on the project. Program Development Costs
(permitting) and Project Carrying Costs (contingency, property taxes, AFUDC) have been
calculated based on an assumed project cashflow. The construction cash flow estimate is
roughly broken into years:

¯
¯
¯
¯

2018-13%
2019-33%
2020-38%
2021-16%.

All project alternative routes enter the United States at the international border crossing in
Pittsburg and traverse approximately 2 miles overhead (DC) to the transition station on Old
Caanan Road in Pittsburg, NH. From here, the three underground (DC) route alternatives take
different paths to the proposed Converter Terminal on North Road in Deerfield, NH. From the

NPT_DIS 010381
NPT_DIS 182929

AFFACHM ENT A
REDACTED VERSION

Converter terminal in Deerfield, NH, the project continues underground for an additional 2.5
miles (AC) to the existing Deerfield substation.
Table 1 -All Underground Route Cost Comparison details the cost summaries of these all
underground alternatives including the typical levels of contingency and AFUDC. The details of
the underground portion of each route can be found in Appendix C.

Route Segment

Underground Route #1
Length I
Cost
DOE Option 4a

Underground Route #2
Underground Route #3
Length I
Cost
LengthI
Cost
DOE Option 4c

AllState Roads Route

International Border to Old Canaan Road, Pittsburg Transition
2.1

Station (OH DC)

$6,556,652

Transition Station #1 (Old Canaan Road, Pittsburg)

2.1

$6,556,652

$7,750,000

2.1

$6,556,652

S7,750,000

$7,750,000

Transition Station #1 (Old Canaan Road, Pittsburg) to North Road

175.0
2.5

$192,000,000

$192,000,000

$1,282,400,856
$41,938,635
$192,000,000

Substation Upgrades (Deerfield S/S, Scobie Pond S/S)

$54,500,000

$54,500,000

$54,5o0,o00

1.3.9 Upgrades

$48,000,000

$48,000,000

$48,oo0,o00

Engineering, Misc. Construction, Environmental Mitigation, etc.

$90,035,000

$90,035,000

$90,035,000

$174,500,000

$174,500,000

5174,500,000

Converter Terminal (Deerfield)
North Road Converter Terminal (Deerfield) to Deerfield S/S (UG AC)

174.0

$1,332,774,539

180.6

$1,352,836,586

2.5

$41,938,635

2.5

$41,938,635

Converter Terminal

Program Development Costs
Carrying Costs (Property Taxes, Escalation, Contingency, AFUDC)
Total

$634,882,700
178.6

$2,582,937,526

$639,769,000
185.2

$2,607,88S,873

5623,276,500
179.6

$2,520,957,643

Table 1- All Underground Route Cost Comparison
Allowance for Funds Used During Construction (AFUDC):
AFUDC is an accounting principal whereby the costs of debt and equity funds used to finance
plant construction are credited on the statement of income and charged to construction in
progress on the balance sheet. The actual AFUDC amount calculated is based on the debt to
equity ratio used on the project and the associated borrowing costs associated with each.
Additionally the amount of time that the project in under the construction phase directly
impacts the final AFUDC amount.
For this project, Northern Pass is using a 50:50 debt to equity ratio for all three estimates. The
debt portion is based on the borrowing strength of Northern Pass and is currently in the 1%
range. This rate changes on a month to month basis. The equity portion of the AFUDC is
calculated based on the average FERC approved base return on equity for New England Utility
plus approved basis points. The value of this is approximately 12.56% during the development
phase and construction phases of the project and will be reduced to 1:1.74% after commercial
operation.
The extension of the project construction period from 30 months to 48 months will have an
impact on the cost of the overall project. The estimated AFUDC will increase from
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approximately ~161 million for a 30 month duration to approximately ~350 million for a 48
month duration.

Contingency:
The proposed project design has been developed and the project has a fixed price as a result of
the procurement process. Because of this, the contingency on the project is limited to a small
management reserve of $16 million (less than 1% of the total project costs). Because the three
all underground routes (DOE Route Alternatives 4a, 4c and the all state road Route Alternative
#3) have been reviewed at a desk top level only, the project has contingency added for
unknown/unforeseen conditions. At this phase of the cost estimates a typical contingency
amount would be anywhere from 20% to 30% based on the complexity of the construction. As
the prepared project cost estimates are based upon negotiated construction contracts, the
same 10% contingency has been included for all underground routes versus a larger
percentage.

Risks to Project Cost Estimate:
As is noted above, the all underground routes have not been fully evaluated with field
reconnaissance and engineering surveys to develop a design to the point that would allow for a
contractor to provide a firm fixed price. The cost analysis herein has assumed similar conditions
to the proposed route for rock, has assumed a contingency level of 10% and has not included
pricing for additional traffic management, additional environmental mitigation and costs
associated with high risk construction areas. The potential cost impacts of variations from our
assumptions are listed below and provide and upward impact to the pricing noted above.
¯

Amount of Rock @ 5.5%-The proposed cost estimate has a rock content of 5.5% for
trenching activities based on the geotechnical analysis done to date. The calculation is
based on the boring locations at the edge of the disturbed areas of the roads (shoulder
and edge of travelways). On interstate highway rights-of-way, the project will be
constructed at the edge of the ROW. This will involve construction in non-disturbed
areas where the amount of rock encountered could be higher. Based on the pricing for
construction in rock received during our bidding process, an increase of 10% would
result in an additional cost of 510 million to 515 million.

¯

Project Contingency @ 10% - As is discussed above, a contingency amount of 10% has
been used on the all underground alternatives. If this amount was to increase by 5%,
the project cost would increase by ~60 million.

¯

DOT traffic / work restrictions - The type of traffic controls req uired for construction
vary significantly between working on limited access highways versus those on state
routes. These differences include dedicated temporary "off ramps" and "on ramps" to
the construction zones with jersey barriers and temporary electronic road signage and

NPT_DIS 010383
NPT_DIS 182931

AI-IACH M E NT A
REDACTED VERSION

lane closures. Construction zones could extend more than a mile with the appropriate
lengths to allow trucks to decelerate and accelerate to speeds to safely merge out of
and into traffic. An estimate of the delta cost between traffic controls on state roads vs.
limited highway access roads for this project is $40 million ($0.5 million per mile).
Mitigation costs beyond already proposed - An all underground route has significantly
more environmental impacts compared to an all overhead route when not in already
disturbed roadways because of the continuous nature of the construction installation.
The all underground routes have not been fully evaluated for the impacts to wetlands,
wildlife, rare and endangered species. An estimate of the impacts for an all
underground route in non-disturbed areas of the interstate highways is approximately
$10 million to $20 million.
High risk construction areas -As in noted in Appendix C, there are many high risk
construction areas that have been identified by the engineering team but not priced
into the construction estimates. An estimate for additional costs associated with the
"high risk" areas is $10 million to $15 million.
When combined, the total potential increase in project costs for these five items is $130 million
to $150 million.
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Interstate ROW Usage Assessment

I.

Alternatives 4A, 5A and 6A - Underground along the 1-93 Corridor-Are Impractical due

to Legal and Regulatory Restrictions, as well as Environmental Concerns

Three of the 11 alternatives evaluated in the Draft Environmental Impact Statement
(DEIS) propose construction of the Project underground along the 1-93 corridor, including
through the White Mountain National Forest (’WMNF") and Franconia Notch State Park. The
DEI$ acknowledges that burial of the cable underneath the pavement or in the median of 1-93
would not be permitted. However, as far as Northern Pass can determine, the construction
impacts of existing restrictions under federal and state law that would apply to construction
along 1-93 make these alternatives extremely challenging. Among other things, the legal and
practical challenges associated with such an undertaking are extensive.

Furthermore, these routes entail unanalyzed, but significant adverse environmental
consequences especially in one of New Hampshire’s most treasured locations. The 1-93
alternatives, consequently, not only offer no offsetting environmental benefits that might make
those alternatives worth the challenge of pursuing them, but are in fact highly likely to
substantially increase environmental impacts. Constructing Northern Pass along the 1-93
corridor is not a practical alternative.

A. Construction Techniques and Requirements as Impacting 1-93 Alternatives

For all underground roadway options, the DEIS describes the construction process as
follows:

Short-term disturbance for the trench and construction activities is assumed to be 10
feet (3 m) wide, with the majority of disturbance limited to the road surj~ace
(approximately 30 feet [9 m] wide) and adjacent, previously disturbed areas. One lane
of the road would be temporarily closed to traffic to accommodate construction
activities. Construction and installation of the underground cables associated with the
Project would be scheduled to meet local requirements regarding noise limitations,
construction work hours, etc. and to minimize the impact on local traffic, residents, and
businesses. Lane closures would be in ej~j~ect for days to weeks and for short segments of
road along the route.
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DEIS at 2-11 emphasis added).

The DEIS also describes what would be involved for a "new transmission route (rather
than within an existing roadway)," which may more accurately describe the impacts that would
be involved for construction along the 1-93 corridor, given that, as explained below, any such
construction would have to occur at the outer edge of the 1-93 Limited Access Right of Way
("LAROW") not underneath the roadway as described:

[l]t is assumed that an area approximately 30 feet (9 m) wide would be cleared of
vegetation to accommodate this construction. Future vegetation growth would need to
be limited in this 30-foot-wide corridor to prevent disturbance of the cables by roots.
The area of direct, short-term disturbance for installation of the trench would be 10 feet
(3 m) wide.

Id.
Finally, the DEIS describes the splice enclosures that would be necessary for any
underground installation:
Cable splice enclosures would be utilized for the installation and joining of underground
cable segments. The cable splice enclosures would be temporary areas within which
splicing would be conducted. Upon completion of a necessary slice, the area would be
backfilled and no longer present. The splice enclosures areas would be necessary
approximately every 1,800 feet (549 m). The distance between splice enclosures is
dependent on many factors, including: (i) local conditions, including site conditions and
local road load and other limits; (ii) the maximum size of cable reels that can be
transported to a particular location; and (iii) the bending radius of the cable.

Id. The splice enclosures measure approximately 30 feet long and :~0 feet wide. Although the
depth needed to install them will vary from location to location, a minimum depth of coveral~e
required to meet NHDOT standards will be 3 feet.

Unlike other linear utility installations, such as fiber optics or gas lines, the size and
placement of these splice enclosures pose unique and significant challenges. In short,
according to the DEIS, underground construction along roadways, including 1-93, would entail
short-term lane closures and significant construction activity, along with the associated
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disruptions to traffic. The construction process would also entail significant permanent impacts
on vegetation, ledge and wetlands along the road.

B. Additional Requirements for Construction on Interstate Highways

The descriptions in the DEIS accurately capture the construction techniques and impacts
associated with underground burial along most public roads and areas of new underground
construction in New Hampshire. However, these descriptions do not take into account the
additional restrictions that would apply to Northern Pass underground construction along 1-93,
particularly through Franconia Notch. Combined these restrictions effectively eliminate use of
1-93 as a practical alternative.

1.

Existing NHDOT Policy Requires a Showing of "Extreme Hardship" for Use of
Interstates for Utility Installation

Unlike the more traditional public highways where Northern Pass proposes to construct
the Project, 1-93 is governed by a separate and more stringent set of principles that are
applicable to longitudinal utility installations along interstate highways. This is because
Interstate hishways are of national, as well as regional importance and are designed to
accommodate significantly higher traffic volumes and speeds. 1-93, in particular, also serves as
an important international link between New England and Canada.

While not expressly prohibiting longitudinal utility installations, if states choose to permit
them within interstate highways, federal law requires approval of an "accommodation plan"
from the Federal Highway Administration ("FHWA") to insure the "safe and efficient use of the
highways". 23 C.F.R. §645.209(c).

Any such plan must, among other requirements, establish a

utility strip "along the outer edge of the right-oj£way by locating a utility access control line
between the proposed utility installation and the through roadway and ramps." 23 C.F.R.
§645.209(c)(2)(v) (emphasis added).

To meet federal requirements, the New Hampshire Department of Transportation
("NH DOT") has adopted, and FHWA has approved, the Utility Accommodation Manual, Bureau
of Highway Design, New Hampshire Department of Transportation, February 2010 ("UAM"). As
it has throughout the planning process, this document presently governs the use of New
Hampshire highways for utilities. The UAM makes it clear that freeways like 1-93 "are dedicated
to allow for optimum mobility and safety of through traffic. The basic element in the design
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and operation of these highways to achieve this end is the limiting of access to the highway."
UAM § XIII.A. Protecting this design feature, limited access, is always a major consideration for
the NHDOT.

In accordance with this objective, NHDOT has strict requirements governing any proposed
longitudinal use of freeways like 1-93 beyond those applicable to the standards for other
highways.

For new underground utility installations along freeways, the UAM states clearly:
"Longitudinal installations are not permitted within the LAROW lines parallel to either the
through roadway or its ramps."

UAM, § XIII.B.4 (emphasis added).

While the Commissioner

may grant a design exception from this prohibition, to be eligible for a design exception, an
applicant must demonstrate "extreme hardship." To qualify for extreme hardship, the applicant
must show, among other things, that "[a]lternate locations are not available or cannot be
implemented at reasonable cost," and that the accommodation requested "will not adversely
affect the safety, design, construction, operation, maintenance, or stability of the freeway."
UAM, § XIII.B.6(a) and (c).

As shown by the DEIS and by the route along state roads that Northern Pass has proposed,
the Project plainly has other viable alternatives. Specifically, there are public roadway options
other than 1-93. Notably, NHDOT repeatedly voiced its preference for use of these alternative
roadways over 1-93 throughout the planning process. As Northern Pass understands it, that
remains the case.

Moreover, use of the 1-93 corridor would inevitably affect operation of the highway during
construction or cause significant environmental impacts. Therefore, Northern Pass cannot
plausibly meet the UAM-prescribed standard for a design exception.

2.

Roadside Environmental Impacts of Access and Construction Along 1-93

In the highly unlikely event Northern Pass were to qualify for a hardship exception, NHDOT
policy reflects the federal requirement that longitudinal utilities be placed at the outer limits of
the ROW.

In order to protect the Interstate’s controlled access characteristics and protect the

travelling public, the UAM states: "In general, utilities are to be located and designed in such a
manner that they can be constructed and/or serviced without direct access from the through
roadways or connecting ramps." UAM, § XlII.B.6(e)(1) (emphasis added).
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While limited exceptions may be granted in extreme situations, the UAM generally
requires that any utility construction should limit access to the work area to frontage roads,
where available, nearby public roads and streets, or trails that connect to the outer edge of the
LAROW. UAM, § XIII. B.6(e)(2). In short, the UAM prohibits direct access from the highway
itself. The purpose of the provision is to limit threats to traffic safety to extremely rare
circumsta nces.

Along the relevant portion of 1-93, including through the White Mountain National Forest
and Franconia State Park, the UAM-prescribed access options are largely not available to
accommodate the scale of construction activities required for the underground construction of
the Northern Pass. As a result, considerable disruption of previously undisturbed areas will be
necessary. The resulting environmental impacts are not evaluated in the DEIS and Northern
Pass deems them wholly unnecessary.

To access the "utility strip", Northern Pass would have to construct a gravel road, parallel
and adjacent to 1-93 for access during construction and future maintenance. As noted in the
DEIS, this area would have to be maintained permanently free of large vegetation and
obstructions. Clearing a 30’ wide strip up to 80 miles (Alternative 4A) long of roadside trees,
ledge, and wetlands along a major travel route through scenic areas poses enormous
environmental and aesthetic challenges.

More specifically, based on its visual examination of the relevant area, Northern Pass has
observed that, except for a narrow shoulder, the area between the 1-93 roadway and the outer
edge of the 1-93 ROW is undisturbed. To construct Northern Pass along up to 80 miles of
Interstate highway would require extensive tree, vegetation and ledge removal. In contrast,
similar impacts are largely avoided along the smaller state roads Northern Pass has designated
in the area of the WMNF.

Likewise, extensive wetland areas are located along the outer edge of the limited access
ROW and would be significantly impacted as well. Finally, the required clearing and terrain
alteration would likely permanently alter the experience of travelers along the 1-93 corridor
without achieving any benefits that could be achieved using the state roads Northern Pass has
proposed, where the environmental impacts would be temporary and much reduced. For these
reasons, it is both not practical to pursue the 1-93 corridor as an option for underground
construction of the proposed transmission line.
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Appendix D - Sample Plan and Profile Drawing of 1-93 Construction details a potential
construction layout for a typical section of 1-93.
II.

Franconia Notch and Franconia Notch Parkway

It is well documented that the Franconia Notch area is zealously protected for its unique
environmental and cultural importance to New Hampshire. The Notch’s extremely narrow
confines host an array of cultural, historic, archeological and environmental resources.
Extremely sensitive water resources such as Echo and Profile Lakes, the Flume, the
Pemigiwasset headwaters, dozens of smaller water courses, and numerous wetlands areas are
located throughout the Notch and often are immediately adjacent to the roadside. Franconia
and the Flume State Parks and the Old Man Historic Site also bracket the Notch Parkway.

Numerous walking, hiking, biking and other recreational trails weave throughout its
length. Overlooks, camping areas and parking areas similarly line the roadside.

In addition,

sensitive geologic features like Boise Rock, the Basin and the Notch’s rock face would likely
suffer from the substantial construction activities required for Northern Pass to be built
through this area. Locating approximate 10 mile length of trench and the 28 or so splice boxes
necessary to traverse the area would invariably result in substantial roadside clearing and
resource impacts that cannot be justified. More importantly, such impacts are inconsistent
with the present regulatory regime governing the Notch.

The importance and sensitivity of Franconia Notch area is reflected by the fact any further
construction along the Franconia Notch Parkway is strictly prohibited by a 1977 Memorandum
of Agreement ("MOA I") that led to a Stipulated Order of Dismissal in Appalachian Mountain
Club ("AMC") v. Adams, Case No. 74-208 (D.N.H.). A subsequent Memorandum of Agreement
was signed on October :~4, :~983 ("MOA I1") reaffirming the original document and enshrining
further design and construction restrictions. MOA II ended decades of contentious litigation
over the construction of 1-93 through Franconia Notch. The barriers to any further construction
in the Notch in these MOAs are profound.

MOA II, which was signed by seven state and non-governmental parties including the
Appalachian Mountain Club (AMC) and the Society for the Protection of New Hampshire
Forests (SPNHF), embodied an agreement for the design of 1-93 through Franconia Notch State
Park. AMC and SPNHF are entrenched opponents to Northern Pass. Furthermore, it required an
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Act of Congress, known as the Cotton Amendment, to get these final agreements approved
because the highway design employed did not conform to national standards.

MOA II begins by referencing the Notch’s obvious cultural and environmental importance.

"Franconia Notch is a unique and special place. New Hampshire is fortunate in that the
Notch was protected as a State Park years ago. Because of its unique qualities, and
because the Park serves a vast recreational need, it is imperative that its beauty and
integrity be protected."

MOA II Appendix A, §I (emphasis added).

Substantively, MOA II plainly states that "there will be no additional lanes or major
construction within the Park." MOA II Appendix A at ¶1V.2.2 (emphasis added). Consideration
will be given only to "very minor refinements, of the maintenance variety". MOA II Appendix A,
¶1V.2.2. Moreover, the construction activities must be "confined to as narrow a corridor as
reasonably possible" MOA II at ¶4.3

Since the Parkway’s construction, subsequent changes as minor as the addition of a
median divider, which was proposed as a result of several tragic fatalities on the Parkway, were
opposed by the AMC and SPNHF.

Extensive and prolonged negotiations were necessary to

obtain an amendment of the MOA and judicial approval to permit even this basic safety
measure. AMC v. Adams, supra, Motion to Modify Stipulated Order (April 1, 1993).

In 2010 and 2013, the environmental groups substantially hindered basic repaving
operations within the Notch by strictly enforcing the MOA and prohibiting even minor,
temporary impacts beyond the existing roadway to facilitate this maintenance. Due to their
past public statements regarding basic safety measures and routine highway maintenance
within the Notch, there is no objective basis to believe that proposed construction of Northern
Pass through the Notch could work.

Without question, the DEIS descriptions of Northern Pass’ installation qualify as "major
construction" and would fall within the MOA’s prohibition.

Placement of the 10 x 30 foot

splice enclosures within the fragile confines of Franconia Notch would inevitably impact the
areas resources. Due to the already substandard design of the Parkway road, there simply is no
viable means of constructing Northern Pass through the area without either major impacts on
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traffic, which NHDOT would deem unacceptable or major disruption of the numerous resources
along the road, which would be unacceptable environmentally.

Furthermore, because Northern Pass is not a highway construction project or a party to the
Notch Agreement, Northern Pass would need NHDOT to propose appropriate changes to the
federal court approved documents. NHDOT has expressed no interest in doing so for a project
that is not related to its highway maintenance or public safety. Indeed, as noted below, NHDOT
has repeatedly refused to consider the Notch as a viable option for use by utilities.

Given these circumstances, the environmental consequences and the availability of other
roadway burial options for Northern Pass, there is no justification for amending the MOA to
accommodate Northern Pass. This is especially true in light of the strong cultural and
environmental values associated with Franconia Notch and the unavoidable impacts such major
construction activities would produce.

III. Potential Legislation Affecting Use of 1-93 by Utilities Will Have No Material Impact On
The Viability of 1-93 as an Alternative for Northern Pass

For more than 4 years, the N.H. legislature has debated various versions of legislation that
would designate certain interstate and turnpike highways as potential corridors for utility use.
The present version, HB 626, would provide the opportunity to, but not require, use of these
designated corridors for utility projects. When enacted, the primary impact is that NHDOT
would have to amend and seek Federal Highway Administration (FHWA) approval for changes
to the UAM replacing the "extreme hardship" requirement. NHDOT’s remaining policies will
remain unaffected.

With NHDOT’s input, much of 1-93 has been included in the legislative discussions for
future availability as a "utility corridor".

Notably, however, Franconia Notch and the Franconia

Notch Parkway are specifically and consistently excepted from any such consideration. As a
result, the use of the Routes 18, 116 and 112 to Woodstock remain the only viable alternative.

Whatever form the legislation finally takes, several considerations have remained
consistent.

¯

Use of the Interstate corridors will remain "at sufferance".

¯

NHDOT will not permit construction of utilities within the median or roadway.

NPT_DIS 010392
NPT_DIS 182940

AFIACHM ENT A
REDACTED VERSION

¯

Use of the designated corridors is permitted, but not required.

¯

Utilities will be placed as near as practical to the outer edge of the Limited Access Right
of Way. This is commonly delineated by a wire fence line.

¯

Access during construction and maintenance activities will not be permitted from the
highway or ramps, except in exceptional circumstances.

¯

Franconia Notch is not designated for use as a utility corridor.

The legislation that just passed, HB 626, will require that NHDOT eliminate the "extreme
hardship" criteria for utilities to use the Interstates. It will have no impact on where it will be
placed. Utilities will still be outside the roadway, median and shoulders. And, the area will still
not be accessed from the roadway or ramps except in extremely limited
circumstances.

Furthermore, the Notch is not included as a designated corridor. Its availability

is unaffected by the legislation.

NPT_DIS 010393
NPT_DIS 182941

AFIACHM ENT A
REDACTED VERSION

Regional/National Transmission Projects
Other Recently Constructed New England Transmission Projects
The vast majority of the construction that has been completed in the last 10 years in New
England has been conventional overhead transmission. Appendix E - New England Completed
Transmission Projects details 11 projects and the amount of overhead vs. underground lines
that have been installed. More than 90% of all transmission installed was overhead. In fact,
the only underground that was installed was in areas where no overhead alternative existed.
Typically these are in urban areas where the overhead rights of way are severely congested.
Other United States Underground Projects
To compare the Northern Pass Transmission Project’s underground costs against other recently
completed underground projects in the United States, data from other terrestrial and
submarine underground projects was compiled and analyzed. The approximate cost for the
underground facilities was also reviewed. This data is presented in Table 2 - United States
Underground Transmission Project Details.
¯

Tehachapi Renewable Transmission Project, CA: The Tehachapi Renewable
Transmission Project will deliver electricity from new wind farms in the Tehachapi area
of California to Southern Cal Edison customers and the California transmission grid.
Consisting of new and upgraded electric transmission lines and substations between
eastern Kern County and San Bernardino County, it plays a vital role in meeting
California’s renewable energy goal of 33 percent by the year 2020. The 179-mile
Tehachapi project runs through a number of Southern California communities and will
deliver up to 4,500 megawatts of largely renewable energy. This 500 kV AC project,
scheduled to be completed in 2016, is primarily overhead construction with a small 3.5
mile section placed underground in Chino Hills, CA primarily due to aesthetic reasons.
This first of its kind application in North America of underground 500 kV AC, will have
two transition stations connected by Cross-Linked Polyethylene Cable (XLPE) installed in
a duct bank system connected by 42 vaults. The underground portion of the project is
estimated to cost approximately ~;400 million. The CA PUC has mandated that the costs
be capped at ~;224 million.

¯

Middletown-NorwalkTransmission Project: The Middletown-NorwalkTransmission
Project is a 69 mile, 345 kV AC reliability project from Middletown, CT in the central part
of the state to Norwalk, CT in the southwestern part of the state. The ~;1.27 billion
project consists of 45 miles of overhead transmission, 24 miles of underground
transmission (six miles construction by the United Illuminating Company)and includes
57 miles of reconstructed 115 kV AC lines to facilitate the installation of the 345 kV line
on existing rights of way. The underground portion of the project installed cable along a
24 mile-route, the longest continuous section of 345 kV Cross-Linked Polyethylene
(XLPE) underground conductor cable used anywhere in the U.S. The cable system has
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116 underground splicing vaults and 372 splices. The route dictated the use of
"Horizontal Directional Drilling" (HDD) technology to install underground cables to cross
the Saugatuck River in Westport, the Housatonic River in Milford, and Ash Creek on the
Bridgeport/Fairfield town line. The undergrounding of the project was required as the
existing overhead ROWs in this area are congested and there were no viable overhead
solutions.
¯

Glenbrook Cables Project: The Glenbrook Cables Project is an 8.7 mile 115 kV AC
reliability transmission line running underneath the streets from Stamford, CT through
Darien, CT to Norwalk, CT. The undergrounding of the project was required as the
existing overhead ROWs in this area are congested and there were no viable overhead
solutions. The $239 million project involved 1 major microtunnel under the main
intersection in Darien, CT, 2 major river HDDs

¯

Stamford Reliability Cables Project: The Stamford Reliability Cable Project extends
approximately 1.5 miles between two existing substations, the Glenbrook Substation on
Lincoln Avenue and the South End Substation on Pacific Street in Stamford, CT. The
project is a single circuit 11,5 kV AC transmission line that cost £47 million. The scope of
this project included 4 splice vaults and 1 major Jack and Bore under the Metro-North
railway.

¯

Cross Sound Cable: Cross-Sound Cable Company, LLC is a high voltage electrical
transmission cable providing 330 MW’s (+/- 150 kV) of electrical transmission capacity to
customers via the Cross-Sound Cable. The Cross-Sound Cable is a HVDC light system
manufactured by ABB Power Technologies AB and operated by CSC Operations, LLC. It
is a 24 mile (39km) long submarine cable buried in Long Island Sound that connects the
electric transmission grids of New England and Long Island, NY. While no construction
cost details are available for the project originally energized in 2003, the cable system
was sold in 2006 for $213 million and was recently sold again in 2015 for approximately
$200 million.

¯

Neptune Project: The Neptune Project is a HVDC undersea and underground power
cable that links the PJM grid to New York and serves the Long Island Power Authority
(LIPA) with 660MW of power - enough for 600,000 homes. The cable runs
approximately 65 miles between Sayreville, New Jersey, and New Cassel (North
Hempstead) on Long Island. The ~600 million project involves the installation of a 500kV, 660-MW HVDC cable that will extend from a First Energy Inc. (Akron, Ohio, U.S.)
substation in Sayreville, New Jersey to the LIPA Newbridge Road substation in
Levittown. It is the longest undersea/underground transmission project on the East
Coast.

¯

"l’rans Bay Cable: Trans Bay Cable consists of an HVDC submarine cable system that runs
53-miles under the San Francisco Bay to transfer existing energy from the City of
Pittsburg to the City of San Francisco. The 53 mi (85 km) cable under San Francisco Bay
and through the Carquinez Strait can transmit 400 megawatts of power at a DC voltage
of +200 kV, enough to provide 40% of San Francisco’s peak power needs. Owned by
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SteelRiver Transmission Company, the line connects PG&E’s Potrero Substation to its
230 kV transmission line in Pittsburg. The system was completed in November, 2010.
The $440 million Trans Bay Cable project was the first HVDC system to use the Modular
Multi-Level Converter (M M C) syste m.

Project Name

Location

Northern Pass

Central New

Transmission

Hampshire

Cross Sound

Long Island,

Cable

NY

Neptune
Project

Long Island,
NY
San

Trans Bay Cable

Francisco,
CA

Length

60.5
miles
overland

Voltage

+/- 320 kV
DC

+/- 150 kV

65 miles
undersea

+/- 500 kV
DC

Single Circuit

53 miles
undersea

+/- 2_00 kV
DC

500 kV AC

DC

3.5 miles

MiddletownNorwalk

Southwest

19 miles
overland

345 kV AC

61enbrook

Southwest

Cables

Connecticut

8.7 miles
overland

115 kV AC

Stamford

Southwest

Cables

Connecticut

1.5 miles
overland

115 kV AC

Connecticut

Single Circuit

24 miles
undersea

Southern
California

Chino Hills

Configuration

overland

Cost

$617.1
M

>$2so

Cost per
Mile

$10.2 M

Underground
Installation
Reason
White Mountain
National Forest

N/A

Undersea

$600 M

N/A

Undersea

Single Circuit

$440 M

N/A

Undersea

Single Circuit

$224 M

$64 M

Viewshed
Concerns

$460 M

$25.5 M

Single Circuit

Double
Circuit*

M

SW CT
Congestion (No
viable OH Route)
SW CT

Double
Circuit

$204 M

Single Circuit

$47 M

$23.5 M

Congestion (No
viable OH Route)

$31.3 M

SW CT
Congestion (No
viable OH Route)

* - Only one Cable System installed.

Table 2 - United States Underground Project Details
This data has been compiled from publically available sources.
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Conclusion
This report analyzed three all underground routes and compared them to the proposed
Northern Pass Transmission Project.

The materials, installation and maintenance costs are all higher for underground lines when
compared to overhead lines. Installation costs for underground transmission lines can be 2.5-10
times those of an overhead line. Site-specific factors influencing cost include:
¯

Technology: type of cable (mass impregnated, cross linked polyethylene, high pressure
fluid filled), marine vs. terrestrial applications

¯

Routing: Right-of-way, easement and permitting costs and whether the line will be
placed in the road right-of-way or at the edge of DOT right-of-ways

¯

Terrain and obstacles: Other underground utilities, streams and railroad crossings,
embankments, bridges, major roads, traffic and soil conditions

¯

Permitting: Traffic and lane restrictions, noise, time of day and other construction
restrictions

¯

Construction: Significantly more construction for trenches, cost of underground cable
vs. overhead bare wire, additional substation facilities, and mitigating soil and thermal
cha racteristics.

¯

Design: design completed for the three all underground alternatives has been at a
desktop level of review only. There is risk and project contingency associated with
providing project cost estimates for desktop level of design.

Legal, environmental and constructability complexities exist that could further increase costs of
projects- both overhead and underground.

The report data shows that for the Northern Pass Transmission, all underground solutions are
approximately ~1 billion more expensive than the proposed project. In addition, a conservative
estimate of the timeline to complete an all underground solution would extend the project
construction schedule.

Appendix F - SEC Application for a Certificate for Site and Facility: Volume X - Appendix #9
Petition for Aerial Road Crossings, and Underground Installations in State-Maintained Public
Highways pages 213-280 is included as a sample reference to the design plan and profile
drawings for a section the proposed project’s underground route.

NPT_DIS 010397
NPT_DIS 182945

AFFACHM ENT A
REDACTED VERSION

Appendices
Appendix A - Project Maps
1)

Proposed Project (DOE Route Alternative 7)

2)

Underground Route #1 (DOE Route Alternative 4a)

3)

Underground Route #2 (DOE Route Alternative 4c)

4)

Underground Route #3 (All State Roads)

Appendix B - Proposed Project Cost Estimates
Appendix C- All Underground Project Cost Estimates Details
Appendix D - Sample Plan and Profile Drawing of 1-93 Construction
Appendix E - New England Completed Transmission Projects
Appendix F - SEC Application for a Certificate for Site and Facility: Volume X - Appendix #9
Petition for Aerial Road Crossings, and Underground Installations in State-Maintained Public
Highways pages 213-280
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Appendix A - Project Maps

I)

Proposed Project (DOE Route Alternative 7)

2)

Underground Route #1 (DOE Route Alternative 4a)

3)

Underground Route #2 (DOE Route Alternative 4c)

4)

Underground Route #3 (All State Roads)
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Appendix B - Proposed Project Cost Estimates
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Appendix C - All Underground Project Cost Estimates Details
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Route 4A- Summary

1.

Overall Route Length is approximately 174 miles

2.

It is anticipated that there would be 110 total trenchless crossings;
o

77 horizontal directional drills (two separate drills for each) - total estimated length of
49,000 feet

3.

o

29 horizontal bores (one bore for each) - total estimated length of 4,350 feet

o

4 bridge attachments- total estimated length of 1,500 feet

Average depth of cover for open cut trenching installation was assumed to be 3.4 feet of cover

4.

Rock removal was assumed to be 5.5% of the overall material excavated from the trench

5.

Surface Restoration was assumed to be based upon the following breakdown:

6.

o

67% in the paved roads

o

1% in gravel roads

o

32% loam and seed

Trench and splice vault dimensions were assumed to be the same as those shown in the Permit
Package.

7.

The following trenchless locations are potential red flags for installation that require further
investigation. Feasibility concerns associated with these trenchless crossings are described
further below:
o

Trenchless Crossing #5

o

Trenchless Crossing #6

o

Trenchless Crossing #18

o

Trenchless Crossing #22

o

Trenchless Crossing #24

o

Trenchless Crossing #27

o

Trenchless Crossing #37

o

Trenchless Crossing #38
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Trenchless crossing #05 is located at a stream crossing along Main Street on the north end of the town
of Colebrook, NH. This crossing has several feasibility issues for a trenchless installation. Both ends of
the crossing have private residences or businesses on both sides of Main Street. Traffic concerns would
arise from an in-road installation. Also there would be limited space for construction activities.
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Trenchless crossing #06 is located at a stream crossing along Main Street on the north end of the town
of Colebrook, NH. This crossing has several feasibility issues for a trenchless installation. Both ends of
the crossing have private residences or businesses on both sides of Main Street. Traffic concerns would
arise from an in-road installation. Also there would be limited space for construction activities.
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A bridge attachment would be required if the route were to follow Main Street. The river is too deep
and wide at this point to be able to utilize a horizontal bore and there is not enough laydown area to
utilize an HDD. The road bends away from the bridge at both the north and south ends.
If a bridge attachment cannot be used, there is an area about 1,500’ to the west that could be used to
cross the river via HDD. This route, however, would have to travel down possibly city and private roads.
The HDD at this location would be approximately 1,100’.
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A bridge attachment would be required if the route were to follow Main Street. The surrounding area is
too commercial to be able to utilize a horizontal bore and there is not enough laydown area to utilize an
HDD. The road bends away from the bridge at both the north and south ends.

If a bridge attachment cannot be used, there is a parking lot about 200’ to the east that could be used to
cross the river via horizontal bore. This route, however, would have to use a private parking lot for the
sending/receiving pits. Also, the depths of the pits would be approximately 40’ deep. A horizontal bore
at this location would be approximately 300’.
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Both ends of the crossing have private residences or businesses on both sides of the river. Traffic
concerns would arise from an in-road installation. Also there would be limited space for construction
activities.
A bridge attachment might be used if there are available bays underneath the bridge, if the route were
to follow Route 3.
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A bridge attachment would be preferred if the route were to follow Maple Street. There is not enough
laydown area to utilize an HDD. The road bends away from the bridge at both the north and south ends.
If a bridge attachment cannot be used, there is an area about 50’ to the west that could be used to cross
the river via horizontal bore. This route, however, would require deep sending/receiving pits to be able
to cross the river. The pits would be approximately 50’ deep. A horizontal bore at this location would be
approximately 300’.
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Bridge attachment most feasible if bays are available under the bridge. If no bays are available, an HDD
of approximately 3000’ could begin in the green area of the off ramp located north of the crossing. The
pipe bundle would be assembled off the shoulder of the interstate. Potential for a single lane closure
could be required. The estimated depth of the bore would be approximately 100 feet, but could
potentially be deeper depending on soil conditions.
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Bridge attachment most feasible if bays are available under the bridge. If no bays are available, an HDD
could potentially require some civil works to provide an entry/exit area for the bore machine and
associated construction materials due to the limited available space off the shoulders of the interstate.
The pipe bundle would be assembled off the shoulder of the interstate. Potential for a single lane
closure could be required. The estimated depth of the bore would be approximately 100 feet, but could
potentially be deeper depending on soil conditions.
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Route 4C - Summary

1.

Overall Route Length is approximately 108.6 miles

2.

It is anticipated that there would be 106 total trenchless crossings;
o

83 horizontal directional drills (two separate drills for each) - total estimated length of
55,800 feet

3.

o

19 horizontal bores (one bore for each) - total estimated length of 3,050 feet

o

4 bridge attachments- total estimated length of 775 feet

Average depth of cover for open cut trenching installation was assumed to be 3.4 feet of cover

4.

Rock removal was assumed to be 5.5% of the overall material excavated from the trench

5.

Surface Restoration was assumed to be based upon the following breakdown:

6.

o

68% in the paved roads

o

1% in gravel roads

o

31% loam and seed

Trench and splice vault dimensions were assumed to be the same as those shown in the Permit
Package.

7.

The following trenchless locations are potential red flags for installation that require further
investigation. Feasibility concerns associated with these trenchless crossings are described
further below:
o

Trenchless Crossing #5

o

Trenchless Crossing #6

o

Trenchless Crossing #18

o

Trenchless Crossing #22

o

Trenchless Crossing #24

o

Trenchless Crossing #29

o

Trenchless Crossing #32

o

Trenchless Crossing #74
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Trenchless crossing #05 is located at a stream crossing along Main Street on the north end of the town
of Colebrook, NH. This crossing has several feasibility issues for a trenchless installation. Both ends of
the crossing have private residences or businesses on both sides of Main Street. Traffic concerns would
arise from an in-road installation. Also there would be limited space for construction activities.
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Trenchless crossing #05 is located at a stream crossing along Main Street on the north end of the town
of Colebrook, NH. This crossing has several feasibility issues for a trenchless installation. Both ends of
the crossing have private residences or businesses on both sides of Main Street. Traffic concerns would
arise from an in-road installation. Also there would be limited space for construction activities.
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A bridge attachment would be required if the route were to follow Main Street. The river is too deep
and wide at this point to be able to utilize a horizontal bore and there is not enough laydown area to
utilize an HDD. The road bends away from the bridge at both the north and south ends.
If a bridge attachment cannot be used, there is an area about 1,500’ to the west that could be used to
cross the river via HDD. This route, however, would have to travel down possibly city and private roads.
The HDD at this location would be approximately 1,100’.
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A bridge attachment would be required if the route were to follow Main Street. The surrounding area is
too commercial to be able to utilize a horizontal bore and there is not enough laydown area to utilize an
HDD. The road bends away from the bridge at both the north and south ends.
If a bridge attachment cannot be used, there is a parking lot about 200’ to the east that could be used to
cross the river via horizontal bore. This route, however, would have to use a private parking lot for the
sending/receiving pits. Also, the depths of the pits would be approximately 40’ deep. A horizontal bore
at this location would be approximately 300’.
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Both ends of the crossing have private residences or businesses on both sides of the river. Traffic
concerns would arise from an in-road installation. Also there would be limited space for construction
activities.
A bridge attachment misht be used if there are available bays underneath the bridse.
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A bridge attachment would be preferred if the route were to follow Maple Street. There is not enough
laydown area to utilize an HDD. The road bends away from the bridge at both the north and south ends.
If a bridge attachment cannot be used, there is an area about 50’ to the west that could be used to cross
the river via horizontal bore. This route, however, would require deep sending/receiving pits to be able
to cross the river. The pits would be approximately 50’ deep. A horizontal bore at this location would be
approximately 300’.
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A bridge attachment would be required if the route were to follow Easton Road. The surrounding road is
too close and has a tight bend to be able to utilize a horizontal bore and there is not enough laydown
area to utilize an HDD.
If a bridge attachment cannot be used, the route could have headed west on Frontage Road instead of
Profile Road approximately 4,000 feet back. Frontage Road parallels Profile Road, but is approximately
500’ north of Profile Road. This would allow for adequate laydown area for an HDD on Easton Road. The
HDD at this location would be approximately 500’.
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All State Road Alternative Route - Summary

1.

Overall Route Length is approximately 174.9 miles

2.

It is anticipated that there would be 98 total trenchless crossings;
o

73 horizontal directional drills (two separate drills for each) - total estimated length of
49,570 feet

3.

o

21 horizontal bores (one bore for each) - total estimated length of 3,300 feet

o

4 bridge attachments- total estimated length of 775 feet

Average depth of cover for open cut trenching installation was assumed to be 3.4 feet of cover

4.

Rock removal was assumed to be 5.5% of the overall material excavated from the trench

5.

Surface Restoration was assumed to be based upon the following breakdown:

6.

o

67% in the paved roads

o

1% in gravel roads

o

32% loam and seed

Trench and splice vault dimensions were assumed to be the same as those shown in the Permit
Package.

7.

The following trenchless locations are potential red flags for installation that require further
investigation. Feasibility concerns associated with these trenchless crossings are described
further below:
o

Trenchless Crossing #5

o

Trenchless Crossing #6

o

Trenchless Crossing #18

o

Trenchless Crossing #22

o

Trenchless Crossing #24

o

Trenchless Crossing #29

o

Trenchless Crossing #32

o

Trenchless Crossing #74
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Trenchless crossing #05 is located at a stream crossing along Main Street on the north end of the town
of Colebrook, NH. This crossing has several feasibility issues for a trenchless installation. Both ends of
the crossing have private residences or businesses on both sides of Main Street. Traffic concerns would
arise from an in-road installation. Also there would be limited space for construction activities.
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Trenchless crossing #05 is located at a stream crossing along Main Street on the north end of the town
of Colebrook, NH. This crossing has several feasibility issues for a trenchless installation. Both ends of
the crossing have private residences or businesses on both sides of Main Street. Traffic concerns would
arise from an in-road installation. Also there would be limited space for construction activities.
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A bridge attachment would be required if the route were to follow Main Street. The river is too deep
and wide at this point to be able to utilize a horizontal bore and there is not enough laydown area to
utilize an HDD. The road bends away from the bridge at both the north and south ends.
If a bridge attachment cannot be used, there is an area about 1,500’ to the west that could be used to
cross the river via HDD. This route, however, would have to travel down possibly city and private roads.
The HDD at this location would be approximately 1,100’.
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A bridge attachment would be required if the route were to follow Main Street. The surrounding area is
too commercial to be able to utilize a horizontal bore and there is not enough laydown area to utilize an
HDD. The road bends away from the bridge at both the north and south ends.
If a bridge attachment cannot be used, there is a parking lot about 200’ to the east that could be used to
cross the river via horizontal bore. This route, however, would have to use a private parking lot for the
sending/receiving pits. Also, the depths of the pits would be approximately 40’ deep. A horizontal bore
at this location would be approximately 300’.
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Both ends of the crossing have private residences or businesses on both sides of the river. Traffic
concerns would arise from an in-road installation. Also there would be limited space for construction
activities.
A bridge attachment misht be used if there are available bays underneath the bridse.
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A bridge attachment would be preferred if the route were to follow Maple Street. There is not enough
laydown area to utilize an HDD. The road bends away from the bridge at both the north and south ends.
If a bridge attachment cannot be used, there is an area about 50’ to the west that could be used to cross
the river via horizontal bore. This route, however, would require deep sending/receiving pits to be able
to cross the river. The pits would be approximately 50’ deep. A horizontal bore at this location would be
approximately 300’.
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A bridge attachment would be required if the route were to follow Easton Road. The surrounding road is
too close and has a tight bend to be able to utilize a horizontal bore and there is not enough laydown
area to utilize an HDD.
If a bridge attachment cannot be used, the route could have headed west on Frontage Road instead of
Profile Road approximately 4,000 feet back. Frontage Road parallels Profile Road, but is approximately
500’ north of Profile Road. This would allow for adequate laydown area for an HDD on Easton Road. The
HDD at this location would be approximately 500’.
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A bridse attachment would be required if the route were to follow Route 3. The river is too deep and
wide at this point to be able to utilize a horizontal bore.
If a bridge attachment cannot be used, a long HDD could be used. To reach an area where there would
be adequate laydown area for an HDD, the HDD would be approximately 1,700’ as the road bends away
from the bridge at both the west and east ends.
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A bridge attachment could be used if the route were to follow Interstate 93. The ground slopes away
from the road on both sides and it is a large elevation change from the road surface to the road and
river below.
If a bridge attachment cannot be used, an HDD could be used.
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A bridge attachment could be used if the route were to follow Interstate 93. The ground slopes away
from the road on both sides. This crossing goes over Highway 127.
If a bridge attachment cannot be used, an HDD could be used.
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Appendix D - Sample Plan Drawing of 1-93 Construction
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Appendix D - Sample Plan Drawing of 1-93 Construction*
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¯

Line
Exit 29 on 1-93
Limits of Tree Clearing

* - Drawings are for illustrative purposes only and are not based on field reconnaissance or detailed engineering design
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¯
¯
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Appendix E - New England Completed Transmission Projects
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Recent Transmission LinesOverhead Using Conventional Technology forwar~~plan

I

Major Transmission Lines
In New England

Miles

345-kV Lines (AC)

UG

Total

1

Bethel/Norwalk ProJect

8.6

11.8

20.4

2

Middletown/Norwalk Project

45

24

69

~

Boston Reliability Project

0

17.5

17.5

4

Northwestern Vermont Project

35

0

35

5

NE Reliability Connection Project

85

0

85

6

Grtr Sprinsfield Reliability Project

39

0

39

7

Interstate Reliability Project

75

0

75

8

LowerSEMA Project

18

0

18

9

Maine Power Reliability Project

184

0

184

10 Vermont Southern Loop Project
TOTAL.MS-kV Unes (AC)
HVDC Unes
# I
11 IQuebec - New England HVDC

OH

51

0

51

540.6

53.3

593.9

OH

UG

Total

180

0

1;80
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Appendix F - SEC Application for a Certificate for Site and
Facility: Volume X- Appendix #9 Petition for Aerial Road
Crossings, and Underground Installations in State-Maintained
Public Highways pages 213-280
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