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ES Executive Summary

Introduction

This report preserts the results of an engineering study focused on planning the key electric
system additions, changes and upgrades New Hampshire Electric Cooperative (NHEC) should
complete during the next 20 years to provide an acceptable level of high quality service to its
members.

The study started with areview of NHEC' s existing system performance to provide afoundation
for the Long Range Plan. Future loads were forecast for each substation, circuit and metering
point to determine how much power each circuit will need to deliver 20 years into the future.

Planning criteria were developed for transmission and distribution system performance. NHEC's
power delivery system includes 34.5 kV subtransmission lines, distribution substations and
distribution lines operating a voltages ranging from 4.16-34.5 kV. The criteria specify that the
system must supply adequate voltage to the members under al expected load levels and that all
system components must be sized large enough so they will not fail during high load conditions.

Electric service reliability has become more important to members because they have advanced
appliances and other types of electric powered equipment that support their daily activities.
Reliability criteria were established for this study to help identify underperforming system
segments and develop recommendations for improvement.

Power System Engineering, Inc. 2



Load Forecast

System loads are expected to increase in some areas and remain stablein others. Relatively high
growth rates are expected in the Alton, Meredith, Ossipee, Hymouth and Raymond aress. Very
low or no growth is expected in the Andover, Colebrook, Conway, Lisbon and Sunapee areas.
The load forecast methodology is discussed in Section 3.0, and the forecast results are presented
for each district starting with Alton in Section 6.0.

This planning study relies centrally on load forecasts that have been developed from the bottom
up at the ddlivery point level. The methodology used was made possible by NHEC' s ahility to
provide consumer by town data for each delivery point for the past two years. This alowed
caculation of consumer-population ratios (CPRs) which were combined with demand per
consumer (DPCs) to yield the load forecast for each delivery point. This approach provided each
NHEC District Manager a clear forecasting framework and alowed PSE to get critical local
input to the forecast. All forecasting methods become stronger over time as the forecasts are
tracked against actual data and methods are adapted to reduce forecast errors. PSE strongly
recommends that the delivery point tables provided in this study be regularly (preferably
annually) updated as a guide to improvement of the small area forecasts. The next system wide
forecast should aso reconcile the differences observed between the demand data used in the
1999 NHEC load forecast and the sum of delivery point loads used for this study.

Transmission Plan

PSE worked extensively with Public Service of New Hampshire (PSNH) in developing
transmission system models focused on serving NHEC' s requiremerts. PSNH inserted the Long
Range load projections into their data base and completed system performance cal culations for
PSE review. Table E1 Summarizes the proposed PSNH and NHEC projects that will keep the
transmission supply adequate for the loads expected through 2023. The proposed NHEC
transmission projects are shown in Figures E1 and E-2. Sections 6-15 present the transmission
study results for each district.

Power System Engineering, Inc. 2



Table E-1 Summary of Proposed PSNH and NHEC Transmission Projects

PSNH OPTIONAL PROJECT
TO PROVIDE CONTINGENT
CAPABILITY - NOT

NHEC ENHANCED
RELIABILITY/CONTINGENT CAPACITY

DISTRICT PSNH DESIGN CRITERIA REQUIRED PROJECT REQUIRED PROJECT
ALTON PSNH developing a fourth Rochester 34.5 kV feeder in 2004 Upgrade PSNH transformer 1. Portland Street - N. Rochester, feeder 385, 4.68 $604,000f
capacity at Rochester in 2020, miles, upgrade 1/0, 4/0 and 477 MCM ACSR to all
add an additional 34.5 kV feeder 477 MCM ACSR. (Project TM-4)
exit at PSNH's Dover Substation 2. N. Rochester - Farmington, Feeder 362, 4.15 $535,000
in 2022 and develop a fourth miles, upgrade 1/0, 4/0 and 477 MCM ACSR to all
Rochester 34.5 kV feeder in 2004. 477 MCM ACSR. (Project TM-5)
PSNH needs to reconductor 3. Farmington - New Durham, New Feeder, 5 miles $630,000]
Madbury 3137 feeder from 266 of 477 MCM ACSR. (Project TM-6)
MCM ACSR to larger conductor 4. New Durham - Alton, New Feeder, 4.3 miles of $504,000]
between VSH 4and USH 125and 477 mcM ACSR. (Project TM-7)
Sng gactizaci';o;gggk X)Issouﬁle)(e)g to 5. Six 34.5 kV recloser/Sectionalizer with local and $210,000)
P iy remote SCADA control
add a second trasnformer to Oak
Hillin 2004 . TOTAL $2,483,000
ANDOVER Webster-Laconia: Second Webster to Laconia 115 kV Circuit - 2003
Webster-Laconia: Rebuild Webster-Laconia 337 34.5 kV feeder -2003
Pemigewasett Substation: Increase 115-34.5 kV transformer - 2005
Ashland Substation: Increase 115-34.5 kV trasnformer - 2005
COLEBROOK  PSNH will add a 34.5 kV 1.2 MVAR capacitor bank to PSNH Feeder 355
near Colebrook Substation in 2013
CONWAY Additional banks at Jackson, 1.8 MVARs; Glen, 0.6 $45,000]
MVARs:; and Bartlett, 0.6 MVARS
LISBON On the load side of the Sugar Hill voltage regulator station, PSNH will add
a 1.4 MVAR capacitor bank
MEREDITH In 2005, PSNH plans to upgrade the 115-34.5 kV transformers at both NHEC distribution voltage capacitor banks - 3.6 $75,000)
Ashland and Pemigewasett Substations. PSNH will also reconfigure the MVARs - 2004
Straights Switching Station to permit Meredith 2 to be served by the
Pemigewasett 345 feeder. PSNH maintain Unity Power Factor at PSNH
34.5 kV delivery points
NHEC maintain Unity Power Factor at 34.5 kV $100,000]
delivery points - Meredith I, Center Harbor and
Melvin Village - 2005-2023
OSSIPEE PSNH plans to reconductor White Lake feeder 346 from Ossippee to
Tuftonboro by the 2005 summer. PSNH will first add capaciors and then
extend 34.5 kV White Lake feeder 3116 from Center Ossippee to
Tuftonboro and install an additional regulator station at Tuftonboro on
feeder 3116. In 2117, PSNH will increase the capacity of the Tuftonboro
regulators on feeder 346. In 2119, PSNH will extend an additional 34.5
kV line from Tuftonboro to Wolfboro.
PLYMOUTH PSNH plans to upgrade the capacity of the Ashland 15 - 34.5 transformer New Beebe River - Thornton 34.5 kV feeder - $620,000f
in 2005. 2004. (Project TM-1)
New N. Woodstock 34.5 kV feeder to NHEC's $960,000]
Lincoln Substation - 2004 (Project TM-2)
Rebuild PSNH's Holderness 34.5 kV Switching $150,000]
Station. (Project TM-3)
Waterville Valley and Thornton Substations 3.6 $75,000
MVARSs line capacitors - 2004
Lincoln and Woodstock - 1.8 MVARS line $50,000]
capacitors - 2004
TOTAL $ 1,855,000
RAYMOND 2004 - Chester Substation - Add a second 51/63 MVA 115-34.5 kv
transformer
2005 - Brentwood Substation (proposed) - Develop new 15 - 34.5 kV sub
with 1-44 MVA transformer and 3 feeders
2006 - Mammoth Road Substation - Add a second 57/62 MVA 115-34.5
kV transformer
2010 - Brentwood Substation to Raymond Substation - Develop new 11
mile 34.5 kV feeder
2017 - Brentwood Substation - Add a second 44 MVA transformer
SUNAPEE NO WORK NEEDED

Power System Engineering, Inc.
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Distribution Plan

The proposed Plan includes five new distribution substations and metering points, which are
summarized in Table E2. Sections 6-15 present the detailed discussion and cost estimates for
these proposed projects.

Table E-2 Summary of Proposed New Distribution Substations and Delivery Points

District | Proposed Location Planning Period
Alton Belmont East Ddlivery Point | 2004-08
Andover | Wilmont Substation 2009-13
Conway | Intervale Substation 2004-08
Meredith| Moultonborough Substation 2009-13
Sunapee | East Lempster Delivery Point | 2004-08

The proposed distribution line additions and changes are presented in Sections 6-15. Thereis a
variety of projects proposed for each district, which are summarized in the cost tables at the end
of each section Table E-3 presents a high level summary of the distribution system
improvements (substations, delivery points and lines) included in the proposed Plan.

Table E-3 Proposed Distribution Project Cost Summary

Substations/ Line Additionsand
District Delivery Points Changes Total

Alton 520,000 2,636,000 3,156,000
Andover 840,000 1,312,000 2,152,000
Colebrook 109,000 338,000 447,000
Conway 678,000 1,657,000 2,335,000
Lisbon 120,000 265,000 385,000
Meredith 916,000 4,205,000 5,121,000
Ossipee 120,000 833,000 953,000
Plymouth 1,015,000 4,677,000 5,692,000
Raymond 256,000 2,539,000 2,795,000
Sunapee 246,000 3,695,000 3,941,000

TOTAL 4,820,000 22,157,000 26,977,000

Reliability Analysis
PSE analyzed NHEC's rdliability data from the past three years to identify where extra effort

should be applied to address poor performing circuits. The Intervale 34.5 kV transmission
circuit owned by NHEC in the Conway district has experienced a significant number of tree

Power System Engineering, Inc. 6



related outages during 2002 which should be reviewed for possible corrective action. All other
transmission circuits appear to be operating within the planning criteria

Figure E3 shows the past three year System Average Interruption Duration Index (SAIDI) for
each NHEC digtribution feeder. The figure has the feeders ranked from worgst to best. The worst
performing circuit was LY 12 (LYME Circuit 12 in the Plymouth district) with 15.6 hours of
interruption per year. The best performing circuit was WV24 (Water Valley Circuit 24 in the
Plymouth District) with no outages. We suggest that NHEC focus on improving the reliability of
its ten worst circuits during 2004. Sections 6-15 discuss the causes for the interruptions along
with initiad recommendations for improvement. NHEC should complete field inspections of the
ten worst circuits to gain a better understanding about why they do not perform well. Then
NHEC should develop specific improvement plans for each circuit and follow through on
implementation until the desired results are achieved.

Figure E-4 shows the past three year System Average Interruption Frequency Index (SAIFI) for
each NHEC digtribution feeder. This figure shows how often each circuit has an interruption
each year. It isinteresting to note that most of the circuits with high total outage times also have
the highest number of interruptions per year.

Power System Engineering, Inc. 7
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SAIFI Rank by Feeder
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Distributed Generation

Some utilities have used distribued generation to provide improved rdiability and defer system
congtruction. The economics associated with distributed generator applications can be quite
sendgtive to the actual characteristics of each specific case. PSE has developed three example
cases (summarized in Appendix A) for NHEC consideration that are based on current costs. The
methodology shown in the examples can be used to evaluate other cases that may develop in the
future.
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Closing

This report should provide a valuable guide for future system development as well as a useful
tool in planning future financia requirements. Congtruction of facilities proposed in this study
should be undertaken on the basis of recommendations in future Construction Work Plans in
order to recognize conditions as they actually develop. In this manner, the planning report
should continue to provide overal coordination for system development, even though local

changes in load growth or system conditions may require some departure from the plans
proposed in this study.
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1.0 Introduction

1.1 Scope

This report presents the results of an engineering study to determine the twenty year transmission
and distribution (T& D) system requirements of New Hampshire Electric Cooperative (NHEC or
the Cooperative). The study establishes proposed 5 Year, 10-Year and 20-Year Plans which
provide an engineering outline for the orderly development of the transmission and distribution
system to accommodate |oad growth, improve reliability and to replace lines that are expected to
reach the end of their useful life within the study period.

Section 2.0 provides a review of the Cooperative's system as it exists today. This includes a
review and/or assessment of the Cooperative's power supply arrangements, transmission system
and distribution system. The performance review addresses such topics as voltage and current
measurements, reliability, contingency arrangements, power factor and losses.

Section 3.0 provides an anaysis of the Cooperative's historical and projected loads for the
system as a whole for each of the Cooperative's 10 districts. In Sections 6.0 through 15.0, we
address the district load forecasts by area based on historical 1oad growth, population projections,
and land use along with the results of discussions with the Cooperative' s District Managers.

Section 4.0 provides a discussion of the planning criteria used in this study, including voltage
and current limits, reliability and economics as applied to the transmission and distribution
system. We paid specia attention in this study to designing a system that would enhance
reliability by decreasing both the number and duration of outages.

Section 5.0 provides a discussion of the procedures and approaches used to prepare the Long
Rang Plan.

Sections 6.0 - 15.0 present the andlysis of the system at the 5 Year, 10-Year and 20-year levels.
We present the analysis on a district-by-district basis and include a discussion of the small area
forecasts, identification of performance and/or reliability problems, identification of aternative
solutions, evaluation of alternatives and development of arecommended plan.

It is important to emphasize that the plans proposed in this report are intended to be used as a
general guide for system development. Since actua load growth in the future and other factors
affecting system development may vary from the parameters and assumptions used in this study,
periodic review and possible modification of the plans may be required. Actual construction,
therefore, should be based on recommendations resulting from subsequent Construction Work
Plans. Used in this fashion, adherence to the proposed Long Range Plan should permit
maximum utilization of existing facilities and orderly expansion of new facilities to address load
growth, reliability, and system aging.

Power System Engineering, Inc. 1-2



1.2 Reference Material

The following reports were referred to in the preparation of this study.

2001-2005 Construction Work Plan; New Hampshire Electric Cooperative; September
2001.

1997-1999 Congtruction Work Plan; Electrical Systems Consultants, October 1996.

Long Rang Planning Report; Electrica Systems Consultants, January 1991.
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2.0 Existing System Review

2.1 Overview

New Hampshire Electric Cooperative is a rura electric cooperative with headquarters located in
Plymouth, New Hampshire. The service territory is mostly rural and covers about 30 percent of
New Hampshire's geographic area. Parts of the service area approach the borders of Vermont,
Maine, Massachusetts and Canada. The geography ranges from coastal low lands in the
Southeast to forests ad mountains in the north.

An overview of key existing system data is presented in the following table, with details and
implications of the existing system being discussed in later sections of this study.

Table2-1 Overview of Existing System Data

Winter Non-Coincident System Peak Demand 161 MW

Summer Non-Coincident Peak Demand 111 MW

Average Monthly Residentia usage 525 kWh

Annua Energy Purchases 640 MWH
Annual Energy Sales 596 MWH
KWh Load growth from 1989 to 2002 5.6 %

NHEC serves approximately 73,000 consumers, with the residentia class accounting for
approximately 60 percent of NHEC's total energy saes. The commercia class accounts for
about 35 percent and large ski areas about 5 percent.

The NHEC service territory is divided into 10 Operating Districts. District offices are located in
the cities of Alton, Andover, Colebrook, Conway, Lisbon, Meredith, Ossipee, Plymouth,
Raymond and Sunapee. A map showing the general boundaries of the service area and offices
within each district operation is presented in the following figure
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Figure2-1 NHEC Service Area
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2.2 Power Supply

Energy is delivered to NHEC' s distribution substations and meter points primarily by 34.5 kV
subtransmission lines and also at 115 kV. Historicaly, NHEC's largest power supplier has been
Public Service Company of New Hampshire (PSNH), with lesser amounts supplied by Central
Vermont Public Service (CVPS), New England Power Company (NEP), and Green Mountain
Power Company (GMP). Retail competition in New Hampshire has changed this situation, such
that NHEC is no longer obligated to purchase and supply its power and energy requirements
from these four power suppliers. Nevertheless, it is il useful and accurate to refer to each of
these areas using their historical power supplier name, since they each tend to have distinct
power supply arangements. The breakdown of theses suppliers and their contribution to
NHEC' s total system demand for 2002 is seen below.

NEP

CVPS 0.8% GMP
2.2% 0.3%

PSNH
96.7%

Figure2-2 2002 NHEC Energy Requirements as Per cent of Total Energy Requirements

The transmission system in New Hampshire is jointly planned and operated under the auspices of
the Independent System Operator-New England (ISO-NE) to the North American Electric
Reliability Council (NERC), New England Coordinating Council (NPCC), and 1SO-NE
standards. Ownership of new transmission lines and facilities occurs under the gen market
rules promulgated by the Federa Energy Regulatory Commission (FERC); and pricing is based
on the principle of locational marginal pricing (LMP)'. Currently, the greatest prices exist at
New Hampshire's southern border, and the least a& New Hanrpshire's interface to Maine.
Because of inadequate transmission capacity, certain 115 kV lines are operated open on the
interface to CMP. This limits large power flows and contingency overloads in New Hampshire
due to potentially large power transfer south from Maine to the Boston Metropolitan area.

! Locational Marginal Pricing (LMP) is often called “nodal pricing” because LMP develops a wholesale energy
price for each location or “node” on the electric power grid. The nodal price is the cost of power delivered to that
grid node and reflects the cost of generation and transmission system congestion and bottlenecks. Nodal pricing is
an effort to balance supply and demand using market based pricing of energy.
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PSNH supplies the bulk of NHEC's power requirements through an extensive network of 34.5
kV lines. In accordance with its interpretation of FERC's “ Seven Part Test,” PSNH refers to its
34.5 kV system as a distribution voltage. The 34.5 kV system is operated in a network, looped
and radial manner in approximately equa sharesto serve NHEC delivery points.

A detailed discussion of transmission system deficiencies and recommendations is provided in
the district sections of this report.

2.3 Transmission/Subtransmission System

The bulk power requirements of NHEC are ddivered over the interconnected Northeast
transmission system network. This sophisticated network connects generation stations to
substations thet distribute electricity to customers. This transmission system is designed and
operated to deliver large quantities of eectricity reliably, safely, and economically. The North
American Electric Réiability Council (NERC) actively promotes the reliability of the
interconnected bulk power systemsin North America and in the Northeast through the Northeast
Power Coordinating Regional Council (NPCC). The NPCC promotes reliability though the
establishment of criteria, coordination of system planning, design and operations, and assessment
of compliance with these criteria. NPCC criteria are in some cases more stringent than NERC's,
but never less. The Independent System Operator-New England (ISO-NE) has the authority to
manage and control New England’'s bulk power syssem. The New England Power Pool
(NEPOOL) establisnes the planning and operating standards by which the ISO-NE operates.

In New Hampshire, the transmission system is composed of AC lines and substations operating
a nomina voltages of 345, 230, 115, 69, and 34.5 kV (subtransmission), and 450 kV DC.
Public Service Company of New Hampshire (PSNH) and New England Power Company own
and operate the mgority of the transmission system in New Hampshire. NHEC and Centra
Maine Power Company (CMP) aso own and operate alimited amount of transmission facilities.

PSNH provides the bulk of NHEC's power requirements at the 34.5 kV voltage level, although
NHEC does take ddlivery at 115 kV at its Intervale Substation. For regulatory classification
purposes PSNH has defined all facilities operating at 34.5 kV and lower as distribution facilities
and those operating at greater voltages to be transmisson. NHEC has classfied al plant
operating at 34.5 kV and above to be transmission. In this report, the 34.5 kV system will be

2 The Federal Energy Regulatory Commission (FERC) in FERC Order 888 defined a seven-part test for the
definition of distribution.

1. Local distribution facilitiesare normally in close proximity to retail customers.
Local distribution facilitiesare primarily radial in character.
Power flowsinto local distribution systems; it rarely if ever flows out.
When power entersalocal distribution system, it is not reconsigned or transported on to other markets.
Power entering alocal distribution systemis consumed in a comparatively restricted geographical area.
Meters are based at the transmission/local distribution interface to measure flows into the local
distribution system.
7. Local distribution systemswill be of reduced voltage.

ouhswN
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referred to universally as the “subtransmission system” irrespective of ownership of the facilities
in order to facilitate communication.

The PSNH 34.5 kV system supplying NHEC is configured in network, looped, and radial

arrangement.  The performance of this system on a number of outages per caendar bass is
generaly adequate. Outage durations, however, because of capacity congtraints in the 34.5 kV
system and the supplying 115 kV system, are longer than most other parts of the country. This
may be due to investment capital rationing that drove the relaxation of first contingency design
standards, as a result of the bankruptcy of PSNH in the mid-1980s and the Seabrook Nuclear
Power Plant Project. In the place of afirst contingency design standard, PSNH has adopted the
“24 hour service restoration standard” which requires service to be restored in 24 hours and if
necessary by the use of mobile substation equipment.

The relatively high retail rates, which resulted from this bankruptcy, have had the effect of
limiting load growth and thereby limiting the near term effects of not planning to first
contingency design standards at 34.5 kV. Strong economic growth in the late 1990s and
increasing wholesale marginal costs in New England howewver have resulted in select areas of
strong load growth in both PSNH’s and NHEC' s service areas putting pressure on the 34.5 kV
PSNH facilities serving these aress.

These growth conditions have resulted in a number of areas exceeding the relaxed PSNH design
criteria and where existing 34.5 kV capacity will be exceeded over the long range planning
period. In other areas of the PSNH 34.5 kV network, relatively high rates have resulted in major
paper mills permanently closing that resulted in a much improved ystem capacity margin for
NHEC loads. It isimportant to point out that while PSNH has lowered its design criteria, NHEC
has maintained its first contingency design criteria for its small part of the 34.5 kV system it
owns.

Findly, as a result of the Public Utilities Regulatory Policy Act (PURPA) which required the
payment of “avoided cost” based rates and PSNH’s financia difficulties in the mid-1980s, PSNH
has a number of 20-year contracts with significant, 520 MW, “small power producers’ (SPP).
These contracts will be expiring over the next five years and renegotiated market based rates will
be much less. These generators provide significant support to the PSNH 34.5 kV network and
their loss may impact load serving capability on the PSNH 34.5 kV system. Anticipating these
circumstances and potentialy job losses, the New Hampshire legidature has drafted a bill that is
being proposed to provide financia incentives for these SPPs to continue in long term operation.

2.4 Distribution System

24.1 Description

The distribution system consists of approximately 5,000 miles of overhead line and 400 miles of
underground line. The distribution operating voltage is primarily 7.2/12.47kV with some 2.4 kV,
14.4/24.9 kV and 19.9/34.5 kV in limited aress.
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NHEC owns each of the 32 distribution substations and 12 meter points. Meter points can be
directly off the 34.5 kV subtransmission lines or distribution voltage lines of other utilities. The
following table lists the service points (delivery points) and the corresponding substations and
metering points served by the ddlivery points.
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Table 2-2 Delivery Points, Substations, and Metering Points by District

District Dédlivery Point (DP) Substation Metering Point (M P)
Alton
Alton New Durham New Durham
Pittsfield Barnstead
Alexandria
Andover Northfield Northfield
Franklin Webster
Colebrook Colebrook Colebrook
Conway
conway Perkins Corner
Conway Bartlett
Saco Jackson
Glen
Haverhill Haverhill
Lisbon Lisbon Lishon
Monroe Monroe
Center Harbor Center Harbor
Meredith Mejredit.hz Cor.lissl.-ﬁll
Melvin Village MelvinVillage
Meredith 1 Meredith
. Tamworth
Ossipee Tuftonborc Tuftonborc
Bridgewater Bridgewater
Plymouth 1 Green Street
Plymouth 2 Fairgrounds
Lincoln (3 subs)
Plymouth Woodstock Woodstock
Lyme Lyme
Rumney Rumney
Thornton (2 subs
Thornton Watervi IIéVaIIezl
Brentwood
Chester Chester
Raymond Deerfield
Derry Derry
Lee
Raymond Raymond
Calavant (skaMaple Ave.& N.
Calavant Charlestown
Sunapee Charlestown Charlestown
Cornish Cornish
Sunapee Sunapee
Comments:
Conway DP serves two subs: Conway and Perkins corner
New Durham DP servestwo subs: New Durham and Alton
Pittsfield DP serves the Barnstead substation
Saco DP serves three subs: Bartlett, Glen, and Jackson
Thornton DP serves two subs: Thornton and Waterville Valley
Woodstock DP serves two subs: Woodstock and Lincoln
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2.4.2 System Performance

An analysis of the primary digtribution system was made using the existing system configuration
and the following load levels:

2003 —existing
2008 -5 year plan
2013 -10year plan
2023 —20 year plan

A Long Range Plan, Proposed System Arrangement, Circuit Diagram |, has been prepared for
each district. The diagram shows the calculated voltage drops for each delivery point, substation,
and metering point within the district for the 2023 load levels. An andysis was aso made for the
5 and 10 year transition plans. The corresponding calculated loads by service point and circuit
for the existing 2003 and forecasted 2008, 2013 and 2023 load levels are provided in the district
sections of this report.

A dggnificant portion of the main three-phase lines are built with 336 MCM or /0 ACSR.
Largely because of this, the analysis of the existing system configuration using the 2023 load
level did not identify any areas of significant primary line voltage deficiency under normal
operation with all of the existing facilitiesin service. On the longest circuits, several areas were
found where the calculated voltage drops were approaching the maximum limit near the circuit’s
extremities. Also, some heavily loaded single-phase lines were found in areas with concentrated
loads. These areas were studied to determine the best overall plan to provide the needed capacity
and improve voltage and service. A detailed discusson of potentia voltage and capacity
problems at the 2008, 2013 and 2023 load levelsis provided in the district sections of this report
along with the recommended plan.

The district contingency studies reveal only some of the existing circuits are tied to circuits of
other substations with three phase lines. Even with the three-phase ties, some areas are difficult
to backup because of the distance from the adjacent substation and/or small conductor lines.
Also, areas that are served radial can be difficult to backup. The following table shows each
circuit and indicates if the circuit is radia. These areas have been studied to determine the best
method of providing improved backup. A detailed discussion of system reliability is provided in
the district sections of this report along with recommendations.
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Table 2-3 Radial and Other Areaswith Limited Backup Capacity

District DP Substation L ooped Circuts Radial Circuts
New Durham Alton AL11 AL12, AL13 AL14
Alton New Durham ND12 ND13
Pittsfield Barnstead BS12, BS13
Andover Alexandria Alexandria AX11, AX12
Northfield Northfield NF12, NF13
Franklin Webster WB11, WB12
Colebrook Colebrook Colebrook CB12 CB12, CB13
Conway Conway Cw11, CW12, CW13, CW14
Perkins Corner PC13, PC14
Conway Bartlett BL11 BL13
Saco Jackson JS13 JS11, JS12
Glen GL11-GL12
Haverhill Haverhill HA11
Lisbon Lisbon Lisbon LS11,LS12
Monroe Monroe MR11
Center Harbor Center Harbor CH11, CH12, CH13, CH14
Meredith M ered?th 1 M qedith ME12 ME11, ME13, ME14
Meredith 2 Corliss Hill CL12 CL11, CL13,CL14
Melvin Village Melvin Village MV11, MV12 MV13
Ossipee Tamworth Tamworth TW11
Tuftonboro Tuftonboro TF12, TF12, TF13
Bridgewater Bridgewater BW11, BW12, BW13
Plymouth 1 Green Street G341, GSA43 GS42 G344
Plymouth 2 Fairgrounds FG13, FG15 FG12, FG14
Lincoln (3 subs) LN12, LN23, LN24 LN11
= th Woodstock N Woodstock
ymou . Woodstock (Loon) WD13 WD11, WD12, WD14
Lyme Lyme LY11,LY12, LY13
Rumney Rumney RU11 RU11, RU12, RU13
Thornton Thornton (2 subs) TH23 TH11, TH12
Waterville Valley WV 24 WV21,WV22, WV 23
Brentwood Brentwood BT31
Chester Chester CS13 CSl11, Csl14
Raymond Deerfidd Deerfield DF11 DF12, DF13
Derry Derry DY 11
Lee Lee LE11 LE12
Raymond Raymond RA11, RA12
Caavant Calavant CA1l, CA12
Sunapee Charlestown Charlestown CT11
Cornish Cornish CN11
Sunapee Sunapee SP12, SP13

NHEC' s reliability numbers have been greatly improved over the past severd years for a number
of reasons including the replacement or rebuilding of approximately 115 miles of old copperweld
and/or amerductor conductor. Furthermore, methods of decreasing outage durations through the
use of faulted circuit indicators and meters with outage reporting devices have been

implemented.
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A summary of service interruptions for the entire system is shown in the following table
provided from NHEC personnel. Additional outage information is shown and discussed in the
Executive Summary section of the report.

Table2-4 Summary of ServiceInterruptions

Average
Number of Customer  Number of
Customers Hours of  Customers
YEAR QUARTER SAIFI SAIDI CAIDI ASAI Interrupted Interruption Served
1996 1st 0.6737 99.5 147.7 99.92426 44392 109297 65896
2nd 0.6547 64.6 98.7 99.95084 43454 71454 66368
3rd 1.2760 148.9 116.7 99.88671 85153 165572 66735
4th 1.3030 382.4 293.5 99.70896 87020 425686 66787
1997 1st 0.4631 83.6 180.6 99.93636 30813 92734 66536
2nd 0.3275 354 107.9 99.97310 22032 39633 67269
3rd 0.4337 42.9 98.9 99.96737 29316 48307 67593
4th 0.3070 62.2 202.5 99.95269 20723 69936 67506
1998 1st 0.2230 22.1 98.9 99.98321 14981 24704 67193
2nd 0.3486 40.6 116.5 99.96910 23707 46012 68003
3rd 0.2317 24.1 103.9 99.98167 15794 27363 68169
4th 0.2955 41.0 138.9 99.96876 20044 46403 67828
1999 1st 0.4116 38.4 93.2 99.97080 27880 43321 67737
2nd 0.1877 18.4 98.3 99.98596 12860 21059 68501
3rd 0.4163 91.3 219.2 99.93054 28572 104402 68635
4th 0.4018 49.4 122.8 99.96244 27379 56047 68142
2000 1st 0.6061 68.7 113.4 99.94769 41421 78298 68343
2nd 0.4044 51.8 128.1 99.96058 27906 59572 68999
3rd 0.2572 24.0 93.5 99.98171 17876 27848 69507
4th 0.2879 27.5 95.6 99.97906 19941 31764 69261
2001 1st 0.8301 105.8 127.5 99.91948 57635 122441 69434
2nd 0.3956 38.6 97.5 99.97065 27724 45050 70086
3rd 0.4087 44.2 108.0 99.96640 28943 52105 70809
4th 0.3515 304 86.4 99.97688 25074 36111 71325
2002 1st 0.5928 70.4 118.8 99.94642 42534 84185 71748
2nd 0.6815 72.6 106.5  99.94478 49110 87144 72058
3rd 1.2102 102.8 84.9 99.92178 87805 124284 72555
4th 0.7040 98.0 139.2 99.92540 51339 119137 72924
2003 1st 0.4798 40.8 85.0 99.96898 35138 49756 73242
2nd 0.2178 16.2 74.6 99.98764 15985 19863 73400
3rd
4th

1997 and later data excludes power supplier outages and major storms

SAIFI - System Average Interruption Frequency Index

SAIDI - System Average Interruption Duration Index (minutes)

CAIDI - Customer Average Interruption Duration Index (minutes per interrupted customer)
ASAI - Average Service Availability Index

Several design and planning guidelines have been established for this Long Range Plan to aid in
achieving a reliable system design and provide further reductions in the number of outage hours
per member. These guiddlines are discussed in Section 4 — Planning Criteria, and Section 5 —
Planning Approach.
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3.0 Load Forecasts

3.1 General

The origina forecasting approach envisioned for this project called for checking the 1999 NHEC
load forecast against data for 2000 to 2002 to assess how that forecast has tracked actua loads. If
that forecast were tracking growth closely, it could be used to support this study. A comparison
of peak loads from the 1999 forecast with the sum of delivery point peaks used for this study is
providedin Table 6-1.

Table3-1 1999 NHEC L oad Forecast Vs Sum of Delivery Point Peaks

Year Sum of DP Peaks 1999 PRS Difference
1994 167,635 166263 0.8%
1995 162,426 158576 2.4%
1996 170,459 162043 5.2%
1997 168,986 164715 2.6%
1998 171,210 166712 2.7%
1999 177,378 172372 2.9%
2000 174,349 159567 9.3%
2001 170,470 161698 5.4%
2002 176,238 164297 7.3%

Clearly, the historic peak data with DSM from the 1999 PRS are based on a different data series
than is relevant for this study. The 1999 PRS non-coincident peak seriesis systematically lower
than the sum of delivery point peaks. Based on this comparison and the rather substantial

differences between the two series in the most recent years, it was determined that alocation of
the 1999 NHEC forecast would not be an appropriate load forecast methodology. Rather, a
bottom up approach which takes advantage of data now available at the delivery point and town
level and the awareness of each district manager of growth trends in his digtrict has been
developed to support this study.

To support the NHEC long range system planning study, peak load forecasts have been
developed for each of the 34 ddlivery points. A generd methodology which separates |oad
growth into number of consumers and demand per consumer has been used to develop the base
forecast for each delivery point. We reviewed benchmark forecasts of these two components
with district managers and made adjustments to reflect their knowledge of loca trends, land use
plans and specific development projects.

System planning efforts must recognize load concentrations at particular locations on the system
that may require facility additions or upgrades. In recognition of this need, we had discussions
with district managers to identify the locations of mgor existing loads that are part of the base
forecasts for each delivery point. Finaly, we identified expected new large loads which are in
addition to the base forecast and located these to the extent possible.
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This section devel ops the base forecasts and the large |oad forecasts for each delivery point in all
districts. The discussion for each district includes a brief overview of the key growth trends and
an evaluation of the data that are available to track system growth at the delivery point level. We
present the two-factor base forecast for each deivery point and summarize the spot and
incremental loads. This section is intended to document the devel opment of load forecasts to the
point of entry into the model of the distribution system.

3.2 Base Forecast Methodology

Small area forecasting to support system planning efforts typicaly reflects an effort to combine
system level forecasts with location specific trends and developments. System level forecasts
benefit more from sophisticated modeling efforts that can tie growth to demographic and
economic indicators that are reported at the county level. Both the quantity and accuracy of the
demographic and economic data and forecasts decline as smaler geographic areas are
consdered. Population data at the town level are available and useful for this type of study. The
data analysis must be supplemented with loca insight to get the needed location specific loads.

This study merges the system and small area forecasting approaches in the following way. The
system study relates needed investments primarily to the maximum demands that are expected
on key system components. Historic demand data are monitored for each delivery or metering
point. Delivery point demands are equal, by definition, to the product of:

The number of active consumer accounts

The kW demand per active consumer

Active consumers can usefully be related to the population in the towns served by a delivery
point. Fortunately, the consumer-population ratio (CPR) and the demand per consumer (DPC)
tend to be rather stable factors over time and thus form a valuable basis for demand forecasting.
For this study, the CPRs and DPCs for each delivery point have been established for 2002.

Population forecasts have been developed based on the 1990 — 2001 trends for each town. The
sum of the town population forecasts for al towns in each county have then been compared to
the county population forecasts as published by Woods & Poole in 2002. Pro-rata adjustments
have then been made to the forecast for each town to calibrate the town forecasts to the Woods &
Poole county projections which reflect national and regional economic trends and age-cohort
specific birth and mortality rates.

Benchmark forecasts for each delivery point were developed assuming that the CPRs and DPCs
for 2002 remain constant through 2023 so that demand growth reflects the expected growth in
the population served. These benchmark forecasts were then reviewed with each district
manager and adjusted to reflect differential growth rates for the portions of the towns served by
NHEC and for expected changesin DPCs. All final delivery point forecasts were approved both
by district managers and by NHEC planning staff before the system modeling was initiated.

Exhibit | provides a large summary table that summarizes how the benchmark CPR and DPC
forecasts were adjusted for each delivery point based on the discussions with NHEC District
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Managers and staff. Section 6 then provides the tabular and graphic forecast summaries as the
first section for each district. The Alton Didtrict forecast andlysis is the first and most detailed to
fully illustrate the analytic process that has been used for each digtrict.
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4.0 Planning Criteria

4.1 Overview

In order to provide consistency in the evaluation of delivery system requirements, we established
specific performance standards for each level of the delivery system. As a generd rule, the
impact of an outage at the transmisson level in terms of area, number of customers, and load
affected is greater than at the distribution level; therefore, the planning criteria established for the
various transmission system components are generally more stringent than for their distribution
counterparts. The following sections discuss the planning criteria established for this study for
purposes of defining system deficiencies and evauating alternative plans.

4.2 Transmission & Subtransmission Design Criteria

42.1 Bulk Transmission System Design Criteria

The transmission business units of PSNH and Northeast Utilities follow these design criteria

Voltage—230kV and greater:

- Normd: +/- 5% of nominal

- Emergency: +/- 5% of nominal

- Variation: not to exceed 10% of precontingency vaues

Voltage—lessthan 230 kV:
- Normd: +/- 5% of nominal
- Emergency: + 5% to -10% of nomina

Power Factor:

- At interface between transmission and distribution system power factor shall be unity
at the low voltage side of step-down transformer

Power Quality:

- Harmonics not to exceed limits of IEEE 519 Standard

- Voltage flicker not to exceed limits of IEEE 141 Standard
- Frequency variations are to be avoided

- Voltage or power factor levels that could adversely affect electrica equipment are to
be avoided
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Transmission line and equipment loadings — System Normal or Generating Plant
Loss:

- Load should be within normal ratings of equipment

Transmission line and equipment loadings— Emergencies:

- Load shdl be within emergency ratings for nontradia contingencies for the loss of a
single element

- Load shal be within emergency ratings for nonradia contingencies for the
simultaneous loss of two non-identical elements (i.e. generating unit and line,
autotransformer and line, and generating unit and line)

4.2.2 Subtransmission (34.5 kV) Design Criteria

Subtransmission for NHEC is defined as those transmission facilities at 34.5 kV that emanate
from various utilities and are used to serve the NHEC distribution system. The subtransmission
analysisis based on the following design criteria

Voltage— Regulated L oad:

- Norma: 95% to 104.2% of nominal
- Emergency: 92% of nominal

Voltage— Unregulated L oad:
- Norma: 97.5% to 104.2% of nominal
- Emergency: 95% of nomina

Power Factor:

- PSNH shal strive to maintain unity power factor at 34.5 kV line breakers at peak load
conditions

- 34.5KkV circuits shal be designed to maintain the following power factor ranges:

Load Leve Minimum Maximum
(% of Peak) | Power Factor | Power Factor

90-100% 98 lag 1.00
80-90% 95lag 1.00
up to 80% 90 lag 1.00

Equipment L oading — System Normal:
- Load should be within normal ratings of equipment
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Equipment L oading — System Emergencies:

- Load shall be within emergency ratings of the equipment. Emergency ratings for
transformers will be PSNH’s TFRAT on the PSNH system and on NHEC's system
will be the 65 degree rise over ambient temperature rating.

Design Philosophy (PSNH) — System Normal:
- Noload loss will be permitted under norma summer or winter peak load conditions.

- The system shall be capable of serving native PSNH load during peak load conditions
without relying upon the faculties of customers or neighboring utilities unless in
accordance with a specific contract.

Design Philosophy (PSNH) — System Emer gencies (Contingent Oper ation):

- NHEC facilities except for radial 34.5 configurations, will be planned to a first
contingency standard. NHEC will follow the outage and duration reliability design

criteria of Section 4.4.

- PSNH facilities — some losses of power to customers loads will be accepted at time
of peak load.

- Load loss will not exceed 30 MVA and the duration of the load loss will not exceed
24 hours.

- PSNH will perform up to three block load transfers as a means to reduce the loss of
load exposure.®

4.3 Distribution Design Criteria

The planning criteria for the distribution system consists of three separate components:

Voltage limits
Therma limits

Contingency capability

43.1 Voltage Limits

This document establishes, among other things, voltage limits for distribution feeders based on
the requirements of American Nationd Standards Ingtitute (ANSI) C84.1 1989 and RUS
operating standards. These limits vary depending upon voltage class and are shown in the
following table.

® This design criteria recognizes that most of PSNH transformers can be backed up by mobile transformers or
faulted circuits can be repaired in less than twenty four hours unless under adverse conditions. (PSNH ED 3002
Distribution System Planning and Design Criteria Guidelines, 1/10/03)
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Table4-1 Requirements® per ANSI C84.1 1989

Class of Service Minimum Maximum
Voltage Voltage
Transmission Voltage 107 132
Digtribution Voltage 118 126
Service Voltage 114 126
Customer Use Voltage 110 125

Standards may aso be established for the following service parameters and are based on ANS|
and |EEE standards. These standards apply to:

1. Voltage Unbalance on Polyphase Service: For planning purposes the system
should be designed such that the maximum voltage unbalance between individua
phase conductors at the same location shall be less than or equal to 3%. This
should be measured against the root mean squared (RMS) voltage of all phases at
alocation.

2. Voltage Flicker
3. Voltage Surges

4. Harmonics.

These additional standards are, for the most part, related to localized design dependent on
specific loads being supplied. Consequently, they are not a magjor factor in developing this long
range plan.

For this study we assume a distribution source voltage of 125 volts and alow 8 volts drop
between regulation and one regulator beyond the distribution source. Voltage drops higher than
those will require system improvements.

432 Electric Current Limits

4.3.2.1 Underground Cable

Therma limits for underground primary distribution lines are defined in the operating guidelines
of NHEC.

4 Assumes a 120 volt base
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Thermal ratings for some of the more common underground conductor sizes used for distribution
feeders on the NHEC system when installed either as

1. Direct Buried,

2. Direct Buried in Conduit, or
3. Riser U-Guard

are shown in Table 4-2.

Table4-2 Summary of Distribution Feeder Underground Conductor Thermal Limits

30 Power Rating

30 Power Rating

30 Power Rating

Current Rating @ 12.5kV @ 24.9 kV @ 34.5kV
Conductor Normal Emergency Normal Emergency Normal Emergency Normal Emergency
(amps) (amps) (MVA) (MVA) (MVA) (MVA) (MVA) (MVA)

Direct Buried |

1/0AL 259 290 5.6 6.3 11.2 125 155 17.3
500 AL 510 570 11.0 12.3 22.0 24.5 30.5 34.1
500 CU 630 700 13.6 151 27.2 30.1 37.6 41.8
750 AL 625 695 135 15.0 26.9 16.6 37.3 415
750 AL-LC 655 725 14.1 15.7 29.9 31.2 39.1 43.3
Single Conduit Direct Buried or

Underground U-Guard

500 AL 400 445 8.7 9.6 17.3 19.1 23.9 26.6
500 CU 490 545 10.6 11.8 211 235 29.3 32.6
750 AL 490 545 10.6 11.8 21.1 235 29.3 32.6
750 AL-LC 520 575 11.2 124 22.4 24.7 311 34.4

Thedata in Table 4-2 is provided for illustrative purposes only. For specific applications, the
reader should refer to NHEC' soperating guiddines.

In general, the maximum current carrying capacity is determined by cable operating temperature
limits for both normal conditions and emergency conditions. The operating temperature is
defined as the limiting temperature the cable is allowed to reach under normal conditions. The
cable may operate at this temperature indefinitely. The emergency temperature is defined as the
temperature the cable is alowed to maintain for not more than a 36 hour period, of which there
may not be more than three incidences in twelve consecutive months. The approved cable
temperature limits are 90°C for system normal conditions and 110°C for system emergency

conditions.

Parameters such as duct bank size and material, cable position, soil conditions, and load factors
are recognized in the calculation. Refer to NHEC' s guidelines for further information.

4.3.2.2 Overhead Lines

Therma ratings for some of the more common overhead conductor sizes used for distribution
feeders on the NHEC system are shown on Table 4-3.
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Table4-3 Summary of Distribution Feeder Overhead Conductor Thermal Limits

30 Power Rating 30 Power Rating 30 Power Rating
Current Rating @12.5kV @ 24.9kV @ 34.5kV
Summer Winter Summer Winter Summer Winter Summer Winter
Conductor 104°F 32F 104°F 32F 104°F 32F 104°F | 32°F
Amb. Amb Amb Amb Amb. Amb Amb. Amb
(amps) (amps) (MVA) (MVA) (MVA) (MVA) (MVA) (MVA)
4/0CU 525 630 11.3 14.2 22.6 29.4 314 40.6
350 MCM CU 720 940 15.6 20.3 31.0 40.6 43.0 56.2
336 MCM AL 560 730 12.1 15.8 24.2 314 335 43.6
556 MCM AL 750 990 16.2 214 32.3 42.8 44.8 59.2
4/0 ACSR 395 510 85 11.0 17.0 22.0 23.6 30.5
336 MCM 560 730 12.1 15.8 24.2 314 335 43.6
ACSR
477 MCM 705 920 15.2 19.9 30.5 39.7 421 55.0
ACSR

The data in Table 4-3 ie provided for illustrative purposes only. For specific applications,
the reader should refer to NHEC' s operating guidelines.

The Cooperative also uses overhead covered wire to reduce the number of tree outages contact.
Table 4-4 reflects the ratings of the more commonly used conductors.

Table4-4 Distribution Feeder Covered Overhead Conductor Thermal Limits

30 Power Rating 30 Power Rating
Current Rating @12.5kV @ 24.9kV

Normal | Emergency Normal Emer gency Normal Emergency
Conductor

(amps) (amps) (kw) (kW) (kW) (kW)
SUMMER
1/0 205 256 4,400 5,500 8,500 10,600
336 ACSR 418 522 9,000 11,300 17,300 21,600
WINTER
1/0 271 339 5,900 7,300 11,300 14,100
336 ACSR 551 689 9,000 11900 22,800 28,500

For this study we assume conductor loading no greater than the following:
1. For dl single phase taps no more than 50 amps
2. For three phase and mgor ties, no more than 50% of the emergency rating of the
conductor as shown above, or 280 amps, which ever issmaller.
4.3.2.3 Distribution Substation Transformers

The charts in Exhibit 1l utilize the ANSl standard to produce a transformer capability guide
assuming a 70% and 100% preloading cycle on the sibstation transformer. Based on the
ANSI/IEEE C59.92 — Substation Transformer Loading guides, this study recommends
distribution substation equipment improvements when the following load levels are reached.
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Equipment Summer Winter

Transformers 90% 110%

Regulators 100% 100%

4.3.3 Contingency Capability

Digtribution feeders and substations are designed as part of radid systems, so the failure of
critical equipment will cause customer outages. In genera, NHEC has adopted a standard which
provides substation to substation feeder level loops that are designed to be operated normally
open. In generd, the loading on each feeder in the loop is limited to 50% or less of the therma
emergency rating of the conductors so that a single feeder could provide complete backup to
allow restoration of mainline capacity and restoration of service to most customers with smple
manual field switching. This switching generally occurs within approximately one hour under
sngle-contingency conditions. However, there are areas within the NHEC service area,
(generdly in the more sparsaly populated portions of the system), where it is not economically
feasible to meet this criterion.

It is a reasonable and customary practice of NHEC to prepare and document contingency
switching aders to return a feeder or substation to service after an outage. These contingency
switching orders recognize the locaized and time varying nature of the distribution system loads
and the local capacity limitations of the serving system. The orders are developed in joint co-

operation with the NHEC engineering group and the NHEC operations group.

Some locations aso may have equipment provided with customer funding to provide automatic
switching between two or more sources, resulting in automatic restoration of service for single
contingency service interruption after durations of several seconds or less.

4.4 Reliability

Reliability was reviewed on the basis of the outage rates of the various facilities. Deficiencies are
defined to exist where the average outage rate during the past three years is more than 150
percent of the expected value for these facilities. The expected value is based on the performance
of the 10th percentile facility (i.e., 90 percent of the facilities of smilar type and purpose have a
lower outage rate).

Expected outage rates are as follows:
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115 kV and above transmission and substations: 1.5 outagelyear

34.5/69 kV transmission and substations - network, or 4 outagesyear
radial configuration 2 outageslyear
Main-line digtribution feeder: 2 outages/year
Large capacity distribution feeder tap: 2 outages'year
Distribution feeder tap: 1 outagelyear

In generd, the RUS rdiability guidelines require that there be no more than an average of 5
customers hours of outage per year in rurd areas, 3 customer hours of outage per year for
consumers in suburban areas and 2 customer hours of outage per year in urban areas. Outages
caused by mgor storms or by the power suppliers may be excluded. Calculations should be
based on the last 5 consecutive years in any specific area. In addition, no single sectiondizing
device should be out of service more than twice during any six- month period.
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5.0 Planning Approach

5.1 General

For convenience, the report discusson of the Long Range Plan is organized by district in
Sections 6.0 — 15.0.  Each section discusses the recommended distribution system projectsin the
2004-2023 Long Range Plan, with the recommendations divided into the following planning
periods:

2004-2008
2009-2013
2014-2023

The distribution system recommendations along with aternatives are organized in the following
manner:

New substations, delivery points (DP) and meter points (MP);

Existing substation, DP and MP changes;

Existing system review

Recommended distribution primary line improvements by substation, DP and MP
Cost Estimates.

The proposed plan indicates substation, DP, MP and primary distribution system improvements
that are anticipated to be necessary to provide the required capacity, voltage and the service
reliability levels.

The proposed construction projects are identified by project item numbers. These project
numbers are shown on the Proposed System Circuit Diagram for each district and in the cost
tables in the text. The unit costs used to develop the total cost of each recommendation and
aternative are contained in Appendix C - Unit Cost Estimates. The projects and item numbers
shown in GREEN are anticipated in the 2004-2008 Transition Plan time period. Projects and
item numbers shown in BLUE are projected to be needed in the 2009-2013 Transition Plan,
while projects and item numbers shown in RED are in the remaining 2014-2023 time period.
Projects and item numbers shown in ORANGE are potentia reliability improvement projects.
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5.2 System Modeling

521 Transmission & Subtransmission Modeling

PSNH, NHEC and PSE staffs participated in a joint transmission planning effort. First steps
included developing a joint planning approach, exchange of planning criteria, an exchange of
rliability reporting information, and an exchange of existing power flow anayses.
Subsequently, three distinct joint planning sessions were undertaken to test the existing system
with NHEC predicted future load levels.

The transmisson and subtransmisson sysem sudy used the Power System
Simulation/Engineering power flow computer program package by Power Technologies
Incorporated.  The transmisson system mode included the PSNH transmisson mode
representing the 69 kV through 345 kV AC and 450 kV DC voltages combined with the PSNH
34.5 kV subtransmission system model. We developed two base cases to correspond with
summer and winter coincident peak system loading conditions since the PSNH is forecasted to
be largely summer peaking while the NHEC system is forecasted to remain winter peaking.

We used the existing system model of the 34.5 kV PSNH subtransmission system and Northeast
transmission system to examine the existing system conditions for the 2002-03 winter system
peak and the 2003 summer peak. Loads for the winter peak were based upon PSNH’s
telemetered coincident peak load data from their System Dispatch Center. The 2003 summer
peak model used the 2002 summer coincident peak loads modified by the projected growth rates
for the local aress.

The forecasted load growth for the 20 year planning horizon was applied to the existing system
mode to test the ability of the system to meet performance and design criteria. Deficiencies, or
system conditions which are outside of the design criteria established for planning purposes, are
then identified and solutions to solve these deficiencies in a least cost manner are then tested,
compared and incorporated in the plan. Because the load forecast was developed on a nont
coincident peak basis and the model requires coincident system loads, the equivalent non
coincident growth rates for summer and winter season peak loads were applied to the base case
2002 winter peak and 2003 summer peak load models to arrive at the proper coincident load
levels to test the system performance.  For uniformity and to stress the system, the highest
average annua growth rate for an NHEC and PSNH model area was applied to the entire PSNH
model for that respective portion of the system.

To facilitate an orderly planning process a three step approach was used. In the first step, PSNH
subtransmssion design criteria were utilized to test the system and determine deficiencies and
solutions. In the second step, a more stringent first contingercy design criteria was applied and
the system performance tested, deficiencies noted, and solutions determined. In the third step,
reliability improvement in those areas where marginad system performance was identified or
where mgjor system reinforcements were needed in step two analysis were utilized with a variety
of reliability improvement options to refine the network design. This three step approach
addresses capacity, contingency, and reliability design and planning requirements in a
comprehensive manner.
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5.2.2 Distribution Modeling

NHEC maintains a computer model of the primary distribution system of each substation, DP
and MP using Milsoft Integrated Solutions, Inc., WindMil software program. The computer
model congists of two parts:

The primary digtribttion system and configuration (line sections, conductor sizes,
phasing, switches, voltage regulators, capacitors, step-down transformers and overcurrent
protection equipment),

Load by line section and phase developed from actual billing data.

NHEC provided an up-to-date copy of the computer model that represented the existing primary
distribution system configuration and load level. The individua substation, delivery point (DP)
and meter point (MP) models were combined to create district computer models. The load level
of each substation, DP and MP was adjusted to represent the 2003 base load level to be used by
the Long Range Plan. Then, load models for the years 2008, 2013 and 2023 were developed by
taking the digtrict load forecast and alocating the anticipated new load to the substations, DP's
and MP swithin each district.

WindMil was then used to calculate the voltage drop and load for each line section throughout
each district. The corresponding circuit load for each substation, DP and MP is shown by district
in Sections 6-15.

The existing system configuration was reviewed using the 2023 load level to identify areas
where voltage and capacity improvements are needed. The system was then analyzed to
determine the appropriate aternatives and the recommended system improvement for each
problem area. The improvements were prioritized and assigned to one of the three Transition
Plan time periods. The recommended plan is discussed by district in Sections 6 - 15.

The calculated voltage drop before and after the recommended improvements and the distance
from the supplying substation, DP or MP for the proposed Long Range Plan is shown on the
Proposed System Circuit Diagram for each district. Changes in opens, circuit boundaries and line
regulator placement that are associated with the recommended line construction projects are also
shown on the Proposed System Circuit Diagrams.

5.3 Alternate Solutions

53.1 Traditional Solutions

Digtribution system problem areas relating to voltage and capacity that were found during the
review of the existing system configuration using the 2023 load level were studied to determine
the recommended system improvement. The traditional solutions that were considered during the
development of the recommended plan include the following:

Addition of new substations, DPs and MPs;
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Upgrades of existing substation, DP and MP capacity;

The addition of new circuits from existing substations and DPs;

Conversion of small conductor three-phase lines to large conductor three-phase lines,
Conversion of single-phase lines to three-phase;

Congtruction of tie lines enabling load transfers to other lines;

Conversion of voltage from 7.2/12.5 kV to 14.4/24.9 kV or 19.9/34.5 kV; and/or
Addition of capacitors and voltage regulators.

5.3.2 Distribution Automation

The availability of Distribution Automation System (DAS) and traditional Supervisory Control
and Data Acquisition (SCADA) capability was recognized in the planning process in three ways:

The planning process considered the increasing demands placed on system design due to
the availability of DAS/SCADA to enhance system performance and reliability, coupled
with increased customer expectations regarding service quality;

Data developed from monitoring the operations of the deivery system with
DASSCADA was utilized to enhance planning accuracy; and

DASSCADA itsalf was recognized, in certain instances, as an alternative to more
traditional approaches to increasing delivery system capacity.

The current planning effort takes into account the enhanced operational capability brought about
by an expanded DAS/'SCADA system. For example, automated field switching, in some
instances, can provide a more cost effective aternative to additional substation transformer
capacity, to deal with afirst contingency outage caused by a substation transformer failure. Some
of theways DASSCADA may be used as an aternative to other construction options are;

To improve system performance

Control vars,

Control voltage;

Push temperature limits; and

Optimize system configuration for minimal losses.

To meet contingency Situations

Load transfer;

- Spot generation;

Load reduction (i.e., load management, interruptibles, price signaling); and
Faster response to contingencies.
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To meet normd load requirements

- Operate closer to limits for voltage and capacity;
- Load reduction; and
- Spot generation.

5.3.3 Distributed Generation

5.3.3.1 Value of DG froma T& D Construction Deferral Perspective

Historicaly, utilities have generated dectricity centradly and used a large, sophisticated
transmission and distribution (T&D) system to deliver the energy to customer. The capacity of
the generation, transmission, and distribution systems become constrained once the demand
increases beyond a certain level. Once this occurs, the traditional utility generates more
electricity, and builds new T&D facilities to alow the additiona energy to be delivered to the
end-user. An dternative to this traditional approach that may alow deferral, or even elimination,
of T&D additions or upgrades is to invest in distributed generation (DG) to satisfy demand
localy and incrementally.

The planning method used throughout this study is peak capacity planning. Peak capacity
planning is the evauation of the ability of the system to carry the projected peak system load.
To determine the duration of the projected peak load, historical loading information has been
used to create location specific load duration curves. These load duration curves are used as a
tool to indicate the amount of time that the load on a certain portion of the system is above its
peak demand in any given year. These load duration curves are then used to help determine the
amount of hours in a given year that the demand on a given portion of the system exceeds the
capabilities of the existing T&D infrastructure. The bad duration curves also show the amount
of capacity in excess of the utility system design limits. These two quantities help to determine
how much DG could be used for reducing the peak demand and how many hours of operation
will be needed to compare to the traditional T&D investment option.

5.3.3.2 Value of DG froma Demand Uncertainty Perspective

Prior to committing to any high-cogt, long lead-time utility investment, an evaluation of demand
uncertainty is needed. These investments may actualy take longer and cost more than originally
projected, therefore making other aternatives more feasible. For example, the load growth may
not be developing as originally projected, therefore making the high-cost investment turn into a
stranded investment, possibly making DG a more feasible aternative.

Generadly, DG may provide a redigtic dternative to traditional T&D investment in areas of low
to modest growth rates. Historicaly, utilities have “overbuilt” low growth areas of the system
causing the transmission and distribution system to contain unused system capacity immediately
after the construction investment is made. As aremedy, modular DG can be installed to meet the
incremental demand and defer the large investment until it is needed, if at al.
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In high growth aress, the cost effectiveness of adding modular DG to defer a T& D investment
becomes unredlistic since it only defers the T&D investment for afew years. In these cases, it is
more economicd to invest in the higher cost T&D construction aternative.  This construction
may till create unused capacity in the T& D system, but for a smaller period of time.

For the purpose of the DG evauation in this study, al areas served by New Hampshire REC
were assumed to be in the low to moderate growth category, therefore alowing al areas to be
screened for DG potential.

5.3.3.3 Value of DG from a Power Supply Perspective

The focus of this sudy is on the development of a Long Range Plan for the expanson and
enhancement of the transmission and distribution (T&D) system. Distributed generation (DG) is
simply one of the aternatives available to NHEC to accomplish these objectives. However, DG
also has the potential of enabling the cooperative to reduce its power supply cost by reducing
billing demand or producing generating capacity credits, and the potential value of this should be
recognized in the economic evaluation of the aternatives.

Until the late 1990s, establishing the potential impact of DG in reducing NHEC' s power supply
costs was relatively straightforward. Simply put, NHEC was under a requirements type contract®
that prohibited the Cooperative from utilizing DG to reduce its purchase power cost. If this
contractual hurdle could have been overcome (for example, by having aretail consumer own the
DG), the value of DG would have been equal to any reduction that could have been achieved in
billing demand multiplied by the wholesdle demand charge. In the case of PSNH, this would
have been $10.00/kVA/mo. In certain instances, the value might have been extended beyond the
months in which the DG was operated due to impact of aratchet clause in the wholesale tariff.

The advent of retail competition in New Hampshire, however, changed al that and complicated
the determination of the value of DG from a power supply perspective. In the early days of retail
competition in New Hampshire, utilities wishing to continue in the distribution delivery service
business were prohibited by law and/or Commission regulations from selling power and energy
at retail, except for trarsition service during alimited time period and as a supplier of last resort.
NHEC, however, was able to get legidation passed that recognized that a cooperative was
different than an investor owned utility (I0OU), by alowing NHEC to function as an aggregator
for its member-consumers, purchasing power and energy on their behalf and offering it as a
continuing retail option. While NHEC’ s members were not required to purchase their power and
energy from the cooperative and maintain the right to purchase from other aternative suppliers,
to date al of the members have chosen to continue purchasing from the cooperative. Thus,
NHEC' s purchase power arrangements continue to be relevant in establishing the value of DG
from a power supply perspective.

® The term “requirements’ power refers to a contractual form of supplying power and energy wherein the supplier
commits to supplying whatever the customer might need.
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In the area formerly served by PSNH, the cooperative has gone out for competitive bids to cover
its power supply requirements.® At the present time, NHEC has a contract with Duke Energy
Trading & Marketing to deliver most of its power and energy requirements in the PSNH area on
a requirements basis through December 31, 2006. The rate for this purchase will average
approximately 46 millskWh over the life of the contract. The rate structure for this purchase
conssts of monthly onpeak and off-peak energy charges, with the capacity and bulk
transmission component rolled into the energy charge. In addition, the cooperative pays the New
England Power Pool (NEPOOL ) approximately $1.15/kW/mo. for regiona network transmission
service, plus $0.19/kW/mo. to Northeast Utilities (NU) for loca network transmission service,
plus $0.98/kW/mo. for PSNH subtransmission and delivery point service.

Under the current arrangement, because the wholesade rate Structure does not include an
identifiable demand charge component there is no immediate vaue in using DG to reduce billing
demand. While there is some impact on the energy side, the reduction in purchased energy costs
is most likely more than offset by the fuel cost associated with operating the DG unit so thereis a
net negative value, albelt relatively small assuming that the DG is operated a relatively few hours
during the year. Thus, on a short term basis, DG would appear to have minimal impact on
purchased power costs.

The long term vaue of DG in reducing purchased power cost, however, is more complicated and
subject to debate. One way of looking at the Situation is that even under a rate structure that
includes only an energy charge, capacity costs are still being recovered; and any improvement in
annual or seasona load factor will ultimately be reflected in lower prices. Furthermore, the
Federa Energy Regulatory Commission (FERC) is encouraging the establishment of a capacity
market, separate and distinct from the energy market.” In fact, such a capacity market has
aready been established in New England. As of March 1, 2000, the New England energy
market provides location-based pricing; and FERC has ordered New England to make pricing in
the capacity market locationbased late in 2004. These mechanisms should provide the
necessary structure to alow the markets to value the capacity and energy provided by DG.

However, in ether case, the value of DG capacity is not likely to be well defined or predictable
very far into the future with any degree of accuracy. CQurrently, the Unforced Capacity (UCAP)
product has been priced at something in the range of $0.30 to $0.50/kW/mo. in the advance
auction and zero in the after-the fact deficiency auction due to a significant amount of merchant
generation coming on line and more than adequate capacity installed for the present. However,
the dituation is dynamic, with some of those merchants who bought divested generation from
investor-owned utilities (I0OU) at prices that were apparently too high for them to recover their
costs. An example of thisis NRG, who purchased such generation at a multiple of book value,
and has recently filed for protection under Chapter 11 of the bankruptcy laws.

® NHEC currently has seven distinct wholesale power supply arrangements to serve its retail load through
geographically separate interconnections with four different transmission providers -- Public Service Company of
New Hampshire (PSNH), Central Vermont Public Service Company (CVPS), Green Mountain Power Corporation
(GMP) and New England Power Company (NE). However, the delivery points in the PSNH area account for
roughly 96 percent of the cooperative’' s total load; therefore, the discussion of the value of DG in terms of reducing
power supply costs focuses primarily on power supply arrangements for the PSNH area.

" FERC has recently issued a Notice of Proposed Rule Making (NOPR), entitled Standard Market Design (SMD)
and Structure, issued November 26, 2002.
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On atheoretical basis, it seems reasonable to assume that the long term vaue placed on capacity
by the market should approximate the merchant owned combustion turbine (CT), since a CT
represents the lowest cost option for supplying new capacity.® A cost estimate based on this
assumption is provided below.

Table5-1 DG Cost Estimate

1. Estimated installed cost $500/kW
2. Annua fixed costs %
a. Capita recovery (10.5%, 30 years) 111
b. Property taxes and insurance 2.0
c. Income taxes (0.40 x 0.50 x 0.15) 3.0
d. Fixed O&M 10
e. Subtotal 171
f. Annual fixed costs $85.50/kW/year
g. Equivadent monthly cost $7.13/kW/year

On the other hand, some would argue that the long term market place value will tend to be less
than the cost of a merchant owned CT since there will be a tendency of the industry b have
excess capacity, rather than be capacity deficient; and this will tend to drive market prices down.
While for severa years there was a tremendous push in some areas, including New Hampshire,
to move to a competitive market away from a regulated industry structure, problems in
Cdlifornia and elsewhere, at the least, sowed down the trangition, and possibly stopped it
altogether. Consequently, the power supply function in the United States exists in a dua world
of regulation and competitive market. Thus, the principles that one might expect a competitive
market to follow are not fully evident at the present time. Many utilities continue to have
responsibility for serving al of the load in thelr assigned service areas, and tend to plan on a
conservative basis, leading to a preponderance of years having excess capacity compared to
years having deficient capacity.® Many potential merchant suppliers have, in fact, complained

8 A “merchant” owned plant refers to a plant that is owned by a non-utility entity that has entered the market for the
sole purpose of realizing a profit. The reason that this distinguishing characteristic is important is that it is likely
that an owner in this situation will demand a higher return on equity (“ROE”) than would be the case for aregulated
utility. Theweighted cost of capital for amerchant owned plant is estimated as follows:

Debt 50% @ 6.0% = 3.0
Equity 50% @ 15.0% = 7.5
10.5%

° In New England, many utilities operating under commission orders, have divested themselves of their generation.
However, they generally remain responsible for providing transition and/or default service, but are forced to procure
it competitively from wholesale marketers who either purchased the utilities' generating assets or purchase power
and energy from merchant generators who purchased such assets and/or are building new ones. PSNH is a slight
exception in that while it was originally ordered to sall its assets, and did sell their nuclear assets, a law was passed
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that this tendency has increased their risk and decreased their profit potertials to the point that
they are unwilling to enter the market with new capacity. Thus, it is our conclusion that the
value of DG from a power supply perspective is most likely to be somewhat less than the full
cost of amerchant owned CT, but greater than zero as the current purchased power arrangement
might appear to indicate.

Another potentia value of DG is in reducing bulk power transmission charges. Since bulk
power transmission charges are typically billed on aload ratio for $/kW/mo. basis, one might be
tempted to conclude that using DG to reduce the monthly coincidental pesk demand of the
transmission system would result in a corresponding reduction in transmission charges.
However, FERC has made it very clear that “behind the meter” generation, such as DG, may not
be used to reduce transmission obligations and charges® FERC's rationale is that such
generation will, a some point in time, be out of service; and the transmission system must be
designed to handle this contingency. Thus, FERC argues, there should be no recognition of
“behind the meter generation” in reducing transmission requirements. While the application and
enforcement of this policy is admittedly spotty across the country, we do not believe that NHEC
should plan on the basis of realizing a reduction in transmission costs through DG.

In summary, it seems clear that the immediate potential value of DG in reducing power supply
cost is zero, because NHEC currently purchases the bulk of its requirements under a wholesae
rate that does not include a specific demand charge component. Over the long term, using DG to
improve the cooperative' s annua or seasonal |oad factors should be of some value, although the
exact value to be placed on this is open to speculation. On the high side, the long term steady
state value should be no greater than the cost to install a merchant owned CT. However, the
actual value may be significantly less than that amount. For purposes of this report, after
consultation with NHEC' s staff and power supply consultant, we have elected to place a power
supply value on DG of $2.25/kW/mo. in the economic evauations of DG alternatives. This
includes approximately $0.98/kW/mo. and $0.19/kW/mo. in subtransmission service charges
from PSNH and NU, respectively.

534 Reliability Analysis

5.3.4.1 General

Electric utilities are expected to provide continuous and quality electrical service to their
customers at a reasonable rate by making economical use of available system and apparatus.
Continuous electric service has come to mean meeting customer’s electric energy regquirements
as demanded consistent with the safety of the employee, customer, public and system equipment.
Quality dectricad service involves meeting customers demands within specific voltage,
frequency, disturbance and reliability limits. Reliability limits as perceived by the consumer are

mandating PSNH retain its fossil and hydro-electric generating units in an attempt to assure less volatile and lower
transmission prices.
10«Behind the meter” generation refers to generation that is located on the load side of the wholesale meter.
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characterized by the number of outages experienced in a given period of time and the time
duration of those outages.

To maintain reliable service a utility must have adequate redundancy in its system to minimize
the number of customers affected by a component outage and aso minimize the duration of an
outage by facilitating the restoration of service by transfers of outaged but unfaulted systems to
available aternate supply paths. In the absence of aternate supply paths and sectionalizing, the
only operating option available to the utility to enhance reliability is to minimize the duration of
the outage by the rapid repair of failed equipment.

Utility experience indicates that most transmission and distribution service interruptions are the
result of damage from natural elements, such as lightning, wind, rain, snow, ice and animals.
Other causes include defective materias, improper installation, equipment failure, excavation
dig-ins, vandalism, tree pruning, vehicle accidents and other accidental contacts. By far the
largest and most damaging reliability event occurs with mgor storms where lightning and wind
or ice, snow and wind can cause widespread outages and extensive equipment damage.
Restoring service after a major storm event relies upon having a sufficient number of crews,
mobile and mechanized equipment, and construction supplies.

From an operating perspective, preventive maintenance when coupled with outage reporting
systems which identify outage root causes can be most effective.  From a system design
perspective, systems planned and designed to a specific contingency level, such as first
contingency for the distribution system and first or second level contingency in the transmission
system, can significantly influence outage durations. A system designed on a contingency level
ensures that an aternate supply path is available thereby enabling operators to restore outaged
consumers to service more rapidly. Contingency anaysis in the system planning activity helps
determine weaknesses in the supply system which need to be addressed to maintain reliable
service by minimizing outage durations.

5.3.4.2 Reliability Improvement Methods

Consumers assess their eectric service reiability on those factors that they can observe, namely
the outage, the duration of the outage and the number of outages experienced in a given period of
time. Utilities assess eectric reliability in industry standard terms such as the following
reliability indices™:

Average service availability index (ASAI) — the fraction of time (often in percentage) that a
customer has power provided during one year or the defined reporting period. Inwords, ASAI is
equal to:

Customer Hours Service Availability

Customer Hours Service Demand

" |EEE (draft standard) P1366 Trial Use Guide for Electric Power Distribution Reliability Indices
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Customer average interruption duration index (CAIDI) — the average time required to restore
service to the average customer per sustained interruption. In words, CAIDI is equdl to:

S Customer Interruption Durations

Total Number of Customer Interruptions

System average interruption duration index (SAIDI) — designed to provide information about
the average time the customers are interrupted. 1n words, SAIDI is equal to:

S Customer Interruption Durations

Total Number of Customers Served

System average interruption frequency index (SAIFI) — designed to give information about
the average frequency of sustained interruptions per customer over a predefined area. 1n words,
SAIF isequd to:

Total number of Customer Interruptions

Total Number of Customers Served

These indices generally measure total system reiability performance but have also been applied
at the bulk power supply point and individual substation, feeder, and in some cases sectionalizing
device levd.

All of these ndices and the consumer’s perception of service rdiability involve number of
outages, duration of the outage(s), and customers affected by an outage. Therefore, if the utility
can minimize any of these parameters by operating, construction, design or planning practices,
religbility will be improved.

On the following page Table 5-1 lists a variety of methods and designs which can be used to
improve service reliability, along with the affected reliability index.
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Table5-1 Optionsfor Improving Service Reliability

Number of
Outages
(Improvementsto
SAIFI)

Number of
Consumers
Impacted
(Improvementsto
CAIDI)

Minimization of

Outage Duration

(Improvementsto
SAIDI)

M aintenance practices coupled with advanced outage reporting

Adeguate forestry practices

Adeqguate grounding, shielding and lightning arrestor application

Animal guards on terminal equipment

Periodic in-service equipment inspection

X IX [IX X

Construction practices

Use of tree wire where appropriate

Use of private right-of-way instead of road right-of-way

Line equipment purchase quality assurance practices

Personnel equipment, installation and operation training

Preventive maintenance testing — Doble and Transformer Testing

Exposure minimization

X X X X |IX X

Protection and Control

Coordinated sectionalizing

Localize and isolate outage to smallest reasonable area

Utilize auto-sectionalizers to isolate and bifurcate network

Utilize auto-sectionalizing on radial looped feeders

X IX X |IXx

X |IX X |IXx

X |IX X |IXx

Utilize SCADA and DMS for remote switching and network
reconfiguration

Utilize reclosers which operate single phase in place of thg
conventional three phase operation devices.

x

Utilize fault location tools, fault indicators, relays

Fuse al radial taps off of the main line

Limit number of customers per feeder and sectionalizing device

Convert networked feeders to open loop configuration

Increase remote control and indication

Increase use automatic line sectionalizing

X |IX PX X [X X

Design Practices

Consider primary or secondary spot networks

Consider low voltage network service

Consider dual feeder preferred and emergency source transfers

Consider distributed generation for backup

X X |X X

X X |X X

Consider substation designs which incorporate faulted equipment
isolation without |oss of load

Design system to first contingency standards to facilitate timely load
transfer switching

5.3.4.3 Examples of Quantification of Major Reliability Improvement Measures

Conversion of a Networked Feeder to a Looped Configuration

Power System Engineering, Inc.
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The PSNH 34.5 kV distribution feeder system is operated in three different configuration modes:
radial, looped and network. PSNH has operated the Laconia-Webster 34.5 kV feeders in a
network configuration. If a permanent fault developed on a networked feeder, the feeder breakers
a Laconia and a Webster open with the result that the entire feeder from Laconia to Webster is

de-energized.

If we assume for discussion purposes that PSNH will open the Webster-Laconia feeder at its
midpoint, then for a customer that was served from this network:

The line miles of exposure to outages is cut in half with the result that this line section
will be exposed to one-half of the outages it would be in a networked configuration.

The number of customers outaged by a single outage event will aso be halved from the
networked configuration.

The overall improvement in reliability provided by this networked to looped reconfiguration is
twice for the utility whose load is not split equally with half served by Laconia and the other half
served by Webster. The reliability improvement is a factor of four times better for the utility
whose load is aso split equally between the Webster and Laconia sources.

Adding a New Distribution Substation to the Network

PSNH plans to build an entirdly new 115 — 34.5 kV substation at Brentwood. Brentwood
substation will serve an areaformerly supplied by Madbury and Chester substations.

Assuming this new substation is positioned midway between Madbury and Chester, and feeders
will be extended to normally open points midway between these substations, the resultant feeder
lengths and thus exposure to outages will be cut in half and therefore reliability will be improved
by a 2x factor. If the utility impacted also has its |oad bifurcated, the reliability will improve by
afour times factor.

5.35 Reliability Planning Approach

The higtorical distribution system reliability indices were calculated for each feeder and district
in the NHEC system by using an individual outage detailled database for years 2000-2002.
Outage types that were excluded from the distribution reliability analysis were:

Outages affecting less than 5 members

Outages lasting less than 5 minutes (“momentary” outages)
Power Supplier Caused Outages

Outages that occurred on 34.5 kV lines owned by NHEC

Maor Storms
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Each feeder was classified as being generaly rura, suburban, or urban in nature. Circuit
configuration, length, service area density, number and type of members, NHEC staff input, as
well as information from the 2000 U.S. Census Bureau Urban Area Maps via the World Wide
Web were adl consdered in the classfication process. The feeder classifications were then
compared to the corresponding index design criteria as listed below.

Table5-2 Distribution System Reliability Criteria

SAIFI SAIDI
Urban 20 2.0
Suburban 20 3.0
Rurd 20 5.0

The SAIFI of 2.0 for al feeder classifications indicates that, on average, no member should be
exposed to more than two outages per year. The SAIDI index criterion indicates that rura
members are allowed to experience a higher duration of outage-hours due to more miles of
primary line exposure. On the other hand, urban members should receive a higher level of
reliability due to shorter circuits, more members per mile, and underground feeder
configurations.

Any feeders that exceeded the criteria were reviewed. A root cause analysis was completed to
determine if there were any potentid O&M solutions such as tree trimming, anima guard
installations, underground conductor replacement, etc. that would significantly improve future
reliability. In addition, these feeders were reviewed for potential capita investment projects,
such as new subgtations, feeders, or tie-lines, that would provide potentia reliability
improvement.

There were aso recognized projects that pertained to feeders that met the reliability criteria over
the three-year sample period during 2000-2002. Even with the higher levels of rdiability, the
proposed projects were mentioned as possibilities to improve rdiability through increased
backup capahilities, phase baancing potential, and new feeder configuration alternatives.

5.4 Substation Transformer Replacement

NHEC requested recommendations for substation transformer replacement due to age and
obsolescence. We reviewed the cooperative's test reports and found most units operating very
well. Maintenance issues such as high moisture, small oil leaks, rust and high combustible gas
are usualy repairable at modest cost. For planning purposes, we recommerd replacement when
a unit is 50 years old, unless maintenance issues suggest an earlier replacement. There may be
stuations where a longer lifetime is possible, which can be determined on a case-by-case basis
when the 50 year mark occurs.
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6.0 Alton District

6.1 Load Analysis

The load analysis for the Alton Didtrict is presented in this section in detail both to provide the
needed delivery points for this district and to illustrate the methodology used for al of the
districts and ddlivery points\

6.1.1 Overview

In 2002, the Alton District served 10,801 active accounts located in five counties and 14 townsin
the southeastern part of New Hampshire bordering Massachusetts. This district serves about
15% of NHEC's total active accounts. Residentia consumers predominate in this district
interspersed with small commercial accounts that are found aong the main highways. This
district has grown faster than the total NHEC system in recent years with strong influences from
the cities of Concord and Manchester and cross-border impacts from Massachusetts tourists and
second home owners. Air conditioning is increasingly common for consumers in this areawhich
has small impacts on energy sales but a significant impact on summer peak demands.

The Alton District eectric system configuration includes the New Durham and Pittsfield delivery
points. The New Durham and Alton substatiors are metered through the New Durham delivery
point while the Barnstead substation is metered through the Pittsfield delivery point.

6.1.2 Data Sources and Availability

For the past two years, NHEC has produced an end-of-year revenue report that tabulates the
number of active accounts by county and town but not by delivery point. NHEC prepared
gpecia analyses of customer billing data to provide the linkage of customers to delivery points
and towns. The two data sources are not yet fully reconciled. For the Alton District, the end-of-
year revenue report for 2002 indicated 10,801 active accounts. The customer hilling data ties
8,864 of those accounts to towns and delivery points. This is a sufficiently large sample to
provide the weighted population growth rates needed to drive the forecasts. Table 6-1
summarizes the 2002 linkages between town populations and active Alton District accounts for
the Pittsfield and New Durham delivery points.
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Table6-1 Population and Active Alton District Accounts by Town

Pittsfield DP
2002 2002 Active
County Town Population Accounts
Belknap Barnstead 4,109 962
Merrimack Pittsfield 4,076 67
Rockingham Deerfield 3,996 293
Rockingham Northfield 3,769 297
Rockingham Nottingham 3,902 108
Pittsfield Total 19,852 1,727
New Durham DP
Belknap Alton 4,786 3,861
Belknap Barnstead 4,109 97
Belknap Belmont 7,060 103
Belknap Gilford 7,087 101
Belknap Gilmanton 3,224 1,722
Strafford Farmington 5,974 172
Strafford New Durham 2,325 1,081
New Durham Total 34,564 7,137
District Total
Alton District Total Ex Overlap | 54,416 | 8,864

The dominant towns served are Barnstead for the Pittsfiddd DP and Alton, Gilmanton and New
Durham for the New Durham DP.

Peak demands for 2002 were 2,874 kW for Pittsfidld and 10,388 kW for New Durham. Thus the
two-factor mode for these ddivery points for 2002 is as follows:

Table6-2 Two-Factor Model for Pittsfield and New Durham Delivery Points

[tem Pittsfield New Durham

Populatior 19,852 34,564
Consumers 1,727 7,137

CPR 0.087 0.206

Peak Demand (kW) 2,874 10,388
DPC (kW) 1.664 1.456
Peak/Populatior 0.1448 0.3005

The Pittsfield delivery point features somewhat larger loads but the share of town population
served is sgnificantly smaller. The benchmark forecast was smply developed by multiplying
the town population forecasts by 0.1448 for Pittsfield and by 0.3005 for New Durham. The 2023
benchmark forecast for Pittsfield was 3,977 kW.
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6.1.3 Pittsfield Delivery Point

6.1.3.1 Base Forecast

The Alton District Manager felt that the benchmark forecast was too low primarily because the
share of the town populations served by NHEC is growing rather than staying constant. The
cooperative service territory isideally situated to absorb much of the new rural growth while the
larger urban populations remain stable or declining. To reflect this insight, a growth adder of
1.2% was used for each of the first five years and then for the five and ten year periods that
complete the forecast horizon. The CPRs in the following table are calculated from the
consumer and population forecasts. The consumer forecasts are developed using the following
formula:

Consumers, = Consumers, 1 +(Population, - Population, ;) * (CPR.1+ Adder,)

The adder for the future period is set equal to 1.2%. Thus, the number of active consumers in
2003 isequd to:

Consumers,1 1,727

Population Change 20,218 — 19,852 = 366

CPR,; + Adder, 0.087 + 0.012 = 0.099

Consumers, 0.099* 366 = 36; 1,727 + 36 = 1,763

Table 6-3 Pittsfield Non-Coincident Peak Demand Base For ecast

Year Town Population CPR Active Consumers DPC Peak kW
1999 15,988
2000 18,836
2001 19,468
2002 19,852 0.0870 1727 1.664 2,874
2003 20,218 0.0872 1,763 1.666 2,937
2004 20,582 0.0874 1,799 1.667 2,999
2005 20,948 0.0876 1,836 1.668 3,062
2006 21,308 0.0878 1,872 1.669 3,125
2007 21,670 0.0880 1,908 1.671 3,187
2008 22,030 0.0882 1,944 1.672 3,249
2013 23,831 0.0891 2,124 1.676 3,561
2023 27,463 0.0907 2,492 1.683 4,193
Growth Rates
2002 - 2003 1.84% 0.25% 2.09% 0.09% 2.18%
2002 - 2008 1.75% 0.24% 1.99% 0.08% 2.07%
2002 - 2013 1.67% 0.22% 1.90% 0.07% 1.97%
2002 - 2023 1.56% 0.20% 1.76% 0.05% 1.81%

Town populations in the service area are expected to continue healthy growth athough the pace
of the increase dows as the forecast horizon lengthens. The CPR also grows at a diminishing
rate based on the assumption of a fixed adder applied to a growing base. Over the next two
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decades, the number of active NHEC consumers in the Alton Didtrict is expected to increase by
1.8% per year.

The Digtrict Manager also fdt that the contribution of the average new consumer in the Alton
Digtrict will be dightly higher than the historic average due to increasing home sizes and
relatively fast growth of commercia compared to residential loads. The average new consumer
is expected to have a peak demand contribution of 1.70 kW throughout the forecast horizon.
Existing consumers are expected to continue at the 2002 peak of 1.664 kW. Since margina
consumers have dightly higher demands than the average consumer, the DPC continues to
increase gradualy.

The base forecast of peak demands for the Pittsfield delivery point anticipates growth at arate of
nearly 1.8% per year so that the peak reaches 4,193 kW by the end of the planning period. This
represents an increase of about 5.0 % above the benchmark forecast.

6.1.3.2 Small Area Spoot Loads and Adjustments

Alton District staff provided specific load locations as shown in Table 6-4 to support the Milsoft
system modeling effort. No additional loads were included for the Pittsfield delivery point.

Table6-4 Pittsfield Delivery Point Spot L oads

YEAR
Circuit Load Type 2008 2013 2023
Load (kW) | Load (kW) | Load (kW)
BS12 Housing (8-10 lots) 5 10 10
B13 Existing Elem School Increase 100 100 200
Undeveloped Countryside 20 20 10

The history and forecast of Pittsfield demands are graphically summarized in the Figure below.
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Figure6-1 Historical and Forecasted Pittsfield Demands
6.1.4 New Durham Delivery Point

6.1.4.1 Base Forecast

The 2023 benchmark forecast for the New Durham delivery point was 13,747 kW. The Didtrict
Manager expects that NHEC will retain a constant share of the service area population but felt
that the demand per consumer will increase from the relatively low current level of 1.456 kW.
The current figure is low because of the large number of summer camps served through this
delivery point. New connects are expected to represent larger homes and businesses with
average demands of 1.66 kW. The base forecast for New Durham anticipates annua growth to
2023 at arate just above 1.6% to afigure of 14,578 kW.
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Table6-5 New Durham Non-Coincident Peak Demand Base For ecast

New Durham

Year Town Population  CPR Active Consumers DPC Peak kW
1999 28,371
2000 32,961
2001 33,861
2002 34.564 0.206 7.137 1.456 10.388
2003 35,094 0.206 7,246 1.462 10,592
2004 35,627 0.206 7,356 1.468 10,796
2005 36,158 0.206 7,466 1.473 10,999
2006 36,680 0.206 7,574 1.478 11,197
2007 37,204 0.206 7,682 1.484 11,396
2008 37,730 0.206 7,791 1.488 11,595
2013 40,366 0.206 8,335 1.510 12,586
2023 45,748 0.206 9.446 1.543 14,578
Growth Rates
2002 - 2003 1.53% 0.00% 1.53% 0.42% 1.96%)
2002 - 2008 1.47% 0.00% 1.47% 0.37% 1.85%)
2002 - 2013 1.42% 0.00% 1.42% 0.34% 1.76%)
2002 - 2023 1.34% 0.00% 1.34% 0.28% 1.63%)

6.1.4.2 Small Area Spot Loads and Adjustments

Spot loading on the New Durham delivery point includes several subdivisions and camping
facilities. Substation and circuit locations of those loads are shown in Table 6-6. In addition to
those spot loads which are included in the base forecast, a new movie theatre and a new high
school are anticipated. Load growth for those two large loads is also presented in thistable. The
theatre B expected to add 1,000 kW by 2013 while the high school anticipates a total load of

2,000 kW by 2013.
Table6-6 New Durham Delivery Point Spot L oads
YEAR
Substation Circuit Load Type 2008 2013 2023
L oad (kW) | Load (kW)] L oad (kW)

Movie Theatre ** 1000
AL11 Housing (10 lots) 10 10 10
35 campsites 40 40 30

High School ** 1200 800
Alton AL12 Hous? ng (29 lots) 30 30 30
Housing (20 lots) 20 20 20
AL13 BoyScout Camp/Restaurant 300 200
Lakeview Estates (10 lots) 20 10 10
AL14 Hous? ng (26 lots) 20 20 20
Housing (10 lots) 5 10 10
Housing (26 lots) 20 20 20
ND12 Housing (10 lots) 10 10 10
New Durham Housing (15 lots) 20 10 10
ND13 Housing (49 lots) 20 30 50
** Theseloads are in addition to the base forecast
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Figure 6-2 provides a graphic history and both base and adjusted forecasts of the loads for the
New Durham delivery point.
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Figure6-2 Historical and Forecasted New Durham Demands

6.2 Transmission System

6.2.1 Bulk Transmission System

NHEC's Alton District is served from PSNH’s Rochester and Oakhill Substations. Rochester
Substation is supplied by a radia 115 kV transmission line tap PSNH F117 of the Deerfield-
Madbury 115 kV line. Although Rochester is supplied by aradia 115 kV tap line, the tap and
Dearfidd-Madbury lines have auto-sectionalizers and both Deerfield and Madbury substations
have a more reliable 115 kV breaker and one-half protection scheme at each substation.

Oak Hill 115-34.5 kV subgtation is tapped on the Webster-Merrimack 115 kV line. Thislineis
auto-sectiondized at the Oak Hill tap for improved rdliability.
6.2.2 34.5kV Subtransmission System

Substation transformer capacity and base case, and coincident peak demands are depicted in
Table 6-7 and are based upon an annua areaload growth rate of 1.29 percent of both winter and
summer coincident peak load conditions.

Power System Engineering, Inc. 6-8



Table6-7 Alton District 34.5 kV System and L oad

PSNH 115-34.5kV Transformers 34.5kV | Coincident Peak Loads (MVA)
Substation _ Summer Winter
Summer Winter Feeders | 2003 2023 2003 2022
Oak Hill 1-52 MVA 1-69 MVA 2 30.3 35.9 26.5 34.2
Rochester 1-51, 1-54MVA 2-65 MVA 3 69.6 91.8 57.8 78.4
Madbury 1-49, 1-52 MVA | 1-62, 1-64 MVA 4 76.7 84.9 92.7 102.6
6.2.3 Base System Performance

NHEC's Pittsfield delivery point and Barnstead distribution substation are supplied by PSNH
34.5 kV feeder 319 out of Oak Hill Substation. Oak Hill feeder 319 is looped with PSNH’s
Madbury 34.5 kV feeder 3137. There are no deficiencies under normal operating conditions in
either 2003 or 2023.

NHEC's New Durham ddivery point supplying the New Durham and Alton Substations is
supplied from PSNH feeder 362 out of Rochester Substation. Rochester feeder 340 exceeds the
30 MVA desgn criteria with 30.2 MVA of load in 2003. PSNH is planning on developing a
fourth Rochester 34.5 kV feeder in 2004 and tying it into the existing 34.5 kV feeder network
near the current open point between Rochester feeder 362 and feeder 340. This facilitates the
load relief of the 340 feeder and aso achieves 34.5 kV feeder backup capability for the NHEC
New Durham delivery point.

6.2.4 Contingency Performance

Rochester 115-34.5 kV Subgtation is supplied by a 115 kV radia tap of the Deerfield-Madbury
C129 circuit. An outage to this line or tap would result in an outage to Rochester Substation.
However, PSNH employs a more reliable breaker and one-half 115kV bus sectionalizing
configuration at both Deerfield and Madbury Substations, and also employs field switching to
rapidly isolate faillures. Oak Hill Substation is served from the fully breakered Merrimack-
Webster 115 kV line, which aso has three-way switching at the Oak Hill Substation for more
rapid fault isolation.

PSNH does not currently have full first contingency 34.5 kV capability to serve the New Durham
delivery point at peak for a Rochester 362 feeder, or Rochester 115-34.5 kV transformer outage.
NHEC' s Alton and New Durham Substations and PSNH’ s Farmington Substation would need to
remain unserved for these outages. However, the 2004 addition of the proposed fourth 34.5 kV
Rochester circuit solves this deficiency.

Additiona deficiencies develop in 2020 with insufficient 115-34.5 kV transformer summer
capacity and in 2022 with Rochester feeder 362 mildly overloading. These deficiencies develop
with a Rochester transformer outage. The solution to these contingent deficienciesis to upgrade
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PSNH transformer capacity at Rochester in 2020 and add an additiona 34.5 kV feeder exit at
PSNH’ s Dover Substation in 2022.

Oak Hill 115-34.5 kV Substation is a single feeder and transformer substation. An outage to
either feeder or transformer is equally critical. In 2003, an outage to either results in PSNH
leaving load unserved at PSNH’ s Louden delivery point. Because of the relative position of the
NHEC Pittsfield ddlivery point within the Oak Hill-Madbury 34.5 kV system adequate capacity
exists and the Pittsfield load will be backed up. PSNH will also need to reconductor a section of
the Madbury 3137 feeder from 266 MCM ACSR to larger conductor between VSH 4 and USH
125, and add a capacitor bank to support this backup in 2003. PSNH will adso need to add a
second transformer to Oak Hill in 2004 in order to provide full contingent capability.

In 2023, the second Oak Hill transformer addition and the line reconductoring project with line
capacitors are sufficient to provide full first contingency capability.

6.2.5 Historical Reliability

A review of the power supplier outages for the New Durham and Pittsfield delivery points
indicates that both experienced an average of 1.67 power supplier outages for the time period of
2000-2003. Thisiswithin the NHEC design criteria limits.

6.2.6 Enhanced Subtransmission Reliability Alternative

The New Durham 34.5 kV delivery point serving New Durham and Alton Substations is served
radialy by Rochester feeder 362 over a 5 mile long PSNH feeder from PSNH’s Farmington
Substation. PSNH 34.5 kV Rochester feeders 362 and 386 are available near Farmington.
Reliability could be improved to New Durham and Alton Substations if a second 34.5 kV feeder
could be extended 5 miles from Farmington to New Durham and an additional 4 miles to
NHEC's Alton Substation. This would provide a dua 34.5 kV feeder to both New Durham and
Alton Substations. This dua feed could aso be automated with SCADA or autonomous
switching devices for automated fault isolation and restoration of service to Alton and New
Durham Substations if suitable operating arrangements between NHEC and PSNH could be
negotiated. Leaving aside the issue of NHEC or PSNH ownership, the mgor construction
elements of thisplan are:

1. Portland Street — N. Rochester, Feeder 386, 4.68 miles, upgrade 1/0, 4/0 and $604 K
477 MCM ACSRto dl 477 MCM ACSR

2. N. Rochester — Farmington, Feeder 362, 4.15 miles, upgrade 1/0, 4/0 and 477 $535K
MCM ACSRtodl 477 MCM ACSR

3. Farmington — New Durham, New Feeder, 5 miles of 477 MCM ACSR $630K
New Durham — Alton, New Feeder, 4 miles of 477 MCM ACSR. $504 K
5. Six 34.5kV reclosar/sectionalizers with local and remote SCADA control. $210K

TOTAL $2,483K
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Assuming an equipment failure could be confined to an individual line section of one 34.5 kV
feeder, this aternative would eliminate 34.5 kV permanent outages to Alton and New Durham
Subgtations.

6.3 Distribution System

6.3.1 General

The following discusses the recommended construction projects by substation, DP or MP service
area aong with various dternatives. Project item numbers referred to in the discussion are shown
on the Proposed System Circuit Diagram and in the cost tables. The projects and item numbers
shown in GREEN are anticipated in the 2003-2008 Transition Plan time period. Projects and
item numbers shown in BLUE are projected to be needed in the 2009-2013 Transition Plan,
while projects and item numbers shown in RED are in the remaining 2014-2023 time period.
Projects based on improving reliability are shown in ORANGE and are discussed in Section 6.5,
Distribution System Rdiability. Section 5.0, Planning Approach, provides information related to
the development of the Long Range Plan. The “Substation Load Data Projections [table]” at the
end of Section 6.0 shows the 2003, 2008, 2013 and 2023 peak load levels for each substation,
DP, MP and circuit using the existing system configuration and proposed system configuration.

6.3.2 New Substations, DP’s and MP’s

One new ddivery point is recommended in the Alton District during this 20-year planning period
for voltage, capacity, and reliability reasons. The new Belmont Ddlivery Point is located in the
Township of Belmont, just east of the Village of Belmont. The new delivery point will provide
load relief to the heavily loaded Circuit AL13 of the Alton Substation.

A PSNH owned 19.9/34.5 kV distribution line will provide service to the Belmont Delivery
Point. The PSNH distribution line taps off the PSNH 34.5 kV 337 line and continues along
Highway 106 just west of the Village of Belmont. Road construction was recently completed on
Highway 106, and therefore the 398-X3 line has been upgraded to larger conductor.
Furthermore, the 337 line is located between PSNH’'s Laconia and Webster 115 — 34.5 kV
transmission substations providing looped capability during transmission system outages. The
proposed project designated as BM-1, includes the addition of a 19.9/34.5-7.2/12.47 kV
stepdown transformer rated at 5/7 MV A and voltage regulators. The Belmont Delivery Point is
estimated to cost $200,000. The cost includes 0.5 miles of three-phase 336 ACSR to extend
three-phase from the Belmont DP to the existing lire of Circuit AL13. The entire main three-
phase line between the Alton Substation and the Belmont DP will be 336 ACSR. This new
Belmont Ddivery Point will significantly improve the rdiability as discussed in the Alton
Circuit AL13 reliability section.

Power System Engineering, Inc. 6-11



6.3.3 Substation, DP and MP Changes

The following table shows the projected kW for the Long Range Plan design load level,
Proposed System Arrangement, as a percent of existing and proposed substation transformer and
regulator capacity. The percent of capacity iscalculated using a 98 percent power factor and 10
percent load unbalance. Proposed capacity upgrades that are anticipated for serving normal load
and/or for backup or for the ordinary replacement of aged transformers are shown in [bold].
The notes at the bottom of the table indicate the reason for the change and provide the project
number.

Table6-8 Substation Transformer and Regulator Data

Transformer Voltage Regulator
Rating (kVA) Est. Est.

Name OA FA OA EFA Win |Load|Capacity| Size | Load [Capacity
55° | 55° | 65° | 65° |Season|[(KW)| (%) [(AMP)[(AMP)| (%)
Alton Sub? 10,000{12,400{ 11,200(14,000( 12,000 [14,907 139 437 | 775 177
Alton Sub®?2 12,000{16,000| 13,400{17,900| 19,690 [14,907 85 LTC | 775 --
Alton Sub?3 12,000{16,000| 13,400{17,900| 19,690 |11,947 68 LTC | 621 --
Belmont DP 5000| -- |5600]| -- 6,160 |2,460| 45 219 | 128 58
New DurhamDP | 2,500 | -- |2800| -- 3,080 |3,043| 111 150 | 158 105
New Durham DP*| -- |3125| -- |[3500| 3,850 [3,043| 89 219 | 158 72
Barnstead Sub® 5000| -- |5600]| -- 6,000 |4,417| 83 219 | 230 105
Barnstead Sub®® | 5,000 | 6,250 | 5,600 | 7,000 | 7,700 |4,417| 64 328 | 230 70
Barnstead Sub® 5,000 | 6,250 | 5,600 | 7,000 | 7,700 [3,385| 49 328 | 176 54

! Estimated load is before transfer to Belmont DP.

2 Upgrade to replace aged equipment. Projects AL-1 and BS-1.

3 Estimated load is after transfer to Belmont DP.

4 After installing fans.

® Estimated load is before transfer to the Lee DP in the Raymond District.
¢ Estimated load is after transfer to the Lee DP in the Raymond District.

Project AL-1 isthe replacement of the existing 10 MV A transformer with anew 12/16/20 MV A
transformer. The existing transformer was purchased in 1973 and is expected to need
replacement due to age. The increase in Size over the existing 10/14 MVA transformer is due to
normal system and backup system configuration load projections.

Project BS-1 is the replacement of the existing 3-1,667 kVA transformers with a new 5/7 MVA
transformer. The existing transformers were purchased in 1973 and replacement due to age is
expected.

No conversion to a different distribution system operating voltage is recommended at any of the
substations or delivery points. The distribution operating voltage isto remain at 7.2/12.47 kV.
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6.3.4 Alton Substation Service Area

6.3.4.1 Existing System Review

The Alton Substation is forecasted to serve 14.9 MW of peak load in 2023. The Alton area is
served by four 7.2/12.47 kV circuits: AL11, AL12, AL13 and AL14. Circuit AL11 serves
approximately 22 percent of the total load, AL12 serves 19 percent, AL 13 serves 36 percent and
AL 14 the remaining 23 percent.

Circuit AL11 exits the substation and splits into north and east feeders. The east feeder is about
2.5 miles in length and forms a tie with Circuit ND12 of the New Durham Delivery Point. The
north feeder has a radia configuration and serves the mgjority of the members aong the eastern
side of Lake Winnipesaukee. The main three-phase line on this feeder is about five miles in
length, while the single-phase taps continue about another five miles. The north portion of this
circuit conssts of both 336 and 3/0 ACSR while the south portion is mostly 4 CU. The 2013
pesk load on the main single-phase line going east from the end of the three-phase line exceeds
the maximum design limit of 50 amps and the line is therefore considered to have a capacity
deficiency. There are no anticipated voltage problems on this circuit at the 20-year load level.

Circuit AL12 is approximately 6.8 miles long. The main three-phase lineis 3.1 mileslongand is
336 ACSR, except for a section of /0 ACSR and 350 AL near the substation feeder exit. Circuit
AL12 has no ties to other circuits. No line capacity deficiencies or areas with low voltage are
anticipated during this planning period.

Circuit AL13 is heavily loaded and the three-phase 336 ACSR feeder main about 15 miles long.
There are a few three-phase taps off the main line, but mostly long single-phase taps. Voltage
regulators are ingtalled in the main three-phase line about 9 miles from the subgtation. There are
major voltage and capacity problems on this circuit at the 2023 load level. An 8 volt drop occurs
on the main three-phase line just 3.5 miles from the substation at the 2023 load levdl.

Circuit AL14 serves members on the western edge of Lake Winnipesaukee. Circuit AL14 is
approximately 12 miles long and has no ties to other circuits. The main three-phase line is
approximately 9 miles from the substation. There is a mixture of conductor sizes ranging from 4
CU to 336 ACSR aong the main three-phase line. Two sets of voltage regulators are installed in
the main line. The first set is approximately 4 miles from the substation and the second set is
approximately 8.5 miles from the substation. The 2013 peak load on the main single-phase lines
going northwest and west from near the end of the three-phase line exceeds the maximum design
limit of 50 amps and these lines are therefore considered to have a capacity deficiency. The
combination of small conductors on the three-phase feeder main and heavily loaded single-phase
lines near the end of the circuit result in voltage drops at the circuit’s extremities that exceed
design limits.

6.3.4.2 Recommended Plan

On circuit AL11, project 301 is the conversion of old 6 CU operated at 2.4 kV to 1/0 tree wire
operated at 7.2 kV. The existing line was built in the 1930's and is in poor physical condition.
This project was included in year 3 of the 2001-2005 Construction Work Plan
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Project 302 is the replacement of three-phase 1/0 Hendrix cable with three-phase 336 Hendrix
cable to increase the backup capacity at the tie point between circuits AL11 and AL13. This 0.4
mile project was included in year 3 of the 2001-2005 Construction Work Plan

On circuit AL11, project AL-2 isthe replacement of a vee-phase and single-phase 1/0 ACSR line
with a new three-phase 4/0 ACSR line. The long single-phase line going east from the end of the
existing three-phase is estimated to have 65 amps at the 2023 load level. This construction will
allow the load in the area to be divided more equally over three phases to improve voltage in the
area and load balance a ong the three-phase main line.

Project AL-3 is aso proposed to divide the load for improved voltage and load balance. The
recommended normal-open changes are shown on the Circuit Diagram.

On Circuit AL12, Project AL-4 is the conversion of single-phase 1/0 ACSR to three-phase 1/0
ACSR by adding 2-1/0 ACSR phase conductors. The load on this single-phase line is estimated
at 45 amps at the 2023 load level. The 0.6 mile three-phase extension will improve load balance
along the three-phase main line and will improve reliability by dividing the load over additiona
phases.

Circuit AL13 is one of the heaviest loaded circuits in the Alton District with over 5 MW at the
2023 load level. In addition to the proposed Belmont Delivery Point as discussed in Section
6.4.2, there are mgor line construction projects needed for voltage and capacity reasons.

Project AL-5 is the replacement of a single-phase 1/0 ACSR line with a three-phase 4/0 ACSR
line. This project will provide the capacity needed to serve a new Boy Scouts Camp and
restaurant.

Three projects are needed on the new Belmont DP Circuit to improve voltages at the extremities
of some long sngle-phase lines. Two projects, BM-2 and BM-3, are sngle-phase 1/0 ACSR to
three-phase 1/0 ACSR conversions to alow better balancing of loads. Project BM-4 is a short,
sngle-phase 1/0 ACSR tie line accompanied by a configuration change to improve voltage at the
end of the single-phase line.

On Circuit AL14, Project 308 is the replacement of old single-phase 6 CU with and new three-
phase 1/0 ACSR line. The 0.5 mile three-phase extension will provide capacity relief to the
sgngle-phase line, will improve voltage at the end of the line by improving load balance aong the
three-phase main line and will improve reliability by dividing the load over additional phases,
This project was included in year 3 of the 2001-2005 Construction Work Plan

Project 309 is the converson of old single-phase 6 CU operated at 2.4 kV to single-phase 1/0
ACSR operated at 7.2 kV. Thisproject is part of NHEC's plan to retire aged 2.4 kV distribution
facilities. This project was included in year 4 of the 2001-2005 Construction Work Plan

Project AL-6 isthe converson of a single-phase 4 ACSR and 1/0 ACSR line to three-phase 1/0
ACSR. The single-phase line going west from the three-phase is estimated to have 67 amps at
the 2023 load level. The 2.8 mile three-phase extension will provide capacity relief to the single-
phase line, will improve voltage at the end of the line by improving load balance dong the three-
phase main line and will improve reliability by dividing the load over additional phases.
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On Circuit AL14, Project AL-7 isthe replacement of athree-phase 4 CU feeder main with a new
three-phase 4/0 ACSR line. The existing line is aged and routed along difficult right-of-way. As
can be seen in the reiability analysis Section 6.2, over 80% of the consumer-hours of outages
have occurred within thisarea. If possible, the new line should be routed along Highway 11 road
right-of-way. This project will provide a 6 volt improvement at the end of the line and enables
removing the second set of line voltage regulators.

Project AL-8 on circuit AL14 is the replacement of 0.3 miles of single-phase 4 CU with a new
three-phase 1/0 ACSR line to the Batchelder Mountain Estates area.  The three-phase extension
into the area will improve voltage at the end of the line by improving load baance adong the
three-phase main line and will improve reliability by dividing the load over additiona phases.

6.3.5 Barnstead Substation Service Area

6.3.5.1 Existing System Review

The Barnstead Substation is forecasted to serve 4.4 MW of peak load in 2023. The Barnstead
area is served by two circuits: BS12 and BS13. This subgtation is served from the PSNH
Pittsfield metering point just afew miles southwest of the substation. NHEC owns this 34.5 kV
transmission line. Circuit BS12 serves gpproximately 33 percent of the total load with BS13
serving the remaining 67 percent.

Circuit BS12 is approximately 12 miles long. The main three-phase line is 10 miles long and the
first half is mostly 1/0 ACSR and the second half mostly 4/0 ACSR. Circuit BS12 has no ties to
other circuits. No line capacity deficiencies or areas with low voltage are anticipated during this
planning period.

The three-phase feeder main of Circuit BS13 is approximately 30.0 miles long and has no ties to
other circuits. The first 17 miles are 336 ACSR and the remaining 13 miles are 1/0 ACSR. Two
sets of voltage regulators are ingtaled in the main line. The first set is approximately 14 miles
from the substation and the second set is approximately 22 miles from the substation. It is
forecasted that this line will serve about 3.0 MW of load at the 2023 load level and will therefore
cause voltage deficiencies.

6.3.5.2 Recommended Plan

On Circuit BS12, there are no distribution system primary line construction projects anticipated
as necessary for voltage and/or capacity reasons. However, projects based on improving
reliability are discussed in Section 6.5.

To improve voltage and reliability on Circuit BS13, a three-phase tie-line to the Lee Delivery
Point in the Raymond District is recommended. Thistie will enable the transfer of approximately
800 kW of peak load at the 2023 load level from BS13 to Circuit LE11 of the Lee DP. Thetie
line, designated as project LE-6, divides the existing load and primary line exposure on Circuit
BS13 over two circuits: BS13 and LE11. In addition to the feeder configuration changes, from a
reliability perspective, increased tree trimming or the conversion of the remaining 336 ACSR
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Hendrix cable or tree wire within the existing first and second zones of Circuit BS13 should be
considered. Otherwise, the new shorter circuit BS13 after the re-configuration will still see no
improvement in reliability, while the members re-located to Circuit LE11 will see a substantial
improvement. The historica reiability review for this circuit can be seen in the reiability
Section 6.5.

6.3.6 New Durham Delivery Point Service Area

6.3.6.1 Existing System Review

The New Durham delivery point is forecasted to serve 3.0 MW of peak load in 2023. The New
Durham area is served by two 7.2/12.47 kV circuits: ND12 and ND13. Circuit ND12 serves
approximately 63 percent of the total load and ND13 serves the remaining 37 percent.

Circuit ND12 exits the substation three-phase and then splits into north and east vee-phase radial
feeders. The main three-phase line is approximately 1 mile long and ties to Circuit AL11 o the
Alton Substation. The three-phase line conductor is 4 CU and /0 ACSR. The two longer vee-
phase taps serve the mgjority of the load on this circuit. The east vee-phase feeder is about 2.5
miles in length and consists of 1/0 ACSR. The north vee phase feeder is about 4.3 miles long
and the end of the circuit is about 8 miles from the substation. The north vee-phase line consists
of both 4/0 ACSR and 1/0 ACSR. The 2023 peak load on both vee-phase lines exceeds the
maximum design limit of 50 amps per phese and the line is therefore considered to have a
capacity deficiency. A small area near the end of one of the single-phase lines is expected to
have low voltage at the 2023 load level.

Circuit ND13 is approximately 12 miles long and has no ties to other circuits. The main three-

phase line is approximately 3.6 miles long. The main line conductor of ND13 is 1/0 ACSR. The
2023 peak load on the main single-phase line going southwest from near the end of the vee-phase
line is close to the maximum design limit of 50 amps and is therefore considered to have a
capacity deficiency. This deficiency and the unbalance caused by the heavily loaded single-phase
line causes low voltage on the single-phase line.

6.3.6.2 Recommended Plan

On Circuit ND12, Projects ND-1 and ND-2 are the conversion of vee-phase /0 and 4/0 ACSR
lines to three-phase by adding the third phase conductor. The conversion to threephase will
improve voltage at the end of the line by improving load balance along the three-phase main line
and will improve reliability by dividing the load over an additional phase.

Project ND-4 is the replacement of a three-phase 4 CU line with a three-phase 336 ACSR line.
This project is needed for tie-line capacity between the Alton Substation and New Durham
Ddivery Point. This project should be completed at the same time as Project AL-R1.

On Circuit ND13, Project ND-3 is a three-phase 1/0 ACSR tie line. The tie line will enable
dividing along heavily loaded single-phase line over additional phases and will thereby improve
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voltage and reliability. The amount of line exposure to the end of the circuit will be significantly
reduced.

6.4 Distribution System Reliability

6.4.1 Historical Reliability

The Alton Didtrict has had lower than average distribution system reliability compared to the
NHEC system average over the three-year study period. In particular, the district had the second
worst SAIDI index. The following graph shows the resultant indices for each feeder as well as
the entire Alton district.*
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Figure 6-3 Alton District Historical Réiability Indices

6.4.1.1 SAIDI & SAIFI

All circuits except AL11, AL12, and ND11 exceeded either the SAIF criteria of 2.0 or SAIDI
criteriaof 5.0 for rural classified feeders.

! Outages taking place on the Circuit BS13 of the Barnstead Substation were originally recorded under Raymond
District outages. Even though this long feeder extends into the Raymond District, for the purposes of this study the
data was modified so that the outages were reflected in the Alton District reliability analysis. The Barnstead
Substation is linked to the Alton District throughout the entire study since it is physically located within the Alton
District territory.
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6.4.2 Circuits That Exceed Reliability Criteria

6.4.2.1 Circuit AL13

This feeder serves more than 2,000 members and had an average SAIDI of 6.44 during 2000-
20022 Outages by cause are shown in the following figure.
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Figure 6-4 Circuit AL 13 Percentage of Customer-Minutes Out by Outage Cause

Accident outage causes were almost 50% of the customer-minutes. More than 12,000 customer-
minutes, or 35% of the total customer-minutes for all causes, were due to a single outage event in
which a car-versus-pole accident occurred. After subtracting this long outage, the percent of
causes by customer- minute can be seen in the following figure.

% One outage caused by a car hitting apolein the first zone of protection caused all members to be without power for
more than six hours. During restoration, each zone had to be placed back in service individually due to cold-load
pickup problems, further causing accumulation of consumer-hours of outages.
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Figure 6-5 Circuit AL 13 Customer-Minutes Out Excluding Major Accident

There were five feeder outages that were responsible for approximately 60% of the total outage
minutes. Currently, there exists no backup source to this circuit that can provide support during a
transmission, substation, or major feeder outage. Therefore, the new Belmont delivery point is
recommended as discussed in Section 6.4.2, New Substations, DP' sand MP's.

The Village of Belmont is served at the very end of circuit AL13 and is experiencing very poor
reliability. Therefore, the new Belmont delivery point will significantly increase service to the
village. The new delivery point should serve approximately one-haf the load and contain one-
half the amount of primary line exposure of the existing circuit AL13 of Alton substation. This
will idedly improve riability by afactor of four.

There is another three-phase line upgrade that will provide yet another tie from the Barnstead
substation service area to circuit AL13. This project is discussed in greater detail in the circuit
BS12 section 6.5.2.3 of the reliability review.

Projects AL-R3, AL-R4, and BM-R1 are recommended to improve looped capability on the
existing long, heavily loaded, single-phase lines. These proposed tie-lines will alow greater
flexibility in selecting future normal-open switch locations as well.

6.4.2.2 Circuit AL14

This circuit had the worst reliability of all the feeders in the Alton district. The following figure
indicates the consumer-hours by cause.
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Figure 6-6 Circuit AL 14 Per centage of Customer-Minutes Out by Outage Cause

There were only two feeder outages that contributed about 10% of the consumer-hours, although
outages in the second zone of protection caused the reiability indices to significantly increase.
Specifically, there were seven outages that caused the operation of reclosers AL14R13 in the
three-phase line at the beginning of the second zone of protection, therefore disrupting service to
more than 800 members for each occurrence. These outages caused about 25% of the total

consumer-hours on this circuit. More importantly, 91 of the 137 total outages on circuit AL14
occurred within the second zone of protection. The following table shows outage information by
zone for circuit AL14.

Table6-9 Circuit AL 14 Outage | nformation By Overurrent Protection Zone

Protection Zone' | Recloser Number | Phase| Outages| % | Consumer-Hours | %
1 AL14R ABC 21 16 4,465 12
2° AL14R11 AB 19 14 1,890 5
2 AL14R13 ABC 91 68 31,000 83
3 AL14R14 B 3 2 35 0
Totas| 134 | 100 37,390 100
! Reclosar-to-recloser, excluding fuses.
2 Veephase tap off the first zone of protection.

Approximately 60% of the consumer-hours in the second zone were due to tree contact and
accidents, with each cause contributing about equal shares. Therefore, increased tree trimming,
right-of-way clearing, and more detailed outage information due to weather causes should
increase reliability within the second zone. Depending upon outage locations, additional
overcurrert protection devices, and/or zones of protection may aso prove to be beneficid.
Furthermore, it appears the three-phase line in the second zone is routed along the older Highway
11D. If the 3.5 miles of primary line were re-located to the adjacent Highway 11 road right-of-
waly, increased operations and maintenance practicality may be noticed.
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The possibility of new tie-lines or interconnections with neighboring utilities near the extremities
of circuit AL14 proved to be insufficient. If these facilities develop in the future, the possibility
of interconnection should be re-evaluated. Therefore, there are no distribution construction
projects recommended for reliability purposes on this feeder. As previousy mentioned,
improved O&M and sectionalizing, plus further investigation into outage causes and locations
appear to be the best solutions for reliability.

6.4.2.3 Circuit BS12

The outage indices for this circuit were dightly less than the didtrict average, but were ill
higher than the NHEC system average. A SAIDI of 4.61 met the reliability criteria for arura
type feeder, but the SAIFI of 2.05 exceeded the religbility criteria.  The consumer-hours of
outages by cause for circuit BS12 can be seen below.
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Figure 6-7 Circuit BS12 Per centage of Customer-Minutes Out by Outage Cause

The figure indicates that the magjority of the consumer-hours were due to weather caused
problems. More specific information should be logged for al future outages due to weather to
assst in the reliability review and recommendations. Data examples include type of weather,
what actualy occurred as aresult, and the type of equipment failure.

Three outages occurred within the first zone of protection, therefore causing entire feeder
outages. These three outages, out of the 46 total, were accountable for about 60% of the
consumer-hours.  Furthermore, on average, each one of these outages lasted 2.4 hours, which
significantly affected the SAIDI outage index. Project BS-R1, the conversion to three-phase to
form atie-line between circuits AL13 and BS12, will provide an alternate source to circuit BS12
that will improve reliability by reducing outage durations for substation or major feeder outages.
This project is estimated to cost gpproximately $280,000. If the construction cannot be
accomplished by using the proposed route, an aternate route is shown on the circuit diagram.

Projects BS-R2 and BS-R3 are recommended to provide looped capability to the existing single-
phase lines. Due to difficult right-of-way access, BS-R3 should be installed underground.
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6.4.2.4 Circuit BS13

This is the longest feeder in the Alton district, as well as one of the longest feeders on NHEC's
system at a length of approximately 30 miles. This configuration cased feeder BS13 to
experience a SAIDI of 6.8 and SAIFI of 3.91. Outages by customer-minutes can be seen in the
following figure.
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Figure 6-8 Circuit BS13 Per centage of Customer-Minutes Out by Outage Cause

The top three causes were relatively close with tree contact being the mgor cause at 34 percent.
Interestingly, 88 percent of the consumer-hours from tree contact occurred within either the first

or second zone of protection. A breakdown of consumer-hours by zone can be seen in the
following table.

Table6-10 Circuit BS13 Outage I nformation By Overurrent Protection Zone

Protection Zone' | Recloser Number | Phase| Outages| % | Consumer-Hours | %
1 BS13R ABC 12 15 6,658 44

2 BS3R12 ABC 16 19 3,060 21

3 BS3R13 ABC 36 43 3,806 26

4 BS3R14 ABC 1 1 440 3

5 BS3R15 ABC 18 22 945 6

Totals 83 100 14,909 100

! Reclosar-to-recloser, excluding fuses.

Notice that 9,700 consumer-hours, or 65% of the total, occurred within the first or second zones.
Of this 9,700, about equal amounts were due to either tree contact or material failures.

Project DF-R1 is a proposed three-phase tie- line with circuit DF12 in the Raymond district. The
tie-line is recommended to provide backup capabilities between circuits BS13 and DF12. This

Power System Engineering, Inc. 6-22



project will provide major benefits if the three-phase tap of BS13 that heads south aong
Highway 43 experiences any significant growth. The existing Deerfield elementary school is
located on this tap, and is expected to see an increase in load over the planning period. This
three-phase tap can remain on the Barnstead substation due to the proposed project LE-6, which
transfers about 800 kW of load from BS13 to LE12. Buit if this area experiences notable gowth,
the load on the three-phase tap may be transferred to circuit DF12 for voltage, capacity, and
reliability purposes. The cost of project DF-R1 is about $425,000 for 5.0 miles of new three-
phase 336 ACSR.

6.4.2.5Circuit ND12

Surprisingly, circuit ND12 had a dightly higher SAIFI than SAIDI index, which is very
uncommon compared to the vast mgority of the NHEC circuit indices. This is due to the fact
that there were outages that affected many members, but were of significantly shorter duration.
Specifically, the average outage length was 1.06 hours. The consumer-hours by cause are shown
in the following figure.
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Figure 6-9 Circuit ND12 Per centage of Customer-Minutes Out by Outage Cause

The figure indicates that a tree contact problem is overwhelmingly contributing to the outages.
The magjority of these are occurring within the first zone of protection. In fact, about 76% of the
consumer-hours occurred within this first zone.

Overall, though, this circuit’s reliability is much better than average, and therefore does need any
particular attention.
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6.4.3 Circuits That Meet Reliability Criteria

6.4.3.1Circuit AL11

This circuit met both SAIDI and SAIFI reiability limits.  Service to NHEC members on the east
side of Lake Winnipesaukee comes from this feeder. The main feeder does not appear to be
routed along any magjor highway, and therefore may be surrounded by dense forestry contributing
to the tree caused outages. For example, dightly less than one-half of the total customer-minutes
were due to tree problems. Furthermore, the current NHEC Construction Work Plan indicates
various sections of lineswill be upgraded to tree wire, which should decrease outages due to tree
contact.

Project AL-R1 is recommended for increased capacity between the Alton substation and New
Durham delivery point during backup conditions. Congtruction project AL-R2 is a tie-line
between the two long single-phase taps, which will improve reliability for 85 members.

6.4.3.2 Circuit AL12

Similar to Circuit AL11, this circuit is shorter in length and has experienced better than average
reliability. Two-thirds of the outages were due to tree contact. Furthermore, two feeder outages
contributed about half of the total consumer-hours. Both of these outages were also caused from
tree contact.

There are no distribution construction projects proposed for reliability purposes on circuit AL12.

6.4.3.3 Circuit ND11

One of the most reliable circuits in the Alton district was circuit ND11, which met both SAIDI
and SAIFI criteria. There was only one feeder outage, and it lasted less than an hour. The
majority of consumer-hours of outage, approximately 60%, occurred within the second zone of
protection along Merry Meeting Road.

There are no proposed projects for reliability purposes on this circuit.

6.5 Cost Estimates

A summary of the cost estimate for the proposed 5-Y ear, 10-Y ear and 20-Y ear Plans is provided
in the following table. Cost estimate details for the proposed New Tie Lines, Conversions and
Line Changes, New Substations, Delivery Points and Meter Points and Substation, Delivery
Point and Meter Point Changes, which were discussed in the previous sections and shown on the
Proposed System Circuit Diagram, are provided in the “ Construction Cost Details [table]” at the
end of Section 6.0. Unit cost information is included in this report as Exhibit I11. When future
reference is made to these cost estimates, material and labor prices should be reviewed to
incorporate existing market conditions.
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Table6-11 Construction Cost Summary

2004-2008 2009-2013 2014-2023 2004-2023
Cost ($) Cost ($) Cost ($) Cost ($)
New Tie Lines 0 97,720 0 97,720
Conversions and Line Changes 794,000 847,620 316,610 1,958,230
New Substations, DP's and MP's 200,000 0 0 200,000
Substation, DP and MP Changes 0 0 320,000 320,000
Total 994,000 945,340 636,610 2,575,950
Projects for Improved Reliability 504,680 62,820 12,760 580,260

Table6-12 Substation Load Data Projections

Substation Existing System Configuration Proposed System Configuration
Delivery Point 2003 2008 2013 2023 2008 2013 2023
or Meter Point Load Load Load Load Load Load Load

Name Ckt. | Season kW kW kw kW kW kW kW
Alton Substation AL11 W 1,654 1,776 2,919 3,251 1,776 2,919 3,251
AL12 W 569 1,852 2,741 2,898 1,852 2,741 2,898
AL13 W 3.545 4,152 4,677 5.345 1.850 2.090 2.385
AL14 \W 2.561 2.719 2.902 3,413 2.719 2.902 3.413
Sub W 8,329 10,499 13,239 14,907 8,197 10,652 11,947

Belmont DP. W 1.910 2,150 2.460

New Durham ND11 wW 1,418 1,536 1,661 1,905 1,536 1,661 1,905

Substation ND13 W 805 868 954 1138 868 954 1.138

Sub Wi 2,223 2.404 2,615 3.043 2,404 2,615 3.043

Barnstead Substation | BS12 W 1,098 1,185 1,268 1,445 1,185 1,268 1,445
BS13 W 1.838 2115 2381 2972 1.381 1554 1.940

Sub W 2,936 3.300 3,649 4,417 2,566 2,822 3.385

Raymond District W 13,488 16,203 19,503 22,367 15,077 18,239 20,835
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Project Reason| @ L oad Estimated
Code | YR Sub/Ckt Project Description Code |(@mps) | Miles Cost ($)
I.New TieLines
ND-3 2013 New Durham/ND13 3ph 1/0 ACSR CDhV 35 0.90 61,200
AL-3 2013 Alton / AL11 1ph 1/0 ACSR \Y 30 0.20 12,760
BM-4 2013 Belmont/ East 1ph 1/0 ACSR S - 0.40 23,760
Total New Tie Lines 1.50 97,720
I1. Conversionsand Line Changes
301 2004 Alton / AL11 2.4 kV to 7.2 kV conversion WP - - 190,000
302 2005 Alton / AL11 3ph 1/0 ACSR to 3ph 336 ACSR WP - 0.40 50,000
308 2005 Alton / AL14 1ph 6 CU to 3ph 1/0 ACSR WP - 0.50 50,000
309 2005 Alton / AL14 2.4 kV to 7.2 kV conversion WP - 2.50 130,000
AL-2 2013 Alton / AL11 1ph 1/0 ACSR to 3ph 4/0 ACSR CDbhV 45 2.50 212,500
AL-4 2023 Alton / AL12 1ph 1/0 ACSR to 3ph 1/0 ACSR C,D 45 0.60 51,000
AL-5 2013 Alton / AL13 1ph 1/0 ACSR to 3ph 4/0 ACSR F - 5.00 425,000
AL-6 2013 Alton / AL14 1ph 1/0 ACSR to 3ph 1/0 ACSR CDbyV 45 2.80 190,400
AL-7 2005 Alton / AL14 3ph 4 CU to 3ph 4/0 ACSR ACV 50 4.40 374,000
AL-8 2023 Alton / AL14 1ph 4CU to 3ph 1/0 ACSR C,D 45 0.30 28,560
BM-2 2023 Belmont / East 1ph 1/0 ACSR to 3ph 1/0 ACSR C,D 45 1.40 95,200
BM-3 2013 Belmont / East 1ph 1/0 ACSR to 3ph 1/0 ACSR D,S - 0.20 19,720
ND-1 2023 New Durham/ND12 2ph 4/0 ACSR to 3ph 4/0 ACSR (add 1) CDV 45 2.80 36,400
ND-2 2023 New Durham/ND12 2ph 1/0 ACSR to 3ph 1/0 ACSR (add 1) CDV 45 2.40 31,200
ND-4 2023 New Durham/ND12 3ph 4 CU to 3ph 336 ACSR AB 50 0.60 74,250
Total Conversions and Line Changes 26.40 1,958,230
I11. Projectsthat have Potential Reliability mprovement
AL-R1 2004 Alton / AL11 3ph 4CU to 3ph 336 ACSR 2.00 198,000
AL-R2 2007 Alton / AL11 1ph 1/0 ACSR 0.30 18,480
AL-R3 2008 Alton / AL13 1ph 1/0 ACSR 0.10 6,600
AL-R4 2013 Alton / AL13 1ph 1/0 ACSR 0.30 18,480
BM-R1 2013 Belmont / East 1ph 1/0 ACSR 0.40 23,760
BS-R1 2006 Barnstead / BS12 3ph 4/0 ACSR 3.20 281,600
BS-R2 2023 Barnstead / BS12 1ph 1/0 ACSR 0.20 12,760
BS-R3 2013 Barnstead / BS12 1ph 1/0 AL 0.30 20.580
Total Potential Reliability Improvements 6.80 580,260
Total of all projects 34.70 2,636,210
Total by year for first 4 years (includes reliability projects)
2004 2.00 388,000
2005 7.80 604,000
2006 3.20 281,600
2007 0.30 18,480
2008 0.10 6,600
2013 13.00 1,008,160
2023 8.30 329,370
Total 34.70 2.636.210
Reason Code(s)
A To replace Aged and deteriorated lines that are expected to reach the end of their useful life.
B To improve Backup between circuits and substations.
Cc To provide additional Capacity.
D To Divide the load for improved load balance, voltage, sectionalizing and reliability.
F To accommodate Future load.
S To accommodate new System configuration as a result of other projects.
U To replace old 175 Mil bare concentric neutral Underground cable in poor condition.
\% To improve Voltage.
WP As per NHEC 2001-2005 Construction Work Plan.
! @ Load (amps) column indicates the load at which the project is to be implemented.
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Proj ect Estimated
Code YR Name Project Description Cost ($)
IV. New Substations, Delivery Pointsand M eter Points
2004-2008 Time Period
BM-1 2008 Belmont/ East New Delivery Point, 5/7 MVA, 19.9/34.5 - 7.2/12.47 | 200,000
Total 2004-2008 200,000

BM-1  Project BM-1 is recommended when circuit load reaches 200 amps/phase or when
voltage drop In substation regulator zone reaches 8 volts, whichever comes first.

2009-2013 Time Period

None

2014-2023 Time Period
None

V. Substation, Delivery Point and M eter Point Changes
2004-2008 Time Period

Total 2004-2008 0

2009-2013 Time Period
Total 2009-2013 0

2014-2023 Time Period
AL-1 2023 Alton Substation New 12/16/20 MV A 34.51t0 7.2/12.47 kV transformer 200,000

BS1 2023 Barnstead Substation New 5/7 MV A 34.5to0 7.2/12.47 kV transformer 120,000
Total 2014-2023 320,000
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Table6-14 Summary of Reliability I ndices by Feeder

Members #

DISTRICT CKT YEAR Out Cons-Hours| Consumers - SAIFI SAIDI | CAIDI

ALTON AL11 2000 307 470 967 0.32 0.49 1.53

2001 787 912 967 0.81 0.94 1.16

2002 766 2,022 967 0.79 2.09 2.64

Totals 1,860 3,404 2,901 Average 0.64 1.17 1.83

AL12 2000 32 24 310 0.10 0.08 0.75

2001 86 88 310 0.28 0.28 1.02

2002 909 1,099 310 2.93 3.55 1.21

Totals 1,027 1211 930 Average 1.10 1.30 1.18

AL13 2000 6,499 8,154 1,908 341 4.27 1.25

2001 5,841 7,070 1,908 3.06 3.71 1.21

2002 5,976 21,612 1,908 3.13 11.33 3.62

Totals 18,316 36,836 5,724 Average 3.20 6.44 2.01

AL14 2000 4,127 10,386 1,795 2.30 5.79 2.52

2001 1,248 4,244 1,795 0.70 2.36 3.40

2002 12,235 22,807 1,795 6.82 12.71 1.86

Totals 17,610 37,437 5,385 Average 3.27 6.95 2.13

BS12 2000 1,767 4,630 749 2.36 6.18 2.62

2001 1,327 1,885 749 1.77 2.52 1.42

2002 1,506 3,839 749 2.01 5.13 2.55

Totals 4,600 10,354 2,247 Average 2.05 4.61 2.25

BS13 2000 3,472 4,568 817 4.25 5.59 1.32

2001 1,554 3,611 817 1.90 4.42 2.32

2002 4,560 6,735 817 5.58 8.24 1.48

Totals 9,586 14,914 2,451 Average 3.91 6.08 1.56

ND11 2000 1,165 1,070 833 1.40 1.28 0.92

North 2001 670 1,888 833 0.80 2.27 2.82

2002 995 1,602 833 1.19 1.92 1.61

Totals 2,830 4,560 2,499 Average 1.13 1.82 1.61

ND12 2000 207 171 344 0.60 0.50 0.83

South 2001 580 599 344 1.69 1.74 1.03

2002 1,724 1,686 344 5.01 4.90 0.98

Totals 2,511 2,456 1,032 Average 2.43 2.38 0.98
District

Total 2000 17,576 29,473 7,723 2.28 3.82 1.68

2001 12,093 20,297 7,723 1.57 2.63 1.68

2002 28,671 61,402 7,723 3.71 7.95 2.14

Totals 58,340 111,172 23,169 Average 252 4.80 1.91

*-Indices EXCLUDE: outages affecting <5 members, outages <5 minutes duration, Power Supplier Caused, Major

Sorms, any 34.5 kV outages on either NHEC or PSNH's system ("High Side" Outages).
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7.0 Andover District

7.1 Load Analysis

The Andover District contains 3 delivery points, which accounted for about 4.8 percent of
NHEC's load in 2002. The ddlivery points of Alexandria, Northfield, and Franklin had
respective 2002 peak demands of 624, 3,118, and 4,800 kW. Alexandria and Franklin delivery
points are winter peaking. Northfield has peaked twice in the fdl, once in the summer and once
in the winter in the last four years.

The Alexandria ddlivery point has about 6.6 percent as many consumers as population in the
towns that it serves. Consumer growth is expected to exceed town population growth with the
CPR increasing from 6.7% in 2003 to 7.5% in 2023. The number of active consumers served by
this delivery point increases at an average annual rate of 1.9% compared to town population
increases at an average annual of 1.4% over the 2002 to 2023 period.

The Alexandria demand per consumer was 1.42 kW in 2002, which is the second lowest figure
for al NHEC ddivery points. Demand per consumer is expected to remain constant over the
forecast horizon, which yields an average annua load growth of 1.9%.

The forecasts of consumers and loads are shown in Table 7-1 and Figure 7-1.

Table 7-1 Alexandria DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 6,425
2001 6,542
2002 6,613 0.0664 439 1.421 624
2003 6,713 0.0668 449 1.421 638
2004 6,813 0.0673 458 1.421 651
2005 6,914 0.0677 468 1.421 665
2006 7,014 0.0681 478 1.421 679
2007 7,114 0.0686 488 1.421 693
2008 7,215 0.0690 498 1.421 707
2013 7,724 0.0710 548 1.421 779
2023 8,780 0.0746 655 1.421 930
Growth Rates
2002 - 2003 1.51% 0.67% 2.19% 0.00% 2.19%
2002 - 2008 1.46% 0.64% 2.11% 0.00% 2.11%
2002 - 2013 1.42% 0.61% 2.04% 0.00% 2.04%
2002 - 2023 1.36% 0.55% 1.92% 0.00% 1.92%
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Figure 7-1 Higtorical and Forecasted Alexandria DP Demands

The Northfield delivery point serves low proportion of the service area population with a 2002
CPR of about 6.2 percent. The CPR is projected to increase dightly over the forecast period to
about 6.5 percent. The average annual growth rate for consumers is 0.3%.

The demand per consumer for this delivery point was about 3.66 kW in 2002, the fifth highest on
the NHEC system. Thisis primarily due to alarge industrial load (Freudenberg Inc.). The DPC
is expected to decrease to about 3.02 kW by 2023, since the new connections will reduce the
effect of the large industrial load aready being served. The forecasts of consumers and loads are
shown in Table 7-2 and Figure 7-2.
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Table 7-2 Northfield DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 13,243
2001 13,576
2002 13,814 0.0617 852 3.660 3,118
2003 13,989 0.0619 865 3.615 3,128
2004 14,163 0.0620 879 3.572 3,139
2005 14,338 0.0622 892 3.531 3,150
2006 14,509 0.0624 905 3.492 3,162
2007 14,681 0.0626 919 3.455 3,175
2008 14,854 0.0628 932 3.419 3,187
2013 15,718 0.0636 999 3.261 3,259
2023 17,488 0.0651 1,138 3.017 3,435
Growth Rates
2002 - 2003 1.27% 0.30% 1.57% -1.23% 0.33%
2002 - 2008 1.22% 0.29% 1.51% -1.13% 0.37%
2002 - 2013 1.18% 0.28% 1.46% -1.04% 0.40%
2002 - 2023 1.13% 0.26% 1.39% -0.91% 0.46%
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Figure7-2 Historical and Forecasted Northfield DP Demands

The Franklin delivery point has about 14.4 percent as many consumers as population in the
towns that it serves. Consumer growth is expected to match town population growth, a an
average annua rate of about 0.8%. The 2002 DPC of 1.86 kW is below the NHEC system
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average, and is expected grow at an average annua rate of about 0.11% through 2013, and then
diminish from 2013-2023. This growth pattern reflects district manager views that incremental
homes on this system will be larger than average (2.0 kW per Consumer) for the next decade but
then will return to current demand levels of 1.85 kW per consumer.

The forecasts of consumers and loads are shown in Table 73 and Figure 7-3. Included in the
load growth forecast are three loads on the WB11 Circuit as shown in Table 7-4.

Table 7-3 Franklin DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR consumers DPC Peak kW
2000 17,540
2001 17,798
2002 17,973 0.1439 2,586 1.856 4,800
2003 18,120 0.1441 2,612 1.859 4,855
2004 18,264 0.1441 2,632 1.861 4,899
2005 18,412 0.1441 2,654 1.863 4,945
2006 18,555 0.1441 2,674 1.865 4,989
2007 18,699 0.1441 2,695 1.868 5,033
2008 18,845 0.1441 2,716 1.870 5,078
2013 19,574 0.1441 2,821 1.879 5,301
2023 21,087 0.1441 3,039 1.864 5,666
Growth Rates
2002 - 2003 0.82% 0.17% 0.99%  0.15% 1.14%
2002 - 2008 0.79% 0.03% 0.82%  0.12% 0.94%
2002 - 2013 0.78% 0.02% 0.79%  0.11% 0.91%
2002 - 2023 0.76% 0.01% 0.77%  0.02% 0.79%
Table 7-4 Franklin DP Spot L oads | dentified
YEAR
. N 2004- 2009- 2014-
Substation | Circuit Load Type
yp 2008 2013 2023
Load (kW)
Proctor Academy 75 75 75
WB11
Webster Golf Course/_C_ogntry Club 50 50 25
Subdivision 20 10 10
WB12 None
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Figure 7-3 Historical and Forecasted Franklin DP Demands

7.2 Transmission System

7.2.1 Bulk Power Transmission System

NHEC's Andover District is served at 34.5 kV from PSNH’s Laconia, Pemigewasett and
Webster substations. These substations are supplied from the 115 kV system. Webgter
Substation is the area's mgior 115 kV bulk supply substation with six 115 kV circuits. Laconia
and Pemigewasett Substations are each looped with two 115 kV lines. The second Webster-
Laconia 115 kV circuit was devel oped and placed in service in 2003.

7.2.2 34.5 kV Subtransmission System

The Andover Didtrict is supplied at 34.5 kV at three delivery points by PSNH. NHEC's
Alexandria Substation is served by the Pemigewasett 3114 feeder, and the Northfield and
Franklin ddlivery points by the Webster-Laconia 398 feeder.

Substation transformer capacity and base case and coincident peak demands for planning
purposes are reflected in Table 7.3 below. The coincident peak demands reflect PSNH and
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NHEC coincident pesks in 2002/03 and forecasted peaks in 2023 and are based upon an annual
growth rate of 1.76 percent in the summer peak and 0.93 percent in the winter peak.

Table 7-5 Andover District 34.5kV System and L oad

Coincident Peak Loads— MVA
PSNH 115-34.5 kV Transformer 345kV Summer Winter
Substation | Summer Capacity  Winter Capacity | Feeders 2003 2023°% 2002 2023
Ashland 1-31 MVA 1-41 MVA 2 27.9 28.8| 16.4 29.9
Pemigewasett 1-28 MVA 1-32 MVA 3 13.3 19.4| 13.8 16.4
Laconia 2-51 MVA 2-64 MVA 5 63.6 89.4 | 45.9 65.7
1-22, 1-31, 1-32
Webster 1-17, 2-25 MVA MVA 3 28.0 40.9 30.3 | 24.8

Base power flow studies for the summer 2003/2023 and winter 2002/2023 coincident peak
conditions indicate there are no deficiencies after the PSNH construction and operating upgrades
which were placed in service in June, 2003. PSNH completed the addition of a second 115 kV
Webster-Laconia line which looped Laconia and rebuilt portions of the Webster-Laconia 337
feeder. PSNH aso opened the Laconia-Webster 337 and 398 feeder |oops which were operated
closed and in a network configuration. In 2005, PSNH plans on increasing the capacity of the
115-34.5 kV transformers at Ashland and Pemigewasett substations. This additional substation
transformer capacity is necessary to avoid contingent overloading of the existing transformers.

7.2.3 Contingency Performance

PSNH'’s Ashland, Laconia, Pemigewasett and Webster Substations are all looped at 115 kV. The
outage of any single 115 kV circuit will not result in an outage to Laconia or Webster
Substations. The 115 kV system supplying Ashland and Pemigewasett utilizes a line breaker
eectricaly between Ashland and Pemigewasett for sectionalizing protection on the Webster-
Beebe River 115 kV line. In this protective arrangement, a substation and serving 115 kV line
section could be outaged simultaneously to preserve service to the other substation.

NHEC's Alexandria Substation is served from aradial tap of Pemigewasett 34.5 kV feeder 3114.
Pemigewasett feeder 3114 is looped to feeder 3149 at the Ayers Idand Hydro Plant. The loop tie
between these feeders is rated a 17 MVA for a winter emergency and 12 MVA summer
emergency and provides sufficient capacity to serve winter loads through the planning period but
will be beyond summer capacity ratings in 2004.

NHEC's Franklin and Northfield delivery points are served from the Webster-Laconia 398
feeder loop and full first contingency capability exists through the planning period with the
completion of PSNH’ s 2003 Webster-Laconia 115 kV and 34.5 kV upgrade projects.

The Webster-Laconia 337 and 398 feeders 34.5 kV feeder loops were operated closed in a
network configuration. PSNH is now operating these loops open which will remove

% Reflects the addition of anew 115— 34.5 kV substation at PSNH’ s Brentwood Substation
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approximately 70 percent of the feeder exposure to outages for NHEC' s Franklin and Northfield
ddivery points and thus lessen the feeder outages by the same percentage.
7.24 Historical Reliability

A review of the 34.5 kV subtransmission outages for the period of 2000-2002 indicated that
Alexardria averages 0.67 outages per year, and Northfield and Webster have not experienced
any outages during thistime.

All annual outage rates are within the NHEC design criteria.

7.2.5 Construction Plan Summary

The following PSNH construction projects are planned for the PSNH system serving the
Andover Didtrict.

Table 7-6 PSNH Subtransmission Construction Plan - NHEC Andover District

L ocation Proj ect Y ear
Webster-Laconia Second Webster to Laconia 115 kV Circuit 2003
Webster-Laconia Rebuild Webster-Laconia 337 34.5kV feeder | 2003
Pemigewasett Substation | Increase 115-34.5 kV transformer capacity 2005
Ashland Substation Increase 115-34.5 kV transformer capacity 2005

7.3 Distribution System

7.3.1 General

The following discusses the recommended construction projects by substation, DP or MP service
area dong with various alternatives. Project item numbers referred to in the discussion are shown
on the Proposed System Circuit Diagram and in the cost tables. The projects and item nunmbers
shown in GREEN are anticipated in the 2003-2008 Transition Plan time period. Projects and
item numbers shown in BLUE are projected to be needed in the 2009-2013 Transition Plan,
while projects and item numbers shown in RED are in the remaining 2014-2023 time period.
Projects based on improving reliability are shown in ORANGE and are discussed in Section 7.4,
Distribution System Reliability. Section 5.0, Planning Approach, provides information related to
the development of the Long Range Plan. The “Substation Load Data Projections [table]” at the
end of Section 7.0 shows the 2003, 2008, 2013 and 2023 peak load levels for each substation,
DP, MP and circuit using the existing system configuration and proposed system configuration.

7.3.2 New Substations, DP’'s and MP’s

One new substation is recommended in the Andover Didtrict during this 20-year planning period
for voltage, capacity, and reliability reasons. The new Wilmot Substation is located in the
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Township of Wilmot along Highway 11. The new substation will provide load relief and
improved reliability to the heavily loaded Circuit WB11 of the Webster Substation.

7.3.3 Substation, DP and MP Changes

The following table shows the projected kW for the Long Range Plan design load leve,
Proposed System Arrangement, as a percent of existing and proposed substation transformer and
regulator capacity. The percent of capacity is calculated using a 98 percent power factor and 10
percent load unbalance. Proposed capacity upgrades that are anticipated for serving normal load
and/or for backup or for the ordinary replacement of aged transformers are shown in [bold].
The notes at the bottom of the table indicate the reason for the change and provide the project
number.

Table7-7 Substation Transformer and Regulator Data

Transformer Voltage Regulator
Rating (kVA) Est. Est.
Name OA | FA | OA | FA | Win |Load|Capacity| Size | Load [Capacity
55° 55° 65° 65° | Season [(kW)| (%) [|(AMP)[{(AMP)| (%)
Alexandria DP * 2,500 | 3,125 | 2,800 | 3,500 | 3,080 | 946 31 -- 49 --
Northfield Sub 3,750 | -- -- -- 4,125 |3,237 150 | 168 112

\Webster Sub 3 5,000 | 5,750 | 5,600 | 6,440 | 7,000 |5,786 328 | 301 92
Webster Sub>® | 5,000 | 6,250 | 5,600 | 7,000 | 7,700 |5,786 328 | 301 92
Webster Sub >4 5,000 | 6,250 | 5,600 | 7,000 | 7,700 |3,824 38 328 149 45
\Wilmot Sub * 5000 | -- 5600 | -- 6,160 |1,815 30 219 94 43
1 Fans are not installed.

2 Upgrade to replace aged equipment. Projects NF-1 and WB-1.

® Estimated load is before transfer to new substation.

4 Estimated load is after transfer to new substation.

80
Northfield Sub®2 | 5,000 | 6,250 | 5,600 | 7,000 | 6,160 |3,237| 54 219 | 168 77

84

77

Project NF-1 is the replacement of the existing 3-1,250 kVA transformers with a new 5/7 MVA
transformer. The existing transformers were purchased in 1968 and replacement due to age is
expected.

Project WB-1 is the replacement of the existing 3-1,667 kV A transformers with a new 5/7 MVA
transformer. The existing transformers were purchased in 1969 and replacement due to age is
expected.

No conversion to a different distribution system operating voltage is recommended at any of the
substations or delivery points. The distribution operating voltage isto remain at 7.2/12.47 kV.

Power System Engineering, Inc. 7-9



7.3.4 Alexandria Delivery Point Service Area

7.3.4.1 Existing System Review

The Alexandria Delivery Point is forecasted to serve 946 kW of pesk load in 2023. The
Alexandriaareais served by one 7.2 kV single-phase circuit (AX11) and one 7.2/12.47 kV three-
phase circuit (AX12). Circuit AX11 serves approximately 24 percent of the total load and AX12
serves the remaining 76 percent.

Circuit AX11 is approximately 5.5 long and has no ties to other circuits. The main line conductor
is /0 ACSR. No line capacity deficiencies or areas with low voltage are anticipated during this
planning period provided the voltage at the DP is 120 volts or higher.

On Circuit AX12, voltage regulators are ingtaled in the main three-phase line approximately 1
mile from the DP. Just beyond the regulators, Circuit AX12 splits into north and west feeders.
The west feeder continues with three-phase for another 2 miles and then single-phase lines
continue for another 3 miles. The north feeder continues with vee-phase for about 5 miles and
then single-phase lines continue for another 4 miles. Neither of the feeders have a tie to another
circuit. The three-phase, vee-phase and most of the single-phase lines are 1/0 ACSR. No line
capacity deficiencies or areas with low voltage are anticipated during this planning period
provided the voltage at the DP is 120 volts or higher.

7.3.4.2 Recommended Plan

There are no distribution system primary line construction projects anticipated as necessary for
voltage and/or capacity reasons on either Circuit AX11 or AX12. Projects based on improving
reliability are discussed in Section 7.4.

7.3.5 Northfield Substation Service Area

7.3.5.1 Existing System Review

The Northfield Substation is forecasted to serve 3.2 MW of peak load in 2023. The Northfield
areais served by two circuits: NF12 and NF13. Circuit NF12 serves approximately 78 percent of
the tota load with NF13 serving the remaining 22 percent.

Circuit NF12 is approximately 13 miles long and has no ties to other circuits. The main three-

phase line is approximately 6.5 miles long. The first 4 miles are 4/0 ACSR, the next 0.5 miles are
1/0 ACSR and then 2 miles of 336 ACSR. A voltage regulator is instaled in the main single-

phase line about 9.6 miles from the substation. No line capacity deficiencies or areas with low
voltage are anticipated during this planning period.

Circuit NF13 is approximately 9 miles long and has no ties to other circuits. The main three-
phase line is approximately 4.2 miles long and is 1/0 ACSR. No line capacity deficiencies or
areas with low voltage are anticipated during this planning period.
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7.3.5.2 Recommended Plan

There are no distribution system primary line construction projects anticipated as necessary for
voltage and/or capacity reasons on either Circuit NF12 or NF13. Projects based on improving
reliability are discussed in Section 7.4.

7.3.6 Webster Substation Service Area

7.3.6.1 Existing System Review

The Webster Substation is forecasted to serve 5.8 MW of peak load in 2023. The Webster areais
served by two 7.2/12.47 kV circuits: WB11 and WB12. Circuit WB11 serves approximately 82
percent of the total load and WB12 serves the remaining 18 percent.

Circuit WB11 serves approximately 48 percent of the total Andover District load. The three-
phase feeder main is about 11 miles long and then splits into northwest and southwest feeders.
The northwest three-phase feeder continues for another 4.5 miles and then single-phase for
another 12 miles. The southwest three-phase feeder continues for 2 miles and then single-phase
for another 4 miles. The 11-mile feeder main and the two- mile southwest feeder is 336 ACSR.
The 4.5-mile northwest feeder is /0 ACSR. Two sets of voltage regulators are installed in the
main line. The first set is approximately 5.3 miles from the substation and the second set is
approximately 9.5 miles from the substation. Another voltage regulator is installed further out on
the single-phase line on the northwest feeder. This circuit is considered to have a capacity and
voltage problem since adequate voltage is being maintained through the use of multiple sets of
voltage regulators and capacitor banks.

Circuit WB12 is gpproximately 11 miles long and has no ties to other circuits. The main three-
phase line is gpproximately 7 miles long. The first 2 miles are 4/0 ACSR, the next one-mile is 4
CU, the next 3 miles are 2 ACSR and the last 1 mile is 4 CU. No line capacity deficiencies or
areas with low voltage are anticipated during this planning period.

7.3.6.2 Recommended Plan

Circuit WB11 is the heaviest loaded circuit in the Andover Didtrict with 4.7 MW of load
forecasted at the 2023 load level, which is causing voltage deficiencies. Therefore, a new
substation near the west end of the main three-phase line is recommended due to the availability
of PSNH facilities in the nearby area. Currently, PSNH’s 115 kV M-127 transmission line, as
well asthe 34.5 kV 316 transmission line provide interconnection possibilities. Both sources are
looped, and will therefore provide reliable service. The M-127 line crosses NHEC distribution
facilities, while the 316 line is located approximately 4.0 miles from the nearest NHEC three-
phase line. Therefore, due to the location of the 115 kV source, a new two-feeder substation,
115 — 7.2/12.47 kV, 5,000 kVA, is recommended. The costs between the two options are
comparable due to an additiona $400,000 in distribution costs for the 34.5 kV delivery point
aternative. Furthernore, the 115 kV substation will provide additional reliability due to a two-
feeder substation configuration compared to one feeder with the 34.5 kV delivery point option.
The additiona 4.0 miles of 336 ACSR distribution line needed with the 34.5 kV dtemnative
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causes more line exposure and would need to be routed adong Highway 11 in PSNH’s service
territory.  For purposes of this plan, the new Wilmot Substation is estimated to cost
approximately $600,000. The proposed system map shows the 115 kV intercomection
aternative, Wilmot Substation, and is designated as Project WL-1. The resultant circuit
configuration and normal-open switch locations are aso shown. The 34.5 kV option is aso
presented on the map as the Sutton Delivery Point and designated asWL-1 Alt. If the proposed
115 kV substation option cannot be accomplished, the 34.5 kV ddlivery point, along with the 4.0
miles of 336 ACSR distribution line, should be consdered. Regardless of which project is
implemented, about 1,800 kW of load and 675 members will be transferred from circuit WB11
to the new source.

Projects 313, 314 and 315 are al related to the conversion of old single-phase 4 CU lines
operated at 2.4 kV to single-phase 1/0 lines to be operated at 7.2 kV. The existing lines are in
poor physical condition. These projects were included in year 1 of the 2001-2005 Construction
Work Plan

Project 317 is the replacement of an old single-phase 4A CWC line with a new single-phase 1/0
tree wire line. The existing lines are in poor physical condition. This project was included in year
3 of the 2001-2005 Construction Work Plan

On Circuit WB12, Projects 319 and 321 are the replacement of a three-phase 4 CU line with a
three-phase 4/0 Hendrix cable line. The existing line was built in the 1930's and is in poor
physical condition. These projects were included in year 3 of the 2001-2005 Construction Work
Plan

Project WB-2 is the conversion of single-phase 1/0 ACSR to three-phase 4/0 Hendrix cable line.
The load on this single-phase line is estimated at 45 amps at the 2023 load level. The 1.1 mile
three-phase extension will improve voltage at the end of the line by improving load balance
along the three-phase main line and will improve reliability by dividing the load over additiona
phases.

7.4 Distribution System Reliability

7.4.1 Historical Reliability

The overall rdiability in the Andover district during 2000-2002 has been lower than the NHEC
system average, ranking the third worst of all NHEC districts. The following figure shows the
reliability for each of the Andover district feeders, as well asthe digtrict total.
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Figure 7-4 Andover District Average Réliability Indices

Further anadlysis indicated that the Andover District had the following outage cause contributions
for the top five categories.
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Figure 7-5 Andover District Percentage of Customer-Minutes Out by Outage Cause

Once again, the top two causes were tree contact and weather. Therefore, increased tree
trimming or the conversion to underground or tree wire may prove to be beneficia on feeders
that have a history of tree contact problems. Furthermore, detailed systematic outage record
keeping for wesather caused outages should be implemented.
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7.4.2 SAIDI & SAIFI

All circuits except AX11 exceeded the SAIFI rdiability criteriaof 2.0. Circuits AX12 and NF12
exceeded the rurd classified feeder SAIDI criteria of 5.0, while circuits NF13 and WB12
exceeded the suburban classified feeder criteria of 3.0 for SAIDI. Therefore, al circuits except
AX11 were analyzed for potentia reliability improvements.

7.4.3 Circuits That Exceed Reliability Criteria

7.4.3.1 Circuit AX12

Thisrura classified feeder had a SAIDI of 6.2 over the 2000-2002 period. The following figure
shows the cause categories responsible for customer-minutes of outages on circuit AX12.
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Figure 7-6 Circuit AX12 Per centage of Customer-Minutes Out by Outage Cause

There were 46 total outages on this feeder. Weather was responsible for the majority of both the
number of outages and customer-minutes of outages. Even though there are about 300 members
served by this feeder, only two weather caused outages affected more than 100 members per
event (106), while the remaining affected less than 100 members per event. Therefore,
obvioudly, this points to the fact that these outages were of significant duration. In particular,
these eighteen outages averaged more than four hours. Due to a history of weather problems,
any future weather related outage should be logged in greater detail, including the type of

weather, what actualy occurred as a result, and the type of equipment failure. This information
will assist grestly in the future review and mitigation process.

About 55% of the consumer-hours of outages on this circuit occurred on the vee-phase tap that
serves central Alexandria township. 42% of the customer-minutes on this tap were due to
weather caused outages. As previousy explained, future weather related outage information
recorded in great detail may help determine reliability solutions. In the interim, a single-phase
tie-line designated as Project AX-R1 will improve the backup potentia for al the 130 members
served in this area
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Project AX-R3 is needed to provide a backup source to the Alexandria Delivery Point. This
project will work in conjunction with Project WB-2, which is recommended for voltage and
capacity reasons. The Webster Substation and Alexandria Delivery Point are served by different
transmission lines, and will therefore be able to serve each other in contingency Situations during
transmission, substation, or distribution outages. Because of the high number of outages on the
main three-phase line of circuit WB12, this tie-line has a high potentia for reliability
improvement.

7.4.3.2 Circuit NF12

This circuit had the third poorest reliability in the district, in regards to the SAIDI index, with a
value of 5.47. A summary of the causes of outages is shown the following figure.
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Figure 7-7 Circuit NF12 Per centage of Customer-Minutes Out by Outage Cause

Almost 70% of the consumer-hours of outages and 50% of the outage events were caused by tree
contact. Thiscircuit basicaly consists of three-phase first and second zones of protection, and a
vee-phase and single-phase third zone of protection. The following table shows outage
information by zone.

Table 7-8 Circuit NF12 Outage | nformation by Protection Zone

Protection Zone' | Recloser Number | Phase| Outages | % | Consumer-Hours | %
1 NF12R12 ABC 14 27 1,020 15
2 NF12R13 ABC 20 38 3,655 53
3 NF12R14 AC 18 35 2,220 32
52 100 6,895 100

! Recloser-to-recloser, excluding fuses.

The mgjority of outages occurred within the second three-phase zone of protection. Nine
outages caused the operation of at least one of the single-phase reclosers NF12R13. Of the nine
outages, four caused an A-phase recloser operation, and two caused all three reclosers to operate.
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Within the third zone of protection, there were five outage events that caused the Aphase
recloser NF12R14 to operate and affect al 140 members on this phase. Only four of the
eighteen outages within the third zone affected C-phase members.

Project NF-R1 is the addition of a single-phase tie-line in the third zone of protection area. This
tiewill allow phase diversification so that the 140 members currently served on the A-phase can
be equally split over the A and C phases. Furthermore, four of the five outages affecting all 140
members on the A-phase in this area were due to tree contact. Therefore, increased tree
trimming, as well as an overcurrent protection update should be considered.

7.4.3.3Circuit NF13

This circuit exceeded the SAIDI criteria because of itsS suburban classification. Outages by
percentage of customer-minutes can be seen below.
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Figure 7-8Circuit NF13 Per centage of Customer-Minutes Out by Outage Cause

Three categories were responsible for over 80% of the customer-minutes, and were close in their
contribution as well. There were 53 outages that occurred on this feeder, which seems excessive
duetoits shorter length. It appears there were two feeder outages of short duration.

There appears to be no cost effective projects that will cause significant reliability impact on this
circuit. Due to the existing SAIDI of 3.3 that is very close to the reliability criteria of 3.0 for
suburban feeders, O& M or sectiondizing improvements may be the best solution.

7.4.3.4 Circuit WB11

The SAIDI index of 3.99 on circuit WB11 was better than the district average SAIDI of 4.72.
Therefore, overall, the reliability has been satisfactory. Although, due to the feeder
configuration and location, there are some proposals that will even further help reliability.
Outages by cause category can be seen in the following figure.
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Figure 7-9 Circuit WB11 Percentage of Customer-Minutes Out by Outage Cause

Outages caused by weather were responsible for more than half the consumer-hours of outages,
while tree contact outages ranked second at 33%.

Due the length of this feeder, an evauation of outage information by zone was completed and
can be seen in the following table.

Table 7-9 Construction Cost Summary

Protection Zone' | Recloser Number | Phase| Outages| % | Consumer-Hours | %
1° WB11R ABC 61 31 7,100 34
2 WB11R14 ABC 53 27 5,440 26
3 -- -- 36 18 2,748 12
3 WB11R24 ABC 29 14 2,054 10
4 WB11R17 ABC 10 5 1,640 8
5 WB11R19 B 9 5 2,061 10
198 | 100 21,043 100

" Reclosar-to-recloser, excluding fuses
2 Includes three-phase tap off first zone
% Taps off the main three-phase second zone of protection

The first zone of protection experienced one outage that affected all members, while the main
three- phase second zone of protection experienced three outages affecting 1374, 1193, and 1074
members. The above table indicates that about 34% of customer- minutes occurred within the

first zone of protection, with about half of these customer-minutes of outages due to the one
feeder outage.

This circuit has experienced satisfactory reliability, and therefore there are no projects that can
bejustified for purely reliability reasons. Although, Project WL-1, the addition of another
substation, as explained in the recommended plan for the Webster Substation area of the
distribution system report section will improve reliability. The existing 1,900 members will be
divided amongst three feeders of shorter length compared to the one long feeder. Furthermore,
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the new source will provide another backup to circuit WB11 during a transmission, substation, or
major feeder outage.

Reliability Project WB-R2 is recommended for backup to the 220 members located on the two
radial sngle-phase taps.

7.4.3.5 Circuit WB12

This feeder had the worst reliability in the Andover Digtrict with a SAIDI of 7.65. Not only did
the SAIDI index exceed the suburban feeder classification, it also highly exceeded the rural
feeder classification. Of particular interest, the SAIFI index was 5.39, which was one of the
highest on the NHEC system over the 2000-2002 time period.

The following figure indicates the customer- minutes of outages by cause.
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Figure 7-10 Circuit WB12 Per centage of Customer-Minutes Out by Outage Cause

This feeder basicdly consists of one long three-phase first zone on protection, with along single-
phase tap forming the second zone of protection. There were ten feeder outages affecting all
members on this circuit accounting for 62% of the total customer-minutes. These outages
caused the high SAIFI index of 5.39 as previoudy mentioned. A review of the outage locations
within the first zone of protection may indicate what needs to be accomplished to improve the
future reliability.

The mgjority of the main three-phase line will be rebuilt to 4/0 ACSR Hendrix as discussed in
the recommended plan for the Webster Substation area of the distribution system report section.
This construction may cause an increase in reliability for this circuit. In addition, the main three-
phase recloser at the substation should be replaced with three single-phase reclosers, which will
obvioudy improve reliability depending upon what type of faults are occurring along the main
three-phase line.

For long duration transmission, substation, or major feeder outages, a new tie-line between
circuits WB12 and AX12 is recommended. Since there have been many feeder outages onthis
circuit in the first zone of protection, this tie-line has a better chance of improving the reliability
and backup capability of circuit WB12.
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744 Circuits That Meet Reliability Criteria

7.4.4.1 Circuit AX11

There were only 11 outages on this circuit over the three-year period, and none of them were
entire feeder outages affecting all members. Three longer outages were due to westher, therefore
increasing this cause contribution to almost fifty percent. Due to less than 100 members
currently served on this circuit, even the smallest of outages significantly affect the reiability
indices.

Most of the members on this circuit are located along a long radial single-phase line. Therefore,
a new single-phase tie-line, Project AX-R2, from the end of circuit AX11 to circuit AX12 is
recommended. This will provide a looped configuration, which has potentia reliability
improvement to al 85 members on this feeder.

7.5 Cost Estimates

A summary of the cost estimate for the proposed 5-Y ear, 10-Y ear and 20-Year Plansis provided
in the following table. Cost estimate details for the proposed New Tie Lines, Conversions and
Line Changes, New Substations, Delivery Points and Meter Points and Substation, Delivery
Point and Meter Point Changes, which were discussed in the previous sections and shown on the
Proposed System Circuit Diagram, are provided in the “ Construction Cost Details [table]” at the
end of Section 7.0. Unit cost information is included in this report as Exhibit 111. When future
reference is made to these cost estimates, material and labor prices should be reviewed to
incorporate existing market conditions.

Table 7-10 Construction Cost Summary

2004-2008 | 2009-2013 2014-2023 2004-2023
Cost ($) Cost ($) Cost ($) Cost (%)
New Tie Lines 0 0 0 0
Conversions and Line Changes 750,000 93,500 0 843,500
New Substations, DP'sand MP's 0 600,000 0 600,000
Substation, DP and MP Changes 0 0 240,000 240,000
Total 750,000 693,500 240,000 1,683,500
Projects for Improved Reiability 0 373,000 95,480 468,480
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Table7-11 Substation Load Data Projections

Substation Existing System Configuration Proposed System Configuration
Delivery Point 2003 2008 2013 2023 2008 2013 2023
or Meter Point Load Load Load Load Load Load Load

Name Ckt. | Season kW kW kW kW kW kW kW

Alexandria AX11 A 158 174 191 227 174 191 227
5000/7000 kVA AX12 W 501 552 606 719 552 606 719
65 deg. w/o fans Sub 659 726 797 946 726 797 946

Northfield NF12 W 2,333 2,369 2,419 2,533 2,369 2,419 2,533
5000/7000 kVA NF13 W 554 581 619 04 581 619 04
65 deq. w/o fans Sub 2.887 2.950 3.038 3.237 2.950 3.038 3,237

Wilmot Substation Wi11 W 920 1,000
5000/7000 kVA Wi12 W 720 800
Sub 1,640 1,800

Webster WB11 W 3,870 4,097 4,340 4,741 4,097 2,700 2,941

5000/7000 kVA WB12 W 940 956 978 1,045 956 978 1,045
Sub 4,810 5,053 5,318 5,786 5,053 3,678 3,986
Andover District 8,356 8,729 9,153 9,969 8,729 9,153 9,969

Table7-12 Construction Cost Details

(seefollowing 2 pages)
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Proj ect Reason | @ Load Estimated
Code | YR Sub/Ckt Project Description Code [(@amps) | Miles Cost ($)
I.New TieLines
Q
Total New Tie Lines 0.00 0
II. Conversionsand Line Changes
313 2004 Webster / WB11 1 ph 2.4 kV to 7.2 kV conversion WP - 2.20 120,000
314 2004 Webster / WB11 1 ph 2.4 kV to 7.2 kV conversion WP - 1.00 40,000
315 2004 Webster / WB11 1 ph 2.4 kV to 7.2 kV conversion WP - 2.20 45,000
317 2005 Webster / WB11 1ph 4CU to 1ph 1/0 tree wire WP - 1.00 45,000
319 2005 Webster / WB12 3ph 4CU to 3ph 4/0 Hendrix WP - 3.00 250,000
321 2005 Webster / WB12 3ph 4CU to 3ph 4/0 Hendrix WP - 3.00 250,000
WB-2 2013 Webster / WB12 1ph 1/0 ACSR to 3ph 4/0 Hendrix B,C,D,V 40 1.10 93,500
Total Conversions and Line Changes 13.50 843,500
[11. Projects that have Potential Reliability I mprovement
AX-R1 2023 Alexandria / AX12  1ph 1/0 ACSR 0.30 18,480
AX-R2 2023 Alexandria / AX12  1ph 1/0 ACSR 0.80 40,480
AX-R3 2023 Alexandria / AX12 1ph 1/0 ACSR 0.20 12,760
NF-R1 2013 Northfield / NF12 1ph 1/0 ACSR 0.60 33,000
WB-R1 2013 Webster / WB12 3ph 4/0 ACSR Hendrix 4.00 340,000
WB-R2 2023 Webster / WB11 1ph 1/0 ACSR 0.40 23.760
Total Potential Reliability Improvements 6.30 468,480
Total of all projects 19.80 1,311,980
Total by year for first 4 years (includes reliability projects)
2004 5.40 205,000
2005 7.00 545,000
2006 0.00 0
2007 0.00 0
2008 0.00 0
2013 5.70 466,500
2023 1.70 95,480
Total 19.80 1,311,980
Reason Code(s)
A To replace Aged and deteriorated lines that are expected to reach the end of their useful life.
B To improve Backup between circuits and substations.
C To provide additional Capacity.
D To Divide the load for improved load balance, voltage, sectionalizing and reliability.
F To accommodate Future load.
S To accommodate new System configuration as a result of other projects.
U To replace old 175 Mil bare concentric neutralUnderground cable in poor condition.
\% To improve Voltage.
WP As per NHEC 2001-2005 Construction Work Plan.
! @ Load (amps) column indicates the load at which the project is to be implemented.
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Proj ect Estimated
Code YR Name Project Description Cost (%)
IV. New Substations, Delivery Pointsand Meter Points

2004-2008 Time Period

None
2009-2013 Time Period
WL-1 2013 Wilmot Substation = New Substation, 5/7 MVA, 115kV - 7.2/12.47 kV 600,000
Total 2009-2013 600,000

WL-1  Project WL-1 is recommended when the circuit load reaches 200 amps/phase.
2014-2023 Time Period

None

V. Substation, Delivery Point and M eter Point Changes
2004-2008 Time Period

None
2009-2013 Time Period
None
2014-2023 Time Period
NF-1 2023 Northfield Substation New 5/7 MV A 34.5to0 7.2/12.47 kV transformer 120,000
WB-1 2023 Webster Substation New 5/7 MV A 34.5t0 7.2/12.47 kV transformer 120,000
Total 2014-2023 240,000
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Table7-13 Summary of Reliability Indices by Feeder

Members #
DISTRICT CKT YEAR Out Cons-Hours| Consumers - SAIFI SAIDI CAIDI
ANDOVER AX11 2000 60 141 85 0.71 1.66 2.35
2001 76 239 85 0.89 2.81 3.14
2002 183 241 85 2.15 2.84 1.32
Totals 319 621 255 Average 1.25 2.44 1.95
AX12 2000 560 1,620 295 1.90 5.49 2.89
2001 900 1,630 295 3.05 5.53 1.81
2002 530 2,200 295 1.80 7.46 4.15
Totals 1,990 5,450 885 Average 2.25 6.16 2.74
NF12 2000 313 716 420 0.75 1.70 2.29
2001 1,528 2,876 420 3.64 6.85 1.88
2002 1,555 3,300 420 3.70 7.86 2.12
Totals 3,396 6,892 1,260 Average 2.70 5.47 2.03
NF13 2000 640 520 318 2.01 1.64 0.81
2001 680 1,450 318 2.14 4.56 2.13
2002 940 1,170 318 2.96 3.68 1.24
Totals 2,260 3,140 954 Average 2.37 3.29 1.39
WB11 2000 1,150 2,300 1,757 0.65 1.31 2.00
2001 5,200 7,170 1,757 2.96 4.08 1.38
2002 5,500 11,560 1,757 3.13 6.58 2.10
Totals 11,850 21,030 5,271 Average 2.25 3.99 1.77
WB12 2000 1,500 1,950 407 3.69 4.79 1.30
2001 2,480 3,480 407 6.09 8.55 1.40
2002 2,600 3,910 407 6.39 9.61 1.50
Totals 6,580 9,340 1,221 Average 5.39 7.65 1.42
District
Total 2000 4,223 7,247 3,282 1.29 2.21 1.72
2001 10,864 16,845 3,282 3.31 5.13 1.55
2002 11,308 22,381 3,282 3.45 6.82 1.98
Totals 26,395 46,473 9,846 Average 2.68 4.72 1.76

*-Indices EXCLUDE: outages affecting <5 members, outages <5 minutes duration, Power Supplier Caused, Major
Sorms, any 345KV outages on either NHEC or PSNH's system ("High Side" Outages).
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8.0 Colebrook District

8.1 Load Analysis

The Colebrook Digtrict contains one delivery point, which accounted for about 1.5 percent of
NHEC' sload in 2002. The Colebrook ddivery point had a 2002 peak demand of 2.7 MW. The

delivery point is winter pesking.

The Colebrook delivery point has about 24 percent as many active consumers as population in
the towns that it serves. The incremental share of population served is estimated at about 39%
since many new accounts are second homes with residents that are not counted in the town
populations. The CPR is expected to grow from .2374 to .2556 by 2023. As aresult the number
of active consumers served by this delivery point increases at an annua rate of 0.95% over the
2002 to 2023 period.

Demand per consumer was 2.17 kW in 2002, which is the 12" highest figure for the NHEC
delivery points. This reflects some large loads such as the Tillotson Health Care Facility plus the
household loads which average 1.2 kW per account. New loads will be mostly new second
homes with an estimated average demand of 1.5 kW. The DPC is thus expected to decrease
from 2.17 to 1.95 kW by 2023.

The net result of these changesis annua load growth through 2023 at arate of 0.4% as shown in
Table8-1 and Figure 8-1.

Table8-1 Colebrook DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 5,244
2001 5,296
2002 5,257 0.2374 1,248 2.169 2,707
2003 5,273 0.2379 1,254 2.117 2,655
2004 5,291 0.2384 1,261 2.148 2,709
2005 5,312 0.2390 1,269 2.139 2,716
2006 5,335 0.2396 1,278 2.131 2,724
2007 5,358 0.2403 1,287 2.122 2,731
2008 5,384 0.2410 1,297 2.112 2,740
2013 5,536 0.2451 1,357 2.060 2,795
2023 5,955 0.2556 1,522 1.945 2,960
Growth Rates
2002 - 2003 0.31% 0.19% 0.50% -2.39% -1.90%
2002 - 2008 0.40% 0.25% 0.65% -0.44% 0.20%
2002 - 2013 0.47% 0.29% 0.76% -0.47% 0.29%
2002 - 2023 0.60% 0.35% 0.95%  -0.52% 0.43%
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Table8-2 Colebrook DP Spot Loads | dentified

YEAR
. L 2004- 2009- 2014-
Substation | Circuit Load Type 2008 2013 2023
Load (kW)
CB12 Car Care Center 50 - -
Colebrook CB13 Basam Resort Condo 50 120 50
Wilderness Ski Area 30 30 40
Colebrook DP
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Figure8-1 Historical and Forecasted Colebrook DP Demands

8.2 Transmission System

NHEC's Colebrook Didtrict is served at 34.5 kV from a radia line from PSNH’s Lost Nation
Subgtation at Groveton, NH. Lost Nation Substation is supplied from a looped 115 kV system
originating a Whitefield Substation near Riverton, NH. The 115 kV loop extends from
Whitefield to Lost Nation to Berlin to Whitefield. PSNH has a 18.3 MVA combustion turbine
generator on the 34.5 kV bus at Lost Nation Substation.
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8.2.1 34.5 kV Subtransmission System

Substation transformer capacity, and base case and forecasted coincident peak demands for
transmission planning purposes are depicted in Table 8-3.

Table8-3 Colebrook District 34.5kV System and L oad

115 -34.5kV Transformer Capacity Peak Loads— MVA
PSNH Summer Winter 345 kV Summer Winter
Substation Capacity Capacity Feeders | 2003 2023 2002 2022
Lost Nation | 1-33,1-64 MVA | 1-37,1-38 MVA 3 17.1 204 | 139 20.9
1CT-183MVA
Whitefield 1-52 MVA | 1-61 MVA 3 25.6 30.0 [332 31.7

PSNH Feeder 355 serves NHEC's Colebrook Substation and had a 2002 winter pesk of 9.5
MVA and a projected 2003 summer peak of 10.8 MVA. PSNH has a 34.5 kV line voltage
regulator station on the line side of PSNH’s Colebrook Substation which provides adequate
voltage to NHEC' s Colebrook Substation. PSNH feeder 355 peaks at 12.9 MV A in the summer
and 11.4 MVA in the winter in 2023. The forecasted area load growth rate is 0.74%. In 2013,
PSNH will need to add a 34.5 kV 1.2 MVAR capacitor bank to PSNH Feeder 355 near
Colebrook Substation to maintain adequate 34.5 kV voltage.

8.2.2 Historical Reliability

For the time period of 2000 to 2002, Colebrook Substation experienced an average of 1.33 power
supplier outages per year which accounted for 20.7 percent of the consumer hours of outage.
This performance is within the NHEC design criteria limits.

8.2.3 Contingency Performance

The outage of a single 115 kV transmission line or one 115-34.5 kV Lost Nation Substation
transformer will not result in any unserved load, overloads or voltage deficiencies. An outage to
PSNH Feeder 355 will result in an outage to NHEC' s Colebrook Substation because of the radia
configuration of this feeder and the location of Colebrook Substation. PSNH does employ feeder
sectionalizing on Feeder 355 to limit permanent outage exposure and maintain reliability to
NHEC' s Colebrook Substation.

8.3 Distribution System

The following discusses the recommended construction projects by substation, DP or MP service
area aong with various alternatives. Project item numbers referred to in the discussion are shown
on the Proposed System Circuit Diagram and in the cost tables. The projects and item numbers
shown in GREEN are anticipated in the 2003-2008 Transition Plan time period. Projects and
item numbers shown in BLUE are projected to be needed in the 2009-2013 Transition Plan,
while projects and item numbers shown in RED are in the remaining 2014-2023 time period.
Projects based on improving reliability are shown in ORANGE and are discussed in Section 8.4,
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Distribution System Reliability. Section 5.0, Planning Approach, provides information related to
the development of the Long Range Plan. The “Substation Load Data Projections [table]” at the
end of Section 8.0 shows the 2003, 2008, 2013 and 2023 peak load levels for each substation, DP
and MP and circuit usng the existing system configuration and the proposed system
configuration.

8.3.1 New Substations, DP’s and MP’s

No new substations, delivery points or meter points are anticipated in the Colebrook District
during this planning period.

8.3.2 Substation, DP and MP Changes

The following table shows the projected kW for the Long Range Plan design load leve,

Proposed System Arrangement, as a percent of existing and proposed substation transformer and
regulator capacity. The percent of capacity is calculated using a 98 percent power factor and 10
percent load unbaance. Proposed capacity upgrades that are anticipated for serving normal load
and/or for the ordinary replacement of aged transformers are shown in bold. The notes at the
bottom of the table indicate the reason for the change and provide the project number.

Table 8-4 Substation Transformer and Regulator Data

Transformer Voltage Regulator

Rating (kVA) Est. Est.

OA FA OA FA Win Load |Capacity| Size | Load |Capacity
55° 55° 65° 65° | Season| (kW) (%) |(AMP)|(AMP)| (%)
Colebrook 3,750 --- 4,125 | 2,982 74 150 | 155 103

Colebrook* 3,750 | 4,312 ] 4,200 | 4,830 | 5,313 | 2,982 57 219 | 155 71

Name

1 Upgrade transformer and voltage regul ators during 2014-2023 time period due to aged equipment.
Project CB-1.

No converson to a different distribution system operating voltage is recommended. The
distribution operating voltage isto remain at 7.2/12.47 kV.

8.3.3 Colebrook Substation Service Area

8.3.3.1 Existing System Review

The Colebrook Substation is forecasted to serve 3.0 MW of peak load in 2023. It is the only
substation in the Colebrook District and therefore has no ties to other substations for backup. The
Colebrook area is served by two 7.2/12.47 kV circuits, CB12 and CB13. Circuit CB13 serves
approximately 94 percent of the total load with CB12 serving the remaining 6 percent.

Circuit CB12 is approximately 0.1 miles long and serves one three-phase member. No three-
phase main line capacity deficiencies or areas with low voltage are anticipated during this
planning period.
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On Circuit CB13, the east-west three-phase feeder main is approximately 10.7 miles long. The
northern part of the service areais 15 to 17 miles from the substation. The main three-phase line
starts with 1 mile of 336 ACSR. The remaining three-phase and vee-phase lines are 1/0 ACSR.

No three-phase, vee-phase or sngle-phase line capacity deficiencies were found at the forecasted
2023 load levd. Line voltage regulators are ingtdled in the main three-phase line approximately
4.9 miles east of the substation to maintain satisfactory voltage at the eastern edge of the service
area. No areas with low voltage were found in the northern part of the service area.

8.3.3.2 Recommended Plan

Project 322 is the replacement of 2.0 miles of three-phase 1/0 ACSR with three-phase 336 ACSR
and was included in year 2 of the 2001-2005 Construction Work Plan. This section of line has
long spans and the poles are in bad condition. The project will provide additional capacity and
will provide a 1.2 volt improvement to all members beyond the construction project.

Project CB-2 is the upgrading of the 3-75 amp voltage regulators to 3-150 amp voltage
regulators. The existing 75 amp regulators are fully loaded at peak load times and need to be
replaced with regulators with more capacity.

Consideration was given to the installation of a double circuit from the substation to where the
three-phase line splits approximately 1 mile east of the substation. From that point, the three-
phase going north is estimated to have 425 kW of peak load and the three-phase going east is
estimated to have 2,270 kW of peak load. However, the existing three-phase 336 ACSR line has
the capacity to serve both three-phase lines. Also, the double circuit would not provide a
significant voltage improvement and the rew circuit would not serve a significant amount of
load. For these reasons, the double circuit is not being recommended at this time.

8.4 Distribution System Reliability

8.4.1 Historical Reliability

The Colebrook district has had lower than average distribution system reliability compared to the
NHEC system averages during 2000-2002. This is primarily due to one long feeder and rura
layout of the district. The following graph shows the resultant average indices for the two
feeders as well as the entire Colebrook district.
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Figure 8-2 Colebrook District Average Reliability Indices

8.4.1.13AIFI & SAIDI

The graph indicates that Circuit CB12 has experienced no distribution system outages over the
past three years. The IGA grocery store is the only member served by this very short circuit.

Circuit CB13 exceeded the religbility criteriafor SAIFI, but met the SAIDI criteriaof 5.0 for the
rural feeder classification.

8.4.2 Circuits That Exceed Reliability Criteria

8.4.2.1 Colebrook Circuit CB13

The percentage of customer-minutes of outage duration due to each cause category can be seen
in the following figure.
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Figure 8-3 CB13 Percentage of Customer-Minutes Out by Outage Cause

Morethan 70% of customer-minutes were attributed to tree and material failure causes. The tree
category cause makes sense due to dense forestry in the area. The high materid failure rate was
investigated, and outage details showed that over 90% of this cause code was due to failing
insulators or arrestors. Therefore, focusing on O&M practices seems to be the only feasible
solution to improve the SAIFI and SAIDI of this circuit.

Overdl, though, due to the long, radia circuit configuration of the district, the outage indices
prove better reliability than one would expect. Furthermore, faulted circuit indicators have been
installed throughout much of the district in the past couple of years. As a result, these devices
have dramatically helped fault location practices and therefore significantly reduced outage
durations, which may possibly be one of the reasons for the improved outage indices every year
throughout 2000-2002. The faulted circuit indicators should continue to be installed on long
taps, linesthat run through private right-of-way, and in areas that are prone to outages.

A geographical scan of the district shows that most of the longer single-phase tap lines have no
looped capability. Therefore, for minima investment, four single-phase tie-lines, designated as
Projects CB-R1 through CB-R4, are recommended in the digtrict. These proposals are aong
existing road right-of-way and will provide load balancing, overcurrent protection, and normak
open location options, in addition to the obvious backup capabilities.

8.5 Cost Estimates

A summary of the cost estimate for the proposed 5 Y ear, 10-Y ear and 20-Y ear Plans is provided
in Table 85. Cogt estimate details for the proposed New Tie Lines, Conversons and Line
Changes, New Substations, Delivery Points and Meter Points and Substation, Delivery Point and
Meter Point Changes, which were discussed in Section 8.3 and shown on the Proposed System
Circuit Diagram, are provided in the “Construction Cost Detalls [table]” at the end of Section
8.0. Unit cost information is included in this report as Exhibit 111. When future reference is made
to these cost estimates, material and labor prices should be reviewed to incorporate existing
market conditions.
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Table8-5 Construction Cost Summary

2004-2008 | 2009-2013 | 2014-2023 2004-2023
Cost (%) Cost (%) Cost ($) Cost ($)
New TieLines 0 0 0 0
Conversions and Line Changes 176,000 0 0 176,000
New Substations, PD’sand MP's 0 0 0 0
Subgtation, DP and MP Changes 0 0 109,000 109,000
Tota 176,000 0 109,000 285,000
Projects for Improved Reliability 162,360 0 0 162,360

Table8-6 Substation Load Data Projections

Existing System Configuration Proposed System Configuration
2003 2008 2013 2023 2008 2013 2023

Substation Load level | Loadlevel | Loadlevel | Load level | Load level Load level | Load level
Name Ckt. | Season kW kW kW kW kw kW kW
Colebrook CB12 W 120 171 171 171 171 171 171
CB13 W 2.566 2.559 2.634 2811 2.559 2,634 2811
Sub W 2,686 2,730 2,805 2,982 2,730 2,805 2,982
Colebrook District W 2,686 2,730 2,805 2,982 2,730 2,805 2,982

Table8-7 Construction Costs Detail
(seefollowing 2 pages)
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Project Reason| @ L oad Estimated
. . . 1 .
Code | YR Sub/Ckt Project Description Code |(@mps) | Miles Cost ($)
I. New TieLines
None
Total New Tie Lines 0.00 0
I1. Conversionsand Line Changes
322 2004 Colebrook / CB13 3ph 1/0 ACSR to 3ph 336 ACSR WP - 2.00 140,000
CB-2 2004 Colebrook / CB13 Upgrade voltage regulators from 3-75a to 3-150a C 75 0.00 36,000
Total Conversions and Line Changes 2.00 176,000
[11. Projectsthat have Potential Reliability |mprovement
CB-R1 2005 Colebrook / CB13 1ph 1/0 ACSR 0.70 36,960
CB-R2 2006 Colebrook / CB13 1ph 1/0 ACSR 1.00 44,000
CB-R3 2007 Colebrook / CB13 1ph 1/0 ACSR 0.50 28,600
CB-R4 2008 Colebrook / CB13 1ph 1/0 ACSR 1.20 52,800
Total Potential Reliability Improvements 3.40 162,360
Total of all projects 5.40 338,360
Total by year for first 4 years (includes reliability projects)
2004 2.00 176,000
2005 0.70 36,960
2006 1.00 44,000
2007 0.50 28,600
2008 1.20 52,800
2013 0.00 0
2023 0.00 Q
Total 5.40 338,360
Reason Code(s)
A To replace Aged and deteriorated lines that are expected to reach the end of their useful life.
B To improve Backup between circuits and substations.
Cc To provide additional Capacity.
D To Divide the load for improved load balance, voltage, sectionalizing and reliability.
F To accommodate Future load.
S To accommodate new System configuration as a result of other projects.
U To replace old 175 Mil bare concentric neutral Underground cable in poor condition.
\% To improve Voltage.
WP As per NHEC 2001-2005 Construction Work Plan.
1
@ Load (amps) column indicates the load at which the project is to be implemented.
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Project Estimated
Code YR Name Project Description Cost ($)
IV. New Substations, Delivery Pointsand M eter Points

2004-2008 Time Period

None

2009-2013 Time Period 0
None

2014-2023 Time Period 0
None

V. Substation, Delivery Point and M eter Point Changes
2004-2008 Time Period

None
2009-2013 Time Period
None
2014-2023 Time Period
CB-1 2023 Colebrook Upgrade with new 3,750 kV A transformer, 34.5-7.2/12.51 86,000
CB-1 2023 Colebrook Upgrade with 3 new 219 amp voltage regulators 23,000
Tota 109,000

Table8-8 Summary of Reliability Indices by Feeder

Members #
DISTRICT CKT YEAR Out Cons-Hours| Consumers - SAIFI SAIDI | CAIDI
COLEBROOK | CB12 2000 0 0 1 0.00 0.00 0.00
2001 0 0 1 0.00 0.00 0.00
2002 0 0 1 0.00 0.00 0.00
Totals 0 0 3 Average 0.00 0.00 0.00
CB13 2000 4,502 7,085 1,110 4.06 6.38 157
2001 4,017 3,938 1,110 3.62 3.55 0.98
2002 4,098 3,904 1,110 3.69 3.52 0.95
Totals 12,617 14,927 3,330 Average 3.79 4.48 1.18
District
Total 2000 4,502 7,085 1,111 4.05 6.38 1.57
2001 4,017 3,938 1,111 3.62 3.54 0.98
2002 4,098 3,904 1,111 3.69 3.51 0.95
Totals 12,617 14,927 3,333 Average 3.79 4.48 1.18

*-Indices EXCLUDE: outages affecting <5 members, outages <5 minutes duratian, Power Supplier Caused, Major
Sorms, any 34.5 kV outages on either NHEC or PSNH's system ("High Sde" Outages).
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9.0 Conway District

9.1 Load Analysis

The Conway District contains two delivery points (Conway and Saco), which accounted for
nearly twenty percent of NHEC' s load in 2002. 1n 2002, the Conway delivery point experienced
apeak demand of 16,400 kW while Saco recorded a peak of 18,800 K\*. Both delivery points
are winter peaking.

The Conway delivery point has about one-third as many consumers as population in the towns
that it serves. Consumer growth is expected to exceed population growth with an increase in the
CPR from 0.3353 to 0.3414 by 2008. After that the CPR is expected to remain constant. As a
result the number of active consumers served by this delivery point increases at an annual rate of
1.3% to 2008 and then at arate of 0.4% over the 2008 to 2023 period.

Demand per consumer was 4.172 kW in 2002, which is the third highest figure for the NHEC
delivery points. This reflects some very large loads, which do not represent the probable future
additions. Without those loads, the demand per consumer is 2.7 kW. Using that figure for new
connects lowers the DPC to 3.668 kW by 2023.

The net result of these changes is annua load growth through 2023 at arate of 0.4% as shown in
Table9-1 and Figure 9-1.

* While interval data shows a peak of 24,336 kW for Saco occuring in December 2002, this was due to abnormal
load switching to correct a problem at Conway. The Conway and Saco 2002 demands refered to above represent
load under normal operations.
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Table 9-1 Conway Non-Coincident Peak Demand Base For ecast

Town Active
Year Population CPR Consumers DPC  Pesk kW
2000 11,309
2001 11,467
2002 11,697 0.3353 3,922 4172 16,361
2003 11,824 0.3364 3,977 4131 16,430
2004 11,949 0.3374 4,032 4.093 16,500
2005 12,074 0.3385 4,087 4.055 16,573
2006 12,197 0.3395 4,140 4.020 16,646
2007 12,317 0.3404 4,193 3.987 16,720
2008 12,436 0.3414 4,245 3.956 16,795
2013 13,020 0.3414 4,445 3.846 17,094
2023 14,165 0.3414 4,836 3.668 17,738
Growth Rates
2002 - 2003 1.08% 0.32% 140% -0.97% 0.42%
2002 - 2008 1.03% 0.30% 133% -0.88% 0.44%
2002 - 2013 0.98% 0.16% 114% -0.74% 0.40%
2002 - 2023 0.92% 0.09% 1.00% -0.61% 0.39%
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Figure9-1 Historical and Forecasted Conway Demands

Power System Engineering, Inc.

9-3



The Saco delivery point serves a high proportion of the service area population with a 2002 CPR
of 43.3 percent. Growth in this area is expected to focus on the Saco service area which is
expected to raise the CPR to 47.19 percent by the end of the planning period. Tota active
consumers are expected to increase by 1,820 with an average annua growth rate of 1.4% through
2023. Demand per consumer for this delivery point is high because of larger businesses and ki
loads. Most of the growth is expected to be residential with an average demand of 2.5 kW per
new consumer. Thislowers the overall DPC to 3.0 kW compared to the current level of 3.5 kW
by 2023. The result of these expected changes as shown in Table 32 and Figure 9-2 is an
increase of 3.2 MW of load on this delivery point by 2023 under normal operating conditions.

Table 9-2 Saco Non-Coincident Peak Demand Base For ecast

Town Active
Year Population CPR Consumers DPC Peak kW
2000 12,144
2001 12,319
2002 12,574 0.4326 5,439 3.457 18,800
2003 12,717 0.4348 5,530 3.425 18,942
2004 12,859 0.4370 5,620 3.396 19,085
2005 13,002 0.4392 5,711 3.368 19,232
2006 13,141 0.4414 5,800 3.341 19,378
2007 13,277 0.4434 5,887 3.316 19,524
2008 13,413 0.4454 5,974 3.293 19,672
2013 14,078 0.4549 6,404 3.190 20,428
2023 15,384 0.4719 7,259 3.037 22,046
Growth Rates
2002 - 2003 1.14% 0.52% 167% -0.90% 0.75%
2002 - 2008 1.08% 0.49% 158% -0.81% 0.76%
2002 - 2013 1.03% 0.46% 150% -0.73% 0.76%
2002 - 2023 0.97% 0.41% 138% -0.61% 0.76%
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Figure9-2 Historical and Forecasted Saco Demands

9.2 Transmission System

9.2.1 Bulk Transmission System

PSNH supplies bulk power to the Conway District at 115 kV and at 34.5 kV from PSNH'’s Saco
Valley Substation. NHEC owns and @erates a 115 kV radid transmission line from Saco
Valley Substation to NHEC's Intervale Substation located adjacent to NHEC's Conway Didtrict
Operating Center. NHEC's Saco Valley-Intervale 115 kV line is located on both private and
railroad right- of-way and was constructed using 795 MCM ACSR conductor.

The 115 kV system is currently operated with the 115 kV loop open between Saco Valley and
PSNH’s White Lake Substation located to the west with Centra Maine Power supplying Saco
Valey and Intervale substations. The 115 kV loop is open to prevent contingent overloading of
this 115 kV transmission tie between Maine and New Hampshire. In 2004, PSNH has plans to
add a phase shifting transformer to Beebe River Substation and reactive support to the area’ s 115
kV system to enable the closing of the 115 kV loop and to increase the 115 kV interface power
transfer capability by 70 megawatts. The estimated cost of this PSNH project is $7,000,000.
Additiona details of the project and need can be found in ISO-NE's RTE PO2 planning report.
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NHEC will benefit from this project because the 115 kV source to Saco Valey Substation will
be looped which will enhance the current reliability of the transmission supply to the Conway
Didtrict.

9.2.2 34.5 kV Subtransmission System

The Conway Didtrict is supplied at two delivery points by PSNH. The Saco ddivery point is at
Intervale Substation. Intervale 115 - 34.5 kV Substation supplies Bartlett, Glen, and Jackson
distribution substations. The Conway delivery point is located adjacent to Perkins Corner
Substation on the PSNH 34.5 kV feeder 395. N. Conway Substation is also supplied via this
delivery point through NHEC's 477 MCM ACSR 34.5 kV line, which tiesto NHEC's Intervae
V32 34.5 kV feeder just outside the Intervale Substetion.

NHEC's Intervae 115 — 34.5 kV Substation supplies the Glen and Bartlett distribution
substations through Intervale 34.5 kV feeder V33 and the Jackson distribution substation
through Intervale Feeder IV31. Intervae feeders V31 and V33 can be tied at Glen Substation.

Substation transformer capacity and base case and coincident peak demands are:

Table9-3 Conway District 34.5kV System and L oad

115-34.5 kV Transformers 34.5 kV Coincident Peak Loads (MVA)

Substation . . . Summer Winter
Summer Capacity Winter Capacity | Feeders 2002 2023 2002 2023
PSNH Saco Valley 1-48 MVA 1-61 MVA* 4 25.7 36.5 30.9 32.9
NHEC Intervale 1-48 MVA 1-48 MVA* 3 13.7 16.6 16.2 18.8

9.2.3 Base System Performance

Base power flow studies for the summer and winter 2002 and 2023 peak conditions indicate
there are no deficiencies. However, it should be noted that the Saco Valley and Intervale
Substations are served radidly at 115 kV; and untii PSNH completes its 2004 planned
transmission construction and closes the 115 kV tie to Central Maine Power, the Conway District
is vulnerable to a single contingency 115 kV system outage.

9.24 Contingency Performance

Transmission reliability will improve in 2004 when the 115 kV system between Maine and New
Hampshire is closed together, providing adua 115 kV supply source to the area.

" PSNH and NHEC transformers have the same transformer nameplate ratings. NHEC uses the top nameplate rating
of the transformer to establish the maximum capacity rating. PSNH permits transformers to be loaded beyond
namepl ate rating based on pre-loading, ambient outdoor temperatures, and predicted post contingency loading cycle.

Power System Engineering, Inc. 9-6



The contingency capability of the 34.5 kV system was tested in general using the PSNH power
flow model. There were no deficiencies. However, the PSNH system model did not adequately
represent the extensive NHEC 34.5 kV area system either on a system basis or on a coincident
peak load basis. Therefore, a detailed peak load model of the combined PSHN-NHEC Conway
District 34.5 kV system was utilized. Coincident peak load models and local delivery point peak
load conditions were used to test the system performance in system normal and contingent
conditions at 2002 and 2023 load conditions. There are no contingent deficiencies with the
existing system at 2002 load levels.

The two mogt difficult contingencies a long range load levels are:

1. An outage of the NHEC Intervale Substation either by a substation equipment failure or
loss of theradia Saco Valley - Intervale 115 kV transmission line.

2. Anoutage of the NHEC 34.5kV Intervale IV 33 feeder from Intervale to Glen.

At 2023 load levels, with maximum forecasted loads on the Saco delivery point supplying

Bartlett, Glen, and Jackson substations and substation loads at 99 percent lagging power factor,
34.5 kV voltages are at 0.93 per unit for an Intervale Substation outage. The addition of

capacitor banks at Jackson, 1.8 MVARs, Glen, 0.6 MVARSs, and Bartlett; 0.6 MVARS, will

correct these margina voltage conditions to levels greater than 0.95 per unit without developing
leading power factors. These capacitor banks would be used strictly for this contingency. For
both cost and standardization reasons these banks should be installed at 12.5 kV in or just outside
the substation fence at Bartlett, Glen, and Jackson substations and remotely controlled with
NHEC's SCADA or load management control systems. These capacitor banks with remote
control are estimated to cost $45,000 and will be needed in 2008 when voltages are projected to
be below 0.95 per unit.

An outage of NHEC's 34.5 kV feeder Intervale V31 and load transfer to NHEC's Intervale
IV 33 feeder resultsin V33 feeder loads of 113 percent of normal rating in 2002 and 132 percent

of norma rating in 2023. Both of these line loadings are within the winter emergency rating of
this line; and, therefore, no upgrade is recommended.

9.25 Historical Reliability

A review of the 34.5 kV subtransmission outages for the period of 2000-2002 indicated the
following average annual outage rates.
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Table 9-4 Average Annual Outage Rates (Hrs./Customer/Yr.)

Total
Delivery NHEC PSNH NHEC Average
Points Substations Outages  Outages Annual
QOutages
Conway Conway 0.67 0.67 1.33
Perkins Corner 0.67 0.67 1.33
Saco Bartlett 1.33 0.67 20
Glen 1.33 0.67 20
Jackson 1.33 2.0 3.33

All annua outage rates are within the design criteria with the exception of Intervale 34.5 kV
feeder 1V31, which experienced four outages in 2002, al due to trees and al on the NHEC
system. This suggests that NHEC should review tree clearance conditions on the V31 feeder
and continue to monitor the feeder’ sreiability performance. NHEC ownsthe 477 MCM ACSR
34.5 kV subtransmission line from the Perkins Corner metering point to N. Conway and on to
Intervale Substation.

9.3 Distribution System

9.3.1 General

The following discusses the recommended construction projects by substation, DP or MP service
area dong with various alternatives. Project item numbers referred to in the discussion are shown
on the Proposed System Circuit Diagram and in the cost tables. The projects and item numbers
shown in GREEN are anticipated in the 2003-2008 Transition Plan time period. Projects and
item numbers shown in BLUE are projected to be needed in the 2009-2013 Transition Plan,
while pojects and item numbers shown in RED are in the remaining 2014-2023 time period.
Projects based on improving reliability are shown in ORANGE and are discussed in Section 9.4,
Digtribution System Reliability. Section 5.0, Planning Approach, provides information related to
the approach fllowed in the development of the Long Range Plan. The “Substation Load Data
Projections [table]” at the end of Section 9.0 shows the 2003, 2008, 2013 and 2023 peak load
levels for each substation, DP and MP and circuit using the existing system configuration and the
proposed system configuration.

9.3.2 New Substations, DP’s and MP’s

The Intervale Substation is a recently installed 115 kV to 34.5 kV substation and was designed to
accommodate a 34.5-7.2/12.47 kV distribution substation. It is recommended that an Intervae
34.5-7.2/12.47 kV distribution substation designated as Project IN-1, be installed during the
2004-2008 period. This substation will serve the areathat is presently served by Glen Substation,
Circuit GL12, therefore allowing Circuit GL12 to provide load relief to the heavily loaded
Jackson Circuit JS13.
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Reliability improvement should be noticed in the immediate service area of the Intervale
Substation. The new substation will serve the existing load on Glen Circuit GL-12, which has
experienced significant outages over the last three years. Further reliability impact caused by the
addition of Intervale is described in the Rdiability Section 9.4.3.2, Glen Circuit GL-12, and
9.4.4.1, Jackson Circuit JS-13.

9.3.3 Substation, DP and MP Changes

The following table shows the projected demand for the Long Range Plan design load level,
Proposed System Arrangement, as a percent of existing and proposed substation transformer and
regulator capacity. The percent of capacity is calculated using a 98 percent power factor and 10
percent load unbalance. Proposed capacity upgrades that are anticipated for serving normal load
and/or for backup or for the ordinary replacement of aged transformers are shown in [bold].
The notes at the bottom of the table indicate the reason for the change and provide the project
number.

Table 9-5 Substation Transformer and Regulator Data

Transformer Voltage Regulator
Rating (kVA) Est. Capacit Size | Est. |Capacity

OA| FA [ oA | FA [ win | Load a(%/o) Y|(AMP)| Load | (%)

Name 55° | 55° | 65° | 65° |Season| (kW) (AMP)
Bartlett 5,000 | 5,750 | 5,600 | 6,440 | 7,000 | 6,838 100 328 | 355 108
Bartlett* 10,000| 12,500 | 11,200 | 14,000 | 15,400 | 6,838 45 656 | 355 54
Conway 12,000| 16,000 | 13,400 | 17,900 | 26,400 | 13,200 51 LTC | 686
Glen 5,000 | 5,750 | 5,600 | 6,440 | 7,000 | 3,916 57 328 | 203 62
Glen ? 5,000 | 5,750 | 5,600 | 6,440 | 7,000 | 4,884 71 328 | 253 77
Glen ® 10,000| 12,500 | 11,200 | 14,000 | 15,400 | 4,884 32 656 | 253 39
Intervale * 5,000 | 5,750 | 5,600 | 6,440 | 7,000 | 2,685 39 328 | 140 43
Intervale ® 5,000 | 5,750 | 5,600 | 6,440 | 7,000 | 2,685 39 328 | 140 43
Jackson 10,000| 12,500 | 11,200 | 14,000 | 15,400 | 12,556 83 656 | 652 99
Jackson © 10,000| 12,500 | 11,200 | 14,000 | 15,400 | 8,984 60 656 | 468 71
Perkins Corner | 10,000| 12,500 | 11,200 | 14,000 | 15,400 | 5,619 37 668 | 292 44

1 Upgrade transformer and voltage regulators during 2004-2008 time period to increase capacity. Project 501 as
per the Cooperative' s 2001-2005 Construction Work Plan.
2 Estimated peak load is after load transfer to Intervale and from Jackson.

Upgrade transformer and voltage regulators during 2014-2023 time period to increase capacity for backup and
to replace aged equipment. Project GL-1.

4 The3-1667 kVA transformers and 3-328 amp voltage regul ators removed from Bartlett are to beinstalled at the)
new Intervale Substation.

Upgrade transformer and voltage regulators during 2014-2023 time period due to aged equipment.
Project IN-4.
®  Estimated peak load is after load transfer to Glen.
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No conversion to a different distribution system operating voltage is recommended at any of the
substations. The distribution operating voltage isto remain at 7.2/12.47 kV.

934 Bartlett Substation Service Area

9.3.4.1 Existing System Review

The Bartlett Substation, which is forecasted to serve 6.8 MW of peak load in 2023, supplies two
circuits, BL11 and BL13. Circuit BL13 serves approximately 58 percent of the total load with
BL 11 serving the remaining 42 percent.

Circuit BL11 is approximately 1.3 miles long and ties to Circuit G_11 of the Glen Substation.
The main line conductor of BL11 is 336 ACSR and the circuit is operated at 7.2/12.47 kV. No
three-phase main line capacity deficiencies or areas with low voltage are anticipated for Circuit
BL11 during this planning period. The 2008 peak load on the main single-phase line near the end
of the circuit that serves the Blueberry Hill Development area exceeds the maximum design limit
of 50 amps per phase; and the line is therefore considered to have a capacity deficiency. The end
of thisline is approximately 2.4 miles from the substation and due to this close proximity, no low
voltage was found.

Circuit BL13 is approximately 10.9 miles long and has no ties to other circuits. The main three-
phase line is 2.5 miles long and consists of 2 miles of 336 ACSR and 0.5 milesof 2 ACSR. The
remaining main line consists of 1.8 miles of vee-phase 336 ACSR and 6.6 miles of single-phase
1/0 AL underground and 1/0 ACSR. Most of BL13 is operated at 7.2/12.47 kV with two small
areas operated at 2.4 kV line to ground. Capacity deficiencies were found on this circuit related
to the three-phase 2 ACSR in the main line. Also, the 2023 peak load on the single-phase line
that serves the Rolling Ridge Development area and at the beginning of the long single-phase
line that serves the Harts Location area is close to or exceeds the maximum design limit of 50
amps per phase and the line is therefore considered to have a capacity deficiency. As a resullt,
voltage is becoming margina near the end of these single-phase lines.

9.3.4.2 Recommended Plan

On Circuit BL11, the existing single-phase line that serves the Blueberry Hill areais estimated to
have 97 amps of peak load at the 2023 load level. Alternatives for providing additional capacity
to improve serve to thisarea are:

A. Convert the existing single-phase 1/0 ACSR that presently serves the Blueberry Hill

area to three-phase by adding 2-1/0 ACSR phase conductors.

B. Convert the existing single-phase 1/0 ACSR that comes from the west to three-phase
by adding 2-1/0 ACSR phase conductors and extend the three-phase into the
Blueberry Hill area thereby transferring the area to the more direct west line. The
three-phase line is to be extended into the development so that single-phase taps can
balance the load on the three-phase line.
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C. Rebuild the existing single-phase 1/0 ACSR that presently serves the Blueberry Hill
areato three-phase 4/0 ACSR.

D. Rebuild the existing single-phase /0 ACSR that comes from the west to three-phase
4/0 ACSR phase conductors and extend the three-phase into the Blueberry Hill area
thereby transferring the area to the more direct west line.

Alternative B is projected to be the least cost alternative. In addition, this aternative provides the
additional capacity and is the most direct route, thereby reducing exposure for overal improved
sarvice. For these reasons, Alternate B, identified as Project BL-1, is recommended. If
converting the existing line from single-phase to three-phase is not possible, Alternative D, a
new three-phase 4/0 ACSR line is recommended.

Project BL-2 on Circuit BL13, is the replacement of 0.5 miles of three-phase 2 ACSR with three-
phase 336 ACSR. This section of line is in the main line and is the only remaining portion of
small conductor. Replacement is recommerded to provide additional capacity and improve
voltage.

Project BL-3 is a three-phase extension to provide load rdlief to two heavily loaded single-phase
lines, both with approximately 50 amps of peak load at the 2023 load level. The recommended
conductor sizeis 1/0 ACSR.

Project BL-4 is a single-phase 1/0 AL underground tie line that will enable transferring load
from one of the heavily loaded single-phase lines to the new three-phase line. This will provide a
better balancing of load and reduce losses. The tie line will aso provide a loop for improved
reliability.

Project 324 is the replacement of 1.0 miles of single-phase 6 CU with three-phase 336 MCM,
Hendrix spacer cable. At the same time, the operating voltage will be changed from 2.4 kV to
7.2/12.47 kV. The existing single-phase line is heavily loaded and there is potentiad for
additiona residentia load growth. This project was recommended for construction in Year 1 of
the Cooperative' s 2001-2005 Construction Work Plan.

Project BL-5 is the conversion of the remaining 2.4 kV line to 7.2 kV. Along with having to
replace distribution transformers, it is anticipated that some of the 4 ACSR, 6 CU and 4 CWC is
aged and deteriorated and will need to be rebuilt instead of just reinsulated.

Projects BL-6 and BL-7 are related to providing additional capacity and improving voltage in the
Harts Location area. Project BL-6 is the addition of the third phase to the existing vee-phase 336
ACSR line. Most of the load should be put on Phases B and C, thereby leaving Phase A for
serving the Harts Location area.  Project BL-7 is the conversion of 0.5 miles of single-phase 2
ACSR to veephase 2 ACSR by adding one 2 ACSR phase conductor. If converting the existing
line from single-phase to vee-phase is not possble, a new veephase 1/0 ACSR line is
recommended. None of the members along this vee-phase line should be on Phase A. Thiswill
leave Phase A for serving the Harts Location area and will help balance the three-phase line.
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Project 325 is the conversion of a 2.4 kV line to 7.2 kV. Along with having to replace one
distribution transformer, the existing underground cable needs to be replaced and installed in
conduit because of being on forest service land. This project was recommended for construction
inYear 1 of the Cooperative’ s 2001-2005 Construction Work Plan.

9.35 Conway Substation Service Area

9.3.5.1 Existing System Review

The Conway Substation is forecasted to serve 13.2 MW of peak load in 2023. The Conway area
is served by four 7.2/12.47 kV circuits, CW11, CW12, CW13 and CW14. Circuit CW11 serves
approximately 24 percent of the total load, CW12 serves 28 percent, CW13 serves 33 percent
and CW14 the remaining 15 percent.

Circuit CW11 is approximately 2.4 miles long and tiesto CW12, CW14 and Circuit PC13 of the
Perkins Corner Substation. The main line conductor of CW11 is 336 ACSR. No line capacity
deficiencies or areas with low voltage are anticipated during this planning period.

Circuit CW12 is agpproximately 5 miles long and ties to CW11 about 0.9 miles from the
subgtation and with CW13 about 1.2 miles from the substation. Therefore, most of CW12 is
radial. The main line conductor of CW12 is 336 ACSR. No line capacity deficiencies or areas
with low voltage are anticipated during this planning period.

Circuit CW13 is goproximately 3.3 miles long and ties to CW12 and Circuit GL12 of the Glen
Substation. The main line conductor of CW13 is 336 ACSR. No line capacity deficiencies or
areas with low voltage are anticipated during this planning period.

Circuit CW14 is approximately 1.9 miles long and ties to CW11. The main line conductor of
CW14 is 336 ACSR and 4 CU. No line capacity deficiencies or areas with low voltage are
anticipated during this planning period.

9.3.5.2 Recommended Plan

On Circuit CW13, Project 330 is the replacement of three-phase 336 MCM tree wire with 336
MCM Hendrix spacer cable. The existing tree wire has radia cracks and inadequate phase-to-
phase clearances may occur due to the poor insulation. This project was included in year 2 of the
2001-2005 ConstructionWork Plan.

On Circuit CW14, Project 326 is the replacement of the three-phase 4 CU line with 336 MCM,
Hendrix cable. This project was included in year 3 of the 2001-2005 Construction Work Plan.
The new line will follow road right-of-way and will enable the removal of line in private right-
of-way. With this project, CW14 can become the main three-phase tie to the Perkins Corner
Substation and to CW11.
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9.3.6 Glen Substation Service Area

9.3.6.1 Existing System Review

The Glen Substation is forecasted to serve 3.9 MW of peak load in 2023. The Glen areais served
by two 7.2/12.47 kV circuits, GL11 and GL12. Circuit GL12 serves approximately 69 percent of
the total load with GL 11 serving the remaining 31 percent.

Circuit GL11 is approximately 2.7 mileslong and ties to Circuit BL11 of the Bartlett Substation.
The main line conductor of GL11 is 336 ACSR. No line capacity deficiencies or areas with low
voltage are anticipated during this planning period.

Circuit GL12 is approximately 3.8 miles long and ties to Circuit CW13 of the Conway
Substation. The main line conductor of GL12 begins with 1.9 miles of 336 ACSR and then has
0.9 miles of 4 CU and then ends with 2 CU. The 2023 peak load is approximately 50 percent of
the rating of the 4 CU and since the line is a tie between circuits and substations the line is
considered to have a capacity deficiency. No areas with low voltage are anticipated during this
planning period.

9.3.6.2 Recommended Plan

On Circuit GL11, no new congtruction or existing line upgrades are needed to improve voltage or
provide additional capacity during this planning period.

On Circuit GL12, Project GL-2 is the replacement of 0.9 miles of three-phase 4 CU and 0.9
miles of three-phase 2 CU with three-phase 336 ACSR. With the system configuration change
resulting from the installation of a distribution substation and a north and south circuit at the
Intervale Substation, these line sections are no longer part of the main three-phase line between
substations. However, due to their estimated age, these line sections are expected to reach the
end of their useful life during this planning period. These line sections provide aloop to the main
three-phase line and the use of three-phase 4/0 ACSR is recommended.

9.3.7 Intervale Substation Service Area

9.3.7.1 Existing System Review

The Intervale Substation is a 115 kV to 34.5 kV substation that was designed to accommodate
two 7.2/12.47 kV circuits. At the present time, neither circuit is being used.

9.3.7.2 Recommended Plan

It is recommended that both of the 7.2/12.47 kV circuits be put in service in the 2004-2008 time
period. These circuits will serve the area that is presently served by Glen, Circuit GL12. By
transferring the GL12 area to Intervale, Circuit GL12 can then be used to provide load relief to
the heavily loaded Jackson Substation, Circuit JS13, which is forecasted to have approximately
6,500 kW of peak load in 2023. It is estimated that approximately, 3,500 kW of peak load would
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be transferred to GL12. By dividing this load over 2 circuits, voltage and service rdliability will
be improved. The 2003, 2008, 2013 and 2023 peak |oad levels by substation and circuit using the
existing system configuration and the proposed system configuration, are seen in at the end of
this district section.

Project IN-2 is the 2-500 MCM underground feeder exits that will extend three-phase from the
Intervale Substation to connect with existing three-phase line to create the two new circuits.
Project IN-3 is the conversion of the existing single-phase 336 ACSR line going south to three-
phase by adding 2-336 ACSR phase conductors. This circuit will serve the area to the south and
tiesto Circuit CW13.

9.3.8 Jackson Substation Service Area

9.3.8.1 Existing System Review

The Jackson Substation is forecasted to serve 12.6 MW of peak load in 2023. The Jackson areais
served by three circuits, JS11, JS12 and JS13. Circuit JS13 serves approximately 52 percent of
the total load, JS12 serves 37 percent and JS11 the remaining 11 percent.

Circuit JS11 is approximately 5.3 miles long and is radial. The main line conductor of JS11 is
336 ACSR. No line capacity deficiencies or areas with low voltage are anticipated during this
planning period. All of JS11 isoperated at 7.2/12.47 kV.

Circuit JS12 is approximately 2.3 miles long and is radial. The main line conductor of JS12 is
336 ACSR. No capacity deficiencies or low voltage is expected along the main line. Most of
JS12 is operated at 7.2/12.47 kV. Three areas are operated at 2.4 kV line to ground. Capacity
and low voltage problems are expected in areas that are served 2.4 kV single-phase.

Circuit JS13 is approximately 2.2 miles long and ties to Circuit GL12 of the Glen Substation.
The main line conductor of JS13 is 336 ACSR. The 2013 pesk load on the main three-phase line
near the substation exceeds the maximum design limit of 280 amps per phase and the line is
therefore considered to have a capacity deficiency. Also, the peak load on severa single-phase
lines is close to or exceeds the maximum design limit of 50 amps per phase and the line is
therefore considered to have a capacity deficiency. The extremities of the circuit are relatively
close to the substation and no areas of low voltage are expected. All of JS13 is operated at
7.2/12.47 kV.

9.3.8.2 Recommended Plan

On Circuit JS11, no new construction or existing line upgrades are needed to improve voltage or
provide additiona capacity during this planning period.

On Circuit JS12, Projects 327, JS 1, JS-2 and JS 3 are the conversion of 2.4 kV single-phase
linesto 7.2 kV to provide additiona capacity and improve voltage. Project 327 was included in
year 1 of the 2001-2005 Construction Work Plan. It is recommended that Project JS-1 be donein
the 2004-2008 time period and Projects JS-2 and JS-3 in the 2009-2013 time period. Along with
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having to replace distribution transformers, it is anticipated that some of the 4 ACSR, 4 CWC, 4
CU and 6 CU is aged and deteriorated and will need to be rebuilt instead of just reinsulated.
Project JS-2 aso includes 0.13 miles of vee-phase 1/0 ACSR construction to enable the single-
phase lines beyond to be on different phases for improved load baance along the main line.

On Circuit JS13, it is recommended that part of the circuit be transferred to the Glen Substation
to provide load relief to JS13. At the present time, JS13 ends just 0.2 miles from the Glen
Substation. Most of the load on Glen, Circuit GL12, is to be transferred to the Intervale
Substation as discussed in Section 9.3.7. The load transfer enables dividing the area between the
Jackson and Glen Substations thereby providing the needed load relief to Circuit JS13.

Project JS4 will provide additional capacity by converting the single-phase /0 ACSR line to
three-phase /0 ACSR by adding 2-1/0 ACSR phase conductors. The existing single-phase line is
estimated to have 61 amps of peak load at the 2023 load level. The three-phase line is to be
extended into the development so that single-phase taps can baance the load on the three-phase
line.

Project JS-5 will provide additional capacity by converting the single-phase /0 ACSR line to
three-phase 1/0 ACSR by adding 2-1/0 ACSR phase conductors. The existing single-phase line is
estimated to have 50 amps of peak load at the 2023 load leve.

9.3.9 Perkins Corner Substation Service Area

9.3.9.1 Existing System Review

The Perkins Corner Substation is forecasted to serve 56 MW of peak load in 2023. The Perkins
Corner area is served by two 7.2/12.47 kV circuits, PC13 and PC14. The totd load on the
substation is fairly equaly divided over the two circuits.

Circuit PC13 is approximately 1.3 mileslong and ties to PC14 and Circuit CW11 of the Conway
Substation. The main line conductor of PC13 is 3/0 ACSR. No line capacity deficiencies or areas
with low voltage are anticipated during this planning period.

Circuit PC14 is approximately 0.6 mileslong and tiesto PC13. The main line conductor of PC14
is 336 ACSR. No line capacity deficiencies or areas with low voltage are anticipated during this
planning period.

9.3.9.2 Recommended Plan

No new construction or existing line upgrades are needed to improve voltage or provide
additional capacity during this planning period.

Project 332 is the replacement of a three-phase 3/0 ACSR line due to a road widening project
and was included in year 4 of the 2001-2005 Construction Work Plan. Thisthree-phaselineis a
main tie between the Perkins Corner and Conway Substations and 336 ACSR is recommended to
provide additiona capacity during backup.
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9.4 Distribution System Reliability

9.4.1 Historical Reliability

The Conway District has had much better distribution system reliability compared to the NHEC
systemaverages over the last three years. |n fact, the overal SAIDI index in this district ranked
best of dl didtricts. The following graph shows the resultant average indices for each feeder as
well asthe entire Conway district.

Conway District
SAIFI, SAIDI, and CAIDI
3 year Averages (2000-2002)

SAIDI=5 Rural

SAIDI=3 Suburban

BL11 BL13 Cwil Cwl2 Cwil3 Cwil4 GLi1 GL12 Js11 Js12 JS13 PC13 PC14  District
Rural Rural Suburban Rural Suburban Rural Rural Suburban Rural  Rural Rural  Urban  Urban

Indice Value

O FR,r N WM O1O

Feeder & Class

CISAIFI O SAIDI O CAIDI

Figure9-3 Conway District Historical Reliability Indices

9.4.1.1AIDI & SAIFI

The graph indicates that circuits CW13, GL 12, and PC14 have experienced a higher SAIDI than
the other circuits. All three of these feeders have exceeded the SAIDI reliability criteria set forth
according to their corresponding feeder classification in the reliability planning approach portion
of Section 5.0. The limits corresponding to each classification can be seen on the right-hand Y-
axis.

The target SAIFI vaue of 2.0 for al feeders, regardless of feeder classification, was exceeded at
feeders CW13, GL12, and PC14. Consequently, these are the same feeders that exceeded the
SAIDI limits above.
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9.4.2 Circuits That Exceed Reliability Criteria

9.4.2.1 Conway Circuit CW13

This circuit had the highest average SAIFI and SAIDI indices over the last three years. The
percentage of customer-minutes of outage duration due to each cause category can be seen in the
following figure.

CUTOUT AND
FUSE OPEN
1%

MATERIAL
FAILURES
%

TREES/LIMB
ON PRIMARY
LINE
58%
WEATHER
34%

Figure 9-4 CW 13 Per centage of Customer-Minutes Out by Outage Cause

More than haf of the total customer-minutes out outages were due to tree problems. Therefore,
from an operations and maintenance perspective, this circuit should receive atop priority when it
comes to tree trimming and right-of-way clearing practices. If this is accomplished, along with
proper overcurrent protection philosophy and coordination, potential of future reiability
improvement should be promising.

From a voltage and capacity standpoint, this circuit meets criteria through the 2023 load levels.
Furthermore, Circuit CW12 forms a three-phase tie with Circuit CW13, therefore providing
backup for major three-phase feeder main outages. With the addition of the Intervale 34.5 -
7.2/12.47 kV digribution substation, further contingency capability will exist. Therefore, no
capita improvement construction projects can be justified for this circuit for potentia reliability
improvement. As previoudy mentioned, sufficient O&M practices, adong with proper
sectionalizing, should provide reliability improvement.

9.4.2.2 GlenCircuit GL12

This suburban classified feeder had an average SAIDI of 4.4 over the last three years. As the
following Figure 9-5 indicates, accidents, cutouts and fuses open, and tree problems were
relatively equa in percentage of customer hours, and contributed overal to about 88% of the
total consumer-hours.
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Figure 9-5 GL 12 Per centage of Customer-Minutes Out by Outage Cause

Further review of individual outage details showed that most of the high consumer-hour outages
were caused by entire GL12 feeder outages. Six outages affected all consumers on GL12, and
caused over 80% of the consumer-minutes. At least one event for each of the top four cause
categories in Figure 9.5 caused an entire feeder outage. This indicates that O&M practices are
generaly adequate for the entire feeder, except within the first zone of protection where the
majority of the outages contributing customer-minutes have occurred. There should be more
focus within the first zone of protection for Circuit GL12, particularly in the first five years of
the plan, or until the new Intervale Substation and proposed circuit configuration change gets
implemented as described in the next two paragraphs.

Presently, the main three-phase line of Circuit GL12 is approximately four miles in length, with
the vast mgjority of the load and consumers located near the last half of the feeder. Therefore,
problems occurring closer to the substation have been causing al members on this circuit to
experience outages. As indicated in Section 9.3.2, New Substations, DP's and MP's, the
Intervale distribution substation is proposed in the first five years of the plan to indirectly
provide load relief to the Jackson Substation. The Intervale Substation will also provide greater
contingency capability between the Glen and Jackson Substations.

In addition to voltage and capacity improvements due to the addition of the Intervale Substation,
substantial reliability improvements could potentially be noticed. Intervale Substation will
initially be constructed with two feeders. This will divide the members on Circuit GL-12 into
two feeders, causing a reduced number of circuit-milesof primary line exposure to each member.
Furthermore, since the two Intervale Circuits will be serving the existing members of GL-12, the
current first zone of protection of GL-12 will become the “last” zone of protection of the
Intervale Circuit. Due to the small number of members and |oad within this zone, any outagesin
the area will not affect the load center of the Intervale Substation if properly sectionalized into a
second or third zone of protection.

9.4.2.3 Perkins Corner Circuit PC14

This urban classified feeder had an average SAIDI of 2.54 over the last three years. Even though
this does not appear to be too excessive, the urban classification caused this feeder to be further
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assessed for reliability improvements.  The following figure indicates that nore than half the
consumer-hours were attributed to material failure causes. In fact, the 57% of consumer-hours
was due to one transformer failure. Investigation into the cause of the transformer failure is
beyond the scope of this study, and it is assumed that al required steps have been taken to reduce
the possibility of this reoccurring.
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57%
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39%

Figure 9-6 PC14 Per centage of Customer-Minutes Out by Outage Cause

It appears there are no obvious O&M practice improvements that will significantly improve the
overal reliability on Circuit PC14. There have only been approximately six outages on this
feeder in the past three years, with one of them being somewhat of an uncommon occurrence.

There is one construction project that may have a positive effect on the reliability of this circuit,
Project CW-R1. This new three-phase tie-line, is discussed in the Conway Circuit CW12
reliability section.

The proposed tie-line congtruction project CW-R1 will provide another option for contingencies
between PC-14 and CW-12.

9.4.3 Circuits That Meet Reliability Criteria

9.4.3.1 Jackson Circuit JS13

Even though Circuit JS-13 met the reliability criteria set forth previoudy, there are definite
reliability impacts due to proposed circuit configuration changes, as well as proposed tie-lines.

As a result of the proposed Intervale 34.5 — 7.2/12.47 kV distribution substation, the circuit
configurations for Glen Circuit GL12 and Jackson Circuit JS13 should be changed. With these
changes, Circuit JS13 will be divided into two circuits, with one being served from Jackson and
the other from Glen. Therefore, the feeder lengths and exposure to outages will be cut in half,
and as a result, reiability will be improved. Furthermore, the number of members per feeder
will be less than the existing configuration, therefore further enhancing the reliability.
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Projects JISR1, JSR2, and GL-R1 are recommended based on engineering judgment. All three
projects will improve the backup potential between the two taps of Circuits JS-13 and GL-11.
Along with each project, comes a certain amount of potential reliability improvement. For the
minimal investment of Project JS-R1, backup to the members on only one phase of the two tap
lines can be accomplished, but will still provide significant improvements. Complete backup for
al the members on both these tap lines can be accomplished with Projects JS-R2 and GL-R1.
Furthermore, the three-phase loop will provide better reiability due to load balancing,
overcurrent protection, and normal-open location options.

9.4.3.2 Bartlett Qubstation

There are three projects located within the Bartlett Substation service area that will provide
potential reliability improvements.

Project BL-R1 is the recommended upgrade of the existing single-phase 1/0 ACSR line. This
line presently serves the Blueberry Hill area and should be converted to three-phase /0 ACSR
by adding 2-1/0 ACSR phase conductors, thereby creating a three-phase loop to the Blueberry
Hill area. If converting the existing line from single-phase to three-phase is not possible, a new
three-phase 4/0 ACSR line is recommended.

Project BL-R2 is the upgrade of a vee-phase and single-phase underground line through a
concentrated areawith 1,500 kW of peak load at the 2023 load level. The areais presently served
by two radia three-phase and vee-phase lines, which are tied together with single-phase. It is
recommended that the vee-phase and single-phase lines be replaced with three-phase 1/0 AL
underground to provide a three-phase loop for improved load balance and rdliability.

Project BL-R3 is a sngle-phase 1/0 ACSR tie line that will provide a loop for potentia
improvement in reliability.

9.4.3.3 Conway Circuit CW12

This circuit has a projected 2023 load level of approximately 3,700 kW. About 78% of the load,
or 2,900 kW, islocated on the long three-phase tap that serves Hales Location Country Club area
along West Side Road. Due to the radia configuration of this line, there exists no contingency
capability for any three-phase outages along the main line. Therefore, a new three-phasetie-line
designated as Project CW-R1 is recommended.

Project CW-R1 will provide contingency capability between Circuits CW-12 and PC-14. Dueto
the radia configuration of CW-12, aong with the lower than desired outage history on Circuit
PC-14, this project will benefit both circuits.

The Saco River is located between these circuits PC-14 and CW-12, therefore making this
congtruction extremely difficult and costly. For the purposes of this study, the project is
projected to be about $126,000 for 0.9 miles of three-phase 336 ACSR line. If this project is at
all possible, it should be consdered due to the potentia reliability improvements and
contingency capabilities.
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9.5 Cost Estimates

A summary of the cost estimate for the proposed 5 Y ear, 10-Y ear and 20-Y ear Plans is provided
in Table 97. Cost estimate details for the proposed New Tie Lines, Conversions and Line
Changes, New Substations, Delivery Points and Meter Points and Substation, Delivery Point and
Meter Point Changes, which were discussed in Section 9.3 and shown on the Proposed System
Circuit Diagram, are provided in the “Construction Cost Details [table]” at the end of Section
9.0. Unit cogt information is included in this report as Exhibit I11. When future reference is
made to these cost estimates, materia and labor prices should be reviewed to incorporate

existing market conditions.

Table9-6 Construction Cost Summary

2004-2008 | 2009-2013 2014-2023 2004-2023
Cost ($) Cost ($) Cost ($) Cost ($)
New Tie Lines 40,000 0 7,350 47,350
Conversions and Line Changes 671,935 372,710 245,510 1,290,155
New Substations, PD’s and MP's 250,000 0 0 250,000
Substation, DP and MP Changes 66,000 0 362,000 428,000
Total 1,027,935 372,710 614,860 2,015,505
Projects for Improved Reliability 0 0 319,260 319,260
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Table9-7 District Substation Load Data Projections

Existing System Configuration | Proposed System Configuration
Substation ckt. | season | 2003 | 2008 | 2013 | 2023 2008 2013 2023
Name Load | Load | Load | Load Load Load Load
kw kw kw kw kw kw kW
BL11 w 1991 | 2,224 | 2,448 | 2,888 2,224 2,448 2,888
Bartlett BL12 w 2,696 | 3,018 | 3,331 | 3,950 3,018 3,331 3,950
Sub w 4,687 | 5,242 | 5,779 | 6,838 5,242 5,779 6,838
Ccwil W 2656 | 2854 | 2975 | 3,216 1,875 1,961 2,133
Cw12 W 3,138 | 3,347 | 3,475 ] 3,729 3,347 3,475 3,729
Conway Ccwi3 w 3,668 | 3,905 | 4,050 | 4,338 3,905 4,050 4,338
Ccwi4 W 1699 | 1777 | 1824 | 1917 2,756 2.838 3.000
Sub w 11,161 11,883[12,324 | 13,200 | 11,883 12,324 13,200
GL11 W 988 1,046 | 1,101 | 1,213 1,046 1,101 1,213
Glen GL12 w 2211 | 2,338 | 2,461 | 2,703 3,357 3,463 3,671
Sub w 3,199 | 3,384 | 3,562 | 3,916 4,403 4,564 4,884
IN11 W 1,227 1,292 1419
Intervale IN12 W 1,095 1,153 1,266
Sub W 2,322 2,445 2,685
JS11 W 1279 | 1320 | 1,362 | 1,443 1,320 1,362 1,443
Jackson JS12 w 4,065 | 4,199 | 4,329 | 4,590 4,199 4,329 4,590
JS13 W 5783 | 5975 | 6162 | 6,533 2,699 2,783 2,951
Sub W 11,127[11,494 | 11,853 | 12,566 8,218 8,474 8,984
PC13 wW 2,609 | 2,609 | 2658 | 2,744 2,609 2,658 2,744
Perkins Corner | pci4 W 2733 | 2733 | 2785 | 2,875 2,733 2,785 2,875
Sub w 5342 | 5342 | 5443 | 5619 5342 5443 5,619
Conway District w 35,516 | 37,345 38,961 | 42,139 ] 37,410 39,029 42,210

Power System Engineering, Inc.
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Project Reason | @ L oad| Estimated
Code | YR Sub/Ckt Project Description Code |(amps) ‘| Miles Cost (3)
I.New TieLines
BL-4 2023 Bartlett / BL13 ~ 1ph 1/0 AL UG D,S - 0.10 7,350
IN-2 2005 Intervale 2-3ph 500 MCM underground feeder exits S - 010 40,000
Total New Tie Lines 0.20 47,350
II. Conversionsand Line Changes
BL-1 2004 Bartlett / BL11  1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) Cc,D 45 0.60 21,750
BL-2 2013 Bartlett / BL13  3ph 2 ACSR to 3ph 336 ACSR ACV 150 0.50 64,350
324 2004 Bartlett / BL13  1ph 6 CU to 3ph 336 ACSR Hendrix, Convert voltage WP - 1.00 80,000
BL-3 2023 Bartlett / BL13  1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) Cc,D 45 0.40 15,660
BL-5 2013 Bartlett / BL13  1ph 6 & 4 to 1ph 1/0 ACSR, Convert2.4kVto 7.2kV ACV 25 125 80,000
BL-6 2023  Bartlett/ BL13  2ph 336 ACSR to 3ph 336 ACSR (add 1) DV 40 1.80 43,200
BL-7 2023  Bartlett/BL13  1ph 2 ACSR to 2ph 2 ACSR (add 1) CcDV 35 0.50 8,450
325 2004 Bartlett / BL13 ~ Convert 2.4 kV to 7.2 kV WP - 2.00 60,000
330 2004 Conway/CW13 3ph 336 ACSR Tree to 3ph 336 ACSR Hendrix WP - 0.60 50,000
326 2004 Conway/CW14 3ph 4 CU to 3ph 336 ACSR Hendrix WP - 0.80 70,000
GL-2 2023 Glen / GL12 3ph 4 & 2 CU to 3ph 336 ACSR A - 1.80 178,200
IN-3 2005 Intervale / South 1ph 336 ACSR to 3ph 336 ACSR (add 2) S - 0.70 34,440
327 2004  Jackson/JS12 1ph 6 CU to 1ph 1/0 ACSR, Convert 2.4 kV to 7.2 kV. WP - 2.00 100,000
JS-1 2004  Jackson/JS12 Convert 2.4 kV to 7.2 kV ACV 25 1.60 114,000
JS-2 2013 Jackson/JS12 Convert 2.4 kV to 7.2 kV ACV 25 1.80 116,000
JS-3 2013 Jackson/JS12 Convert 2.4 kV to 7.2 kV ACV 25 1.60 88,000
JS-4 2006  Jackson/JS13 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) CcD 45 0.30 11,745
JS-5 2013 Jackson/JS13 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) CD 45 0.70 24,360
332 2004 Perkins C./PC14 3ph 3/0 ACSR to 3ph 336 ACSR WP - 150 130.000
Total Conversions and Line Changes 21.45 1,290,155
I11. Projectsthat have Potential Reliability | mprovement
BL-R1 2023 Bartlett / BL11  1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) 0.80 26,680
BL-R2 2023 Bartlett / BL11  1ph & 2ph 1/0 AL UG to 3ph 1/0 AL UG 0.40 47,320
BL-R3 2023 Bartlett / BL13 ~ 1ph 1/0 ACSR 0.20 12,760
JS-R1 2023 Jackson/JS13 1ph 1/0 ACSR 0.10 6,600
CW-R1 2023 Conway/CW12 3ph 336 ACSR 0.90 126,000
GL-R1 2023 Glen/GL11 1ph 2ACSR to 3ph 1/0 ACSR 1.00 68,000
JS-R2 2023  Jackson/JS13 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) 110 31.900
Total Potential Reliability Improvements 4.50 319,260
Total of all projects 26.15 1,656,765
Total by year for first 4 years (includes reliability projects)
2004 10.10 625,750
2005 0.80 74,440
2006 0.30 11,745
2007 0.00 0
2008 0.00 0
2013 5.85 372,710
2023 9.10 572,120
Total 26.15 1,656,765

A

< CULVUTMmoOw

Reason Code(s)

To replace Aged and deteriorated lines that are expected to reach the end of their useful life.
To improve Backup between circuits and substations.

To provide additional Capacity.

To Divide the load for improved load balance, voltage, sectionalizing and reliability.

To accommodate Future load.

To accommodate new System configuration as a result of other projects.

To replace old 175 Mil bare concentric neutral Underground cable in poor condition.

To improve Voltage.

As per NHEC 2001-2005 Construction Work Plan.

-

@ Load (amps) column indicates the load at which the project is to be implemented.

Power System Engineering, Inc.

9-23



Project Estimated
Code YR Name Project Description Cost ($)
IV. New Substations, Delivery Pointsand M eter Points
2004-2008 Time Period
IN-1 2005 Intervale Substation 34.5-7.2/12.47 kV; 5,000/5,600/7,000 kVA 250,000
Structure, fence, ground grid, etc.
5,000/5,600/7,000 kVA transformer and
3-328 amp voltage regulators are to
come from Bartlett Substation.
2009-2013 Time Period 0
2014-2023 Time Period 0
V. Substation, Delivery Point and M eter Point Changes
2004-2008 Time Period
501 2004 Bartlett Install 3-3333 kVA transformers from stock 20,000
501 2004 Bartlett Upgrade with 3-656 amp voltage regulators 46,000
Total 2004-2008 66,000
2009-2013 Time Period
2014-2023 Time Period
GL-1 2023 Glen Upgrade with new 10,000 kV A transformer, 34.5-7.2/12.5 170,000
GL-1 2023 Glen Upgrade with 3 new 656 amp voltage regulators 46,000
Total 216,000
IN-4 2023 Intervale Upgrade with new 5,000 kVA transformer, 34.5-7.2/12.5| 120,000
IN-4 2023 Intervale Upgrade with 3 new 328 amp voltage regulators 26,000
Total 146,000
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Table9-9 Summary of Reliability Indices by Feeder

Members #
DISTRICT CKT YEAR Out Cons-Hours| Consumers - SAIFI SAIDI | CAIDI

CONWAY BL11 2000 511 676 444 1.15 1.52 1.32

2001 0 0 444 0.00 0.00 0.00

2002 54 45 444 0.12 0.10 0.83

Totals 565 721 1,332 Average 0.42 0.54 1.28

BL13 2000 2,113 2,751 595 3.55 4.62 1.30

2001 105 140 595 0.18 0.24 1.33

2002 317 465 595 0.53 0.78 1.47

Totals 2,535 3,356 1,785 Average 1.42 1.88 1.32

Cwi11l 2000 36 43 755 0.05 0.06 1.19

2001 64 72 755 0.08 0.10 1.13

2002 2,941 2,834 755 3.90 3.75 0.96

Totals 3,041 2,949 2,265 Average 1.34 1.30 0.97

CW12 2000 81 148 1,127 0.07 0.13 1.83

2001 1,428 1,145 1,127 1.27 1.02 0.80

2002 2,225 2,027 1,127 1.97 1.80 0.91

Totals 3,734 3,320 3,381 Average 1.10 0.98 0.89

CW13 2000 2,308 1,630 1,025 2.25 1.59 0.71

2001 6,184 8,243 1,025 6.03 8.04 1.33

2002 2,425 5,604 1,025 2.37 5.47 231

Totals 10,917 15,477 3,075 Average 3.55 5.03 1.42

Cw14 2000 290 378 248 1.17 1.52 1.30

2001 602 820 248 2.43 3.31 1.36

2002 355 760 248 1.43 3.06 2.14

Totals 1,247 1,958 744 Average 1.68 2.63 1,57

GL11 2000 342 581 887 0.39 0.66 1.70

2001 1,461 1,762 887 1.65 1.99 1.21

2002 676 1,200 887 0.76 1.35 1.78

Totals 2,479 3,543 2,661 Average 0.93 1.33 1.43

GL12 2000 2,807 5,055 1,084 2.59 4.66 1.80

2001 3,297 4,033 1,084 3.04 3.72 1.22

2002 3,441 5,211 1,084 3.17 4.81 151

Totals 9.545 14,299 3.252 Average 2.94 4.40 1.50

JS11 2000 791 969 1,059 0.75 0.92 1.23

2001 46 136 1,059 0.04 0.13 2.96

2002 713 710 1,059 0.67 0.67 1.00

Totals 1,550 1,815 3,177 Average 0.49 0.57 1.17

JS12 2000 526 697 743 0.71 0.94 1.33

2001 246 374 743 0.33 0.50 1.52

2002 2,258 3,697 743 3.04 4.98 1.64

Totals 3.030 4,768 2.229 Average 1.36 2.14 157

JS13 2000 1,211 2,760 1,029 1.18 2.68 2.28

2001 256 280 1,029 0.25 0.27 1.09

2002 2,228 3,377 1,029 2.17 3.28 1.52

Totals 3,695 6,417 3,087 Average 1.20 2.08 1.74

PC13 2000 0 0 247 0.00 0.00 0.00

2001 8 14 247 0.03 0.06 1.75

2002 200 117 247 0.81 0.47 0.59

Totals 208 131 741 Average 0.28 0.18 0.63

PC14 2000 585 708 160 3.66 4.43 1.21

2001 574 478 160 3.59 2.99 0.83

2002 30 35 160 0.19 0.22 1.17

Totals 1,189 1,221 480 Average 2.48 2.54 1.03
District

Total 2000 11,601 16,396 9,403 1.23 1.74 141

2001 14,271 17,497 9,403 1.52 1.86 1.23

2002 17,863 26,082 9,403 1.90 2.77 1.46

Totals 43,735 59,975 28,209 Average 1.55 2.13 1.37

*-Indices EXCLUDE: outages affecting <5 members, outages <5 minutes duration, Power Supplier Caused, Major
Sorms, any 34.5 kV outages on either NHEC or PSNH's system ("High Side" Outages).

Power System Engineering, Inc.
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10.0 Lisbon District

10.1 Load Analysis

The Lisbon District contains 3 delivery points, which accounted for about 1.2 percent of NHEC's
load in 2002. The delivery points of Haverhill, Lisbon, and Monroe had respective 2002 peak
demands of 708, 939, and 524 kW. All of these delivery points are winter peaking.

The Haverhill delivery point has about 10 percent as many active consumers as population in the
towns that it serves. No change in this ratio is expected. Both service area population and
consumer's are expected to increase dowly from 2002 to 2023 at an average annual rate of 0.6%.

Haverhill demand per consumer was 124 kW in 2002, which is the lowest figure of all the 34
NHEC ddivery points. This is a very rurd area with very stable loads. With no significant
change anticipated in the DPC, loads are also expected to grow a an annua rate of 0.6%.

Included in this growth is one subdivision on the HA11 circuit.

The forecasts of consumers and loads are shown in Table 10-1 and Figure 10-1.

Table 10-1 Haverhill DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR consumers DPC Peak kW
2000 5,623
2001 5,686
2002 5,677 0.1006 571 1.240 708
2003 5,710 0.1006 574 1.240 712
2004 5,744 0.1006 578 1.240 717
2005 5,779 0.1006 581 1.240 721
2006 5,814 0.1006 585 1.240 725
2007 5,848 0.1006 588 1.241 730
2008 5,883 0.1006 592 1.241 734
2013 6,066 0.1006 610 1.241 757
2023 6,463 0.1006 650 1.242 808
Growth Rates
2002 - 2003 0.59% 0.00% 0.59% 0.01% 0.60%
2002 - 2008 0.60% 0.00% 0.60% 0.01% 0.61%
2002 - 2013 0.60% 0.00% 0.60% 0.01% 0.61%
2002 - 2023 0.62% 0.00% 0.62% 0.01% 0.63%
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Table10-2 Haver hill DP Spot L oads | dentified

YEAR

Substation | Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023

Load (kW)

Haverhill | HA1L Subdivision 10 | 10 [ 10

N. Haverhill
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Figure 10-1 Historical and Forecasted Haver hill DP Demands

The Lisbon delivery point serves a low proportion of the service area population with a 2002
CPR of 7.0 percent. Consumer and population growth in this area are expected to mirror each
other, with an overall annual growth rate of 0.23 percent from 2002 to 2023. The DPC is the
eighth lowest compared to the other 34 delivery points and is expected to remain constant at 1.55
kW. The CPR is aso expected to remain steady at 7.0 percent.

This areais also very rural with stable loads. With no significant change anticipated in the DPC,
loads are expected to grow at an annuad rate of 0.23%. Included in this growth is a subdivision
on the LS11 circuit, and a commercial/industrial development an Circuit LS12. The forecasts of
consumers and loads are shown in Table 10-3 and Figure 10-2.
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Table 10-3 Lisbon DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR consumers DPC Peak kW
2000 8,629
2001 8,747
2002 8,696 0.0697 606 1.550 939
2003 8,710 0.0697 607 1.550 941
2004 8,726 0.0697 608 1.550 942
2005 8,743 0.0697 609 1.550 944
2006 8,759 0.0697 610 1.550 946
2007 8,776 0.0697 612 1.550 948
2008 8,793 0.0697 613 1.550 950
2013 8,890 0.0697 620 1.550 960
2023 9,129 0.0697 636 1.550 986
Growth Rates
2002 - 2003 0.17% 0.00% 0.17% 0.00% 0.17%
2002 - 2008 0.19% 0.00% 0.19% 0.00% 0.19%
2002 - 2013 0.20% 0.00% 0.20% 0.00% 0.20%
2002 - 2023 0.23% 0.00% 0.23% 0.00% 0.23%
Table 10-4 Lisbon DP Spot L oads I dentified
YEAR
Substation | Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023
Load (kW)
Lisbon LS11 Pepperbrook Subdivision 10 10 10
LS12 C&| Development 25 25 25
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Figure 10-2 Historical and Forecasted Lisbon DP Demands

The Monroe delivery point has about 3.8 percent as many consumers as population in the towns
that it serves. Slow consumer growth is expected to match dow population growth, at an
average annual rate of 0.3% from 2002 to 2023. The CPR is expected to remain static at 0.04.

Demand per consumer was 1.91 kW in 2002, which is below the average for al the 34 NHEC
ddivery points. This is a very rura area with very stable loads. With no significant change
anticipated in the DPC, loads are expected to grow at an annual rate of 0.3%.

The forecasts of consumers and loads are shown in Table 10-5 and Figure 10-3.
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Table 10-5 Monroe DP Non-Coincident Peak Demand Base (Historic & Forecasted)

400

300

kW Demand

200

100

Town Active
Year Population CPR Consumers DPC Peak kW
2000 7,091
2001 7,193
2002 7,156 0.0384 275 1.905 524
2003 7,172 0.0384 276 1.905 525
2004 7,190 0.0384 276 1.905 527
2005 7,209 0.0384 277 1.906 528
2006 7,226 0.0384 278 1.906 529
2007 7,245 0.0384 278 1.906 531
2008 7,264 0.0384 279 1.906 532
2013 7,367 0.0384 283 1.906 540
2023 7,611 0.0384 292 1.906 557
Growth Rates
2002 - 2003 0.23% 0.00% 0.23% 0.00% 0.23%
2002 - 2008 0.25% 0.00% 0.25% 0.00% 0.25%
2002 - 2013 0.26% 0.00% 0.26% 0.00% 0.27%
2002 - 2023 0.29% 0.00% 0.29% 0.00% 0.30%
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10.2 Transmission System

10.2.1  Bulk Transmission System

NHEC's Lisbhon Disgtrict has three delivery points at Lisbon Substation and Haverhill and
Monroe distribution voltage level delivery points. Haverhill and Monroe are supplied by the
Central Vermont Power System and are discussed in the distribution section summary. Lisbon
Substation is supplied from PSNH’s Whitefield Substation. Whitefield is a mgjor 115-34.5 kV
substation with four 115 kV transmission lines.

10.2.2  34.5Kv Subtransmission System

Substation capacity and base case and forecasted load levels are depicted in Table 10-6. Future
coincident peak |loads are based on an annual area growth rate of 0.74% for both the summer and

winter peaks.

Table10-6 Lisbon District 34.5kV System and L oads

115-34.5kV Transformers Peak Loads— MVA
PSNH 34.5kV Summer Winter
Substation Summer Capacity Winter Capacity Feeders | 2003 2023 2002 2022
Whitefield 1-52 MVA 1-61 MVA 3 256  30.0 33.2 31.7
Berlin 1-20, 1-28 MVA 1-25, 1-33 MVA 3 195 223 194 26.8
Lost 1-33, 1-34 MVA 1-37, 1-38 MVA 3 171 204 13.9 20.8
Nation 1CT-21 MVA

Lisbhon Substation is supplied from PSNH 34.5 kV feeder 348 from PSNH’'s Whitefield
Substation. PSNH feeder 348 is aradia feeder, but does have a mgor small power producer at
Bethlehem with 12.6 MW of generating capacity. PSNH Whitefield 34.5 kV feeders 351 and
376 are operated in a network configuration tied to Berlin feeder 352 and Lost Nation feeder
376, respectively. Whitefield feeder 351 aso has a mgor small power producer at Whitefield
with 14.0 MW of generating capacity.

There are no capacity or voltage deficiencies in the 2002-2003 cases. In 2012, without
generation at Bethlehem, PSNH 34.5 kV feeder 348 experiences line side voltages below .95 per
unit on the Sugar Hill voltage regulator station and the voltage regulators are at the 12.0 MVA
normal full operating range capacity limit. PSNH will need to add a 1.2 MV AR capacitor bank
on the load side of these regulators to address this deficiency in 2012.

10.2.3  Historical Reliability

Lisbon Substation has experienced an average of 1 power supplier outage per year for the 2000-
2002 time period. Thisiswithin the reliability criterialimits established by NHEC.
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10.2.4  Contingency Performance

The outage of a single 115 kV transmission line or the 115-34.5 kV Whitefield transformer will
not result in any unserved load, capacity deficiencies, or voltage deficiencies as long as the
Bethlehem generation is operating. Bethlehem has a contract with PSNH to supply power
through 2006 at avoided cost based rates which are above the current market rates for wholesale
power. For the purposes of this study, it is assumed that this small power producer will remain
viable through the planning period. Without the Bethlehem generation, PSNH would need to
add another 115-34.5 kV transformer to Whitefield Substation in 2006, when the Bethlehem

contract ends, to maintain comparable service and reliability because peak load conditions would
result in line voltages on the Whitefield feeder 348 of 0.80 per unit and would require PSNH to
shed load including the Lisbon Subgtation for a Whitefield 115-34.5 kV transformer outage.

Alternatively, without Bethlehem generation, the PSNH design criteria would permit an outage
of up to 24 hours at peak load to move a mobile substation into position to restore service.

10.3 Distribution System

10.3.1 General

The following discusses the recommended construction projects by substation, DP or MP service
area along with various aternatives. Project item numbers referred to in the discussion are shown
on the Proposed System Circuit Diagram and in the cost tables. The projects and item numbers
shown in GREEN are anticipated in the 2003-2008 Transition Plan time period. Projects and
item numbers shown in BLUE are projected to be needed in the 2009-2013 Transition Plan,
while projects and item numbers shown in RED are in the remaining 2014-2023 time period.
Projects based on improving reliability are shown in ORANGE and are discussed in Section
10.4, Digtribution System Rdliability. Section 5.0, Planning Approach, provides information
related to the development of the Long Range Plan. The “Substation Load Data Projections
[table]” at the end of Section 10.0 shows the 2003, 2008, 2013 and 2023 peak load levels for
each substation, DP, MP and circuit using the existing system configuration and proposed system
configuration.

10.3.2 New Substations, DP’s and MP’s

No new substations, delivery points or meter points are required in the Raymond District during
this 20-year planning period.

10.3.3  Substation, DP and MP Changes

The following table shows the projected kW for the Long Range Plan design load level,
Proposed System Arrangement, as a percent of existing and proposed substation transformer and
regulator capacity. The percent of capacity is calculated using a 98 percent power factor and 10
percent load unbalance. Proposed capacity upgrades that are anticipated for serving normal load
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and/or for backup or for the ordinary replacement of aged transformers are shown in [bold].
The notes at the bottom of the table indicate the reason for the change and provide the project
number.

Table10-7 Substation Transformer and Regulator Data

Transformer Voltage Regulator
Rating (kVA) Est. Est.
Name OA | FA | OA | FA | Win | Load|Capacity| Size | Load |Capacity
55° | 55° | 65° | 65° |Season|(kW)| (%) [(AMP)|(AMP)| (%)

Haverhill MP - - - - - 858 - 50 45 89
Lisbon Sub 1,000 -- -- -- 1,100 | 1,074 100 75 56 74
Lisbon Sub* 2,500 | 3,125 | 2,800 | 3,500 | 3,080 | 1,074 36 75 56 74
Monroe MP - - - - - 532 - - - -
Monroe DP 2,500 -- 2,800 - 3,080 | 532 18 50 28 55

1 Fansarenot installed.

No conversion to a different distribution system operating voltage is recommended at any of the
substations, meter points or delivery points. The distribution operating voltage is to remain at
7.2/12.47 kV.

10.3.4 Haverhill Meter Point Service Area

10.34.1 Existing System Review

The Haverhill MP takes service from Central Vermont PSC at 7.2/12.47 kV. The MP consists of
one circuit, which is forecasted to serve 0.9 MW of pegk load in 2023. Voltage regulators are
installed just beyond the MP.

Circuit HA11 is approximately 9.0 miles long and has no ties to other circuits. The main three-
phase line is 5.3 miles long and is /0 ACSR. The remaining vee-phase and single-phase lines
are mostly 1/0 ACSR. No line capacity deficiencies or areas with low voltage are anticipated
during this planning period.

10.34.2 Recommended Plan

Project HA-1 isthe ingtallation of a 150 kV AR fixed capacitor bank to improve the power factor.
The recommended location is shown on the circuit diagram map.

10.3.5 Lisbon Substation Service Area

10.35.1 Existing System Review

The Lisbon Substation is forecasted to serve 1.1 MW of peak load in 2023. The Lisbon areais
served by two 7.2/12.47 kV circuits: LS11 and LS12. Circuit LS11 serves approximately 54
percent of the total load and LS12 serves the remaining 46 percent.
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Circuit LS11 is approximately 16.0 miles long and has no ties to other circuits. The main three-
phase line is 5.4 miles long and is /0 ACSR. The remaining vee-phase and single-phase lines
are mostly 1/0 ACSR. No line capacity deficiencies or areas with low voltage are anticipated
during this planning period.

Circuit LS12 is approximately 8.0 miles long and has no ties to other circuits. The main three-
phase line is 5.4 miles long and is /0 ACSR. The remaining vee-phase and single-phase lines
are mostly 1/0 ACSR. No line capacity deficiencies or areas with low voltage are anticipated
during this planning period.

10.35.2 Recommended Plan

Project LS-1 isthe installation of a 150 kVAR fixed capacitor bank to improve the power factor
on circuit LS11. The recommended location is at the end of the three-phase main feeder as
shown on the circuit diagram map.

10.3.6 Monroe Meter Point Service Area

10.3.6.1 Existing System Review

The Monroe MP takes sarvice from Central Vermont PSC a 7.2 kV. The MP consists of one
circuit, which is forecasted to serve 0.5 MW of peak load in 2023. No voltage regulators are
installed near the MP.

The single-phase feeder main of Circuit MR11 splits into two single-phase lines approximately
0.25 miles from the MP. These two single-phase lines are for the purpose of dividing the load
over additional sectionalizing devices for improved reliability. The two single-phase lines are on
the same poles and continue for 3.5 miles.

The Monroe MP has no ties to other circuits. The main single-phase lines are mostly 1/0 ACSR
with some parts being 8SCG, 8A CWC, 4 ACSR and 2 ACSR. One line voltage regulator is
installed about 3.8 miles from the substation. No line capacity deficiencies or areas with low
voltage, when using the existing voltage regulator, are anticipated during this planning period.
However, this amount of single-phase load may be causng considerable load unbalance on the
supplier’ s system.

10.3.6.2 Recommended Plan

Projects 202, 337, 338, and 401 are from NHEC' s current construction work plan and are needed
to introduce a new 19.9/34.5 kV to 7.2/12.47 kV delivery point into the area. The addition of a
three-phase source compared to the existing single-phase metering point will improve service
potential and reliability in the area.
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10.4 Distribution System Reliability

10.4.1  Historical Reliability

The Lisbon district has had dightly better than average distribution system reliability compared
to the NHEC system averages over the last three years, and ranked fourth best of al districts.
The following figure shows the resultant average indices for each feeder as well as the entire
Lisbon district.

Lisbon District
SAIFI, SAIDI, and CAIDI
3 year Averages (2000-2002)
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Figure 104 Lisbon District Historical Reliability Indices

10.4.2  SAIDI & SAIFI

Only circuit LS11 exceeded the SAIDI reliability criteria for the rural feeder classfication. All
circuits except for MR11 exceeded the SAIFI criteria.

10.4.3  Circuits That Exceed Reliability Criteria

104.3.1 Circuit HA11

This circuit had an average SAIFI of 2.0 over the 2000-2002 period, which coincidentaly
matches the SAIFI reliability criteria Outages by cause can be seen in the following figure.
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Figure 105 Circuit HA11 Percentage of Customer-Minutes Out by Outage Cause

Basicaly, this circuit consists of one long three-phase first zone of protection, and three second
zones of protection consisting of one single- phase tap and two vee-phase taps. About 68% of the
consumer-hours of outages were caused by outages in the first zone of protection. There were
two feeder outages that accounted for about 43% of the total consumer-hours on this circuit.
Overdl, this circuit has experienced adequate distribution reliability, and therefore there are no
proposed projects strictly for reliability purposes.

10.4.3.2 Circuit LS11

This circuit exceeded both the SAIFI and SAIDI reliability criteria and was the worst performing
feeder in the Lisbon district with a SAIDI of 5.53. The following figure reflects outages by
customer-minutes of outage.
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Figure 10-6Cir cuit L S11 Per centage of Customer-Minutes Out by Outage Cause

The configuration of circuit LS11 issimilar to circuit HA11. About 42% of the consumer-hours
were caused by outages occurring in the first zone of protection. Furthermore, two feeder
outages caused approximately 22% of the total customer-minutes.

There are no recommended distribution construction projects for reliability purposes on circuit
LS11. According to the above figure, increased O&M, particularly right-of-way clearing, may
prove to be a feasible low cost option to improve reliability on this circuit. Furthermore, a few
projects for conversion to tree-wire and new underground line in NHEC's current construction
work plan should reduce outages caused by tree contact.

10.4.3.3 Circuit LS12

Circuit LS12 was the second worst performing feeder in the Lisbon district, bu still met the
SAIDI criteria for rural classfied feeders. The figure below indicates the consumer-hours of
outages due to various causes.
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Figure 10-7 Circuit L S12 Per centage of Customer-Minutes Out by Outage Cause
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The accident cause category ranked the highest in contribution to customer-minutes of outage,
although there was only one accident caused outage. This outage affected all members on the
feeder and lasted about 4.5 hours. Therefore, after excluding this atypica outage, the following
figure indicates the revised customer-minutes of outages.
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Figure 10-8 Circuit L S12 Per centage of Customer-Minutes Out by Outage Cause w/o Accident

Excluding the accident, the resulting outage indices decrease to a SAIFI of 2.05 and a SAIDI of
2.77. There are no proposed distribution system reiability construction projects for this feeder.

10.4.4  Circuits that Meet Reliability Criteria

104.4.1 Circuit MR11

This circuit has experienced very good reliability over the past three years with a SAIDI index of
2.29. There are no proposed distribution system reliability projects for this feeder.

10.5 Cost Estimates

A summary of the cost estimates for the proposed 5Year, 10-Year and 20-Year Plans is
provided in Table 10-8. Cost estimate details for the proposed New Tie Lines, Conversions and
Line Changes, New Substations, Delivery Points and Meter Points and Substation, Delivery
Point and Meter Point Changes, which were discussed in Section 10.3 and shown on the
Proposed System Circuit Diagram, are provided in the “Construction Cost Details [table]” at the
end of Section 10.0. Unit cost information is included in this report as Exhibit I11. When future
reference is made to these cost estimetes, materia and labor prices should be reviewed to
incorporate existing market conditions.
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Table 10-8 Construction Cost Summary

2004-2008 | 2009-2013 | 2014-2023 2004-2023
Cost (%) Cost (%) Cost (%) Cost (%)
New TieLines 102,000 0 0 102,000
Conversions and Line Changes 162,700 0 0 162,700
New Substations, DP sand MP's 120,000 0 0 120,000
Substation, DP and MP Changes 0 0 0 0
Tota 384,700 0 0 384,700
Projects for Improved Reiability 0 0 0 0

Table10-9 Substation Load Data Projections

Substation Existing System Configuration Proposed System Configuration
Delivery Point 2003 2008 2013 2023 2008 2013 2023
or Meter Point Load Load Load Load Load Load Load

Name Ckt. | Season kW kW kW kW kW kW kW
Haverhill HA11 wW 770 790 811 858 790 811 858

55 deg. w/o fans Sub i 770 790 811 858 790 811 858
Lisbon LS11 W 583 578 573 577 578 573 577
3750/4200 kVA LS12 W 449 462 476 497 462 476 497
65 deg. w/o fans Sub 1,032 1,040 1,049 1,074 1,040 1,049 1,074
Monroe MR11 w 530 537 544 532 537 544 532

55 deg. w/o fans Sub W 530 537 544 532 537 544 532
Lisbon District 2,332 2,367 2,404 2,464 2,367 2,404 2,464

Power System Engineering, Inc.
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Project Reason | @ L oad Estimated
Code | YR Sub/Ckt Proj ect Description Code |(amps) | Miles| Cost (9)
I.New TieLines
202 2005 New Monroe / South  3ph 1/0 ACSR WP - 1.50 102.000
Total New Tie Lines 1.50 102,000
[I. Conversionsand Line Changes
337 2005  New Monroe / South  1ph 6 CU to 3ph 1/0 ACSR WP - 1.00 68,000
338 2005 New Monroe / South  Vph 6 CU to 3ph 1/0 ACSR WP - 1.50 90,000
HA-1 2005 Haverhill / HA11 Add 3-50 kVAR Capacitors, Fixed c\Vv 25 - 2,350
LS-1 2005 Lisbon / LS11 Add 3-50 kVAR Capacitors, Fixed c\v 25 - 2.350
Total Conversions and Line Changes 2.50 162,700
[11. Projectsthat have Potential Reliability | mprovement
Q
Total Potential Reliablilty Improvements 0.00 0
Total of all projects 4.00 264,700
Total by year for first 4 years (includes reliability projects)
2004 0.00 0
2005 4.00 264,700
2006 0.00 0
2007 0.00 0
2008 0.00 0
2013 0.00 0
2023 0.00 Q
Total 4.00 264,700
Reason Code(s)
A To replace Aged and deteriorated lines that are expected to reach the end of their useful life.
B To improve Backup between circuits and substations.
C To provide additional Capacity.
D To Divide the load for improved load balance, voltage, sectionalizing and reliability.
F To accommodate Future load.
S To accommodate new System configuration as a result of other projects.
U To replace old 175 Mil bare concentric neutral Underground cable in poor condition.
\% Toimprove Voltage.
WP As per NHEC 2001-2005 Construction Work Plan.
1 @ Load (amps) column indicates the load at which the project is to be implemented.
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Proj ect Estimated
Code YR Name Project Description Cost ($)
IV. New Substations, Delivery Pointsand M eter Points
2004-2008 Time Period
401 2005 New Monroe New 19.9/34.5kV to 7.2/12.47 kV Delivery Point 120,000
2009-2013 Time Period
None
2014-2023 Time Period
None
V. Substation, Delivery Point and M eter Point Changes
2004-2008 Time Period
None
2009-2013 Time Period
None
2014-2023 Time Period
None
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Table10-11 Summary of Rdiability Indices by Feeder

Members #
DISTRICT CKT YEAR Out Cons-Hours] Consumers - SAIFI SAIDI | CAIDI

LISBON HA11 2000 490 895 496 0.99 1.80 1.83

2001 2,142 3,060 496 4.32 6.17 1.43

2002 350 580 496 0.71 1.17 1.66

Totals 2,982 4,535 1,488 Average 2.00 3.05 1.52

LS11 2000 630 1,100 287 2.20 3.83 1.75

2001 1,050 2,050 287 3.66 7.14 1.95

2002 1,120 1,610 287 3.90 5.61 1.44

Totals 2,800 4,760 861 Average 3.25 5.53 1.70

LS12 2000 280 220 230 1.22 0.96 0.79

2001 860 2,130 230 3.74 9.26 2.48

2002 530 690 230 2.30 3.00 1.30

Totals 1,670 3,040 690 Average 2.42 4.41 1.82

MR11 2000 63 145 231 0.27 0.63 2.30

2001 280 390 231 1.21 1.69 1.39

2002 750 1,050 231 3.25 4.55 1.40

Totals 1,093 1,585 693 Average 1.58 2.29 1.45
District

Total 2000 1,463 2,360 1,244 1.18 1.90 1.61

2001 4,332 7,630 1,244 3.48 6.13 1.76

2002 2,750 3,930 1,244 2.21 3.16 1.43

Totals 8,545 13,920 3,732 Average 2.29 3.73 1.63

*-Indices EXCLUDE: outages affecting <5 members, outages <5 minutes duration, Power Supplier Caused, Major
Sorms, any 34.5 kV outages on either NHEC or PSNH's system (" High Side" Outages).

Power System Engineering, Inc.
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11.0 Meredith District

11.1 Load Analysis

The Meredith District contains four delivery points (DP), which accounted for about 15%
percent of NHEC' s load in 2002. The delivery points of Center Harbor, Meredith 1, Meredith 2
(Corliss Hill), and Melvin Village, had respective 2002 peak demands of 10,613, 6,682, 5,273,
and 3,732 kW. Unlike most other NHEC didtricts, all of Meredith’s delivery points have been
summer peaking in the past four years with the single exception of Meredith 1 which peaked the
winter in 2000.

The Center Harbor delivery point has about 38.7 percent as many consumers as population in the
townships that it serves. Consumer growth is expected to match population growth at annualized
rates of 2.1% through 2008 and 1.8% through 2023.

The Center Harbor demand per consumer was 1.88 kW in 2002, which is about average for
NHEC ddlivery points. Demand per consumer is expected to incresse at an annualized rate of
1.2% through 2008 , and then to level off at an annualized 0.5% through 2023. This reflects the
district manager’s perception that over the next five years there will be service upgrades to
existing homes and new connections will accommodate larger homes. Combined consumer and
demand consumer growth results in relatively rapid load growth at annual rates of 3.3% through
2008 The total average annual load growth is expected to be 3.3% through 2008, leveling off to
an annua average of 2.3% through 2023.

The forecasts of consumers and loads are shown in Table 11-1 and Figure 11-1. Included in this
load growth forecast is a spot commercia load on circuit CH13 as described in Table 11-2.
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Table11-1 Center Harbor DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 13,861
2001 14,132
2002 14,576 0.3869 5,640 1.882 10,613
2003 14,904 0.3869 5,767 1.909 11,007
2004 15,231 0.3869 5,894 1.934 11,398
2005 15,560 0.3869 6,021 1.957 11,785
2006 15,883 0.3869 6,146 1.979 12,165
2007 16,206 0.3869 6,271 2.000 12,541
2008 16,528 0.3869 6,395 2.019 12,914
2013 18,132 0.3869 7,016 2.020 14,175
2023 21,343 0.3869 8,259 2.070 17,098
Growth Rates
2002 - 2003 2.25% 0.00% 2.25% 1.43% 3.71%
2002 - 2008 2.12% 0.00% 2.12% 1.18% 3.32%
2002 - 2013 2.00% 0.00% 2.00% 0.65% 2.67%
2002 - 2023 1.83% 0.00% 1.83% 0.46% 2.30%
Table11-2 Center Harbor DP Spot L oads I dentified
YEAR
Substation | Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023
Load (kW)
Center Harbor | CH13 Commercia 50 50 100

Power System Engineering, Inc.
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Figure 11-1 Historical and Forecasted Center Harbor DP Demands

The Meredith 1 delivery point consumers represent 21 percent of the service area population.
Consumer growth is expected to match population growth at an annual rate of 1.4% owver the next
two decades.

The 2002 demand per consumer was 1.85 kW in 2002, dightly below average for NHEC
delivery points. Demand per consumer is expected to increase dightly due to larger home sizes
over the 20-year horizon. The resultant change in peak demands is forecasted to be about 1.6%
annually over the two decades.

The forecasts of consumers and loads are shown in Table 11-3 and Figure 11-2. In addition to the
base load growth forecasted is a spot load on circuit ME11 as shown in Table 11-4.
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Tahle 11-3 Meredith 1 DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 16,626
2001 16,965
2002 17,336 0.2089 3,621 1.845 6,682
2003 17,615 0.2089 3,679 1.850 6,807
2004 17,896 0.2089 3,738 1.855 6,933
2005 18,175 0.2089 3,796 1.859 7,059
2006 18,450 0.2089 3,854 1.863 7,181
2007 18,727 0.2089 3,911 1.867 7,305
2008 19,004 0.2089 3,969 1.871 7,428
2013 20,392 0.2089 4,259 1.888 8,043
2023 23,228 0.2089 4,852 1.914 9,286
Growth Rates
2002 - 2003 1.61% 0.00% 1.61% 0.26% 1.88%
2002 - 2008 1.54% 0.00% 1.54% 0.23% 1.78%
2002 - 2013 1.49% 0.00% 1.49% 0.21% 1.70%
2002 - 2023 1.40% 0.00% 1.40% 0.17% 1.58%
Table11-4 Meredith 1 DP Spot L oads | dentified
YEAR
Substation | Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023
Load (kW)
Meredith ME11 Church** 300 100

** |n addition to base forecast

Power System Engineering, Inc.
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Figure 11-2 Historical and Forecasted Meredith 1 DP Demands

The Meredith 2 delivery point has about eight percent as many consumers as population in the
townships that it serves. Consumer growth is expected to match population growth. Growth is
expected at an average annualized rate of about 1.0% over the 20 year study period.

The Meredith 2 demand per consumer was 2.3 kW in 2002, which was in the top ten for NHEC
ddivery points. Demand per consumer is expected to decrease at an annualized rate of -0.2%
through 2023, as new connections should be below the 2.3 kW average. The total average annual
load growth is expected to be about 0.8% annually over the 20-year period.

The forecasts of consumers and loads are shown in Table 11-5 and Figure 11-3. Included in the
load growth forecast are spot loads on circuit CL12 as shown in Table 11-6.
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Table11-5 Meredith 2 DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR consumers DPC Peak kW
2000 26,885
2001 27,375
2002 27,867 0.0832 2,318 2.275 5,273
2003 28,163 0.0832 2,343 2.269 5,316
2004 28,462 0.0832 2,368 2.263 5,359
2005 28,759 0.0832 2,392 2.258 5,402
2006 29,046 0.0832 2,416 2.253 5,443
2007 29,337 0.0832 2,440 2.248 5,486
2008 29,628 0.0832 2,465 2.243 5,528
2013 31,085 0.0832 2,586 2.221 5,742
2023 34,067 0.0832 2,834 2.184 6,189
Growth Rates
2002 - 2003 1.06% 0.00% 1.06% -0.25% 0.81%
2002 - 2008 1.03% 0.00% 1.03% -0.23% 0.79%
2002 - 2013 1.00% 0.00% 1.00% -0.22% 0.78%
2002 - 2023 0.96% 0.00% 0.96% -0.19% 0.77%
Table11-6 Meredith 2 DP Spot L oads | dentified
YEAR
Substation | Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023
Load (kW)
CL11 -
Residential 10 15
. . CL12 - - 10
CorlissHill Residential 10 10 15
CL13 -
CL14 -
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Figure 11-3 Historical and Forecasted Meredith 2 DP Demands

The Méelvin Village delivery point serves about 21 percent of the service area population.
Consumer growth is expected to match population growth. Growth is expected at an average
annualized rate of 2.2% through 2008 compared to 1.9% over the entire the 20-year horizon.

The 1.7 kW demand per consumer in 2002 is below average for NHEC ddlivery points. Demand
per consumer is expected to increase dightly at an average annua rate of 0.2% through 2023.
Total average annud load growth is then expected to be 2.4% through 2008 compared to an
annual average of 2.0% through 2023.

The forecasts of consumers and loads are shown in Table 11-7 and Figure 11-4. Spot loads on
circuit MV 13 are as shown in Table 11-8.
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Table11-7 Méelvin Village DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR consumers DPC Peak kW
2000 10,066
2001 10,261
2002 10,600 0.2072 2,196 1.699 3,732
2003 10,846 0.2072 2,247 1.704 3,829
2004 11,092 0.2072 2,298 1.708 3,925
2005 11,338 0.2072 2,349 1.712 4,022
2006 11,581 0.2072 2,399 1.716 4,117
2007 11,823 0.2072 2,449 1.719 4,211
2008 12,063 0.2072 2,499 1.722 4,304
2013 13,255 0.2072 2,746 1.736 4,767
2023 15,618 0.2072 3,236 1.754 5,674
Growth Rates
2002 - 2003 2.33% 0.00% 2.33% 0.27% 2.60%
2002 - 2008 2.18% 0.00% 2.18% 0.22% 2.41%
2002 - 2013 2.05% 0.00% 2.05% 0.19% 2.25%
2002 - 2023 1.86% 0.00% 1.86% 0.15% 2.02%
Table11-8 Melvin Village DP Spot L oads | dentified
YEAR
Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023
Load (kW)
Commercid 40 40 30
Mélvin Village | MV13 Su!ssevale Subd!v!s!on 150 150 200
Suissevae Subdivision 150 150 200
Castle Springs Bottling Plant** 400 400 200

** |n addition to base forecast
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Figure 114 Historical and Forecasted Melvin Village DP Demands

11.2 Transmission System

11.2.1  Bulk Transmission System

PSNH supplies bulk power to the Meredith Didtrict a 34.5 kV. The 115 kV system supplies
power to PSNH’s 115 — 34.5 kV Ashland and Pemigewasett Substations which are the source of
the 34.5 kV system serving the Didtrict’ s substations.

Ashland and Pemigewasett Substations are tapped from the Webster-Beebe River 115 kV line
and thus are looped with two transmission lines. The Webster-Beebe River 115 kV line also has
a 115 kV bresgker, for fault isolation, located eectricaly mid-way between Ashland and

Pemigewasett Substations. This 115 kV system design leaves ether substation vulnerable to a
115 kV line outage between breskers and is not as reliable as a design which has line breakers or
two-way auto-sectiondizers on the 115 kV at Ashland and Pemigewasett Substations.

The 115 kV system serving this district will benefit marginally when PSNH and Central Maine
Power complete work at Beebe River Substation, in Maine, and with increasing the area's
reactive power supply in 2004. This work will permit the Beebe River—White Lake-Saco 115
kV lineto betied to Centra Maine Power’s 115 kV system.
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11.2.2  34.5kV Subtransmission System

The Meredith District is supplied by PSNH at Meredith |, Meredith 2, Center Harbor and Melvin
Village substations located around the central and western shores of Lake Winnipesauke.
Currently Ashland Substation supplies the entire Meredith District. Pemigewasett Substation is
available for contingency support. At the easterly end of the Didtrict there is a voltage and
capacity limited 34.5 kV tie to the White Lake Substation.

Substation transformer capacity and base case and long-range coincident peak demands are
shown in Table 11-9. The long-range load levels represent an annual area load growth rate of
1.76 percent in the summer demand and an annual rate of .93 percent in the winter demand.

Table11-9 Meredith District 34.5kV System and L oad

115-34.5kV Transformers Coincident Peak Loads (MVA)
34.5kV Summer Winter
Substation Summer Capacity  Winter Capacity | Feeders 2002 2023 2002 2023

Ashland 1-31 MVA 1-41 MVA 2 32.0 44.4 22.2 27.0

Pemigewasett 1-28MVA 1-32 MVA 3 134 18.9 13.8 16.8

White Lake 1-27, 1-:31 MVA, 1-34, -39 MVA 3 33.8 49.8 31.6 34.0
1-20MW CT

11.2.3 Base System Performance

Base power flow studies for the 2003 winter peak, 2003 summer peak and 2023 winter peak
indicate there are no deficiencies. The 2023 summer peak case indicates Ashland feeder 338 is
a 38.4 MVA. Feeder 338 exceeds the 30 MV A per feeder design criteriain 2008. The Ashland
transformer aso overloads in 2010. In 2003, it was necessary to add 2.4 megavars of capacitors
at Center Harbor in order to maintain acceptable voltages.

In 2005, PSNH plans to upgrade the 115-34.5 kV transformers at both Ashland and
Pemigewasett Substations. PSNH will also reconfigure the Straights Switching Station to permit
Meredith 2 to be served by the Pemigewasett 345 feeder. This work needs to be completed by
2008 when Ashland 338 feeder exceeds 30 MVA of load. NHEC should request that this be
done in conjunction with the Ashland and Pemigewasett transformer upgrades in 2005.
Currently al four district substations are served from the Ashland 338 feeder.

NHEC should aso gtrive to maintain unity power factor at the PSNH dedlivery points during the
summer peak demand periods. PSNH’s Ashland 338 feeder lacks a neutra for connecting
ground wye capacitor banks over a significant length of the feeder which precludes the use of
line-to-ground rated equipment. For planning purposes NHEC should install 3.6 megavars of
distribution primary voltage rated capacitors, 1.8 megavars at Meredith 1, 1.2 megavars at Center
Harbor and 600 kilovars a Melvin Village. Thence, NHEC should strive to maintain unity
power factor during the summer pesk at each substation over the planning period. These
capacitor banks should be switched with multi-function controls and equipped for remote
switching via SCADA as contingency capacitor banks. The estimated cost of these capacitor
banks is $75,000.
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11.2.4  Contingency Performance

Meredith I, Meredith 11, Center Harbor and Melvin Village are al currently served by a single
345 kV feeder; Ashland 338, from a single transformer substation. For reliability and
contingency purposes, Meredith |1 should be transferred to the Pemigewasett 345 feeder. Thisis
assumed to have been done in conjunction with the transformer upgrades at Ashland and
Pemigewasett in 2005.

Until these upgrades are completed, outages to:
Ashland 115 -3 4.5 kV transformer

Straights 344 line to Meredith I, and

Straights 338 line to Meredith 1

will result in a outage to Center Harbor Substation and Meredith | Substation because of
inadequate capacity.

Subsequent to these upgrades only an outage to the Straights 344 line to Meredith | will result in
an outage to Meredith | and Center Harbor. Thisis smply because the Ashland 338 tie to White
Lake 346/3116 has inadequate capacity to support transfer of load at Meredith |, Center Harbor
and Melvin Village Substations.

In order to support this load transfer and provide full backup capability to the Meredith | and
Center Harbor Substations, an additional 115-34.5 kV source is necessary in the NHEC
Tuftonboro-Melvin Village vicinity. Developing that source would require:

PROJECT ELEMENT
Redeveloping White Lake into a breakered 115 kV substation $2,000,000
Extending a 13.0 mile 115 kV line from White Lake 4,550,000
Substation to the new 115-34.5 kV substation at Tuftonboro
Develop anew 115-34.5 kV substation at Tuftonboro with 1 — 1,500,000

24 MVA transformer, three 34.5 kV feeders (The site should
be adequate for two transformers, two 115 kV lines and five
34.5 kV feeders)

Engineering, Environmental, ROW & Regulatory Support 1.600.000

TOTAL $9,650,000
This plan would also need to acquire significant new right-of-way for the 115 kV transmission

ling, land at White Lake Substation and land at the new Tuftonboro Substation site. Thisplan is
not likely to receive support from PSNH because the contingent backup capability this project
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provides exceeds the PSNH 34.5 kV design criteria. It will aso require an interconnection
agreement with PSNH for a White Lake Substation interconnection and will likely need study
review and approvals by the ISO-NE. It isunlikely that this project could be in-service in 2006.

Because of the cost and these mgor hurdles, this plan dternative was not included in the
District’s planning portfolio.

The following table summarizes the PSNH 34.5 kV plan for the Meredith District.

Table11-10 Plymouth District 34.5kV Subtransmission Plan

Estimated
Y ear Plan Element Cost ($)
2004 NHEC Distribution Voltage Capacitor Banks — 3.6 MVARS 75,000
2005 Increase Ashland 115 - 34.5kV Transformer Capacity PSNH
2005 Increase Pemigewasett 115 — 34.5 kV Transformer Capacity PSNH
2005 Rebuild Straights Road Switching Station (to serve Meredith |1 PSNH
from Pemigewasett Substation feeder 345)
1. NHEC Maintain Unity Power Factor at 34.5 kV Delivery Points 100.000
— Meredith | H Melvin Vill ’
2005-2023 eredlt. , -Cente-r arbor and Melvin Village |
2. PSNH Maintain Unity Power Factor at PSNH 34.5 kV Delivery
Points PSNH

11.2.5 Historical Reliability

A review of the 34.5 kV subtransmission outages for the period of 2000-2002 indicated the
following average annual outage rates.

Table11-11 Average Annual Outage Rates 2000-2002

PSNH Average Annual
Delivery Points/Substations Outages Outages
Center Harbor 3 1.00
Meredith | (Meredith) 2 0.67
Meredith Il (Corliss Hill) 2 0.67
Melvin Village 3 1.00

These outage rates are within NHEC' s design criteria.

11.2.6  Reliability Improvement (of Plan)
The subtransmission plan proposed for the Plymouth District will improve the reiability of

sarvice largely by removing capacity congtraints at the Straights Road Switching Station and
transformer capacity constraints at Ashland and Pemigewasett Substations.
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The plan was not able to provide sufficient capacity for the first contingency backup under all
outage possibilities for Center Harbor and Melvin Village Substations. However, an dternative
is developed and presented which could provide that capability. That aternative should be
reviewed again during the next long-range plan development.

The circumstances surrounding the Center Harbor and Melvin Village Substations lack of full
first contingency backup at the subtransmission level are very similar to those of being supplied
by aradial transmission line at peak. A sSituation very similar to these circumstances exists in the
Alton Digtrict and providing first contingency capability for Alton and New Durham Substations.

11.3 Distribution System

11.3.1 General

The following discusses the recommended construction projects by substation, DP or MP service
area along with various alternatives. Project item numbers referred to in the discussion are shown
on the Proposed System Circuit Diagram and in the cost tables. The projects and item numbers
shown in GREEN are anticipated in the 2003-2008 Transition Plan time period. Rojects and
item numbers shown in BLUE are projected to be needed in the 2009-2013 Transition Plan,
while projects and item numbers shown in RED are in the remaining 2014-2023 time period.
Projects based on improving reliability are shown in ORANGE and are discussed in Section
11.4. Distribution System Réliability. Section 5.0, Planning Approach, provides information
related to the development of the Long Range Plan. The “Substation Load Data Projections
[table]” at the end of Section 11.0 shows the 2003, 2008, 2013 and 2023 peak load levels by
substation, DP, MP and circuit using the existing system configuration and proposed system
configuration.

11.3.2 New Substations, DP’'s and MP’s

One new substation is recommended in the Meredith District during this 20-year planning period
to provide voltage, capacity, and reliability support. This new substation, tentatively named
Moultonborough Substation, should be located in the Township of Moultonborough along
Moultonborough Road. The new source will provide load relief to the heavily loaded Circuit
CH14 of the Center Harbor substation.

The existing transmission line that serves the Melvin Village, Center Harbor, and Meredith
Substations is PSNH’'s 34.5 kV 346 line. This line is looped between the White Lake and
Pemigewasett 115 kV to 34.5 kV transmission substations, therefore providing more reliable
service to these three distribution substations in Meredith District.  The new Moultonborough
Subgtation is to be installed a a location near both the transmission and distribution line as
shown on the proposed system Circuit Diagram.
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11.3.3  Substation, DP and MP Changes

The following table shows the projected kW for the Long Range Plan design load level,
Proposed System Arrangement, as a percent of existing and proposed substation transformer and
regulator capacity. The percent of capacity is calculated using a 98 percent power factor and 10
percent load unbalance. Proposed capacity upgrades that are anticipated for serving normal load
and/or for backup or for the ordinary replacement of aged transformers are shown in [bold].
The notes at the bottom of the table indicate the reason for the change and provide the project
number.

Table11-12 Substation Transformer and Regulator Data

Transformer Voltage Regulator
Rating (kVA) Est. Est.
OA FA OA FA Win | Load |Capacity| Size | Load |Capacity

Name s5° | 55° | 65° | 65° |Season| (kW) | (%) |(AMP)|(AMP)| (%)
Center Harbor 10,000( 12,500|11,200| 14,000| 15,400 | 11,684 77 437 | 607 139
Corliss Hill * 5,000| 5,750| 5,600, 6,440| 5,500 | 6,239 116 219 | 324 148
Corliss Hill 2 10,000 12,500(11,200| 14,000| 15,400 | 6,239 41 656 | 324 49
Melvin Village 10,000( 12,500|11,200| 14,000| 15,400 | 6,703 14 656 | 348 53
Meredith 10,000 12,500|11,200| 14,000| 15,400 | 9,621 64 656 | 500 76
Moultonborough | 7,500 9,375| 8,400 10,500| 11,550 | 5,290 47 437 | 275 63

! Fansare not installed
2 Scheduled to be changed in 2004 to provide additional capacity. Project CL-1.

No conversion to a different distribution system operating voltage is recommended at any of the
substations. The distribution operating voltage is to remain at 7.2/12.47 kV throughout the
digtrict.

11.34 Center Harbor Substation Service Area

11.34.1 Existing System Review

The Center Harbor Substation is forecasted to serve 17.1 MW of peak load in 2023 compared to
11.0 MW at the existing system level. The Center Harbor area is served by four 7.2/12.47 kV
circuits: CH11, CH12, CH13 and CH14. Circuit CH11 serves approximately 8 percent of the
total load, CH12 serves 18 percent, CH13 serves 43 percent and CH14 serves the remaining 31
percent.

Circuit CH11 servesto the north-northwest approximately 10 miles and will have low voltage at
the node CH10070-36 extremity, which isa 2.4 kV segment. There were no other deficiencies
noted.
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Circuit CH12 serves to the south approximately 4 miles with a single-phase interconnection to
Meredith Circuit ME11. There are no deficiencies noted in the load flow calculations.

Circuit CH13 serves to the north-northeast approximately 14 miles and it will have a substantial
amount of load (7.4 MW) at the 2023 load level which will cause capacity deficiencies and will
likely contribute to poor performance and reliability. This heavily loaded circuit only has a
couple of smal remote single-phase ties to other circuits which do not contribute much
redundant capacity for contingencies.

Circuit CH14 serves to the southeast approximately 14 miles and has no interconnections to
other circuits because it serves a peninsula extending into Lake Winnipesaukee. The primary
system voltages and service reliability are expected to become margina during the long range
planning period. Thiscircuit is operated at 7.2/12.5 kV on the main linesand 2.4 kV on severa
small single-phase taps.

11.34.2 Recommended Plan

On Circuit CH11, Project CH-1 is recommended to enable a circuit configuration change
between Circuits CH11 and CH13. Currently, the long single-phase taps in this area are
connected to Circuit CH13 which is very heavily loaded with a projected load of 7.4 MW,
partially due to commercial members aong Highway 25. Project CH-1 will enable the transfer
of approximately 1,475 kW of load and 330 members from Circuit CH13 to CH11. Furthermore,
the system change will improve reliability to these 330 members on the single- phase taps due to
the poor reliability within the second zone of Circuit CH13. This is further explained in the
distribution system reliability section for Circuit CH13.

Projects CH-2 and CH-3 will extend three-phase and vee-phase to enable the lbad to be divided
over additional phases. These projects and will improve load balance along the three-phase line.

Project CH-4 is the installation of 3100 amp voltage regulators to provide additional voltage
support on thislong feeder.

Project 342 is the replacement of single-phase 1/0 bare concentric with new jacketed 1/0 AL
URD. The existing line is non-jacketed with 1/3 neutral and has a history of outages. This
project was included in year 2 of the 2001-2005 Construction Work Plan

Project 343 isthe conversion to three-phase 336 Hendrix spacer cable. This project is needed so
than an underground section of line routed under a highway may be eiminated. This project was
included in year 3 of the 2001-2005 Congtruction Work Plan

Project 345 on Circuit CH12 is the replacement of a three-phase 3/0 ACSR line with a double-
circuit three-phase 336 ACSR near the substation feeder exit. Portions of the existing line are
inaccessible, which increases restoration times during major feeder outages in the area. This
project was included in year 4 of the 2001-2005 Construction Work Plan

On Circuit CH12, Project 344 is the replacement and conversion of single-phase, 2.4 kV, 6 CU
line with three-phase, 7.2/12.5 kV, 336 Hendrix cable. The 2001-2005 Construction Work Plan
suggested the new conductor be single-phase 1/0 ACSR operated at 7.2 kV. Due to the
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reliability project designated as ME-RL, it is recommended that Project 344 be modified to three-
phase 336 Hendrix cable to complete the three-phase loop between Circuit CH12 and Circuit
ME11 of the Meredith Substation.

On circuit CH13, Project CH-5 is a single-phase 1/0 ACSR tie-line that will help reduce the
length of the line currently serving these members, therefore providing voltage and reliability
improvement. Likewise, Project CH-6 is proposed for capacity support and to help divide the
members over two taps instead of one.

Project 339 will provide a three-phase tie between Circuit CH13 and Circuit MV13 of the
Melvin Village Substation. The existing line is old single-phase 6 CU operated at 2.4 kV. This
project was included in year 2 of the 2001-2005 Construction Work Plan

On Circuit CH14, a three-phase 336 ACSR double-circuit line is needed from the new
Moultonborough Substation to the existing three-phase feeder main of Circuit CH14. The
double-circuit, identified as Project CH-7, will provide additional capacity and reiability
compared to a single-circuit. Construction Project 341, the upgrade to three-phase 336 Hendrix
cable, will provide the third circuit out of the new Moultonborough Substation. This new
substation is discussed in more detail in the Section 11.3.2, New Substations, DP's and MP's
section. Project 341 was included in year 1 of the 2001-2005 Construction Work Plan

With the installation of the Moultonborough Substation, al of the load is taken off Circuit CH14.
This enables the transfer of load from Circuit CH13 to CH14. Where the two circuits split with
one going to the northeast and one to the southeast, the northeast feeder should be switched over
to Circuit CH14. Thiswill provide capacity relief to Circuit CH13.

Project 346 is the replacement of three-phase 2 CU with three-phase 336 Hendrix cable. This

project is an upgrade to an existing bridge crossing. Project 346 was included in year 4 of the
2001-2005 Construction Work Plan

Project 347 is the replacement of single-phase 1/0 bare concentric with new jacketed 1/0 AL
URD. The exiging line is nontjacketed with 1/3 neutral and has a history of outages. This
project was included in year 4 of the 2001-2005 Construction Work Plan

11.35 Corliss Hill Substation Service Area

11.35.1 Existing System Review

The Corliss Hill Substation is forecasted to serve 6.2 MW of peak load in 2023. The Corliss Hill
areais served by four 7.2/12.47 kV circuits: CL11, CL12, CL13 and CL 14. Circuit CL11 serves
approximately 7 percent of the total load, CL12 serves 59 percent, CL13 serves 11 percent and
CL14 serves the remaining 23 percent. Circuits CL11, CL12, and CL13 are shorter in length
compared to the mgority of the circuits on NHEC's system while Circuit CL14 extends
approximately 17 miles from the substation.
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Circuit CL11 is approximately 3.5 miles long and has no ties to other circuits. The main three-
phase line is entirely 336 ACSR and is routed along Highway 104. There are no anticipated
voltage or capacity deficiencies on this feeder at the 20-year load levd.

Circuit CL12 extends about 5 miles and has a three-phase tie with the Meredith Substation.

Similar to Circuit CL11, Circuit CL12 also serves members aong Highway 104 and then
continues south along Interstate 3. The main three-phase line is 336 ACSR and the three-phase
tap along Interstate 3 is a mixture of 336 ACSR, 2 ACSR and 4 CWC. The first 750 feet of
conductor on Circuit CL12 is 3/0 ACSR and should be replaced with 336 ACSR. Only one
deficiency was encountered on this circuit at the 20-year load level. The 2023 peak load on the
vee-phase tap along Winona and L akes Road exceeds the maximum design limit of 50 amps per
phase.

The main three-phase feeder of Circuit CL13 heads south out of the substation for about 2 miles.
At this point, long single-phase taps continue south and one of them serves members aong the
eastern side of Lake Winnisquam. The main three-phase line is 336 ACSR and the single-phase
taps are mainly 1/0 ACSR. Similar to Circuit CL12, the first section of conductor out of the
subgtation is 3/0 ACSR and should be replaced with 336 ACSR. No main line capacity
deficiencies or areas with low voltage are anticipated during this planning period.

Circuit CL14 is the longest feeder in the district and dso has a significant amount of load. The
configuration of the main line is three-phase for about 5 miles, vee-phase for 8 miles, and then
two single-phase taps that extend about 5 miles. The main three-phase lime as it leaves the
substation is4 CWC, /0 ACSR and 4/0 ACSR. The vee-phase section is mainly 1/0 ACSR with
afew sections of 4/0 ACSR near the start of the vee-phase. Primarily dl of the single-phase taps
are 1/0 ACSR. Currently, two line voltage regulators are installed near the beginning of the vee-
phase section. Even with voltage regulation, the voltage drop a the end of the line is
approaching design criteria voltage limits at the 20-year level.

11.35.2 Recommended Plan

Projects CL-2 and CL-3 on Circuit CL12 will provide additional capacity by rebuilding the
sngle-phase and vee-phase 1/0 ACSR line to three-phase 4/0 ACSR. The existing single-phase
lineis estimated to have 54 amps of peak load at the 2023 load level. The three-phase extension
will improve voltage at the end of the line by dividing the load over additional phases and will
also improve load balance aong the three-phase main line. It is aso anticipated that the three-
phase line will become a three-phase tie to Circuit BW11 of the Bridgewater Substation in the
Plymouth District.

Project CL-4 will provide a three-phase tie-line between Circuits CL12 and CL13. At the
present time, there is no backup to the radia three-phase lines on Circuit CL12. Therefore,
Project CL-4, in conjunction with reliability Project CL-R1, will improve voltage, capacity and
reliability in this area.

On Circuit CL14, Project 349 will replace 1.5 miles of old three-phase 4 CU and /0 ACSR lines
with 336 Hendrix cable. These lines have reached the end of their useful life. This project was
included in year 1 of the 2001-2005 Construction Work Plan
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Due to the long, radia configuration of Circuit CL14, conversion to three-phase along the main
feeder is recommended to provide voltage improvement. Projects CL-5 and CL-6 are the
addition of the third phase conductor aong the existing vee-phase lines. The conversion will
enable dividing the load over an additiona phase and will load balance and voltage.

11.3.6  Melvin Village Substation Service Area

11.36.1 Existing System Review

The Mélvin Village Substation is forecasted to serve 6.8 MW of peak load in 2023 compared to
3.8 MW &t the existing system level. The Mélvin Village area is served by two 7.2/12.47 kV
circuits (MV11 and MV13) and one 2.4/416 kV circuit (MV12). Circuit MV11l serves
approximately 17 percent of the total load, MV12 serves 6 percent and MV 13 serves the
remaining 77 percent.

Circuit MV11 is approximately 5 miles long and ties to Circuit TF12 of the Tuftonboro
Substation. The first half of the circuit is operated at 7.2/12.47 kV and the second half at 2.4/4.16
kV. The main line consists of 1/0 ACSR and 2 CU. The estimated peak load is 53 amps per
phase at the 2023 load level. Because of the lower operating voltage, the tie to TF12 is not
effective. Otherwise, no main line capacity deficiencies or areas with low voltage are anticipated
during this planning period.

Circuit MV12 serves a small area southwest of the substation. The circuit is approximately 2
miles long and has no ties to other circuits. The main three-phase line is approximately 1.2 miles
long and is mostly 4 CU. Most of the single-phase lines are 2 ACSR or smaller. This circuit is
operated at 2.4/4.16 kV and will have voltage and capacity deficiencies during this planning

period.

Circuit MV 13 is approximately 18 miles long and has no ties to other circuits. The main three-
phase line is gpproximately 8 miles long. The first 3 miles are 336 ACSR and the next 5 miles
are 1/0 ACSR. Most of the other vee-phase and single-phase lines are 1/0 ACSR. Most of the
load on this circuit is within the first 4 miles. The peak load at the 2023 load leve is
approximately 240 amps per phase, which includes a considerable amount of new load, and is
therefore approaching the maximum design load limit of 280 amps per phase which is considered
to be capacity deficient. At thisload level, low voltage is anticipated at the end of the circuit.

11.3.6.2 Recommended Plan

On Circuit MV 11, Project 351 is the conversion of a three-phase line operated at 2.4/4.16 kV to
the 7.2/12.47 kV operating voltage. This voltage conversion will provide the additiona capacity
and voltage improvement needed. Upon completion, the project will create a three-phase tie to
Circuit TF12 of the Tuftonboro Substation in the Osspee District. This project was included in
year 3 of the 2001-2005 Construction Work .
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On Circuit MV12, Project MV-1 is the converson from 2.4/4.16 kV to 7.2/12.47 kV. This
conversion will provide the capacity to serve the area. Most of the main lineis 4 CU and will
need to be rebuilt.

Project MV-2, MV-3 and MV-4 are recommended to create a new three-phase 336 ACSR feeder
main to divide the load on the heavily loaded Circuit MV 13. This circuit is forecasted to have 5.2
MW of load in 2023 which results in capacity and voltage deficiencies. These projects will
provide athree-phase loop to much of the 5.2 MW of load for improved reliability.

Project MV-5 will provide additiona capacity by converting the vee-phase 1/0 ACSR line to
three-phase /0 ACSR by adding 1-1/0 ACSR phase conductor. The existing vee-phase line is
estimated to have 53 amps of peak load on Phase A and 27 amps on Phase C at the 2023 load
level. The three-phase line is to be extended 2.0 miles so that single-phase taps can balance the
load on the three-phase line.

Project MV-6 will also provide additional capacity by converting the single-phase 1/0 ACSR line
to three-phase 1/0 ACSR by adding 21/0 ACSR phase conductors. The existing single-phase
lineis estimated to have 34 amps of pesk load at the 2023 load level. The three-phase line is to
be extended 1.2 miles so that single-phase taps can balance the load on the three-phase line.

Project MV-7 is the ingtallation of 3100 amp voltage regulators to provide additional voltage
support on this long feeder. The voltage regulators will also be useful during backup to this area
from the Center Harbor Substation.

Project MV-8 is a sngle-phase 1/0 aluminum underground tie line that will divide the load. The
existing single-phase line is estimated to have 47 amps of peak load in 2023. The tie line will
enable dividing the members over two taps instead of one.

11.3.7 Meredith Substation Service Area

11371 Existing System Review

The Meredith Substation is forecasted to serve 9.7 MW of peak load in 2023. The Meredith area
is served by four 7.2/12.47 kV circuits: ME11, ME12, ME13 and ME14. Circuit ME11 serves
approximately 34 percent of the total load, ME12 serves 23 percent, ME13 serves 28 percent and
ME14 serves the remaining 15 percent.

Circuit MEL1 is approximately 9 miles long and is mostly radia. The main three-phase line is
approximately 4.5 miles long and is 336 ACSR. Most of the other vee-phase and single-phase
lines are 1/0 ACSR. The pesgk load at the 2023 load level is approximately 150 amps per phase.
No line capacity deficiencies or areas with low voltage are anticipated during this planning

period.

Circuit ME12 is approximately 3 miles long and has two ties to Circuit CL12. The first 1.0 miles
are 3/0 ACSR, the next 0.6 miles are 336 ACSR and then 1.2 miles of 4 CU. Most of the other
three-phase, vee-phase and single-phase lines are either 2 ACSR or 1/0 ACSR. The peak load at
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the 2023 load leve is approximately 100 amps per phase. No line capacity deficiencies or areas
with low voltage are anticipated during this planning period.

Circuit ME13 is gpproximately 1.5 miles long and has two ties to Circuits ME11 and ME12.
Most of the main line is 336 ACSR. The peak load at the 2023 load level is gpproximately 125
amps per phase. Except for a small area that is operated at 2.4 kV, no line capacity deficiencies
or areas with low voltage are anticipated during this planning period.

Circuit ME14 is approximately 6 miles long and has no ties to other circuits. Most of the first 1.8
miles are 6 CU, the next 0.6 miles are 336 ACSR and then 1.2 miles of 4 CU. Most of the
remaining three-phase, vee-phase and single-phase lines are either 2 ACSR or 1/0 ACSR. The
peak load at the 2023 load level is approximately 62 amps per phase. No line capacity
deficiencies or areas withlow voltage are anticipated during this planning period.

11.3.7.2 Recommended Plan

Project 352 is a 3.5 mile line relocation project due to a NHDOT highway improvement and
widening project. The new line will be three-phase 336 Hendrix cable and will provide aloop to
Circuit CH12 of the Center Harbor Substation. This project was included in year 2 of the 2001-
2005 Construction Work Plan.

On Circuit ME13, Project 353 is the conversion of old, small conductor, single-phase lines
operated at 2.4 kV to single-phase 1/0 tree wire to be operated at 7.2 kV. The conversion is
needed to provide additional capacity. This project was included in year 4 of the 2001-2005
Construction Work Plan

Project ME-3 is the replacement of 1.5 miles of three-phase 4A CWC with three-phase 36
ACSR This portion of the main line is expected to reach the end of its useful life during this
planning period. The upgrading of the old, smal conductor three-phase line will provide a more
religble line.

Project ME-4 is the replacement of 1.5 miles of three-phase 6 CU with three-phase 336 ACSR
This portion of the main line is expected to reach the end of its useful life during this planning
period. This line is part of the main feeder and effects the reliability of the entire circuit. The
upgrading of the old, small conductor three-phase line will provide a more reliable line.

11.4 Distribution System Reliability

11.4.1  Historical Reliability

The Meredith district reliability has been better than average compared to the NHEC system
wide reliability indices. Of the ten districts, Meredith ranked third best overall in terms of the
SAIDI index. Historical three-year outage indices by circuit can be seen in the following figure.
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11411 AIFI & SAIDI

Out of the fifteen total circuits in the Meredith district, only three exceeded the SAIFI criteria of
2.0, which were circuits CH13, CL14, and MV13. Furthermore, only two circuits, CL14 and
MV 13, exceeded their SAIDI reliability limits of 5.0 and 3.0, respectively.

11.4.2  Circuits That Exceed Reliability Criteria

11421 Circuit CH13

This feeder experienced a SAIFI dightly higher than the 2.0 criteria, but the SAIDI index of 3.59
was within the limits. Outages by cause for the three-year period can be seen in the following
figure.
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Figure 11-6 Circuit CH13 Percentage of Customer-Minutes Out by Outage Cause

Westher was the major contributor of customer-minutes of outages. Three feeder outages caused
about 36% of the total customer- minutes. Two of the three outages were due to wesather.

Portions of this circuit will be transferred to other circuits to accompany system configuration
changes. For instance, the single-phase taps at the northern extremities of the circuit should be
transferred to circuit CH11. This is justified for both load serving, as was discussed in the
distribution section 11.3, and reliability reasons. Regarding reliability, the approximate 500
members served in the main second zone of protection on circuit CH13 experienced very poor
reliability. There were four outages that caused the main line three-phase recloser to operate at
the beginning of the second zone. Investigation into the reliability of circuit CH11 to support the
configuration change showed that only one outage occurred within the second zone of protection
on circuit CH11. Therefore, projects CH-1, CH-2, CH-3, and the configuration change should
improve reiability.

A three-phase tie-line between circuits CH13 and MV 13 is scheduled in the 2005 time period as
indicated in NHEC's current construction work plan. This tie should improve reliability for
major transmission, substation, or main feeder outages on circuit CH13.

11422 Circuit CL14

The worst reliability within the Meredith district occurred on this feeder. In 2000 and 2001,
reliability was very good with SAIDI indices of 1.2 and 3.1, respectively. Although, the SAIDI
index in 2002 was 14.25, which obvioudy significantly affected the average. Review of 2002
outages indicated that one feeder outage lasting longer than six hours contributed about 4,100
consumer-hours, or about 40% of the outage-minutes in 2002. Furthermore, of the 36 outagesin
2002, about five outages of longer duration affected around 200 members per outage event.

Outages by cause are shown in the following figure.
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Figure 11-7 Circuit CL 14 Per centage of Customer-Minutes Out by Outage Cause

The cutout and fuse open category included the one extreme outage previoudly discussed. After
excluding this outage, the tree and weather cause categories were each responsible for about half
of the customer- minutes.

This circuit basically has one large three-phase first and second zone of protection, and another
long vee-phase third zone of protection. Each zone contains a few longer single-phase taps off
the main lines. The following table shows outage information by zone.

Table11-13 Circuit CL 14 Outage I nformation by Protection Zone

Protection Recloser Customer-
Zone Number Phase | Outages | % Hours %
1t CL14R ABC 11 18 6,018 48
CL14R11 ABC 10 16 1,571 13
CL14R12 AC 10 16 636 5
3 CL14R13 AC 30 50 4,205 34

! Fguresinclude extreme feeder outage responsible for 4,100 customer-hours
2 Figuresinclude two recloser protected taps off the third zone, CL14R14 & CL14R15

The above table indicates that outages within the third zone of protection were a magor
contributor © the customer-hours of outages. The addition of the third phase as shown in
projects CL-5 and CL-6, in addition to proper right-of-way tree clearing, should improve the
reliability for the 230 members within this zone.

11.4.2.3 Circuit MV13

Due to the suburban feeder classification for circuit MV 13, the SAIDI of 4.54 exceeded the
reliability criteria. The SAIFI index of 3.26 greatly exceeded the SAIFI criteriaof 2.0. Outage
information by cause category is reflected in the following figure.
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Figure 11-8 Circuit MV 13 Per centage of Customer-Minutes Out by Outage Cause

Overwhelmingly, the tree/limb category ranked the highest in percentage of customer-hours of
outages. A total of six feeder outages contributed about 53% of the total customer-minutes.
Four of these feeder outages were caused by tree contact.

There are mgjor system configuration changes recommended on this circuit. As previoudy
discussed in the Mévin Village substation service area of the distribution Section 11.3, a new
fourth circuit, MV 14, is proposed. This circuit will serve the Castle Springs bottling plant and
the northern portions of the existing circuit MV 13, while the Suissevale area continues to be
served by circuit MV13. As previoudy discussed, outages due to trees within the first zone of
protection caused mgor reliability impacts. Therefore, increased right-of-way clearing and tree
trimming, or the conversion to tree-wire in persistent trouble areas should be considered.
Otherwise, reliability to the Suissevale members will remain poor. The main three-phase feeder
of circuit MV 14 will be new construction, therefore increasing reliability to Castle Springs
bottling plant and existing members at the circuit extremities.

Project MV-R1 is recommended to improve the looped capability to the members served in the
Suissevale area. Currently, tapsinto this area are radial, and the new project will provide a three-
phase loop. There have been about 23 outages causing 1,200 customer-hours in the Suissevae
areaover the last three years.

11.4.3  Circuits That Meet Reliability Criteria

11431 Circuit CL12

A three-phase tie-line project CL-R1 is recommended between circuits CL12 and CL13 of the
Corliss Hill Substation. Currently, the three-phase taps heading south on circuit CL12 are radial,
and the proposed construction will provide looped capability between the two feeders. Thisarea
can also be served from the Meredith substation during Corliss Hill substation outages.
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11.43.2 Circuit ME11

With a SAIDI index of 4.70, the historical reliability on this feeder was very close to exceeding
the criterion.  This circuit is radial and serves members aong the lakeshores of Lake
Winnipesaukee. Projects ME-R1 and MER2 will provide potentia reliability improvement.
Project ME-R1, in addition to NHEC' s current construction work plan project 344 which should
be modified to three-phase construction, will provide a three-phase tie with circuit CH12 which
has experienced above average reliability over the last three years. Due to the high number of
consumer-hours of outages within the first zone of protection on circuit ME11, future
configuration changes to this area should be considered, such as the transfer of members aong
the lakeshore from circuit ME11 to CH12. Project ME-R2 is smply a single-phase tie-line to
provide backup potentia to the 230 membersin this area.

11433 Meredith ME13

Project ME-R3 is a short single-phase tie-line between two long taps off circuits CL12 and
ME13. There are adso configuration changes recommended in this area as discussed in the
Corliss Hill Substation area of Section 11.3. These changes should better balance the load and
improve reliability in the area.

11.5 Cost Estimates

A summary of the cost estimates for the proposed 5Year, 10-Year and 20-Year Plans is
provided in Table 11-14. Cost estimate details for the proposed New Tie Lines, Conversions and
Line Changes, New Substations, Delivery Points and Meter Points and Substation, Delivery
Point and Meter Point Changes, which were discussed in Section 11.3 and shown on the
Proposed System Circuit Diagram, are provided in the “ Construction Cost Details [table]” at the
end of Section 11.0. Unit cost information is included in this report as Exhibit 111. When future
reference is made to these cost estimates, material and labor prices should be reviewed to
incorporate existing market conditions.

Table11-14 Construction Cost Summary

2004-2008 | 2009-2013 | 2014-2023 2004-2023
Cost (%) Cost (%) Cost ($) Cost ($)

New TieLines 0 25,000 36,000 61,000
Conversions and Line Changes 1,982,000 653,900 963,825 3,599,725
New Substations, PD’sand MP's 0 700,000 0 700,000
Subgtation, DP and MP Changes 216,000 0 0 216,000
Totd 2,198,000 1,378,900 999,825 4,576,725

Projects for Improved Reliability 0 149,000 395,000 544,000
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Table11-15 Substation Load Data Projections

Substation Existing System Configuration | Proposed System Configuration
Delivery Point 2003 | 2008 | 2013 | 2023 2008 2013 2023
or Meter Point Load | Load | Load | Load Load Load Load

Name Ckt. | Season| kW kW kW kW kW kW kW
CH11 W 896 1,001 ] 1,094 | 1,314 1,001 1,094 2,870
Center Harbor | CH12 W 2,103 | 2,301 | 2,519 | 3,024 2,301 2,519 3,024
CH13 W 4,500 [ 5,521 ] 6,089 | 7,391 5,521 3,200 2,330
CH14 W 3,516 | 4,099 ] 4484 | 5387 4,099 2.882 3.460
Sub 11,015(12922]1 14,186 17,116] 12,922 9,695 11,684
CL11 W 392 406 420 449 406 420 449
Corliss Hill CL12 W 3,103 [ 3,237 ] 3,369 | 3,640 3,237 2,050 2,220
CL13 W 577 597 618 662 597 1,980 2,140
CL14 W 1245 ] 1,291 | 1,336 | 1.436 1,291 1,336 1,430
Sub 5317 | 5531 ] 5743 | 6,187 5,531 5,786 6,239
Melvin Village | Mvi11 W 964 1,050 ] 1,033 | 1,160 1,050 1,033 1,160
MV12 W 336 346 356 393 346 356 393
MV13 W 2526 | 3,381 | 4,241 | 5,226 3,381 2,340 2,880
Mvi4l W 1,850 2,270
Sub 3826 | 4777 ] 5630 | 6,779 4777 5579 6.703
ME11 W 2,094 | 2,602 | 2904 | 3,305 2,602 2,904 3,305
Meredith ME12 W 1,733 | 1,872 | 2,007 | 2,283 1,872 2,007 2,283
ME13 W 1,990 | 2,164 | 2,336 | 2,683 2,164 2,336 2,683
ME14] W 989 1,098 | 1,208 | 1,428 1,098 1,208 1,350
Sub 6,806 | 7,736 | 8,455 | 9,699 7,736 8,455 9,621
Moultonborough | MB11 W 730 880
MB12 W 590 710
MB13 W 3.080 3,700
Sub 4,400 5,290
Meredith District 26,964 | 30,966 | 34,014 | 39,781 | 30,966 33,915 39,537
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Project Reason| @ L oad Estimated
Code | YR Sub/Ckt Project Description Code _|(@amps) ‘|Miles| Cost ()
I.New TieLines
CH-5 2023  C.Harbor/CH13 1ph 1/0 ACSR D 20 0.5 22,000
CH-6 2013 C. Harbor / CH13 1ph 1/0 AL,UG D 20 0.5 25,000
MV-8 2023  Melvin V./MV13 1ph 1/0 AL,UG D 40 0.2 14,000
Total New Tie Lines 1.2 61,000
I1. Conversionsand Line Changes
343 2004 C. Harbor/CH11 3ph 4 CU to 3ph 336 ACSR Hendrix WP - 1.5 180,000
345 2004 C. Harbor/ CH11 3ph 3/0 ACSR to 3ph 336 ACSR Hendrix dbl ckt WP - 0.5 75,000
342 2005  C.Harbor/CH11 1ph 1/0 AL, UG to 1ph 1/0 AL, UG WP - 0.8 100,000
CH-1 2023 C. Harbor/ CH11 2ph 1/0 ACSR to 3ph 336 ACSR B,D 50 2.8 277,200
CH-2 2023  C.Harbor/CH13 2ph 1/0 ACSR to 3ph 1/0 ACSR (add 1) CcDV 40 0.5 7,000
CH-3 2023  C.Harbor/CH13 1ph 1/0 ACSR to 2ph 1/0 ACSR (add 1) CDV 40 0.7 20,125
CH-4 2023 C. Harbor / CH13 3-100 amp voltage regulators S - 27,300
339 2004  C.Harbor/CH13 1ph 6 CU to 3ph 336 ACSR Hendrix WP - 2.2 210,000
344 2004 C. Harbor / CH12 1ph 6 CU to 1ph 1/0 ACSR Hendrix WP - 2.5 250,000
341 2004 C. Harbor/ CH14 1ph 4 CU to 3ph 336 ACSR Hendrix WP - 25 170,000
CH-7 2013 C. Harbor / CH14 Add 2nd circuit 3ph 336 ACSR Hendrix S [1] 0.5 50,000
346 2005  C.Harbor/CH14 3ph 2 ACSR to 3ph 336 ACSR Hendrix WP - 0.5 100,000
347 2005 C .Harbor/ CH14 1ph 1/0 AL, UG to 1ph 1/0 AL, UG WP - 1.0 180,000
CL-2 2023 Corliss Hill / CL12 1ph 1/0 ACSR to 3ph 4/0 ACSR B,C,.D 45 1.8 153,000
CL-3 2023  Corliss Hill / CL12 1ph 1/0 ACSR to 3ph 4/0 ACSR B,C,D 30 0.6 51,000
CL-4 2013 Corliss Hill / CL13 1ph 1/0 ACSR to 3ph 336 ACSR B,C [2] 1.5 148,500
349 2006  Corliss Hill / CL14 3ph 1/0 ACSR to 3ph 336 ACSR Hendrix WP - 1.5 150,000
CL-5 2023 Corliss Hill / CL14 2ph 4/0 ACSR to 3ph 4/0 ACSR (add 1) c,DV 45 1.5 33,000
CL-6 2023  Corliss Hill / CL14 2ph 1/0 ACSR to 3ph 1/0 ACSR (add 1) CcDV 40 3.6 46,800
351 2004 Melvin V. / MV11 3ph 2 CU, 4.2 kV to 3ph 2 CU. 12.5 kV WP - 2.5 75,000
MV-1 2008 Melvin V. / MV12 3 ph4CU, 4.2 kV to 3ph 1/0 ACSR, 12.5 kV ACV 2.0 142,000
MV-2 2013  Melvin V./ MV14 Add 2nd circuit 3ph 336 ACSR CcDV 200 1.2 118,800
MV-3 2013 Melvin V. / MV14 1ph 6A CU to 3ph 336 ACSR B,C.D,V 200 1.8 178,200
MV-4 2013 Melvin V. / MV14 3ph 1/0 ACSR to 3ph 336 ACSR B,.C\V 200 1.6 158,400
MV-5 2023 Melvin V. / MV14 2 ph 1/0 ACSR to 3ph 1/0 ACSR (add 1) cDV 45 2.0 26,000
MV-6 2023 Melvin V. / MV14 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) Cc,D\V 30 1.3 37,700
MV-7 2023 Melvin V. / MV14 3-100 amp voltage regulators S - 27,300
352 2004 Meredith / ME11 3ph 2 CU to 3ph 336 ACSR WP - 3.5 280,000
353 2005  Meredith / ME13 1ph 6 CU,2.4 kV to 1ph 1/0 ACSR,7.2 kV WP - 2.0 70,000
ME-3 2023 Meredith / ME12 3ph 4A CU to 3ph 336 ACSR A - 1.2 118,800
ME-4 2023  Meredith/ ME14 3ph 6A CU to 3ph 336 ACSR AC 60 1.4 138,600
Total Conversions and Line Changes 47.0 3,599,725
I11. Projects That Have Potential Reliability | mprovement
CL-R1 2023  Corliss Hill / CL12 3ph 336 ACSR 2.0 192,000
MV-R1 2023 Melvin V. / MV13 2ph 1/0 ACSR to 3ph 336 ACSR 1.7 169,000
ME-R1 2013 Meredith / ME11 2ph 1/0 ACSR to 3ph 336 ACSR 1.5 149,000
ME-R2 2023 Meredith / ME11 1ph 1/0 ACSR 0.5 22,000
ME-R3 2023 Meredith / ME14 1ph 1/0 ACSR Q2 12,0008
Total Potential Reliability Improvements 5.9 544,000
TOTAL ALL PROJECTS 54.1 4,204,725
Total by year for first 4 years (includes reliability projects)
2004 15.2 1,240,000
2005 4.3 450,000]
2006 1.5 150,000
2007 0.0 0
2008 2.0 142,000
2013 8.6 827,900
2023 22.5 1,394,825
Total 54.1 4,204,725

>

Reason Code(s)

To replace Aged and deteriorated lines that are expected to reach the end of their useful life.
To improve Backup between circuits and substations.

To provide additional Capacity.

To Divide the load for improved load balance, voltage, sectionalizing and reliability.

To accommodate Future load.

To accommodate new System configuration as a result of other projects.

To replace old 175 Mil bare concentric neutral Underground cable in poor condition.

To improve Voltage.

As per NHEC 2001-2005 Construction Work Plan.

Recommended when Moultonborough Substation is installed.
Recommended when peak load on CL12 reaches 150 amps/phase.

@ Load (amps) column indicates the load at which the project is to be implemented.

Power System Engineering, Inc.
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Project Estimated
Code YR Name Project Description Cost ($)
IV. New Substations, Delivery Pointsand M eter Points
2004-2008 Time Period 0.00
2009-2013 Time Period
MB-1 Moultonborough 34.5-7.2/12.47 kV; 7,500/10,500 kVA Substation 700,000
MB-1  Project MB-1 is recommended when the load on Circuit CH13 reaches 250 amps/phase
or when the load on Circuit CH14 reaches 200 amps/phase, whichever comes first.
2014-2023 Time Period 0.00
V. Substation, Delivery Point and M eter Point Changes
2004-2008 Time Period
CL-1 2004 CorlissHill Replace with new 10/14 MV A transformer, 34.5-7.2/12.51 170,000
CorlissHill 3-656 amp voltage regulators 46,000
Total 2002-2008 216,000
2009-2013 Time Period
2014-2023 Time Period
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Table11-17 Summary of Reliability Indices by Feeder

Members #
DISTRICT CKT YEAR Out Cons-Hours| Consumers - SAIFI SAIDI | CAIDI

MEREDITH CH11 2000 354 642 531 0.67 1.21 1.81

2001 1,058 2,054 531 1.99 3.87 1.94

2002 1,474 3,848 531 2.78 7.25 2.61

Totals 2,886 6,544 1,593 Average 1.81 411 2.27

CH12 2000 625 1,750 722 0.87 2.42 2.80

2001 1,259 1,405 722 1.74 1.95 1.12

2002 1,231 644 722 1.70 0.89 0.52

Totals 3.115 3.799 2,166 Average 1.44 1.75 1.22

CH13 2000 2,160 3,406 1,663 1.30 2.05 1.58

2001 5,182 7,443 1,663 3.12 4.48 1.44

2002 4,679 7,044 1,663 2.81 4.24 1.51

Totals 12,021 17,893 4,989 Average 2.41 3.59 1.49

CH14 2000 1,802 4,030 2,208 0.82 1.83 2.24

2001 2,300 6,500 2,208 1.04 2.94 2.83

2002 2,800 9,832 2,208 1.27 4.45 3.51

Totals 6.902 20,362 6.624 Average 1.04 3.07 2.95

CL11 2000 76 91 231 0.33 0.39 1.20

2001 144 193 231 0.62 0.84 1.34

2002 316 450 231 1.37 1.95 1.42

Totals 536 734 693 Average 0.77 1.06 1.37

CL12 2000 230 280 774 0.30 0.36 1.22

2001 209 211 774 0.27 0.27 1.01

2002 560 860 774 0.72 1.11 1.54

Totals 999 1351 2,322 Average 0.43 0.58 1.35

CL13 2000 240 330 348 0.69 0.95 1.38

2001 790 1,230 348 2.27 3.53 1.56

2002 130 160 348 0.37 0.46 1.23

Totals 1,160 1,720 1,044 Average 1.11 1.65 1.48

CL14 2000 420 800 669 0.63 1.20 1.90

2001 1,630 2,090 669 2.44 3.12 1.28

2002 3,380 9,535 669 5.05 14.25 2.82

Totals 5.430 12,425 2,007 Average 2.71 6.19 2.29

ME11 2000 1,730 5,500 1,662 1.04 3.31 3.18

2001 3,128 7,834 1,662 1.88 4.71 2.50

2002 4,685 10,111 1,662 2.82 6.08 2.16

Totals 9,543 23,445 4,986 Average 1.91 4.70 2.46

ME12 2000 110 77 565 0.19 0.14 0.70

2001 190 186 565 0.34 0.33 0.98

2002 248 453 565 0.44 0.80 1.83

Totals 548 716 1,695 Average 0.32 0.42 131

ME13 2000 135 152 575 0.23 0.26 1.13

2001 808 1,032 575 1.41 1.79 1.28

2002 122 342 575 0.21 0.59 2.80

Totals 1,065 1,526 1,725 Average 0.62 0.88 1.43

ME14 2000 276 265 660 0.42 0.40 0.96

2001 486 557 660 0.74 0.84 1.15

2002 1,334 1,487 660 2.02 2.25 1.11

Totals 2.006 2.309 1980 Average 1.06 117 1.10

MV11l 2000 320 450 624 0.51 0.72 1.41

2001 570 1,090 624 0.91 1.75 1.91

2002 940 2,100 624 1.51 3.37 2.23

Totals 1,830 3,640 1,872 Average 0.98 1.94 1.99

MV12 2000 40 80 78 0.51 1.03 2.00

2001 120 198 78 1.54 2.54 1.65

2002 90 187 78 1.15 2.40 2.08

Totals 250 465 234 Average 1.07 1.99 1.86

MV13 2000 3,420 4,750 1,242 2.75 3.82 1.39

2001 5,660 7,220 1,242 4.56 5.81 1.28

2002 3,050 4,950 1,242 2.46 3.99 1.62

Totals 12,130 16,920 3,726 Average 3.26 4.54 1.39
District

Total 2000 11,938 22,603 12,552 0.95 1.80 1.89

2001 23,534 39,243 12,552 1.87 3.13 1.67

2002 25,039 52,003 12,552 1.99 4.14 2.08

Totals 60,511 113,849 37,656 Average 1.61 3.02 1.88

*-Indices EXCLUDE: outages affecting <5 members, outages <5 minutes duration, Power Supplier Caused, Major
Sorms, any 34.5 kV outages on either NHEC or PSNH's system ("High Sde" Outages).
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12.0 Ossipee District

12.1 Load Analysis

The Ossipee Didtrict contains 2 delivery points, which accounted for about 2.8 percent of
NHEC's load in 2002. The delivery points of Tamworth and Tuftonboro had respective 2002
peak demands of 1,223 and 3,677 kW. In recent years, Tamworth has been winter peaking, and
Tuftonboro summer peaking other than in 2000 when it peaked in winter.

The Tamworth delivery point has about 9.3 percent as many consumers as population in the
towns that it serves. Consumer growth is expected to outpace town population growth with an
average annual CPR growth rate of 1.7% for the first 10 years, leveling off in the later years for
an average annua growth rate of 0.9% over the planning horizon.

Tamworth demand per consumer was 1.60 kW in 2002, which is near the bottom quartile for the
34 NHEC ddlivery points. The DPC is expected to decrease to about 1.47 kW by 2023, since the
new connections will reduce the effect of alarge ski areaload (King Pine) which is now served.
The resultant average annual growth rates over the next two decades are -0.4% for DPC, and
2.1% for peak demands. This reflects rapid consumer growth mitigated by dight decreases in
demand per consumer The forecasts of consumers and loads are shown in Table 12-1 and Figure
12-1. Included in the load growth forecast are several loads on Circuit TW11 as shown in Table
12-2.

Table12-1 Tamworth DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 7,873
2001 8,018
2002 8,256 0.0925 764 1.601 1,223
2003 8,422 0.0945 796 1.585 1,262
2004 8,587 0.0964 828 1.571 1,301
2005 8,753 0.0983 861 1.558 1,341
2006 8,917 0.1002 893 1.547 1,382
2007 9,079 0.1019 925 1.537 1,422
2008 9,240 0.1037 958 1.528 1,464
2013 10,038 0.1116 1,121 1.493 1,673
2023 11,618 0.1116 1,297 1.470 1,906
Growth Rates
2002 - 2003 2.01% 2.13% 419% -0.99% 3.16%
2002 - 2008 1.89% 1.91% 3.84% -0.78% 3.04%
2002 - 2013 1.79% 1.72% 3.54% -0.63% 2.89%
2002 - 2023 1.64% 0.90% 2.55% -0.41% 2.14%
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Table 12-2 Tamworth DP Spot L oads | dentified

YEAR
Substation | Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023
Load (kW)
Winsock Village Subdivision 30 30 50
Winsock Village Subdivision 30 30 50
Tamworth | TW11 27 lot subdivision 15 15 20
Connor Pond 10 10 10
Residentia 15 15 10
Residentia 100 100 100
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Figure12-1 Historical and Forecasted Tamworth DP Demands

The Tuftonboro delivery point serves consumers equaling about 12.5 percent of the service area
population in 2002. Consumer growth in this service area is expected to dightly outpace town
population growth raising the CPR to .13 by 2023. Average annual CPR growth rates of 0.29%
over the firg ten years, leveling off to an annua average of 0.15% over the twenty year time
horizon are predicted. Combined with relatively rapid population growth of 1.8 percent per year,
this implies an annual growth rate of 1.9% for consumers served by this delivery point over the
next two decades.
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Demand per consumer for this delivery point in 2002 was in the lower quartile at about 1.51 kK\W.
The DPC is expected to grow rapidly from 2002-2013, leveling off somewhat in later years.
This growth pattern reflects district manager’s perception that initialy new homes will be larger
and existing homes will be adding air-conditioning loads. The 20 year annua average load
growth rate is forecasted to be about 2.0% The result of these expected changes is shown in
Table 12-3 and Figure 12-2. Included in the load growth forecast are loads on Circuit TF12 and
TF13 asshown in Table 12-4.

Table 12-3 Tuftonboro DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 18,571
2001 18,869
2002 19,464 0.1252 2,436 1.509 3,677
2003 19,889 0.1256 2,498 1.524 3,806
2004 20,313 0.1260 2,559 1.537 3,933
2005 20,738 0.1264 2,621 1.549 4,061
2006 21,157 0.1268 2,683 1.560 4,186
2007 21,573 0.1272 2,744 1.571 4,311
2008 21,986 0.1276 2,805 1.581 4,434
2013 24,039 0.1293 3,108 1.621 5,039
2023 28,103 0.1293 3,633 1.541 5,600
Growth Rates
2002 - 2003 2.19% 0.34% 2.53% 0.94% 3.50%
2002 - 2008 2.05% 0.32% 2.38% 0.77% 3.17%
2002 - 2013 1.94% 0.29% 2.24% 0.65% 2.91%
2002 - 2023 1.76% 0.15% 1.92% 0.10% 2.02%
Table 12-4 Tuftonboro DP Spot L oads | dentified
YEAR
Substation | Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023
Load (KW)
TEL2 Medium Density Residentia 50 50 100
Tuftonboro Neighborhood Business 10 10 10
TF13 YMCA Camp 50 50 100
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Figure 12-2 Historical and Forecasted Tuftonboro DP Demands

12.2 Transmission System

12.2.1  Bulk Transmission System

PSNH supplies bulk power to the Ossippee Didtrict at 34.5 kV from the White Lake Substation.

White Lake Substation is supplied by the PSNH 115 kV system with lines from Beebe River
Substation and Saco Substation. Currently, the Saco to Central Maine Power (CMP) 115 kV

transmission line is operated open because of 115 kV system limitations in both Maine and New
Hampshire. In 2004, this line will be closed after CMP upgrades limiting terminal equipment
and PSNH completes upgrades at Beebe River Substation and installs reactive power additions to
the area's 115 kV system. Although the 115 kV system is now operated radia in this area,
closing the SACO-CMP 115 kV interconnection will loop the system and provide two separate
115 kV supply sources to the White Lake Substation in 2004.

12.2.2  34.5kV Subtransmission System

The Ossippee Didtrict is supplied a two ddivery points by the PSNH 34.5 kV system from
White Lake Substation. White Lake 34.5 kV feeders 346 and 3116X extend southerly fromthe
substation to serve NHEC's Tamworth and Tuftonboro Substations. Area backup support is
supplied by PSNH Ashland and Saco Valley Substations.
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Substation transformer capacity and base case and future coincident peak load forecasts are
shown in Table 12-5 below. For planning purposes, the assumed annual load growth rate for the
planning period was 1.48 percent for the summer coincident peak and 0.37 percent in the winter
coincident peak loads.

Table12-5 OssipeeDistrict 34.5kV System and L oad

115-34.5kV Transformers Coincident Peak Loads (MVA)
PSNH Summer Winter 34.5kV Summer Winter
Substation Capacity Capacity Feeders 2002 2023 2002 2023
White Lake 1-27, 1-31IMVA, | 1-34, -39 MVA 3 33.8 49.8 32.0 34.1
1-21 MW CT
Saco Valley 1-48 1-54 MVA 3 24.7 36.9 27.6 30.0
Ashland 1-31MVA 1-41 MVA 2 317 34.3 224 2.68

12.2.3 Base System Performance

PSNH is forecasting that the larger service area surrounding and including the Ossippee District
isand will remain summer peaking. NHEC is projecting that all NHEC loads will remain winter
peaking over the planning period.

Base power flow studies for the 2002 and 2023 winter peak indicate there are no deficiencies.
For the 2003 summer peak there are low voltages at Wolfboro (0.945). For the 2023 summer
peak there are low voltages on the White Lake 346 feeder beginning at Center Ossippee and
continuing southerly to the end of the feeder and the 346 feeder is severely overloaded. Summer
feeder overloading is expected to begin in 2007 athough low feeder voltages begin in 2003.

PSNH plans to reconductor White Lake feeder 346 from Ossippee to Tuftonboro by the 2005
summer. Thiswill solve the summer peak overloading and voltage deficiencies until 2006 when
PSNH will first add capacitors and then extend 34.5 kV White Lake feeder 3116 from Center
Ossippee to Tuftonboro and ingtal an additiona regulator station at Tuftonboro on feeder 3116.
In 2117, PSNH will need to increase the capacity of the Tuftonboro regulators on feeder 346. In
2119, PSNH will need to extend an additiona 34.5 kV line from Tuftonboro to Wolfboro to not
exceed the 30 MV A system normal feeder load limit on the White Lake 346 feeder.

12.2.4  Contingency Performance

Transmission reliability will improve in 2004 when the 115 kV system between Maine and New
Hampshire is tied together, providing a dua 115 kV supply source to the area and White Lake
Substation.

The most serious subtransmission system single contingency outages for the Ossippee Didtrict
are the outage of the White Lake 346 feeder. The outage of one 115 — 34.5 kV White Lake
trandformer or 115 kV transmission line after the 115 kV tie to Centrd Maine Power is re-
established will not result in any unserved load. For the 2002 winter and 2003 summer, there are
no deficiencies for afirst contingency outage.
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For 2023 summer and winter peaks, both with and without PSNH upgrades to White Lake
feeders 346 and 3116, it is necessary to leave Wolfboro unserved to avoid overloads and low line
voltages for a 34.5 kV feeder outage to either 346 or 3116 feeder.

12.2.5 Historical Reliability

A review of the 34.5 kV subtransmission outages for the period of 2000-2002 indicates that
NHEC's Tamworth and Tuftonboro Substations have experienced an average of 1.33 and 1.67
outages annually. Thisiswithin the NHEC design criteria limits.

12.2.6  Reliability Improvement

Tamworth and Tuftonboro substations are at the extremities of the 34.5 kV subtransmission
system from the White Lake Substation to the north and the A shland/Pemigewasett system from
the west. Because of the areas geography and development, there are no other 34.5 kV or 115
kV sourcesreadily available.

PSNH'’s plan to extend a second 34.5 kV circuit, White Lake feeder 3116, south and roughly
parale to the existing 346 feeder will provide backup to Tuftonboro. Tamworth Substation is

already looped.

However, first contingency deficiencies exist in the adjacent Meredith District, which cannot be
easly addressed. A need for first contingency capability is not in the PSNH 34.5 kV design
criteria although it is implicit in NHEC's design criteria where reasonable. An aternate
reliability improvement plan is presented for the Meredith District which includes extending a
radial 115 kV transmission ine southerly from White Lake Substation to a new 115-34.5 kV
substation at Tuftonboro. This alternative would provide for full first contingency capability for
the Meredith District and the Ossippee District substations. Please refer to the Meredith District
section for adiscussion of this aternative.

12.3 Distribution System

12.3.1 General

The following discusses the recommended construction projects by substation, DP or MP service
area aong with various aternatives. Project item numbers referred to in the discussion are shown
on the Proposed System Circuit Diagram and in the cost tables. The projects and item numbers
shown in GREEN are anticipated in the 2003-2008 Transition Plan time period. Projects and
item numbers shown in BLUE are projected to be needed in the 2009-2013 Transition Plan,
while projects and item numbers shown in RED are in the remaining 2014-2023 time period.
Projects based on improving reiability are shown in ORANGE and are discussed in Section
12.4, Distribution System Reliability. Section 5.0, Planning Approach, provides information
related to the development of the Long Range Plan. The “Substation Load Data Projections
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[table]” at the end of Section 12.0 shows the 2003, 2008, 2013 and 2023 peak load levels for
each substation, DP, MP and circuit using the existing system configuration and proposed system
configuration.

12.3.2 New Substations, DP’s and MP’s

No new substations, delivery points or meter points are required in the Ossipee District during
this 20-year planning period.

12.3.3  Substation, DP and MP Changes

The following table shows the projected kW for the Long Range Plan design load level,
Proposed System Arrangement, as a percent of existing and proposed substation transformer and
regulator capacity. The percent of capacity is calculated using a 98 percent power factor and 10
percent load unbalance. Proposed capacity upgrades that are anticipated for serving normal load
and/or for backup or for the ordinary replacement of aged transformers are shown in [bold].
The notes at the bottom of the table indicate the reason for the change and provide the project
number.

Table12-6 Substation Transformer and Regulator Data

Transformer Voltage Regulator
Rating (kVA) Est. Est.
Name OA | FA | OA | FA | Win |Load|Capacity| Size | Load |Capacity
55° | 55° | 65° | 65° |Season|(kW)| (%) [(AMP)[(AMP)| (%)

Tamworth DP * 2,500 | 3,125 | 2,800 | 3,500 | 3,080 |1,915 63 -- 100 --
Tuftonboro Sub 5000 | -- -- -- 5,500 |5,613| 104 328 | 292 89
Tuftonboro Sub? | 5,000 | 6,250 | 5,600 | 7,000 | 7,700 |5,613 74 328 | 292 89
! Fans are not installed.
2 Upgrade to replace aged equipment. Project TF-1.

Project TF-1 is the replacement of the existing 3-1,667 kVA transformers with a new 5/7 MVA
transformer. The existing transformers were purchased in 1968 and replacement due to age is
expected.

No conversion to adifferent distribution system operating voltage is recommended at any of the
substations or delivery points. The distribution operating voltage isto remain at 7.2/12.47 kV.
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12.3.4  Tamworth Delivery Point Service Area

12.34.1 Existing System Review

The Tamworth Delivery Point is forecasted to serve 1.9 MW of pesk load in 2023. The
Tamworth areais served by one 7.2/12.47 kV three-phase circuit (TW11). No voltage regulators
areingtaled at the DP.

Circuit TX11 splits into northeast and south feeders approximately 0.9 miles from the DP. The
northeast feeder continues with three-phase for another 9 miles and then vee-phase for 0.5 miles
and then single-phase for about another 6 miles. The south feeder continues with three-phase for
another 0.5 miles and then vee-phase for 1.5 miles and then single-phase for about another 6
miles. Neither of the feeders have a tie to another circuit.

The first 0.9 miles of Circuit TX11 are mostly 2A CWC. The northeast three-phaseis 3/0 ACSR
and the main vee-phase and single-phase lines are 1/0 ACSR. Voltage regulators are instaled in
the three-phase line approximately 5 miles from the DP. On the south feeder, the three-phase,
vee-phase and most of the single-phase lines are /0 ACSR.

No mgor line capacity deficiencies or areas with low voltage are anticipated during this planning
period provided the voltage at the DP is 122 volts or higher.

12.34.2 Recommended Plan

Project 354 is the replacement of 0.5 miles of an old single-phase line with single-phase 1/0 tree
wire. The existing poles are in poor condition and the line is difficult to access. The new line will
be constructed aong road right-of-way. This project was included in year 1 of the 2001-2005
Construction Work Plan

Project 355 is the replacement of 1.4 miles of old vee-phase bare concentric neutral 1/0
aluminum underground cable with new vee-phase 1/0 aluminum jacketed cable. The existing
cable is in poor physical condition. The new line will be more accessible and will improve
reliability. This project was included in year 1 of the 2001-2005 Construction Work Plan

Project 356 is the replacement of 1.7 miles of old single-phase bare concentric neutral 1/0
aluminum underground cable with new single-phase 1/0 aluminum jacketed cable. The existing
cable is in poor physica condition. The new lines will be looped to improve rdiability. This
project was included in year 1 of the 2001-2005 Construction Work Plan

Project 357 is the replacement of 0.9 miles of an old three-phase 2A CWC line with a three-
phase 336 Hendrix cable line. The existing line has reached the end of its useful life. This project
was included in year 4 of the 2001-2005 Construction Work Plan

Project TW-1 is the conversion of a vee-phase and sngle-phase 1/0 ACSR line to three-phase
1/0 ACSR by adding phase conductors to the existing line. This 1.1 mile three-phase extension
will improve voltage at the end of the line by improving load balance along the three-phase main
line and will improve reliability by dividing the load over additional phases. Also, several phase
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changes on single-phase taps are recommended to further improve load balance and voltage at
the end of the circuit.

Project TW-2 isthe addition of a 100-amp line voltage regulator.

12.3.5 Tuftonboro Substation Service Area

12351 Existing System Review

The Tuftonboro Substation is forecasted to serve 5.6 MW of peak load in 2023. The Tuftonboro
areais served by two circuits: TF12 and TF13. Circuit TF12 serves approximately 48 percent of
the total load with TF13 serving the remaining 52 percent.

Circuit TF12 is approximately 8 miles long and has atie to Circuit MV 11 of the Melvin Village
Substation in the Meredith District. At the present time, however, this tie is not effective due to
part of Circuit MV11 being operated at 2.4/4.16 kV. Converting this line to 7.2/12.24 kV is
included in the 2001-2005 Construction Work Plan The main three-phase line is gpproximately
6.7 miles long. The first 5 miles are 336 ACSR and the last 1.7 miles are 1/0 ACSR. No line
capacity deficiencies or areas with low voltage are anticipated during this planning period.

On Circuit TF13, the three-phase feeder main is about 13 miles long and then splits into
northeast and southeast feeders. The northeast three-phase feeder continues for another 0.9 miles,
then vee-phase for 2.5 miles and then single-phase for about 3 miles. The southeast three-phase
feeder continues for 2.6 miles and then single-phase for another 5.6 miles. The 13 mile feeder
main consist of 6 miles of 336 ACSR and 7 miles of /0 ACSR. The northeast and southeast
feeders are mostly /0 ACSR. Two sets of voltage regulators are ingtaled in the main line. The
first set is approximately 6 miles from the substation and the second set is approximately 12
miles from the substation. No three-phase line capacity problems are anticipated during this
planning period. The 2023 peak load on several single-phase lines is approaching or exceeds the
maximum design limit of 50 amps and the line is therefore considered to have a capacity
deficiency.

12.35.2 Recommended Plan

On Circuit TF12, Projects 358 and 360 are related to the conversion of old single-phase 6 CU
lines operated at 2.4 kV to single-phase 1/0 lines to be operated at 7.2 kV. The existing lines are
in poor physical condition. Project 358 was included in year 1 of the 2001-2005 Construction
Work Plan and Project 360 wasin year 4.

On Circuit TF13, Project 359 is the relocation of the existing three-phase 336 ACSR line. A road
improvement project has made the existing line difficult to access. The new line will be located
aong road right-of-way. This 0.6-mile project was included in year 1 of the 2001-2005
Construction Work Plan

Project TF-2 will provide additional capacity by converting the single-phase /0 ACSR line to
three-phase /0 ACSR by adding 2-1/0 ACSR phase conductors. The existing single-phase line is
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estimated to have 44 amps of peak load at the 2023 load level. The three-phase line is to be
extended 0.9 miles so that single- phase taps can baance the load on the three-phase line.

Project TF-3 will provide additional capacity by converting the single-phase 1/0 ACSR line to
three-phase 1/0 ACSR by adding 2-1/0 ACSR phase conductors. The existing single-phase line is
estimated to have 50 amps of peak load at the 2023 load level. The three-phase line is to be
extended 1.8 miles so that single- phase taps can baance the load on the three-phase line.

12.4 Distribution System Reliability

1241

Historical Reliability

The overadl rdiability in the Ossipee district throughout 2000-2002 has been much better than
the NHEC system average, ranking the second best of all NHEC digtricts.  The following figure
shows the reliability for each of the Ossipee district feeders, as well asthe didtrict total.

Ossipee District
SAIFI, SAIDI, and CAIDI
3 year Averages (2000-2002)

a1

i

w

Index Value
N

-

o

TW11 TF12 TF13 District
rural rural rural

Feeder & Class

LJSAIFI B SAIDI OO CAIDI

SAIDI=5 Rural

SAIDI=3 Suburban

SAIDI=2 Urban

12.4.2

Figure 12-3 Ossipee District Average Rdliability Indices

SAIFI & SAIDI

All feeders were within the SAIDI reliability criteria of 5.0 for rural classified feeders. The only
feeder that exceeded the SAIFI criteria of 2.0 was TF13, which had a SAIFI value of 2.38.
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12.4.3  Circuits That Exceed Reliability Criteria

12431 Circuit TF13

This is the longest circuit in the Ossipee Didtrict, but still was well within the SAIDI reliability
criteriawith avalue of 3.23. Outages by cause category can be seen in the following figure.

ACCIDENT
4%

WORKMANSHIP
6%

TREE/LIMB ON
PRIMARY LINE
40%

WEATHER
20%

CUTOUT &
FUSE OPEN
30%

Figure 124 Circuit TF13 Per centage of Customer-Minutes Out by Outage Cause

The magjority of customer-minutes of outage were due to tree contact and the operating of fuse
links in cutouts.

Due to the length of this circuit, a breakdown of outage information by major three-phase
overcurrent protection zone is illustrated in the following table.

Table12-7 Circuit TF13 Outage Information by Protection Zone

Protection Zone* Recloser Number | Phase| Outages | % | Consumer-Hours | %
1 TF13R ABC 13 22 2,554 31
2 TF13R11 ABC 3 5 941 11
3 TF13R15 ABC 13 22 901 10
4 TF13R16 ABC 17 28 2,885 35
4 TF13R17 ABC 14 23 1,050 13

! Reclosar-to-recloser, excluding fuses.

Note: Figures do not include outages on recloser protected single-phase taps off the main
three-phase zones.

There were only two feeder outages that occurred in the first zone of protection affecting all
members on the circuit. The above figures do not indicate any excessive outage rates within the
first three zones of protection, athough recloser number TF13R16 in the fourth protection zone
accumulated amost 3,000 consumer-hours of outages over the 2000-2002 period. On average,
each outage in this zone affected more than 100 members, and averaged almost 1.5 hours.
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Therefore, it is recommended that an overcurrent protection update and detailed outage anaysis
be performed for this area to determine potential reliability improvements.

Projects TF-R1, TF-R2, and TF-R3 are proposed to enable backup for the existing long single-
phase taps on circuit TF13. A new normal-open switch location should be considered once
project TF-R1 isimplemented to improve voltage in this area.

12.4.4  Circuits That Meet Reliability Criteria

12441 Circuit TF12

This circuit has been well within the reliability criteria over the 2000-2002 period. The top two
outages that affected the most members were entire feeder outages affecting 1,066 and 1,017
members, while the third highest member-count outage only affected 115 members. This
indicates that the feeder overcurrent protection configuration is adequate, and the main three-
phase lines have satisfactory clearances. Furthermore, circuit TF12 forms a tie with circuit
MV 11 of the Melvin Village Substation in the Meredith District, which will provide contingency
capability during major outages on circuit TF12 once the voltage conversion project, 4160 V to
12.5kV, iscompleted on circuit MV 11.

There are no proposed distribution construction projects for reliability purposes on circuit TF12.

12442 Circuit TW11

Circuit TW11 had the best reliability in the Ossipee Didtrict.  This circuit splits into northeast
and south feeders approximately 0.9 miles from the delivery point. The northeast feeder has had
great reiability, while the south feeder has contributed to over 67% of the consumer-hours of
outage on circuit TW11. Furthermore, the northeast feeder is amost three times the length of the
south feeder. A review of the outages also indicates that there were four events that affected the
majority of the 310 members served on the south feeder. This indicates that either the outages
are occurring within the first zone of protection on this south feeder, or the overcurrent devices
are not properly coordinated.

There are no proposed distribution construction projects for reliability purposes on circuit TW11.

12.5 Cost Estimates

A summary of the cost estimates for the proposed 5Year, 10-Year and 20-Year Plans is
provided in Table 12-8. Cost estimate details for the proposed New Tie Lines, Conversions and
Line Changes, New Substations, Delivery Points and Meter Points and Substation, Delivery
Point and Meter Point Changes, which were discussed in Section 12.3 and shown on the
Proposed System Circuit Diagram, are provided in the “ Construction Cost Details [table]” at the
end of Section 12.0. Unit cost information is included in this report as Exhibit 111. When future
reference is made to these cost estimates, material and labor prices should be reviewed to
incorporate existing market conditions.
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Table12-8 Construction Cost Summary

2004-2008 | 2009-2013 | 2014-2023 2004-2023
Cost (%) Cost (%) Cost (%) Cost (%)
New TieLines 0 0 0 0
Conversions and Line Changes 566,100 0 110,000 676,100
New Substations, DP sand MP's 0 0 120,000 120,000
Subgtation, DP and MP Changes 0 0 0 0
Tota 566,100 0 230,000 796,100
Projects for Improved Reliability 44,000 80,000 33,000 157,000

Table12-9 Substation L oad Data Projections

Substation Existing System Configuration Proposed System Configuration
Delivery Point 2003 2008 2013 2023 2008 2013 2023
or Meter Point Load Load Load Load Load Load Load

Name Ckt. |Season| kW kW kW kW kW kW kW
Tamworth TW11 w 1,236 1,446 1,659 1,915 1,446 1,659 1,915
55 deg. w/o fans Sub W 1,236 1,446 1,659 1,915 1,446 1,659 1,915

Tuftonboro TF12 w 1,826 2,122 2,407 2,678 2,122 2,407 2,678
2500/3500 kVA TF13 W 1983 2 266 2 640 2 935 2 266 2 640 2 935
65 deg. w/fans Sub 3,809 4,388 5,047 5,613 4,388 5,047 5,613

Ossipee District 5,045 5,834 6,706 7,528 5,834 6,706 7,528
Table12-10 Construction Cost Details
(seefollowing 2 pages)
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I. New TieLines
NONE
Total New Tie Lines 0.00 0
I1. Conversionsand Line Changes
354 2004 Tamworth/TW11 1ph 1/0 ACSR, 2.4 kV to 1ph 1/0 tree wire, 7.2 kV wp - 0.50 30,000
355 2004 Tamworth/TW11 2ph 1/0 AL, UG to 2ph 1/0 AL, UG WP - 1.40 100,000
356 2004 Tamworth/TW11 1ph 1/0 AL, UG to 1ph 1/0 AL, UG WP - 1.70 240,000
357 2005 Tamworth/TW11 3ph 2A CU to 3ph 336 ACSR Hendrix WP - 0.90 72,000
TW-1 2023 Tamworth/TW11 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) CcV 30 110 32,000
TW-2 2008 Tamworth/TW11 1-100 amp voltage regulator \Y, 30 - 9,100
358 2004  Tuftonboro/TF12 1ph 6 CU, 2.4 kV to 1ph 1/0 tree wire, 7.2 kV WP - 0.40 25,000
360 2005 Tuftonboro/TF12 1ph 6, 2.4 kV to 1ph 1/0 tree wire, 7.2 kV WP - 0.50 30,000
359 2004  Tuftonboro/TF13 3 ph 336 ACSR to 3ph 336 ACSR WP - 0.60 60,000
TF-2 2023  Tuftonboro/TF13 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) CcV 45 0.90 26,000
TF-3 2023  Tuftonboro/TF13 1ph 1/0 ACSR tp 3ph 1/0 ACSR (add 2) CcV 45 180 52,000
Total Conversions and Line Changes 9.80 676,100
[11. Projectsthat have Potential Reliability | mprovement
TF-R1 2008 Tuftonboro/TF13 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) 1.00 44,000
TF-R2 2023  Tuftonboro/TF13 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) 0.60 33,000
TF-R3 2013 Tuftonboro/TF13 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) 1.80 80.000
Total Potential Reliablilty Improvements 3.40 157,000
Total of all projects 13.20 833,100
Total by year for first 4 years (includes reliability projects)
2004 4.60 455,000
2005 1.40 102,000
2006 0.00 0
2007 0.00 0
2008 1.00 53,100
2013 1.80 80,000
2023 4.4Q 143,000
Total 13.20 833,100
Reason Code(s)
A To replace Aged and deteriorated lines that are expected to reach the end of their useful life.
B To improve Backup between circuits and substations.
C To provide additional Capacity.
D To Divide the load for improved load balance, voltage, sectionalizing and reliability.
F To accommodate Future load.
S To accommodate new System configuration as a result of other projects.
] To replace old 175 Mil bare concentric neutral Underground cable in poor condition.
\ To improve Voltage.
WP As per NHEC 2001-2005 Construction Work Plan.
! @ Load (amps) column indicates the load at which the project is to be implemented.
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Project Estimated
Code YR Name Project Description Cost ($)
IV. New Substations, Delivery Pointsand M eter Points
2004-2008 Time Period
None
2009-2013 Time Period
None
2014-2023 Time Period
None
V. Substation, Delivery Point and M eter Point Changes
2004-2008 Time Period
None
2009-2013 Time Period
None
2014-2023 Time Period
TF-1 2023 Tuftonboro Replace with new 5/7 MV A transformer, 34.5-7.2/12.5 kV 120,000
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Table12-11 Summary of Reliability Indices by Feeder

Members #
DISTRICT CKT YEAR Out Cons-Hours| Consumers - SAIFI SAIDI | CAIDI
OSSIPEE TW11 2000 1,380 1,550 671 2.06 2.31 1.12
2001 560 1,012 671 0.83 1.51 1.81
2002 1,000 1,100 671 1.49 1.64 1.10
Totals 2,940 3,662 2,013 Average 1.46 1.82 1.25
TF12 2000 560 1,250 946 0.59 1.32 2.23
2001 2,015 2,500 946 2.13 2.64 1.24
2002 1,900 3,870 946 2.01 4.09 2.04
Totals 4,475 7,620 2,838 Average 1.58 2.68 1.70
TF13 2000 1,500 1,770 1,073 1.40 1.65 1.18
2001 3,420 5,030 1,073 3.19 4.69 1.47
2002 2,730 3,610 1,073 2.54 3.36 1.32
Totals 7,650 10,410 3,219 Average 2.38 3.23 1.36
District
Total 2000 3,440 4,570 2,690 1.28 1.70 1.33
2001 5,995 8,542 2,690 2.23 3.18 1.42
2002 5,630 8,580 2,690 2.09 3.19 1.52
Totals 15,065 21,692 8,070 Average 1.87 2.69 1.44

*-Indices EXCLUDE: outages affecting <5 members, outages <5 minutes duration, Power Supplier Caused, Major
Sorms, any 34.5 kV outages on either NHEC or PSNH's system (*High Sde" Outages).
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13.0 Plymouth District

13.1 Load Analysis

The Plymouth District contains 7 delivery points, which accounted for nearly one-third of
NHEC's load in 2002. The delivery points of Bridgewater, Plymouth 1, Plymouth 2,
Woodstock, Lyme, Rumney, and Thorton, had respective 2002 peak demands of 4,442, 2,086,
6,741, 21,958, 1,052, 5,692, and 16,157 kW. All of these delivery points have been winter
peaking in the last four years with the exceptions of Plymouth 1 that peaked in the fal of 2002
and 2001, and Rumney which peaked in summer during 2001.

The Bridgewater delivery point has about 15 percent as many consumers as population in the
towns that it serves. Consumer growth is expected to match population growth, at an average
annual rate of 0.9% over the 20 year forecast period. Demand per consumer was 1.6 kW in 2002
which is below average for NHEC delivery points. With new connections expected to be dightly
higher than the 2002 average, the DPC is forecasted to grow at an annualized rate of about 0.1%
over the forecast horizon. The corresponding amual peak load growth would then be about
1.0% over the 20 period.

The forecasts of consumers and loads are shown in Table 13-1 and Figure 13-1. Included in the
load growth forecast is a spot load on the BW11 Circuit as shown in Table 13-2.

Table 13-1 Bridgewater DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 18,016
2001 18,466
2002 18,573 0.1460 2,711 1.639 4,442
2003 18,754 0.1460 2,737 1.640 4,488
2004 18,935 0.1460 2,764 1.641 4,535
2005 19,120 0.1460 2,791 1.642 4,582
2006 19,301 0.1460 2,817 1.643 4,629
2007 19,482 0.1460 2,844 1.644 4,675
2008 19,666 0.1460 2,871 1.645 4,722
2013 20,597 0.1460 3,006 1.650 4,961
2023 22,549 0.1460 3,291 1.658 5,458
Growth Rates
2002 - 2003 0.97% 0.00% 0.97% 0.07% 1.04%
2002 - 2008 0.96% 0.00% 0.96% 0.07% 1.03%
2002 - 2013 0.94% 0.00% 0.94% 0.06% 1.01%
2002 - 2023 0.93% 0.00% 0.93% 0.06% 0.99%
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Table 13-2 Bridgewater DP Spot L oads | dentified

Substation | Circuit Load Type YEAR
2004-2008 | 2009-2013| 2014-2023
Load (kW)
Bridgewater| BW11 | Housing (30 lots) 5 | 15 | 30

Bridgewater DP
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Figure 13-1 Historical and Forecasted Bridgewater DP Demands

The Plymouth 1 delivery point serves 14 percent as many consumers as population in the towns
that it serves. Consumer growth is expected to match population growth, at an annualized rate of
about 0.6 % over the 20 year time period. Demand per consumer was about 1.8 kW in 2002,
which is below average for the NHEC delivery points. Over the 20 year forecast horizon, with a
nearly static DPC, load growth is forecasted to match population at about 0.6%.

The forecasts of consumers and loads are shown in Table 13-3 and Figure 13-2. In addition to the
base load growth forecast a spot load on the GS44 Circuit has been added as described in Table
13-4.
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Table 13-3 Plymouth 1 DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active

Year Population CPR consumers DPC Peak kW
2000 7,822
2001 8,112
2002 8,101 0.1423 1,153 1.809 2,086
2003 8,151 0.1423 1,160 1.809 2,099
2004 8,202 0.1423 1,167 1.809 2,112
2005 8,254 0.1423 1,175 1.809 2,125
2006 8,305 0.1423 1,182 1.809 2,138
2007 8,357 0.1423 1,189 1.809 2,151
2008 8,409 0.1423 1,197 1.809 2,165
2022 8,681 0.1423 1,235 1.808 2,234
2023 9,269 0.1423 1,319 1.807 2,384

Growth Rates

2002 - 2003 0.62% 0.00% 0.62% -0.01% 0.61%

2002 - 2008 0.62% 0.00% 0.62% -0.01% 0.62%

2002 - 2013 0.63% 0.00% 0.63% -0.01% 0.62%

2002 - 2023 0.64% 0.00% 0.64% -0.01% 0.64%

Table 13-4 Plymouth 1 DP Spot L oads | dentified
YEAR
Substation | Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023
Load (kW)
Green Street | GS44 | Plymouth Colleget* 100 | 100 | 1s0
** |n addition to base forecast
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Figure 13-2 Historical and Forecasted Plymouth 1 DP Demands

The Plymouth 2 delivery point has about 18 percent as many consumers as population in the
towns that it serves. Consumer growth is expected to exceed population growth, particularly
during the first five years. The corresponding annualized CPR growth rate through 2008 is
expected to be about 0.5% compared to arate of 0.3% over the 20 year forecast horizon.

With many large commercial businesses, demand per consumer was about 3.0 kW in 2002, the
seventh highest of al NHEC ddlivery points. During the first 10 year period, little change in the
DPC is expected. As more loads are added with lower per consumer demands, however, the
average DPC declines. The average rate of change over the next two decades is -0.2%.
Annualized load growth of about 1.3% is forecasted through 2008 compared to a growth rate of
about 0.9% over the 20 year period.

The forecasts of consumers and loads are shown in Table 13-5 and Figure 13-3. A number of
spot loads are expected on the FG14 Circuit as shown in Table 13-6.
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Table 13-5 Plymouth 2 DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 12,480
2001 12,871
2002 12,871 0.1771 2,280 2.957 6,741
2003 12,968 0.1781 2,310 2.958 6,831
2004 13,066 0.1791 2,340 2.959 6,923
2005 13,166 0.1801 2,371 2.960 7,018
2006 13,265 0.1810 2,402 2.961 7,111
2007 13,364 0.1820 2,432 2.962 7,204
2008 13,465 0.1830 2,464 2.963 7,300
2022 13,983 0.1848 2,584 2.966 7,666
2023 15,093 0.1885 2,845 2.836 8,069
Growth Rates
2002 - 2003 0.75% 0.55% 1.30%  0.04% 1.34%
2002 - 2008 0.75% 0.54% 1.30%  0.04% 1.34%
2002 - 2013 0.76% 0.39% 1.15%  0.03% 1.18%
2002 - 2023 0.76% 0.30% 1.06% -0.20% 0.86%
Table 13-6 Plymouth 2 DP Spot L oads | dentified
YEAR
Substation | Circuit Load Type 2004-2008 2009-2013 | 2014-2023
Load (kW)
Wamart 600
Burger King 150
Tenney Mtn Ski 500
. Tenney Mtn Ski** 1
Fargrounds | FG14 enney Mtn 000
Townhouses 40
Residential (9 homes) 20 10
Residential (9 homes) 20 10
Residential (9 homes) 20 10

** |n addition to base forecast
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Figure 13-3 Historical and Forecasted Plymouth 2 DP Demands

The Woodstock delivery point has about 152% as many consumers as population in the towns
that it serves. This extraordinary figure comes from the fact that many of the homes in the area
are secondary residences and therefore not included in the population count. Consumer growth is
expected to exceed population growth, particularly through 2013. The corresponding annualized
CPR growth rate through 2013 is expected to be about 0.14% compared to an annualized rate of
0.10% over the 20 year time period.

With the Loon Mountain ski area included, demand per consumer for this delivery point was
about 5.4 kW in 2002, the second highest of all NHEC delivery points. The DPC is expected to
grow at an average annual rate of about 0.6% through 2008 compared to an annual average of
about 0.2% over the 20 year period. During the same time periods, peak |oads are expected to
grow at annual rates of 1.2% and 0.8% respectively. This reflects the expectation of continued
growth at the ski resort and the surrounding residences.

The forecasts of consumers and loads are shown in Table 13-7 and Figure 13-4. Spot loads on a
new circuit are as shown in Table 13-8.
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Table 13-7 Woodstock DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 2,667
2001 2,695
2002 2.687 1.5206 4.085 5.375 21.958
2003 2,698 1.5227 4,109 5.406 22,210
2004 2,710 1.5250 4,133 5.436 22,468
2005 2,723 1.5273 4,159 5.467 22,736
2006 2,735 1.5295 4,183 5.497 22,995
2007 2,747 1.5317 4,208 5.527 23,256
2008 2,760 1.5340 4,234 5.557 23,527
2022 2,826 1.5434 4,362 5.607 24,454
2023 2,973 1.5532 4,618 5.593 25,824
Growth Rates
2002 - 2003 0.44% 0.14% 0.58% 0.56% 1.15%
2002 - 2008 0.45% 0.15% 0.60% 0.55% 1.16%
2002 - 2013 0.46% 0.14% 0.60% 0.38% 0.98%
2002 - 2023 0.48% 0.10% 0.59% 0.19% 0.78%
Table 13-8 Woodstock DP Spot L oads I dentified
YEAR
Substation | Circuit Load Type 2004-2008 2009-2013 | 2014-2023
Load (kW)
Lincoln * Loon Mtn. South ** 1300 500 200

* This load will need to be served from a new circuit
** |n addition to base forecast
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Figure 13-4 Historical and Forecasted Woodstock DP Demands

The Lyme dedlivery point serves alow proportion of the service area population with a 2002 CPR
of just 4.0 percent. Consumer growth is expected to match population growth, at an annuaized
rate of about 1.1% over the 20 year time period. Demand per consumer was about 1.6 kW in
2002, below average for the NHEC ddivery points. The DPC is expected to increase at an
annua average of about 0.5% through 2008, then dow to an annualized 0.1% over the 20 year
forecast horizon. This corresponds to the expectation that larger homes are expected over the
first several years of the study. Peak loads are forecasted to grow at about 1.7% annually
through 2008 and 1.3% per year over the 20 year period.

The forecasts of consumers and loads are shown in Table 13-9 and Figure 13-5.
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Table 13-9 LymeDP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 15,848
2001 16,011
2002 16,085 0.0400 643 1.635 1,051
2003 16,279 0.0400 651 1.643 1,069
2004 16,474 0.0400 659 1.652 1,088
2005 16,673 0.0400 667 1.660 1,106
2006 16,869 0.0400 674 1.668 1,125
2007 17,066 0.0400 682 1.675 1,143
2008 17,265 0.0400 690 1.683 1,161
2022 18,277 0.0400 731 1.666 1,218
2023 20,402 0.0400 816 1.673 1,364
Growth Rates
2002 - 2003 1.21% 0.00% 1.21% 0.53% 1.74%
2002 - 2008 1.19% 0.00% 1.19% 0.49% 1.68%
2002 - 2013 1.17% 0.00% 1.17% 0.18% 1.35%
2002 - 2023 1.14% 0.00% 1.14% 0.11% 1.25%
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The Rumney delivery point has about one-third as many consumers as population in the towns
that it serves. Consumer growth is expected to match population growth with an average annual
increase of about 1.0% over the 20 year horizon. Demand per consumer was about 1.5 kW in
2002, below average for the NHEC ddlivery points. With a nearly stable DPC expected, peak

Figure 135 Higtorical and Forecasted Lyme DP Demands

load growth of about 1.0% annually is forecasted though 2023.
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The forecasts of consumers and loads are shown in Table 13-10 and Figure 13-6. Spot loads on
RU12 are as shown in Table 13-11.

Table 13-10 Rumney DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 11,062
2001 11,228
2002 11,256 0.3396 3,823 1.489 5,692
2003 11,369 0.3396 3,861 1.489 5,750
2004 11,483 0.3396 3,900 1.489 5,808
2005 11,599 0.3396 3,939 1.490 5,868
2006 11,714 0.3396 3,978 1.490 5,927
2007 11,828 0.3396 4,017 1.490 5,985
2008 11,945 0.3396 4,057 1.490 6,045
2022 12,538 0.3396 4,258 1.491 6,349
2023 13,794 0.3396 4,685 1.493 6,992
Growth Rates
2002 - 2003 1.00% 0.00% 1.00% 0.01% 1.02%
2002 - 2008 0.99% 0.00% 0.99% 0.01% 1.01%
2002 - 2013 0.99% 0.00% 0.99% 0.01% 1.00%
2002 - 2023 0.97% 0.00% 0.97% 0.01% 0.98%
Table13-11 Rumney DP Spot L oads | dentified
YEAR
Substation | Circuit Load Type 2004-2008 2009-2013 2014-2023
Load (kW)
Rumney RU12 | Commercial 100 100
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Figure 13-6 Historical and Forecasted Rumney DP Demands

The Thornton delivery point serves about 37 percent as many consumers as population in its
service area population. Consumer growth is expected to match population growth, at an
annualized rate of about 1.2 % over the 20 year time period. Including the Water Valley Ski
Area, demand per consumer was about 7.1 KW in 2002, the highest of all NHEC delivery points.
The above average DPC is expected to remain, due to ski area growth and growth in surrounding
large residences. Over the 20 year forecast horizon, the peak load is forecasted to grow at about
1.2% annually, from about 16 MW to about 21 MW.

The forecasts of consumers and loads are shown in Table 13-12 and Figure 13-7. Spot loads on
TH12 are as shown in Table 13-13.
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Table 13-12 Thornton DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 6,045
2001 6,154
2002 6,183 0.3707 2,292 7.049 16,157
2003 6,259 0.3707 2,320 7.053 16,363
2004 6,335 0.3707 2,348 7.056 16,571
2005 6,413 0.3707 2,377 7.060 16,781
2006 6,489 0.3707 2,405 7.063 16,990
2007 6,566 0.3707 2,434 7.066 17,198
2008 6,644 0.3707 2,463 7.069 17,409
2022 7,038 0.3707 2,609 7.084 18,480
2023 7,866 0.3707 2,916 7.107 20,721
Growth Rates
2002 - 2003 1.22% 0.00% 1.22% 0.05% 1.28%
2002 - 2008 1.20% 0.00% 1.20% 0.05% 1.25%
2002 - 2013 1.18% 0.00% 1.18% 0.04% 1.23%
2002 - 2023 1.15% 0.00% 1.15% 0.04% 1.19%

Table 13-13 Thornton DP Spot L oads | dentified

YEAR
Substation | Circuit Load Type 2004-2008 2009-2013 | 2014-2023
Load (kW)
School** 300 200
Thornton TH12 residential 40 40 20
residential 30 30 20
** |n addition to base forecast
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Figure 13-7 Historical and Forecasted Thornton DP Demands

13.2 Transmission System

PSNH supplies bulk power to the Plymouth District at 115 kV. PSNH 115-34.5 kV substations
at N. Woodstock and Beebe River supply Plymouth District substations at 34.5 kV. PSNH’s
115-34.5 kV substation at Ashland aso provides support during contingent conditions.

The 115 kV system is looped to all PSNH substations serving this district. Each 115-34.5 kV

substation has at least two 115 kV linesto it. PSNH’s Beebe River Substation has three 115 kV
linesincluding a 115 kV transmission tie line to White Lake-Saco-CMP. This115kV tielineis
currently operated open between White Lake and Saco Substations. In 2004, when CMP finishes
upgrades in Maine, when PSNH completes a phase shifting transformer upgrade at Beebe River
Substation and adds additional reactive support to the area’s 115 kV system, this transmission
line will operate with the 115 kV tie at Saco Substation closed. Thiswill provide athird 115 kV
supply to the Plymouth area and improve transmission reiability and increase transmission

transfer capability by 70 megawatts. The estimated cost of this PSNH project is $7,000,000.

Additiona details can be found in ISO-NE' s RTE PO2 planning report.
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13.2.1  34.5kV Subtransmission System

The Plymouth Didtrict is supplied from the 34.5 kV system from PSNH’s N. Woodstock and
Beebe River Substations. NHEC's Bridgewater, Fairgrounds, Green Street and Rumney
Substations are served from the PSNH Beebe River 342A feeder. The Thornton delivery point
supplies NHEC' s Thornton and Waterville Valey Substations from PSNH’s Beebe River 342B
feeder. PSNH’s N. Woodstock 3126 feeder supplies NHEC' s Woodstock delivery point serving
NHEC' s Woodstock and Lincoln Substations.

NHEC owns the 34.5 kV subtransmission lines from Thornton to Waterville Valley, Thornton to
N. Woodstock and Woodstock to Lincoln Substations. PSNH owns and operates the areas other
34.5 kV subtransmission feeders. PSNH'’s Ashland Substation provides contingent support for
the Plymouth Digtrict load.

Substation transformer capacity and base case and coincident peak demands for planning
purposes are reflected in Table 13-14 below. The coincident peak demands reflect NHEC's
coincident peak demands in 2002/03 and 2022/23 and a forecasted load growth rate of 0.30
percent annualy. The Plymouth District is winter peaking and is projected to remain winter

peaking.

Table13-14 Plymouth digtrict 34.5 kV System and L oad

115-34.5kV Transformers Coincident Peak Loads (MVA)
Summer Winter 34.5kV Summer Winter
Substation Capacity Capacity Feeders 2002 2023 2002 2023
Ashland 1-31 MVA 1-41 MVA 2 27.9 28.8 16.4 29.9
Beebe River 1-44 MVA 1-54 MVA 2 22.9 32.6 37.8 45.9
N. Woodstock | 1-46 MVA 1-59 MVA 1 125 17.9 21.8 22.8

PSNH’s 345 kV subtransmission system serving this area utilizes single 115-34.5 kV
transformer substations which puts added importance on a well developed feeder network to

provide contingent capability.

A small power producer, the Bridgewater Power and Light Company, has a moderately sized 15
megawatt small power production (SPP) facility at Bridgewater. This facility provides
significant local area generation and system support during the winter peak periods. PSNH's
contract with this SPP runs through 2006. PSNH does not expect this SPP to continue operating
after 2006 because of the availability of much lower cost power supplies.

PSNH has existing plans to upgrade the capacity of the Ashland 115-34.5 kV transformer in

2005 for additional area support in contingencies. NHEC had a previous Work Plan project to
extend anew 34.5 kV feeder from N. Woodstock Substation to Lincoln Substation in 1998.
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13.2.2 Base System Performance

Base power flow studies for the summer and winter of 2002/03 2023 peak load conditions
indicate there are no deficiencies when measured against PSNH planning criteria. However, the
load served in this area is dmost exclusvely NHEC's and NHEC has a dgnificant 34.5 kV
subtransmission system presence. NHEC's design criteria is also at a higher standard in the
contingency capability area. For contingency evauation and design, the following section
should be referred to.

13.2.3 Contingency Performance

Transmission reiability will improve in 2004 when the 115 kV system between Maine and New
Hampshire is closed together at Saco Valey Substation, providing a third 115 kV supply source
to the area

The contingency capability of the 34.5 kV system was tested using the PSNH power flow model
with a complete representation of the 34.5 kV system which includes all NHEC 34.5 kV
facilities.

There are contingent deficiencies with the existing system at 2002 winter peak load levels. The
outage of the PSNH transformer at N. Woodstock or N. Woodstock feeder 3126 will result in a
15 percent overload, based on the emergency rating, of the Beebe River 342B feeder between the
Beebe River and PSNH’'s Campton ddivery point and low voltage, 0.929, at the Waterville
Valey 34.5 kV bus. With the addition of 10.4 megavars of capacitorsin four banks at Campton,
Waterville Valey, Woodstock and the NHEC voltage regulator station, the low voltage at
Waterville Valley can be corrected to 0.962 per unit but the Beebe River — Campton overload
remains. The operating solution would be to leave the Waterville Valley or other load unserved
for this contingency.

For the loss of the Beebe River Substation transformer or Beebe River 342B feeder, 6.3
megavars of capacitors in four banks at Campton, Waterville Valey, Woodstock and the NHEC
voltage regulator station are needed to avoid a low voltage deficiency when picking up Beebe
River feeder 342B load from N. Woodstock Substation.

At 2023 winter peak load levels, these deficiencies are repeated and intensify. The Beebe River
— Campton 34.5 kV line emergency rating overload increases to 132 percent and the only option
to relieving low voltages and line overloads is to leave the Waterville Valey load unserved. A
Beebe River transformer outage or 342B feeder outage also results in low voltage which can be
corrected with the ingallation of 8.4 megavars of line capacitors. However, the N. Woodstock
3126 feeder isloaded to its 49 MVA PSNH emergency rating.

Concern also exists about the contingency backup of Lincoln Substation, which is currently 18
megawatts of coincident peak load, and Waterville Valley Substation, which is currently 11
megawatts of coincident peak load, as both are served by radia 34.5 kV lines.

The final concern is with the number of substations and load served from PSNH Beebe River
feeder 342A. Currently the 342A feeder supplies Rumney, Fairgrounds, Green Street and
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Bridgewater substations. An outage to either the Beebe River transformer or 342A feeder results
in an outage to the entire southern portion of the Plymouth District. From a subtransmission
system contingent performance basis this entire feeder can be picked up by the Ashland 342A
feeder throughout the planning period. However, when al tre distribution substations are
outaged at once by a single transmission outage, it is impossible to exercise distribution feeder
level ties for contingent backup purposes. Therefore, this problem will be addressed in this
section of the report and not in the reliability section for the Plymouth District.

13.2.4  Contingency Plan

13.24.1 Beebe River 342A Contingent Performance — NHEC Rumney, Fairgrounds,
Green Sreet, and Bridgewater Substations S multaneous Outage.

PSNH currently operates the Beebe River—Ashland Substations 342A feeder loop open just
beyond the Bridgewater smal power generation facility. This was done to isolate the
Bridgewater generation facility on one feeder. PSNH indicates that it would not be a problem to
move this normally open point to the Holderness Switching Station. At Holderness are the 34.5
kV taps to Green Street (Plymouth 1), Fairgrounds (Plymouth 2) and Rumney Substations. It is
proposed to rebuild the common 34.5 kV line tap for Fairgrounds and Rumney with separate
34.5 kV taps for each back to the Holderness Switching Station. It is aso proposed to rebuild
Holderness Switching Station into two distinct load buses with one bus served by Ashland feeder
342A and the other served by Beebe River feeder 342A. There should be disconnects on the line
side of each bus and tie disconnects between buses. The Green Street, Fairgrounds and Rumney
tap lines each should be capable of being tied to ether bus in the Holderness Switching Station.
The suggested fina configuration of the switching would have Rumney and Green Street fed
from Beebe River feeder 342A, and Bridgewater and Fairgrounds fed from the Ashland 342A
feeder. The cost of this plan is estimated to be between $150,000 and $300,000, depending on
the level of dte development needed and level of recloser protection on the tap lines desired by
NHEC.

This solution splits the southern Plymouth District’s load between Ashland and Beebe River 34.5
kV Substations and feeders. It aso facilitates the ability to transfer load at the distribution
substation feeder leve for subtransmission system outages.

13.24.2 Waterville Valley — Thornton Contingent Backup

Waterville Valey Substation is supplied from aradial 34.5 kV NHEC feeder. Loss of thisradia
line would generdly mean a prolonged outage for this substation. However, a high capacity
regulated 24.9 kV 10.3 mile long feeder till exists between Thornton Substation and Waterville
Valley. Each substation is thus capable of backing up the other. However, other contingent
outages result in deficient voltage levels at the Waterville Valley 34.5 kV bus. In its current
configuration and load levels, two 1200 KVAR contingent switched capacitor banks are
recommended for the Waterville Valey 24.9kV system. An additional 1200 kVAR contingent
switched capacitor bank is recommended for the Thornton 24.9 kV system. All three contingent
banks should have multifunction automatic controls and be remotely operable by SCADA.

They are recommended for ingtalation in 2004 and are estimated to cost $75,000. The early
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installation is to address contingent voltage deficiencies for a N. Woodstock or Ashland
Substation transformer or 34.5 kV feeder outage.

13.24.3 Lincoln Substation— Contingent Backup

Lincoln Substation currently has a peak coincident load of 18.2 megawatts. It is supplied by a
single radia 34.5 kV feeder from NHEC's Woodstock Substation. NHEC formerly had a 1998
Work Plan project to develop a second feeder bay with protection at PSNH’s N. Woodstock
Substation and extend a feeder directly to Lincoln Substation. This feeder would loop Lincoln
and thus improves reliability to this substation.

From a capacity and voltage criteria perspective, this improvement is needed to avoid
overloading the N. Woodstock 3126 feeder with a contingent outage of the Beebe River
Substation transformer in 2022 by PSNH design criteria. By the more conservative NHEC line
rating of 43.5 MVA, this upgrade is needed in 2008 as the N. Woodstock 3126 feeder is carrying
41.5 MVA in a contingent backup for a Beebe River Substation or Beebe River 342B feeder
outage during a 2002 winter peak load event.

Lincoln and Woodstock Substations also need to maintain unity load power factor or a dightly
leading power factor to compensate for substation transformer reactive losses at winter peak and
to maintain voltage during contingent N. Woodstock Substation transformer or feeder outages.
Lincoln should have a 1200 kVAR capacitor bank and Woodstock should have a 600 kVAR
capacitor bank. Both banks should be switched using local multifunction controllers with remote
SCADA control. Both banks are recommended for installation in 2004,

The estimated cost of these projects are:

Lincoln and Woodstock Switched Capacitor Banks 2004 $ 50,000
Second N. Woodstock 34.5 kV Feeder to Lincoln 2008 960,000

13.24.4 N. Woodstock Substation Contingent Backup

The most serious capacity deficiency in the 34.5 kV subtransmission system supplying the
Plymouth didtrict is the absence of a full capacity backup capability at winter peak load for the
outage of the PSNH N. Woodstock Substation transformer or N. Woodstock 34.5 kV feeder
3126. At 2003 winter peak loads, the Beebe River—Thornton 34.5 kV 342B feeder exceeds its
emergency rating by 15%. In 2023, the overloads intensify and the emergency rating of the
Beebe River—Thornton 34.5 kV line is exceeded by 32% and acceptable voltage levels cannot be
maintained. In both years, it was necessary to leave Waterville Valley Substation load unserved
for these outages to eiminate overloads and low voltages.

Three dternative plans were tested to correct this deficiency. Each plan resolved the deficiency.
The plans are:
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Alternative Plan 1

Develop a new Beebe River 34.5 kV feeder and extend this express 477 MCM ACSR feeder
from Beebe River Substation to Thornton Substation. At Thornton, develop a switching station
with two buses, one for each Beebe River 34.5 kV feeder. Develop the station so that the linesto
Thornton Substation, Waterville Valley Substation and to N. Woodstock Substation could each
be fed by either Beebe Rver 34.5 kV feeder. For norma operation, Thornton and Waterville
Valley lines would be on different Beebe River 34.5 kV feeders which would facilitate utilizing
distribution level feeders ties between these two substations for backup as required. For he
outage of N. Woodstock Substation, all load can be transferred from the express feeder, as
necessary. The express feeder from Beebe River to N. Woodstock would then be used to restore
serviceto NHEC' s Lincoln and Woodstock Substations.

The estimated cost of this development in 2004 is:

Beebe River Substation Feeder Bay and Protection $130,000
Beebe River — Thornton 477 MCM 34.35 kV Feeder 3.5 miles 440,000
Thornton Switching Station 50,000
Total: $620,000
Alternative Plan 2

At N. Woodstock, add a second 115-34.5 kV 24 MVA transformer, high and low voltage
structures and bus, 115 kV transmission line breakers, SF6 circuit switches, 115 kV line
terminas, foundations and site expansion and modifications, and protection modifications at
adjacent substations

The PSNH estimated cost of this development in 2004 is $3,000,000.

This estimate is for planning purposes only. The actua estimated cost may be more or less,
depending on actua site conditions and design requirements. This estimated cost has been
reviewed by PSNH and found to be reasonable.

This option is perhaps the most straightforward of the three aternatives as it requires little 34.5
kV line modifications or feeder reconfigurations. This project may require additional right-of-
way ad regulatory approvals. It is unlikely that this development, if selected, could be in
service in 2004.

Alternative Plan 3

This dternative would develop a new 115-34.5 kV substation at Thornton. The substation
would have a single 115 — 34.5 kV transformer rated 24 MV A, base rating, with LTC. The
substation would initially have three 34.5 kV feedersto NHEC' s Thornton and Waterville Valley
Substations, and PSNH’'s N. Woodstock Substation. The ultimate design would permit
expansion to two transformers. The 115 kV would have line breakers for each transmission line
and utilize circuit switchers for transformer protection. This dternative assumes that PSNH
would grant an interconnection to the existing 115 kV Beebe River—N. Woodstock transmission
line.

Power System Engineering, Inc. 13-18



The estimated cost of this development in 2004 is:

115 substation development — land, structure and fence $530,000
115 kV line breakers and terminations 800,000
115-34.5kV, 24 MVA transformer @ LTC 350,000
Three 34.5 kV line terminations 390,000
Two milesof 34.5kV, 477 MCM feeder line 250,000

Totd $2,320,000

This project will require additiona right-of-way, Site acquisition and other regulatory approvals.
This cost estimate also assumes a double circuit overhead 34.5 kV line can be accomplished.
With land acquisition, negotiations, design efforts, and permitting and regulatory approvals
required the earliest the alternative could be in service is 2005/6.

Plan Selection

Alternative Plan 1 is the recommended aternative for cost, flexibility, and the speed with which
this alternative can be developed. It isunlikely that PSNH would participate in Plan Alternatives
1 or 3. Alternative Plan 2 would require PSNH to be a partner but since no PSNH design criteria
have been exceeded, PSNH’ s participation would need to be negotiated.

The recommended construction plan for the 34.5 kV subtransmission system serving the
Plymouth digtrict is summarized in Table 13-15 below.

Table13-15 Recommended Construction Plan for 34.5 kV Subtransmission System

Y ear Plan Element Estimated Cost - $

2004 | New Beebe River — Thornton 34.5 kV feeder 620,000

2008 New N: Woodstock 34.5 kV feeder to NHEC's Lincoln 960,000
Substation

2004 | Rebuild PSNH’s Holderness 34.5 kV Switching Station 150,000

2004 Watervnl(_a Valley e}nd Thornton Substations 3.6 75,000
MV ARs line capacitors

2004 | Lincoln and Woodstock — 1.8 MV ARS line capacitors 50,000

13.2.5 Historical Reliability

A review of the 34.5 kV subtransmission outages for the period of 2000-2002 indicated the
following average annual outage rates.
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Table13-16 Average Annual Outage Rates

PSNH Total Average
Ddivery Points NHEC Substations Outages Annual Outages

Bridgewater Bridgewater 1 0.33
Plymouth 2 Fairgrounds 0 0
Plymouth 1 Green Street 1 0.33
Woodstock Lincoln (3 subs) 0 0

Woodstock 0 0
Rumney Rumney 1 0.33
Thornton Thornton (2 subs) 0 0

These outage rates are within NHEC' s design criteria.

13.2.6  Reliability Improvement (of Plan)

The principle reliability related 34.5 kV design characteristic of the current system is the reliance
on just two substations, two transformers and three feeders to supply the eleven NHEC
substations in Plymouth District. An outage of a PSNH substation or 115-34.5 kV transformer
puts the lights out at seven NHEC substations for a Beebe River Substation outage and four
NHEC subgtations if N. Woodstock Subgtation is outaged. The impact of a 34.5 kV feeder
outage is nearly as severe as there are only three 34.5 kV feeders which normally serve the
district’s el even distribution substations.

An additiona factor which can have alarge impact on the ability to minimize outage durations is
the availability of aternate supply paths at the distribution primary voltage level. With the
current arrangement of a single 34.5 kV feeder supplying multiple adjacent substations, it is not
possible to utilize distribution switching to restore service for asingle 34.5 kV feeder outage.

The existing system also has capacity and voltage limitations that result in the necessity of not
returning all loads to service from a backup 34.5 kV feeder following an outage.

The plan for the 34.5 kV subtransmission system addresses each of these shortcomings and in
doing so will result in a much more reliable transmission and distribution system. The plan:

Provides adequate capacity for first contingency 34.5 kV system backup.

Distributes the district’ s eleven distribution substations over:

- Three 34.5kV substations instead of two, and

- Six 34.5KkV feedersinstead of just three.

Provides every NHEC substation a looped system and alternate supply path(s).
Facilitates the ability to transfer loads at the distribution substation feeder level to
adjacent substations and feeders for asingle 34.5 kV subtransmission feeder outage.
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The annual power supplier caused outage rates for this district have been quite low. The concern
in this district should be on outage duration and the geographic extent of an outage. This plan
provides a system which addresses those shortcomings.

13.3 Distribution System

13.3.1 General

The following discusses the recommended construction projects by substation, DP or MP service
area aong with various alternatives. Project item numbers referred to in the discussion are shown
on the Proposed System Circuit Diagram and in the cost tables. The projects and item numbers
shown in GREEN are anticipated in the 2003-2008 Transition Plan time period. Projects and
item numbers shown in BLUE are projected to be needed in the 2009-2013 Transition Plan,
while projects and item numbers shown in RED are in the remaining 2014-2023 time period.
Projects based on improving reiability are shown in ORANGE and are discussed in Section
13.4, Digtribution System Rdiability. Section 5.0, Planning Approach, provides information
related to the development of the Long Range Plan. The “Substation Load Data Projections
[table]” at the end of Section 13.0 shows the 2003, 2008, 2013 and 2023 peak load levels for
each substation, DP, MP and circuit using the existing system configuration and proposed system
configuration.

13.3.2 New Substations, DP’s and MP’s

No new substations, delivery points or meter points are anticipated in the Plymouth District
during this 20-year planning period to provide additional capacity or to improve voltage.

13.3.3  Substation, DP and MP Changes

The following table shows the projected kW for the Long Range Plan design load level,
Proposed System Arrangement, as a percent of existing and proposed substation transformer and
regulator capacity. The percent of capacity is calculated using a 98 percent power factor and 10
percent load unbalance. Proposed capacity upgrades that are anticipated for serving normal load
and/or for backup or for the ordinary replacement of aged transformers are shown in [bold].
The notes at the bottom of the table indicate the reason for the change and provide the project
number.
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Table13-17 Substation Transformer and Regulator Data

Transformer Voltage Regulator
Rating (kVA) Est. Est.
Name OA | FA | OA | FA | Win |Load|Capacity| Size | Load |Capacity
55° | 55° | 65° | 65° |Season|(kW)| (%) [(AMP)|(AMP)| (%)
Bridgewater 5,000 | 5,750 | 5,600 | 6,440 | 7,085 (4,670 67 328 | 243 74
Bridgewater * 7,500 | 9,375 | 8,400 |10,500| 11,500 (4,670| 41 438 | 243 55
Fairgrounds 10,000{12,500| 11,200|14,000| 15,400 |7,776| 52 656 | 404 62

Green Street, 2.42 | 5,000 | 5,750 | 5,600 | 6,440 | 6,160 |5,344 89 668 | 833 125
Green Street, 7.23 | 10,000{12,500( 11,200|14,000| 15,400 |5,344 35 656 | 278 42
Lincoln-T1, 7.2 12,000|16,000| 13,500 18,000 24,640 | 6,021 25 LTC | 313 --
Lincoln-T2, 14.4 | 15,000(20,000( 16,800|22,400| 30,800 |9,315 31 LTC | 242 --
Lincoln-T3, 14.4 | 15,000(20,000( 16,800|22,400| 30,800 |5,709 19 LTC | 148 --
Lyme MP -- -- -- -- -- 1471 -- -- 76 --
Rumney 10,000(12,5001 11,200| 14,000( 15,400 | 7,190 48 656 | 374 57
Thornton-T1, 7.2 | 3,750 | 4,312 | 4,200 | 4,830 | 5,313 |5,694| 109 328 | 296 90
Thornton-T1, 7.2* | 7,500 | 9,375 | 8,400 |10,500| 11,550 |5,694 50 438 | 296 68

Thornton-T2, 14.4 | 10,000(12,500| 11,200 14,000| 15,400 {1,785 12 347 46 7
Thornton-T2,14.4 %/ 10,000{12,500| 11,200| 14,000 15,400 | 1,785 12 347 46 7
\Waterville V. 15,000(20,000( 16,800|22,400| 30,800 {13,598 45 LTC | 707 --
\Woodstock 10,000f -- |11,200| -- 12,320 (4,618 38 656 | 240 37

1 Upgrade to replace aged equipment. Projects BW-1 and TN-1.
2 Fans are not installed
® To accommodate conversion from 2.4/4.16 kV to 7.2/12.47 kV. Project GS-5.

The secondary voltage at the Green Street Substation is 2.4/4.16 kV. The nearby Fairgrounds and
Bridgewater Substations have a secondary voltage of 7.2/12.47 kV. Due to the different
secondary voltage, the Green Street Substation service area cannot receive backup from
Fairgrounds or Bridgewater. Equally important, the Green Street Substation can not provide
backup to either Fairgrounds or Bridgewater. The Fairgrounds Substation is forecasted to serve
9.4 MW of load in 2023 and Bridgewater is forecasted to serve 5.7 MW of load.

It is recommended that the Green Street Substation be upgraded to 7.2/12.47 kV and that its
distribution line be reinsulated or rebuilt to operate at 7.2/12.47 kV. This will enable Green
Street, Fairgrounds and Bridgewater to provide backup service to each other. The combined load
of Fairgrounds and Green Street is over 12 MW at the 2023 load level and without the Green
Street Substation, the Bridgewater, Rumney and Thornton Substations are to far away to provide
worthwhile backup to the entire Fairgrounds and Green Street service area. Also, the added
system capacity provided by the Green Street Subgtation will significantly improve overal
system operation and flexibility during maintenance and emergency Situations.
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Project BW-1 is the replacement of the existing 3-1,667 kVA transformers with a new 7.5/10.5
MVA transformer. The existing transformers were purchased in 1971 and replacement due to age
is expected. Larger sized voltage regulators will also be needed.

Project TN-1 is the replacement of the 7.2/12.47 kV rated transformers and the 14.4/24.94 kV
rated transformers due to age and deterioration. It is recommended that the 3-1,250 kVA,
7.2/12.47 kV rated transformers that were purchased in 1961 be replaced with a new 7.5/10.5
MVA transformer. It is recommended that the 3-3,333 kVA, 14.4/24.94 kV rated transformers
that were purchased in 1969 be replaced with a new 10/14 MVA transformer. Larger sized
voltage regulators will aso be needed.

13.3.4  Bridgewater Substation Service Area

13.34.1 Existing System Review

The Bridgewater Substation is forecasted to serve 5.7 MW of peak load in 2023. The
Bridgewater area is served by three 7.2/12.47 kV circuits: BW11, BW12 and BW13. Circuit
BW11 serves approximately 24 percent of the total load, BW12 serves 8 percent and BW13
serves the remaining 68 percent.

Circuit BW11 is approximately 15 miles long and has no ties to other circuits. The main three-
phase line is goproximately 8 miles long. The first 6 miles are 336 ACSR and the next 2 miles
are 1/0 ACSR. A portion of the three-phase feeder going east is 6A CWC. Mot of the remaining
three-phase, vee-phase and single-phase lines are 1/0 ACSR. No line capacity deficiencies or
areas with low voltage are anticipated during this planning period.

Circuit BW12 is approximately 10 miles long and has no ties to other circuits. The main three-
phase line is approximately 3 miles long. Most of the three-phase, vee-phase and single-phase
lines are 1/0 ACSR. A portion of line near the end of the circuit is 8X SCG. No line capacity
deficiencies or areas with low voltage are anticipated during this planning period.

Circuit BW13 is approximately 16 miles long and has a tie to Circuit ?? of the Fairground
Subgtation. The main three-phase line is approximately 14 miles long. The first 6 miles are
mostly 336 ACSR, the next 2 miles are 4 CU and then 6 miles of /0 ACSR. A portion of the
three-phase feeder going north that ties to the Fair ground Substation consists of 4 CU, 2A CWC,
2 ACSR, 1/0 ACSR and 336 ACSR. Most of the remaining three-phase, vee-phase and single-
phase lines are 1/0 ACSR. Voltage regulators are installed in the main three-phase line about 6.6
miles from the substation. The estimated peak load on Circuit BW13 is 171 amps per phase at
the 2023 load level. No line capacity deficiencies or areas with low voltage are anticipated
during this planning period.

13.34.2 Recommended Plan

Project BW-2isa 0.3 mile single-phase 1/0 ACSR to vee-phase 1/0 ACSR conversion by adding
1-1/0 ACSR phase conductor. The single-phase line has 36 amps of peak load at the 2023 load
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level. The vee-phase line will enable the load beyond to be divided over two phases and will
improve load balance dong the three-phase line.

On Circuit BW13, Project BW-3 is a 356 foot single-phase 1/0 ACSR to vee-phase 1/0 ACSR
conversion by adding 1-1/0 ACSR phase conductor. The single-phase line has 31 amps of peak
load at the 2023 load level. The vee-phase line will enable the load beyond to be divided over
two phases and will improve load balance along the three-phase line.

Project BW-4 is the replacement of 2.2 miles of three-phase 4 CU with three-phase 336 ACSR.
This portion of the main line is expected to reach the end of its useful life during this planning

period.

Project BW-5 is the replacement of 0.3 miles of three-phase 4 CU and 0.6 miles of three-phase
2A CWC with three-phase 336 ACSR and a 0.4 mile three-phase 336 ACSR tie line that will
connect the east circuit of the Green Street Substation to Circuit BW13. With the conversion of
the Green Street Substation from 2.4/4.16 kV to 7.2/12.47 kV, as discussed in Section 13.3.3,
ties between Green Street and other substation are now possible. This tie line and the upgrading
of the old, small conductor three-phase line will then provide a worthwhile tie line to the area
northeast of the Bridgewater Substation. Also, the tie line will enable the transfer of
approximately 1000 kW (47 amps per phase) of load at the 2023 load level from the heavily
loaded Circuit BW-13 to the closer Green Street Substation.

13.3.5 Fairgrounds Substation Service Area

13.35.1 Existing System Review

The Fairgrounds Substation is forecasted to serve 9.4 MW of peak load in 2023. The Fairgrounds
area is served by three 7.2/12.47 kV circuits. FG13, FG14 and FG15. Circuit FG13 serves
approximately 23 percent of the total load, FG14 serves 51 percent and FG15 serves the
remaining 26 percent.

Circuit FG13 is approximately 5 miles long and has no ties to other circuits The main three-
phase line is gpproximately 3 miles long and is 336 ACSR. Most of the single-phase lines are 1/0
ACSR. The pesk load at the 2023 load leve is approximately 100 amps per phase. No line
capacity deficiencies or areas with low voltage are anticipated during this planning period.

Circuit FG14 is approximately 8 miles long and has no ties to other circuits. The main three-

phase line is approximately 4.5 mileslong. The first 1.7 miles are 336 ACSR, the next 1.2 miles
are 3/0 ACSR and then 1.6 miles of 336 ACSR. This circuit serves the Tenney Mountain Ski

area and other commercial and retail loads. The peak load at the 2023 load level is approximately
230 amps per phase which is approaching the maximum design load limit of 280 amps per phase
and being capacity deficient. No areas with low voltage are anticipated during this planning

period.

Circuit FG15 exits the substation and splits into east and west feeders. The east feeder is about
11 miles in length and has no ties to other circuits. The main three-phase line is approximately
4.7 miles long. The first 2.6 miles are 3/0 ACSR and the next 2.1 miles are /0 ACSR. The
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remaining vee-phase and most of the single-phase lines are /0 ACSR. The west feeder about 8
miles in length and has no ties to aher circuits. The main line has 4.1 miles of 1/0 ACSR vee
phase. The remaining single-phase lines are mostly 1/0 ACSR. The peak load at the 2023 load
level is approximately 115 amps per phase. No line capacity deficiencies or areas with low
voltage are articipated during this planning period.

13.35.2 Recommended Plan

With the converson of the Green Street Substation to 7.2/12.47 kV, it is recommended that
approximately 1,600 kW of load be transferred from Circuit FG13 to Green Street Circuit GS11.
The proposed norma open between these two circuits is shown on the Long Range Plan Circuit
Diagram. Thisload transfer will then enable FG13 to be extended to the west to provide a three-
phase loop to the heavily loaded FG14. Project FG 1 is the replacement of 3 miles of single-
phase and three-phase 1/0 ACSR with three-phase 336 ACSR to provide the loop to FG14. This
will enable the Mt. Tenney Ski area to be transferred to FG13. This transfer will more equally
divide the load in the area over Circuits FG13, FG14 and GS11 for overal improved system
performance and reliability. The peak load on Circuit FG14 will be reduced from approximately
230 amps per phase to 125 amps and will therefore have more capacity to provide backup to the
Rumney Substation.

13.3.6 Green Street Substation Service Area

13.36.1 Existing System Review

The Green Street Substation is forecasted to serve 2.7 MW of peak load in 2023. The Green
Street area is served by four 2.4/4.16 kV circuits: G411, GHA2, GHA3 and GH4. Circuit GHA1
serves approximately 38 percent of the total load, GSA43 serves 36 percent and GS44 serves the
remaining 26 percent. None of the circuits tie to other substations because of the difference in
operating voltages.

Circuit GHA1 is approximately 3 miles long and has atie to Circuit GS43. The main three-phase
lineis approximately 0.6 mileslong. Thefirst 0.2 miles are /0 ACSR and the next 0.4 miles are
336 ACSR. The single-phase continuing to the south is mostly 2 CU. The estimated peak load on
GHA1L is 147 amps per phase at the 2023 load bvel which exceeds 50 percent of the summer
Season emergency current rating of /0 ACSR. This could be a limiting factor during backup to
GHA3 at pesk load times. No areas with low voltage are anticipated during this planning period.

Circuit GS42 is a dedicated express circuit that provides backup to the Plymouth State College.
The three-phase feeder is approximately 0.5 miles long and is 336 Hendrix, 15 kV rated cable.

On Circuit GHA3, the 336 ACSR three-phase feeder main splits into north and west feeders
approximately 0.25 miles from the substation. The north feeder continues with 336 ACSR for 0.2
miles, then 4 CU for 0.3 miles and then 1/0 ACSR for 0.3 miles. The west feeder continues with
336 ACSR for another 0.25 miles and then 1/0 ACSR for about 0.5 miles. The estimated peak
load on Circuit G443 is 132 amps per phase at the 2023 load level. No line capacity deficiencies
or areas with low voltage are anticipated during this planning period.
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Circuit G$43 is approximately 0.4 miles long and does not tie b any of the other Green Street
circuits. The main three-phase line is 336 ACSR. The estimated peak load is 98 amps per phase
a the 2023 load level. No main line capacity deficiencies or areas with low voltage are
anticipated during this planning period.

13.3.6.2 Recommended Plan

Asdiscussed in Section 13.3.3, it is recommended that the entire Green Street Substation service
area be converted from 2.4/4.16 kV to 7.2/12.47 kV. Accordingly, Projects GS-1, GS-2, GS-3
and GS-4 are for the conversion of Circuits GH41, GHA2, GHA3 and G4, respectively. The
circuits of this substation can then be tied to the Bridgewater and Fairgrounds Substations which
will provide a significant improvement in reliability to the area.

On Circuit GH41, Project GS-1 also includes the replacement of 620 feet of three-phase 1/0
ACSR with three-phase 336 ACSR. This section of line is at the beginning of the circuit and the
upgrade will provide a high capacity line for emergency and maintenance stuations when
serving other circuits.

On Circuit G43, Project GS-3 aso includes the replacement of 0.3 miles of three-phase 4 CU
and 0.3 miles of three-phase 1/0 ACSR with three-phase 336 ACSR. This line upgrade will
provide aworthwhile tie line to Circuit FG15.

13.3.7 Lincoln Substation Service Area

133.7.1 Existing System Review

The Lincoln Substation is forecasted to serve 21 MW of peak load in 2023. The Lincoln areais
served by two 7.2/12.47 kV circuits (LN11 and LN12) and two 14.4/24.94 kV circuits (LN23
and LN24). Circuit LN11 serves approximately 11 percent of the total load, LN12 serves 18
percent, LN23 serves 44 percent and LN24 serves the remaining 27 percent.

Circuit LN11 is approximately 2.4 mileslong and is close to Circuits LN23 and LN24 but is not
tied to these circuits because of the different operating voltages. The main three-phase line starts
with 303 feet of 350 MCM auminum underground and then has 2.1 miles of 336 ACSR. The
estimated pesk load is 100 amps per phase at the 2023 load level. No main line capacity
deficiencies or areas with low \oltage are anticipated during this planning period.

The main line of Circuit LN12 is approximately 1.1 miles long and is tied to Circuit WD13 of
the Woodstock Substation. The main three-phase line starts with 470 feet of 350 MCM
aluminum underground and is then 336 ACSR. The estimated peak load is 167 amps per phase at
the 2023 load level. No main line capacity deficiencies or areas with low voltage are anticipated
during this planning period.

Circuit LN23 is approximately 1.7 miles long and is tied to Circuit LN24. The circuit is

dedicated to serve the Loon Mountain Ski area. The main three-phase line starts with 540 feet of
350 MCM auminum underground and is then 336 ACSR. The three phase taps serving Loon
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Mountain are 350 auminum underground. The estimated peak load is 209 amps per phase at the
2023 load level. No main line capacity deficiencies or areas with low voltage are anticipated
during this planning period.

Circuit LN24 is approximately 3.0 miles long and istied to Circuit LN23. The main three-phase
line starts with 423 feet of 350 MCM auminum underground and is then 336 ACSR. The
estimated pesk load is 127 amps per phase at the 2023 load level. No main line capacity
deficiencies or areas with low voltage are anticipated during this planning period.

13.3.7.2 Recommended Plan

There are no distribution system primary line construction projects anticipated as necessary for
voltage and/or capacity reasons within the Lincoln Substation service area.  Projects based on
improving reliability are discussed in Section 13.4.

13.3.8 Lyme Meter Point Service Area

13.38.1 Existing System Review

The Lyme Meter Point is forecasted to serve 1.5 MW of peak load in 2023. The Lyme areais
served by three 7.2/12.47 kV circuits. LY11, LY12 and LY13. Circuit LY1l serves
approximately 35 percent of the total load, LY12 serves 41 percent and LY 13 serves the
remaining 24 percent. No voltage regulators are installed at the MP or out on the line.

Circuit LY 11 is approximately 8 miles long and has no ties to other circuits. The main three-
phase lire is approximately 3 miles long and is mostly 4/0 ACSR. Mot of the single-phase lines
are 10 ACSR. No line capacity deficiencies or areas with low voltage are anticipated during this
planning period provided the voltage at the MP is 122 volts or higher.

Circuit LY 12 is approximately 12 miles long and has no ties to other circuits. The main three-
phase line is gpproximately 7 miles long and is 1/0 ACSR. Mogt of the vee-phase and single-
phase lines are 1/0 ACSR. No line capacity deficiencies or areas with low voltage are anticipated
during this planning period provided the voltage at the MP is 122 volts or higher.

Circuit LY 13 is approximately 3 miles long and has no ties to other circuits. The main three-
phase line is approximately 1 mile long and is 336 ACSR. Most of the single-phase lines are 1/0
ACSR. No line capacity deficiencies or areas with low voltage are anticipated during this
planning period provided the voltage at the MP is 122 volts or higher.

13.3.8.2 Recommended Plan

There are no distribution system primary line construction projects anticipated as necessary for
voltage and/or capacity reasons within the Lyme Substation service area.  Projects based on
improving reliability are discussed in Section 13.4.
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13.3.9 Rumney Substation Service Area

13.39.1 Existing System Review

The Rumney Substation is forecasted to serve 7.2 MW of peak load in 2023. The Rumney areais
sarved by three 7.2/12.47 kV circuits RU12, RU13 and RU14. Circuit RU12 serves
approximately 35 percent of the total load, RU13 serves 49 percent and RU14 sarves the
remaining 16 percent.

Circuit RU12 is approximately 29 miles long and has a tie to Circuit RU13 approximately 3.6
miles from the substation. The remaining portion of Circuit RU12 has no ties to other circuits
except for ardatively in-effective single-phase tie with Circuit LY 12 of the Lyme Meter Point.
The main three-phase line is approximately 18 miles long. The first 3 miles are 336 ACSR, the
next 0.75 miles are 350 MCM aluminum underground and then 14 miles of 1/0 ACSR. Most of
the other three-phase, vee-phase and single-phase lines are /0 ACSR. Two sets of voltage
regulators are instaled in the main line. The first set is approximately 4.8 miles from the
substation and the second set is approximately 13.3 miles from the substation. This circuit is
considered to have a voltage deficiency since multiple sets of voltage regulators are needed to
provide the required voltage on this long circuit. At the 2023 load level, the circuit has low
voltage on the source side of the second set of voltage regulators. The 336 ACSR main line
conductor has adequate capacity to serve the 2023 load level. The /0 ACSR main line conductor
is undersized given the amount of load and length of the circuit.

On Circuit RU13, the 336 ACSR three-phase feeder main splits nto west and north feeders
approximately 7.4 miles from the substation. The west three-phase feeder continues with 336 for
another 2.8 miles and then /0 ACSR for another 13 miles. The ends of the west feeder are about
25 miles from the substation. The north three-phase feeder continues with 336 for another 2.8
miles and then mostly 4 CU for another 1.8 miles. The ends of the north feeder are about 18
miles from the substation. Voltage regulators are installed in the main three-phase about 6 miles
from the substation and aso on the west and north three-phase feeders. Voltage regulators are
also ingtaled on two of the single-phase lines. This circuit is consdered to have a voltage
deficiency since multiple sets of voltage regulators are needed to provide the required voltage on
this long circuit. At the 2023 load level, the circuit has low voltage on the source side of the first
set of voltage regulators. The 336 ACSR and 1/0 ACSR main line conductor has adequate
capacity to serve the 2023 load levdl.

Circuit RU14 is gpproximately 9 miles long and has no ties to other circuits. The main three-
phase line is approximately 6 miles long. The first 3 miles are 336 ACSR and the next 3 miles
are 2A CWC. No line capacity deficiencies or areas with low voltage are anticipated during this
planning period.

13.3.9.2 Recommended Plan

It is recommended that the three-phase feeder mains of Circuits RU12 and RU13 be converted
from 7.2/12.47 kV to 14.4/24.94 kV. The Rumney Substation transformer has a dua voltage
secondary (7.2/12.47 and 14.4/24.94 kV) to facilitate the conversion to the higher distribution
voltage. Due to a combination of load, length and conductor size, the possibility of low voltage is
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increasing. No transmission lines or other potential power sources appear to be in the area to
enable dividing the load to improve voltage.

Project 368 is the replacement of 1.8 miles of an old vee-phase 6A CWC line with single-phase
1/0 tree wire. The existing poles and conductor are in poor condition and the line is difficult to
access. The new line will be located along road right-of-way. This project was included in year 3
of the 2001-2005 Construction Work Plan

Project 369 is the replacement of 2.0 miles of an old single-phase 6A CWC line with single-
phase 1/0 tree wire. The existing poles and conductor are in poor condition. The new line should
be extended to provide a loop with the nearby single-phase line. This project was included in
year 3 of the 2001-2005 Construction Work Plan

13.3.10 Thornton Substation Service Area

13.3.10.1 Existing System Review

The Thornton Substation is forecasted to serve 7.5 MW of peak load in 2023. The Thornton area
isserved by two 7.2/12.47 kV circuits (TN11 and TN12) and one 14.4/24.94 kV circuit (TN23).
Circuit TN11 serves approximately 21 percent of the total load, TN12 serves 55 percent and
TN23 serves the remaining 24 percent.

Circuit TN11 is approximately 8 miles long and has no ties to other circuits. The main three-
phase line is approximately 4.4 miles long. The first 0.6 miles are 350 MCM auminum
underground, the next 1.2 miles are 4 CU and the next 2.6 miles are /0 ACSR. No mgjor line
capacity deficiencies or areas with low voltage are anticipated during this planning period. The 4
CU main line conductor is undersized given the amount of load.

On Circuit TN12, the 336 ACSR three-phase feeder main splits into north and northeast feeders
approximately 0.3 miles from the substation. The north three-phase feeder continues with 336 for
another 3.3 miles, then 4 CU for 1.4 miles, then 336 ACSR for 1.0 mile, then /0 aluminum
underground for 0.5 miles and then 336 ACSR for another 1.2 miles. The ends of the north
feeder are about 10 miles from the substation. The northeast three-phase feeder continues with 2
ACSR for 0.5 miles and then 1/0 ACSR for 3.8 miles. The ends of the northeast feeder are about
7 miles from the substation. No maor line capacity deficiencies or areas with low voltage are
anticipated during this planning period. The 2 ACSR main line conductor is undersized given the
amount of load.

Circuit TN23 is approximately 6 mileslong and istied to Circuit WV 24 of the Waterville Valley
Subgtation. The main three-phase line is approximately 6 miles long and is 336 ACSR. No main
line capacity deficiencies or areas with low voltage are anticipated during this planning period.
One single-phase line that serves aresidentia area is becoming heavily |oaded.
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13.3.10.2 Recommended Plan

Project TN-2 is the replacement of 1.2 miles of three-phase 4 CU with three-phase 336 ACSR
This portion of the main line is expected to reach the end of its useful life during this planning
period. The upgrading of the old, small conductor three-phase line along with the reliability
project that ties the two radia Circuits TN11 and FG15 together will provide a worthwhile tie
line between these two circuits.

Project TN-3 is the replacement of 1.4 miles of three-phase 4 CU with three-phase 336 ACSR
This portion of the main line is expected to reach the end of its useful life during this planning
period. The upgrading of the old, smal conductor three-phase line along with the reliability
project that ties the two radial Circuits TN12 and WD11 together will provide a worthwhile tie
line between these two circuits.

On Circuit TN23, Project TN-4 will provide additional capacity by converting the single-phase
1/0 aluminum underground line to three-phase 1/0. The existing single-phase line is estimated to
have 40 amps of peak load at the 2023 load level. The three-phase line is to be extended into the
development so that single-phase taps can balance the load on the three-phase line. Also included
in Project TN-4 is a sngle-phase tie line to provide a loop feed to radia single-phase lines for
improved reliability.

13.3.11 Waterville Valley Substation Service Area

13.311.1 Existing System Review

The Waterville Valley Substation is forecasted to serve 13.6 MW of peak load in 2023. The
Waterville Valley area is served by four 14.4/24.94 kV circuits: WV21, WV22, WV23 and
WV 24. Circuit WV 21 serves approximately 10 percent of the total load, WV 22 serves 28 percent
and WV 23 serves the remaining 62 percent.

Circuit WV 21 is approximately 1.5 miles long and istied to Circuits WV 22 and WV 23 at severa
different locations. The main three-phase line is 500 MCM auminum underground. The
estimated peak load is 32 amps per phase a the 2023 load level. No main line capacity
deficiencies or areas with low voltage are anticipated during this planning period.

Circuit WV 22 is approximately 1.7 mileslong and is tied to Circuits WV21 and WV 23 a severd
different locations. The main three-phase line starts with 0.8 miles of 350 MCM auminum
underground and then has 0.8 miles of 500 MCM auminum underground and then 0.1 miles of
1/0 aluminum underground. The estimated peak |oad is 92 amps per phase at the 2023 load level.
No main line capacity deficiencies or areas with low voltage are anticipated during this planning

period.

Circuit WV 23 is approximately 3.2 mileslong and istied to Circuits WV21 and WV 22 at severd
different locations. The main three-phase line garts with 260 feet of 350 MCM auminum
underground and then has 1.9 miles of 336 ACSR and then 1.2 miles of 1/0 auminum
underground. This circuit serves the Mt. Tecumseh resort and ski area and the estimated peak
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load on the circuit is 193 amps per phase a the 2023 load level. No main line capacity
deficiencies or areas with low voltage are anticipated during this planning period.

Circuit WV 24 is an express feeder that provides a tie between the Waterville Valey Substation
and Circuit TN23 of the Thornton Substation. The circuit serves no load except during backup
gtuations. The main three-phase lineis 4 mileslong and is 336 ACSR.

13.3.11.2 Recommended Plan

Project 387 isanew 2.7 mile 34.5 kV line 336 ACSR (with 14.4/24.94 kV underbuild) from the
Waterville Valey Substation to the Mt. Tecumseh resort. This project is contingent upon the
load increasing at the resort. It is expected that the consumer will provide a contribution in aid of
congtruction that will cover most of the cost of the project. This project was included inyear 4 of
the 2001-2005 Congtruction Work Plan

13.3.12 Woodstock Substation Service Area

13.3.12.1 Existing System Review

The Woodstock Substation is forecasted to serve 4.6 MW of peak load in 2023. The Woodstock
areais served by four 7.2/12.47 kV circuits: WD11, WD12, WD13 and WD14. Circuit WD11
serves approximately 15 percent of the total load, WD12 serves 29 percent, WD13 serves 23
percent and WD14 serves the remaining 33 percent.

Circuit WD11 exits the substation and splits into south and west feeders. The south feeder is
about 3.3 miles in length and has no ties to other circuits. The main three-phase line is
approximately 2.5 mileslong and is 336 ACSR. The west feeder about 6 milesin length and has
no ties to other circuits. The main line has 1.6 miles of three-phase 1/0 ACSR. The remaining
sngle-phase lines are mostly 2 ACSR and 1/0 ACSR. The estimated peak load is 31 amps per
phase at the 2023 load level. No line capacity deficiencies or areas with low voltage are
anticipated during this planning period.

Circuit WD12 is approximately 1.4 miles long and is tied to Circuit WD14. The first 0.9 miles
are 336 ACSR and the next 0.5 miles are 350 MCM auminum underground. The estimated peak
load is 59 amps per phase at the 2023 load level. No main line capacity deficiencies or areas with
low voltage are anticipated during this planning period.

Circuit WD13 is approximately 1.2 miles long and is tied to Circuit LN12 of the Lincoln
Substation. The main line consists of 336 ACSR, 350 MCM auminum underground, 2 ACSR
and 1/0 auminum underground. The estimated peak load is 48 amps per phase a the 2023 load
level. No main line capacity deficiencies or areas with low voltage are anticipated during this
planning period.

Circuit WD14 is approximately 6.2 miles long and is tied to Circuit WD12. The main line
conssts of 336 ACSR and 350 MCM auminum underground. The estimated pesk load is 72
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amps per phase at the 2023 load level. No main line capacity deficiencies or areas with low
voltage are anticipated during this planning period.

13.3.12.2 Recommended Plan

There are no distribution system primary line construction projects anticipated as necessary for
voltage and/or capacity reasons within the Woodstock Substation service area. Projects based on
improving reliability are discussed in Section 13.4.

13.4 Distribution System Reliability

13.4.1  Historical Reliability

Overdl, the Plymouth District has experienced lower than average distribution system reliability
compared to the NHEC system averages over the last three years, ranking fifth of al districts.
This is the largest district within the NHEC system, and several larger feeders with significant
amounts of load and members have drastically exceeded the reliability design criteria.  For
example, six of the top ten worst performing feeders on the NHEC system were in the Plymouth
Digtrict. The following two figures show the average indices for each feeder as well as the entire
Plymouth digtrict.

Plymouth District
SAIFI, SAIDI, and CAIDI
3 year Averages (2000-2002)

Index Value
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Figure 13-8 Plymouth District Average Reliability Indi ces
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Figure 139 Plymouth District Average Reliability Indices

13411 SAIDI

The overall SAIDI for the district was 4.56. The two figures above indicate that 11 of the 32
circuits in this district exceeded their SAIDI criteria. The 11 feeders are as follows:. BW11,
BW13, FG15, G2, LY 12, LY 13, RU12, RU14, TN11, TN12, and WV21. Eventhoughthisis
only about 35% of the feeders, many of these indices were drastically high causing the district
average index to significantly increase.

134.1.2 SAIFI

Coincidentally, the Plymouth SAIFI index was 2.0, which closely matches the NHEC system
index. The target SAIFI value of 2.0 for al feeders, regardless of feeder classfication, was
exceeded at 10 of the 32 circuits. These circuits are listed as follows. BW13, FG15, G442,
LY12, LY 13, RU12, RU13, RU14, TN11, TN23.

13.4.2  Circuits That Exceed Reliability Criteria

134.21 Circuit BW11

This longer south circuit of the Bridgewater Substation had a SAIDI of 5.05, which just barely
exceeds the rurd feeder classfication limit of 5.0. Outages by cause are reflected in the

following figure.
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Figure 13-10 Circuit BW11 Per centage of Customer-Minutes Out by Outage Cause

Trees and weather were accountable for the mgority of the customer- minutes of outages. An

outage analysis by overcurrent protection zone was created to help find the any particular
problematic areas. The table is shown below.

Table13-18 Circuit BW11 Outage | nformation By Overcurrent Protection Zone

Protection Zone® | Recloser Number | Phase| Outages| % | Consumer-Hours | %
1 BW11R ABC 10 30 3,740 38
2° BW11R13 ABC 10 30 2,407 24
2° BW11R11 ABC 11° 32 3,673" 37
3 BW11R19 A 3 8 137 1
Totas 34 100 9,957 100

Recloser-to-recloser, excluding fuses.
Three-phase feeder main to the south
Three-phase tap to the east

Includes one extreme outage affecting 260 members and lasting 9.2 hours (2,380 customer-
hours)

A W N P

The table indicates that outages occurring within the first zone of protection were responsible for
more customer-minutes than any other zone. Of the ten outages, two were entire feeder outages
lasting about 1.5 hours, and an additional four affected up to 250 members and lasted between
two and three hours. These four were caused by recloser failures occurring on the same day.

Currently, circuit BW11 has no ties with any other feeders. Therefore, due to the poor historical
reliability, project BW-RL1 is recommended to provide backup from circuit CL12 of the Corliss
Hill Substation in the Meredith Didtrict.  Project CL-2 and CL-3 in the Meredith District are
needed for voltage and capacity support, therefore making reliability project BW-R1 shorter and
less costly. Projects BW-R1, in conjunction with CL-2 and CL-3, will create contingency

Power System Engineering, Inc. 13-34



capability between circuits BW11 and CL12, therefore improving reliability during extreme
outages.

Another option to improve reliability is to add a delivery point at the southern tip of circuit
BW11. PSNH owns many facilities in this area, in particular the double-circuit 34.5 kV
transmission lines 345A and 345B. NHEC's BW11 feeder is less than a mile from these lines,
therefore providing incentive to add a new 2,500 kVA, 34.57.2/12.47 kV, delivery point for
reliability reasons. Although, crossing the Pemigewasett River may complicate this aternative.
This project is designated as BW-R1at on the proposed system diagram.

13.4.2.2 Circuit BW13

With a SAIDI of 11.48, this feeder was the thirst worst performing circuit in the NHEC system.
Furthermore, the SAIFI of 5.59 was one of the highest. Outages by customer-minute for the top
five causes can be seen in the following figure.
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Figure 13-11 Circuit BW13 Per centage of Customer-Minutes Out by Outage Cause

Weather accounted for amost haf the customer- minutes of outage. This may be due to the fact
that the majority of members on this circuit are located along the north side of Squam Lake.
Therefore, extreme weather and strong winds off the lake may be causing these major outages.

Basically, circuit BW13 leaves the substation and then splits into north and east three-phase
lines. The northern portion consists of one zone, while the eastern portion aorg Squam Lake is
divided into two three-phase zones. In order to determine where the outages have been occurring
during 2000-2002, the following table was created to show outage information by overcurrent
protection zone.
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Table 13-19 Circuit BW13 Outage | nformation By Overcurrent Protection Zone

Protection Zone" | Recloser Number | Phase| Outages| % | Consumer-Hours | %
1 BWI13R ABC 15 11 16,340 34
2 BW13R12 ABC 20° 15 12,680° 27
2 BW13R11 ABC 40 30 5,446 11
BW13R15 ABC 55 41 12,821 27
BW13R16 A 4 3 447 1
Totds| 134 | 100 47,734 100
! Reclosar-to-recloser, excluding fuses.
2 Three-phase feeder main heading esst
® Does not include outages on tap reclosers BW13R13 or BW13R14 within this zone
* Three-phase feeder main heading north

The table shows that the main three-phase first, second, and third zones are very much
responsible for the poor reliability on this feeder. The first zone is only about three miles long,
and experienced six feeder outages affecting al 1,500 members on the circuit. Only one of these
SX outages was not weether related. The main three-phase second zone heading to the east also
experienced six outages causing reclosers BW13R12 to operate. One of these outages was due
to a car vs. pole accident, which lasted amost six hours, accounting for about 5,600 of the
12,680 tota consumer-hours. Interestingly, each of these six outages affected 972 members and
was responsible for approximately 12,393 of the consumer-hours, or 98% of the total, within this
zone. The third zone, starting with recloser BW13R15, experienced 13 outages that caused all

311 members within the zone to be affected. All but three of these outages were tree related.

Sixty-four percent of the customer-hours within this third zone were caused by the 13 outages.

Reliability improvements by zone should be considered due to the historical outage diversity
within each zone. The six outages within the first zone were weather related, and therefore
research into the details of these causes may yield reiability improvement ideas. Outages within
the second zone heading east were due to many different outage causes, and therefore, there are
no recommendations at this time. The main three-phase third zone of protectionalong Squam
Lake should be given more consideration for increased tree trimming.  If standard maintenance
practices do not produce better reliability, a fourth or even fifth zone of protection could be
considered depending upon the location of faults within the zone. As mentioned, if these do not
prove to be successful, the conversion of the single-phase 1/0 ACSR to 1/0 or 4/0 ACSR tree-
wire should be considered. For purposes of this plan, reliability project BW-R2 is the conversion
to 1/0 ACSR tree-wire for about 5.6 miles. When this project is considered, the option of
converting to 4/0 or 336 ACSR should be examined.

Currently, circuits BW13 and ME14, of the Meredith digtrict, are long, radial three-phase
feeders. The distance between the three-phase extremities of both circuits is only about one-
mile. Therefore, project BW-R3, the partial conversion and addition of 1.0 miles of three-phase
4/0 ACSR, will provide contingency capability between circuits BW13 and ME14.
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Project BW-R4 is avery short single-phase tie- line to provide backup capability between circuits
BW11 and BW13. The project has the potential to improve reliability for about 200 members.

As explained in the Circuit FG15 reiability portion that follows, project FG-R1 will provide atie
between the two radial circuits FG15 and BW13.

13.4.2.3 Circuit FG15

This Fairgrounds Substation circuit exceeded the SAIDI criteria due to its' classification as a
suburban feeder. The SAIDI index for the three-year period was 4.6, while the corresponding
SAIFI index was 3.55. The higher SAIFI and somewhat common SAIDI values indicates that
there were many members affected on this circuit, but overal the restoration times were not
particularly long. The following figure indicates the consumer-hours of outage by the top causes
for circuit FG15.
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Figure 13-12 Circuit FG15 Per centage of Customer-Minutes Out by Outage Cause

Similar to circuit BW13, weather was primarily responsible for the customer-minutes of outages,
followed by tree contact. Four feeder outages were responsible for approximately 30% of the
total consumer-hours on this circuit, two of them caused by westher. As previously explained,
more specific information should be logged for all future outages due to weather, and all outages
in generd, to assst in the reliability review and recommendations. Data examples include type
of wesather, what actualy occurred as aresult, and the type of equipment failure.

Circuit FG15 currently has athree-phase tie with circuit GS43 of the Green Street Substation, but
cannot be used because of the different operating voltages between the two. Although, project
GS-3 is the voltage conversion of circuit GS43 from 2.4/416 kV to 7.2/12.47 kV, therefore

allowing backup capability.

There are two tie-lines recommended near extremities of circuit FG15, which will provide
backup to various portions of circuit FG15. Project FGRL1 is the addition of a very short three-
phase tie between circuits FG15 and BW13. The new lire should cross the Pemigewasett River
near the existing single-phase river crossing if possible.

Project FG-R2 is needed to provide backup between circuits FG15 and TN11 of the Thornton
Substation.  Since both circuits are radia, the new tie-line will provide significant contingency
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capability for improved service. Highway 3 is the recommended route for the new line. In
addition, this project will become even more beneficia due to project TN-2.

Project FG-R3 and FG-R4 are short single-phase tie-linesto improve riability for the members
on these long, heavily loaded single-phase lines. Potentia service improvement can be expected
for the 240 members in this area. These projects will also provide more flexibility in normak
open switch locations if needed for voltage or capacity reasons.

134.24 Circuit GHA2

This circuit serves the Plymouth State College, which is primary metered from NHEC' s 2.4/4.16
kV line. There were only two distribution outages recorded on this feeder over the 2000-2002
period. Due to he smal amount of members on this circuit, the rdiability indices were
significantly affected causing a higher SAIDI and SAIFI index. Both outages were caused by
tree contact and lasted between one and two hours.

Project GS-2, the conversion to 7.2/12.47 kV, may improve reliability as well due to additional
tree trimming to accommodate the higher operating voltage line configuration.

13.4.25 Circuit LY12

From a reliability index perspective, circuit LY 12 was the most unreliable circuit on the entire
NHEC system with a SAIDI index of 15.6. The SAIDI indices by year were 17.9, 5.85, and 23.0
for 2000, 2001, and 2002, respectively, which significantly affected the three-year average.

The top three causes contributing to the customer-minutes of outages are shown n the figure
below.

DE-
ENGERGIZATI

ON

%

WEATHER

42% TREE/LIMB

ON PRIMARY
LINE
51%

Figure 13-13 Circuit L Y12 Per centage of Customer-Minutes Out by Outage Cause

More than 50% of the outage-minutes were due to tree contact, with the remaining caused by
wesather. Four feeder outages, each lasting between two and three hours, caused about 20% of
the total customer-minutes. Furthermore, 21 outages affected more than 100 members. The
average duration of these outages was nearly four hours. Considering al outages on this feeder,
the average outage duration was 3.8 hours. Therefore, obvioudly, there is a deficiency in outage
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restoration times on this circuit. Cooperative personnel indicated that the travel time to this area
isin excess of one hour. Furthermore, during major outages throughout the, the Lyme metering
point is the last area to be restored because of itslocation. Therefore, fault indicators, additiona
reclosing devices, or an overcurrent protection review in conjunction with a more detailed outage
and reliability analysis may proveto be beneficia. In aid of this, the following table was created
to help locate problematic aress.

Table 13-20 Circuit L Y12 Outage I nformation By Over current Protection Zone

Protection Zone® | Recloser Number | Phase| Outages| % | Consumer-Hours | %
1 LY12R11 ABC 28 54 13,596 73
2 LY12R13 AC 10 19 3,942 22
2 LY12R12 B 14 27 980 5
Totds 52 100 18,518 100
! Reclosar-to-recloser, excluding fuses.

Almost three-quarters of the consumer-hours occurred within the first three-phase protection
zone. The main line on this feeder is 1/0 ACSR and therefore meets criteria from a voltage and
capacity standpoint. Therefore, it is difficult to justify any capital improvement that may only
provide reliability incentive to the 400 members on this feeder. First, steps should be taken to
help resolve the excessive outage durations. After the outage duration reduction project is
implemented, steps can be taken to reduce the occurrence of outages within the first zone of
protection on circuit LY 12. Possibilities include more frequent tree trimming, or the conversion
to tree wire or underground cable.

There are no proposed projects on this feeder for reliability reasons.

13.4.2.6 Circuit LY13

From 2000-2002, the SAIDI reliability index gradually increased from 4.4 to 10.0. There are
only about 18 members are served by this short feeder, therefore the smallest outages drastically
affect the outage indices. Furthermore, this circuit only contains one zone of protection, besides
a few short, fused single-phase taps, that causes an outage on the entire circuit during any main
line outage. This is most likely due to the fact that most of the members are served on the one
long single-phase tap at the end of the ling, therefore making additional zones unnecessary. The
following figure indicates consumer-hour of outages by cause.
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Figure 13-14 Circuit L Y13 Percentage of Customer-Minutes Out by Outage Cause

There were only six outages on this circuit over the three-year period, athough four of them
were of significantly long duration therefore increasing the reliability statistics.

There are no proposed projects on this feeder for reliability reasons. Steps should be taken to
help resolve the excessive outage durations, followed by alisting a potentia solutions.

13.4.2.7 Circuit RU12

Outages in 2002 caused the three-year average SAIDI index on circuit RU12 to become the
second worst in the entire NHEC system due to a SAIDI of amost 30. This was obvioudy due
to many high consumer-hour outages. For example, the average outage for the three-year period
affected about 105 members and lasted approximately 2.8 hours.

Cause categories for the three highest consumer-minutes of outages can be seen below.
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Figure 13-15 Circuit RU12 Percentage of Customer-Minutes Out by Outage Cause

The figure indicates that weather and tree contact contributed almost al the consumer-hours of
outages.
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Circuit RU12 is one of the longest feeders in the Plymouth District and contains five zones of
protection. The following table indicates number of outages and consumer-hours of outages by
zone,

Table 13-21 Circuit RU12 Outage I nfor mation By Over current Protection Zone

Protection Zone" | Recloser Number | Phase| Outages| % | Consumer-Hours | %
1° RU12RA ABC 16 14 6,550 15
2° RU12AR11 ABC 9 8 1,270 3
2 RU12AR14 ABC 29 25 12,400 28
3 RU12AR15 ABC 12 10 1,506 3
3 RU12AR17 ABC 13 11 9,150 20
3 RU12AR18 AC 12 10 1,600 4
4 RU12AR19 AC 7 6 9,500 21
RU12AR22 AC 18 16 2,800 6
Totds| 116 | 100 44,776 100
" Reclosar-to-recloser, excluding fuses.
2 Includes one feeder outage of 5,585 consumer-hours
% Three-phase tap heading north near substation
* Three-phase tap off second zone protected by RU12AR14

One feeder outage occurred in the first three-phase zone that lasted over four hours and was
responsible for 5,584 customer-hours of outages. The main three-phase second zone is the
longest zone on the feeder, and accumulated the highest number of outages and consumer-hours
of outages. Of the 29 outages within this zone, seven caused the protecting reclosers to operate
and affect al 1,200 members downline.

The possibility of adding another delivery point near the southern half of circuit RU12 was
researched, but PSNH transmission facilities did not appear to be located within a reasonable
distance.

Project RU-2, the conversion from 7.2/12.47 kV to 14.4/24.9 kV as discussed in the preceding
Distribution System report section, may help reduce future outages if proper O&M on this
portion of line is completed in conjunction with the project.

Reliability project RU-R1 isasingle-phasetie that will provide contingency capability to the
membersin the area.
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13.4.2.8 Circuit RU13

This circuit had a three-year average SAIFI of 2.2 and SAIDI of 4.4. The SAIFI just exceeded
the SAIFI criteria of 2.0, while the SAIDI criterion was dightly worse than the NHEC system
and didtrict averages. This feeder is another one of the longest in the Plymouth Didtrict, and
therefore performed rather reliably when considering the configuration.

The following figure indicates the consumer-hours of outage by the top causes for circuit RU13.
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Figure 13-16 Circuit RU13 Per centage of Customer-Minutes Out by Outage Cause

Similar to circuit RU12, weather and trees contributed the vast mgjority of the consumer-hours
of outages. Only one outage, which lasted less than 0.5 hours, caused all members on this circuit
to be affected. More than 90% of the consumer-hours of outage were due to outages occurring
within the second through last zone of protection. In particular, sSix outages within the second
zone caused the reclosers to operate, which caused all 700 members within the zone to be
affected. Therefore, proper O&M practices should prove to yield satisfactory reliability in the
future.

The possibility of adding another delivery point near the northern portion of circuit RU12 was
researched, but PSNH transmission facilities did not appear to be located within a reasonable
distance. Furthermore, NHEC facilities are not located within a reasonable distance to justify
any interconnections with circuit RU13,

Projects RU-R2 and RU-R3 are recommended to improve looped capability on the existing
longer single-phase lines. These proposed tie-lines will alow greater flexibility in selecting
future normal-open switch locations as well.

13.4.2.9 Circuit RU14

Thisradial circuit heads to the east from the substation and then the major three-phase line turns
to the north. Both the SAIFI and SAIDI index values barely exceeded the reliability criteria
The following figure indicates the consumer-hours by cause.
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Figure 13-17 Circuit RU14 Per centage of Customer-Minutes Out by Outage Cause

Once again, this figure indicates weather and trees were responsible for amost al the consumer-
hours. In fact, these two causes were responsible for more than 90% of the outages that occurred
within the entire Rumney Substation service area.

Since this circuit’s reliability was generally adequate for the three-year sample period, and did
not experience too many extreme outages, it is believed that general O&M practices should yield
improved reiability in the future.

Project RU-4 is the addition of 2.2 miles of three-phase 336 ACSR to be operated at 14.4/24.9
kV. Also included in this project are the conversion of the feeder main between Rumney and
Fairgrounds Substations, and the addition of two 14.4/24.9 kV — 7.2/12.47 kV step-down
transformers. One is needed to serve the members on the north three-phase line of circuit RU14,
and the other needs to be located between circuits RU14 and FG14 due to the different operating
voltages. This transformer should be sized for contingencies between the Rumney and
Fairgrounds substations service areas.

13.4.2.10 Circuit TN11

Circuit TN11 is a shorter feeder that heads south from the Thornton Substation. The following
figure indicates the consumer-hours of outage by the top causes for circuit TN11.
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Figure 13-18 Circuit TN11 Percentage of Customer-Minutes Out by Outage Cause

There were three feeder outages onthis circuit over the three-year period. Two of these outages
had durations of 8.2 and 2.9 hours, which dramatically affected the SAIDI index of 7.46. In fact,
these two outages were responsible for over 50% of the total customer-minutes on the feeder. In

addition, these two large outages were caused by materia failure causing the above figure to be
somewhat mideading.

Currently, circuit TN11 is radial. Project FGR2, as discussed in the FG15 reliability section,
will complete a three-phase tie between the Thornton and Fairgrounds Substations.  When
complete, circuit FG15 will be able to serve circuit TN11 during mgjor outages, such as the two
major feeder outages that occurred due to materia failures.

13.4.2.11 Circuit TN12
The following figure indicates the consumer-hours of outage by the top causes for circuit TN12.
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Figure 13-19 Circuit TN12 Percentage of Customer-Minutes Out by Outage Cause

The top three causes were farly equa in contribution of customer-minutes of outages.
Individual outage evaluation indicates that there were no feeder outages over the 2000-2002
period, which is rather surprising since the main three-phase zone of protection extends amost to
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the end of the main line. The mgjority of members on this feeder are located aong two three-
phase taps that head to the east off the main feeder. In fact, over 70% of the consumer-hours of
outages occurred on the two taps. The two taps are radia, but run parale to the main three-
phase feeder with nearby tie points. Therefore, project TN-R1 is the addition of a three-phase
tie-line to provide looped capability for the 600 members on the first maor tap, and will aso
provide incentive to a portion of the second major three-phase tap. Project TN-R2 is a short,
sngle-phasetie-line to improve reliability for the members on the single-phase radia line.

Project TN-R3, the addition of three-phase 336 ACSR, is recommended to improve backup
between the Thornton and Woodstock Substations. This will be effective during any major
transmission, substation, or major feeder outages.

13.4.2.12 Circuit TN23

The following figure indicates the consumer-hours of outage by the top causes for circuit TN23.
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Figure 13-20 Circuit TN23 Percentage of Customer-Minutes Out by Outage Cause

The figure indicates that tree contact was responsible for the mgority of customer-minutes of
outages. Increased tree trimming and/or tree wire may provide the reduction in outages.

There were only 17 outages on the entire circuit during the sample period, but six of them were
feeder outages affecting all members on the circuit. Currently, only one zone of protection exists
on the feeder since there are no significant taps off the main line. Therefore, any faults along the
sx-miles of three-phase will affect all members on the circuit since there is a three-phase
recloser at the substation. Anocther option of replacing the three-phase recloser with a one that
has various trip/open capabilities, such as a Cooper Triple-Single recloser, or the Schweitzer
SEL-651, may prove to be effective. This will alow single-phase lockout to be used during
norma system configuration, and three-phase lockout during contingencies with the Waterville
Valley Substation.

Depending upon the location of the outages along the main line, an additional zone of protection
could be established to minimize the number of members affected. In this case, the overcurrent
protection device would have to be sized and configured for contingency situations with the
Waterville Valey Substation.
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There are no projects recommended for reliability reasons on circuit TN23.

13.4.2.13 Circuit W21

For the most part, the Waterville Valey Substation experienced very high reiability during the
2000-2002 time period, with a SAIDI index near 0.25. Although, circuit WV21 had an average
SAIDI index of 2.29, which exceeded the urban feeder classification. This was due to a very
unreliable year in 2002 due to a single outage that lasted 11.6 hours and affected 150 members.
There was only one outage in 2000 and no outages in 2001 on this circuit.

The following figure indicates the consumer-hours of outage by the top causes for circuit WV21.

DE-
ENGERGIZATION
7%

MATERIAL
FAILURES
93%

Figure 13-21 Circuit WV 21 Per centage of Customer-Minutes Out by Outage Cause

As previoudy explained, there were two outages on this feeder, each due to a different cause as
shown above.

Circuit WV21 is very short in length, and entirely underground, which helps the overal circuit
reliability.

There are no projects recommended for reiability reasons on circuit WV 21.

13.4.3  Circuits That Meet Reliability Criteria

13431 Circuit BW12

Project BW-R5 is recommended to form a three-phase tie-line between circuits BW11 and GS41
of the Green Street Substation. Currently, the Green Street substation and service area are
operated at 2.4/4.16 kV, s0 there exists no contingency capability between Green Street and any
other surrounding sources. Although, since it is recommended that Green Street be upgraded to
7.2/12.47 kV, the tie-line project BW-R5 will be useful. During an outage at the Bridgewater
Subgtation, the tie-line will alow Green Street circuit GS41 or Fairgrounds circuit FG13 to
backup circuit BW12, therefore providing load relief for any other circuits such as GS44, ME14,
or CL12 to serve the remaining Bridgewater circuits.
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13.4.3.2 Circuit FG13

This circuit has experienced great reiability during 2000-2002. The only reliability-based
project on this circuit is a single-phase tie-line between two single-phase taps along New Hebron
Road. The project is designated as FG-R5.

13.4.3.3 Circuit FG14

A three-phase tie-line between circuits FG14 and RU13 is discussed in the Rumney Substation
Circuit RU13 reliability report section. A portion of the circuit FG14 service territory will be
transferred to circuit RU13.

134.34 Circuits LN11 and LN24

To provide contingency capability between circuits LN11 and LN24, it is recommended that a
14.4/249 kV — 7.2/12.47 kV step-down transformer be installed between both circuits. The
location of the transformer should be near the end of circuit LN11, which will provide additiona
potential during contingencies. This project is designated as LN-R1.

13.5 Cost Estimates

A summary of the cost estimate for the proposed 5 Year, 10-Year and 20-Y ear Plans is provided
in the following table. Cost estimate details for the proposed New Tie Lines, Conversions and
Line Changes, New Substations, Delivery Points and Meter Points and Substation, Delivery
Point and Meter Point Changes, which were discussed in the previous sections and shown on the
Proposed System Circuit Diagram, are provided in the “Construction Cost Details [table]” at the
end of Section 13.0. Unit cost information is included in this report as Exhibit 111. When future
reference is made to these cost estimates, materid and labor prices should be reviewed to
incorporate existing market conditions.

Table 13-22 Construction Cost Summary

2004-2008 | 2009-2013 2014-2023 2004-2023
Cost ($) Cost ($) Cost ($) Cost ($)
New Tie Lines 0 0 0 0
Conversions and Line Changes 245,000 1,671,600 541,760 2,458,360
New Substations, DP's and MP's 0 0 0 0
Substation, DP and MP Changes 0 446,000 569,000 1,015,000
Total 245,000 2,117,600 1,110,760 3,473,360
Projects for Improved Reliability 60,000 898,300 1,260,530 2,218,830
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Table13-23 Substation L oad Data Projections

Substation Existing System Configuration Proposed System Configuration
Delivery Point 2003 2008 2013 2023 2008 2013 2023
or Meter Point Load Load Load Load Load Load Load

Name Ckt. | Season kw kW kW kW kW kw kW

Bridgewater BW11 W 1,081 | 1,144 | 1,207 | 1,340 1,144 1,207 1,340

BW12 W 404 422 440 477 422 440 477
BW13 \ 3256 | 3,399 | 3,544 | 3,853 3,399 2.624 2.853
Sub 4,741 | 4,965 | 5,191 | 5,670 4,965 4,271 4,670
Fairgrounds FG12 W 1 2 2 2 2 2 2
FG13 W 1,912 | 1,975 | 2,086 | 2,194 1,975 2,600 2,712
FG14 W 3,160 | 4,534 | 4,653 | 4,802 4,534 2,530 2,635
FG15 W 2113 | 2,182 | 2,306 | 2427 2,182 2.306 2,427
Sub 7,186 | 8,693 | 9,047 | 9,425 8,693 7,438 7,776
Green Street GS41 W 919 947 978 1,043 947 2,550 2,654
GS42 W 0 0 0 0 0 0 0
GS43 W 853 880 908 970 880 908 970
GS44 W 325 435 547 720 435 1,447 1,720
Sub 2,097 | 2,262 | 2,433 | 2,733 2,262 4,905 5,344
Lincoln LN11 W 1,930 | 2,052 | 2,134 | 2,256 2,052 2,134 2,256
LN12 W 3,222 | 3,425 | 3,562 | 3,765 3,425 3,562 3,765
LN23 W 7974 | 8,475 | 8,814 | 9,315 8,475 8,814 9,315
LN24 W 7,886 5,194 5,400 5,709 5,194 5,400 5,709
Sub 21,012 | 19,146 | 19,910 | 21,045 19,146 19,910 21,045
Lyme LY11 W 390 426 449 507 426 449 507
LY12 W 467 512 538 607 512 538 607
LY13 w 344 349 351 357 349 351 357
Sub 1,201 1,287 1,338 1,471 1,287 1,338 1,471
Rumney RU11 W 2,153 | 2,263 | 2,337 | 2,538 2,263 2,337 2,538
RU12 W 2838 | 2,967 | 3,155 | 3,490 2,967 3,155 3,490
RU13 Wi 994 1043 | 1,075 | 1.162 1,043 1,075 1,162
Sub 5985 | 6,273 | 6,567 | 7,190 6,273 6,567 7,190
Thornton TH11 W 953 1,116 1,284 1,604 1,116 1,284 1,604
TH12 W 2179 | 2,829 | 3,387 | 4,090 2,829 3,387 4,090
TH23 W 1,116 | 1275 | 1434 | 1,785 1,275 1,434 1,785
Sub 4,248 | 5,220 | 6,105 | 7,479 5,220 6,105 7,479
Waterville Valley | wv2i W 1,063 1,131 1,201 1,353 1,131 1,201 1,353
WV22 W 2,704 | 2,961 | 3,222 | 3,797 2,961 3,222 3,797
Wwv23 W 8,140 | 8,212 | 8,287 | 8,448 8,212 8,287 8,448
wv24 w 0 0 0 0] 0 Q Q
Sub 11,907 | 12,304 | 12,710 | 13,598 12,304 12,710 13,598
Woodstock wD11 W 592 629 655 691 629 655 691
wD12 W 1,138 | 1,209 | 1,257 | 1,328 1,209 1,257 1,328
WwD13 W 906 965 1,002 | 1,059 965 1,002 1,059
wD14 W 1317 | 1,401 | 1,457 | 1,540 1,401 1,457 1,540
Sub 3,953 | 4,204 | 4371 | 4,618 4,204 4,371 4,618
Plymouth District 62,330 | 64,354 | 67,672 | 73,229 64,354 67,615 73,191

Table13-24 Construction Cost Details

(seefollowing 2 pages)
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150 amps/per phase.

Project Reason | @ L oad Estimated
Code | YR Sub/Ckt Project Description Code |(@mps)’| Miles| Cost($)
I. New Tie Lines
Total New Tie Lines 0.00 0
I1. Conversionsand L ine Changes
BW-2 2023 Bridgewater / BW11 1ph 1/0 ACSR to 2ph 1/0 ACSR (add 1) D 30 0.30 5,460
BW-3 2013 Bridgewater / BW13 1ph 1/0 ACSR to 2ph 1/0 ACSR (add 1) D 25 0.10 1,950
BW-4 2023 Bridgewater / BW13 3ph 4 CU to 3ph 336 ACSR ACV 50 2.20 217,800
BW-5 2013 Bridgewater / BW13 3ph 4 CU & 2A CWC to 3ph 336 ACSR AB,S [1] 1.30 128,700
FG-1 2013  Fairgrounds / FG-13 1ph & 3ph 1/0 ACSR to 3ph 336 ACSR B,CV [11.[2] 3.00 400,950
GS-1 2013 Green Street / GS41 2.4/4.16 kV to 7.2/12.47 kV 3ph 336 ACSR AB,C\V [3] 65,000
GS-2 2013 Green Street / GS42 2.4/4.16 kV to 7.2/12.47 kV 3ph 336 ACSR AB,CV 3] 10,000
GS-3 2013 Green Street / GS43 2.4/4.16 kV to 7.2/12.47 kV 3ph 336 ACSR AB,CV 3] 150,000
GS-4 2013 Green Street / GS44 2.4/4.16 kV to 7.2/12.47 kV 3ph 336 ACSR AB,C\V [3] 50,000
RU-2 2013 Rumney / RU12  Convert 7.2/12.47 kV to 14.4/24.94 kV cVv [4] 530,000
RU-3 2013 Rumney / RU13 Convert 7.2/12.47 kV to 14.4/24.94 kV cVv [4] 335,000
368 2004 Rumney / RU13 2ph 6A CWC to 1ph 1/0 tree wire WP - 1.80 45,000
369 2004 Rumney / RU13  1ph 6A CWC to 1ph 1/0 tree wire WP - 2.00 100,000
TN-2 2023 Thornton/ TN11  3ph 4 CU to 3ph 336 ACSR AB,C\V 50 1.20 118,800
TN-3 2023 Thornton/ TN12  3ph 4 CU to 3ph 336 ACSR AB,CV 50 1.40 138,600
TN-4 2023 Thornton/ TN13  1ph 1/0 AL UG to 3ph 1/0 AL UG D 30 0.50 61,100
387 2004 Waterville / 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) WP - 2.70 100,000
Total Conversions and Line Changes 16.50 2,458,360
I11. Projectsthat have Potential Reliability |mprovement
BW-R1 2023 Bridgewater / BW11 1ph 1/0 ACSR to 3ph 4/0 ACSR 4.00 340,000
BW-R1 Alt 2023 Bridgewater / BW11 New Delivery Point - 150,000
BW-R2 2013 Bridgewater / BW13 3ph 1/0 ACSR to 3ph 1/0 tree wire 5.60 280,000
BW-R3 2023 Bridgewater / BW13 3ph 1/0 ACSR to 3ph 336 ACSR 2.80 277,200
BW-R4 2023 Bridgewater / BW13 1ph 1/0 ACSR 0.10 6,600
BW-R5 2013 Bridgewater / BW12 1ph 2 CU to 3ph 336 ACSR 2.30 227,700
FG-R1 2023 Fairgrounds / FG-15 3ph 4/0 ACSR 0.40 45,900
FG-R2 2023 Fairgrounds / FG-15 1ph & 2ph various to 3ph 336 ACSR 2.80 277,200
FG-R3 2023 Fairgrounds / FG-15 1ph 1/0 ACSR 0.30 18,480
FG-R4 2023 Fairgrounds / FG-15 1ph 1/0 ACSR 0.30 18,480
FG-R5 2023 Fairgrounds / FG-13 1ph 1/0 ACSR 0.30 18,480
LN-R1 2008 Lincoln / LN11 2:1 Stepdown tie transformer, 5,000 kVA - 60,000
RU-R1 2023 Rumney / RU12 1ph 1/0 ACSR 0.10 6,600
RU-R2 2023 Rumney / RU13 1ph 1/0 ACSR 0.20 12,760
RU-R3 2023 Rumney / RU13 1ph 1/0 ACSR 0.10 6,600
RU-R4 2013 Rumney / RU14 Convert 7.2/12.47 kV to 14.4/24.94 kv - 325,000
TN-R1 2023 Thornton /TN12 1ph 1/0 ACSR to 3ph 4/0 ACSR 0.60 63,750
TN-R2 2023 Thornton /TN12 1ph 1/0 ACSR 0.30 18,480
TN-R3 2013 Thornton /TN12 1ph 336 ACSR to 3ph 336 ACSR (add 2) 160 65,600
Total Potential Reliability Improvements 21.80 2,218,830
Total of all projects 38.30 4,677,190
Total by year for first 4 years (includes reliability projects)
2004 6.50 245,000
2005 0.00 0
2006 0.00 0
2007 0.00 0
2008 0.00 60,000
2013 13.90 2,569,900
2023 17.90 1.802.290
Total 38.30 4,677,190
Reason Code(s)
A To replace Aged and deteriorated lines that are expected to reach the end of their useful life
B To improve Backup between circuits and substations.
C To provide additional Capacity.
D To Divide the load for improved load balance, voltage, sectionalizing and reliability.
F To accommodate Future load.
S To accommodate new System configuration as a result of other projects.
U To replace old 175 Mil bare concentric neutral Underground cable in poor condition.
\ To improve Voltage.
WP As per NHEC 2001-2005 Construction Work Plan.
[1] Recommended soon after the Green Street Substation is converted to 7.2/12.47 kV.
[2] Recommended when the peak load on FG14 reaches 200 amps/per phase.
[3] Recommended when the Green Street 2.4/4.16 kV facilities need replacement due to age and deterioration and/or
when improved backup service to the Fairgrounds Substation service area is desired.
[4] Recommended when the peak load on RU12 reaches 100 amps/per phase or when the peak load on RU13 reaches

@ Load (amps) column indicates the load at which the project is to be implemented.
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Project Estimated
Code YR Name Project Description Cost ($)
IV. New Substations, Delivery Points and Meter Points
2004-2008 Time Period 0
2009-2013 Time Period 0
2014-2023 Time Period 0
V. Substation, Delivery Point and M eter Point Changes
2004-2008 Time Period 0
2009-2013 Time Period
GS5 2013 Green Street Upgrade with new 10,000 kV A transformer, 34.5-7.2/12.5 kV 170,000
GS5 2013 Green Street Upgrade with 3 new 656 amp voltage regulators, 7.2 KV units 46,000
GS5 2013 Green Street Structure and bus modifications 200,000
GS5 Total 416,000
GS5 Project JS-5 is recommended when the Green Street 2.4/4.16 kV facilities need replacement due
to age and deterioration and/or when improved backup service to the Fairgrounds Substation
service areais desired.
2014-2023 Time Period
BW-1 2023 Bridgewater Upgrade with new 7,500 kVA transformer, 34.5-7.2/12.5 kV 140,000
BW-1 2023 Bridgewater Upgrade with 3 new 438 amp voltage regulators 32,000
BW-1 Total 172,000
RU-3 2013 Rumney Replace 7.2 kV regulators with 3 new 347 amp, 14.4 kV units 30,000
TN-1 2023 Thornton-T1  Upgrade with new 7,500 kV A transformer, 34.5-7.2/12.5 kV 140,000
TN-1 2023 Thornton-T1  Upgrade with 3 new 438 amp voltage regulators, 7.2 kV units 32,000
TN-1 2023 Thornton-T2  Upgrade with new 10,000 kV A transformer, 34.5-14.4/24.9 kV 195,000
TN-1 2023 Thornton-T2  Upgrade with 3 new 347 amp voltage regulators, 14.4 kV units 30,000
TN-1 Total 397,000
Total 2014-2023 599,000
Total 2004-2023 1,015,000
Power System Engineering, Inc. 13-50



Table13-25 Summary of Reliability Indices by Feeder

Members #

DISTRICT CKT YEAR Out Cons-Hours| Consumers - SAIFI SAIDI | CAIDI
PLYMOUTH BW11 2000 1,512 2,977 636 2.38 4.68 1.97
2001 1,280 1,927 636 201 3.03 1.51

2002 888 4,730 636 1.40 7.44 5.33

Totals 3,680 9,634 1,908 Average 1.93 5.05 2.62
BW12 2000 202 407 261 0.77 1.56 2.01
2001 962 2,310 261 3.69 8.85 2.40

2002 316 398 261 121 1.52 1.26

Totals 1,480 3,115 783 Average 1.89 3.98 2.10
BW13 2000 4,580 7,235 1,438 3.18 5.03 1.58
2001 11,437 23,845 1,438 7.95 16.58 2.08

2002 8,105 18,450 1,438 5.64 12.83 2.28

Totals 24,122 49,530 4,314 Average 5.59 11.48 2.05
FG12 2000 0 0 1 0.00 0.00 0.00
2001 0 0 1 0.00 0.00 0.00

2002 0 0 1 0.00 0.00 0.00

Totals 0 0 3 Average 0.00 0.00 0.00
FG13 2000 1,019 775 662 154 1.17 0.76
2001 1,152 886 662 1.74 1.34 0.77

2002 220 418 662 0.33 0.63 1.90

Totals 2,391 2,079 1,986 Average 1.20 1.05 0.87
FG14 2000 303 97 591 051 0.16 0.32
2001 341 548 591 0.58 0.93 1.61

2002 304 500 591 0.51 0.85 1.64

Totals 948 1,145 1,773 Average 0.53 0.65 1.21
FG15 2000 2,222 2,929 1,118 1.99 2.62 1.32
2001 5,146 6,788 1,118 4.60 6.07 1.32

2002 4,534 5,727 1,118 4.06 5.12 1.26

Totals 11.902 15,444 3354 Average 3.55 4.60 1.30
GS41 2000 0 0 302 0.00 0.00 0.00
2001 0 0 302 0.00 0.00 0.00

2002 23 20 302 0.08 0.07 0.87

Totals 23 20 906 Average 0.03 0.02 0.87
GS42 2000 10 14 1 10.00 | 14.00 1.40
2001 11 18 1 11.00 | 18.00 0.00

2002 0 0 1 0.00 0.00 0.00

Totals 21 32 3 Average 7.00 10.67 1.52
GS43 2000 20 33 223 0.09 0.15 1.65
2001 112 287 223 0.50 1.29 2.56

2002 37 27 223 0.17 0.12 0.73

Totals 169 347 669 Average 0.25 0.52 2.05
GS44 2000 0 0 55 0.00 0.00 0.00
2001 0 0 55 0.00 0.00 0.00

2002 0 0 55 0.00 0.00 0.00

Totals 0 0 165 Average 0.00 0.00 0.00
LN11 2000 15 60 458 0.03 0.13 4.00
2001 166 407 458 0.36 0.89 2.45

2002 75 168 458 0.16 0.37 2.24

Totals 256 635 1,374 Average 0.19 0.46 2.48
LN12 2000 146 161 1,012 0.14 0.16 1.10
2001 279 313 1,012 0.28 0.31 1.12

2002 43 181 1,012 0.04 0.18 4.21

Totals 468 655 3,036 Average 0.15 0.22 1.40
LN23 2000 0 0 1 0.00 0.00 0.00
2001 0 0 1 0.00 0.00 0.00

2002 0 0 1 0.00 0.00 0.00

Totals 0 0 3 Average 0.00 0.00 0.00
LN24 2000 13 18 1,105 0.01 0.02 1.38
2001 38 129 1,105 0.03 0.12 3.39

2002 302 1,362 1,105 0.27 1.23 4.51

Totals 353 1.509 3.315 Average 0.11 0.46 4.27
LY11 2000 242 899 192 1.26 4.68 3.71
2001 291 695 192 1.52 3.62 2.39

2002 263 795 192 1.37 4.14 3.02

Totals 796 2,389 576 Average 1.38 4.15 3.00
LY12 2000 1,969 7,094 396 4.97 17.91 3.60
2001 657 2,315 396 1.66 5.85 3.52

2002 2,821 9,110 396 7.12 23.01 3.23

Totals 5,447 18,519 1,188 Average 4.59 15.59 3.40
LY13 2000 30 80 18 1.67 4.44 2.67
2001 58 150 18 322 8.33 2.59

2002 a7 180 18 261 10.00 3.83

Totals 135 410 54 Average 2.50 7.59 3.04

*-Indices EXCLUDE: outages affecting <5 members, outages <5 minutes duration, Power Supplier Caused, Major

Sorms, any 34.5 kV outages on either NHEC or PSNH's system (*High Sde" Outages).

Power System Engineering, Inc.

13-51



14.0 Raymond District

14.1 Load Analysis

The Raymond District contains six delivery points, which accounted for 10.2 percent of NHEC's
load in 2002. The delivery points of Brentwood, Chester, Deerfield, Derry, Lee, and Raymond,
had 2002 peak demands ranging from 1,550 kW to 4,910 kW. All of these delivery points
except Chester peaked in July or August in 2002 which reflects the gpid growth of air
conditioning in thisarea. Chester has aso peaked in the summer in two of the last four years.

The Brentwood delivery point serves a relatively small share of the population in the towns that
comprise its service area with a consumer-population ratio of about 3.1%. Consumer growth is
expected to exceed population growth with an increase in the CPR from .0306 to .0368 by 2023.
As aresult the number of active consumers served by this delivery point increases at an annual
rate of 2.9% over the 2008 to 2023 period.

Demand per consumer was 2.865 kW in 2002, which is the eighth highest figure for the 35
NHEC ddlivery points. This reflects expected development of new subdivisions with average use
of 3.7 kwh per consumer in the next decade. After that, demands of 3.0 kW per consumer have
been assumed. Aggregate demand per consumer increases at 1.0% per year for the next decade.
The net result of these changes is annual |oad growth through 2023 a arate of 3.1 % as shown in
Table 14-1 and Figure 14-1.

Table 14-1 Brentwood DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR consumers DPC Peak kW
2000 16,592
2001 17,265
2002 17,665 0.0306 541 2.865 1,550
2003 18,093 0.0311 563 2.913 1,639
2004 18,520 0.0316 584 2.956 1,728
2005 18,950 0.0320 607 2.995 1,817
2006 19,375 0.0325 629 3.030 1,905
2007 19,800 0.0329 651 3.062 1,993
2008 20,224 0.0333 673 3.090 2,081
2013 22,344 0.0352 786 3.200 2,516
2023 26,605 0.0368 979 3.028 2,965
Growth Rates
2002 - 2003 2.42% 1.54% 4.00% 1.67% 5.75%
2002 - 2008 2.28% 1.41% 3.72% 1.27% 5.03%
2002 - 2013 2.16% 1.27% 3.46% 1.01% 4.50%
2002 - 2023 1.97% 0.88% 2.86% 0.26% 3.14%
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Brentwood DP
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Figure 14-1 Historical and Forecasted Brentwood DP Demands

The Chester delivery point serves a significant proportion of the service area population with a
2002 CPR of 14.8 percent. The margina share of population growth served by this delivery
point is expected to increase to 17.8% for the next decade and then return to 14.8% for the
following ten years. The CPR will then grow to 15.4 percent by 2023. A total of 1,146 new
consumers is anticipated which represents an annua growth rate of 2.2% over the planning
horizon.

Demand per consumer for this delivery point was 2.4 kW in 2002. Over the next decade, new
consumers in this area are expected to be 3.0 kW before returning to 2.5 kW in the second ten
years of the planning period. The aggregate DPC will increase from 2.4 to 2.7 by 2013 but will
then decrease to 2.5 kW by 2023. The result of these expected changes is shown in Table 14-2
and Figure 14-2. Table 14-3 identifies two mgor subdivisions plus and elementary school
addition as key spot loads included in the expected increases to atotal 2023 load of 8.0 MW.
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Table 14-2 Chester DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 12,846
2001 13,338
2002 13,643 0.1475 2,013 2.439 4,910
2003 13,970 0.1482 2,071 2.470 5,116
2004 14,297 0.1489 2,129 2.499 5,320
2005 14,625 0.1496 2,188 2.525 5,525
2006 14,950 0.1503 2,246 2.550 5,727
2007 15,274 0.1509 2,305 2.572 5,928
2008 15,598 0.1515 2,363 2.593 6,128
2013 17,216 0.1543 2,657 2.678 7,116
2023 20,469 0.1543 3,159 2.540 8,025
Growth Rates
2002 - 2003 2.40% 0.48% 2.88% 1.27% 4.19%
2002 - 2008 2.26% 0.44% 2.71% 1.03% 3.76%
2002 - 2013 2.14% 0.41% 2.56% 0.85% 3.43%
2002 - 2023 1.95% 0.21% 2.17% 0.19% 2.37%

Table14-3 Chester DP Spot Load | ncrements

YEAR
Substation | Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023
Load (kW)
CSl1 180 lot development 250 100 50
Elem. School Addition 300 200 100
Chester

Csl4 150 lot development 200 100 50

Potential Development 100 50 50
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Figure 14-2 Historical and Forecasted Chester DP Demands

The Deerfidd delivery point currently has about 4.0% as many consumers as population in the
towns that it serves. That ratio is expected to remain fixed which trandates to consumer growth
at an annual rate of 1.2% from 2002 to 2023.

Demand per consumer was 2.083 kW in 2002, which is above average for NHEC ddivery
points. New connects are expected have average demands of 3.0 kW for the next five years but
that figure is expected to then gradually decrease to 2.0 KW over the remainder of the planning
horizon.

The net result of these changesis annual 1oad growth through 2023 at arate of 1.3 % as shown in
Table 14-4 and Figure 14-3.
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Table 14-4 Deerfield DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 26,127
2001 26,995
2002 27,365 0.0412 1,127 2.083 2,347
2003 27,742 0.0412 1,143 2.107 2,408
2004 28,116 0.0412 1,158 2.131 2,467
2005 28,494 0.0412 1,174 2.154 2,528
2006 28,863 0.0412 1,189 2.175 2,586
2007 29,233 0.0412 1,204 2.196 2,644
2008 29,601 0.0412 1,219 2.216 2,701
2013 31,432 0.0412 1,295 2.215 2,867
2023 35,102 0.0412 1,446 2.120 3,065
Growth Rates
2002 - 2003 1.38% 0.00% 1.38% 1.19% 2.59%
2002 - 2008 1.32% 0.00% 1.32% 1.04% 2.37%
2002 - 2013 1.27% 0.00% 1.27% 0.56% 1.84%
2002 - 2023 1.19% 0.00% 1.19% 0.09% 1.28%
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Figure 14-3 Historical and Forecasted Deerfield DP Demands

The Derry delivery point currently has about 2.0% as many consumers as population in the
townsthat it serves. That ratio is expected to remain fixed which trandates to consumer growth
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at an annual rate of 1.5% from 2002 to 2023. The anticipated addition of active consumers on
this delivery point is 513.

Demand per consumer for this delivery point was 2.15 kW in 2002 and is expected to increase
very dightly in the future. Added load for this point will be about 1.1 MW over the next two
decades. That growth includes a school addition and a commercial/industrial strip devel opment
as shown in Table 14-6. Expected changes as shown in Table 14-5 and Figure 14-4.

Table 14-5 Derry DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 65,731
2001 67,153
2002 68,303 0.0199 1,360 2.150 2,924
2003 69,557 0.0199 1,385 2.152 2,980
2004 70,806 0.0199 1,410 2.153 3,036
2005 72,064 0.0199 1,435 2.155 3,092
2006 73,298 0.0199 1,459 2.157 3,147
2007 74,534 0.0199 1,484 2.158 3,203
2008 75,760 0.0199 1,508 2.159 3,257
2013 81,870 0.0199 1,630 2.165 3,530
2023 94,060 0.0199 1,873 2.174 4,071
Growth Rates
2002 - 2003 1.84% 0.00% 1.84%  0.08% 1.92%
2002 - 2008 1.74% 0.00% 1.74%  0.07% 1.82%
2002 - 2013 1.66% 0.00% 1.66%  0.06% 1.73%
2002 - 2023 1.54% 0.00% 1.54%  0.05% 1.59%
Table 14-6 Derry DP Spot L oads I dentified
YEAR
Substation | Circuit Load Type 2004-2008| 2009-2013 |  2014-2023
Load (kW)
Derry DY11 School Addition 300 100
Commercid/Industrial Strip 100 100 100
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Figure 144 Historical and Forecasted Derry DP Demands

The Lee delivery point CPR was about 12.5%. Conversion of farm land to residential use in this
area will lead to increases in the CPR. A margind rate of 14.5% is anticipated which will

increase the CPR to about 13.1% by 2023. Asaresult the number of active consumers served by
this delivery point is expected to increase by 457 which trandates to an annual growth rate of
1.8% over the planning period.

Demand per consumer was 2.1 kW in 2002. A dightly higher figure of 2.2 kW is expected for
customers added in the next five years. For the remainder of the forecast period, a figure of 2.0
kW per new consumer has been assumed.

The net result of these changes is annua load growth through 2023 at arate of 1.7 % as shown in
Table 14-7 and Figure 14-5. Table 14-8 identifies a school addition and two new potential
developments as spot loads to be included in the planning effort.
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Table 14-7 Lee DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 7,846
2001 8,056
2002 8,192 0.1248 1,022 2.068 2,114
2003 8,339 0.1251 1,043 2.074 2,164
2004 8,485 0.1255 1,065 2.079 2,213
2005 8,633 0.1258 1,086 2.084 2,263
2006 8,779 0.1261 1,107 2.088 2,312
2007 8,926 0.1265 1,129 2.092 2,361
2008 9,072 0.1268 1,150 2.096 2,411
2013 9,806 0.1283 1,258 2.062 2,594
2023 11,300 0.1309 1,479 2.045 3,025
Growth Rates
2002 - 2003 1.79% 0.28% 2.08% 0.26% 2.34%
2002 - 2008 1.71% 0.27% 1.99% 0.22% 2.21%
2002 - 2013 1.65% 0.25% 1.91% -0.03% 1.88%
2002 - 2023 1.54% 0.23% 1.78% -0.06% 1.72%
Table 14-8 Lee DP Spot L oads I dentified
YEAR
Substation | Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023
Load (KW)
LE11 Potential Devel opments 100 50 50
Lee LE12 School Addition 200 100
Potential Devel opments 100 50 50
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Figure 145 Historical and Forecasted L ee DP Demands

The portions of the towns served through the Raymond delivery point are not expected to grow
as quickly as other areasin these towns. The 2002 CPR was 7.6% but the share of future growth
is expected to be 6.6%. Thisleadsto a CPR of 7.3% by 2023 and an annual growth rate of 1.5%
in active consumers served through this delivery point.

Demand per consumer for this delivery point was relatively low at 1.971 kW in 2002. Growth in
demand per consumer is expected to be modest with a DPC of 1.984 by 2023. The result of
these expected changes as shown in Table 14-9 and Figure 14-6. Demand grows by 1.6 MW
from 2002 to 2023 which reflects an annual growth rate of 1.5%. One spot load has been
identified for this delivery point as shown in Table 14-10.
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Table 14-9 Raymond DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 26,153
2001 27,267
2002 27.800 0.0760 2112 1.971 4162
2003 28,375 0.0758 2,150 1.972 4,239
2004 28,949 0.0756 2,188 1.973 4,316
2005 29,527 0.0754 2,226 1.974 4,392
2006 30,096 0.0752 2,263 1.974 4,468
2007 30,665 0.0750 2,300 1.975 4,543
2008 31,231 0.0748 2,337 1.976 4,617
2013 34,058 0.0740 2,520 1.979 4,988
2023 39,717 0.0726 2,882 1.984 5,719
Growth Rates
2002 - 2003 2.07% -0.27% 1.80% 0.05% 1.85%
2002 - 2008 1.96% -0.25% 1.70% 0.05% 1.75%
2002 - 2013 1.86% -0.24% 1.62% 0.04% 1.66%
2002 - 2023 1.71% -0.22% 1.49% 0.03% 1.52%
Table 14-10 Raymond DP Spot L oads | dentified
YEAR
Substation Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023
Load (kW)
Raymond RA11 Potential Developments 150 150 250
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Figure 14-6 Historical and Forecasted Raymond DP Demands

14.2 Transmission System

14.2.1  Bulk Power Transmission System

NHEC's Raymond Didtrict is served at 34.5 kV from PSNH’s Chester, Kingston, Madbury and
Mammoth Road 115-34.5 kV substations. These substations are supplied from the 115 kV
system. All of the 115 kV circuits supplying the Raymond District are looped and operated in a
networked configuration. Scobie Pond 345-115 kV Substation and the Merrimack Generating
Station are major PSNH bulk supply substations present in the area to supply the 115 kV system.

PSNH’'s Madbury Substation serves NHEC's Raymond Substation and Brentwood and Lee
metering points. PSNH’s Chester Substation serves NHEC's Chester Substation and the
Deefidd and Derry metering points.

Subgtation transformer capacity and base case and coincident peak demands are depicted in

Table 14-11. Future loads are based upon an annua summer peak and winter peak load growth
rate of 1.87 percent.
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Table 14-11 Raymond District Transmission and L oading I nfor mation

PSNH 11534 kV Transformer Capacity | 345ky | Coincident Peak Loads- MVA
Summer Winter
Substation Summer Capacity | Winter Capacity | Feeders 2003 2023°| 2002 | 2023
Chester 1-51 MVA 1-63 MVA 2 42.2 44.5] 41.0 62.5
Madbury 1-49, 1-52 MVA 1-62,1-65 MVA 5 76.1 87.7(92.6 | 140.2
Kingston 1-52 MVA 1-65 MVA 4 45.3 50.1| 36.7 36.7
Mammoth Road | 1-57 MVA 1-62 MVA 3 41.6 65.9| 47.6 68.7

14.2.2 Base System Performance

The PSNH 34.5 kV system is generaly characterized by three of four 115-3 4.5 kV substations
with single transformers and a number of heavily loaded 34.5 kV feeders. There are a number of

deficiencies in the base cases and include:

2002 Winter Peak ~ Madbury 380 feeder Load exceeds 30 MVA
2023 Winter Peak ~ Madbury transformers Overloaded
Madbury 380, 3137 and 3152  Overloaded
Chester 3141 and 3115 Load exceeds 30 MVA with
low feeder voltages

Mammoth Road transformer Overloaded
Mammoth Road 365 feeder Load exceeds 30 MVA

PSNH plans to add a 115-34.5 kV 44 MVA transformer to Chester Substation in 2004 and
develop anew Brentwood 115-34.5 kV Substation at a new sSite near the intersection of US route
11 and State route 31. The proposed substation would be initially configured with one 115-34.5
kV transformer and three 34.5 kV feeders in 2005. A second transformer is planned for
Mammoth Road Substation in 2006.

Ultimately, near the end of the planning period PSNH plans to add a second transformer and a
fourth 34.5 kV feeder to the proposed Brentwood Substation. PSNH is aso negotiating with
Unitil Corporation on Unitil’s desire to obtain a 34.5 kV feeder from the proposed Brentwood
Substation.

14.2.3  Contingency Performance

With the existing system and present pesk load conditions, the contingency outage of a
transformer at Madbury, the transformer at Chester or a feeder outage of Madbury 380/3152 or
Chester 3115 feeders, there is not enough feeder or transformer capacity to ensure al load could
be immediately restored to service. Some load would need to be shed for an extended period of
time of up to 24 hours. The most likely NHEC loads to be shed are NHEC's Derry and
Raymond metering points along with PSNH loads. In 2004, with the additional PSNH
transformer planned for installation at Chester, the system can survive a contingent transformer

® Reflects the addition of the proposed 115-34.5 kV Brentwood Substation site.
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outage. In 2005, with the ingtalation of the new PSNH Brentwood Substation, with one
transformer and development of three new feeders, full irst contingency capability is restored
for dl NHEC Raymond District metering points.

In 2010, an outage of the Chester 3115 feeder will overload the Epping to Raymond 34.5 kV
line. An additional Brentwood 34.5 kV eleven mile long feeder to connect into the system near
NHEC' s Raymond Substation is proposed to address this deficiency.

Finally, in 2017, PSNH proposes to add a second 44 MV A transformer to Brentwood Substation
to relieve a contingent overload of the single Brentwood transformer for the outage of the
Chester 3115 feeder.

The overall PSNH expansion plan of the 34.5 kV system supplying the Raymond District is
depicted below.

Table14-12 PSNH 34.5kV Subtransmission Expansion Plan

Y ear PSNH L ocation Project Element
Add asecond 51/63 MVA 115345 kV

2004 Chester Substation transformer

Brentwood Substation | Develop new 115-34.5 kV sub with 1-44 MVA
2005 (proposed) transformer and 3 feeders.

Mammoth Road Add asecond 57/62 MVA 115-34.5 kV
2006 Substation transformer

Brentwood Substation
2010 to Raymond Substation | Develop new 11 mile 34.5 KV feeder
2017 Brentwood Substation | Add asecond 44 MV A transformer.

This expansion plan will achieve design criteria standards and exceed them by providing first
contingency capability in 2005 and maintaining it for the planning period.

14.2.4 Historical Reliability

A review of the 34.5 kV subtransmission outages for the period of 2000-2003 indicated the
following average annual outage rates.
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Table 14-13 Average Annual Outage Rates

Ddlivery PSNH Total Average
Points Outages Annual Outages
Brentwood 9 3
Chester 5 1.67
Deafidd 7 2.33
Derry 3 1
Lee 7 2.33
Raymond 0 0

All annual outage rates are within the NHEC design criteria.

14.2.5 Reliability Improvement

The expansion plan presented in a previous section restores first contingency capability to the
PSNH 34.5 kV subtransmission network serving this district by 2005 and maintains it to 2023.
In generd, having first contingency capability permits more rapid restoration of service although
it may not reduce the total number of outages experienced.

However, in this expansion plan PSNH is developing a new 115-34.5 kV Brentwood Substation
to relieve and offload the Madbury and Chester Substations which serve dl of the NHEC's
Raymond Digtrict delivery points. Development of the Brentwood 34.5 kV feeder system will
result in shortening the length of the Chester and Madbury 34.5 kV feeders. Idedlly, the feeder
lengths would be reduced by 50 percent as would the number of feeder outage events on the
these 34.5 kV feeder.

Therefore, in general and on average, NHEC can reasonably expect the average consumer in the
Raymond district to experience 50% fewer power supplier feeder outages ard because full first
contingency capability is being restored, outage durations should reasonably be shorter because
loads can be switched to aternate feeders and substations more rapidly and without the need to
leave any loads unserved for up to 24 hours.

14.3 Distribution System

14.3.1 General

The following discusses the recommended construction projects by substation, DP or MP service
area adong with various alternatives. Project item numbers referred to in the discussion are shown
on the Proposed System Circuit Diagram and in the cost tables. The projects and item numbers
shown in GREEN are anticipated in the 2003-2008 Transition Plan time period. Projects and
item numbers shown in BLUE are projected to be needed in the 2009-2013 Transition Plan,
while projects and item numbers shown in RED are in the remaining 2014-2023 time period.
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Projects based on improving reiability are shown in ORANGE and are discussed in Section
14.4, Distribution System Rdiability. Section 5.0, Planning Approach, provides information
related to the development of the Long Range Plan. The “Substation Load Data Projections
[table]” at the end of Section 14.0 shows the 2003, 2008, 2013 and 2023 peak load levels for
each substation, DP and MP and circuit using the existing system configurationand the proposed
system configuration.

14.3.2 New Substations, DP’s and MP’s

No new subgtations, delivery points or meter points are required in the Raymond Digtrict during
this 20-year planning period for strictly voltage or capacity reasons. Although, there nay be
proposals for reliability reasons that are discussed in the Distribution System Reliability section
near the end of the Raymond Digtrict discussion.

14.3.3  Substation, DP and MP Changes

The following table shows the projected kW for the Long Range Plan desgn load leve,

Proposed System Arrangement, as a percent of existing and proposed substation transformer and
regulator capacity. The percent of capacity is calculated using a 98 percent power factor and 10
percent load unbalance. Proposed capacity upgrades that are anticipated for serving normal load
and/or for backup or for the ordinary replacement of aged transformers are shown in [bold].

The notes at the bottom of the table indicate the reason for the change and provide the project
number.
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Table 14-14 Substation Transformer and Regulator Data

Transformer Voltage Regulator
Rating (kVA) Est. Est.
OA | FA | OA | FA [ Win | Load |Capacity| Size | Load |Capacity
Name
55° | B5° | 65° | 65° |Season|(kW)| (%) [(AMP)|{(AMP)| (%)
Brentwood DP/BT11 | 2-333 | -- - - 733 [ 1,035 | 144 - 81 -
Brentwood DP/BT112 | 3-333 | -- - - 1,100 | 1,035 % 100 54 54
Brentwood DP/BT12 % | 2,500 |3,125'| 2,800 |3500'| 3,080 | 1,374 46 150 71 48
Chester Sub” 5000 | - — — 5500 | 8304 | 154 328 | 432 132
Chester Sub® 10,000 | 12,500 | 11,200 | 14,000 | 15,400 | 8,304 55 656 | 432 66
Deerfield DP, DF11 2,500 [3125%| 2,800 {35007 | 3,080 | 2,095 69 150 | 109 73
Deerfield DP, DF12 2,500 | 3,125 | 2,800 {3500 | 3,080 | 1,329 44 150 69 46
Deerfield DP, DF13 333 - - - 366 | 169 47 - 9 -
Derry MP - -- -- - - 4,092 - -- -- -
LeeDP 2,500 [3,125"[ 2,800 [ 35007 | 3,080 | 3047 | 101 - 158 -
LeeDP® 2,500 | 3,125 | 2,800 | 3,500 | 3,850 | 3,047 81 - 158 -
LeeDP/LE11 - - - - - 1,107 - 100 58 58
LeeDP/LE11” - - - - - 1,107 - 150 58 33
LeeDP/LE12 - - - - - 1,922 - 100 | 100 100
Raymond Sub 10,000 -- - - | 11,000[ 4,792 44 463 | 249 54

* Fansarenot installed.

Third 333 kVA stepdown transformer is being added, Project BT-1, and voltage regulators, Project BT-2.
Voltage regulators are being added. Project BT-6.

Before upgrade to 10 MV A in 2003.

After upgrade to 10 MVA in 2003.

® After installing fans.

" Upgrade voltage regulators to provide additional capacity for backup to Raymond RA 11. Project LE-2.

2
3
4

5

At the Chester Substation, a new circuit is recommended to enable dividing the load on the
heavily loaded Circuit CS14 over two circuits as discussed in Section 14.3.5. Project CS 1 is for
the substation modification to accommodate the new circuit.

No conversion to a different distribution system operating voltage is recommended at any of the

substations, meter points or delivery points. The distribution operating voltage is to remain at
7.2/112.47 kV.

14.3.4  Brentwood Delivery Point Service Area

14.34.1 Existing System Review

The main three-phase line from the Brentwood DP splits into two circuits, BT11 and BT12,
approximately 700 feet from the DP. The main line and a very small portion of Circuits BT11
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and BT12 are operated at 19.9/34.5 kV. Each circuit has stepdown transformers that convert the
voltage to 7.2/12.47 kV. There are no voltage regulators at the DP site or out on the line.

The Brentwood DP is forecasted to serve 3.0 MW of peak load in 2023. Circuit BT11, that goes
to the east, serves approximately 36 percent of the total load and BT12, that goes to the west,
serves the remaining 64 percent.

Circuit BT11 is approximately 3.0 miles long and has no ties to other circuits. The main three-
phase line is 0.5 miles long and is 1/0 ACSR. The remaining vee-phase and single-phase lines
are mostly /0 ACSR. Capacity deficiencies were found on this circuit related to the size of the
stepdown transformers. Also, the 2008 peak |oad on the main single-phase line going east aong
South Road exceeds the maximum design limit of 50 amps per phase. These deficiencies along
with no existing voltage regulators and poor load balance with the existing system configuration
will result in alow primary system voltage throughout much of the Circuit BT11 service area.

Circuit BT12 is approximately 4.8 miles long and has no ties to other circuits. The main three-
phase line is 4.4 miles long and is /0 ACSR. The remaining vee-phase and single-phase lines
are mostly /0 ACSR or 2 ACSR. Voltage deficiencies were found due to no existing voltage
regulators at the DP and from poor load balance.

14342 Recommended Plan

On Circuit BT11, it is recommended that the Phase B stepdown transformer be added and that
the single-phase line going northeast dong Lake Road be changed from Phase A to Phase B to
improve load balance. The Phase B stepdown transformer should be a 333 kVA to match the
existing 2333 kVA transformers on Phases A and C. It is aso recommended that the single-
phase line going southeast of South Road be changed from Phase A to Phase C to improve load
balance. Thiswork is referred to as Project BT-1.

Project BT-2 is the ingtalation of 3100 amp, 7.2 kV, voltage regulators since no regulators
presently exist at this DP. The regulators will provide a worthwhile improvement and will enable
NHEC to better control their system performance. It is recommended that these regulators be
installed just after the stepdown transformers.

Project BT-3 is the ingtallation of a 300 kVAR switched capacitor bank to improve system
performance.

Also on Circuit BT11, the existing single-phase line that goes aong South Road is estimated to
have 93 amps of peak load at the 2023 load level. Projects BT-4 and BT-5 will extend three-
phase to provide the needed capacity. Project BT-4 is the conversion of a vee-phase 1/0 ACSR
line to three-phase /0 ACSR by adding :1/0 ACSR phase conductors. Project BT-5 is the
conversion of a single-phase 1/0 ACSR line to three-phase 1/0 ACSR by adding 21/0 ACSR
phase conductors. The three-phase line will aso improve voltage and enable better load balance
that will improve system performance.

On Circuit BT-12, Project BT-6 isthe ingtalation of 3-150 amp, 7.2 kV, voltage regulators since
no regulators presently exist at this DP. The regulators will provide a worthwhile improvement
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and will enable NHEC to better control their system performance. It is recommended that these
regulators be ingtaled just after the 2,500 kVA padmounted stepdown transformer.

On Circuit BT-12, Project BT-7 is the ingtallation of a 300 kVAR switched capacitor bank to
improve system performance. Also, severa tap phase changes are recommended to improve
load balance. No other system improvements are anticipated to maintain proper voltage and
system performance.

14.35 Chester Substation Service Area

14.35.1 Existing System Review

The Chester Substation is forecasted to serve 8.1 MW of peak load in 2023. The Chester areais
served by three 7.2/12.47 kV circuits: CS11, CS13 and CS14. Circuit CS11 serves approximately
24 percent of the total load, CS13 serves 17 percent and CS14 the remaining 59 percent.

Circuit CS11 is agpproximately 4.8 miles long and has no ties to other circuits. The first 0.5 miles
of three-phase is 4/0 ACSR. The remaining three-phase, vee-phase and single-phase lines are
mostly 1/0 ACSR and small amounts of 2 ACSR. The 2013 pesk load on the main single-phase
line serving the Halls Village Road area exceeds the maximum design limit of 50 amps per phase
and the line is therefore considered to have a capacity deficiency. No areas with low voltage are
anticipated during this planning period.

Circuit CS13 is approximately 9.8 miles long. The main three-phase lineis 4.5 mileslong and is
4/0 ACSR. The remaining vee-phase and single-phase lines are mostly 1/0 ACSR and small
amounts of 2 ACSR. Circuit CS13 ties to Circuit RA12 of the Raymond Substation. The vee-
phase and single-phase lines serving the Brown Road and Flint Road areas are heavily |oaded.
The 2013 peak load on the main single-phase line aong Brown Road exceeds the maximum
design limit of 50 amps per phase and the line is therefore consdered to have a capacity
deficiency. This condition results in low voltage at the end of the circuit.

On Circuit CS14, the ends of the circuit are approximately 5.0 to 6.0 miles from the substation.
The main three-phase line splits gpproximately 1.9 miles out from the substation into three three-
phase feeders. Most of the first 1.9 miles are 1/0 ACSR. The north and east three-phase feeders
are 1/0 ACSR and the southeast three-phase feeder is mostly 336 ACSR. Most of the single-
phase lines are 1/0 ACSR with small sections of 2 ACSR.

The 2023 peak load on the main three-phase line is approaching the maximum design limit of
280 amps per phase. Also, the peak load on severa single-phase lines is close to or exceeds the
maximum design limit of 50 amps per phase and the line is therefore considered to have a
capacity deficiency. These heavy load conditions result in a 6 volt drop just 1.9 miles from the
substation and low voltage at the end of the circuit withthe 2023 load levd.
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14.35.2 Recommended Plan

Project CS-1 will provide additiona capacity by converting the single-phase /0 ACSR line that
sarves the Hall Village Road area to three-phase /0 ACSR by adding 2-1/0 ACSR phase
conductors. The existing single-phase line is estimated to have 60 amps of peak load at the 2023
load level. The three-phase line is to be extended 1.2 miles so that single-phase taps can balance
the load on the three-phase line.

On Circuit CS13, Project CS-2 will provide additional capacity by extending three-phase to the
Brown Road area. The existing vee-phase line is estimated to have 42 amps of peak load on
Phase B and 69 amps on Phase C at the 2023 load level. The first 1.2 miles is the conversion of
the vee-phase 1/0 ACSR line along Chester Road to three-phase 1/0 ACSR by adding +1/0
ACSR phase conductor. The next 1.2 miles is a new three-phase 1/0 ACSR line to be located
along road right-of-way rather than follow the existing route through private property. The final
1.5 miles is the conversion of the single-phase /0 ACSR line aong Brown Road to three-phase
1/0 ACSR by adding 2-1/0 ACSR phase conductors.

On Circuit CS14, Project CS-4 will provide additional capacity and will improve voltage by
replacing the existing three-phase 1/0 ACSR line with a three-phase 336 ACSR double circuit.
This project will provide a 4 volt improvement and will aso improve reliability by dividing the
load over two circuits.

Project CS5 is a single-phase 1/0 ACSR tie line that will enable transferring load from one of
the heavily loaded single-phase lines to the three-phase line. This will provide better load
balance and will also provide aloop for improved reliability.

Project CS-6 will provide additiona capacity by converting the single-phase 1/0 ACSR line that
serves the Nighting Gale Edtates area to three-phase 1/0 ACSR by adding 21/0 ACSR phase
conductors. The existing single-phase line is estimated to have 60 amps of peak load at the 2023
load level. The 1.0 mile three-phase extenson will improve voltage at the end of the line by
dividing the load over additional phases and will also improve load balance aong the three-phase
main line.

Project CS-7 will provide additiona capacity by converting the single-phase 1/0 ACSR line that
serves the area along Highway 121A to three-phase 1/0 ACSR by adding 21/0 ACSR phase
conductors. The existing single-phase line is estimated to have 57 amps of peak load at the 2023
load level. The 0.7 mile three-phase extension will improve voltage a the end of the ine by

dividing the load over additional phases and will aso improve load balance aong the three-phase
main line.

Project CS-8 will provide additional capacity by converting the single-phase 1/0 ACSR line that
serves the area along Odell Road area to three-phase 1/0 ACSR by adding 21/0 ACSR phase
conductors. The existing single-phase line is estimated to have 48 amps of peak load at the 2023
load level. The 0.7 mile three-phase extension will improve voltage at the end of the line by
dividing the load over additiona phases and will also improve load balance along the three-phase
main line.
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14.3.6  Deerfield Delivery Point Service Area

14.36.1 Existing System Review

The Deerfield DP serves three circuits, DF11, DF12 and DF13. A 1.0 mile three-phase 1/0
ACSR 19.9/34.5 kV line goes west from the DP and is then stepped down to 7.2/12.47 kV to
serve Circuits DF11 and DF12. A 2,500 kVA padmounted stepdown transformer and 3- voltage
regulators are ingtaled on each circuit. The system is configured so that if the stepdown
transformer of one circuit fails or needs to be taken out of service, the circuit can be switched
over to the other stepdown transformer. A single-phase stepdown transformer is located at the
DP to serve Circuit DF13.

The Deerfield DP is forecasted to serve 3.1 MW of peak load in 2023. Circuit DF11 serves
approximately 51 percent of the total load, Circuit DF12 serves approximately 43 percent and
DF13 serves the remaining 6 percent.

Circuit DF11 is approximately 7.9 miles long and ties to Circuit RA12 of the Raymond
Substation. The three-phase main line conductor of DF11 is 336 ACSR. The 2008 peak load on
the main single-phase line going east along Green Road exceeds the maximum design limit of 50
amps per phase and the line is therefore considered to have a capacity deficiency. This deficiency
causes margina voltage at the end of the single-phase line.

Circuit DF12 isradid and therefore has no ties to other circuits. The ends of the circuit are 9 to
10 miles from the DP. The three-phase main line conductor of DF12 is 336 ACSR. The
remaining vee-phase and single-phase lines are mostly 1/0 ACSR and small amounts of 2 ACSR.
Capacity deficiencies were found on the main vee-phase line going northwest dong Middle
Road. Line voltage regulators are presently installed which maintain proper voltage levels at the
2023 load levd.

Circuit DF13 is single-phase and has no ties to other circuits. The end of the circuit is
approximately 3.0 miles from the DP. No line capacity deficiencies or areas with low voltage are
anticipated during this planning period.

14.3.6.2 Recommended Plan

Project DF-1 will provide additiona capacity by rebuilding the single-phase 1/0 ACSR line to
three-phase 4/0 ACSR. The existing single-phase line is estimated to have 60 amps of peak |oad
at the 2023 load level. The three-phase line is to be extended 1.5 miles so that single-phase taps
can balance the load on the three-phase line. It is also recommended that this three-phase line be
extended to provide a three-phase tie to Circuit RA12 (see project RA-3). Since these projects
create a three-phase loop, the use of 4/0 ACSR is recommended.

On Circuit DF12, Project DF-2 will provide additiona capacity by rebuilding the vee-phase 1/0
ACSR line to three-phase 4/0 ACSR. The existing vee-phase line is estimated to have 73 amps of
peak load on Phase A and 91 amps of peak load on Phase C at the 2023 load level. The three-
phase lineis to be extended 3.1 miles so that single-phase taps can baance the load on the three-
phase line,
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Project DF-3 is the ingdlation of a 300 kVAR fixed capacitor bank to improve system
performance.

On Circuit DF13, no new construction or existing line upgrades are needed to improve voltage or
provide additiona capacity during this planning period.

14.3.7  Derry Meter Point Service Area

143.7.1 Existing System Review

The Derry Meter Point takes service from PSNH at 7.2/12.47 kV. The MP consists of one circuit
which is forecasted to serve 4.1 MW of peak load in 2023.

Circuit DY 11 starts with 1.0 mile of three-phase 336 ACSR and then splits into two three-phase
1/0 ACSR feeders. The northwest feeder ends approximately 4.2 miles form the MP and the
northeast feeder ends approximately 5.7 miles from the MP. These feeders are radial and have no
ties to other circuits. The northwest feeder serves gpproximately 44 percent of the total load and
the northeast feeder serves approximately 47 percent.

No line capacity deficiencies are anticipated during this planning period. The voltage drop from
the MP to the end of the line is calculated to be 3.5 volts at the 2023 load level. Therefore, no
low voltage problems are anticipated as long as the voltage at the MP is 122 volts or higher.

14.3.7.2 Recommended Plan

No magor primary line construction projects are needed to provide additional capacity during this
planning period. Some minor construction may be needed to divide the load so that good load
baance is maintained. Voltage regulators should be installed on the northeast and northwest
feeders if the supplied voltage is below 122 valts.

Project DY-1, is the upgrading of a150 kVAR fixed capacitor bank to a 300 kVAR switched
bank to improve system performance on the northwest feeder.

Project DY-2 is the ingtdlation of a 300 kVAR switched capacitor bank to improve system
performance on the northeast feeder.

14.3.8 Lee Delivery Point Service Area

14381 Existing System Review

The Lee DP serves two circuits, LE11 and LE12. A padmounted 2,500 kVA stepdown
transformer converts the 19.9/34.5 kV supply voltage to the circuit operating voltage of
7.2/12.47 kV. Each circuit has 3-100 amp, 7.2 kV, voltage regulators which are located near the
DP.
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The Lee DP is forecasted to serve 3.0 MW of peak load in 2023. Circuit LE11, that goes to the
west to Nottingham, serves approximately 37 percent of the total load and LE12, that goes to the
east to Lee, serves the remaining 63 percent.

Circuit LE11 is approximately 5.1 miles long and ties to Circuit RA11 of the Raymond
Substation. The main line conductor of LE11 is 1/0 ACSR. The remaining single-phase lines are
mostly 1/0 ACSR. The 2008 peak load on the main single-phase line going north along Smoke
Street in the Nottingham area exceeds the maximum design limit of 50 amps per phase and the
line is therefore considered to have a capacity deficiency. This deficiency causes margina
voltage at the end of the single-phase line.

On Circuit LE12, the ends of the circuit are approximately 5.0 miles from the DP. Most of the
three-phase, vee-phase and single-phase lines are 1/0 ACSR. A small amount of three-phase 2
ACSR and single-phase 2 and 4 ACSR are present. No mgjor line capacity deficiencies or areas
with low voltage are anticipated during this planning period.

14.3.8.2 Recommended Plan

Project LE-1 will provide additional capacity by converting the single-phase 1/0 ACSR line to
three-phase 1/0 ACSR by adding 2-1/0 ACSR phase conductors. The existing single-phase line is
estimated to have 66 amps of peak load at the 2023 load level. The three-phase line is to be
extended 2.2 miles so that single- phase taps can baance the load on the three-phase line.

Project LE-2 is the replacement of the 3-100 amp, 7.2 kV, voltage regulators with 3-150 amp,
7.2 kV, regulators. The larger sized regulators will provide additional capacity for backup to
Circuit RA11 of the Raymond Substation.

Project LE-3, is the ingtalation of a 300 kVAR fixed capacitor bank to improve system
performance.

On Circuit LE12, Project LE-4 will provide additiona capacity by converting the vee-phase 1/0
ACSR line to three-phase 1/0 ACSR by adding 1-1/0 ACSR phase conductor. The existing vee-

phase line is estimated to have 26 amps of peak load on Phase B and 43 amps on Phase C at the
2023 load level. The three-phase line is to be extended 0.4 miles so that single-phase taps can

balance the load on the three-phase line.

Project LE-5 isa 667 foot single-phase 1/0 ACSR to vee-phase 1/0 ACSR conversion by adding
1-1/0 ACSR phase conductor. The vee-phase line will enable the load beyond to be divided over
two phases and will improve load balance along the three-phase line.

14.3.9 Raymond Substation Service Area

14391 Existing System Review

The Raymond Substation is forecasted to serve 5.7 MW of peak load in 2023. The Raymond area
is served by two 7.2/12.47 kV circuits, RA11 and RA12. Circuit RA11 serves approximately 33
percent of the total load and RA 12 the remaining 67 percert.
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Circuit RA11 is approximately 5.7 miles long and ties to LE11 of the Lee Delivery Point. The
main line conductor of RA11 is 3/0 ACSR. No line capacity deficiencies or areas with low
voltage are anticipated during this planning period.

Circuit RA12 is goproximately 8.6 miles long and ties to CS13 or the Chester Substation and to
DF11 of the Deerfield Delivery Point. The main line conductor of RA12 is mostly 4/0 ACSR
with a smal amount of 336 ACSR. Voltage regulators are ingtalled in the main line
approximately 3.9 miles from the substation to maintain proper voltage levels at the end of the
circuit. This circuit is heavily loaded and near the substation, the 2023 load level is approaching
50 percent of the conductor’s current rating. Also, the single-phase line serving Liberty Tree
Acres and Hammer Estates is heavily loaded. These conditions result in low voltage at the end of
the single-phase line with the 2023 load levd.

14.3.9.2 Recommended Plan

On Circuit RA11, no new construction or existing line upgrades are needed to improve voltage
or provide additional capacity during this planning period.

Project RA-1, is the ingallation of a 300 KVAR switched capacitor bank to improve system
performance.

On Circuit RA12, Project RA-2 will provide additional capacity by converting 0.4 miles of
sngle-phase 1/0 ACSR to three-phase 1/0 ACSR by adding 2-1/0 ACSR phase conductors. The
existing single-phase line is estimated to have 47 amps of peak load a the 2023 load level.
Project RA-2 will improve voltage a the end of the line by dividing the load over additiona
phases and will aso improve load balance along the three-phase main line.

Project RA-3 is a 0.5 mile three-phase 4/0 ACSR project that will provide a three-phase tie
between the Old Bye Road area on Circuit RA12 and the three-phase line proposed as Project
DF-1 aong Green Road on Circuit DF11. These two areas combined have a 2023 forecasted load
level of 912 kW. The three-phase tie will provide improved reliability and enables the Old Bye
Road areato be transferred from the heavily loaded RA 12 to the less |oaded DF11.

It is recommended that the normal open between RA12 and CS13 be moved approximately 1.5
miles northeast (see Circuit Diagram for locations). This change will facilitate switching
procedures between Circuits CS13 and DF11 during backup. Also, the change will transfer a
small amount of load from the heavily loaded RA12 to the less loaded CS13.
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14.4 Distribution System Reliability

14.4.1  Historical Reliability

The Raymond Didtrict has had lower than average reliability over the 2000-2002 sample period
compared to the NHEC system wide average indices, and ranked fourth worst of al digtricts.
The indices for each feeder and the entire Raymond district can be seen in the following figure.®”
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Figure 14-7 Raymond District Average Reliability Indices

®A long outage on the Chester Substation was excluded from the calculations. The outage was caused by weather
contributing to the operation of the substation high-side fuses. Members on circuits CS11 and CS13 were without
power for more than 5 hours, and members on circuit CS14 were without power for more than 17 hours. This
outage was removed to defer skewing of theindices.

" Outages taking place on portions of Circuit BS13 of the Barnstead Substation were originally recorded under

Raymond District outages. Even though thislong feeder extends into the Raymond District, for the purposes of this
study, the data was modified so that the outages were reflected in the Alton District reliability analysis. The

Barnstead Substation is linked to the Alton District throughout the entire study since it is physically located within
the Alton District territory.
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14411 SAIDI

Eight of the thirteen circuits exceeded the SAIDI reliability criteria. Circuits BT11, CS11, CS13,
CS14, DF11, LE12, RA11, and RA12 were above their corresponding feeder classification
limits.

144.1.2 SAIFI

Six circuits were above the SAIFI criteriaof 2.0. These were circuits CS13, CS14, DF11, LE12,
RA11, and RA12. Coincidentaly, al of these circuits exceeded their corresponding SAIDI
criteriaaswell.

14.4.2  Circuits That Exceed Reliability Criteria

14421 Circuit BT11

The average SAIDI of 5.59 over the last three years was only dightly over the 5.0 criteria for
rura classification. A review of the yearly indices indicates that 2002 had excessively high
indices, in particular aSAIDI of 16.3. There were only two outages during 2000 and 2001, and
nine outages in 2002. A breakdown of outages by cause can be seen in the figure below.
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Figure 14-8 Circuit BT 11 Percentage of Customer-Minutes Out by Outage Cause

The figure reflects that about 68% of customer-minutes were due to weather related causes.

Particularly, one ten-hour outage in 2002 accounted for 47% of the total customer- minutes for
the 2000-2002 period.

Circuit BT11 has a radia configuration in which two long single-phase lines serve dl of the
members. This configuration most likely contributed to the longer weather caused outages.

From a long-range distribution construction perspective, there appears to be no feasible
aternatives that will significantly improve future reliability indices on this feeder due to the
radial configuration. Although, projects BT-4 and BT-5 are recommended to provide additional

Power System Engineering, Inc. 14-26



voltage and capacity improvements, but also will most likely provide just as much reliability
benefit due to new phase diversity and balance of members over al three phases. Generaly,
these congtruction projects will improve the reiability indices on this feeder by a factor of three,
assuming that the potential of outages occurring along the feeder is uniform throughout.

Any future weather related outage should be logged in great detail, including the type of westher,
what actually occurred as a result, and the type of equipment failure. Thisinformation will assist
gresatly in the review and mitigation process.

144.2.2 Circuit CS11

This circuit barely exceeded the SAIDI rdiability criteria of 2.0 for the urban feeder
classfication. The outages by cause can be seen in the following figure.
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Figure 14-9 Circuit CS11 Per centage of Customer-Minutes Out by Outage Cause

There were three outages that caused the substation circuit reclosers to operate, therefore
affecting all members on the circuit. These three outages were responsible for 55% of the
customer-minutes of outages for the three-year period. Furthermore, there was a different cause
for each one of these feeder outages.

After reviewing the overcurrent protection on this feeder, it appears that the first zone of
protection extends to nearly the end of the three-phase line at Powell Road. There are two sets of
fuse cutouts with solid blades along the main three-phase line within the first zone of protection.
While these switches alow the restoration of members during an outage, from a sectionalizing
and rdliability point of view, they may provide more benefit if they were modified to provide
overcurrent protection as well. With this change, the first zone of protection will become much
shorter, therefore reducing the chances of an entire circuit outage.

About a haf-mile out of the substation, there is a single- phase tap that serves about 60 members.
It is recommended that this tap be converted to three-phase, which is designated as project CS-2
and described in Chester Substation service area portion of the distribution analysis. The
conversion will improve the reliability to the members on this tap by dividing the members over
three phases.
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Ovedl, by increasing the number of protection devices and verifying they are properly
coordinated, there may be a reduction in the frequency and duration of service interruptions.
Furthermore, project CS-2 may assist in the goa of improving the feeder outage indices. These
two items aong with proper O&M review and practices should provide the needed reliability
improvement.

14.4.2.3 Circuit CS13

This circuit had the highest SAIDI index, with a value of 8.77, in the Raymond Digtrict. Also,
this circuit was the sixth worst performing circuit within the entire NHEC system. Half of the
customer-minutes were due to trees, with most of the other half due to wesather related outages as
shown in the figure below.
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Figure 14-10 Cir cuit CS13 Per centage of Customer-Minutes Out by Outage Cause

There were a total of 37 outages over the three-year period on circuit CS13. Five of these were
feeder outages responsible for 75% of the total customer-minutes. Two causes, weather and
trees on primary line, were attributed to these five outages.

It appears that the first zone of protection extends to the normal-open air break switch between
circuit CS13 and RA12. Since such a high percentage of customer-minutes of outages occurred
within the first zone of protection, assuming adequate overcurrent protection coordination, the
key to improving reliability on this circuit is to focus on decreasing these feeder outages.
Therefore, depending upon the location of these mainline faults, additional overcurrent
protection may improve reliability by dividing the circuit into additional zones of protection.
Furthermore, more effective tree trimming should take place along the main three-phase line, and
outages from weather related occurrences should be logged in great detail to assist in any future
review and mitigation.

There are two other projects that may provide additional reliability improvement. Project CS-3,

the conversion to three-phase as discussed in the Chester Substation service area section, will
also provide more reliable service to the members on this long single-phase and vee-phase tap.
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The addition of a new air break switch to provide a relocated normalopen location between
Chester circuit CS13 and Raymond circuit RA12 will supply more switching options during
contingencies.

144.24 Circuit CS14

This circuit had the third poorest reliability, in regards to the SAIDI index, with a value of 6.84.
A summary of the causes of outages is shown the following figure.
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Figure 14-11 Circuit CS14 Per centage of Customer-Minutes Out by Outage Cause

Overal, there were 66 outages on this circuit with three feeder outages affecting al members.
The three feeder outages caused 61% of the total customer-minutes. In particular, one of these
feeder outages caused by weather was responsible for about 7,600 customer-minutes, or 38% of
the feeder total. Therefore, once again, the high consumer-minute outages have caused poor
reliability indices.

It's understandable that feeder outages are imminent, especidly in this case since they’re due to
weather related events. Although, there are aternatives to help reduce outage durations and the
number of members affected. Therefore, both of these are accomplished with project CS-4 as
described in the Chester Substation service area portion of the Distribution System section. This
project is needed for voltage and capacity improvements, and will aso provide reliability
improvement by dividing the members over two circuits and aso reducing the amount of feeder
exposure per meber. One of the circuits should serve the members for 1.5 miles from the
substation to the end of project CS-4. This circuit should aso serve the members to the north
three-phase tap to the north dong Hale True Road. The second circuit should serve the
remainder of the members, which are basically located adong North Road and Sargeant Road.

This configuration will allow the load and members to be divided fairly equally over the two
circuits.

In addition to the double-circuit project CS-4, a new tie-line and/or a new metering or delivery
point is recommended between Chester circuit CS14 and the Brentwood substation area. The
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tie-line is recommended mainly for backup to the Brentwood delivery point, but will also
provide backup to some of the members located near the ends of circuit CS14. A more
beneficid dternative is the addition of a metering or delivery point located near project BT-RL1.
Both of these options are discussed in the Circuit BT12 portion of the Distribution System
Reliability section

There are dso a few recommended single-phase to three-phase conversions that are needed to
meet voltage and capacity criteria, but may aso provide reliability improvement. These projects
are designated as CS 5, CS-6, and CS-7 and can be referenced in the Chester Substation service
area portion of the Distribution System section.

14425 Circuit DF11

Reliability on this circuit was generally adequate with a SAIDI value of 5.04, which dightly
exceeded rura feeder criteria of 5.0. The following figure indicates the outages by cause.
Similar to many of the other feeders in the Raymond didtrict, weather was the cause of the
highest percentage of outage- minutes.
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Figure 14-12 Circuit DF11 Per centage of Customer-Minutes Out by Outage Cause

Of the 51 tota outages on this feeder, only three caused an entire circuit outage, but contributed
44% of the total customer-minutes. Therefore, it appears that the circuit contains adequate
overcurrent protection and sufficient right-of-way clearances, in addition to various spans of
tree-wire aong the main three-phase line. Due to the small humber of main feeder outages, a
reduction in outage durations appears to be the best solution. In aid of this, a separate
contingency study concluded that Raymond circuit RA12 is able to serve Deerfield circuit DF11
during an outage. This backup potential may reduce the duration of feeder outages in the future
if implemented correctly. There are no long-term reliability projects proposed for this circuit.
Periodic O&M and overcurrent protection review will aid in the reliability.
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14.4.2.6 Circuit LE12

Both SAIDI and SAIFI criterion were exceeded on this feeder during 2000-2002. The figure
below indicates that westher was the greatest contributor to consumer-hours of outages. 61% of
consumer-hours for this cause were due to two outages of significant duration. Furthermore,
only 10 of the 68 outages on this feeder were due to weather. Detailed descriptions for weather
related outages should be logged in great detail to assist in any future review and mitigation.
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Figure 14-13 Circuit L E12 Per centage of Customer-Minutes Out by Outage Cause

To improve the future reliability on this feeder, and the Lee delivery point in genera, a new
ddivery point is recommended. Project LE-R1 is the addition of 1.5 miles of new three-phase
1/0 ACSR and a new delivery point near PSNH’s 3137X double-circuit 34.5 kV transmission
line. The new digtribution line route should follow Highway 155 right-of-way. As a result, the
existing NHEC single-phase lines in the area can be served off the new three-phase.

With the addition of project LE-R1, a new normal-open location is recommended about 1.5 miles
east of the Lee DP. Thiswill divide the existing load, number of members, and miles of primary
line exposure over two circuits. As a result, the reliability will be improved during both normal
and backup system operation. The cost of project LE-R1 is about $250,000.

14.4.2.7 Circuit RA11

This rural classified circuit had the second highest SAIDI index in the Raymond district with a
value of 7.06. The figure below indicates the consumer-hours due to various causes.
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Figure 14-14 Circuit RA11 Per centage of Customer-Minutes Out by Outage Cause

The Raymond Substation has experienced no power supplier caused outages over the last three
years as discussed previoudy in the transmission system reliability section. On the other hand,
the distribution system reliability has been poor, primarily due to tree contact. There have been
seven feeder outages, four of them due to trees falling on the primary lines, contributing 46% of
the total consumer-hours on the feeder.

As is usudly the case, the number and duration of the feeder outages affecting all members
needs to be decreased to significantly improve reiability. Increased tree maintenance in addition
to more overcurrent devices along the main line to reduce the length of the first zore of
protection may provide improvement. If these do not prove to be effective, the main line could
be upgraded to tree wire. In addition, the use of the Lee Ddivery Point for backup needs to be
fully utilized to permit rapid restoration of service during major outages. The addition of project
LE-R1, as previoudy discussed in the Circuit LE12 section, will provide load relief to the Lee
Ddlivery Point if needed during contingencies between Circuits LE11 and RA11.

There are no proposed distribution system reliability construction projects for this feeder.

14.4.2.8 Circuit RA12

The average SAIDI of 4.61 over the last three years exceeded the suburban feeder classification
criterion. A review of the yearly indices indicates that there were four feeder outages out of the
100 total outages. These four were responsible for 70% of the consumer-hours of outages on this
feeder. A breakdown of outages by cause can be seen in the following figure.
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Figure 14-15 Circuit RA12 Per centage of Customer-Minutes Out by Outage Cause

Like the mgjority of the other feedersin the Raymond district, weather was the primary cause of
consumer-hours of outages. There were only fourteen outage events of the 100 total outages due
to wegther.

Similar to Circuit RA11, the number and duration of the feeder outages affecting al members
needs to be decreased to significantly improve reliability. The three-phase tie with Chester
Substation Circuit CS13 needs to be utilized during feeder outages to reduce outage durations
and restore service to as many members as possible.

There are no proposed distribution system reliability construction projects for this feeder. If basic
O&M and sectiondizing improvements do not prove to be effective in the future, the possibility
of building another source near the normal-open location between circuits RA12, CS13, and
DF11 should be considered depending upon the availability of PSNH transmisson and
distribution lines in the area. With this addition, looped sectionalizing between the new source
and feeders RA12, CS13, and DF11 could be accomplished to alow quicker restoration of
service.

14.4.3  Circuits That Meet Reliability Criteria

14431 Circuit BT12

Overdll, this circuit has experienced adequate reliability over the past three years. Even though
there were 16 outages over the past three years, many of these were either of short duration or
affected few members. For example, only one outage affected more than 100 members.
Furthermore, the average outage duration over the past three years has been 2.0 hours.

As discussed above, even though the reliability on Circuit BT12 has been above average, athree-
phase tie line with Circuit CS14 of the Chester substation is recommended. The tie-line will
provide contingency capabilities between CS14, BT11 and BT12. At the forecasted load level
for 2023, circuit CS14 can serve the entire Brentwood service area at 80% peak load level as
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long as projects CS-4, CS-R2, BT-R1, CSR1, and either BT-2 or BT-6 are implemented. Three
of these projects, CSR2, BT-R1, and CSR1, are needed for reliability and contingency
potential, while CS-4 is needed to provide voltage and capacity support during normal system
peaks. Project CS4 isdiscussed above in the Chester Substation Service Area section.

The possibility of creating a new metering or ddivery point near the ends of the main three-
phase lines of circuits BT11 and CS14, which is in the vicinity of project BT-R1, will
dramatically improve the reliability and backup potential for boththe Brentwood Metering Point
service area and the heavily loaded circuit CS14 of the Chester Substation. The option of
creating the metering of delivery point will be determined by the accessibility and availability of
34.5kV or higher transmisson in thisarea.

14.43.2 Circuit DF12

There are no proposed projects based solely on rdliability for this feeder. Although, project DF-2
discussed in the Deerfield portion of the Distribution System Reliability section may improve
reliability by dividing the members over three phases instead of two.

14.4.33 Circuit DF13
There are no proposed distribution system rliability projects for this feeder.

14434 Circuit DY11

Overdll, this circuit has very good reliability over the past three-years with a SAIDI index of
1.34. There are no proposed distribution system reliability projects for this feeder.

There have been approximately 80 outages along this feeder over the past three years, with none
of them being entire feeder outages. This seems excessive when considering the number of

miles of primary line on this circuit. Although, due to the configuration of this urban feeder,
there are many short, overhead single-phase taps off the main line, which causes the operation of
the protecting tap fuses to be the number one cause of consumer-hours of outages. In fact, about
73% of the outage events, and 60% of the consumer-hours were due to the operation of fuses.

Furthermore, a review of the outages indicates that most of the outages affected relatively small

numbers of members.

Mentioned previoudly in the transmission system reliability section of the Raymond Didtrict, the
Derry MP experienced three feeder outages that were caused by PSNH. This is within the
transmission system reliability criteria, and therefore no transmission changes are proposed due
to reliability. If future power supplier reliability decreases, the possibility of establishing another
source into the Derry service area should be examined.

14435 Circuit LE11

A review of the outages over the last three years indicates there have been only two feeder
outages affecting all members. Most of the outages have affected members on one phase along
the single-phase taps off the main feeder. Furthermore, about 53% of the total customer-hours
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were due to weather on this feeder. Detailed descriptions for weather related occurrences should
be logged in great detail to assist in any future review and mitigation.

There are no proposed distribution system reliability construction projects for this feeder.

14.5 Cost Estimates

A summary of the cost estimates for the proposed 5Year, 10-Year and 20-Year Plans is
provided in Table 14-15. Cost estimate details for the proposed New Tie Lines, Conversions and
Line Changes, New Substations, Delivery Points and Meter Points and Substation, Delivery
Point and Meter Point Changes, which were discussed in Section 14.3 and shown on the
Proposed System Circuit Diagram, are provided in the “ Construction Cost Details [table]” at the
end of Section 14.0. Unit cost information is included in this report as Exhibit 111. When future
reference is made to these cost estimates, material and labor prices should be reviewed to
incorporate existing market conditions.

Table 14-15 Construction Cost Summary

2004-2008 | 2009-2013 | 2014-2023 2004-2023
Cost (%) Cost (%) Cost (%) Cost (%)

New TieLines 44,000 0 6,600 50,600
Conversions and Line Changes 886,270 530,360 64,380 1,481,010
New Substations, PD’sand MP's 0 0 0 0
Substation, DP and MP Changes 156,300 100,000 0 256,300
Tota 1,086,570 630,360 70,980 1,787,910

Projects for Improved Reliability 252,000 330,700 425,000 1,007,700
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Table14-16 Substation Load Data Projections

Substation Existing System Configuration Proposed System Configuration
Delivery Point 2003 2008 2013 2023 2008 2013 2023
or Meter Point Load level Load level Load level | Load level | Loadlevel | Load level | Load level

Name Ckt. | Season kW kW kW KW kW kW kW
Brentwood DP BT13 W 1,640 2,081 2,516 2,967 2,081 2,516 2,967
Sub W 1,640 2,081 2,516 2,967 2,081 2,516 2,967

Chester Substation | csi11 W 1,027 1,416 1,676 1,910 1,416 1,676 1,910
CS12 W 1,198 1,395 1,575

CS13 W 1,073 1,107 1,219 1,355 1,397 1,538 1,710

CS14 W 3,020 3,636 4,275 4,831 2,365 2,753 3,109

Sub W 5,120 6,159 7,170 8,096 6,376 7,362 8,304

Deerfield DP DF11 \W 1,229 1,379 1,463 1,564 1,847 1,960 2,095
DF12 W 1,045 1,171 1,245 1,329 1,171 1,245 1,329

DF13 W 132 149 158 169 149 158 169

Sub W 2,406 2,699 2,866 3,062 3,167 3,363 3,593

Derry MP DY11 W 2,980 3,267 3,546 4,092 3,267 3,546 4,092

Sub W 2,980 3,267 3,546 4,092 3,267 3,646 4,092

Lee DP LE11 W 847 887 933 1,121 887 933 1,121

LE12 W 1,318 1,533 1,677 1,926 1,533 1677 1,926

Sub W 2,165 2,420 2,610 3,047 2,420 2,610 3,047

Raymond Substation | RA11 W 1,100 1,310 1,519 1,896 1,310 1,519 1,896
RA12 W 3,136 3,307 3,473 3,833 2,500 2,624 2,896

Sub W 4,236 4,617 4,992 5,729 3,810 4,143 4,792
Raymond District W 18,547 21,243 23,700 26,993 21,121 23,540 26,795

Table14-17 Construction Cost Details
(seefollowing 2 pages)
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Project Reason| @ L oad| Estimated
Code YR Sub/Ckt Project Description Code | (amps) Miles Cost ($)
I. New TieLines
Cs-8 2023 Chester / CS14 1ph 1/0 ACSR 30 0.10 6,600
RA-3 2008 Raymond / RA12 3ph 4/0 ACSR - 050 44,000
Total New Tie Lines 0.60 50,600
I1. Conversionsand Line Changes
BT-3 2004 Brentwood / BT11 Add 3-100 kVAR Capacitors, Switched S 40 - 5,100
BT-4 2004 Brentwood / BT11 2ph 1/0 ACSR to 3ph 1/0 ACSR (add 1) cDV 40 0.40 5,200
BT-5 2004 Brentwood / BT11 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) CcDbV 40 1.20 34,800
BT-7 2004 Brentwood / BT12 Add 3-100 kVAR Capacitors, Switched [eAY) 30 - 5,100
Cs-2 2013 Chester / CS11 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) CcDV 45 1.20 34,800
Cs-3 2013 Chester / CS13 2ph 1/0 ACSR to 3ph 1/0 ACSR (add 1) CDbV 50 1.20 15,600
CS-3 2013 Chester / CS13 1ph 1/0 ACSR to 3ph 1/0 ACSR 1.20 81,600
Cs-3 2013 Chester / CS13 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) 1.50 43,500
Cs-4 2013 Chester / CS14 3ph 1/0 ACSR to DBL CKT 3ph 336 ACSR CcDbV 200 2.00 300,000
CS-5 2013 Chester / CS14 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) CDbV 45 1.00 29,000
Cs-6 2023 Chester / CS14 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) CcDV 45 0.70 24,360
Cs-7 2023 Chester / CS14 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) CDbV 45 0.70 24,360
DF-1 2008 Deerfield/ DF11 1ph 1/0 ACSR to 3ph 4/0 ACSR CcDbV 45 1.50 127,500
DF-2 2005 Deerfield/ DF12 2ph 1/0 ACSR to 3ph 4/0 ACSR CcDV 45 3.10 269,700
DF-3 2005 Deerfield/ DF12 Add 3-100 kVAR Capacitors, Fixed CV 45 - 2,500
DY-1 2013 Derry / DY11  Upgrade Capacitors from 3-50 to 3-100 kVAR, Sw [AY) 40 - 5,100
DY-2 2004 Derry / DY11  Add 3-100 kVAR Capacitors, Switched CV 40 - 5,100
LE-1 2007 Lee/LE11 1ph 1/0 ACSR to 3ph 4/0 ACSR CcDV 45 2.20 187,000
LE-3 2004 Lee/LE11 Add 3-100 kVAR Capacitors, Fixed [AY} 40 - 2,500
LE-4 2023 Lee/LE12 2ph 1/0 ACSR to 3ph 1/0 ACSR (add 1) CchbV 40 0.40 15,660
LE-5 2007 Lee/LE12 1ph 1/0 ACSR to 2ph 1/0 ACSR (add 1) D 20 0.13 3,770
LE-6 2007 Lee/LE11 1ph 1/0 ACSR to 3ph 4/0 ACSR B,C.D\V [1] 2.80 238,000
RA-1 2013 Raymond / RA11 Add 3-100 kVAR Capacitors, Switched CV 30 - 5,100
RA-2 2013 Raymond / RA12 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) CcCDhV 40 0.40 15,660
Total Conversions and Line Changes 21.63 1,481,010
I11. Projects that have Potential Reliability | mprovement
BT-R1 2013 Brentwood / BT12 1ph 1/0 ACSR to 3ph 336 ACSR 0.50 48,000
BT-R1 2013 Brentwood / BT12 New 3ph 336 ACSR 2.00 192,000
BT-R1 2013 Brentwood / BT12 2ph 1/0 ACSR to 3ph 1/0 ACSR (add 1) 0.40 5,200
CS-R1 2013 Chester / CS14 Add 3-150 amp, 7.2 kV, voltage regulators - 36,000
CS-R2 2013 Chester / CS14 3ph 1/0 ACSR to 3ph 336 ACSR 0.50 49,500
DF-R1 2023 Deerfield/ DF12 New 3ph 4/0 ACSR 5.00 425,000
LE-R1 2008 Lee/LE12 New 3ph 1/0 ACSR 1.50 102,000
LE-R1 2008 Lee/LE12 New Delivery Point, 2.5/3.5 MVA, 19.9/34.5 - 7.2/12.47 kV = 150000
Total Potential Reliability Improvements 9.90 1,007,700
Total of all projects 32.13 2,539,310
Total by year for first 4 years (includes reliability projects)
2004 1.60 57,800
2005 3.10 272,200
2006 0.00 0
2007 5.13 428,770
2008 3.50 423,500
2013 11.90 861,060
2023 6.90 495,980
Total 32.13 2,539,310
Reason Code(s)
A To replace Aged and deteriorated lines that are expected to reach the end of their useful life.
B To improve Backup between circuits and substations.
C To provide additional Capacity.
D To Divide the load for improved load balance, voltage, sectionalizing and reliability.
F To accommodate Future load.
S To accommodate new System configuration as a result of other projects.
U To replace old 175 Mil bare concentric neutral Underaround cable in poor condition.
\Y To improve Voltage.
WP As per NHEC 2001-2005 Construction Work Plan.
1 Recommended when peak load on Barnstead Circuit BS13 reaches 100 amps/phase.
1
@ Load (amps) column indicates the load at which the project is to be implemented.
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Project Estimated
Code YR Name Project Description Cost ($)
IV. New Substations, Delivery Points and M eter Points
2004-2008 Time Period
None
2009-2013 Time Period
None
2014-2023 Time Period
None
V. Substation, Delivery Point and M eter Point Changes
2004-2008 Time Period
BT-1 2004 Brentwood DP  Add 1-333 kVA 19.9/34.5to 7.2/12.47 kV stepdown transformer 7,000
BT-2 2004 Brentwood DP  Add 3-100 amp, 7.2 kV, voltage regulators 27,300
BT-6 2004 Brentwood DP  Add 3-150 amp, 7.2 kV, voltage regulators 36,000
LE-2 2004 LeeDP Upgrade regulators from 3-100 to 3-150 amp 36,000
LE-7 2007 LeeDP Add 1-2500 kVA 19.9/34.5t0 7.2/12.47 kV stepdown transformer 50,000
Total 2004-2008 156,300
2009-2013 Time Period
CS1 2013 Chester Sub Modify to accommodate 4th circuit 100,000
Total 2009-2013 100,000
2014-2023 Time Period
None
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Table14-18 Summary of Reliability Indices by Feeder

Members #

DISTRICT CKT YEAR Out Cons-Hours] Consumers - SAIFI SAIDI CAIDI

RAYMOND BT11 2000 9 23 180 0.05 0.13 2.56

2001 32 65 180 0.18 0.36 2.03

2002 782 2,932 180 4.34 16.29 3.75

Totals 823 3.020 540 Average 1.52 5.59 3.67

BT12 2000 10 13 280 0.04 0.05 1.30

2001 177 334 280 0.63 1.19 1.89

2002 335 481 280 1.20 1.72 1.44

Totals 522 828 840 Average 0.62 0.99 1.59

Cs11 2000 111 181 325 0.34 0.56 1.63

2001 936 1,242 325 2.88 3.82 1.33

2002 478 869 325 1.47 2.67 1.82

Totals 1,525 2,292 975 Average 1.56 2.35 1.50

CS13 2000 40 202 361 0.11 0.56 5.05

2001 639 3,923 361 1.77 10.87 6.14

2002 1,791 5,378 361 4.96 14.90 3.00

Totals 2,470 9.503 1.083 Average 2.28 8.77 3.85

CSi14 2000 1,153 3,589 978 1.18 3.67 3.11

2001 2,551 5,078 978 2.61 5.19 1.99

2002 2,425 11,395 978 2.48 11.65 4.70

Totals 6.129 20,062 2934 Average 2.09 6.84 3.27

DF11 2000 93 193 463 0.20 0.42 2.08

2001 1,501 2,876 463 3.24 6.21 1.92

2002 1,566 3,936 463 3.38 8.50 251

Totals 3.160 7.005 1.389 Average 2.28 5.04 2.22

DF12 2000 450 1,142 451 1.00 2.53 2.54

2001 623 3,092 451 1.38 6.86 4.96

2002 516 2,384 451 1.14 5.29 4.62

Totals 1,589 6,618 1,353 Average 1.17 4.89 4.16

DF13 2000 10 10 63 0.16 0.16 1.00

2001 86 185 63 1.37 2.94 2.15

2002 268 517 63 4.25 8.21 1.93

Totals 364 712 189 Average 1.93 3.77 196

DY11 2000 701 1,137 1,300 0.54 0.87 1.62

2001 1,577 2,356 1,300 1.21 181 1.49

2002 949 1,745 1,300 0.73 1.34 1.84

Totals 3.227 5238 3.900 Average 0.83 134 162

LE11 2000 288 561 383 0.75 1.46 1.95

2001 470 913 383 1.23 2.38 194

2002 1,323 2,980 383 3.45 7.78 2.25

Totals 2,081 4,454 1,149 Average | 1.81 3.88 214

LE12 2000 224 418 535 0.42 0.78 1.87

2001 1,821 5,567 535 3.40 10.41 3.06

2002 1,532 3,653 535 2.86 6.83 2.38

Totals 3577 9.638 1.605 Average 2.23 6.00 2.69

RA11 2000 2,280 4,450 571 3.99 7.79 1.95

2001 1,718 2,563 571 3.01 4.49 1.49

2002 2,777 5,237 571 4.86 9.17 1.89

Totals 6.775 12.250 1,713 Average 3.96 7.15 181

RA12 2000 1,560 2,630 1,221 1.28 2.15 1.69

2001 3,930 8,725 1,221 3.22 7.15 222

2002 2,496 5,547 1,221 2.04 4,54 222

Totals 7.986 16.902 3.663 Average 2.18 4.61 212
District

Total 2000 6,929 14,549 7,111 0.97 2.05 2.10

2001 16,061 36,919 7,111 2.26 5.19 2.30

2002 17,238 47,054 7,111 2.42 6.62 2.73

Totals 40,228 98,522 21,333 Average 1.89 4.62 2.45

*-Indices EXCLUDE: outages affecting <5 members, outages <5 minutes duration, Power Supplier Caused, Major
Storms, any 34.5 kV outages on either NHEC or PSNH's system (*High Sde" Outages).
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15.0 Sunapee District

15.1 Load Analysis

The Sunapee Didtrict contains 4 delivery points, which accounted for nearly 4.0 percent of
NHEC'sload in 2002. The ddlivery points of Caavant, Charlestown, Cornish, and Sunapee, had
respective 2002 peak demands of 413, 1,500, 1,405, and 3,716 kW. The Charlestown and
Sunapee ddivery points have remained winter peaking while Cornish moved from winter to
summer peaking in 2002. Caavant has been summer peaking in recent history.

The Calavant delivery point serves a small portion of the townsin its service area with a CPR of
2.1%. No change in this ratio is anticipated. Consumer growth will then follow the rather dow
growth tragjectory of service area population with an annual growth rate of 0.4 percent from 2002
to 2023.

Demand per consumer for Calavant the fourth highest on the NHEC system in 2002 at 4.05 kW.
New loads are anticipated to have demands of 2.0 kW, which will lead to declines in this figure
to 3.73 by 2023.

Growth in consumers for this delivery point are offset by the decreasing use per consumer so
total demand is expected to remain fixed at 2002 levels through 2023 as shown in Table 15-1 and
Figure 15-1.

Table 15-1 Calavant DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 4,749
2001 4,811
2002 4,815 0.0212 102 4.049 413
2003 4,830 0.0212 102 4.037 413
2004 4,845 0.0212 103 4.024 413
2005 4,862 0.0212 103 4.010 413
2006 4,879 0.0212 103 3.996 413
2007 4,895 0.0212 104 3.983 413
2008 4912 0.0212 104 3.969 413
2013 5,009 0.0212 106 3.894 413
2023 5,240 0.0212 111 3.731 414
Growth Rates
2002 - 2003 0.30% 0.00% 0.30% -0.30% 0.00%
2002 - 2008 0.33% 0.00% 0.33% -0.33% 0.00%
2002 - 2013 0.36% 0.00% 0.36% -0.35% 0.00%
2002 - 2023 0.40% 0.00% 0.40% -0.39% 0.01%
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Figure 15-1 Historical and Forecasted Calavant DP Demands

The Charlestown ddlivery point serves a significant proportion of the service area population
with a 2002 CPR of 13.2 percent. The share of area population served through this delivery
point is expected to remain constant for the next two decades. Thus, the number of consumers
will grow at the same rate as service area population or 0.6 percent per year from 2002 to 2023.

Slight increases in the demand per consumer are anticipated with an increase from 1.45 in 2002
to 1.46 by 2023.

These expected changes combine to yield growth in the peak demands on this delivery point
from 1,500 in 2002 to 1,715 kW by 2023 as shown in Table 15-2 and Figure 15-2. In addition to
this growth, a spot load of 20 kW is anticipated in the 2004 to 2008 time frame at Bascom
Farms.
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Table 15-2 Charlestown DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers DPC Peak kW
2000 7,701
2001 7,809
2002 7,833 0.1320 1,034 1.451 1,500
2003 7,873 0.1320 1,039 1.451 1,508
2004 7,916 0.1320 1,045 1.452 1,517
2005 7,960 0.1320 1,051 1.452 1,526
2006 8,004 0.1320 1,057 1.453 1,535
2007 8,048 0.1320 1,062 1.453 1,544
2008 8,092 0.1320 1,068 1.454 1,553
2013 8,335 0.1320 1,100 1.456 1,603
2023 8,886 0.1320 1,173 1.462 1,715
Growth Rates
2002 - 2003 0.51% 0.00% 0.51% 0.03% 0.55%
2002 - 2008 0.54% 0.00% 0.54% 0.04% 0.58%
2002 - 2013 0.57% 0.00% 0.57% 0.04% 0.60%
2002 - 2023 0.60% 0.00% 0.60% 0.04% 0.64%
Table 15-3 Charlestown DP Spot L oads I dentified
Substation Circuit Load Type YEAR
2004-2008 | 2009-2013 | 2014-2023
Load (kW)
Charlestown CT11 Bascom Farms 20
Mapler*

** |n addition to base forecast
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Figure 15-2 Historical and Forecasted Charlestown DP Demands

The Cornish delivery point serves a small share of the area population which is expected to stay
congtant in the future. Slight declines in population are projected for the towns in the service
area of this delivery point. No significant change is anticipated in the total number of consumers
served from this delivery point.

Demand per consumer was 1.858 kW in 2002. While new consumers are expected to have
demands of 2.0 kW, no net growth in consumersis expected. Thus, loads are expected to remain
a current levels over the planning horizon.

The load forecasts are presented in Table 15-4 and Figure 15-3.
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Table 15-4 Cornish DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR consumers DPC Peak kW
2000 23,322
2001 23,516
2002 23,438 0.0323 756 1.858 1,405
2003 23,409 0.0323 755 1.858 1,403
2004 23,386 0.0323 754 1.857 1,401
2005 23,369 0.0323 754 1.856 1,399
2006 23,350 0.0323 753 1.856 1,398
2007 23,332 0.0323 753 1.855 1,396
2008 23,313 0.0323 752 1.855 1,395
2013 23,287 0.0323 751 1.854 1,393
2023 23,391 0.0323 755 1.856 1,401
Growth Rates
2002 - 2003 -0.12% 0.00% -0.12% -0.05% -0.17%
2002 - 2008 -0.09% 0.00% -0.09% -0.03% -0.12%
2002 - 2013 -0.06% 0.00% -0.06% -0.02% -0.08%
2002 - 2023 -0.01% 0.00% -0.01% -0.01% -0.01%
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Figure 15-3 Historical and Forecasted Cornish DP Demands

The Sunapee delivery point serves a significant proportion of the service area population with a
2002 CPR of 11.6 percent. Consumer growth for this delivery point is expected to be
proportionate to growth in the service area population at an annual rate just over 1.0% over the
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next two decades. This leads to an increase of 630 consumers served by this delivery point
which represents a 24.3 percent increase.

Demand per consumer for this delivery point is 1.435 kW which is expected to increase dightly
to 1.458 kW by 2023.

The combined result of these expected changes, as shown in Table 15-5 and Figure 15-4, is an
increase of 978 kW in the Sunapee DP load by 2023. Spot loads included in that growth forecast
relate to new condominium devel opments at Washington Island.

Table 15-5 Sunapee DP Non-Coincident Peak Demand Base (Historic & Forecasted)

Town Active
Year Population CPR Consumers _ DPC Peak kW
2000 21,745
2001 22,127
2002 22,277 0.1163 2,590 1.435 3,716
2003 22,510 0.1163 2,617 1.436 3,758
2004 22,747 0.1163 2,645 1.437 3,801
2005 22,990 0.1163 2,673 1.439 3,846
2006 23,230 0.1163 2,701 1.440 3,889
2007 23,472 0.1163 2,729 1.441 3,933
2008 23,714 0.1163 2,757 1.442 3,977
2013 24,979 0.1163 2,904 1.448 4,205
2023 27,697 0.1163 3,220 1.458 4,694
Growth Rates
2002 - 2003 1.04% 0.00% 1.04%  0.09% 1.14%
2002 - 2008 1.05% 0.00% 1.05%  0.09% 1.14%
2002 - 2013 1.05% 0.00% 1.05% 0.08% 1.13%
2002 - 2023 1.04% 0.00% 1.04% 0.08% 1.12%
Table 15-6 Sunapee DP Spot L oads | dentified
YEAR
Substation | Circuit Load Type 2004-2008 | 2009-2013 | 2014-2023
Load (kW)
Sunapee Sp12 Wash! ngton Island Condos 50 50 100
Washington Iand Condos 50 50 100
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Figure 154 Historical and Forecasted Sunapee DP Demands

15.2 Transmission System

15.2.1

Bulk Transmission System

NHEC's Sunapee Substation is supplied by PSNH’s North Road Substation. North Road
Substation is supplied by two 115 kV circuits, Webster-North Road 115 kV and Ascutny
(VELCO) — North Road 115 kV transmission lines.

15.2.2

34.5 kV Subtransmission System

Substation capacity and base case and forecasted load levels are depicted in Table 15-7 and are
based on an annua area load growth rate of 0.985% in coincident peak loads for both the
summer and winter peak load periods.

Table 15-7 34.5kV Subtransmission System

115-34.5kV Transformer Capacity

Peak Loads—-MVA

PSNH Summer Winter 34.5kV Summer Winter

Substation Capacity Capacity Feeders | 2003 2023 2002 2022

North Road | 1-55 MVA, 1-56 MVA | 1-64 MVA, 1-65 MVA 3 234 319 30.4 40.5
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North Road Substation has three 34.5 kV feeders. PSNH 34.5 kV feeders 3161 and 3410 are
looped for improved reliability and backup. Feeder 3161 has a significant level of small power
producer generation capacity located at Hemphill, 14.1 MVA. NHEC's Sunapee Substation is
served from the North Road Substation feeder 3410. PSNH feeder 3410 currently peaks at 5.4
MVA in summer and 7.0 MVA in winter and is projected to be at 6.6 MVA in summer and 8.4
MVA in winter in 2022-23. There are no deficiencies during the planning period.

15.2.3  Historical Reliability

Sunapee Substation has not experienced any power supplier outages in the 2000-2002 time
period. Thisiswithin the NHEC design criterialimits.

15.2.4  Contingency Performance

The outage of a single 115 kV transmission line or a North Road 115-34.5 kV transformer will
not result in an outage to Sunapee Substation. An outage of PSNH 34.5 kV feeder 3410 will not
result in Sunapee Substation being unserved for more time than it takes PSNH to isolate the fault
and restore service by line switching to the adjacent PSNH 3161 feeder.

15.3 Distribution System

15.3.1 General

The following discusses the recommended construction projects by substation, DP or MP service
area adong with various aternatives. Project item numbers referred to in the discussion are shown
on the Proposed System Circuit Diagram and in the cost tables. The projects and item numbers
shown in GREEN are anticipated in the 2003-2008 Transition Plan time period. Projects and
item numbers shown in BLUE are projected to be needed in the 2009-2013 Transition Plan,
while projects and item numbers shown in RED are in the remaining 2014-2023 time period.
Projects based on improving reiability are shown in ORANGE and are discussed in Section
15.4, Didtribution System Réiability. Section 5.0, Planning Approach, provides information
related to the development of the Long Range Plan. The “Substation Load Data Projections
[table]” at the end of Section 15.0 shows the 2003, 2008, 2013 and 2023 peak load leves for
each substation, DP and MP and circuit using the existing system configuration and the proposed
system configuration.

15.3.2 New Substations, DP’s and MP’s
The East Lempster Delivery Point is recommended to improve voltage and provide additional

capacity to the area served by Circuit SP12 of the Sunapee Substation. This circuit is forecasted
to have a peak load of 3,807 kW in 2023. At the present time, three sets of voltage regulators are
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cascaded to maintain proper voltage levels. The ends of Circuit SP12 are approximately 25
miles from the Sunapee Substation.

The East Lempster Delivery Point will be served by a 34.5 kV line. The existing three-phase 336
ACSR distribution line between the Sunapee Substation and the East Lempster DP location is
operated at 7.2/12.47 kV but is insulated for 34.5 kV operation and was constructed to
accommodate three-phase underbuild. Project SP-1 is the addition of three-phase 336 ACSR,
7.2/12.35 kV, underbuild to the existing three-phase 336 ACSR line. Thiswill enable the load to
be transferred to the underbuild and be served at 7.2/12.47 kV and the 34.5 line can then provide
service to the East Lempster DP.

Projects EL-1 and EL-2 are the addition of 34.5 kV to 7.2/12.47 kV, 5000 kVA padmounted
stepdown transformers and 219 amp voltage regulators on the south and west main three-phase
lines for continued operation at 7.2/12.47 kV. A normally open 7.2/12.47 kV tie between the
south and west lines and to Circuit SP12 is recommended to enable serving these areas from
ether one of the stepdown transformers. The transformer and regulators on the west line have
also been sized to provide the capacity to backup the Charleston Meter Point.

15.3.3  Substation, DP and MP Changes

The following table shows the projected kW for the Long Range Plan design load leve,
Proposed System Arrangement, as a percent of existing and proposed substation transformer and
regulator capacity. The percent of capacity is calculated using a 98 percent power factor and 10
percent load unbalance. Proposed capacity upgrades that are anticipated for serving normal load
and/or for backup or for the ordinary replacement of aged transformers are shown in [bold].
The notes at the bottom of the table indicate the reason for the change and provide the project
number.
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Table 15-8 Substation Transformer And Regulator Data

Transformer Voltage Regulator
Rating (kVA) Est. Est.
Name OA | FA | OA FA Win | Load |Capacity| Size | Load |Capacity
55° | 55° | 65° | 65° |Season| (kW) | (%) |[(AMP)|(AMP)| (%)
Calavant MP -- -- -- - -- 801 -- -- 42 --
Charlestown DP* | 5,000 | -- -- - 5500 | 1,735 32 75 20 120
Charlestown DP* | 5,000 | -- -- -- 5500 | 1,735 32 150 90 60
Charlestown DP? | 5,000 | -- -- - 5500 | 1,324 25 75 69 92
Charlestown DP 2 | 5,000 | -- -- - 5500 | 1,324 25 150 69 46
Cornish MP -- -- -- -- -- 1,396 -- -- 73 --
E. Lempster-South| 5,000 | -- | 5,600 - 6,160 | 1849 31 219 96 44
E. Lempster-West | 5,000 | -- | 5,600 - 6,160 957 16 219 50 23
Sunapee * 5,000 | 5,750| 5,600 | 6,440 [ 7,000 | 4,745 69 328 | 247 75
Sunapee 4 5,000 | 5,750| 5,600 | 6,440 [ 7,000 | 1,678 24 328 87 27

1" Estimated peak |oad is before |oad transfer to Calavant MP.

Estimated peak load is after |oad transfer to Calavant MP.

Estimated peak |oad is before the installation of the East Lenpster DP.
4 Estimated peak |oad is after the installation of the East Lempster DP.

w N

No conversion to a different distribution system operating voltage is recommended at any of the
substations, meter points or delivery points. The distribution operating voltage is to remain at
7.2/12.47 kV.

After completion of Projects SP-1, EL-1 and EL-2, which create the East Lempster DP, it is
recommended that 3-328 amp voltage regulators be installed at the Sunapee Substation and the
two sets of line regulators on Circuit SP-12 be removed. The 328 amp voltage regulators will
provide the capacity for backup to the new East Lempster DP. One capacitor bank can also be
removed.

Project CT-1 will upgrade the 3-75 amp voltage regulators a the Charlestown DP to 3-150 amp
regulators to provide adequate capacity.

15.3.4 Calavant Meter Point Service Area

1534.1 Existing System Review

The Calavant Meter Point takes service at 7.2/12.47 kV. The MP, which is forecasted to serve
415 kKW of pesk load in 2023, supplies two circuits, CA11 and CA12. Circuit CA11 serves
approximately 25 percent of the total load with CA12 serving the remaining 75 percent. There
are no voltage regulators ingtaled at the MP or out on the line.
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Circuit CA11 is single-phase, approximately 1.5 miles long and has no ties to other circuits. The
main line conductor is /0 ACSR. No main line capacity deficiencies or areas with low voltage
are anticipated for Circuit CA11 during this planning period provided the voltage a the MP is
120 volts or higher.

Circuit CA12 is approximately 1.6 miles long and has a vee-phase tie to Circuit CT11 of the
Charlestown Délivery Point. The main three-phase line is 1.0 miles long and consists of 1/0
ACSR. No line capacity deficiencies or areas with low voltage are anticipated during this
planning period provided the voltage at the MP is 120 volts or higher.

15.3.4.2 Recommended Plan

On Circuit CA12, Project CA-1 will provide a three-phase tie to the northern end of the
Charleston Meter Point’s service area by converting the existing vee-phase 1/0 ACSR line to
three-phase /0 ACSR by adding $1/0 ACSR phase conductor. The end of the line that is
served from the Charleston Meter Point is over 14 miles from the MP. The end of the line that is
served from the Cdavant Meter Point is less than 2 miles fromthe MP. This tie line will enable
the transfer of 383 kW of peak load, at the 2023 load level, from the Charleston Meter Point to
the Caavant Meter Point. This transfer provides a 6 to 9 volt improvement in the area and will
also improve reliability by reducing the amount of line exposure that serves the area. An
aternative to Project CA-1 is a more lengthy vee-phase to three-phase conversion on the
Charleston Meter Point main line along Black North Road. However, this alternative would not
provide as much voltage improvement nor would it reduce the amount of line exposure to
improve reliability. Therefore, Project CA-1 is recommended.

15.35 Charlestown Meter Point Service Area

1535.1 Existing System Review

The Charlestown Meter Point takes service at 7.2/12.47 R/. The MP condsts of one circuit
which is forecasted to serve 1.7 MW of peak load in 2023. Voltage regulators are installed at the
MP.

Circuit CT11 has a vee-phase tie to Circuit CA12 of the Cdavant MP approximately 14.3 miles
from the Charlestown MP and a vee-phase tie to the Circuit SP12 of the Sunapee Substation

approximately 13.5 miles from the Charlestown MP. The main three-phase line of CT11 begins
with 2.7 miles of 336 ACSR and then 2.7 miles of 4/0 ACSR. The main vee-phase and single-

phase lines are mostly 1/0 ACSR. Voltage regulators are ingtaled in the vee-phase line
approximately 9.5 miles from the MP to maintain proper voltage levels at the ends of the circuit.
The vee-phase line from the end of the three-phase to where the vee-phase splits s heavily

loaded. Also, the single-phase line serving “5 Points’ and the area beyond is becoming heavily
loaded. These conditions result in low voltage before the voltage regulators and at the end of the
single-phase line beyond “5 Points’.
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15.35.2 Recommended Plan

Project CT-2 will provide additiona capacity by converting the single-phase /0 ACSR line to
three-phase /0 ACSR by adding 2-1/0 ACSR phase conductors. The existing single-phase line is
estimated to have 44 amps of peak load at the 2023 load level. The 2.2 mile three-phase
extension will improve voltage at the end of the line by dividing the load over additional phases
and will aso improve load balance dong the three-phase main line.

15.3.6 Cornish Meter Point Service Area

1536.1 Existing System Review

The Cornish Meter Point takes service at 7.2/12.47 kV. The MP consists of one circuit which is
forecasted to serve 1.4 MW of peak load in 2023. There are no voltage regulators installed at the
MP.

Circuit CN11 starts with 0.7 miles of three-phase 1/0 ACSR and then splits into a north and
south feeder. The north and south feeders both start with a smal amount of three-phase 1/0
ACSR but are mostly vee-phase /0 ACSR. The north branch ends approximately 11.2 miles
from the MP and the south branch approximately 11.5 miles from the MP. Both branch lines
have voltage regulators installed approximately 5 miles from the MP to maintain proper voltage
levels at the ends of the circuit. The beginning of the vee-phase line on the south branch is
beginning to be heavily loaded. The voltage drop from the MP to the line voltage regulators is
calculated to be 4 volts at the 2023 load level. No single-phase line capacity deficiencies or areas
with low voltage are anticipated during this planning period provided the voltage at the MP is
122 volts or higher.

15.3.6.2 Recommended Plan

Project 378 is the replacement of an old vee-phase 1/0 ACSR with a new three-phase 1/0 tree
wire line. The existing line was built in 1941 and most of the poles are in bad condition and a
complete line rebuild is needed. This 10.7 mile project was included in year 1 of the 2001-2005
Congtruction Work Plan

It is recommended that since there are no voltage regulators at the Meter Point, if the supplied
voltage goes below 122 volts, the line voltage regulators should be moved closer to the Meter
Point.

15.3.7 Sunapee Substation Service Area

153.7.1 Existing System Review

The Sunapee Substation, which is forecasted to serve 4.7 MW of peak load in 2023, supplies two
circuits, SP12 and SP13. Circuit SP12 serves approximately 80 percent of the total load with
SP13 serving the remaining 20 percent. There are no voltage regulators installed at the
Substation.
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Circuit SP12 is approximately 26.8 miles long and has a vee-phase tie to Circuit CT11 of the
Charlestown MP. The main three-phase line is 24.8 miles long and consists of 9.8 miles of 336
ACSR and 15.0 miles of 1/0 ACSR. The three-phase line splits into a south and west branch
approximately 9.8 miles from the substation. The south branch serves 66 percent of the load and
the west branch serves 33 percent. Two sets of voltage regulators are installed in the main line.
The first set is approximately 5.6 miles from the substation and the second set is approximately
9.3 miles from the substation. Additional voltage regulators are installed further out on the line to
maintain proper voltage levels a the ends of the circuit.

Circuit SP12 serves approximately 46 percent of the total Sunapee Didtrict load. The 2023 load
level does not exceed the capacity rating of the existing 336 ACSR or the /0 ACSR three-phase
feeder mains and 1/0 ACSR single-phase feeder mains. However, low voltage does occur in
places due to the large amount of load on the circuit and the long length of the circuit.

Circuit SP13 is approximately 28.6 miles long and has no ties to other circuits. The main three-
phase lineis 11.3 miles long and consists of 2.6 miles of 336 ACSR and 8.7 miles of /0 ACSR.
The remaining main line consists of 7.2 miles of vee-phase /0 ACSR and 10.1 miles of single-
phase 1/0 ACSR. Voltage regulators are ingtalled in the approximately 9.1 miles from the
substation to maintain proper voltage levels at the ends of the circuit. No line capacity
deficiencies or areas with low voltage are anticipated during this planning period provided the
voltage at the substation is 122 volts or higher.

165.3.7.2 Recommended Plan

Project 379 is the replacement of old poles and crossarms as needed. The existing line was built
in the late 1930's and it is estimated that 48 poles need replacement along with many crossarms.
This 10.5 mile project was included in year 1 of the 2001-2005 Construction Work Plan The
Work Plan indicates that the existing conductors will be used. However, it is recommended that
the poles being replaced from East Lempster south be sized to accommodate a future conductor
change to three-phase 4/0 ACSR. It is also recommended that the poles being replaced from
East Lempster north be sized for future conversion to a double circuit 336 ACSR line. This
double circuit would continue the 34.5 kV with 7.2/12.47 kV underbuild that is recommended as
Project SP-1.

Project 380 is the replacement of 2.3 miles of old three-phase line. This project was included in
year 1 of the 2001-2005 Construction Work Plan The poles are in bad condition and hendrix
cable is recommended because of the difficulty in obtaining permission to clear or trim the right-
of-way. Due to the age and condition of the line, a complete three-phase line rebuild is needed.
Since a complete rebuild is needed, the use of 4/0 Hendrix cable is recommerded to provide
additional capacity on thismain line.

Project 381 is the replacement of old phase conductors for 3.3 miles. The existing line has 1-4
ACSR phase conductor and 21/0 ACSR phase conductors and will be replaced with 1/0 tree
wire. The use of different sized phase conductors can cause uneven tensions and twisted
crossarms and replacement is recommended. This project was included in year 3 of the 2001-
2005 Construction Work Plan
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Project 382 is the replacement of 3.8 miles of old single-phase /0 ACSR with a new single-
phase 1/0 tree wire line. The poles are in bad condition and parts of the line are difficult to access
because of being in a wooded area on private right-of-way. The new line will follow road right-
of-way where possible. This project was included in year 4 of the 2001-2005 Construction Work
Plan

Project 383 is the replacement of 2.7 miles of old vee-phase 1/0 ACSR with a new three-phase
1/0 tree wire line. The poles are in bad condition and parts of the line are difficult to access
because of being in a wooded area on private right-of-way. The new line will follow road right-
of-way where possible. This project was included in year 4 of the 2001-2005 Construction Work
Plan

Project 384 is the replacement of 2.3 miles of old three-phase line. This project was included in
year 1 of the 2001-2005 Construction Work Plan The poles are in bad condition and hendrix
cable is recommended because of the difficulty in obtaining permission to clear or trim the right-
of-way. Due to the age and condition of the line, a complete three-phase line rebuild is needed.
Since a complete rebuild is needed, the use of 4/0 Hendrix cable is recommended to provide
additional capacity on thismain line.

As indicated in Section 15.3.2, Projects SP-1, EL-1 and EL-2 create the new East Lempster DP.
Project SP-1 is the addition of athree-phase 336 ACSR, 7.2/12.35 kV, underbuild to the existing
three-phase 336 ACSR line. Thislineis presently operated at 7.2/12.47 kV but was insulated for
operation at 34.5 kV when built. The line was aso built to accommodate an underbuild line. To
improve voltage and provide additiona capacity, it is recommended that the underbuild be
installed and the load be transferred to the underbuild and served at 7.2/12.47 kV to enable the
overbuild line to be operated at 34.5 kV to serve the new East Lempster DP. Projects EL-1 and
EL-2 are the addition of 34.5kV to 7.2/12.47 kV, 5000 kVA padmounted stepdown transformers
and 219 amp voltage regulators on the south and west main three-phase ines for continued
operation at 7.2/12.47 kV.

Project EL-4 is the replacement of a single-phase /0 ACSR line with a new three-phase 4/0
ACSR line and includes the addition of the third underground cable at the southern end of the
project. This project will divide the estimated 1450 kW of peak load at the 2023 load level south
of East Lempster thereby providing additional capacity and improved reliability. Reliability will
also be improved by providing a three-phase loop. Dividing the load will provide a 12 to 14 volt
improvement at the end of the circuit and will extend the life of the existing three-phase line
along Highway 10.

15.4 Distribution System Reliability

15.4.1  Historical Reliability

The overdl rdiability in the Sunapee district during 2000-2002 has been much lower than the
NHEC system average. |In fact, the Sunapee district was the worst performing district in the
NHEC system. Long feeders and heavy forestry are most likely some of the reasons for the
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higher outage indices. The following figure shows the reliability for each of the Sunapee district
feeders, aswell asthe digtrict total.

Sunapee District
SAIFI, SAIDI, and CAIDI
3 year Averages (2000-2002)
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Figure 155 Sunapee District Reliability

15411 SAIDI & SAIFI

Circuits CN11, CT11, and SP13 exceeded the SAIDI rdiability criteria limit of 5.0 for rura
classfied feeders. All circuits except CA11 exceeded the general SAIFI limit of 2.0.

15.4.2  Circuits That Exceed Reliability Criteria

15421 Circuit CA12

This short, three-phase circuit dightly exceeded the SAIFI criteria as mentioned above, but was
well within the SAIDI criteriawith an index of 3.03. There were only 19 outages on this feeder
over the three-year sample period. A breskdown of outages by cause can be seen in the
following Figure.
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Figure 15-6 Circuit CA12 Percentage of Customer-Minutes Out by Outage Cause

There were no distribution feeder outages on this circuit over the last three years. Therefore,
obvioudly due to the short length of the first zone of protection, most of the outages occurred on
the single-phase taps off the main line. The fused taps resulted in the “cutout and fuse open”
category ranking the highest in number of customer-hours of outages.

There are no recommended distribution construction projects or O&M improvements on this
circuit. Although, project CA-R1, the upgrade of V-phase to three-phase by adding one phase
conductors, will provide potentia reliability improvement during outages to magor feeders.
Project CA-R1, in conjunction with the other three-phase conversion projects CT-R4 and CT-R5,
will alow the Caavant Metering Point to be served by either the Charlestown delivery point or
proposed East Lempster delivery point during contingencies.

154.2.2 Circuit CN11

As discussed in Cornish Metering Point service area of the distribution section, this one circuit
actualy splits into long north and south \+phase lines that extend approximately thirteen miles
from the metering point.® The higher SAIDI index value of 5.89 was due to many single-phase
feeder and tap outages compared to entire main feeder outages affecting all members. For
example, there were five distribution feeder outages on the two circuits, with two occurring on
the north circuit and three on the south circuit. These outages cortributed only 17% of the tota
customer-hours. More importantly, there were numerous faults on the main lines causing the
sngle-phase north and south circuit feeder reclosers to operate. In fact, 42% of the customer-
hours of outage were due to the single-phase main feeder outages. Therefore, the remaining 40%
of the customer-minutes occurred from outages on single-phase taps off the main phase lines.
The percentage of customer- minutes of outages is shown in the following figure.

8 For discussion purposes, these will be considered the “north” and “south” circuits.
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Figure 15-7 Circuit CN11 Per centage of Customer-Minutes Out by Outage Cause

The figure indicates that an increase in tree trimming and right-of-way clearing along the main
lines may improve future reliability. As mentioned above, these main line outages were
responsible for approximately 60% of the total consumer-hours of outages. Depending upon the
location of these faults, additional zones of overcurrent protection may prove to be helpful as
well.

Presently, the Cornish metering point is served by CVEC and does not have any ties with other
sources during contingency Situations.  Although, construction project 378, the upgrade of \+
phase to three-phase adong the south circuit, which is proposed in NHEC's current 2001-2005
Construction Work Plan, along with a new tentative PSNH transmission line, will increase
backup potential, and therefore reliability, for the Cornish metering point.  Furthermore, there
were fifteen outages caused by the power supplier over the past three years on this metering
point. It us unknown at this time whether this PSNH line from Newport to Claremont aong
Highway 11/103 will be 12.47 kV digtribution or 34.5 kV transmisson. Either way, it is
recommended that NHEC establish a metering or delivery point in this area to serve some load
and provide backup for the south circuit of Cornish. The north circuit of Cornish may aso be
served from this new source, depending on voltage and capacity congtraints, during an outage at
the Cornish metering point. For purposes of this study, the proposed Newport delivery point,
project CN-R1, is estimated at $150,000.

Three recommended tie- lines are recommended if the long single-phase lines within the project
areas have experienced outage problems. Projects CN-R2, CN-R3, and CN-R4 will provide
looped capahility to 70, 84, and 36 members, respectively.

154.2.3 Circuit CT11

This was the worst performing circuit of the Sunapee district with a SAIDI of 10.64. There were
three feeder outages of extremely long duration that accounted for about 48% of the consumer-
hours. The breakdown of consumer-hours by cause can be seen in the following figure.
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Figure 15-8 Circuit CT11 Per centage of Customer-Minutes Out by Outage Cause

Backup capability from the Caavant metering point or the proposed East Lempster delivery
point will alow restoration of service to Charlestown during a transmission, substation, or major
three-phase line outage. To implement this, projects CT-R4 and CT-R5 are recommended. Both
projects are proposed strictly for backup capacity and reliability purposes, and therefore are not
needed during normal system configuration at the 2023 load levels. Project CT-R4, the 3.6-mile
conversion of V-phase 1/0 ACSR to three-phase 1/0 ACSR by adding one phase conductor is
estimated at $47,000. Project CT-R5, the six-mile conversion of V-phase /0 ACSR to three-
phase 1/0 ACSR by adding one phase conductor is estimated to cost approximately $80,000.

There are four potential tie-lines within the Charlestown delivery point service area that will
provide looped capability. Project CT-R1 will increase reliability for the 160 members that are
served on these two long single-phase taps. Projects CT-R2 and CT-R3 should be implemented
to provide more dependable service to the 102 members on the long single-phase tap.  Likewise,
project CT-R6 will provide backup potential to the 60 members on the single-phase tap.

154.24 Circuit SP12

Thisis one of the longest feeders on NHEC' s system, but hes much better reliability than would
be expected of atypica circuit of this configuration. The SAIDI criterion was met with a value
of 4.48, while the SAIFI criterion was exceeded with a value of 2.78. There were 180
distribution system outages during 2000-2002, with four of them being entire feeder outages.
These four were caused by tree contact and contributed about 48% of the entire consumer-hours
of outages. The following figure reflects percentage of consumer-hours by cause.
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Figure 15-9 Circuit SP12 Per centage of Customer-Minutes Out by Outage Cause

After subtracting the 48% of customer-minutes from the tree/limb category that were due to the
four feeder outages, only 11% of the remaining customer-minutes were due to tree contact. This
means that weather had more of an effect than the above figure indicates.

As discussed in the Sunapee Substation service area distribution section, there are mgor system
configuration proposals that will provide huge benefits from both a load serving and reliability
standpoint.  First, project CT-R5, the conversion to three-phase, will alow portions of Circuit
SP12 to be served by ether Caavant or Charlestown. This project is aso discussed in the
Circuit CT11 reiability section above, and is proposed to provide more benefit for the backup of
Caavant and Charlestown, but will aso benefit Sunapee circuit SP12.

Four projects to provide single-phase looped capability on some of the longer taps of this circuit
are recommended. The projects are designated as SPR1 through SPR4. The amount of
reliability impact each tie-line will provide, the number of members and the amount of load on
the taps, and the historical outage rates should be studied to determine the feasibility of each
project.

154.25 Circuit SP13

This was the second worst performing feeder in the Sunapee district with a SAIDI of 7.71. The
following figure shows the outage cause percentages.
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Figure 15-10 Circuit SP13 Per centage of Customer-Minutes Out by Outage Cause

WEATHER

27%

CUTOUT AND
FUSE OPEN

8%

TREES/LIMB

PRIMARY LINE

28%

MATERIAL
FAILURES
37%

There were two feeder outages, out of the 73 total outages, that were responsible for 32% of the

total customer-minutes. In addition, nine other individual outages affected over 100 members,
therefore contributing to the poor reliability indices.

A summary of the outages that occurred in the main zones can be seen in the following table.

Table15-9 Circuit SP13 Outage I nformation By Overcurrent Protection Zone

Protection Recloser Phase | Outages | % Customer- %
Zone Number Hours
1 SP13R-ABC ABC 17 24 4300 34
2" SP13R11 B 21 29 1560 13
2 SP13R12 ABC 16 22 5200 41
3 SP13R13 AC 18 25 1550 12
! Single-phase tap off the first zone of protection

There are no proposed investment projects on this feeder to aid in future reliability improvement.
Studying the possibilities of looped feeders or new interconnections with neighboring utilities
proved they were impractical for the cost and amount of reliability gained. Therefore, on circuit
SP13, basic periodic operations and maintenance review appear to be the only reasonable ways
to improve upon the historical reliability.
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15.4.3  Circuits That Meet Reliability Criteria

15431 Circuit CAl11

It appears this circuit had no distribution caused outages in 2000 or 2001, and only had one
outage in 2002. Therefore, there are no distribution construction projects recommended for
reliability on circuit CA11.

15.5 Cost Estimates

A summary of the cost estimate for the proposed 5-Y ear, 10-Year and 20-Year Plansis provided
in Table 15-10. Cost estimate details for the proposed New Tie Lines, Conversions and Line
Changes, New Substations, Delivery Points and Meter Points and Substation, Delivery Point and
Meter Point Changes, which were discussed in Section 15.3 and shown on the Proposed System
Circuit Diagram, are provided in the “Construction Cost Details [table]” at the end of Section
15.0. Unit cost information is included in this report as Exhibit [11. When future reference is
made to these cost estimates, material and labor prices should be reviewed to incorporate
existing market conditions.

Table15-10 Construction Cost Summary

2004-2008 | 2009-2013 | 2014-2023 2004-2023
Cost (%) Cost (%) Cost ($) Cost (%)

New TieLines 0 0 0 0

Conversons and Line Changes 2,040,800 14,300 641,800 2,696,900

New Substations, PD’sand MP's 196,000 0 0 196,000

Substation, DP and MP Changes 50,000 0 0 50,000

Totd 2,286,800 14,300 641,800 2,942,900

Projects for Improved Reliability 248,600 599,570 150,000 998,170
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Table15-11 Substation Load Data Projections

. . . Proposed System
Existing System Configuration Configuration

2003 2008 2013 2023 2008 2013 2023

Substation or Meter Load Load Load Load Load Load Load
Point Ckt. | Season kW kW kW kW kW kW kW
Calavant MP CA11 W 104 104 104 105 104 104 105
CA12 W 309 309 309 310 309 670 696

Sub W 413 413 413 415 413 774 801
Charlestown MP CT11 W 1,507 1,574 1,624 1,735 1,574 1,230 1,324
Sub W 1,507 1,574 1,624 1,735 1,574 1,230 1,324
Cornish MP. CN11 W 1,407 1,400 1,398 1,406 1.400 1,398 1.406
Sub W 1,407 1,400 1,398 1,406 1,400 1,398 1,406

East Lempster DP West W -- -- -- -- 778 834 957
South W -- -- - - 1,503 1,611 | 1,849
Sub W -- -- -- -- 2,281 2,445 2,806
Sunapee Substation | spi12 W 2,886 3,094 3,317 3,807 601 644 740
SP13 \W 821 847 875 938 847 875 938
Sub W 3,707 3,941 4,192 4,745 1,448 1,519 1,678
Sunapee District W 7,034 7,328 7,627 8,301 7,116 7,366 8,015
Table 15-12 Construction Cost Details
(seefollowing 2 pages)
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Project Reason| @ Loaq Estimated
Code | YR Sub/Ckt Project Description Code |(@mps) | Miles|  Cost ($)
I. New TieLines
None 0
I1. Conversions and Line Changes
CA-1 2013 Calavant/ CA12  2ph 1/0 ACSR to 3ph 1/0 ACSR (add 1) ChbV [1] 1.10 14,300
CT-2 2023 Charlestown / CT11 1ph 1/0 ACSR to 3ph 1/0 ACSR (add 2) ChbV 40 2.20 63,800
378 2005 Cornish/CN11  3ph 1/0 ACSR to 3ph 1/0 Tree Wire WP - 10.70 600,000
379 2004 Sunapee/SP12  Pole and crossarm replacement WP - -- 70,000
380 2005 Sunapee /SP12  3ph 1/0 ACSR to 3ph 4/0 Hendrix WP - 2.30 202,400
381 2004 Sunapee /SP12  3ph (1-4ACSR, 2-1/0 ACSR) to 3ph 1/0 Tree Wire WP - 3.30 100,000
382 2005 Sunapee/SP12  1ph 1/0 ACSR to 1ph 1/0 Tree Wire WP - 3.80 160,000
383 2005 Sunapee/SP12  2ph 1/0 ACSR to 3ph 1/0 Tree Wire WP - 2.70 170,000
384 2005 Sunapee/SP12  3ph 1/0 ACSR to 3ph 4/0 Hendrix WP - 2.30 202,400
SP-1 2005 Sunapee /SP12  3ph 336 ACSR Underbuild c\Vv 150 10.00 500,000
EL-3 2005 EastLempster/South Add 3-150 amp voltage regulators \% 75 -- 36,000
EL-4 2023 East Lempster/South 1ph 1/0 ACSR to 3ph 4/0 ACSR B,C,D,\V 100 680 578000
Total Conversions and Line Changes 45.20 2,696,900
I11. Projectsthat have Potential Reliability | mprovement
CA-R1 2013 Calavant/ CA12  2ph 1/0 ACSR to 3ph 1/0 ACSR (add 1) 4.80 62,400
CN-R1 2023 Cornish/ CN11 Newport DP, 2.5/3.5 MVA, 19.9/34.5 - 7.2/12.47 kV -- 150,000
CN-R2 2013 Cornish/ CN11 1ph 1/0 ACSR 1.70 74,800
CN-R3 2013 Cornish/ CN11 1ph 1/0 ACSR 0.80 40,480
CN-R4 2013 Cornish/ CN11 1ph 1/0 ACSR 0.50 28,600
CT-R1 2006 Charlestown / CT11 1ph 1/0 ACSR 3.00 132,000
CT-R2 2006 Charlestown / CT11 1ph 1/0 ACSR 2.00 88,000
CT-R3 2006 Charlestown / CT11 1ph 1/0 ACSR 0.50 28,600
CT-R4 2013 Charlestown / CT11 2ph 1/0 ACSR to 3ph 1/0 ACSR (add 1) 3.60 46,800
CT-R5 2013 Charlestown / CT11 2ph 1/0 ACSR to 3ph 1/0 ACSR (add 1) 6.00 78,000
CT-R6 2013 Charlestown / CT11 1ph 1/0 ACSR 0.30 18,480
SP-R1 2013 Sunapee/SP12  1ph 1/0 ACSR 0.20 12,760
SP-R2 2013 Sunapee/SP12  1ph 1/0 ACSR 0.50 8,450
SP-R3 2013 Sunapee /SP12  1ph 1/0 ACSR 1.70 74,800
SP-R4 2013 Sunapee/SP12  1ph 1/0 ACSR 3.50 154,000
Total Potential Reliability Improvements 29.10 998,170
Total of all projects 74.30 3.695.070
Total by year for first 4 years (includes reliability projects)
2004 3.30 170,000
2005 31.80 1,870,800
2006 5.50 248,600
2007 0.00 0
2008 0.00 0
2013 24.70 613,870
2023 200 791,800
Total 74.30 3,695,070

Reason Code(s)

To replace Aged and deteriorated lines that are expected to reach the end of their useful life.

To improve B ackup between circuits and substations.

To provide additional Capacity.

To Divide the load for improved load balance, voltage, sectionalizing and reliability.
To accommodate Future load.

To accommodate new System configuration as a result of other projects.

To replace old 175 Mil bare concentric neutral Underground cable in poor condition.
To improve Voltage.

As per NHEC 2001-2005 Construction W ork Plan.

Recommended when load on vee-phase line of CT11 reaches 35 amps/phase.

@ Load (amps) column indicates the load at which the project is to be implemented.

Power System Engineering, Inc.
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Project Estimated
Code YR Name Project Description Cost (%)
IV. New Substations, Delivery Pointsand M eter Points
2004-2008 Time Period
EL-1 2005 East Lempster / South 5000 KV A 34.5KkV to 7.2/12.47 kV transformer 50,000
EL-1 2005 East Lempster / West 3-219 amp voltage regulators 48,000
EL-2 2005 East Lempster / West 5000 kVA 34.5kV to 7.2/12.47 kV transformer 50,000
EL-2 2005 East Lempster / West 3-219 amp voltage regulators 48,000
Total 2004-2008 196,000
2009-2013 Time Period
None
2014-2023 Time Period
None
V. Substation, Delivery Point and M eter Point Changes
2004-2008 Time Period
SP-2 2005 Sunapee Add 3-328 amp, 7.2 kV, voltage regulators 26,000
CT-1 2004 Charlestown Upgrade regulators from 3-75 amp to 3-150 amp 24,000
Total 2004-2008 50,000
2009-2013 Time Period
None
2014-2023 Time Period
None
Power System Engineering, Inc. 15-25



Table15-13 Summary of Reliability Indices by Feeder

Members #
DISTRICT CKT YEAR Out Cons-Hours] Consumers - SAIFI SAIDI | CAIDI

SUNAPEE CAll 2000 0 0 42 0.00 0.00 0.00

2001 0 0 42 0.00 0.00 0.00

2002 34 37 42 0.81 0.88 1.09

Totals 34 37 126 Average 0.27 0.29 1.09

CAl12 2000 87 150 48 1.81 3.13 1.72

2001 76 96 48 1.58 2.00 1.26

2002 127 190 48 2.65 3.96 1.50

Totals 290 436 144 Average 2.01 3.03 1.50

CN11 2000 696 1,708 644 1.08 2.65 2.45

2001 2,129 5,598 644 3.31 8.69 2.63

2002 1,982 4,075 644 3.08 6.33 2.06

Totals 4,807 11,381 1,932 Average 2.49 5.89 2.37

CT11 2000 5,145 16,491 880 5.85 18.74 3.21

2001 2,240 5,945 880 2.55 6.76 2.65

2002 2,125 5,660 880 2.41 6.43 2.66

Totals 9,510 28,096 2,640 Average 3.60 10.64 2.95

SP12 2000 3,706 6,817 1,826 2.03 3.73 1.84

2001 6,628 10,910 1,826 3.63 5.97 1.65

2002 4,875 6,816 1,826 2.67 3.73 1.40

Totals 15,209 24,543 5,478 Average 2.78 4.48 1.61

SP13 2000 1,912 5,635 550 3.48 10.25 2.95

2001 2,078 5771 550 3.78 10.49 2.78

2002 834 1,318 550 1.52 2.40 1.58

Totals 4,824 12,724 1,650 Average 2.92 7.71 2.64
District

Total 2000 11,546 30,801 3,990 2.89 7.72 2.67

2001 13,151 28,320 3,990 3.30 7.10 2.15

2002 9,977 18,096 3,990 2.50 4.54 1.81

Totals 34,674 77,217 11,970 Average 2.90 6.45 223

*-Indices EXCLUDE: outages affecting <5 members, outages <5 minutes duration, Power Supplier Caused, Major
Sorms, any 34.5 kV outages on either NHEC or PSNH's system (*High Sde" Outages).

Power System Engineering, Inc.
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Exhibit I - Summary Table of Load Forecast Variables

' LPL Additions’ L oads (kW)
_— . ! . -
District Delivery Point CPR DPC Type Load 2002 2023 AGR | Multiplier
(kW)
New Durham } . - Large number of summer camps causing variable to be lower than future connects. Movie 1,000
(Alton and New aRrZalgo:Zrl];iTr: tsl?gjg?:oﬁr:;:c;ea therefore sustaining 20.6% of New connects to represent larger homes and a few businesses with average demands of T:?;:e 10,388 | 17,578 | 2.7% 1.69
Alton Durham Subs) ’ 1.66 kW compared to 2002 variable of 1.456 kW. School 2,000
Pittsfield (Barnstead|Benchmark forecast of 8.7% felt low due to more growth potential in |1.70 kW used for new consumers due to the potential of an increase in average home . . 2874 2193 1.9% 146
Sub) NHEC service area compared to neighboring utilities service areas. size and faster commercial growth. ! ! i i
Alexandria District Manager projected slight increase for this variable. Expected to remain stable at 1.42 kKW for next twenty years. - - 624 930 2.0% 1.49
For the next ten years, homes will be larger, therefore contributing more demand (2.0
Franklin (Webster Expected to remain constant at 14.4%, KW per consumer). _For the follo_wing ten_ years, asthe larger lots slowly sell and _ . . 4,800 5,667 0.8% 118
Andover Sub) become saturated with new housing, lot sizes will be smaller, therefore accommodating
smaller homes with average demand (1.85 kW per consumer).
2002 variable of 3.66 kW per consumer slightly high due to Freudenberg, Inc., alarge
Northfield Projected to slightly increase. industrial load. New connects expected to contribute approximately 2.20 kW to - - 3,118 3,435 0.5% 1.10
delivery point non-coincident peak.
Thisvariableis projected to dramatically increase. The 2002
percentage was 23.7%. The marginal percentage for the next twenty [1.50 KW per new consumer. 2002 demand per consumer was 2.17 kW. Thisis high
Colebrook Colebrook yearsis estimated to be 38.7%. Thisis due to the fact that many new |due to the contributions from the Tillotson Health Care Facility and other large loads. - - 2,707 2,960 0.4% 1.09
connects will be for secondary homes that do not contribute to the After subtracting these large loads, the demand was 1.2 kW per active consumer.
population count.
The 2002 demand per active consumer totaled 4.17 kW. Businesses with larger
Conway (Conway [Marginal CPR is estimated at 43.5% over the next decade compared to|demands caused this variable to be high. After subtracting the large load contributions,
and Perkins Corner |the current figure of 33.5% due to land availability. The CPR then the average demand totaled 2.7 kW. Therefore, this demand was used for new connects - - 16,361 | 18,828 0.7% 115
Subs) remains at 34.1% through 2023. throughout the 20 year horizon. Existing businesses are expected to continue at current
Conway demand levels.
Saco (Bartlett,  [Significant growth anticipated in this service area due to ski resorts :;h? demand %fi% kWt ;|3er 8dact|\'/:e C?r? sumetr ;zr 2t002 's h|ghddue tc&mmz(l;rger 25
Glen, and Jackson |and land availability. A marginal CPR of 63.3% is assumed USINESSEs and s| resort loacs. For the next twenty years, a demand projection of <. - - | 18800 | 23350 | 1.1% | 124
X kW per new consumer was used which is a more accurate representation after
Subs) throughout the forecast horizon. subtracting the large load contributions.
Haverhill Very rural area. CPR of 10.1% expected to continue. Very rural area. 1.24 KW per consumer expected to remain steady. - - 708 807 0.7% 1.14
Lisbon Lishon Very rural area. Variable of 7.0% expected to remain steady. Very rural area. 1.50 KW per consumer for the entire planning horizon. - - 939 986 0.2% 1.05
Monroe Very rural area. Variable of 3.8% expected to remain steady. Very rural area. 1.91 kW per consumer expected to remain steady. - - 524 557 0.3% 1.06
New connects expected to have higher demands due to larger homes and more
. amenitiesin thefirst five years. Expect service upgrades at existing homes. 1.88 kW
Center Harbor | No change expected in CPR of 38.79. per consumer for 2002 expected to increase. Used 2.5 kW per new consumer for next 10613 | 17,098 24% 161
five years, and 2.2 kW per new consumer for remaining fifteen years.
Castle
- . Significantly residential with few commercial/industrial loads. 2002 variable equal to rings
Meredith Melvin Village |No changein CPR of 20.7% expected. 1_30 W NyaN conmects expecie] 1o contritute sbout 1.8 KW on averege, & ;gn”gg 1000 | 3732 | 6674 | 29% | 179
Plant
Meredith 1 No change in CPR of 20.9% expected. 2002 variable eqyal t01.85 kV\./' New connects expected to contribute about 2.0 kW on Church 400 6,682 9,686 1.9% 145
average due to slightly larger size homes.
Mix of residential and business. Lower taxes in Moultonborough township will cause
Meredith 2 No change in CPR of 8.3% expected. more growth, larger homes. 2002 variable equal to 2.28 kW which is high due to 5,273 6,189 0.8% 117
business contributions. New connects expected to contribute 2.0 kW.
Land avallablllty.m NHEC Service area, and access toffrom . Includes King Pine Ski Areaload contribution. After eliminating ski contribution,
Tamworth Massachustis will case CPR to increase. 2002 percentage is 9.3%. demand per consumer is around 1.4 KW. Therefore, 1.4 kW per new connect used for = = 1,223 1,906 2.2% 156
Marginal CPR of 19.3% assumed for the next decade. Total CPR then ’ ’ n ! ! i i
= next twenty years.
: stabilizes at about 11%.
Ossipee New homes will be larger than average. Existing homes are upgrading and adding air
Saturation in PSNH's service areawill cause more growth on NHEC's conditioning which will cause the demr;\nd per consumer to increase. Use 1.8 kW per
Tuftonboro system than in the past. Marginal CPR will increase by 2.0% per year ) - - - 3,677 5,600 2.1% 1.52
X o t new consumer for first 10 years, and 1.5 kW per new consumer for remaining 10 years
in next decade and then stabilize for the following decade. of planning horizon.
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Exhibit I - Summary Table of Load Forecast Variables

LPL Additions’ L oads (kW)
District Delivery Point CPR* DPC? AGR [ Multiplier
Y e | o | 2002 | 2023
. Residential load. Serves townships with lower taxes. Next twenty Variable expected to remain constant at alevel of 1.7 kW per new consumer. Current
Bridgewater year CPR projected to remain at 14.6%. 2002 demand per consumer is 1.64 kW. ) ) 4442 | 545 | 1.0% 123
Larger homes expected in the first five years of study that will increase demand per
Lyme CPR expected to remain constant at 4.0%. consumer. Therefore, use 2.0 kW per new consumer for first five years and decrease to - - 1,051 1,365 1.3% 1.30
1.7 kW for remaining fifteen years.
Plymouth 1 (Green |2002 value of 14.2% expected to remain constant throughout 20 year . Plymouth
. . 350 49 .
Street Sub) study. 2002 value of 1.80 kW expected to remain constant throughout 20 year study College 2,086 2,734 1.4% 131
. . . Many large commercial businesses causing this variable to be higher than average at
Plymouth 2 Percentage of new population served by NHEC projected toincrease |, o, per consumer for 2002. Expect same mix and size of residential and Tenney
. significantly for first five years. Marginal CPR of 30% used for next : : . Mtn. Ski | 1,000 6,741 9,069 1.5% 1.35
(Fairgrounds Sub) | . commercial for next ten years that will cause variable to stay around 3.0 kW. Expect
five years and 23% for rest of forecast period. . Area
decrease to 2.5 kW per new consumer in 2013-2023.
— - - 5 - -
Plymouth Rumney Reﬂden_ual load with some smgll commercial. 34% for 2002 expected 2092 value of 1.5 kW per consumer expected to stay relatively constant for entire study . . 5,602 6,992 1.0% 103
to remain for 20 year study period. period.
Thornton (Thornton Waterville Valley Ski Area causing this variable to be significantly higher than average
] . at 7.0 kW per consumer for 2002. Growth at and around Waterville Valley consisting
and Waterville |CPR to remain at 37.1% for next twenty years. . : . ; School 500 16,157 | 21,221 | 1.4% 131
all bs of townhouses/condo and larger residential, along with Waterville Valley Ski Resort
Valley Subs) growth, felt to cause demand to remain around 7.0 kW on average for new connects.
Serves Loon Min. Ski area. 152% for 2002. Variable is over 100% Loon Mtn. Ski Area causing this variable to be significantly higher than average at 5.4
P : . kW per consumer for 2002. Growth at and around Loon Mtn. consisting of
Woodstock | because of asignificant amount of secondary residencesinarea, that |, ) oo and larger residential, along with L oon Mtn, Ski Resort growth, felt | - Lo
(Woodstock and [are not included in population count. Marginal CPR projected to ) g ' 9 ) growtn, 16 Mountain | 2,000 | 21,958 | 27,824 | 1.2% 1.27
R X S - ' to cause demand to increase to about 8.0 kW on average for new connects for first five
Lincoln Subs) increase to 200% in first five years, 190% in second five year study . . South
eriod, and 170% in the last ten years of the study years of study. Saturation will cause demand per consumer to decrease to 7.0 kW and
period, : 6.0 kW in 2008-2012 and 2013-2023, respectively.
. . ] ) 2.87 kW in 2002. Larger subdivisions will cause variable to increase for next ten years.
0, 0,
Brentwood gsg 'Sai'dl fllt;ig??ést’vl:ngl ’:’rscgz ;:"5;/” ;‘;r firsttenyearsof |5 oands of 3.5 KW per new consumer are used for 2003-2012, followed by demands . - | 1550 | 2965 | 33% | 191
v, ad A.2% v pated. of 3.0 kW for 2013-2023.
Chester Same scenario as Brentwood. Marginal CPR's are 17.8% and 14.8%. 244 KW in 2002 .3'0 KW per New consumer projected for first ten years. 2.5 kW per - - 4,910 8,025 2.5% 1.63
new consumer projected for remaining years.
2.08 kW per consumer in 2002. New connects projected to contribute 3.0 kW on
Deerfield CPR expected to remain at 4.1%. average for next five years. Estimate 2.5 kW and 2.0 kW per new consumer for last - - 2,347 3,065 1.3% 131
Raymond two periods of study.
Derry Maintain 2002 level of 2.0% throughout study period. Maintain 2.2 KW per new consumer throughout study period. - - 2,924 4,071 1.7% 1.39
12.5% in 2002. Farmland sales for residential development will cause [2.07 kW per consumer in 2002. Larger homes will cause demand contribution to
Lee variableto increase. Lee township will see most growth inthearea.  |dlightly increase for the first five years at 2.2 kW per new consumer. Remaining fifteen - - 2,114 3,025 1.8% 143
Projected 14.5% for entire study period. years projected at 2.0 KW per new consumer.
Due to saturation in NHEC's service area, this variable is expected to
Raymond slightly decrease during the next twenty years. 7.6% in 2002. NHEC [1.97 KW per consumer in 2002. Expected to continue throughout study period. = = 4,162 5,719 1.6% 1.37
expected to serve 6.6% of new population throughout planning period.
. . } . 4.05 kW per consumer in 2002. Diversification of load type causing variable to be
0,
Cdzva‘lts([t/kl)aple zélri{;dm 2002. Projected to remain at thislevel throughout study higher than system average. New connects projected at 2.0 kW on average for next 413 414 0.0% 1.00
ve. ) P i twenty years.
o i . . . Bascom
su Charlestown 13'.24) in 2002 Projected to remain at this level throughout study 1.45 kW per consumer in 2002. Felt this level would be maintained throughout study. Farms 20 1,500 1,715 0.7% 1.14
napee period. Maple
Cornish 3'2.A) in 2002. Projected to remain at this level throughout study 1.86 kW per consumer in 2002. 2.2 kW per new connect anticipated for next ten years, 1,405 1,401 0.0% 1.00
period. followed by ten years at 1.9 kW per new consumer.
Sunapee 11.§/o in 2002. Projected to remain at this level throughout study 1.45 kW per consumfar in 2002. Maintain this consumer demand contribution 3716 4,695 1.2% 196
period. throughout study period.
[ Consumer Population Ratio: Count of Active Consumers divided by total population 2 Demand Per Consumer: Delivery Point Non-Coincident Peak kW divided by total number of active consumers served 3 Large Power Load Additions: Loadsin addition to the base projected forecast
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Exhibit Il - Transformer Loading Guide

Transformer Loading - 55 Degree C. Rise, Self Cooled (OA)
Preloading at 100%, Normal Loss of Life
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Exhibit Il - Transformer Loading Guide

Transformer Loading - 65 Degree C. Rise, Self Cooled (OA)
Preloading at 100%, Normal Loss of Life
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Exhibit lll — Unit Cost Estimates

UNIT COST ESTIMATESY

|. Distribution

New Overhead Tie Line

Cost Per Mile by kV ($)

1f Vi 3f
Size (ACSR) 7.2 14.4 19.9 | 7.2/125 | 14.4/249 | 19.9/345 | 7.2/125 | 14.4/24.9 | 19.9/34.5
1/0 44,000 | 48,000 | 53,000 | 57,000 | 63,000 | 69,000 68,000 | 75,000 | 82,000
4/0 67,000 | 74,000 | 81,000 85,000 | 94,000 | 103,000
336 KCM 76,000 | 81,000 | 89,000 96,000 | 106,000 | 116,000
477 KCM 104,000 | 114,000 | 126,000
556 KCM 110,000 | 121,000 | 133,000
New Underground Tie Line
1f Vi 3f
Size (AL) 15 kV 25 kV 15 kV 25 kv 15 kV 25 kv
10 49,000 54,000 70,000 77,000 91,000 100,000
4/0 82,000 90,000 106,000 117,000
500 KCM 150,000 165,000
Overhead to Overhead Conversion
Cost Per Mile by kV ($)
Existing New (ACSR) 7.2/12.5 14.4/24.9 19.9/34.5
1f 1f -1/0 44,000 48,000 53,000
1f Vf -1/0 57,000 63,000 69,000
1f 3f-1/0 68,000 75,000 82,000
1f -1/0 ACSR 3f -1/0 (add 2) 29,000 32,000 35,000
1f 3f -4/0 85,000 94,000 103,000
1f -4/0 ACSR 3f -4/0 (add 2) 36,000 40,000 44,000
1f -336 KCM 3f -336 KCM (add 2) 41,000 45,000 49,000
i Vf -1/0 59,000 65,000 71,000
Vf -1/0 ACSR 3f -1/0 (add 1) 13,000 14,000 15,000
i 3f-1/0 70,000 77,000 85,000
i 3f -4/0 87,000 96,000 105,000
Vf -4/0 ACSR 3f -4/0 (add 1) 22,000 24,000 26,000
Vf -336 KCM 3f -336 KCM (add 1) 24,000 28,000 32,000
3f 3f-1/0 71,000 78,000 86,000
3f 3f -4/0 88,000 97,000 106,000
3f 3f -336 KCM 99,000 109,000 120,000
3f 3f -477 KCM 107,000 118,000 129,000
3 3f -556 KCM 113,000 124,000 137,000
Overhead to Underground Conversion
Cost Per Mile by kV ($)
Existing New 15 kV 25 kV
1f 1f -1/0 AL 49,000 54,000
1f Vf -1/0 AL 70,000 77,000
1f 3f-1/0 AL 91,000 100,000
1f 3f -4/0 AL 106,000 117,000
3f 3f-1/0 AL 94,000 103,000
3f 3f -4/0 AL 109,000 120,000
3 3f -500 KCM 153,000 168,000

1/

Costs are for 2003 construction and include an allowance for engineering, legal, and overhead expenses.
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Exhibit lll — Unit Cost Estimates

UNIT COST ESTIMATESY (CONT))

|. Distribution (Cont.)

1f Vf 3f
Retirement of Overhead Line ($) 6,000 8,000 9,000
Equipment
Capacitors ? Unit Cost ($) Extended Cost ($)
3-50 kVAR units with 6 unit rack 15.67/ kVAR 2,350
3-100 kVAR units with 6 unit rack 8.33/ kVAR 2,500
3-150 kVAR units with 6 unit rack 6.00/ kVAR 2,700
3-200 kVAR units with 6 unit rack 5.33/kVAR 3,200
3 oil switches 1,300 1,300
VAR Control 1,300 1,300
Regulators Unit Cost ($) Extended Cost ($)
50 amp 8,600 8,600
100 amp 9,100 9,100
150 amp 12,000 12,000
219 amp 16,000 16,000
1. Distribution Substations, 12.5 kV Low Side
Land, Structure, Fence, etc. Transformer Voltage Regulators
High Side Estimated Size (kVA) / High Estimated Estimated
Voaltage (kV) Cost ($) Side (kV) Cost ($) Size (Amp) Cost ($)
345 515,000 3,750/ 345 86,000 3-219 23,000
115 530,000 5,000/ 34.5 120,000 3-328 26,000
7,500/ 34.5 140,000 3-438 32,000
10,000/ 34.5 170,000 3-656 46,000
5,000/ 115 175,000
7,500/ 115 205,000
10,000/ 115 250,000

[11. Transmission Line (Rural)

Description Estimated Cost ($) / Mile
34.5kv 200,000
69 kv 250,000
115 kV 350,000
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Appendix A — Distributed Generation Analysis

Distributed Generation Analysis for NHEC’s 2003 Long Range Plan

PSE has screened the projects proposed in the 2003 Long Range Plan for potential deferral by
using distributed generation (DG) as an dternative. Some utilities across the United States have
found DG viable on both a temporary and permanent basis in deferring transmission and
distribution grid reinforcement projects. The deferrals were viable because:

- Therewas acritical need for a back-up supply (a high value was placed on the additional
reliability provided by the back-up source).

- Other dternatives for providing a completely redundant back-up supply from the power
ddivery grid were quite expensive.

- There were significant generating capacity credits available by allowing the power
supplier the right to operate the DG units as needed for power supply requirements.

The stuation for NHEC at this time is that significant generating capacity credits are not
available (Section 5.3.3.3 in the Long Range Plan report). The following examples show the
economic comparison for using DG in place of grid reinforcement.

Assumptions

An 1800 kW diesd powered DG unit has become a popular choice for semi-mobile generator
ingallations. These units cost about $700,000 (purchase and installation costs for parallel
operation with the electric system) plus $33,000/year for 200 hours of operation. NHEC should
be able to realize about $9,700 of power supply credits per year based on current load usage
patterns for 200 hours of operation during peak load periods (20% of $2.25/kW/mo. x 12 months
x 1800 kW). Assume NHEC's cost of funds for this type of project is 10%.

Example 1-Alton Circuit 14

This circuit currently averages 7 hours of outage time per year. About 80% of this circuit has no
back-up supply and no grid reinforcement aternatives appear feasible for providing back-up
during this planning period. Placing a DG unit on this circuit in the neighborhood of proposed
project 308 could allow deferra of proposed project AL-7 for 20 years. The present value of the
generator cost (including 20 years of operation and maintenance costs less power supply credits)
is approximately $908,000. The estimated construction cost of project AL-7 is $374,000. This
analysis shows that the net cost of using DG to improve the reliability on this circuit would be
$908,000 - $374,000 = $534,000. NHEC should consider other line improvement aternatives
(more line clearance, installing covered wire in high tree contact areas and replacing equipment
in poor condition) as part of deciding what should be done for this Situation.

Example 2—Meélvin Village Circuit 13

This circuit currently has marginal reliability (about 4.5 hours of outage time per year) with no
back-up supply. The outage data shows that mgor tree issues exist, which should be addressed
first. This circuit serves a growing suburban area, which will require $455,000 of capacity
improvements by 2013 to adequately serve the additional load. DG could be used to defer the
capacity improvements if economical. However, at a starting cost of $700,000 for the initial
generator ingtdlation, DG would not be preferred unless the additiona reiability resulting from
its back-up capability is worth the extra cost.
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Appendix A — Distributed Generation Analysis

Example 3 — Sunapee Circuit 12

This dtuation is a combination of Examples 1 and 2. The existing circuit is over 20 miles long
with very minimal back-up connections to other circuits. The circuit load is expected to increase
significantly during the planning period which could require nearly $700,000 of capacity
improvements during 2005 (projects SP-1, EL-1 and EL-2). DG could be used to defer the
capacity improvements if sufficient generation capacity credits would become available to offset
the cost of operation (the cost of the proposed line improvements is about the same as the
generator installation cost). DG is not recommended at this time because the potential $9,700
power supply credit would not cover the $34,000 annual cost of generator operation and
maintenance. However, any significant change in power supply or other costs could easily
justify taking another look at this DG example before going ahead with the proposed system
improvements.
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