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Department of Energy Dickey-Lincoln School Lakes Project
Washingtom, D.C. 20585 Transmission EIS Study Team
Federal Building, -Room 209
Bangor, Maine 04401

TRANSMISSION SYSTEM PLANNING STUDY

PREFACE

On October 1, 1977, the responsibility for marketing federally
generated powee (under provisioms of the Flood Contrel Aet ef 1944)
was transferred from the Department of the Interior &6 €he newly fermed
Depaetment of Energy. The power transmission pertioens 6f the Diekey=
Lineoln Secheol Lakes Projeet were ineluded in that dwawsfer .

The U.S. Departments of the Interioe and Energy have condueted
system planning, location, and environmental studies for the #rans-
mission facilities requieed for the Dickey-Linecoln Scheel Hydroelectric
Projeect. These studies of many alternate routes have resulted in iden-
tification of a propesed transmission 1ine reute, and an emvirsniental
impaet statement, as required by the National Envirenmental Peliey A€t
ef 1969, This repert, decumenting an early phase of the everall sdwdies,
was first published by the Departiwent 8f the interier in Februaky 1977.
1t is being republished as Appendix A € the DOE Envirenmental Impast
Statefient for the project.

An electeic power system, such as the interconnected New England
Power Grid, is dynamic, with the flow of electeicity through wvarious
elements constantly changing. The system must be instantly respomsive
to changes in loads (use of electricity) wherever these changes may occur
throughout the region. Furthermore, the system must be designed to with-
stand the temporary loss of certain transmission lines, substation facili
ties or generatimg plants without disrupting the remaindee of the system
and losing the capability to provide the requieed amount of energy where
needed.

There are an infinite number of ways that a new generating facility
such as the Dickey-Lincolm School Project can be connected into a power
pool network such as that which exists in New England. System plamning
studies help identify a limited number of the "“integratiom plans" which
are electrically and economically most effective. The studies are made
by specially trained electrical utility engineers, using large digital
computers. The system is studied under both "steady state"” and "ttramsi-
ent" conditions for a large number of operating assumptions. The Dickey=
Lincoln School studies upon which this report is based were conducted by
the Department of the Interior and NEPLAN, the planning organization of
the New England Power Pool group.



These system planning studies identified five alternative methods
of integratimg the Dickey-Limcoln Scheol power into the overall power
grid. These five plans provided fthe framework for the location and
environmental studies which folllewed.

Harry D. Hurless
Project Manager



U.S. DEPARTMENT OF THE INTERIOR

DICKEY-LINCOLN SCHOOL LAKES PROJECT
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DICKEY-LINCOLW SCHOOL LAKES PROJECT
TRANSMISSEION SYSTEM PLANNING STUDY

Introducd fon

The purpose of this repert is te investigate various transmisskon system
alternatives and recefiend a plan ef serviee &8 integrate pewer frem #he

Diekey-Lincohn Seheel Lakes (P-L) Breject inte the New England electrie

power transmission System.

This study is one of three being conducted by the Departwment of the
Interioe (DOI) for the Departiment of the Army Cofps of Engimeers.

A marketing study has been eonducted conecurrently with the tramsmission
planning study. An environmental impact analysis of the study avea,
which encompasses all feasible alterpate transmission line eerride¥s; is
alse being develeoped. Information from these three efforts will be
brought together and used to seleet a propesed plam of serviee for the
integration of the plant and a propesed ecoFrider for the required %¥ans=

mission facilitties.

The Dickey-Lincolm School Lakes Project

The project is authorized to have an installed capacity of 760 MW at
Dickey and 70 MW at Lincolm School for a total nameplate capacity of 830

MW. One-fourth of the capacity at Dickey Dam, 190 MW, has been recommended



for reversible pump-tuebine operation providing pumped-storage cap-
ability. The overload ratings would be 874 MW at Dickey and 80 MW at

Lincoln School for a total of 954 MW of peaking capability.

The project has an ultimate potential for an additional 380 MW of pumped-
storage capacity at Dickey Dam when sufficient low cost pumping energy

is available. This ultimate level would inerease the nameplate rating

at Dickey to 1,140 MW and the projeet total te 1,210 MW. The overlead
rating for Diekey would be 1,311 MW fer a tetal project peaking capability
of 1,391 Mw.

The following table summarizes the plant outputs for the two levels of

development:

Level of Dewvelopment

Authorized Ultimate

Peak Energy 1/ Peak Energy 1/

(w) (Gun) (Mw) (@)
Dickey 874 894 1,311 894
Lincolm School _80 262 __80 262
Total 954 1,156 1,391 1,156

Natural flow energy only. Downstream benefits would add approximately
175 GWH; pumped-storage operations are estimated to provide an
additional 289 GWH at the authorized level and 587 GWH at the
ultimate level for a total of 2207 GWH.

It has been assumed that the project would be integrated into and dispatched

ag a part of the New England Power Pool (NEPOOL) system. The additional



380 MW of pumped-storage capability would be added in the future as
determimed by projected pewer demands and availaBility 8f econemie

pumping energy. The need is presently sstimated for the 1995-2000 time

frame..

It is important to note that the plans of service presented here do net
commit the sale of powee to specific lecatiens. Fer exafiple, a review
of the three westetn plans might imply that the tetal pewer eutput weuld
be sold in the States of New Hamphsire and Verment. This is net the
case. Rather these plans represent efitry points to .dhe backbone New
England -powee grid system whieh in turn provides acecess t6 areas dlrough-
out New England. These plans are designed to be part of --a anmd sadisfy
the requiremeats of —- the integrated New England transmission syster.
Facilities in each plan satisfy a nunbee of transmission requirements
including integratiom requirements, system load carrying capstvillidies,
shifts of generation between plants, steady state and transieat sdatvillidy,

and reliability Of the New England power system.

This transmission planning study used a 1974 study for a starting poimtt.
The previous report was prepared by the D-L Study Working Group of the
New England Planning Committee, -the planning organization of NEFQOL.

The Workimg Group consisted of members of their permanent staff at New
England Power Planning (NEPLAN), and utility members of the Committtee..
The report examined the feasibility of the Dickey-Lincolm School Project
at the authorized level, as well as transmission requirements. 1t

eoncluded that the project output as then conceived, 830 MW without



pumped-storage facilities, could be coordinated with and integrated into
the New England system as thea anticipated by the middle 1980s if the
project was under the contrel of and dispatched by NEPEX, NEPOOL's
control and dispateching center. A ecopy of the 1974 study and a copy of

the NEPOOL Reliability Criteria are ineluded as Appendices C and D.

The cost of "transmissionm requieed te conneet this prejeet inte the grid

and to provide sufficient additional capability to delivee the project

output to New England load centers™ was then estimated to be about $110

million for the conventional 830-MW project based on 1974 costs. The

transmission needed could be obtained, the report said, by expanding the

existing 345-kV system or by combining direct current (dc) tramsmission
d

with 345-kV alternating current (ac). The study found that a 765-kV
with 34f>-kvV alternating current (ac). The study found that a 765-kV

integration transmission plan could not compete economically if the
integration transmission plan could not compete economically if the

project were to be energized in the mid-1980s.
project were to be energized in the mid-1980s.

The present report discusses the five alternative transmissiom plans now
being considered. This is done at the initial level of 874 MW for

Dickey as well as for its ultimate potential higher level of 1,311 MW.

Alternate Routes

The five transmission alternates studied are shown in Figures 1 through
5. All extend through Maine into New Hamphire and Vermont. Two of tthe
alternatives follow an easterm route through Maine, and three a western

route. All ac plans include a mid-point switching station between



Dickey and eithee Chester or Cemierford, depending upen the alftermagive.

In additien, plans D and E are series-compensated between Diekey and

Comerfoerd.

Plans A and B are 345-kV ae systefis routed threugh eastern Maine. These
plans are identiecal for the 874-MW level. The plans differ at the
1,311-Mw level; at this level Plan A has mere transmissien than Blap B.
Eaeh of these plans ealls for four 345=kV ties =- of which twe AW

exist -- between Maine and New Hampshire at the 874-MW level and five

sueh ties at the 1,31i=MW level.

These ties are required since, with the location of several 1large
generating units in Maine, such as Maine Yankee and the Sears 1sland
plant, the load/generatiom balance for the period under consideration is
such that large amounts of power and energy will be exported out of dhe
State., This exported pewer and energy will be excess to the State's

requirements,

Plans, C, D, and E follow the western route. Plan C is a + 400-kV dc
line from the project to Comerford Substation near Littleton, New
Hampshire, near the Vermont border. It includes a 345-kV ac line firom
Comerford to Granite substation near Barre, Vermont, for both levels and
an additional 345-kV ac line from Comerford to Beebe substation near
Plymouth, New Hampshire, for the 1,311-MW level. Plans D and E are 345-
kv systems that follow the same route as the dc line. Plan D calls for
two single-eirewit lines supported by wood poles. Plan E is a double-

eireuit line supported by a single row of steel tuwers.



Transmissiom additions for each alternative plan are indicated in
Figures 1 through 5. They are siperimposed on the base New England 345-
kV system assumed for the period under study. The system imcludes
facilities associated with two nucleae plants to be built in sowiheastern

Maine and one in western Vertmomnd.

Conclusions and Recommendations

We recognize that a route cannot be selected until the emvirommental
impact study is completed and all alternatives have been given due
consideration. However, insofar as this study 1s concerned, we recom-
mend that Plan E, the alternative using a 345-kV double-circuit line
between Dickey and Comerford, be givea first consideratioan for comstruc-

tion if the Dickey-Lincolm School Project is build.

System studies indicate that each of the five plans is capable of inte-
grating the entire output of Dickey into the New England thramsmission

system.

Plan E appears to be the lowest cost alternative that would meet tech-
nical requirements. It has a somewhat lower annual cost than its near-
est rival, Plan D. Plans D and E are similar electrically. But the
right-of-way requirement for Plan E is substantially less because it
calls for a double-circuit line rather than two single-circuit limes.

Oa the other hand, the 345-kV wood pole H-frame lines of Plan D are more

representative of standaed design in the New England area.



It is generally reecognized that &we single-cireukt 1ines will previde

28;2‘2%3% greater telizbitity than 3 doubls-circuit Yins: However: the
smalt degres of addsd s Buwmmwﬁﬁﬁ%m%&ﬂ%w

an ehtire doUBIS-EiFEUE 1ine Can Be pUE 8ut oF Service dus &8 4 wWuet
FaIUFE OF ©8 HighERing: the Hiketihesd of such sseuFrensss 18 Very

Shatt:

The western plans require less transmission system additions than either
of the eastern plans, thus the right-of-way requirenents are less. The
western de plan has the lewest right-ef-way requirements, but it alse
requires the highest investiment due €6 the high eest of the de deriimals.
The western ae plans =- iA beth investment and transmission 1esses -=

are eensiderably 1ess eestly than the eastern plans.

Assumptions

In developing the alternative transmissiom plans for the Dickey-Lincoln

School Project, the following assumptions were made:

1. The 1985-86 1/ winter peak period would be used as in the 1974
NEPLAN study. In addition, to provide continuity, the same

load and resource data were used.

2. PFor the 874-MW level, the transfer capability out of Maine
would be 3,000 MW. (Transfer capability refers to the amount

of firm power from all energy sources that can be tramsmitted



reliably from Maine to New Hampshire and Vermont by the imter-

connecting transmission Jlines.)

3. For the 1,311-MW level, the transfer capability out of Maine

should be 3,450 MW.

4. Transmission system additions, except for those associated
with the Dickey-Lincolm Sechool Projeet would be commoa to all

alternatives.

5. An output of 80 MW from Lincola School is assumed to serve
local loads. 1f integrated with Dickey generation, the output
of Lincoln School would cause ne change in the alternative
transmission plans. (Computee studies were conduected without
the output from Lineola School integrated into the dwamsmission

system required for Dickey.)

6. Two 1,150-MW nuclear units in southeasterm Maine and one
1,150-MW nuclear unit in western Vermont together with tthe

associated transmission facilities will be added by 1986. 1/

The 1985-86 period load level was chosem for the Transmissiom System

Planning Study covered by this report for two reasons:

1/ Current load estimates reflect a lower rate of growth so that the
load level and resource schedule assumed in 1 and 6 now are estimated to
be representative of about 1990-19%L.



(1) That period represented the earliest date at whieh it was

ad -
considered the Bicksy-Linssin Schost Projsct sutd Bs BuF 9n:

Fine if if 12 found 9 bs frasible-

(2) NEPLAN had wmade a study in 1974 using 1985-86 and the tthen-
projected load level fer that peried which censidered tthe
desirability of the project frem the standpoint of its ™fid,"
or usability, with other projected resources in meetihg estimated
load requirements of that date. 1A additien, the study considered
transmission requireiments for the preject. The availability
of their findings and the systeim data frem that study weuld
expedite the cempletion 6f the additienal studies that were
required. This study is supplemental &e theirs. As previeusly
stated, a eepy of this NEPLAN repert dated Nevember 21, 1974,
ig attached o and made a part 8f this docuhent.

It is important to note that the 1974 NEPLAN report considered only the
830-MW authorized level for the project. The study on which the current
report 1s based was directed primarily to the ultimate level of development
at the project. Should the project prove to be feasible at the authorized
level, some additional studies would be required to determine the fleasibility
of installing the additional generating units. This includes the fit of

the added generatiom into the New England load shape.

Subsequent to the time the load~resource projectioms were developed for
\

LAN study, and particularly of recent date, these load-

the 1974 N 1
4 N N study, and particularly of recent date, these load-

the 197

resource p
resource p

1sad reveis

ctions have been altered very substantially. The projected

EP
EPLA

roject] 2

rojections have been altered very substantially. The projected
th

th

en considered accurate for the 1985-86 period are now
en considered accurate for the 1985-86 period are now
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estimated to be representative of the projected loads for the 1990-91
period. Delays have also been encountered in the schedules for completion

of the new nuclear plants in Maine and Verdiomd.

This illustrates that the scheduling, magnitude, and location of new
loads and resources are very subject to change in today's world. The
effect is to necessitate a periodic review of basic assumptions tsed in

planning studies and a determination whethee those assumptions are:

(1) Sufficiently valid to allow proper conclusions to be dieveloped;
or

(2) An updating of the study parameters is imdlicated.

Review of this study's parameters and assumptions indicate that valid
conclusions can be drawn from the study results even though due to the
revised load projections the load and resource data are indicative of a
load level for a period several years later than the assumed study year

of 1986.

However, continuing load and resource changes should be monitored and

judgment made as to their possible impact upon the conclusions reached

in this sttudly..

This study has assumed that the new nuclear plants and their associated
transmission facilities would be on=line prior to energizatiom of the

Dickey-Limcolm School project. Should it develop that Dickey-Lincoln

10



School comes oni-line befere these plants, seme of their dwansmissien

requirements would have te be constructed ahead of sehedule te satisfy
the integration requirements of the Diekey-Lincolh Seheel preject. 1A
this event, additienal studies will Be required to determine the t¥ans=

mission system required and the €6sts to Be berne By the preject.

1 4

Jt sheuld be noted that the westerm plans are less dependent upon nuelear
plant transmissiom facilities than the easterm plans: They would be

less impacted in the event that the nuclear plants and their associated
transmission facilities were delayed beyond the date at which the Dickey-

Lincoln School Project would be emergized.

Costs

Transmission facility unit costs were developed by the Central Maine
Power Company (CMP) and the Public Service Company of New Hampshire
(PSNH) and the Department of the Interior to reflect New Englamd design

and construction costs.

Total transmissiom costs to the ultimate consumer must include an eval=
uation of transmission costs and losses on the D-L transmissiom system

and wheeling charges and losses on the New England transmissiom system.

Cost estimates for transmission facilities based on 1876 dellars for the

874-MW level range from $157 million to $181 millien depending on whieh

11



alternative is considered. These figures include interest during con-
struction (IDC). Similae costs for the 1,311-MW level are estimated to
range from $181 millien to $255 million. Based on curreant costs, Plan E
is expected to cost $136 million without 1DC and about $157 milliea with
IDC. Additional transmission to accommodate the added units at Dickey

would increase the cost to about $181 millien with 1DC.

The estimated capital and annual costs ineluding 1DC of these aldernatives
are given in the two following tables fer both the autherized and wltimate
level of developmeat at the projeet. Energy eosts shewh in the seeond
table for the ultimate level ean be misleading in that the additienal

generating units that may be added at Diekey are peaking umids.

All of the natural-flow energy (kilowatthours) at Dickey can be developed
at the authorized level, so the added peaking units provide ne additional
firm energy. They do, however, provide peaking capability whieh can be
used during peakload hours to help meet system peakload requirements and
are valuable from this standpoint. Hence, the cost evaluation based on
peaking capability ($/kW-yr.) is more meaningful than one based en

energy (mills/kwh) for these two umifs.

The value of transmission losses as well as wheeling charges must be
added to the transmissiom cost figures in both tables to arrive at the
total cost of D-L power and energy delivered to the ultimate consumer .
Transmissiom losses will occur on the facilities associated with the

project as well as on the New England transmissiom system.

12



Losses on transmission facilities asseeiated with the projeet will be
about 5 to 7 perecent of the peak eutput at the autherized level. These
losses will vary for the different alternatives and will be semewhat
higher for the ultimate level Beeause of #he higher 1eading ef #he
transmission faeilities, Table A-6 shews the lesses and gives a dellar
value for the lesses for the different alternatives. A figure of $55

per kilowatt-year was used to estimate the dellar value of the 1esse€s.

Economic evaluations for the alternate plans were made on the basis of
three approaches to financing: all Federal, a combination of Federal

and non-Federal, or all mom-Federal.

The composite IDC percentage used in this study is approximately 16
percent for Federal financing. It is based on constructiom capital cost

and an interest rate of 7 percemt.

An IDC percentage of 16 percent was also used for non-Federal ffimamcimg.
We assumed that a higher non-Federal interest rate would be offset by a

shorter disbursement period for comstructiom.

Detailed costs are shown in Tables 1, 2, and 3 at the end of the main

body of the report and in Tables A-l through A-8 of Appendix A.

A composite annual cost ratio of 20 percent was assumed threugheut For
non-Federal facilities except for Plan E in which 18 percent wWas used

for the steel double-circwit line. Each utility was assumed te be
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Dickey/Lincolm School Preject
Authorized Level of Plant Capacity
Transmission Cost Coidiparisen
(Without loss evaluations and wheeling charges)

Plan A Plan B Plan C Plan D Plan E

Total Investmeat (@00) $177,900 $177,900 $191, 100 $157,200 $157,200

All Federal Comstruction

Total Annual Cost ((®00) 19,800 19,800 18,900 17,600 15,000
$/kW-yr (Peak = 954 MW) 20.8 20.8 19.8 18.4 15.7
Mills/kWh (Energy = 1,156 GWH) 17.1 17.1 16.3 15.2 13.0

Combined Federal/non-Federal Construction

Total Annual Cost (@00) 27,800 27,800 20,000 18,300 16,200
$/kW-ye (Peak = 954 MW) 29.1 29.1 21.0 19.7 17.0
Mills/kWh (Energy = 1,156 GWH) 24.0 24.0 17.3 16.3 14.0

All non-Federal Comstruction

Total Annual Cost ((@00) 35,600 35,600 38,200 31,400 29,200
$/kW-ye (Peak = 954 MW) 37.3 37.3 40.0 32.9 30.6
Mills/kWh (Energy = 1,156 GWH) 30.8 30.8 33.0 27.2 25.3

Notes: . All costs are in 1976 dlollars.

1

2. Federal cost of money -- 7 percent; non-Federal bond costs calculated at 10 percemt.

3, Approximately 27 percent of non-Federal annual costs are in taxes.

4. $/kW-ye and mills/kWh figures are each based on total annual costs: 1i.e., $/kW-yr = total annual cost

954,000 kW
and mills/kWh = total annual cost o

1,156 x 10& kWh; the figures are not additive.
. Total dinvestment includes interest during comstructiom.
The value of transmission losses is not reflected in this tabhle.
NEPOOL wheeling charges and losses are not imcluded.
The energy figures do not reflect added energy from downstream benefits and pumped-storage operation

(see footnote 1, page 2).

9. For total costs that include values for estimated losses and wheelimg charges, see DOI marketing study
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Dickey/Lincolm School Project
Ultimate Level of Plant Capacity
Transimission Cost Comiparison
(Without loss evaluations and wheeling charges)

Plan A Plan B Plan C Plan D Plan E

Total Investment (000) $254,600 $237,800 $253,400 $180,600 $180,600

All Federal Comstruction

Total Annual Cost (@00) 28,200 26,500 24,900 20,400 17,800
$/kW-yr (Peak = 1,391 MW) 20.3 19.1 17.9 14.7 12.8
Mills/kWh (Energy = 1,156 GWH) 24.4 22.9 21.5 17.6 15.4

Combined Federal/non-Federal Comstruction

Total Annual Cost (@00) 43,100 39,800 27,100 22,700 20,100
$/kW-yr (Peak = 1,391 MW) 31.0 28.6 19.5 16.3 14.5
Mills/kWh (Emergy = 1,156 GWH) 37.3 34.4 23.4 19.6 17.4

All non-Federal Comstruction

Total Annual Cost (@00) 50,900 47,600 50,700 36,100 33,900
$/kW-yr (Peak = 1,391 MW) 36.6 34.2 36.4 26.0 24.4
Mills/kWh (Energy = 1,156 GWH) 44.0 41.2 43.9 31.2 29.3

Notes: 1. All costs are in 1976 dollars.
2. Federal cost of money -- 7 percent; non-Federal bond costs calculated at 10 percemnt.
3. Approximately 27 percent of non-Federal annual costs are in taxes.
4. $/kW-yr and mills/kWh figures are each based on total annual costs: {d.e., $/kW-yr = total annual cost

1,391,000 kW
and mills/kWh = total annual, cost

1,156 x 10° kWh; the figures are not additive.
5. Total investment includes interest during comstructiom.
6. The value of transmission losses is not reflected in this tabhle.
7. NEPOOL wheeling charges and losses are not imcluded.
8. The energy figures do not reflect added energy from downstream benefits and pumped-storage operation

(see footnote 1, page 2).

9. For total costs that include values for estimated losses and wheeling charges, see DOI marketing study




responsible for the construction of the facilities within its own service
area. Costs of transmission facilities were based on preliminary estimates
prepared by DOI, the Central Maine Power Company, and the Public Serwvice
Company of New Hampshire. Unit costs are shown in Table A-7. The
development of Federal annual cost raties is shown in Table A-8.

i
The composite annual cost under complete Federal financing is about 10
percent or half the annual cost for complete non-Federal financing ffor
each alternative. For the combined plans, the western altermatives
would be substantially less costly than the eastern plans since a higher
percentage of the facilities would be Federally-financed. Detailed
tabulations of the cost estimates and the unit costs of major tramsmission

facility components are included as part of Appendix A.

A comparison of capital investment costs at the authorized level imdicates
that the western a-c plans (Plan D and Plan E) are the most ecomamical,
followed by the eastern ac plans (Plan A and Plan B) The dc plan (®lan
C) was the least economical due to the cost of the converter temmimals.
For the ultimate level, the westerm ac plans have the least capital
investwent costs followed in order by Plans B, C, and A. On an amnual
cost basis, the western ac plans are the most economical, followed by
either the eastermn ac plans or the dc plan depending on the type of
finaneing used. Of the two western ac plans, Plan E has a lower ammuwal
cost beecause of the lower maintenance cost and longer service 1life of

its double-eirecuit, steel l1ime.
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Land Requirements

Although the eastern plans invelve more transmissien, mueh 6F it eeuld
parallel existing rights-ef-way. The western reute frem Diekey to

Comerford will requive a new eerridor threugh less developed parts of

the regieon.

Table 4 lists the transimission line additions associated with eaeh
alternate plan in terms of miles. Total additions and the types of
construction for the authorized and ultimate levels at Diekey are showm.
Table A-13 gives typieal right-of-way requirements accoerding toe the ttype

6f cenBsEUatIRN.

Land requirements are much less for the western plans simply because
these plans require fewer transmission line additions than the eastern
plans. Of the western plans, Plan D contains two single-circuwit lines
from Diekey to Comerford, thus its land requirements are suibstantially
greater than for Plans C of E. The possibility of replacing existing

lines of lewer voltage has not been considered in our evaluatiom.

A more detailed discussion of land use requirements will be included in

the draft environmental impact statement for tramsmission.

System Studies

Stability tests on the critical faults of each ac alternate have shewn

that a braking resistor would be effective in maintairing stability in

17



nJ1 cases. However, 437 MW (peak) of Dickey generatiom would have o be
tripped and the brake applied for a fault at Buxtoa en the Deerfield
l1ine in the eastern plans ef at Diekey ef ene ef the Midpeint 1ines din
the western ae plans. A Braking resister weuld net be required fer the

de plan.

Results of the stability studies indicate that the stability of the New

England system can be maintaimed for all faults which were comsidered.

No one alternate has an appreciable advantage over the others if deriis

of the measures required to maintain system stability after a fFawld.

Each plan was designed to integrate the full output from Dickey-Lincoln
School into the New England transmissiom grid. The transfer capability
out of Maine is 3,000 MW for the 874-MW level at Dickey and 3,450 MW for
the 1,311-MW level. All of the ae plans would have two 345-kV circuits
eut of Diekey. With the loss of one of the cirecuits, the remaining
cireuit should be able to carry the full output of the Dickey plamd.
With the de plan, however, the loss of one pole of the de line ffrom
Diekey to Comerford would reduee the 1ine's capacity by half. However,
1eads eould still be served even while transferring power to New Hampshire
and Vermonmt if generation were inereased elsewhere on the system. Since
the largest unit planaed fer this period would be nearly as large as the
yltimate level at Diekey (1,150 MW ecempared with 1,311 MW), generatien
Feserves sheuld Be adeguate.
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Table A-9 shows the Maine-New Hampshire transfer 1imits. The western
plans have a semewhat higher transfer 1imit than either of the eastern

plans. The limiting facilities fer all plans are the twe existing 1ines
south from Buxten substaddsnm.

Of the westerm plans, Plan C and E have a disadvantage in that a tewer
failure on the line out of Dickey will eause the less of the enttire
output of the plant. Plan D, however, effers about the safie degree of

reliability as the eastern plans for Dieckey traisSHiSSION.

The system planning studies were a joint effort of NEPLAN and DOI.
NEPLAN perfoemed the computer studies. These included power flows and
stability studies in addition to load flow analysis studies which were

used to determine power transfer limids.

Before the current study was begun, some work had already been done by
NEPLAN to determine the minimum transmission required to connect Dickey-
Lincoln to the New England grid. All of the previous studies were based
on the authorized 874-MW level for Dickey, without consideratiom of

pumped-storage facilities.

Initially a base transmission system was studied which did not imclude
Dickey-Lincoln School, but did include the new Maine and Vermont nuclear
units. 1t called for 345-kV transmission line additions resulting in a
transfer capability of 2,200 MW. The system was then expanded to imclude

the integration of Dickey at the 874-MW level. Both ac and dc alternmatives
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were considered for the integration which resulted in a transfer capability

of 3,000 M.

The systems proposed for the 874-MW level were then expanded to acceiniodate
a 1,311-Mw level at Diekey and a transfer of 3,450 M. The sdudies
assuied the same then-anticipated 1986 period 1eads and inesrperated the
safie transmission system additions asseeiated with &he new Maine and

Vermont Auclear umits.

Three different load levels were used to test the alternative systems at
the 1,311-MW generation level at Dieckey. These were: heavy load (90
percent of winter peak)., intermediate load (60 percent of winter peak).
and 1ight load (45 percent of winter peak). The heavy and imdermediate
load levels were tised to test each alternative systeim with Diekey peakimg.
In the tests, the system had to withstand a single contingeacy outage

while aceofiimodating seheduled transfer of 3,450 MW out of Maime.

The light load level was used to test the alternate systems with Dickey-
Lineoln School in the pumping mode to determine whether some tramsmission

limitation existed. None was ffoumd.

Power flow studies were made for each load level. Stability tests were
made for the heavy and intermediate load levels but not for the light

load level.

Base case power flows for each of the alternatives for the heavy and

intermediate load levels are included in Appendix A as Figures A=l
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through A-7. Only seven diagrams are used because Plans D and E are
electrically identical and Plan C power flows at the 1,311-MW level
would be much the same as for Plan D. Switehing diagrams fer the alter-

natives are also included in the Appendix as Figures A-8 threugh A-12.

Based on power flow studies, the transfer capability otut of Mc.ime was
determimed for each alternative plan with Dieckey generatimg 1,311 M.
This was done at both the 90 percent and the 60 percent load levels.

Table A-9 shows the transfer 1imits for each altermative.

Selected stability tests were made for the alternative plans at the 90
percent load levels. All of the tests assuiied Dickey to be gemerating
1,311 MW and the transfer out of Maine to be the scheduled maxdimum.
Tables A-10, A-11, and A-12 summarize the pertinent stability cases.

The results show that the use of a braking resistor at Dickey would
maintain system stability for all of the 3-phase, 4-cycle mormally
cleared faults which were considered. A reasonable brake size at Dickey
would be 900 MW. After the initial cases were run, it was decided to
apply the brake in 6 cycles for local faults and 8 cycles for remote
faults to allow for coordination. The time that a brake was applied
varied with the fault location. Faults which were closer to Dickey
usually required a longer "on time'" for the brake. With the use of tthe
brake, all of the cases were made stable at the 90 percent load level.
Fer the 60 percent load level, however, in addition to the use of the
brake, one-thied (437 MW) of the Dickey generatiom had to be tripped ffor
a fault at Buxton on the Deerfield 1ine in Plan B and for a fault at

Diekey en the Midpoint line in Plan D. It has been assumed that, if the
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system can be made stable for a fault in Plaan B, it can also be made
stable for similae faults in Plan A, since Plan A while similar to Plan
B has a greater amount of transmissiefi. Plan E is electriecally the same
as Plan D, and Plan C has inherently a higheer level of stability

Therefore, no tests were run on Plans E and C, as such.

Unit dropping at Dickey in lieu of using a brake was considered. While
this method would provide for stable operation of the system, we believe
that use of a brake would be more advantageous. 1t would allow the
generation to stay ofi-line and result in less maintenance of switchgear
and generating units. However, before the final decision is made on the
type of stability eontrol to be used, additional studies, whiech will

inelude unit dropping as the primary measure, will be made.

Several single-phase line-to-growmnd fault transient tests were also made
assuming delayed clearing. Only Plans B and D at the 60 percent load

level were examined since it was assumed that if system stability can be
maimtaimed for faults with these plans, it can also be maintaimed for
similar faults with the other plans. The test results showed that for
certain faults no braking resistor was needed to maintain system stability.
Others required dropping one-third of the generation (437 MW) at Dickey

in additiom to applying the brake.

Substation and Power System Control Facilities

The development of a transmissiom system for the Dickey-Limcolm School
project would include the additiom of substatiom and power system comtrol
facilities.
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Each of the alternative plans would require the eenstruction 6Ff new
substations and ip sofie cases the expansiom o6f certain existing 6f
future substations. Table 5 lists the locations of these substation
faeilities. Many would be adjacent to existing facilities. The

approximate geographical locations of the substations are indicated in

Figures 1 to 5.

The DOI is proposing a 12-channel microwave system to control and monitor
the transmission facilities associated with the Dickey-Lineolm School
peoject. Four channels would be used foer relaying, twe fer veice €ei=
munications and one ehannel eaeh for automatic eentrel of gemeration,
telemetering, contrel of the braking resister, wobile radie, generatien

dropping, and supervisery comi¥sl.

Three preliminary communicatiom system plans have been developed to
perform power system control functions for the Dickey-Lincolm School
project, one for the eastern alternatives and two for the western alter-
fatives. All plans will be microwave systems interconnectimng with the
existing New England Shared Microwave System (NESMS). Sufficieant micro-
wave sites have been identified so as to provide an indicatiom of the
fiaximwih land use impaet of the communicatiom systems. These sites are,
however, tentative pending further studies involving emvirommental

effects, availability, feasibility, etc.

The existing microwave communicatiom system is shown in Figures 6, 7.
and 8, which illustrate the communication system alternatives under

consideration.
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Figure 6 shows the preliminary microwave plan for the eastern alter-
natives. 1t consists of four microwave terminals and seven microwave
repeater stations. The stations will be located insofae as is ffeasible

along the transmissioa line roudes.

Two preliminary microwave plans are indicated for the westeern alter-
natives. The first plan, shown in Figure 7, assumes that a microwave
system can be installed in close proximity to the transmission 1line
right-of-way between Dickey and Comerford. This could be achieved if
sites can be picked close to existing roads and to available ac power.
This plan would require three microwave terminals and seven microwave

repeater sidations.

A second microwave plan for the western alternatives assumes that a more
economical system could be realized by providing channels to Comerford
over the existing system, and to Midpoimt (near Jackman, Maine) and
Dieckey by extending the existing system from the vicinity of Bamgor,
Maine. This system would require three microwave terminals and six
filcrowave repeatee stations as shown in Figure 8. A disadvantage of
this plan is that it would not provide complete VHF mobile coverage of

the transmission line between Dickey and Comerford.

Future Stwuddies

The integratiom of the Lincolm School plant is currently being studiied.

The output can be integrated by connecting the plant to the Dickey
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transmission system, to the Maine Public Service Company, near Fort
Kent, Maine, or both. The plan selected here will not have any appreci-
able impact on the transmission alternatives developed for Dickey,
either from a power flow or stability standpoint. We have imcluded
estimated costs in our analysis for a tie from Dickey to Linecola School
to Ft. Kent at 138 kV to coniheet with the projected Maine Public Service
system for the mid-1980s, with transformation at Dickey as required.

This tie evolved from discussions with the company and NEPLAN.

Further studies will be undertaken if the project is approved for comstruc-
tion. These studies will define more accurately transmission l1ine

lengths, transmissiom line centerlimne locations, specific system flacility

w

additions. transmission system design parametsrs: sffscis SR TR vmdst-
lying systems: skc-. and witl Be Bassd SR the MOst GUFFSRE 1834 BIS:
jsctions amrd systsm developmenrts avaiiabis:

Cognizance will be taken of any major changes should they occur and
h_

t the basic assumptions of this feasibility study. For example
g?FSgt tRe Bas}c assHm tions of this feaS|b|I|t§ stud§. For exam%lei

tRe New Brunswick Electric Power Commission has incorporated the Dickey-
the New Brunswick Electric Power Commission has incorporated the Dickey-

School Project into its studies of the Bay of Fundy tidal power
E%Rgg}ﬁ School Profect into its studies of the Ba§ of Fund§ tidal power

eve}o ment. Transmission alternatives investigated include a combined
evelopment. Transmission alternatives investigated include a combined

New England-New Brunswick transmission system for marketing Dickey-
New England-New Brunswick transmission system for marketing Dickey-

Eincoln School power.
incoln School ‘power.
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Figure 1 Plan A (Eastern AC plan no. 1)
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Figure 4 Plan D (Western AC plan ne: 1)
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Table 1

Dickey Lincoln School Transmission System Planning Study

Authorized Level

Construction Cost ($000)

Interest During
Constructiom ($000)
Total Tnwestment ($000)

Interest &

Amortizatiom ($000)
Operation &
Maintenance (%000)
Total Amnual
Cost (%000)

$/kW (Peak = 954 MW)
$/kW-yr (Peak = 954 MW)

Mills/kWh (Energy =
1156 GWH)

Ultimate Level

Construction Cost (($000)

Interest During

Construction ($000)

Total Imvestment($000)
Interest &

Amortization ($000)
Operations &

Maintenance (%000)

Total Annual

Cost (%000)

Cost Estimates

(A11 Federal Comstruction)

Plan A Plaa B Plaan C Plan D Plan E
153,500 153,500 164,300 135,800 135,800
24,400 24,400 26,800 21,400 21,400
177,900 177,900 191,100 157,200 157,200
13,600 13,600 14,700 12,000 11,800
6,200 6,200 4,200 5,600 3,200
19,800 19,800 18,900 17,600 15,000
186 186 200 165 165
20.8 20.8 19.8 18.4 15.7
17.1 17.1 16.3 15.2 13.0
219,600 205,200 217,900 156,100 156,100
35,000 32,600 35,500 24,500 24,500
254,600 237,800 253,400 180,600 180,600
19,400 18,200 19,500 13,900 13,600
8,800 8,300 5,400 6,500 4,200
28,200 26,500 24,900 20,400 17,800
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Table 1 (Comtt.)
Dickey-Lincolm School Transmission System Planning Study
Cost Estimates
(A1l Federal Comstbruction)

Ultimate Level Plaan A Plan B Plan C Plan D Plan E
$/kW (Peak = 1,391 MW)' 183 171 182 130 130
$/kW-yr (peak = 1,391 MW) 20.3 19.1 17.9 14.7 12.8

Mills/kWh (Energy =
1,156 3WH) 24 .4 22.9 21.5 17.6

Note: 1. Federal interest rate = 7 percent

2. Interest during constructiom based on a Federal schedule of
expenditures and 7 percent interest ratte.

3. Peak and energy figures include output of Lincoln School
plant (80 MW peak, 262 GWH average annual emergy).
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Table 2

Dickey-Lincolmn School Transmission System Planning Study

(Combined Federal-Non-Federal Comstruction)

Authorized Level

Federal Constr. Cost($000)

Federal 1DC $000)
Total Fed. Imwest. ($000)

Non-Fed. Const. Cost($000)
Non-Fed. 1DC ($000)
Total Non-Fed.

Investment {($000)
Total Investmeat (($000)

Federal Annual Cost (($000)
Non-Fed. Annual Cost($000)
Total Annual Cost ($000)

$/kW (Peak = 954 MW)
$/kW-yr (Peak = 954 MW)

Mills/kWh (Energy =
1,156 GWH)

Ultimate Level

Federal Constr. Cost($000)

Federal IDC (©000)
Total Fed. Imwest.($000)

Non-Fed. Const. Cost($000)

Non-Fed. 1IDC (%000)
Total Non-Fed.
Investmeat (E:000))

Total Investment (©000)

Ultimate Level

Federal Annual Cost (($000)

Non-Fed. Annual Cost ($000)
Total Annual Cost ($000)

Cost Estimates

Plan A Plan B Plan C Plan D Plan E
76,500 76,500 151,800 123,000 123,000
12,100 12,100 24,900 19,500 19,500
88,600 88,600 176,700 142,500 142,500
77,000 77,000 12,500 12,800 12,800
12,300 12,300 1,900 1,900 1,900
89,300 89,300 14,400 14,700 14,700
177,900 177,900 191,100 157,200 157,200
9,900 9,900 17,100 15,900 13,300
17,900 17,900 2,900 2,900 2,900
27,800 27,800 20,000 18,800 16,200
186 186 200 165 165
29.1 29.1 21.0 19.7 17.0
24.0 24.0 17.3 16.3 14.0
76,800 76,800 194,600 132,500 132,500
12,100 12,100 32,000 20,900 20,900
88,900 88,900 226,600 153,400 153,400
142,800 128,400 23,300 23,600 23,600
22,900 20,500 3,500 3,600 3,600
165,700 148,900 26,800 27,200 27,200
254,600 237,800 253,400 180,600 180,600
10, 000 10,000 21,700 17,200 14,600
33,100 29,800 5,400 5,500 5,500
43,100 39,800 27,100 22,700 20,100
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Table 2 (Comtt.)
Dickey-Lincolm School Transmission System Planning Study
Cost Estimates
(Combined Federal-Non-Federal Comstruction)

Plan A Plan B Plan C Plan D Plan E
$/kW (Peak = 1,391 MW) 183 171 182 130 130
$/kW-yr (Peak = 1,391 MW) 31.0 28.6 19.5 16.3 14.5
Mills/kWh (Energy =
1,156 GWH) 37.3 34.4 23.4 19.6 17.4
1,156 GWH) 37.3 34.4 23.4 19.6 17.4
Note: 1. Federal interest rate = 7 percent
Note: 1. Federal interest rate = 7 percent

2. Non-Federal annual cost ratio = 20 percent
3. IDC assumed to be the same for Federal and non-Federal comstructiom.

4. Peak and energy figures include output of Lincolmn School plant (80 MW peak,
262 GWH average annual emergy).
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Table 3

Dickey-Lincolm School Transmissiom System Planning Study

Authorized Level

Construction Cost

Interest During
Constructiom ($000)
Total Imvestment  ($000)

Annual Cost ($000)
$/kW (Peak = 954 M)
$/kW-yr (Peak = 954 MW)

Mills/kWh (Ewergy =
1,156 GWH)

Ultimate Level

Constructiom Cost ($000)

Interest During
Construction ($000)

Total Imvestment  ($000)
Annual Cost ($000)
$/kW (Peak = 1,391 MW)
$/kW-yr (Peak = 1,391 MW)

Mills/kWh (Emergy =
1,156 GWH)

Cost Estimates

(A11 Non-Federal Comstruction)

Plan A Plan 8 Plan € Plan D Plan E
153,500 153,500 164,300 135,800 135,800
24,400 24,400 26,800 21,400 21,400
177,900 177,900 191,100 157,200 157,200
35,600 35,600 38,200 31,400 29,200
186 186 200 165 165
37.3 37.3 40.0 32.9 30.68
30.8 30.8 33.0 27.2 25.3
219,600 205,200 217,900 156,100 156,100
35,000 32,600 35,500 24,500 24,500
254,600 237,800 253,400 180, 600 180, 600
50,900 47,600 50,700 36,100 33,900
183 171 182 130 130
36.6 34.2 36.4 26.0 24.4
44.0 41.2 43.9 31.2 29.3

Note: 1. Assumed same IDC as for all Federal cumstoracttiom.

2. Assumed annual cost ratio of 20 percent except 18 percent for steel double~-
circuit lipe in Plan E.

3. Peak and energy figures include output of Lincoln School plant (80 MW
Peak, 262 GWH average annual emergy).
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Table 4
Dickey-Lincolm School Transmissiom System Planning Study
Transmission Line Additions

Authorized Level (874 MW at Dickey)

Plan A B C D E
Circuit Miles 670 670 322 582 582
Corridor Miles 520 520 322 322 322
WHF (Single 1ine) 1/ 370 370 62 62 62
WHF (Two lines in parallel) 150 150 - 260 -
WHF dc — — 260 — _—
SDC - — — - 260
Possible Parallel 2/ 280 280 95 95 95

Ultimate Level (1,311 MW at Dickey)

Plan A B C D E
Circuit Miles 989 895 371 631 631
Corridor Miles 714 520 371 371 371
WHF (Single 1ine) 1/ 439 145 111 111 111
WHF (Two lines in parallel) 275 375 - 260 -
WHF dec - - 260 - -
sDC - = - - 260
Possible Parallel 2/ 480 280 145 145 145

1/ Includes 30 miles of 138-kV lime.

2/ Corridor miles possibly paralleling existing or future limes.

Notes: 1. WHF - Wood H=Frame
2. dc - direct current
3. SDC - Steel double=circuit
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Plan

1/
2/

Table 5

Dickey-Limcolm School Transmission System Planning Study

New 345-kV
Substations

Dickey
Midpoint
Chester

Beebe 1/

Dickey
Midpoint
Chester

Comerford 1/

Comerford 2/

Beebe 1/

Dickey
Midpoint
Comerford

Beebe 1/

(Substation Additions)

New 138-kV
Substations

Dickey
Lincoln School

Ft. Kent

Dickey
Lincoln School

Ft. Kent

Dickey 2f
Lincoln School

Ft. Kent

Dickey

Lincoln School

Ft. Kent

37

Existing 345-kV

Sub. Expanded

Orrington

Orrington

Additions for the ultimate level of developmert at Dickey-

Converter terminals would alse be constructed at these sifes.

Future 345-kV
Sub. Expanded

Sugarbrook
Winslow
Granite

Coolidge 1/

Sugarbrook
Winslow

Granite

Granite

Granite



Dickey-ilimomin School
Transmission System

Nuclicar Plants

Substations

——rmenses  Base System 345 Kv

TRANSMISSION ADDITIONS

sewiidaiiies Awthorized Level 345 Kv

== Ultimate Level 345 Kv

@)
) [/VERRMO) —_
oTT= WANK D
[ |
s m
1 Tu ' / To r¥
To Northinti /c/ ML, seltyly Bl Tegkstiuy

Existing Microwave Network
Added Microwave Terminals

Added Microwave
Repeater Stations

Figure 6 Microwave Comrunication System (Eastern Plan)
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Dickey-limcoln School
Transmission System

To Narthfietd At

. Kent

N
w

LINCOILLN //
SCHOO ‘

ic

7o KeSW:

TRANSMISSION ADDITIONS

&
|

Authorized Level 345 Kv

Ultimate Level 345 Kv

Existing Microwave Network
Added Microwave Terminals

Added Microwave
Repeater Stations

Figure 7 Microwave Communication System (Western Plan Ne: 1)
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Dickey-llimcoln School
Transmission System

Nuclear Plants

Suibstations

memaasesmws  Base System 345 Kv

TRANSMISSION ADDITIONS
s Authorized Level 345 Ky

imm  Ultimate Level 345 Kv

WERMQJD ——D Existing Microwave Network

f'y = WANKE
B Added Microwave Terminals

Added Microwave
Repeater Stations
' 7I:Q 4 ¥o
To Nawifrat ME Sty e Teughstiggy

Figure 8 Microwave Communication System (Western Blan Ng: 2)
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APPENDIX A



Table A-1
Dickey-Lincoln School Transmission System Planning Study
Transmission Facilities Additions

($000)
Plan A
Authorized Additions for Ultimate

Lines Level Ultimate Level Level

Line Mi Invest. Line Mi. Invest. Line Mi. Invest.
Dickey-Chester #1 150 27,750 150 27,750
Dickey-Chester #2 150 27,750 150 27,750
Chester-Orrington 50 9,250 50 9,250
Orrington-Winslow 35 6,475 35 6,475
Chester-Sugarbrook #1 125 23,125 125 23,125
Sugarbrook-Granite 130 24,050 130 24,050
Dickey-Lincoln School-

Ft. Kent 138 kV 30 3,450 30 3,450
Chester-Sugarbrook #2 125 23,125 125 23,125
Sugarbrook-Beebe-Coolidge 194 35,890 194 35,890

Subtotal 670 121,850 319 59,015 989 180,865
PCB's No. Invest. No. Invest. No. Invest.
Dickey 6(3000 A) 4,500 6 4,500
Midpoint Switching Station  4(3000 A) 3,000 4 3,000
Chester 9(3000 A) 6,750 2(3000 A) 1,500 11 8,250
Orrington 3(2000 A) 1,680 3 1,680
Winslow 1(2000 A) 560 1 560
Sugarbrook 5(2000 A) 2,800 1(2000 A) 560 6 3,360
Granite 1(2000 A) 560 1 560
Lincoln School 138 kV 2 400 2 400
Ft. Kent 138 kV 1 200 1 200
Beebe 2(2000 A) 1,120 2 1,120
Coolidge 1(2000 A) 560 1 560

Subtotal 32 20,450 6 3,740 38 24,190



Table A-1 (Comt.)
Dickey-Lincoln School Transmission System Planning Sttudy
Transmission Facilities Additions

($000)
Plan A
Authorized Additions ffor Ultimate
Level Ultimate Level Level
No. Investt... No. Invest. No. Invest.
Transformers
Dickey 345/138 kV 2,500 2,500
MVAR Invest. MVAR Invest. MVAR Invest.
Shunt Reactors 570 5,700 280 2,800 850 8,500
Power System Comtrol 2,000 500 2,500
Braking Resistor (900 MW) 1,000 1,000
Subtetals 153,500 66,055 219,555
i bo] 24,400 10,600 35,000

Total Imvestment 177,900 76,655 254,555




Table A-2

Dickey-Lincoln School Transmission System Planning Study

Plan B

Lines

Dickey-Chester #1
Dickey-Chester #2
Chester-Orrington
Orrington-Winslow
Chester-Sugarbrook #1
Sugarbrook-Granite
Dickey-Lincoln School-
Ft. Kent 138 kV
Chester-Sugarbrook #2
Sugarbrook-Comerford

Subtotal

PCB's

Dickey

Midpoint Switching Station
Chester

Oteington

Winslow

Sugarbrook

Granite

Lincoln School 138 kV
Ft. Kent 138 kV
Comerford

Comerford 230 kV

Subtotal

Transmission Facilities Additions

($000)
Authorized Additions for Ultimate
Level Ultimate Level Level
Line Mi Invest. Line Mi. Invest. Line Mi. Invest.
150 27,750 150 27,750
150 27,750 150 27,750
50 9,250 50 9,250
35 6,475 35 6,475
125 23,125 130 23,125
130 24,050 130 24,050
30 3,450 30 3,450
125 23,125 125 23,125
o 100 18,500 100 18,500
670 121,850 225 41,625 895 163,475
No. Invest. No. Invest. No. Invest.
6(3000 A) 4,500 6 4,500
4(3000 A) 3,000 4 3,000
9(3000 A) 6,750 2(3000 A) 1,500 11 8,250
3(2000 A) 1,680 3 1,680
1(2000 A) 560 1 560
5(2000 A) 2,800 1(2000 A) 560 6 3,360
1(2000 A) 560 1 560
2 400 2 400
1 200 1 200
4(2000 A) 2,240 4 2,240
1 310 1 310
32 20,450 8 4,610 40 25,060



Table A-2 (Cont.)
Dickey-Lincoln School Transmission System Planning Study

Plan B

Transformers

Dickey 345/138 kV
Comerford 345/230 kV

Subtotal

Shunt Reactors

Power System Control

Braking Resistot (900 MW)

Subtotals
1nc

Total Investment

Transmission Facilities Additions

($000)
Authorized Additions for Ultimate
Level Ultimate Level Level
No. Invest. No. Invest. No. Invest.
2,500 2,500
_ 3,000 3,000
5:388 3,000 5,500
MVAR Jovest.  MVAR Invest. MVAR Invest.
570 33388 200 2,000 770 7,700
53&88 500 2,500
1,968 1,000
}333388 51,735 205,235
5&:288 8,200 32,600
177,900 59,935 237,835




c-v

Table A-3

Dickey-Lincoln School Transmission System Planning Study

Plan C

Lines

Dickey-Comerford DC
Comerford-Granite
Dickey-Lincoln School-
Ft. Kent 138 kV
Comerford-Beebe

Subtotal
PCB's
Comerford
Comerford 230 kV
Granite
Linecoln School 138 kV
Ft. Kent 128 kV
Beebe
Subtotal

Transformers

Comerford

DC Terminals

Dickey & Comerford

Power System Control

Subtotals
IDC

Total Investment

Transmission Facilities Additions

($000)
Authorized Additiens ffor Ultimate
Level Ultimate Level Level

Line Mi. Invest. Line Mi. Invest. Line Mi. Invest.
260 40,300 260 40,300
32 5,920 32 5,920
30 3,450 30 3,450
49 _ 9,065 _49 9,065
322 49,670 49 9,065 371 58,735
No. Invest. No. Invest. No. Invest.
4(3000 A) 3,000 1(3000 A) 750 5 3,750
1 310 1 310
1(3000 A) 750 i 750
2 400 2 400
1 200 i 200
1(3000 A) 750 i 750
4,660 1,500 11 6,160
1 3,000 3,000
MW Invest. MW Invest. MW Ipireaat.
954 104,940 437 42,510 1,391 47,450
2,000 500 2,500
164,270 53,575 217,845
26,300 8,700 35,500

]].91,070 62’275

253,345



Table A-4

Dickey-Lincoln School Transmission System Planning Study

Plan D

Lines - e

Dickey~Comerford #1
Dickey-Comerford #2
Comerford-Granite
Dickey-Lincoln School-
Ft. Kent 138 kV
Comerford-Beebe

Subtotal
PCB's

Dickey

Midpoint Switehing Station
Comerford

Comerford

Granite

Lineoln School

Ft. Kent

Beebe

Subtotal

Transformers

Comerford 345/230 kV
Dickey 345/138 kv

Subtotal

Transmission Facilities Additions

($000)

Authorized Additions for Ultimate

Leared | Ul btiimaaee Lieeredl Leeed |
Line Mi. Invest. Line Mi. Invest. Line Mi. Invest.
260 48,100 260 48,100
260 48,100 260 48,100
32 5,920 32 5,920
30 3,450 30 3,450
49 9,065 49 9,065
582 105,570 49 9,065 631 114,635
No. Invest. No. Invest. No. Invest.
6(3000 A) 4,500 6 4,500
4(3000 A) 3,000 4 3,000
4 (3000 A) 3,000 1(3000 A) 750 5 3,750
1 310 1 310
1(3000 A) 750 1 750
2 400 2 400
1 200 1 200
1(3000 A) 750 1 750
19 12,160 2 1,500 21 13,660
1 3,000 1 3,000
1, 2,500 1 2,500
2 5,500 2 5,500




Table A-4 (Comt.)
Dickey-Lincoln School Transmission System Planning Study

Plan D

Series Compensation

Dickey-Comerftord #1 & #2

Shunt Reactors

Power System Control

Braking Resistok (900 MW)

Subtotals
10C

Total Imvestnment

Transmission Facilities Additions

($000)
Authorized Additions for Ultimate
Level Ultimate Level Level
MVAR Invest. MVAR Invest. MVAR Invest.
370 4,630 740 9,350 1,110 13,880
490 4,900 490 4,900
2,000 500 2,500
1,000 1,000
135,760 20,315 156,075
21,400 3,100 24,500
157,160 23,415 180,575




Table A-5

Dickey~Lincoln School Transmission System Planning Study

Plan E

Lines

Dickey~Comerford SDC
Comerford-Granite
Dickey-Lincoln School-
Ft. Kent 138 kV
Comerford-Beebe

Subtotal
PCB's

Dickey

Midpoint Switching Station
Conmerford

Comerford 230 kV

Granite

Lincoln School

Ft. Kent

Beebe

Subtotal

Transformers

Comerford 345/230 kV
Dickey 345/138 kv

Subtotal

Transmission Facilities Additions

(%000)
Authorized Additions for Ultimate

Level Ultimate Level Level
Line Mi. Invest. Line Mi. Invest. Line Mi. Invest.
260 96,200 260 96,200
32 5,920 32 5,920
30 3,450 30 3,450
49 9,065 49 9,065
322 105,570 49 9,065 371 114,635
No. Invest. No. Invest. No. Invest.
6(3000 A) 4,500 6 4,500
4(3000 A) 3,000 1(3000 A) 750 4 3,000
4(3000 A) 3,000 5 3,750
1 310 1 310
1(3000 A) 750 1 750
2 400 2 400
1 200 1 200
1(3000 A) 750 1 750
19 12,160 2 1,500 21 13,660
1 3,000 1 3,000
1 2,500 1 2,500
2 5,500 2 5,500



Table A-5 (Camt.)
Dickey-Lincoln School Transmission System Planning Study

Plan E

Series Compensation

Dickey-Comerford SDC

Shunt Reactors

Power System Control

Braking Resistor (900 M)

Subtetals
1ne

Total Imvestient

Transmission Facilities Additions

($000)
Authorized Additions for Ultimate

Level Ultimate Level Level _
MVAR Invest. MVAR Invest. MVAR Invest.
370 4,360 740 9,250 1,110 13,880
490 4,900 490 4,900
2,000 500 2,500
1,000 1,000
135,760 20,315 156,075
21,400 3,100 24,500
157,160 23,415 180,575




Table A-6
Dickey-Lincoln School Transmissiom System Planning Situdy
Losses on Project-associated Transmissionm Facilities

Plan Description Authorized (874 MW @ Dickey) Ultimate (1,311 MW @ Dickey)
bW _% Value of Losses 1/ MW % Value of Losses
($106) ($106)
Eastern AC
Plan #1 60 6.9 3.3 110 8.4 6.1
B Eastern AC
Plan #2 60 6.9 3.3 100 7.6 5.5
Western DC
Plan 55 6.3 3.0 105 8.0 5.8
D . Western AC
Plan #1 40 4.6 2.2 90 6.9 5.0
E Western AC
Plan #2 40 4.6 2.2 90 6.9 5.0

1/ Estimated annual value of losses evaluated at $3%/kW~yr..



Table A-7

Dickey-Lincoln School Transmission System Planning Study

Transmission Lines 1/

345 kV ac Woodpole H-Frame

345 kV ac Steel Double-Circuit
+400 kV dc Woodpole H-Frame

138 kV ac Woodpole H-Frame

Transformers

345/230 kv 600 MVA
345/138 kV 200 MVA

Power Circuit Breakers

345 kv (3,000 Amps)
(2,000 Amps)

230 kv

138 kv

Shunt Reactors

345 kv

Series Capacitors

345 kv

DC Terminals

954 MW capacity
1,391 MW capacity

Power System Control

Braking Resistor (900 MW)

Value of Transmissior Losses

Unit Cost Estimates

$185,000/mi.
$370,000/mi .
$150,000/mi.
$115,000/mi.

$3,000,000
$2,500,000

750,000
560,000
310,000
200,000

$10/kvar

$12.50/kvar

$55/kW per ttermimal
$53/kW per terminal

$200,000 + $HO®M,000/100
miles

$1,000,000 ineluding PCB
$55/kW=yr. on peak losses

1/ Conductors for 345 kV ac and + 400 kV de }ines are 2-954 Kemil (Gaudind)



Table A-8
Dickey-Limcolm School Transmission System Planning Study
Annual Charges for Federal Financing (7 Percent lmteregt)

Facility Service Life I&A O&M Total
(yrs.) (%) (%) (%)
Lines-WHF 40 7.5 3.1 10.6
SDC 50 7.3 1.0 8.3
AC Substation 30 8.1 5.0 13.1
DC Terminals 35 7.7 1.5 9.2
Power System 22 9.0 6.9 15.9
Control

Annual Charges for Non-Federal Fimamcing:

Composite Annual Charge of 20 percent was used,,
except 18 percent for steel double-circuit line in Plan E.
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Table A-9

Dickey-Lincoln School Transmissiom System Planning Study

Maine-New Hampshire Transfer Limits-MW

PR,

Plan Reinforcement 90 Percent 60 Percent * 60 Percemt **
A Sugarbrook-Beebe-Cooliidge 345 kV 3,500 1/ 3/ 3,050 3/ 3,550 3/
B Sugarbrook-Comerford No. 2 345 kV 3,450 1/ 3/ 3,000 2/ 3,325 3/
C Dickey-Comerford dc
Comerford-Beebe 345 kV 3,575 1/ 3,475 3/
D Dickey-Comerford 345 kV No. 1 & No. 2
Comerford-Beebe 345 kV 3,575 1/ 3,475 3/
E Dickey-Comerford 345 kV Double-Circut
Comerford-Beebe 345 kV 3,575 1/ 3,475 3/
Limiting Element Rating (W) Limiting Outage
1/° Buxton-Scobie 1,260 Buxton-Deerfield
¥ Sunoiec-Buxten 1,260 Main Yankee-Buxton
3/ Buxten-Beerfield 1,260 Buxton-Scobie
* Yarmouth No. 4 @ 210 MW, Yarmouth No. 3 @ 120 MW
**  Yarmouth No. 4 @ 600 MW, Yarmouth No. 3 @ 0 MW
Notes: 1.. Generatiom scheduled at Dickey: 1,311 MW
2. 90 percent —-- Heavy load level; 60 percent =- Intermediate load level
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Table A-10
Dickey-Lincoln School Transmissiom System Planning Study

Stability Summary -- 90 Percent Load

(1,311 MW @ Dickey)

Case No. Description Braking Resistor § Dickey Result
Size On (cy.) Off (cy.)
Plan A (Eastern AC Plan #1)
90-19-1 30 Buxton on Deerfield None - - Unstable
90-19-2R 30 Buxton on Deerfield 900 6 12 Stable
90-19-2R2 30 Buxton on Deerfield 900 6 36 Stable
90-19-3 3@ Chester on Sugarbrook None - - Unstable
90-19-5 39 Dickey on Midpoint 900 6 36 Unstable
90-19-5R 30 Dickey on Midpoint 900 6 12 Unstable
90-19-5R3 30 Dickey on Midpoint 900 6 25 Stable
90-19-6 30 Dickey on Midpoint 600 8 - Machines
Not Turn
90-19-7 30 Dickey on Midpoint 800 8 - Machines
Not Turn Around
Plam B (Eastern AC Plan #2)
90-21-1 3¢ Buxton on Deerfield None Unstable 3/
90-21-2R 309 Dickey on Midpoint 900 6 22 Unstable
90-21-2R2 39 Dickey on Midpoint 900 6 25 Stable
90-21-3 3@ Chester on Sugarbrook 900 8 17 Stable
Plan D (Western AC Plan #1)
90-22A-1 30 Dickey on Midpoint 900 6 36 Stable
90-22A-2 30 Beebe on Webster 900 6 36 Unstable
90-22A-2R 39 Beebe on Webster 900 6 12 Stable
90-22A-3R3 30 Comerford on Beebe 900 8 18 Stable

1/ For remote faults system response was little different with a 6 or 8-eyele brake

application ttime..

2/ The results of Case 90-21-3 indicate that this case ean be made stable-

3/ This fault could be made stable using the same measures as in Piap A.

A-14



Dickey-Lincolm School Transmission System Planning Study

Table A-11

Stability Summary -- 60 Percent Load

(1,311 MW @ Dickey)

A-15

Case No. Description Braking Resistor @ Dickey Result
Size On (cy.) Off (cy.)
Plan A (Eastern AC Plan #1)
60-7-2 3¢ Chester on Sugarbrook 900 8 20 Stable
Plan B (Eastern AC Plan #2)
60-9-1 3¢ Dickey on Midpoint None - - Unstable
60-9-18 30 Dickey on Midpoint 900 6 26 Stable
60-9-2 39 Buxton on Deerfield None - - Unstable
60-9-2B 3¢ Buxton on Deerfield 900 8 17 Unstable
60-9-2BR 3@ Buxton on Deerfield 900 8 25 Unstable
60-9-2B2R 3@ Buxton on Deerfield 900 8 36 Unstable
60-9-5 3¢ Buxton on Deerfield 900 8 14 Stable
(Tripped
Units at
cycles)
60-9-3 30 Chester on Sugarirook None - - Unstable
60-9-3A 30 Chester on Sugarbrook 900 8 16 Stable
Plan D (Western AC Plan #X1)
60-13B-1 3@ Dickey on Midpoint 900 6 27 Unstable
60-13B-1R 3@ Dickey on Midpoint 900 6 27 Stable
(Tripped
Units at
cycles)
60-13B-2 30 Comerford Tramsformer 900 8 19 Stable
60-13B-3 30 Beebe on Webster 900 8 15 Stable



Table ‘A-12
Dickey-Lincolm School Transmission System Planning Study
Stability Summaky -- 60 Percent Load (Stiuck Breaker Tests)
(1,311 MW @ Dickey)

Case No. Description Braking Resistor @ Dickey (900 MW) Result
On (cy.) Off (cy.)
Plan B (Eastern AC #2)
60-9-9 10 L-G, Buxton on Deerfield 12 Stable
Delay Maine Yankee (Tripped 2
Units at
8 cycles)
60-9-7 1§ L-G, Chester on Sugarbrook 18 Unstable
Delay Midpoint
60-9-6 190 L-G, Sugarbrook on Winslow Stable
Delay Orrington (Brake Not
actuated)
Plan D (Westeen AC Plan #1)
60-13B-4 10 L-G Comerford on Granite 20 Unstable 1/
Delay Midpoint
60-13B-5 10 L-G, Beebe on Webster Stable
Delay Comerford (Brake Not
actuated)

1/ The response of the Dickey-Lincolm School units in this case is similar to that of
Case 60-13B-1 (Table A-10) which was made stable by dropping two units (Case 60-13B-1R)
It is assumed that this case can also be made stable by dropping two umits.

Note;

Plan A cases were not run because previoys cases indicated thai fault comditions
which could be made stable for Plan B would also be stable for Plam A.



Table A-13
Dickey-Lincolm School Transmission System Planning Study

Transmission Line Right-of-Way Requirements

Construction

Federal

345 kV ac Woodpole H-Frame
345 kV ac Woodpole H-Frame

(2 lines in parallel)
345 kV ac Steel Double-Circuit
+400 kV dc Woodpole H-Frame
138 kV ac Woodpole H-Frame

Non-Federal

345 kV ac Woodpole H-Frame
345 kV ac Woodpole H-Frame
(2 1lines in parallel)

R/W Width
(ffeet)

120
220

135
100
100

170
300

Acres/Mile

Note: Non-Federal R/W widths include adjacent land containing d4anger

trees which must be removed on an individual basis.
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APPENDIX B



GLOSSARY
(DEFINITIONS)

ANNUAL COST RATIO (ACR) - The ratie of anAual eest sver total dnvestment

;gg@gﬂgf@j@@t of a partieular part of a preject; usually expressed as 3

ALTERNATING CURRENT (AC) - An eleetric eurrent that reverses its direetisn

oflflow at regular intervals and has alternately pesitive and negative
values,

BRAKING RESISTOR - A massive electrieal resister used te stablize an
electric power system by deecreasing the ameunt of aceceleration of gener=
ators that suddenly change speed due te a fault ef a distuwFbanees.

CAPACITY - The maximum load at whiech a maehine, transmission 1ime,
station, or syste is rated.

CIRCULT - A system of conduetors through which an electrie current 1is
intended to flow. Three conduetors or three sets of cenductors for a 3=
phase eireuit or two conductors or twe sets of conductors for a high=
voltage direct-current cifcuwid.

CONDUCTORS - The metallic cables over which the eleectriecal energy is
transmitted on high-veoltage limes.

CORRIDOR - A broad path identified during early stages of dramsmission
line planning and environmental analysis within which a line could be
located as a result of further evaluation.

DC TERMINAL - The assemblage of equipment used to convert altternating
current to direct current or vice-versa in a power system.

DIRECT CURRENT (DC) - An unidirectional, practically mon-pulsating
current.

DISPATCHING - Monitoring and regulating of a power system, including the
regulation of the loadings of gemerators.

DOUBLE-CIRCULT TOWER - A tower able to support two circuits. All three
phases of each circuit are usually located on one side of the tower.

ELECTRICAL LOSSES - Total power loss in an electric system consisting of
transmission, transformation, and distributiom losses between sources of
supply and points of delivery.

ENERGY - The capability of doing work. 1In electrical power systems
energy is expressed in kilowatttthours.

FAULT - An unintentional short circuit in a power system due to a breakdewn
in insulation, causing abnormally large current flows. When the fault
cureent flows into the earth, the fault is called a ground fault.

FtRM TRANSFER - The maximum amount of power that can be transferred from
BhAe afea to another continuously, for an extended period of time.
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GIGAWATT - One million kilowatds.

GIGAWATTHOURS (GWH) - One million kilowatihours.

INTEREST DURING CONSTRUCTEIOM (IDC) - The interest charged to fumds
borrowed for the coenstruction of fiew faeilities throughout the comstruetieon
peried.

KILOVAR (KVAR) - 1,000 vars (reactive voli—adperes).

KILOVOLT (KV) - 1,000 volds.

KILOWATTHOUR (KWH) - The basie unit of electrie energy equal to one
kilowatt of power supplied to or taken from an electriec circuit steadily
for one hour.

LOAD - The amount of electeiec power delivered or required at any specified
point or points on a system. Load eriginates primatily at the power-
consuming equipment of the cusdoders.

LOAD FLOW ANALYSIS STUDIES - High-speed simplified power flow studies
designed to point out potential weak spots in the system under studly.

LOAD FLOW STUDIES - See Power Flow Studies.

MEGAVAR (MVAR) - 1,000,000 vaes; 1,000 kvar.

MEGAWATT (MW) - 1,000,000 watts; 1,000 kW.

MICROWAVE REPEATER STATION - A station in between terminals of a microwave
system which receives a signal from a distant station, amplifies and re-
transmits the signal to another distant station. Most repeaters do tthis
in both directions simulltaneocusly.

NAMEPLATE RATING - The full-load continuous rating of a generator and
its prime mover or other electrical equipment under specified comditions
as designated by the manufacturer. Nameplate rating is usually less
than the demonsteated capability of the installed machine.

OVERLOAD RATING - The maximum load that a machine, apparatus or device
can carry when operating beyond its normal rating, but within the limits
of the manufacturer"s guaramtee.

PEAKING POWER PLANT - A plant which is normally operated to provide
power during maximum load periods - daily, weekly or ammually.

PEAK LOAD - The maximum electrical load consumed or produced in a stated
period of time. It may be the maximum instantaneous load or the maximum
average load within a designated interval of time, for example, the
maximum average load for a period of 1 hour.

POWER CIRCULT BREAKER (PCB) - A switching device that can interrupt a
circuit in a power system under overload or fault (short circuit) comdiitiions,
usually automatically tripped by protective ryelays.
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POWER SYSTEM CONTROL - The eperation of a pewer system; ineluding gederadtdom,
1s contrelled with a netwerk of speeial equipment called the conitrodl

systefi., The eentrel system 15 supperted By an extensive commvunicatison
systei whieh sends and reeeives data frem the system eontrsl cendter;
transfers signals Between pretective relay systefis; and prevides vetee
comunication Between &he system eontrsl center and fixed and mebile

fadio units in the field.

POWER FLOW STUDIES - Studies of 1ine and egquipment pewer l1eading en
transmission or distribution netwerks for specifiec eenditiens 8f system
generation, lead, and line eenfiguratiens. These are generally perfermed
on high-speed digital eeiiputers. The term pewer Flew usually applies is
simulations of the present of Future sysded.

PUMPED STORAGE - An arrangement whereby a reservoir 15 filled with water
by pumping during off-peak perieds. 1t is run baek threugh the twibines
to generate power during peak lead perieds. This methed of eperating a
hydeo plant steres water which €an be used at a mere appropriate tifie 6F
saves water whieh would etherwise be 1ost.

REACTIVE VOLT-AMPERES (WARS) - That part of the total eleetrie power
within the systei that does noe actual werk, as opposed to the real pewer
component whieh is consumed in deing work and is measured in watts,
kilowatts, megawatts, efe.

RELIABILITY - In a power systeii, the ability of the system to provide
continuous electrical service. Line or generatok outages can be dolerated
without accompanying outages of service to custioners.

RESERVE - Generating capacity needed as standby to insure an adequate
standard of electrical service.

RESOURCE - In electrical sense, the amount of generation awvailable
within the system being studied.

REVERSIBLE PUMP-TURBINE - A hydraulic turbine, normally installed in a
pumped storage station, which can be used alternately as a pump or as a
prime mover.

RIGHT-OF-WAY - An easement for a certain purpose over the land of amotther,
such as the strip of land used for a road, electric transmission lime,
ditch, pipeline, ettc.

SERIES COMPENSATION - A method used to compensate for voltage drop along
a transmission line by installing capacitors in series with the lime.
The load current produces a voltage rise through the series wapacitors,,
so that compensation is automatic and varies with the load, improving
the power carrying capabilities of the lime.

SHUNT REACTORS - A device used to absorb reactive (capacitive) curremt.
Shunt reactors can be connected either to a bus or a line to limit the
fise in system voltage created under light load comdittions.




STABILITY - A description of the dynamiec operatimg conditions of a power
system. A power systeih consists of fmany generators which are connected
together and to load centers by transmission 1ines. The ameunt of pewer
that can be transferred from ofie machine te anether fellewing a disturbanee
such as a line fault is limited. When #his 1imit is exeeeded, the Machines
becofe unstable and wmay lese synehrenism with each sther. When this
happens, relays eperate €o separate the generaters net running iR SyAEAFs=
fizatien. Otherwise, the disturbance weuld meve eut ever the sysded,
seewhat like a stefm moving eutwards frem 1ts eenter; and result 4A
easeading outages. Stability is therefere defined as that attribute ef a
system which enables it €8 develep restering forees equal e or greater
than the disturbing Forees se as e maintain a state 8fF Squilibrivd.

SUBSTATION - An electrical power station without generation which serves
as a control and transfer poinit on an electrical transmission system.

TRANSFER CAPABILITY - The ability of an electrical systeim to move bulk
power from one location to amether.

TRANSFORMER - A device usually used to transform electrical energy ffrom
one voltage level to amother.

TRANSMISSION - In power system usage, the bulk transport of electricity
from large generation centers over significant distances, at relatively
high voltages.

UNLT DROPPING (TRIPPING) - A scheme by which selected generatimg units
are disconnected from a power system following a disturbance in order to
improve system stability. The units may be resynchronized to the system
and put back into service as the system stabhillizes.

VAR (VOLT-AMPERE REACTIVE) - A unit of measurememt for reactive power in
a circwitt..

VOLT - The unit of electromotive force or electric pressure (@nalogous
to water pressure in pounds per square inch in a water system)

WATT - The electrical unit of power or rate of doing work. It is amalogous
to horsepower or footpounds per minute of mechanical power.

746 watts = one horsepower = 33,000 footpounds per minute

WHEELING - The transmission of large blocks of power over the ttramsmission
system of another utility. Wheeling permits better use of existing
transmission facilities and avoids expensive duplicatiom of ttramsmission
lines.



GLOSSARY

(ABBREVIATIONS)
A ampere
ac alternating current
ACR annual cost ratio
CMP Central Maine Power Comipany
D-L Dickey-Lincoln School Lakes
de direct current
DOIL Department of the Imtterior
GWh gigawatt-hour = 1 billion watt-hours
IDC interest during comstruction
kemil 1,000 circular mils
kv kilevolt = 1,000 volts
kvar kilovar = 1,000 vars
kw kilowatt = 1,000 watts
kWh kilowatt-hour = 1,000 watt-hours
MVAR megavar = 1 million vars
MW megawatt = 1 million watts
NEPEX New England Power Exchange

NEPLAN New England Power Planning

NEPOOL New England Power Pool

PCB power clrcuit breaker

PSNH Public Service Company of New Hampshire
R/W right-of-way

VHF very high firequency

19 1L-G single-phase line-to-groumd ffault

30 three-phase fault
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PART 1
DICKEY~-LINCOLN GENERATEON FEASIBILITY STUDY

PURPOSE:

The purpose of this part of the study is to assess the ability of dhe
Dickey-Limecollh projeet to funetiom effeetively as additienal peaking
capacity to existing hydro and pump storage with respect €6 the New
England load requireients foreecasted fer the mid-1980°s.-

SCOPE:>

The study“s scope includes an analysis of those weekly load shapes
which vary significamtly in order to ascertaim that the project is
checked against every load confliguratiom that is knownm to exist.
The Corps of Engineers' values for installed generating capacity,
annual energy output, and reservoit storage capacity were adopted

without furthee investigatiom as a basis for the study

The analysis is directed to the peaking capacity of the project.

The Lincolm componemt®s output is a mixture of base load and peaking,
but its operating hours are so much more tham Dickey would run tthat
the study has focused on the latter installatiom as the primary block

functionimg under the peak of the curve.

This investigatiom does not include any economic consideratiom of the
project, nor does it recognmize any impact accruing from energy benefits

that may be forthcomimg from downstream plamts in Camada.

SUMMARY =
An-analysis of historical loads for the peried 1967-1972 resuvited in

the determinatiom that there are four weekly lead shapes that are



Fepresentatiwve of all load shapes that norimally oeceur in the New England
interconnected system. The model weekly shapes oeceuk 1n Deceiiber,

April, August and October, so that an examinatiom of the Dickey prejeet's
ability to functiom under each of these curves does, in faect, cover

all the expected applications.

The philosophy adopted to the loading of generatiom under the curve
is to dispatch all existing peaking hydeo first. The pump storages
are dispatched Iimmediately under the hydre, and Dickey 1s assigned
the load immediately beleow the pumpers, This approach tests Dickey's
capability to benefit the existing system after depleyment of the
peaking capacity how available.

Under system peak loads such as represemted by the model December

week, the Dickey project is fully effectiwve up to a minimum of 760 MW.
In April its primary functiom may be spinning reserwve with units on

line at loads commensurate with minimum stream flow requirements. 1In
August, Dickey would be dispatched to develop as much energy as possible
without violatimg operatimg rules. It would be available to deliver
full capability should sudden system loads materialize. The October
load shape places Dickey in a capacity assignment of a similar nature

to that occurring in April. Nevertheless, it is constantly available

to deliver its installed capability at any time the dispatcher needs it.

CONCLUS LON5 =

There is no questiom that the Dickey project capacity would be frully
effective capacity to the interconmectedl New Englamd system if it were

dispatched in a peaking assignment during the 1985-86 power year..



The enormous stoerage reserveoit fakes it pessible #8 use Pilekey with
maximum flexibility. 1t eam rum at Full eapaeity whepever it is
needed, and ean sustain that pewer level fer the duratien 8f any
peak that the systefn experienees. 1t makes an ideal seuree 6f
reserve with gquiek respense, a faet that 18 mest valuable &8 have
as an option open te these respensible fer 1sad dispatening.

Although the project does have constraimts with respect to flow
discharge, the Lincolm re-regulatimg faeility would normally be able
to absoeb Diekey's full disecharge (40,000 efs) during peaks up te

8 heurs in duratien witheut spilling any watefr This, 6f course,
presupposes that the twe faeilitieg are enh a eeerdinated operating
pattern,

It is imperative that the Dickey-Limcolm operatiom be under the
control of NEPEX dispatching, and it is only on that conditiom that
the project can be assured benefit to NEPOOL participamts and other
electric utility entities withim New England.

DESCRIPTION OF DICKEY-LINNGUIN PROIEC:

The proposed project, located near the confluemce of the St. Johm and
the Allagash Rivers, consists of two separate generatimg and storage
facilities. Dickey, the larger of the two, would be located on the

§t. Jjohm River just upstream from its juncture with the Allagash, while
Lincolm Dam would be situated a few miles downstream of the jumcttiom.

A general map of the project is included as Exhibit 10.

The capacity, annual output and storage capacity of each, as determined

by the U S. Corps of Engineers, is summarized as follovs:



Camnﬂiyyl Annual Energy Storage
MW GWH Acre-Ft.
Max. Avg Min.
Dickey 875 817 760 871 2,800,000
Lincoln 80 75 70 383 24,000
Total 955 892 830 1154

The storage capacity of Dickey is equivalent €o 323 days at the average
annual useable flow rate of 4370 c¢fs, as determined by the Coerps of
Engineers. Due to.its large amount of storage, Diekey ean be operated
on virtually any annual release pattern which will satisfty river flow
constraints. Accordingly, it has been determined that the operating
philosophy of Dickey will be to maximize 1ts releases during the high
load periods of the year when its capaeity and energy will be most
beneficial, and to minimize its releases durimg low load periods when
its spinning reseeve potential will be most benefieial €o the New

England Pool.

Lincoln"s principal functiom is to re-regulate the river by smoothing
out the daily peaking releases from Dickey. The storage capacity of
Lincolm is relatively small; in fact if both Dickey and Lincolm were
operated wide open, the reservoir at Lincolm would fill from a maximum
drawdowm positiom in ten hours. With Lincolmn shut down, the fill would
take seven hours. If Dickey were shut down, the Lincoln reservoir would
sustaim full load for 22 hours. However, since it does have some stor-

age capacity, it could be used for limited peaking.

1. The maximum,*averape and minimum capacities correspond to tthe
varying head conditions due to reservoir flluctuation.



Certain resteictioms on the releases frem Diekey and upen the flew #n
the St. John have been speeified By #he Esrps oF EAgineers. Itth res-

pect o Diekey releases; the eotps has recommended the follewing opsr-
ating ryles:

1. Average monthly discharge is not to exeeed 2500 efs during sterage
refill season of April and May, exeept whem the resefveoir is flwll.

2. Average monthly dischakge will net be 1ess &han 2500 efs at All
times othe¢ than April and May.

Both of these constraimts have been incorporated inte this study, te6-
gether with the requirement that the flow 1n the St. John River down-
stream from Lincolm never go below 2600 efs to recegnize the mimddum

flow contributiom of the Allagash.

\

It has been assumed that a 10 to 11 year lead time is necessary to
fulfill all regulatory and environmental requirememts and comstruct

the project. In accordance w\th that assumptiom the analysis is made

on the basis of testing the project in the 1985-86 power year So long
as the load shape remaims substantially the same, it is evident tthat
Dickey-Limcollm will be of increasing benefit to the system in sulbseguent

years.

METHODOLOGY AND APPROACH:

The approach used herein estimates the expected hourly operatiom of
Dickey-Lincoln. For the purposes of the operatiomal analysis it was
determimed that the typical weekly load shapes of the four months
December, April, August and October are representatiwe of all possible
lead shapes during the power year 1985-86. The correspondimg curves

were eofistructed from 1968 per unitized daily load data. As shown in



Exhibit 1 the annual load duratiom curves for 1967 and 1969-72 were
compared to the 1968 load duratiom curve to test for comsistency.

The four model months were cotmpared &o the remaining elght menths as
shown in Exhibits 2 threugh 5 in order te be sure that the shapes of
one or more of the four model menths are of a similar comfiguratien

to each of the remaining elght months.

Since Dickey-Limcollm is essentially a peaking facility, only the peak
portiom of the load curve and the existing peaking hydero units were
included in the operational analysis. 1n general, the available emnergy
for the hydeo units was allocated equally among the weekdays and dis-
patched hourly by the Firm Hydro Progwam. If it was necessary to use
the extra water to meet extraordimatry load conditions, the emergy

deficit caused by this was assuimed to be made up as soon as possible.

In loading the curve, the existing conventional hydro units were dis-
patched first. The data describing their weekly capacity and emergy
availabilities was taken from NEPLAN GTF productiom cost data. The
data for the individual units was combined to form three eguivalent
units operating up to 40 hrs., 40 to 80 hrs. and 80 to 120 hrs. res-
peetively. Any unit with over 120 hours of weekly operatiom was
assuimed to be base locaded and therefore not ineluded in the amalysis.

Next, the existinmg pumped storage units, Bear Swamp and Northfield
Mountain, were loaded onte the four curves. It is recognized that
under economic dispatch Dickey wowld be loaded abeve the &wo pumpers
on the load eurve. Hewever, it was decided that sinece economics were
not in the secope of the study, €he existing pumped storage units weuld
Ba leaded in their current positions. This approach shows what Dickey



will add to the existing systefm. Bear Swamp was leaded Ffirst sinee
its pond is the smallest. 1t was ineluded at 600 MW with 3000 MiH of
generation per day. Nerthfield Mountain was ineluded next at 1000 My
and 6500 MWH per day. 1t was assumed €hat the pumpers' head pends were
full at 8:00 AM Menday ®eFrming.

It was deemed prudent to make certaim that the analysis should reflect,
insofar as possible, those factors which are of concerm in the operation
and dispateh of the New Englamd Pool. Aeceordingly, the preblem was re-
viewed with NEPEX"s direetor, Harry Moehon, e insure that recognitien
was taken of the Peel"'s needs during the different seasons o6f the year.
This interface provided an insight ef the periedic requirements for
spinning reserve, of reduced as well as maximum eutput requirenents,

and ef seasenal differences eften diectated by the maintenanee Prograd.
The eutgrewth 6f eceerdinating the eperating and planning peints ef view
resulted in a set of assuned ground rules whieh are as follews:

1. Operate Dickey to maintaim an average monthly discharge corres-
ponding to the minimum flow of 2500 cfs during the months of
April and May- New England“s heavy maintemamce during this period
and the fact that most of the hydro units are operating wide open
under high spring runoff conditions, makes the reserve capacity of
Dickey most attractive. At the same time, the system energy ve-
quirement is down so allocatiom of the Dickey energy into heavier
load periods is advantageous. This is consistent with the present
operatiom of existing hydro units which have sufficient storage

sueh as Harris, Moore and Comerford Stattioms.



2. Operate Dickey to maintalm an average menthly release of 3500 &fs
during the month 6f Deteber. This again refleets anether perisd
of high matatenamee 1A New England when €he ability &8 earty fe-
sefve at Diekey 18 mest valuable. Hewever; €he system's EREFgY
requirenent is greater than 1A April apd May; hepee the &YEhack
to 3500 efs instead of 1ts minimum release rate helps &8 support
that need.

3. The remaining annual energy will be spread equally among the re-

maining nine months of the year

4. The dispatch of Dickey will be based on spreadimg the emergy
available for the period being considered equally among each of
the five weekdays. However, Dickey's energy will be used beyend
the daily average allocation to meet l1ocad during exeeptional peak
periods. The extra energy used during those periods will be made
up by correctiom of subsequent dispatehes later in the week 6f

1

during the next week. ‘

Based on the above assumptions, Dickey was first dispatched using the
Firm Hydro Program to determime how it would operate assuming perfect
foresight. Next, the load shape was reviewed in order to determime any
exceptional peaks. At any point when such a peak occurred, Dickey's
full spinning reserwve capability was dispatched to help meet the un-
expected load. For example, referring to Exhibit 8 , in August's
Wednesday peak Dickey 1s peakimg to its full capacity at the time of

the two spikes and backing off as the load drops. The remaining portion

II
of the week's energy allocation is split between Thursday and Friday.
of the week"s energy allocation is split between Thursday and Friday-

However, extra energy was again used on Friday to meet another abnormal
However, extra energy was again used on Friday to meet another abnormal



peak. Compensation for use 8f extra water will be made in the ffellsw=
ing week .

Before dispatching Lineeln, €the ameunt 6F energy available was deter-
mined by combinimg the daily releases frem Diekey with &he inflew ffirem
the Allagash. Due to the 2600 efs minimum Flew eenstraint, 13.3 Ml of
its capacity is base lecaded. The remainder 8f its available energy
was consideted peaking energy and divided equally ameng €he weekdays
and dispatehed heurly by €he Firth Hydre ProgFad.

RESULTS

The hourly operatiom of Dickey for the four model weeks is shown in
Exhibits 6 through 9 and summarized in Table 1. Due to its small ca-
pacity and long hours, Lincolm was not included in the four load curves.

However, its hourly operatiom is summarized in Table 2.

During December, Dickey operated a total of 50 hours a week. Its flull
capacity was utilized two to three hours each weekday. Dickey's output
was significantly reduced during April in order to make available its
spinnimg reserve. 1In fact, Dickey was used beyond its scheduled output
for two hours Monday morning to meet the peak. However, it did not
reaphi its maximum capability at any other time during the week. 1In
August, its full capacity was used for two hours on Wednesday and ttwo
hours on Friday to help meet the unexpected peaks. The remainder of
its available energy was spread over 44 hours for an average output of
424 MW In October, Dickey”'s energy output was agaim decreased so tthat
en the average it operated 65 hours at 206 MW. However, agaim its

spinning reserve capability was taken advantage of. On Friday it was

gperated three heurs at a eapaeity abeve that which was anticipated,
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and during one of those hours it was operated at full capacity.

These examples demonstrate the ability of the project to be dispatched
with great flexibility. The enormous storage makes almost any
variatiom in load assignmemt possible with the sole constraint

being the discharge out of Lincolm.

Under emergency conditioms Dickey could carry a full load up to
nine hours per day for five consecutive days without owverfilling
Lincolm reservoir, provided it was at point of maximum dirawdown

at the start of the week and the releases were properly coordinated.
Undee extreme conditions, Dickey could be operated for lomger

periods; however, some watee would have to be sluiced.



Month

December
April
August

October

December
April
August
October

TABLE 1

DLCKEY
WEEKLY OPERATION SUMMARY

Max.Peak Hours Total
Output Operating Operating
MW @ 817 MW Hours
817 11 50
817 2 52
817 4 44
817 1 65
TABLE 2
LINCOLN

WEEKLY OPERATION SUMMARY

Max. Min. Houes /Mk?
Output Output Operating
MW MW > 13.3 MW
75 13.3 50
75 13.3 63
75 13.3 50
42 13.3 65

lrlourlyy'PL

Average
L
373
184
424

206

Hours/Wk.
Operating
@ 75 MW

11
9
45
0

Total weekly energy divided by the number of operating RWFs.

13-3 ¥y is eensidered the amount of base load eapacity devived
at Limcolm.
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COMPARISON OFMANTHLYLOAD DURATION SHAPES
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COMPARISON OF MONTHILY LOAD DURATION SHAPES
TO
THE MODEL MONTH OF APRIL
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EXHIBIT 4

COMPARISON OF MONTIHHLY LOAD DURATION SHAPES

TO
THE MODEL MONTH OF AUGUST

TIME
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PART 2
DICKEYATIRNEUIN STUDY - TRANSMISSEON REQUIREMENTS

PURPQOSE:

The purpose of this part of the stwdy is teo detewmime the minihum trams-
mission required to conneet the Diskey-Lineohh hAydre prejeet to the New
England @rrid,

SCOPE:

The study assumes the additiom of 2-1150 NW nuclear units im sowti-
easterm Migline by 1986, Since the Dickey-Lincollm project is proposed
for the same tiime period, its transmissiom requinrcaments have beem dim-
tegrated with the tentatiwe transmission facilitiles associatmed with
the two nuclear wmiitts,

For the purposes of this study it was assumed that the power frmom fthe
Lincolm School part of the project would be deliwersd to the local
transmissicom system im the Fort Kent area, and simce this is caommon

to all tramsmissimom systeems studied the cost is not dmnmecluded.

SUMNAZRYY:

The tramnsmissiom systeam that can effectiwvelly integrate the Diickey~
Lincolm project inteo the New Emgland grid as proposed for 1986 can
be either an extensiom of the 345 KV grid as shown im Exthibit A or
D.C. systzam as shown im Extiibit I.

The cost of either systam will be abeut $110,000,000. This cesk
could be reduced te about $90,000,609 by usimg the 345 KV system



as shown in Exhibit A but with a single compensated line between
Dickey and Chester.

Future system developmemts may require a more expansive tramsmisision
system than elther of the altermatiwes proposed: however 1t is

felt that either the expanded 345 KV system or the D,C, sSystem
could be used to transmit Diekey-Limcolh power to the New England

grid,

DISCUSS MUW:

Three different transmissiom systems for the proposed Maine Nuclear

Units and the Dickey-Limcolln project were considered, These are:

(1) Expansiom of the existing 345 KV tramsmission
system,

(2) A combinatiom of 765 KV and 345 KV tramsmission
systems,,

(3) A combinatiom of D.C. and 345 KV wramemission
systems.

345 KV EXPANSION:
A 345 KV system was initially developed to include the Maine Nucleay

units only- This proposed system, as shown in Exhibit B, was capable
of supportimg firm transfers of 2000 to 2200 MW out of Maine.

The economic generatiom dispatch for this system and the magnitude
of the power exported from Maine under variows load levels is hewn
in Exhibit D. Exhibit D also shows that some uneconomic generakion
(assuming 100% availability of Maine capacity) might be locked im,,
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in Nedine, at Lighter load levels if fiwm transfer Limits are adihered

Omce a 345 KV expansion requited for the 1986 pericd was determined,
the additiomal tramsmission needed for the Diekey-Limeslm prject
was desigmed, This is shown im Exthibit A,

Exihiibit C shows the total 345 KV expansiom necessary for both Dickey-
Lincolm and the proposed 1986 systeem, This systeem is capable of

supportimg a firm export of approximately 3000 MW from Madine,

Exinibit E shows an ecomomic generatiom dispatch with Dickey-Limcoln
added, This exhibit shows that ecomomic dispatch cam be handled by
the proposed transmissiom systsmm, but there might be some wreconomiic

generation looked im at lighter load lewels,

The proposed 345 KV transmissiom additioms for Dickey-Lincolm add
800 to 1000 NW to the fimm transfer capalpility of the Nmine trams-
miissiom systesm and this approximates the size of the Dickay~Limecoln
project., The 345 KV transmissiom additioms proposed for Diickey-
Lincollm are therefore justifiably charged to the pnwject.

Exlnibit P contaims cost estiimates for the 345 KV expansion shewn

in Extnibit A, B and C. The transmissiom additions asseeciated with
the northerm New Englamd area (Exniblt B) will eest about ¥ 000,000,
The tremsmissiom additicoms associated with the Diekey-Lineeolm puxjeck
will cost about $115,000,000. (All figwres are im 1974 dolilams. )

765 KV AND 345 KV EXPANEION:
A combination of 765 KV and 345 KV expansion Was considersd and I8
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shown in Exhibit G. This configuration would be capable of heavy
exports from Maine assuming & 765 KV system existed in southern
New England, amnd had a northeasterh hub at Scobie Pond Substatien
in New Hampshire. The proposal uses a 765 KV leep from Scebie
Pond Substation to the Maine Nuelears, A 345 KV expansiom is
used from the Maime Nuelears te Diekey=-Timeohh and te parts

of Central Mzdne.

Exhibit H shows the estimated cost of this system to be $282,
000,000, Aside from the added cost of this system there are

two drawbacks, Although under study, there 1s no 765 KV system
plan for New Englamd durimg the the 1980-85 period, and a 765/
345 KV expansiom does not provide an economically attractive
system to meet the projected bulk power transmissiomn requirements
in Maine. The 765 KV system would, however, provide greater ex-

port capability from Maine tham the 345 KV altermate,

D.C. AND.345 KV SYSTEM:

A proposal to move Dickey power directly from the site to
Northerm New Hampshire and Vermont was considered. This con-
figuratiom includes the proposed 345 KV transmissiom system for
the Maine Nuclears (Exhibit B) and a D.C. line from Dickey %o
Comerford, New Hampshire. A 345 KV line from Comerford to the
Granite Substatiom in Barre, Vermont and 345/230 KV tramsformer
at Comerford complete the system., Exhibit I shows the proposed
reute for the D,C. alternate., Exhibit J shows the cost of the
D.6, alterpate to be estimated at $105,000,000,



CONCILUSEIONS:

Of the three systrems considered for Dickey-Linéolm, the 345 KV system
or the D.C, systzam appears to be abeut equal im eest previded the
remalnder of the systwm expansiom is oh sehedule, Future develeopmaivs,
such as the builldimg of 765 KV systsum im Seutherh New Englamd and the
constructiion of additiomal generatimg plants in Nerthern New HiadpBhiire
and Maaine, nmy nmeke the 765 KV systsam more attraetiwe, Simge there
are not finm proposals for these develupments, at the present time,

the 765 KV concept was not considered further:

It should be empitassized, however, that when consideriimg the 345 KV
expansion, the tramsmissicom facilitties ultimately attrtiuted to the
Dickey-Limcolm project will be greatly imfliuemced by the expmmssion

of the Miwine systrems, A significcamt delay im facilittiies such as

one or both of the Mwine nuclear units (assumed im this study) or

the develogpment of a more southerly or imlamdl site could alter

the conclusions of this study. Furthermore, the cost of both the

345 KV and the D,C, altermatiwes will be govermed by the expansiom of
the Vermont 345 KV system,

To make a full comparisem of the 345 KV, 765/345 KV and the b.C.
systems, additionmal studies would be requined and operatimg -
cisioons would have to be made, It is felt that ne addditieonal
studies should be made at the present time. The eest eof fhe
Dickey-Lincollm tramsmissiom will be appreximaltely $110,000,000 in
either case and the deecision as e winich expansiem is preferrsd meed
not be made at the present time.
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EXANBIT B

34% KV TranmmissEdon Addditions
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EXNIBIT B
34% Kv Transmdskaion AAdditions
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MAINE TO NEW HAMPSHIRE EXPORT

1986 SYSTEM CONDITIONS

"ECONOMIC™ GENERATLON DISPATCH - NO DICKEY-LINCOLN

LOAD LEVEL - PERCENT

EXHIBLT D

100% 80% 60% 35%
A, Maine Gemeration
1. Site A Nuclear 2300 2300 2300 2300
2. Maime Yankee 866 866 860 800
3. W, F. Wyman #4 500-600 400-500 300-400 0-100
4, N, B. Purchase 400 400 306 100
5. MPSCO (Me, Yankee, etc.) (50) (50) 5503 (50)
6. CMP & BHE Misc. Gemn. 350-450 250-350 150 0-100
Total Gemeration 4300-4500 M 4100-4300 MW 3700-3900 MW 2850-3050 Mw
B. CMP & BHE Iload 3000 Mw 2400 MW 1800 MW 1050 MW
C. Net Maine to N.H. Tramsfer | 1300-1500 MW 1700-1900 MW 1900-2100 MW 1800-2000 MW
D. Total Maine Gemeration (4800 M)
E. Total Possible Transfer 1800 Mw 2400 MW 3000 MW 3750 MW

(Assuming 100% Available Maine Capacity)

Note:

Economic generatiom dispatch asswmes one 1150 MW nueclear unit out in Southerm New Engiand.




NMATNE TO NEW HANFSHIRE EXPORT

1986 SYSTHEM CONMIITIONS

"ECONONIC" GENERATTON DISPATCH - DICKEY-IRNSOIN IN SERVICE

A. Nxiine Grremattion

1. Site A NMacdlear
2. Niagine Yamkee

3, W, P. Wymazn #4
4, N. B. Punchase
5, NPSCO (Me. Yankee, etca.)
6. CMP & BHE Milisz.
7. Dickey-Lincolm
Total Garemattion
. CMP & BHE lLoad
. Net Nidine to N.H. TransSTer

Total Nigine Garremattion

m O o W

. Total Possible Transsier

LOAD LEVEL - PERCENT

EXHIBIT E

100% 80% 60% 35%
2300 MV 2300 NN 2200 NN 2000 W
800 800 800 800
500-600 400-500 300-400 0-100
400 400 300 100
(50) (50) (50) (50)
300-400 200-300 100-200 0-100
700-800 600-7T00 400-500 0-100
4950-5250 4650-4950 4050-4350 2850- 3150
3000 NN 2400 NN 1800 MV 1050 ww
1950-2250 2250-2550 2250-2550 1800-2100
(5700 M)
2700 3300 3900 4650

(Assuming 100% Available Madline Capezdity)

Note:

Economic generatiom dispatch assumes one 1150 MW nuelear unit out im southenm New Engjacidi.




EXHIBIT F

COST ESTOWMATES - 345 KV SYSTEM

Dickey-Lincolm 345 KV System

Transmiissiom Lines:

Dickey to Chester #1 150 Mi, 155,000/Mi. $23,250,000
Dickey to Chesster #2 150 M. 155,000/f1i. $23,250,000
Chester to Onmringtom 50 MAi. 155,000/M1i. §i 7,750,000
Chester to Sugarbrook 125 Mi. 155,000/M1i, 44109,375,000
Orringtom to WAnsLlow 35 M, g 155,000/MMi. 5,225,000
Sugarbrook to Gramite 150 Nii, 155,000/Mi. $23,250,000

Substatioms:
Dickey 5 Breakers @ {, 600,000 3,000,000
Chester 9 Breakers @ ° 600 000 § 5,400,000
Orringtom 3 Breakers @ . 1450 oo $ 1,350,000
Sugarbrook & Breakers @ { 450,000 2,250,000
Wiins Lo 1 Breaker @ { 450,000 450,000
Gramite 1 Breaker @ 450,000 450,000

Total &%, 200,000

Note: (1) It mmy be possible to eliimimate one of the Diickey-Chressher
Limes by the use of series capacitors. This would reduce fthe
cost of the project to $86,840,000 plus approximately &2,000,
000 for series cagpxditars.

(2) A switchimg statiom may be requimed at the midpoint of fthe
Dickey-Chester limes. If requlred, this would eost an adfdi-
tional #2,400,000.



COST ESTIMATES

I35 KV SYSTEN

Mikine Nuclear 345 KV System

Transmiissiomn Lines:

MNigine Nuwaxlear to

Miaine Nuclear to Wiins loar

Ntgdine Nuclear to
Niaxeys to Wiinslow
Winslow to Sugarb

Sugarbrook - Powmmal
i fudN aate o tOrrAngitayton

Winslomw - Sugarbr

Sugarbrook - Nadime/N.H. Line

Mbdlinme/N.H, Line -
Wetisster - Hudison

Substations:

Powmanl
Mtaine Macdlear 10
Orrring tom
Wains Lo
Nexeys
Sugarbrook
Wetistter
Hudison

RSN SW

345 KV Line 10 Mii,
4o M,
Nbaxecys 50 Mii,
25 M,
rook 40 Mii.
50 Mii.
25 ML Mi
ook 40 Mii.
50 Mii.
Vadister 70 Mii.
55 Mii.
2 Breakers @ 00,000
Breakers @ 6,000 @f@@
Breakers @ 1,,3510) ﬂﬁﬂ
Breakers @ { 2,400,000
Breakers @ 900,000
Breakers @ ¢ 2,400,000
Breaker @ ¢ 450 ()0
Breakers @ ¢ 2,400,000
Total 37,075,000

EXHIBIT H

Page 2 of 3



EXHIBIT F

COST ESTIMATES - 3%5 KV SYSTEM

Total 345 KV System

Maine Nuclemr Transmission &7, 7%, 000
Dickey-Limcolln Transmission 1ifs 200, 000

Total $ 202,275,000




EXRTEIT B
PossibBde 765 KW - 345 KW System
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EXHIBIT H

COST ESTIMATES - 765 KV PLUS 345 KV SYSTEM

765 KV System

Transmissiom Lines:

Maine Nuclear to Scobie via Comerford
290 Mi. @ $300,000/Mi. = $ &7,000,000
Maine Nuclear to Scobie via Pownal

195 Mi., @ $300,000/Mi, = § 33,300,000

Tramsformers:
1 - 765/345 XV, 1500 MVA Transformer at g?%pe Nuclear
1 - 765/345 KV, 1000 MVA Transformer at wa&om
$ 5,000,000
1 - 765/345 KV, 1000 MVA Transformer at Winsiow
;000,000
765 KV Shunt Compensation
$11,000,000
Substations:
Maine Nuclear 4 Breakers $ i, 66; 666 6 668,000
Scobie 3 Breakers @ O(MWO

Total $185,168,000

Page 2 of 3



EXHIBIT H

COST ESTIWATES - 765 KV PLUS 345 KV SYSTHEW

345 KV System

Note:

Transmissiom Lines:

Dickey to Chester #1
Dickey to Chester #2
Chester to Qrrington

Orringtom to Maine Nuclear

345 KV Line to Maine Nuclear

Maine Nuclear to Winslow
Winslow to Maxcys
Winslow to Sugarbrook
Sugarbrook to Pownal

Substations:
Chester 5 Breakers
Maine Nuclear 4 Breakers
Wins Low 4 Breakers
Sugarbrook 2 Breakers
Pownal 2 Breakers
Dickey 5 Breakers

OB L

150
150

Mi.
Mi.
Mi.
25 Mi.
10 Mi,
40 Mi—o
25 Mi.
4o Mi.
50 Mi.

50

3,000,000
2,400,000
2,400,000
1,200,000

900,000
3,000,000

(IO IEIGIEIOIETOLO)]

Total $

23,250, 000
23,250, 000
7,750,000
3,875,000
1,500,000
6,200,000
3,-87%,000
6,200,000
7,750,000

96,600,000

(1) It may be possible to eliminate one of the Dickey-Chester

Lines by the use of series capacitors.

This wouwld reduce fthe

cost of the 345 KV part of this scheme to $72,150,000 plus
approximately $2,000,000 for the series capacitors.

(2) A switchimg statiom may be required at the midpoimt of fthe

Dickey-Chester Lines.
tional $2,400,000

Total Cost of Project:

765 KV - $ 185,168,000
345 KV - %’@@@’%%@
1o, 3

If required, this wouwld cost an addi-

Page 2 of 3



EXHEBIT K

D.C.. Trarssmission Addiitidon for
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EXHIBET J

COST ESTIWATES - D,C. PLUS 345 KV

D. C.
Transmissiions:
Dickey to Comerford 260 Mi, @ $100,000 = § 26,000,000
Terminals:
875 1w @ 8o/Kw $ 68,560,000
345 KV
Transmissilon:
Comerford-Gramite 32 Mi. @ $155,000 $ 4,960,000
Substations:
Comerford 3 Breakers @ $ 600,000 $ 1,800,000
e T R IR eew
Transformers:
1 - 345/230, 400 MVA Transformer @ $ 2,000,000 = $ 2,300,000
Total _$105,370,000
345 kv

Same as Exhibit F, Page 2 $ 87,075,000
Total Cost $192,445,000

Note: D.C. transmissiom line costs are based on a + 400 KV D.C.
line with earth returm using 2 - 954 MCM ACSR conductors

per pole.
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December 16, 1970

Amended by the NEPOOL
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August 2, 1974
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RELIABILETY STANDARDS
FOR THE

NEW ENGLAND POWER POOL

1. INTRODUCTION

The purpose of these New England Power Pool standards is to maintain
the reliability and efficiency of the interconnected power system of its

members through improved coordination in system design.

It is recognized that more rigid objectives may be applied in sefe
segments of the pool because of local considerations. 1t is alse recognized
that the basic design criteria are not necessarily applieable to these
elements of the individual member's systems that are not a major part ef the

interconnected bulk power systen.

An interconnected bulk power system should be designed at a level of
reliability such that the loss of a major portion of the system would not
result from reasonably foreseeable contingencies. 1In determining this re-
liability, it is desirable to give consideration to all combinations of
contingencies occurrimg more frequently than once in some stipulated mumber
of years. However, data and techniques are not available at the present
time to define all the contingencies that could occur or to assess and rank
their probability of occurrence. Therefore, the interconnected bulk power

system must be designed to meet representatiwe severe comttimgencies.

Loss of a small portion of a system (such as a radial section) may



occur provided it does not jeopardize the integrity of the overall imttercon-

nected bulk power system.

The standards outlined hereinafter are not tailored to fit any one
system or combination of systems as they exist today, but rather outline a
set of guides to the system designer which will maintain a high level of

efficiency and reliability in the interconnected bulk power system.

2. GENERATING CAPACITY

Generating capacity should be installed in such a manner that, after
due allowance for the factors enumerated below, the expected frequency of
insufficient generation (including contract purchases) to cover the load, as
determined on an annual (power year) basis, should not exceed one occurrence

in ten years:

a) The possibility that load forecasts may be exceeded as a result
of weather variatioms.

b) Immature and mature forced outage rates appropriate for gemerat-
ing units of various sizes and types, recognizing partial and
full outages.

¢) Seasonal adjustment of generation capalbility..

d) Proper maintemamce reguirements..

e) The reliability benefits of interconnectioms with systems that
are not NEPOOL partticipamits..

f) Such other factors as may from timee-tto-time be appropriate.

The use of the load management techniques outlined in steps 1
through 12 of NEPEX Operatimg Procedure #4 shall not be construed as a fail-

ure to cover load for the purposes of this aritteriom.

-9 -



3. TRANSMISSION REQUIREMENTS

The pool bulk power system should be designed with sufficient trans-
mission capacity to serve pool loads under the eenditions neted belew. The
power system should alse be operated in sueh a manner that the design b=

jectives are fulfilled.

Two categories of inter-pool power transfer are to be comsidered:
a. Normal (contractual plus econoimy)

b. Emergency

Design studies will assume applicable contractual transfers and the
most severe expected load and generation conditions. Operating tramsfer
capability studies will be based on the particular load and generation patt—
tern expected to exist for the period under study. All reclosing facilities
will be assumed in service unless it is known that such facilities have been

rendered Inoperative.

3.1 Stability Comnditions

Stability of the pool bulk power system shall be maintained dur-
ing and after the most severe of the conditions stated in a, b, ¢ and d
below. Also, the system must be adequate for testing of the faulted
element by manual reclosing after the outage and before adjustimg any
generation. These requirements will also apply after any crittical
generator unit, circuit or transformer has already been lost, assuming
that the area generation and power flows are adjusted between outages by

use of Five-Mimute Reserve.

a. A permanent three phase fault on any element with due regard %o

reclosing facilities.
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b. A permanent phase to ground fault on any of the phases of two
adjacent circuits on a multiple cirecuit tower with due regard
to reclosing facilities.

c. A permanent phase to ground fault on any generator, circwitt,
transformer, or bus section with delayed clearing and with due
regard to reclosing facilities. This delayed clearing could be

due to breaker, relay system or signal channel malfumction.

d. Loss of any element.

3.2 Steady State Comdittions

a. Voltages, line loading and equipment loading shall be within
normal limits for pre-disturbance conditions.

b. Voltages, line loading and equipment loading shall be within
applicable emergency limits for the system load and gemeration

conditions that exist following a disturbance specified in 3.1.

4, INTER-POOL TRANSFER CAPABILITIES

Transfers of power from one pool to another, as well as within the
pool should be considered in the design of inter-pool and intra-pool trans-

mission facilities.

Operating capabilities shall be adhered to for normal transfers and
transfers during emergencies. These capabilities will be based on the
faecilities in service at the time of the transfer. In determinimg the emer-
geney transfer capabilities, it is assumed that a less conservative margin

is justified.

Transmission transfer capabilities shall be determined under the

following comditions:



4,1 Normal Transfers

4.1.1 Stability Conditions

Stability of the pool bulk power system shall be main-

tained during and after the most severe of the conditions stated in

a, b, c and d below. Also, the system must be adequate for testing

of the faulted element by manual reclosing after the outage and

before adjusting and generation.

4.1.2

a.

b.

c.

d.

A permanent three phase fault on any element with due
regard to reclosing facilities.

A permanent phase to ground fault on any of the phases
of two adjacent circuits on a multiple circuit tower
with due regard to reclosing ffacilities.

A permanent phase to ground fault on any generator, cir-
cuit, transformer, or bus section with delayed clearing
and with due regard to reclosing facilities. This de-
layed clearing could be due to breaker, relay system or
signal channel malffumction.

Loss of any elementt.

Steady State Conditions

a.

For the facilities in service during the transfer, volt-
ages, line loading and equipment loadings shall be
within normal limitts.

Voltages, line loadimg and equipment loadings shall be
within applicable emergency limits for the system load
and generation conditions that exist following a distur-

bance specified in 4.1.1.

-5 -



4.2 Emergency Transfers

4.2.1 Stability Comnditions

Stability of the pool bulk power system shall be main-
tained during and after the most severe conditions stated in a and
b below. System conditions may be adjusted before the faulted ele-

ment is tested.

a. A permanent three phase fault on any element with due
regard to reclosing facilities.

b. Loss of any element.

4.2.2 Steady State Conditions

a. For the facilities in service during the transfer, volt-
ages, line loading and equipment loadings shall be
within applicable emergency limits.

b. Voltages, line loading and equipment loadings shall be
within applicable emergency limits following a distur-

bance in 4.2.1.

5. TRANSMISSION FOR GENERATION UTILIZATION

The transmissiom system resultimg from the implementatiom of these
standards shall be reviewed to assure the full utilization of any generating

capability required under reasonable operating comditioms.

6. POSSIBLE BUT IMPROBABLE CONFINGENCIES

Studies will be conducted to determime the effect of the following
contingencies on the bulk power system performance and plans will be devel-

oped to minimize the spread of any interruption that might result.

-6 -



d\L

boss of the omi ire capability of a generatimg station.

ioss of all linos emanating Cran a generatimg station, switching
station or substattion.

Loss of all circuits on a common right-of-way.

Permanent three phase fault on any element with delayed clearing and
with due regard to reclosing facilities. This delayed clearing
could be due to breaker, relay system or signal channel malffunction.
The sudden dropping of a large load or major load center.

The effect of severe power swings arising from disturbances outside

New lEmglamd.



APPENDIX ™A™

LIST OF DEFINITIONS

1. EMERGENCY
An emergency is assumed to exist if firm load may have to be dropped
becauwse insufficient power is available. Emergency transfer limits are

applicable under such conditions.
2. LIMITS

a. Normal Limits

These timits ars dspendsnt on the poticiss of mdivided
membsrs oF NEPOOL #oF 8%1%%%88 ation 2rd subjsst 9 ¥@nd-
ards which may Be devetsped for aH New Engldnd-
B- Emergerey Wimifs

Thess timits depend on the duration of the sccuFrence. and

on the poticy of the individval members regarding 1oss of tife &9
equipment: vottage Himitatigns: &he-

Short time emergency limits are those which can be uttilized

for at least five minutes.

The limiting condition for voltages should recognize that
voltages at key locations should not drop below that required for
suitable system stability performance, and should not adversely

affect the operation of the interconnected systems.

The limiting condition for equipment loadings should be such
that cascading will not occur due to operation of protective devices

on the failure of flacilities..
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3. FIVE-MINUTE RESERVE

Five-Minute Reserve is that portion of unused generating capacity
which is synchronized to the system and is fully available within five min-
utes, plus that portion of capacity available in shut down generating umits,

in pumped hydro units and by curtailing interruptible loads which is fully

available within five minuttes.

4. "WITH DUE REGARD TO RECLOSING FACILITIES" is intended to mean that

recognition will be given to the type of reclosing; i.e., manual or aufte-

matic, and the kind of protective schemes insofar as time is comcerned.

5. ELEMENT

An element is defined as a generator, circuit, transformer, breaker

or bus section.



APPENDIX "B"

DEVELOPMENT OF NEPOOL RELIABILITY STANDARDS

The New England Power Pool Agreement dated September 1, 1971 provided
under Section 7 for the formation of a Plannimg Committee and states in
paragraph 7.9, "Following appropriate studies, the Planning Committee shall
from time-to-time recommend to the Management Committee proposed reliability

standards for the bulk power supply of the parties.”

The Planning Committee in carrying out its assigned duties at this time
believes that the recommendations of this report provide for a reliable and
efficient bulk power system. However, the accumulation of additional data
from actual operating experience may produce a better basis for a stattisttical
analysis which will result in revised improved standards of pool reliability

at a minimum cost to the parties.

These recommendatioms are confistent with the Northeast Power Cooxdinat-
ing Council’s "Basic Criteria for Design and Operation of Interconnected

Power Systems” and the NPEC “Bulk Power System Protection Philesephy."

The Planning Committee has taken into consideration the steady state and
transient requirements it feels the New England Power Pool network must meet
with respect to both generation and transmission. Possible comftingencies
affecting these requirements have been included in the design objectives

attached hereto.
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