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DICKEY-LINCOLN SCHOOL LAKES PROJECT
TRANSMISSION SYSTEM PLANNING STUDY

Introductiomn

The purpose of this report is to investigate various transmissiom system
alternatives and recommend a plan of service to integrate power from the
Dickey-Lincollm School Lakes (D-L) Project into the New England electric

power transmissiom system.

This study is one of three being conducted by the Departmemt of tthe

Interior (DOI) for the Department of the Army Corps of Emgimeers.

A marketing study has been conducted concurrently with the ttramsmission
planning study. An environmental impact analysis of the study area,
which encompasses all feasible alternate transmissiom line corridors, is
also being developed. Informatiom from these three efforts will be
brought together and used to seleet a proposed plan of service for the
integratiom of the plant and a proposed corridor for the required trans-

mission ffacilitdes.

The Dickey-Limcollm School Lakes Project

The project is authorized to have an installed capacity of 760 MW at
Dickey and 70 MW at Lincoln 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-turbine operatiom 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 sufficieat low cost pumping energy

is available. This ultimate level would increase the nameplate rating

at Dickey to 1,140 MW and the project total to 1,210 MW. The overload
rating for Dickey would be 1,311 MW for a total project peaking capability

of 1,391 MW.

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

development:

Level of Development

Authorized Ultimate

Peak Energy 1) Peak Energy 1f

@w) (GuH) W) (Gut)
Dickey 874 894 1,311 894
Lincoln School _80 262 __8o 262
Total 954 1,156 1,391 1,156

1/ 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 Gui.

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

as a part of the New England Power Pool (NEPOOL) system. The additienal



380 MW of pumped-storage capability would be added in the future as
determimed by projected power demands and availability of economic
pumping energy. The need is presently estimated for the 1995-2000 ddine

frame.

It is important to note that the plans of service preseated here do not
commit the sale of power to specific locations. For example, a review

of the three westerm plans might imply that the total power output would
be sold in the States of New Hamphsire and Vermont. This 1s net the
case. Rather these plans represeat entry points to the backbome New
England powee grid system which 1A turn provides access to areas fifiwrough=
out New England. These plans are designed to be part of — and satisfy
the requirements of — the integrated New England transmissien system.
Facilities in each plan satisfy a number of transissiom requirements
ineluding integration requirefients, system lead earrying capabilities,
shifts of generatiom between plants, steady state and transient stability,

and reliability of the New England pewer system.

This transmissiom planning study used a 1974 study for a starting poinmt.
The previous report was prepared by the D-L Study Workiag Group of the
New Englamd Planning Committee, the planning organizatiom of NEPOOL.

The Workimg Group consisted of members of theie permanent staff at New
England Power Planning (NEPLAN), and utility members of the Commidtee.
The report examimed the feasibility of the Dickey-Lincolm School Project
at the authorized level, as well as transmissiom requirements. 1%

concluded that the projeet output as then conceived, 830 MW witheut



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

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

The cost of "transmissiom required to connect this project into the grid
and to provide sufficient additional capability to deliver the projeect
output to New England load centers” was then estimated to be about $110
million for the conventional 830-MW project based on 1874 cests. The
transmission needed could be obtained, the report said, by expanding the
existing 345-kV system or by combining direct current (de) twamsmission
with 345-kV alternating current (ac). The study found that a 765=kV
integration transmissiom plan could not compete economically if the

project were to be energized in the mid-1930s.
The present report discusses the five alternative transmissiomn 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 tthrough
5. All extend through Maine into New Hamphire and Vermont. Two of the
alternatives follow an easterm route through Maine, and three a western

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



Dickey and either Chester or Comerford, depending upon the alfternative.
In addition, plans D and E are series-compensated Between Diekey and

Comerford.,

Plans A and B are 345-kV ac systems routed threugh eastern Maine. These
plans are identical for the 874-MW level., The plans differ at the
1,311-Mw level; at this level Plan A has mere transmissien thad Blap B-
Each of these plans calls for four 345-kV ties = of which Iws AOW

exist — between Maine and New Hampshire at the B874=Mi level apd five

such ties at the 1,311-MW§ devel.

These ties are required since, with the lsecatien of several large
generating units in Maine, sueh as Maipe Yankee and the Sears 1s12pd
plant, the lead/generation balanee o the peried under cspsideratien {s
sueh that large ameunts of pewer and energy will Be expsrted sut gf fhe
State, This experted pewer and energy will Be exeess #8 the State's

requirements.

Plans, C, D, and E follow the westeen reute. Plam € is a + 468=kV de
line from the projeet to Coferford Substatien near Littleten; New
Hampshire, neak the Verwmont berder. 1t ineludes a 345=kv ac 1ipe #f¥om
Comerfoed to Granite substatien near Barre; Verment; for Beth levels za4
an additional 345-kV ae line frem Cemerferd to Beebe sHBstatien Aear
Plymouth, New Hampshire, for the 1,311=Mi level. Blans B and B ars 3$45-
kv systems that follew the same reute as the de line: Blan B calls #5F
two single-eireuit lines supperted By weed peles: Blap E is 2 double-
circuit line supported By a single ey of steel dowers:



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

Maine and one in westera Vermont.

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 1ine
between Dickey and Comerford, be given first consideratiom for comnstruc-

tion if the Diekey-Lincolm School Projeet is build.

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

system.

Plan E appears to be the lowest cost alternative that would meet tech-
niecal requirements. 1t has a somewhat lower anfiual eost than its near-
est rival, Plan D. Plans D and E are similae eleetriecally. But the
right-of-way requirement for Plan E 1s substantially less bescause it
calls for a double-circuit line rathee than two single-eireuit 1ines.

On the other hand, the 345-kV wood pele H-frame lines ef Plan D are ere

representative of standard desigh 1A the New England area.



It is generally recognized that two single-circuit lines will provide
somewhat greater reliability than a double-circuwiit line. However, the
small degree of added reliability would be difficult to measure. Altheugh
an entire double-circuit line can be put out of serviee due to a dower
failure or to lightning, the likelihood of such ocecurrences 18 very

small.

The western plans require less transmission system additions than elither
of the eastern plans, thus the right-of-way requirements are less. The
western dc plan has the lowest right-of-way requirements, but it alse
requires the highest investment due to the high cost of the de dermimals.
The western ae plans — in both investment and transmission lesses —

are considerably less costly than the eastern plams.

Assumptions

In developimg the alternative transmission plans for the Dickey-Lineeln

School Project, the following assufmptions were fade:

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

load and resource data were used.

2. For the 874-MW level, the transfer capability eut ef Maine
wowld be 3,000 MW. (Transfer eapability refers €6 the amount

of firm power from all energy seurces that ean be tFransmitked



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

connecting transmissiom limes.)

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

should be 3,450 MwW.

Transmission system additions, except for those associated
with the Dickey-Lincolm School Project would be common to all

alternatives.

An output of 80 MW from Lincoln School is assumed to serve
local loads. 1If integrated with Dickey generation, the output
of Lincola School would cause fio change in the alternative
transmission plans. (Computer studies were condueted witheut
the output from Lineola Sehoel integrated inte the twamsmissien

system requieed for Dickey.)

Two 1,150-MW nuclear units in southeasterm Maine and omne
1,150-MW nuclear unit in westerm Vermont together with the

associated transmission facilities will be added by 1986. 1/

The 1985-86 period load level was chosen for the Transmission Systeii

Planning Study covered by this report for two reasons:

1/

Current load estimates reflect a lowee rate of growth so that the

load level and resource schedule assumed in 1 and 6 now are estimated &6
be representative of about I990-1991.



(1) That period represented the earliest date at which it was
considered the Dickey-Limcolm School Project could be put on-

line if it is found to be ffeasible.

(2) NEPLAN had made a study in 1974 using 1985-86 and the dhen-
projected load level for that period which considered the
desirability of the project from the standpoint of its ™fid,"
or usability, with other projected resources in meeting estimated
load requirements of that date. 1n addition, the study considered
transmission requiremeats for the project. The availability
of their findings and the system data frem that study weuld
expedite the completion of the additional studies that were
required. This study is supplemental €e theirs. As previeusly
stated, a copy of this NEPLAN repert dated Nevember 21, 1974,

is attached to and made a part of this dOcuRent.

1t is importamt to note that the 1974 NEPLAN report considered enly the
830-MW authoriized level for the projeet. The study on whiech the el y¥rent
report is based was direeted primarily e the ultimate level of develeopment
at the projeet. Sheuld &he preject preve e Be feasible at the aylLherized
level, sefie additional studies weuld Be required te determine t 3 feasibility
of installing the additienal generating units. This inecludes the Fit of

the added generation ifite the New England 1sad shape.

Subsequent to the time the load-resource projections were developed fof
the 1974 NEPLAN study, and particulaely of recent date, these lsad-
resource projections have been altered very substantially. The prejected

load levels then considered accurate for the 1985-86 peried are AW



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 Versomt.

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 basiec assumptions used in

planning studies and a determinationm whether those assumptions are:

(1) sSufficiently valid to allow proper conclusions to be developed:;
or

(2) An updating of the study parameters 1s imdicated.

Review of this study's parameters and assumptions indicate that valid
conclusions can be drawa from the study results even though due %o fthe
revised load projections the load and resourece data are indieative ef a
load level for a period several years later than the assumed study year

of 1986.

However, continuing load and resource changes should be monitered and
judgment made as to their possible impact upon the eonclusiomns reaehed

in this study.
This study has assumed that the new nuclear plants and their assseiated
transmission facilities would be on-line prier to energization of tthe

Dickey-Limcolm School projeect. Should it develep that Dickey-LineslA

10



School comes on-line before these plants, some of their dramsHissien

requirements would have to be constructed ahead of sehedule o satisfy
the integration requirememts of the Diekey-Lincoln Seheel prejeet. 1A
this event, additional studies will be required to determine the irans=

mission system requifed and the costs to be borne by the preject.

It should be noted that #ie westeem plans are less dependent upen nuelear
plant transmission faecilities than the eastern plans. They weuld be

less impacted in the event that the nuelear plants and their assesiated
transmission facilities were delayed beyond the date at whieh the Dickey=

Lineolh Seheol Project would Be energized.

Costs

Transmissiom facility unit costs were developed by the Central Maine
Power Company (CMP) and the Publie Serviee Cefipany 6f New Hampshire
(PSNH) and the Departwent of the Interier to refleect New England design

and construction cOSLS.
Total transmission costs to the ultimate consumer must inelude an eval-
uation of transmissiom costs and losses on the D-L transmission sSystei

and wheeling charges and losses on the New Englamd transmission system.

Cost estimates for transmissiom facilities based on 1976 dollars for the

874-¥W level range from $157 million to $191 million depending on whieh

11



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

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

The estimated capital and annual costs includiang IDC of these alternatives
are given in the two following tables for both the authorized and wltimate
level of development at the project. Energy costs shown in the seecend
table for the ultimate level can be misleading in that the adl@itienal

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

All of the natural-flow energy (kilowatthours) at Dieckey can be develeped
at the authorized level, so the added peaking units provide no additienal
firm energy. They do, however, provide peaking capability whieh €an be
used during peakload hours to help meet system .peskload requirements and
are valuable from this standpoint. Henee, the eost evaluation based 6A
peaking capability (§$/kW-yr.) is more meaningful €han ene based eA

energy (mills/kwh) for these twe wmits.

The value of transmissiom losses as well as wheeling charges must be
added to the transmission cost figures ifi both tables te arrive at the
total cost of D-L power and energy delivered te the ultimate CONSUHESF:
Transmission losses will eecur en the facilities asseeciated with the

project as well as on the New England transmission System.

12



Losses on transmissiom facilities associated with the preject will be
about 5 to 7 percent of the peak output at the authorized level. These
losses will vary for the different alternatives and will be somewhat
higher for the ultimate level because of the higher loading of tthe
transmissiom facilities. Table A-6 shows the losses and gives a dollar
value for the losses for the different alternatives. A figure of $55

per kilowatt-year was used to estimate the dollar value of the lesses.

Economic evaluatioms 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 construction capital cost

and an interest rate of 7 percemt.

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

shorter disbursememt period for comstruction.

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 througheut fFer

non-Federal facilities except for Plan E in which 18 percent was used

for the steel double-circwit line. Each utility was assumed %o be

13



Dickey/Lincollm School Project
Authorized Level of Plant Capacity
Transmission Cost Comiparison
(Without loss evaluations and wheelimg charges)

Plan A Plan B Plan C Plan D Plan E

Total Investmemt (000) $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 Comstruction

Total Annual Cost (Q00) 27,800 27,800 20,000 18,800 16,200
$/kW-yr (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-yr (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: 1. All costs are in 1976 dollars.

Federal cost of money —- 7 percent; non-Federal bond costs calculated at 10 percent

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

$/kW-yr and mills/kWh figures are each based on total annual costs i.e. $/kW-yr = total annual cost
954,000 kw

W N

and mills/kWh = total annual cost A
1,156 x 105 kWh; the figures are not additive.
Total investment includes interest during comstructiomn.
The value of transmissiom 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-stotage operation
(see footnote 1, page 2).
For total costs that include values for estimated losses and wheeling charges, see DOI marketing study

(o <L NN N3]



Dickey/Limcollm School Project
Ultimate Level of Plant Capacity
Transmissiom Cost Comparison
(Without loss evaluatioms and wheeling charges)

Plan A Plan B Plam C Plan D Plan E

Total Investment (@00) $254,600 $237,800 $253,400 $180,600 $180,600

All Federal Comstruction

Total Annual Cost (@0@0) 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 Comstriction

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 (Energy = 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 26.0 244
Mills/kWh (Energy = 1,156 GWH) 44.0 41.2 43.9 31.2 29.3

Notes: All costs are in 1976 dollars.

1.

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

3. Approximately 27 percemt of non-Federal annual costs are in ttaxes.

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

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

1,156 x 10° kih; the figures are not additive.
5. Total investment inmcludes interest during comstruction.
6. The value of transmissiom losses is not reflected in this table.
7. NEPOOL wheelimg charges and losses are not imcluded.
8. The energy figures do not reflect added energy from downstream bemefits and pumped-storage operation

(see footnote 1, page 2).

9. For total costs that include values for estimated losses and wheelimg charges, see DOL marketimg study




responsible for the constructionm of the facilities within its own service
area. Costs of transmission facilities were based on preliminary esttimates
prepared by DOI, the Central Maine Power Company, and the Public Service
Company of New Hampshire. Unit costs are shown in Table A-7. The

development of Federal annual cost ratios is shown in Table A-8.

The composite annual cost under complete Federal financing is about 10
perceat or half the annual cost for complete non-Federal financing for
each alternative. For the combined plans, the western alttermatives

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 tbramsmission

facility components are included as part of Appendix A.

A comparison of capital investment costs at the authorized level iimdicates
that the western a-c plans (Plan D and Plan E) are the most ecomomical,
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 ttermimals.
For the ultimate level, the western ac plans have the least capittal
investment costs followed in order by Plans B, C, and A. On an ammual
cost basis, the westerm ac plans are the most economical, followed by
either the easteern ac plans or the de plan depending on the type of
finaneing used. Of the two westeen ac plans, Plan E has a lower ammual
cost because of the lower maintenance cost and longer service life of

its double-eirecuit, steel lime.
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Land Reguirements

Although the easterm plans involve more transmission, much of it could
parallel existing rights-of-way. The western route from Dickey to
Comerford will require a new corridor through less developed parts of

the regiom.

Table 4 lists the transmission line additions associated with each
alternate plan in terms of miles. Total additions and the types of
construction for the authorized and ultimate levels at Dickey are sliowm.
Table A-13 gives typical right-of-way requirements according to the type

of comstruction.

Land requirements are much less for the westerm plans simply because
these plans require fewer transmissiom line additioms than the eastern
plans. Of the western plans, Plan D contains two single-circuit lines
from Dickey to Comerford, thus its land requirements are sulbsttantially
greater than for Plans C or E. The possibility of replacing existing

lines of lower voltage has net been considered in our evaluation.

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

the draft environmental impact statement for thramsmissiom.

System Studies

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

that a braking resistor would be effective in maintaimimg stability in
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all cases. However, 437 MW (peak) of Dickey generatiom would have to be
tripped and the brake applied for a fault at Buxton on the Deerfield
line in the eastern plans or at Dickey on one of the Midpoiat lines 1A
the western ac plans. A braking resistoe would not be required for the

dc plam.

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 in terms

of the measures required to maiatain systewm stability after a fawlt.

Each plan was designed to integrate the full output from Dickey-Lineoln
School into the New England transmission grid. The transfer capability
out of Maine is 3,000 MW for the 874-MW level at Diekey and 3,450 MW fer
the 1,311-MW level. All of the ae plans would have #&we 345-kV ecireuits
out of Dickey. With the less of enie of the eireuits, the remaining
eireuit should be able te earry the full eutput of the Dieskey plant.
With the de plan, hewever, the less o6f ene pele of the de line ffirem
Diekey te Cotierford would reduee the line's eapaeity By Half. However,
loads eould still be served even while transferring pewer €8 New Hampshire
and Verimont if generation were inereased elsewhere 8 the system. Sinee
the largest unit planned fer #his peried weuld be nearly as 1arge as the
ultimate level at Dieskey (1,150 MW eompared with 1,311 M), generatisn

reserves sheuld Be adeguate.
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Table A-9 shows the Maine-New Hampshire transfee 1imits. The western
plans have a somewhat higher transfer limit than either of the eastern
plans. The limiting facilities for all plans are the twe existing 1ines

south from Buxton suthstatdiom.

Of the western plans, Plan C and E have a disadvantage in that a dewer
failure on the line owt of Diekey will eause the less ef the entire
output of the plant. Plan D, hewever, effers abeut the safie degree &f

reliability as the eastern plans fer Diekey twaNSHASSION.

The system planning studies were a joint effert of NEBLAN and DO1.
NEPLAN performed the computet studies. These ineluded pewer Flews and
stability studies in addition to load flow analysis studies which were

used to determine power transfer Iimits.

Before the current study was begun, sefie work had already been dene by
NEPLAN to determine the minimum transmission required te eenfeet Pickey-
Lincoln to the New Englamd grid. All of the previeous studies were )ased
on the authoriized 874-MW level for Diekey, without censideration oF

pumped-storage ffacilities.

Initially a base transmissiom system was studied which did net ineclude
Dickey-Limcolm School, but did ineclude the new Maine and Verment nuelear
units. It called for 345-kV transmission line additions resulting A a
transfer capability of 2,200 MW. The system was then expanded &8 inelude

the integratiom of Dickey at the 874-MW level. Beth aec and de altsrnatives
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were considered for the integration which resulted iR a transfer capability

of 3,000 ¥W.

The systems proposed for the 874=MV level were themr expanded &8 aceommedate
a 1,311-MW level at Dickey and a transfer of 3,480 MW. The studjes

assumed the same then-anticipated 1986 period loads and ineerperated the
same transmissiom system additiens asseciated with the pey Maine and

Vermont nuclear umits.

Three different load levels were used to test the alterRative systems at
the 1,311-MW generation level at Dickey. These were: heavy isad (%9
percent of winter peak), intermediate load (60 perecent of Winter B%%kbz
and light load (45 percent of winter peak): The heavy and imiermediate
load levels were used to test each alternative system with Dickey peaking.
In the tests, the system had to withstand a single coRtiRgency outage

while accommodating scheduled transfer of 3,450 MW eut of Maime.

The light load level was used to test the alternate systems with Bickey-
Lincoln School in the pumping mode to determine whether seme WraRsHiseieh

limitation existed. None was found.
Power flow studies were made for each load level. Stability tests viere
made for the heavy and intermediate lead leveis but et for the 1ight

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 4=}
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through A-7. Only seven dlagrams are used because Plans D and E are
electrically identical and Plan C powek flows at the 1,311-M{ devel
would be much the same as for Plan D. Switeching diagrams for &he alter-

natives are also included in the Appendix as Figures A-8 &hreugh A=12.

Based on powet flow studies, the transfer eapability eut of Maine was
deteemimed for each alternative plam with Diekey generating 1,311 M.
This was done at both €he 90 percent and the 60 perecent lead devels:

Table A-9 shows the transfer limits for each alternative-

Selected stability tests were made for the alternative plans at the 96
percent load levels. All of the tests assumed Dieckey #8 Be generating
1,311 MW and the transfeer out of Maine e be &he seheduled Mmaximuf:
Tables A-10, A-11, and A-12 sumfiarize &he pertinent stability cases.

The results show that the use of a braking resister at Bickey weuld
maintain system stability for all ef the 3-phase, 4-cyele normally
cleared faults which were eensidered. A reasenable Brake size at Bickey
would be 900 MW. After the initial eases were run; it was decided &8
apply the brake in 6 eyeles fer leeal faults and 8 cyeles for femote
faults to allew for ceordinatien. The time &hat a Brake was 2pplisd
varied with the fault leeatien. Faults whieh were closer 8 B:ckey
usually required a lenger "en time" for the Brake. With the 4sg 8F #e
brake, all of &he eases were made stable at the 98 percent 1sad Jsved.:
For the 60 percent lead level, however; i additisn #8 the Hse 8f #he
Brake, efe-thied (437 M) of #he Bickey generation hay I8 Be Lripped for
a fault at Buxten en the Deerfield line fn Blan B and #r 3 fault &t
Diekey o the Midpeint line in Blam B. 1t has Beep assuned that; if Hhe
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system can be made stable for a fault in Plan B, it ean alse be made
stable for similar faults in Plaan A, sinee Plan A while similar &8 Plan
B has a greater amount of transmissien. Plan E is elestrieally the same
as Plan D, and Plan C has inhereatly a higher level ef sttapility.

Therefore, no tests were run on Plans E and G, as sueh.

Unit droppimg at Dickey in lieu of using a brake was eensidered. While
this method would provide for stable eperation of the system; we belisye
that use of a brake weuld be mere advantageeus. 1t weuld allew the
generation to stay en—iHne and result in less maintenance 8F switchgear
and generating units. Hewever, Befere the Final decisipn is pade 8a fhe
type of stability eentrel te be used; additispal studies; which witd
inelude unit drepping as the pripary measure; will Be mads:

Several single-phase line-to-growmdl fault €ransient tests were alse madse
assuming delayed elearing. Only Plans B and D at the 60 percent 19ad

level were exaiined sinee it was assumed that I1f system stapility cap pe
maintaimed for faults with these plans; it ean alse Be maintained foF
similae faults with the ether plans. The test results showed that #sf
eertain faults fie braking resister was needed f8 maintain systen stapiiity:
Others requifed dreppidg one-third of the generatied (437 W) at Pickey

in additien #e applying the brake.

Substation and Power System Control Facilities

The development of a transmission system for the Dickey=Lincoln Schosd
project would inelude the additien ef substatien and pewer system contrsd
faeilities,
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Each of the alternative plans would require the eeAstructiom 8F Rew
substations and in some cases #hHe expansiem 6F certaip existing oF
future substations. Table 5 lists the lseatiens 8f these substatign
facilities. Many weuld Be adjacent #s existipng fFacilities: The
appreximate gesgraphieal 18catisns 8F ffie sypstatigns arg {ngicated in
Figures 1 8 §:

The DOL is proposing a 12-channel mierewave system t8 eontrsl and MQAILSF
the transmission facilities asseciated with the Bickey=kipcoln $&hssd
project. Four chanfiels weuld be used Ffer relaying; twe fSoF VBiGe COfi-
munications and efe ehannel eaeh for autepatic contrsl 8f gensration,
telemetering, centrel of the braking resister; mobile radig; gensratish
dropping, and supervisery &onitFol.:

Three preliminafy communication system plans Have Been develeped {8
perform powee system control funetiens For the Bieckey=kinceln Sehgst
project, one for the eastern alterpatives and twe foF Lhe westerp 2Jtsk-
natives. All plans will be micrewave systems IREErcoppecting With s
existing New England Shared Micrewave Systeh (NESMS). SyFFighent picrg:-
wave sites have been identified s8 as tg pravide ap ipdication gf the
maximuh land use impaet of the communication systems: These sifes ar¢;
hewever, tentative pending Further studies 1Av8l1ving &vHXonmentsd
effests, availability, feasiBility; et¢-

The existing microwave cefmunieation system 18 showh IR FIBUres ; 7;
and 8, whieh illustrate the communication systen altgrpatives Jngsr

eensideratien.
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Figure 6 shows the preliminary microwave plan for the eastern alter-=
natives. It consists of four microwave terminals and seven #dErowave
repeater stations. The stations will be leeated insefar as is feasiple

along the transmission life routes.

Two preliminary microwave plans are indieated fer fhe western altef=
natives. The first plan, shewn in Figure 7, assumes that a micFowave
system can be installed in elese proximity £e the transmissien 14ne
right-of-way between Dickey and Cemerferd. This esuld Be achieved if
sites can be picked clese te existing reads and te avatlable ac powes-
This plan weuld require thfee miectewave terminals and seven MICLQWAVE

repeater stations.

A second microwave plan for the western alterpatives assumes that a More
economical system could be realized by previding channels te €omerfsrd
over the existing system, and te Midpeint (Rear Jackman,; Maine) zad
Dickey by extending the existing system frem the vicinity 8F Bangor,
Maine. This system would requife three micrewave terminals and six
miceowave repeater statiens as shewd in Figure 8. A disadvantage of
this plan is that 1t weuld net previde complete VHF moBile csverage of
the transmission line between Dickey and Comerdosd.:

Future Studies

The integration of the Lincolh Seheel plant is eurrently being stydied:

The output can be integrated by eennecting the plant te the Bickey
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transmission system, to the Maine Public Serviee Cempany; near Foft
Kent, Maine, or both. The plan seleeted here will Aet have any appreci-
able impact on the transmission alternatives develeped for Bicksy;
either from a power flew of stability standpsint. We have dnciyded
estimated costs in ouf analysis fer a tie frem Dickey #8 Lipcsln Sehgsd
to Ft. Kent at 138 kv to eenneet with the prejected Maipe BuBlic Serviscs
system for the mid-19989s with transfermatiom at Bickey a8 FEQUIFES:
This tie evolved from diseussiens with £he company and NEPLAW:

Further studies will be undertaken if the preject is approved 8¢ SONSLEYS:
tion. These studies will define mere aceurately transmission 1ipe

lengths, transmission line centerline lgeatisns; specific system Facility
additions, transhmission system desigh parameters; eFFects o the ynder-
lying systems, ete., and will Be Based en the mest current 18ad pro-
jections and systewm develepments availaple:

Cognizance will be taken of afiy major changes sheuld they gecur and
affect the basic assumptiens of this feasiBility study. For &xafple;
the New Brunswick Electric Power Comissien has incorpsrated tfie Biscksy-
Lincoln Scheel Preject inte its studies of the Bay of Fupdy tidah power
develepient. Transmissien alternatives ipvestigated include a compine
New England=New Brunswick transhissien system gt marketing B ckey-
Linesln Seheel power.:
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Table 1

Dickey Lincoln School Transmission System Planning Study

Authorized Level

Construction Cost ($000)

Interest During
Construction ($000)
Total Investment($000)

Interest &
Amortization ($000)
Operation &
Maintenance ($000)
Total Annual
Cost ($000)

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

Mills/kWh (Emergy
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

(A1l Federal Construction)

Plan A Plan B Plan 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
254,600 237,800 253,400 180,60~ 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 (Comnt.)

Dickey-Lincolm School Transmissiom System Planning Study

Cost Estimates

(A1l Federal Comstruction)

Ultimate Level Plan A Plan B Plan C Plan D Plan E
$/kW (Peak = 1,391 MwW) 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 GWH) 24.4 22.9 21.5 17.6 15.4

Note: 1. Federal interest rate = 7 pereent

2. Interest during construction based en a Federal sehedule of

expenditures and 7 pereent interest rate.

3. Peak and energy figures inelude eutput ef Lineeln Schosl

plant (80 MW peak, 262 GWH average annual enefgy).
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Table 2

Dickey-Lincolm School Transmissiom System Planning Study

(Combined Federal-Non-Federal Comstruction)

Authorized Level

Federal Constr. Cost($000)

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

Non-Fed. Const. Cost($000)
Non-Fed. IDC ($000)
Total Non-Fed.

Investment (&m00)
Total Investment ($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. IDC (%000)
Total Non-Fed.
Investment (©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 Plaan 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 20,9J0 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 (Comt.)
Dickey-Limcolm School Transmissiom System Planning Study
Cost Esttimates
(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 ratie = 20 percent

3. IDC assumed to be the same for Federal and non-Federal comstruction.

4. Peak and energy figures include output of Lineola Scheol plant (80 MW peak,
262 GWH average annual energy).
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Table 3
Dickey-Lincolm School Transmissiom System Planning Study
Cost Estimates
(A1l Non-Federal Comstruction)

Authorized Level Plan A Plan B Plan C Plan D Blan E
Construction Cost 153,500 153,500 164,300 135,800 135,800
Interest During

Construction ($000) 24,400 24,400 26,800 21,400 21,400

Total Imvestment ($000) 177,900 177,900 191,100 157,200 157,200
Annual Cost ($000) 35,600 35,600 38,200 31,400 29,200
$/kW (Peak = 954 MW) 186 186 200 165 165
$/kW-yr (Peak = 954 MW) 37.3 37.3 40.0 32.9 30.6

Mills/kiWh (Energy =
1,156 GWH) 30.8 30.8 33.0 27.2 25.3

Ultimate Level

Constructiom Cost ($000) 219,600 205,200 217,900 156,100 156,100
Interest During
Construction ($000) 35,000 32,600 35,500 24,500 24,500
Total TImvestment ($000) 254,600 237,800 253,400 180,600 180,600
Annual Cost ($000) 50,900 47,600 50,700 36,100 33,900
$/kW (Peak = 1,391 MW) 183 171 182 130 130
$/kW-yr (Peak = 1,391 MW) 36.6 34.2 36.4 26 0 24.4

Mills/kiWh (Energy =
1,156 GWH) 44.0 41.2 43.9 31.2 29.3

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

2. Assumed annual cost ratio of 20 percent except 18 pereept for steel gdouble-=
eireult line in Blam E.

3. Peak and energy figures inelude sutput of Lineolm Seheel plant (80 MW
Peak, 262 GWH average annual emergy).
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Table 4
Dickey-Lincolm School Transmissiom System Planning Study
Transmissiom 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
WHE (Single 1ine) 1/ 370 370 62 62 62
WHF (Two lines in parallel) 150 150 = 260 -—
WHF dc - - 260 - =
sSDC -— = = = 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 1dine) 1/ 439 145 111 111 111
WHF (Two lines in parallel) 275 375 = 260 =
WHF de - - 260 - -
SDC - - - -- 260
Possible Parallel 2/ 480 280 145 145 145

1/ Includes 30 miles of 138-kV 1dme.
2/ Corridor miles possibly paralleling existing of future lines.
Notes: 1. WHF - Wood H-Frame

2. dc - direct current
3. SDC - Steel double-circult
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Plan

1/

2/

Dickey-Limcolm School Transmissiom System Planning Study

Table 5

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 2/
Lincoln School

Ft. Kent

Dickey

Lincoln School

Ft. Kent
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Existing 345-kV
Sub. Expanded

Future 345-kV
Sub. Expanded

Orringtom

Orrington

Additions for the ultimate level of development at Dickey.

Converter terminals would also be constructed at these sites:

Sugarbrook
Winslow
Granite

Coolidge 1/

Sugarbrook
Winslow

Granite

Granite

Granite
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Figure 7 Microwave Communication System (Western Plan Ne. 1)
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Eigure 8 Microwave Communication System (Western Plan Neo. 2)
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Table A-1
Dickeyy-lricoln School Transmission System Planning Study

Plan A

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-Beebe-Coolidge

Subtotal

PCB's

Dickey

Midpoint Switching Station
Chester

Orrington

Winslow

Sugarbrook

Granite

Lincoln School 138 kV
Ft. Kent 138 kV

Beebe

Coolidge

Subtotal

Transmission Facilities Additions

($000)
Authorized Additions ffor 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 23,125 125 23,125
130 24,050 130 24,050
30 3,450 30 3,450
125 23,125 125 23,125
194 35,890 194 35,890
670 121,850 319 59,015 989 180,865
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
2(2000 A) 1,120 2 1,120
1(2000 A) 560 1 560
32 20,450 6 3,740 38 24,190




Table A-1 (Comt.)
Dickey-Lincolm School Transmissiom System Planning Study

Transmission Facilities Additions

($000)
Plan A
Authorized Additions ffor Ultimate
Level Ultimate Level Level
No. Invest. 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
Subtotals 153,500 66,055 219,555
1nc 24,400 10,600 35,000
Total Imvestment 177,900 76,655 254,555



Dickey-Lincoln School Transmission System Planning Study

Table A-2

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

Orrington

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
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 (Comt.)

Dickey-Lincola School Transmission System Planning Sttudy

Plan B

Transformers

Dickey 345/138 kv
Comerford 345/230 kV

Subtotal

Shunt Reactors

Power System Control

Braking Resistot (900 MW)

Subtotals
10e

Total Investment

Transmission Facilities Additions

($000)
Authorized Additions for Ultimate
Level Ultimate Level Level
No. Invest. No. Invest. No. Invest.
2,500 1 2,500
3,000 1 3,000
2,500 3,000 5,500
MVAR Invest. MVAR Invest. MVAR Invest.
570 5,700 200 2,000 770 7,700
2,000 500 2,500
1,000 1,000
153,500 51,735 205,235
24,400 8,200 32,600
177,900 59,935 237,835




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
Lincolan School 138 kV
Ft. Kent 128 kV
Beebe
Subtotal

Transformers

Comerford

DC Terminals

Dickey & Comerford

Power System Comtrol

Subtotals
IDC

Total Imvestnent

Transmission Facilities Additions

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

Line Mi. Invest. Line Mi. Imvest Line Mi. Invest.
260 40,300 260 40,300
32 5,920 32 5,920
30 3,450 30 3,450
49 49 9,065
322 49,670 49 371 58,735
No. Invest. No. 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 1 750
4,660 2 1,500 11 6,160
1 3,000 3,000
MW Invest. MW Invest. MW Invest.
954 104,940 437 42,510 1,391 47,450
2,000 500 2,500
164,270 53,575 217,845
26,800 8,700 35,500
191,070 62,275 253,345



Table A-4

Dickey-Lincoln School Transmission System Planning Study

Plan D

Lines

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

Subtotal
PCB's

Dickey

Midpoint Switching Station
Comerford

Comerford

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 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
2,500 1 2,500
2 5,500 2 5,500



Table A-4 (Comnt.)
Dickey-Lincolm School Transmissiom System Planning Study

Plan D

Series Comipensation

Dickey—Coneriford #1 & #2

Shunt Reactors

Power System Contrel

Braking Resistoe (900 M)

Subtotals
10e

Total Imvestment

Transmission Facilities Additions

($000)
Authorized Additions ffor 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
Transmission Facilities Additions

($000)
Plan E
Authorized Additions ffor Ultimate
Lines Level Ultimate Level Level
Line Mi. Invest. Line Mi. Invest. Line Mi. Invest.

Dickey-Comerford SDC 260 96,200 260 96,200
Comerford-Granite 32 5,920 32 5,920
Dickey-Lincoln School-

Ft. Kent 138 kV 30 3,450 30 3,450
Comerford-Beebe 49 9,065 49 9,065

Subtotal 322 105,570 49 9,065 371 114,635
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 1(3000 A) 750 4 3,000
Comerford 4(3000 A) 3,000 5 3,750
Comerford 230 kV 1 310 1 310
Granite 1(3000 A) 750 1 750
Lincoln School 2 400 2 400
Ft. Kent 1 200 1 200
Beebe 1(3000 A) 750 1 750

Subtotal 19 12,160 2 1,500 21 13,660
Transformers
Comerford 345/230 kV 1 3,000 1 3,000
Dickey 345/138 kv 1 2,500 1 2,500

Subtotal 5,500 5,500



Dickey-Lincolm School Transmissiom System Planning Study

Table A-5 (Comt.)

Plan E

Series Compensation

Dickey-Comerford SDC

Shunt Reactors

Power System Comtrol

Braking Resistor (900 MW)

Subtotals
e

Total Hmvestment

($000)

Authorized
Level

MVAR Invest.

370 4,360
490 4,900
2,000

1,000

135,760

21,400

157,160

Transmission Facilities Additions

Additions for Ultimate
Ultimate Level Level
MVAR Invest. MVAR Invest.
740 9,250 1,110 13,880
490 4,900
500 2,500
1,000
20,315 156,075
3,100 24,500
23,415 180,575



Table A-6
Dickey-Lincolm School Transmissiom System Planning Study
Losses on Project-associated Transmission Facilities

Plan Description Authorized (874 MW @ Dickey) Ultimate (1,311 MW @ Dickey)
MW % Value of Losses 1/ MW % Value of Losses
($106) (6106)
Easterm AC
Plan #1 60 6.9 3.3 110 8.4 6.1
Easterm AC
Plan #2 60 6.9 3.3 100 7.6 5.5
Westerm DC
Plan 55 6.3 3.0 105 8.0 5.8
Westerm AC
Plan #1 40 4.6 2.2 90 6.9 5.0
Western AC
Plan #2 40 4.6 2.2 90 6.9 5.0

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



Table A-7
Dickey-Lincolm School Transmissiom System Planning Study
Unit Cost Estimates

Transmission Lines 1/

345 kV ac Woodpole H-Frame $185,000/mi .
345 kV ac Steel Double-Circuit $370,000/mi.
+400 kV dc Woodpole H-Frame $150,000/mi .
138 kV ac Woodpole H-Frame $115,000/mi .
Transformers
345/230 kv 600 MVA $3,000,000
345/138 kv 200 MVA $2,500,000

Power Circuit Breakers

345 kV (3,000 Amps) $ 730,000
(2,000 Amps) $ 360,000
230 kv $ 310,000
138 kv $ 20m,000
Shunt Reactors
345 kv $10/kvar
Series Capacitors
345 kv $12.50/kvar
DC Terminals
954 MW capacity $55/kW per tterminal
1,391 MW capacity $53/kW per termimal
Power System Control $200,000 + %6E1®,000/100
miles
Braking Resistor (900 MW) $1,000,000 including PCB
Value of Transmissiom Losses $55/kW-yr. on peak losses

1/ Conductors for 345 kV ac and + 400 kV dc lines are 2-954 Kemil (Qathird)



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

Facility Service Life 1&A oM 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-circwit line in Plan E.
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Table A-9
Dickey-Lincolm School Transmissiom System Planning Study
Maine-New Hampshire Transfer Limits-MW

Plan Reinforcement 90 Percent 60 Perceat * 60 Percent #**
A Sugarbrook-Beebe—-Coolidge 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/ -
b 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
32/  Surowiec-Buxtom 1,260 Main Yankee-Buxton
3/  Buxton-Deerfield 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 perceat — Intermediate lead level
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Case No.

Plan A

90-19-1
90-19-2R
90-19-2R2
90-19-3
90-19-5
90-19-5R
90-19-5R5
90-19-6

90-19-7

Plan B

90-21-1
90-21-2R
90-21-2R2
90-21-3

Plan D
90-22A-1

90-22A-2
90-22A-2R

90-22A-3R3

Table A-10

Dickey-Lincolm School Transmissiom System Planning Study

Stability Summary —--990 Percemt Load

(1,311 MW @ Dickey)

Description Braking Resistor @ Dickey Result
Size On (cy.) Off (cy.)
(Eastern AC Plan #1)
3¢ Buxtom on Deerfield None - - Unstable
3¢ Buxton on Deerfield 900 6 12 Stable
3@ Buxton on Deerfield 900 6 36 Stable
3@ Chester on Sugarbrook None = = Unstable
30 Dickey on Midpoint 900 6 36 Unstable
30 Dickey on Midpoint 900 6 12 Unstable
30 Dickey on Midpoint 900 6 25 Stable
30 Dickey on Midpoint 600 8 - Machines
Not Turn
30 Dickey on Midpoint 800 8 - Machines
Not Turn Around
(Eastern AC Plan #2)
30 Buxtom on Deerfield None Unstable 3/
30 Dickey on Midpoint 900 6 22 Unstable
30 Dickey on Midpoint 900 6 25 Stable
30 Chester on Sugarbrook 900 8 17 Stable
(Western AC Plan #1)
30 Dickey on Midpoint 900 6 36 Stable
30 Beebe on Webster 900 6 36 Unstable
30 Beebe on Webster 900 6 12 Stail) e
39 Comerford on Beebe 900 8 18 Stable

1/ For remote faults system response was little different with a 6 or 8-cycle brake
applicatiom ttime.

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

3/ This fault could be made stable using the same measures as in Plan A.
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Table A-11
Dickey-Lincolm School Transmissiom System Planning Study
Stability Summary —- 60 Percent Load
(1,311 MW @ Dickey)

Case No. Description Braking Resistor @ Dickey Result
Size 0n (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 39 Dickey on Midpoint None - - Unstable
60-9-1B 39 Dickey on Midpoint 900 6 26 Stable
60-9-2 3@ 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 3¢ Chester on Sugarbrook None = - Unstable
60-9-3A 3¢ Chester on Sugarbrook 900 8 16 Stable

Plan D (Western AC Plan #1)

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)
60-138-2 30 Comerford Tramsformer 900 8 19 Stable
60-13B-3 30 Beebe on Webster 900 8 15 Stable
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Table A-12
Dickey-Lincollm School Transmissiom System Planning Study
Stability Summary — 60 Percent Load (Stuck Breakee Tests)
(1,311 MW @3Dickey)

Case No. Description Braking Resistor @ Dickey (900 MW) Result
on (cy.) Off (ey.)

Plan B (Eastern AC #2)

60-9-9 10 L-G, Buxtom on Deerfield 12 Stable
Delay Maine Yankee (Tripped 2
Units at
8 cycles)
60-9-7 10 L-G, Chester on Swgarbrook 18 Unstable
Delay Midpoint
60-9-6 10 L-G, Sugarbrook on Winslow Stable
Delay Orrimgton (Brake Not
actuated)

Plan D (Western AC Plan #1)

60-13B-4 10 L-G Comerford on Granite 20 Unstable 1/
Delay Midpoint
60-13B-5 14 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 GO-13B-IR).
It is assumed that this case can also be made stable by dropping two umits.

Note: Plan A cases were not run because previous cases Indicated that fault conditioens
which could be made stable for Plan B would also be stable for Plan A.



Table A-13
Diekey-Lincolm School Transmissiom System Planning Study
Transmission Line Right-of-Way Requirements

Construction R/W Width Acres/Mile
(feet)

Federal

345 kV ac Woodpole H-Frame 120 14.6

345 kV ac Woodpole H-Frame 220 26.7

(2 lines in parallel)

345 kV ac Steel Doulblle=C°rcuit 135 16.4
+400 kV dc Woodpole H-Frame 100 2.1

138 kV ac Woodpole H-Erame 100 12.1

Non-Federal
345 kV ac Woodpole H-Frame 170 20.6

345 kV ac Woodpole H-Frame 300 36.4
(2 1ines in parallel)

Note: Non-Federal R/W widths include adjacent land containing danger
trees which must be removed on an individual basis.
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GLOSSARY
(DEFINITIONS)

ANNUAL COST RATIO (ACR) - The ratio of annual cost over total imvestment
for a project or a partieular part of a projeet, usually expressed as a
percent.

ALTERNATING CURRENT (AC) - An electric curreat that reverses its direction
of flow at regular intervals and has alternately positive and negative
values.

BRAKING RESISTOR - A maseive electrical resistor used to stablize an
electric power system by decreasing the amount of acceleratiom of gener-
ators that suddenly change speed due to a fault or a disturbanee.

CAPACITY - The maximum load at which a machine, transmission Iime,
station, or system is raided.

CIRCULT - A system of conductors through which an electric curreant is
intended to flow. Three conductoes or three sets of conduetors for a 3-
phase circuit or two conduectoes or two sets of conduetors for a high-
voltage direct-currenrt circuii.

CONDUCTORS - The metallic cables over which the electrical energy dis
transmitted on high-voltage l1imes.

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

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

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

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

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

ELECTREICAL LOSSES - Total power loss in an eleetric system consisting of
transmission, transformation, and distributiom losses between soureces of
supply and points of dielivery.

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

FAULT - An unintentional short circuit in a power system due to a breakdown
in insulation, causing abnormally large curreant flows. Whea the fault
current flows into the earth, the fault is called a ground fauld.

FIRM TRANSFER - The maximwm amount of power that can be transferred from
one area to another continuously, for an extended period of ttime.
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GIGAWATT - One million kilowatts.

GIGAWATTHOURS (GWH) - One million kilowatthours.

INTEREST DURING CONSTRUCTEON (IDC) - The interest charged to ffumnds
borrowed for the construction of new facilities throughout the comstruction
period.

KILOVAR (KVAR) - 1,000 vars (reactive volt-amperes).

KILOVOLT (KV) - 1,000 volts.

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

LOAD - The amount of electric power delivered or required at any specified
point or points on a system. Load originates primarily at the power-
consuming equipment of the customiers.

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

LOAD FLOW STUDIES - See Power Flow Studies.

MEGAVAR (MVAR) - 1,000,000 vars; 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 simuiltzneously.

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 machime.

OVERLOAD RATING - The maximuwm load that a machine, apparatus or device
can carry when operating beyond its normal rating, but withim the 1r its
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 sitated
period of time. It may be the maximum instantaneouws load or the maximum
average load within a designated interval of time, for example, tthe
maximum average load for a period of 1 hour.

POWER CIRCULT BREAKER (PCB) - A switching device that can interrupt a
cireuit in a power system under overload or fault (short circuit) condiittions,
usually automatically tripped by protective relays.
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STABILITY - A descriptiom of the dynamic operating conditions of a power
system. A power system consists of many generators which are commected
together and to load centers by transmissiom lines. The amount of power
that can be transferved from one maechine to another following a disturbance
suech as a line fault is limited. When this limit is exceeded, the @aehines
beecome unstable and way lose synehronism with eaeh ether. When this
happenis, relays operate to separate the generaters net running iA Synehre=
hizatioen., Otherwise, the disturbance would moeve eut ever the systted,
semewhat like a sterm moving eutwards fref its eentef, and result in
caseading eutages, Stability is therefere defined as that attribute ef a
system whieh enables 1t te develop restering ferees equal te or greater
than the disturbing ferees s8 as to maintain a state of cquildbrium.

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

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

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 generatiom centers over significamt distances, at relatively
high voltages.

UNIT 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 stabhilizes.

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

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 tbramsmission
system of another utility. Wheelimg permits better use of existing
transmission facilities and avoids expensive duplication of thramsmission
lines.



GLOSSARY

(ABBREVIATIONS)
A ampere
ac alternating current
ACR annual cost ratio
Cmp Central Maine Power Company
D-L Dickey-Lincolm School Lakes
de direct current
DOIL Department of the Imtterior
GWh gigawatt-houwr = 1 billion watt~hours
IDC interest during cuomstruction
kemil 1,000 circular mils
kv kilovolt = 1,000 volts
kvar kilovar = 1,000 vars
kw kilowatt = 1,000 watts
kWh kilowatt~howr = 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 Englamd Power Pool

PCB power circuit breaker

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

VHF very high firequency

10 L-G single-phase line-to-groumd ffault

30 three-phase fault

B-5






REPORT
ON THE
PROPOSED
DICKEY~LINCOLNWN PROJECT
PART 1, GENERATION FEASIBI1LITY
PART 2, TRANSMESSION REQUIREMENTS
Submitted To
THE NEW ENGLAND PLANNING COMMITTEE
Noveimber 21, 1974

Prepared By
Dickey Lincolm Study
Working Group

Roy G. Barbour

Ralph L. Bean,Chairman

John Forryan

Horst Huehmer

John E. Hurley

Douglas A. James
Assisted by:

Bruce E. Higley

Robert de R. Stein

Frederick Woodruff



PART 1
DICKEY-LINCOLN GENERATION FEASIBILITY STUDY

PURPOSE:

The purpose of this part of the study i5 €0 assess the ability of the
Dickey-Lincolm project to funetion effectively as additisnal peaking
capacity to existing hydre and pump ste¥age With Fespect 8 the N&W
England load requirements forecasted for €he Wid-1980*s.

SCOPE:

The study's scope includes an anaiysis of €hese weekly tsad shapes
which vary significantly in order to aseertair Ehat the preject is
checked against every load configuratiom Ehat is knewrR &8 eXist:
The Corps of Engineers' values for instaiied generating tapaci'ty,
annual energy output, and reservoir sterage eapacity wWere adepted
without further investigatiom as a basis for €he Siudy-

The analysis is directed to the peaking eapacity of the Project:

The Lincoln component’s output is a mixture of base Isad and peaking
but its operating hours are so mueh more ¥han Diekey Wowld FuR ‘that
the study has focused on the latter instailation as €he primary Bisck
functioning under the peak of Ehe euFvR.

This investigatiom does not include any econemic censideration of 'the
project, nor does it recognize any impact accrying ¥rom EREFSY henefits
that may be forthcoming from downstream piant§ iR Camada-

SUMMARY:
An-analysis of historical loads for the peried 1867-1972 resyitsd in
€he determination that there are four weekiy Iead shapes that are



representative of all load shapes that normally oeccur in the New England
intereconnected system. The model weekly shapes ocecur in Deceiiber,
April, August and Oetober, so that an examinatiom of the Dickey project’
ability to function under each of these curves does, in fact, cover

all the expected applications.

The philosophy adopted to the loading of generatiom under the curve
is to dispatch all existing peaking hydro first. The pump storages
are dispatched immediately under the hydro, and Dickey is assigned
the load immediately below the pumpers. This approach tests Dickey's
capability to benefit the existing system after deployment of the

peaking capacity now available.

Under system peak loads such as represented by the model December

week, the Dickey project is fully effective up to a minimum of 760 MW.
In Apreil its primary function may be spinning reserve with units on

1ine at loads commensurate with minimum stream flow requirements. 1In
August, Dickey would be dispatched to develop as much energy s possible
without vielating operating rules, 1t would be available to deliver
full eapability should sudden system loads materialize. The October
load shape places Diekey in a capaeity assigniment of a similae nature

to that ocecurring in April. Nevertheless, it is constantly available
to deliver its installed capability at any time the dispatcher needs it.

CONCLUSIONS:

There is no questiom that the Dickey project capacity would be fully
effective capacity to the interconnected New England system if it were

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



The enormous storage reservoik makes it pessible e use Diekey with
maximum flexibility. It can run at full capacity whemever it is
needed, and can sustaim that power level for the duratiom ef any
peak that the system experiences. 1t makes an ideal source of
reserve with quick response, a fact that is most valuable €0 have
as an option open to those responsible for load dispatehing.

Although the project does have constraints with respect to Flow
discharge, the Lincolm re-regulatimg facility wowld nermailly be able
to absorb Dickey's full discharge (40,000 efs) during peaks up %6

8 hours in duration without spilling any water. This; of <ourse,
presupposes that the two facilities are on a coerdinated operating

pattern.

1t is imperative that the Dickey-Limcolim operation be under Ehe
control of NEPEX dispatching, and it is only on that eendition hat
the project can be assured benefit to NEPOOL participants and other
electric utility entities within New England.

DESCRIPTION OF DICKEY-LINCOLW PROJECT ;

The proposed project, located near the confiluence of €he Sii: Jehn and
the Allagash Rivers, consists of &wo separate generatimg and s'torage
facilities. Dickey, the larger of the two, wouwld be lerated ep %he

§t. John River just upstream from its juncture with the Aliagash, while
Lincoln Dam would be situated a few miles downstream of the junegion.
A general map of the project is included as Exhibit 10.

The capacity, annual output and storage capacity of eaeh, as determined
by the U. S. Corps of Engineers, is summarized as Follews:



eapgﬁityl Annuaéwﬁnergy iggg?%%.
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 to 323 days at the average
annual useable flow rate of 4370 cfs, as determined by the Corps of
Engineers. Due to its large amount of storage, Dickey can be operated
on virtually any annual release pattern which will satisfy river flew
constraints. Accordingly, it has been determinmed that the operating
philosophy of Dickey will be to maximize its releases during the high
load periods of the year when its capacity and energy will be west
beneficial, and to minimize its releases during low lead periods when
its spinning reserve potential will be most beneficial to the New
England Pool.

Lincoln"s principal function is to re-regulate the river by smoothing
out the daily peaking releases from Dickey. The storage capacity of
Lineoln is relatively small; in fact if both Dickey and Lincoln were
operated wide open, the reservoir at Lincolnm would fill from a waximum
drawdown positiom in ten hours. With Lincoln shut down, the fill woeuld
take seven hours. 1If Dickey were shut down, the Lincolm reserveoir would
sustain full load for 22 hours. However, since it does have some stor-

age capacity, it could be used for limited peaking.

1. The maximuim,"average and minimun capacities correspond to the
varying head conditions due to reservoir flluctuation.



Certain restrictions on the releases from Dickey and upon the flew in
the St. John have been specified by the Corps of Engineers. With res=
pect to Dickey releases, the Corps has recouiended the follewing opef=

ating rules:

1. Average monthly discharge is not to exceed 2500 cfs during storage

refill season of April and May, except when the reservoir is full.

2. Average monthly discharge will not be less than 2500 cfs at all
times other than April and May.

Both of these constraimts have been Iincorporated inte this study, to-
gether with the requirement that the flow in the St, Jjohm River dewn-
stream from Lincoln never go below 2600 c¢fs to recognize the minimum

flow contribution of the Allagash.

It has been assumed that a 10 to 11 year lead time is necessary &6
fulfill all regulatory and environmental requirements and construct

the project. 1n accordance with that assumption the analysis is made

on the basis of testing the projeet in the 1985-8%6 power year. Se 1eng
as the load shape remains substantially the same, it is ev’ kent that
Diekey-Lincollm will be of inereasing benefit to the system im subsequent

years,

METHODOLOGY AND APPROACH:

The approach used herein estimates the expected hourly operation of
Dickey-Lincoln. For the purposes of the operational analysis it was
determined that the typical weekly load shapes of the four months
December, April, August and October are representative of all possible
load shapes during the power year 1985-86. The corresponding curves

were constructed from 1968 per unitized daily load data. As showa in



Exhibit 1 the annual load duration curves for 1967 and 1969-=-72 were
compared to the 1968 load duration curve to test for consisteney.

The four model months were compared to the remaining eight menths as
shown in Exhibits 2 through 5 in order €o be sure that the shapes 6f
one or more of the four model months are of a similar configuratien

to each of the remaining elght months.

Sinee Dickey-Lincolm is essentially a peaking faeility, enly the peak
portion of the load curve and the existing peaking hydro units were
included in the operational analysis. 1n general, the available energy
for the hydro units was alloeated equally among the weekdays and dis=
patched hourly by the Firm Hydro Pregram. 1I1f it was necessaky te use
the extra water to meet extraordinary lead eenditiens, &he energy
defieit caused by this was assuimed to be wmade up as s6en as possible.

In loading the curve, the existing conventional hydro units were dis=
patched first. The data deseribing their weekly eapaeity and energy
availabilities was taken from NEPLAN GTF productiom cost data. Tie
data for the individual units was combined te form three egquivalent
units operating up to 40 hrs., 40 to 80 hrs, and 80 te 120 h¥s. res=
pectively. Any unit with oever 120 hours 6f weekly eperation vas
assumed to be base loaded and therefore not ineluded in the analysis.

Next, the existing pumped storage units, Bear Swamp and Nerthfield
Mountain, were loaded onto the four curves. 1t is reecognized that
under economic dispatch Dickey would be loaded above the two pumpers
on the load curve. However, it was decided that.since economics were
not in the scope of the study, the existing pumped storage units would

be leaded in their current positions. This approach shows what Dickey



will add to the existing system. Bear Swamp was loaded ¥irst sinee
its pond is ehe smallest. T was ineluded at 668 M with 3668 MyH of
generation per day. Nerthfield Mowrtain was inciudsd next &t 1660 M
and 6500 MWH per day. Tt was assumed that the BHWBSF§: head BSH3§ Wete
full at 8:00 AM Merday WOFRIng-

It was deemed prudent to make certain that the analysis shevild vefiech,
insofar as possible, those factors which aré of €oREeFR iR the Qperatich
and dispatch of the New England Pesl. Aceordingly, the probiem Was F&-
viewed with NEPEX’s director, Harry Moechen, €0 insurs that recognition
was taken of the Pool’s needs during the differsnt seassns 8f the ygaT-
This interface provided an insight of the perisdic Fequirsments #or
spinning reserve, of reduced as well as maximum BUEPUE FRULHITEMERALS;

and of seasonal differences often dictated By €he MiREERINCE PYOETAM-
The outgrowth of coordinating the eperating and planmrirg BOiRts 8f VAEYW
resulted in a set of assumed sreund ruies which are as Riiows:

1. Operate Dickey to maintain an average memnthly discharsé tOYFes:
ponding to the minimum flow of 2500 efs during the months of
April and May. New England’s heavy maintemance duFing Ehis Perisd
and the fact that most of the hydre units are operating Wide oneh
under high spring runoff conditiens, makes the Feserve capacity of
Dickey most attractive. At the same €ime; €Re SysStem EREF§Y Fe-
quirement is down so allocatiom of the Diskey energy iRts heavier
load periods is advantageous. This is eensistent With the Dresent
operation of existing hydre units which have sufficient S{orage
such as Harris, Moore and Comerford Staitions.



3. Operate Dickey to maintain an average monthly release of 3500 efs
during ¢he month of Oectober. This again reflects another peried
of high maintenance in New England when the ability € e€a¥r¥y ¥e-
serve at Diekey is most valuable. However, the system’'s energy
requirement is greater than in April and May; henee the ewihaek
to 3500 cfs instead of its minimum release ¥ate heips 0 TPPOFt
that need.

3, The remaining annual energy will be spread equally amoR§ the T&:-
maining nine menths ef Ehe year.

4. The dispatch of Dickey will be based sp spreading the ERETey
available for the period being eensidersd equally amorg sach 8f
the five weekdays. Hewever, Diekey's enersy willt Bs Hs&d BeysRd
the daily average aliocation o meet 18ad during exceptismal peak
periods. The extra energy used during these Bericds Will BE mads
up by correction of subsequent dispatches latsr iR the Wesk oF
during the next veek.

Based on the above assumptions, Dickey was first dispatched using ‘the
Firm Hydro Program to determime hew it wowld 8perats aSSUMiRG BETFEtE
foresight. Next, the load shape was reviewed in order i8 d&E&FmiRE &W
exceptional peaks. At any peint whem Sueh a peak BEEHFred: B%8§8¥:§
full spinning reserve capability was dispatched ©8 help mE&t ThE -
expected load. For example, referring 8 Exhibit 8, i %ﬂéHEE:g
Wednesday peak Dickey is peaking o its Full capacity at the Eimg ot
the two spikes and backing off as the isad dreps: The FEMRiRing BOTEHISH
of the week’s energy alleeation is spiit between Thursday and Friddy:
However, extra energy was again used on Friday €6 Weet another R



peak. Compensatiom for use of extra water will be made in the follow-

ing week.

Before dispatching Lincoln, the amount of energy available was deter-
mined by combining the daily releases from Dickey with the inflow from
the Allagash. Due to the 2600 cfs minimum flow constraint, 13.3 MW of
its capacity is base loaded. The remainder of its available energy
was considered peaking energy and divided equally among the weekdays

and dispatched hourly by the Firm Hydro Program.

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, Lincoln was not included in the four load curves.

However, its hourly operation is summarized in Table 2.

During December, Dickey operated a total of 50 hours a week. Its full
capacity was utilized two to three hours each weekday. Di<key’s output
was significantly reduced during April in order to make available its
spinning 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 Wedmesday and itwo
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. 1n October, Dickey"'s energy output was again decreased so that
on the average it operated 65 hours at 206 MW. However, again its

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

pperated thfee heurs at a capaeity above that which was amticipated,
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and during one of these heurs it was eperated at Fukl capacity:

These examples demonstrate the ability of €he preject &8 be dispatched
with great flexibility. The enermeus storage makes almest any
variation in load assignment pessibie with the &8ke constraint

being the discharge eut of Linesln:

Under emergency conditions Dickey eould earry a full 1ead up &8
nine hours per day for five consecutive days witheut overfilling
Lincoln reservoir, provided it was at peint of maximum dravdewn

at the start of the week and the releases wWere preperly coerdinated:
Under extreme conditions, Dickey couid be operated FoF 1enger
periods; however, some water would have %o be sluieed:



Month

December
April
August
October

December
April
August
Oetober

TABLE 1

DICKEY
WEEKLY OPERATION SUXNMARY

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. Hours/Wk?
Output Output Operating
MW MW > 13.3 MW
75 13.3 50
75 13.3 63
75 13.3 50
42 13.3 65

Hourly!?
Average

373
184
424
206

Hours/Wk.
F perating
$ 75 MWl

11
9
45
0

1. Total weekly energy divided by the number 8f Sperating WouTs-

2. 13.3 MW is eensidered the amount of base load capaeity devived
at Lincolm.
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PART 2
DICKEY-LINCOLN STUDY - TRANSMESSION REQUIREMENTS

PURPOSE:
The purpose of this part of the study is to determine the minimum trans=

mission required to connect the Dickey-Lincollm hydre preject to the New

England gwid.

SCOPE:
The study assumes the additiom of 2-1150 MW nuclear units in south=

eastern Maine by 1986, Simece the Dickey-ILincolmh project is propesed
for the same time period, its transmission requirememts have been in=
tegrated with the tentative transmission facilities associated with

the two nuclear umits.

For the purposes of this study it was assumed that the power from the
Lincoln School part of the project would be delivered to the local
transmissiom System in the Fort Kent area, and since this is common

to all transmission systems studied the cost is not dimcludled,

SUNMARY >

The transmissiom system that can effectively integrate the Dickey-
Lincolan project into the New England grid as proposed for 1986 can
be elther an extension of the 345 KV grid as shown in Exhibit A or
D.C. system as shown in Exhibit 1.

The cost of either system will be about $110,000,000. This cost
could be reduced to about $90,000,000 by using the 345 KV system



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

Puture system developments may require a more expansive wramsmissien
system than either of the alternatives propesed: hewever it i8

felt that either the expanded 345 KV system or #he D.€. ZySien

could be used to transmit Dickey-Lincoln power o the New Engiand
grid.

DESCUSS EDW:

Three different transmissiom systems for the propesed Maine Nuelear
Units and the Dickey-Limcolm project were considered. These ave:

(1) Expansion of the existing 345 KV tramsmission
system.

(2) A combinatiom of 765 KV and 345 KV Hramswissien
8y8 tems .

(3) A eembination of B.6. and 3B KV Wransmission
systems.

345 KV EXPANSION:

A 345 KV system was initially developed to include the Maine Nuelear
units only. This proposed system, as shown in Exhibit B, was ¢apable
of supporting firm transfers of 2000 to 2200 MW out of Naime.

The economic generatiom dispatch for this system and the maghitude
of the power exported from Maine under variows load levels I8 ZhewWn
in Exhibit D. Exhibit D also shows that some uneconomic generatien
(assuming 100% availability of Maine capacity) might be loecked i,
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in Maine, at lighter load levels if firm transfer limits are adhered
to.

Once a 345 KV expansion required for the 1986 period was dettermined,
the additional transmissiom needed for the Dickey-Limcolm project
was designed. This is shown in Exhibit A.

Exhibit C shows the total 345 KV expansion necessary for both Dickey-
Lincoln and the proposed 1986 system. This system is capable of
supporting a firm export of approximately 3000 MW from MNamime.

Exhibit E shows an economic generatiom dispatch with Dickey-Lincoln
added. This exhibit shows that economic dispatch can be handled by
the proposed transmissiom system, but there might be some wuneconomic

generation looked in at lighter load levels.

The proposed 345 KV transmissiom additioms for Dickey-Lincolm add
800 to 1000 MW to the firm transfer capability of the Maine ftrans-
mission system and this approximates the size of the Dickey-Lincoln
project., The 345 KV transmissiom additions proposed for D\ckey~-
Lincoln are therefore justifiably charged to the project.

Exhibit P contains cost estimates for the 345 KV expansion shown

in Exhibit A, B and C. The transmissiom additioms associated with

the northerm New England area (Exhibit B) will cost about $37,000,000.
The transmissiom additioms associated with the Dickey-Lincolm project
will cost about $115,000,000. (All figures are in 1974 dollars.)

765 KV AND 345 KV EXPANSION;

A combinatiom of 765 KV and 345 KV expansion was considered and i8
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shown in Exhibit G. This configuratiom would be capable of heawyy
exports from Malne assuming a 765 KV system existed in southern
New England, and had a northeasterm hub at Scobie Pond Substation
in New Hampshire, The proposal uses a 765 KV loop from Scobie
Pond Substatiom to the Malne Nuclears., A 345 KV expansion is
used from the Maine Nuclears to Dickey-Lincollm and to parts

of Central Maiine.

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 is no 765 KV system
plan for New Englamd during the the 1980-85 period, and a 765/
345 KV expansion does not provide an economically attractive
system to meet the projected bulk power transmission reguirements
in Maine, The 765 KV system would, however, provide greater ex=

port capability from Maine tham the 345 KV altermaie.

D.C. AND 345 KV SYSTEM:

A proposal to move Dickey power directly from the site to
Northern New Hampshire and Vermont was considered. This con-
figuration includes the proposed 345 KV transmissiomn system for
the Maine Nuclears (Exhibit B) and a D,C, 1line from Dickey to
Comerford, New Hampshire, A 345 KV 1line from Comerford to the
Granite Substation in Barre, Vermont and 345/230 KV transformer
at Comerford complete the system., Exhibit I shows the proposed
route for the D,C, alternate, Exhibit J shows the cost of the
D.C. alternate to be estimated at $105,000,000..



CONCILUS I[ONS

Of the three systews considered for Diekey-Lineeln; the 345 KV system
or the D.C. system appears to be about equal in eost previded the
remainder of the system expansiom is on schedule. Future deVRlophenits,
such as the building of 765 KV system in Southerm New England and ‘he
constructiom of additional generatimg plants in Nerthern New Hampshire
and Maine, may make the 765 KV system more attraetive. Since there

are not firm proposals for these developments, at the present Hime,

the 765 KV concept was not considered furiher.

It should be emphasized, however, that when considering the 345 KV
expansion, the transmissiom facilities ultimately attributed to ‘the
Dickey-Lincolm project will be greatly influenced by the expan3ien

of the Maine systems. A significant delay in faeilities sSueh as

one or both of the Maine nuclear units (assumed in this study) ev

the development of a more southerly or inland site eould aleer

the conclusioms of this study. Furthermere; the eest of both the

345 KV and the D.C. alternatives will be gevernsd by the exBansion of
the Vermont 345 KV system.

To make a full comparisom of the 345 KV, 765/345 KV and the D-C.
systems, additional studies would be required and operating de=
cisions would have to be made. It is felt that ne additiondl
studies should be made at the present time. The eest of ‘the
Dickey-Lincolm transmissiom will be approxiwately $110,000,000 in
either case and the decision as to which expansion I8 preferred need
not be made at the present time.
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EXHBBIT B
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EXHEBBIT C
345 KV Transsidsioion Adddtions
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MAINE TO NEW HAMPSHIRE EXPORT

1986 SYSTEM CONDITIONS

"ECONOMEIC™ GENERATELON DISPATCH - NO DICKEY-LINCOLN

LOAD LEVEL - PERCENT

EXHIBLIT D

100% 80% 60% 35%
A, Maine Generation
L ghen, et g 8 8 g
3. W. F. Wyman 500-600 400-500 300—400 0-100
4. N. B. Purchase 400 400 100
S A T BN 250350 150-25% oio
Total Generation 4300-4500 MW | 4100-4300 MW | 3700-3900 MW | 2850-3050 MW
B. CMP & BHE Load 3000 MW 2400 Mw 1800 mw 1050 MW
C. Net Maine to N.H. Transfer | 1300-1500 MW 1700-1900 MW 1900-2100 MW 1800-2000 MW
D. Total Maine Generation (4800 Mw)
E. Total Possible Transfer 1800 Mw 2400 Mw 3000 Mw 3750 Mw
(Assuming 100$% Available Maine Capacity)

Note: Economic generatiom dispatch assumes




EXHIBET H

COST ESTINWATES -ii345 KV SYSTEM

Dickey-Lincolm 345 KV System

Transmissiom Lines:

Dickey to Chester #1 150 mi. @ 155,000/ML. $23,250,000
Dickey to Chester #2 150 Mi. @ | 155,000/Mi. 23,250,000
Chester to Orrington 50 Mi. @ 155}@@@/Mi 75,750,000
Chester to Sugarbrook 125 Mi. @ | 155,Q00/Mt. 519,375,000
Orrington to Winslow 35 Mi. @ | 155,000/Mi. 5,425,000
Sugarbrook to Granite 150 Mi. @ 155,000/Mi. 23,250,000
Substations:

Dickey 5 Breakers @ 660,000 4 g,@@@,@@@
Chester 9 Breakers @ 6@@ 000 8 5,406,000
Orrington 3 Breakers @ 450,0@@ $ 1,%5@,@@@
Sugarbrook 5 Breakers @ 450,000 § 2,250,600
Wins low 1 Breaker @ 450 000 4 @,@@@
Granite 1 Breaker @ 450 000 450,000

Total $115,200,000

Note: gl) It may be possible to sliminate ene g
ines by the use of series eapaciters;
cost of the proejeet te $8§ 840,000 plus éBBfB&l%ﬁE% /

000 for series &apacAioF:

(2) A switching station may be re

Dickey=Chester 11R6S,
tienal $2,460,600.

¥ require

8&1

is Yok Fhd

@H§§E§g
Cuhii
nidpeint

Thts EE& €gst an égglghe

this wew



EXHEBET H

COST ESTIWATES -ili345 KV SYSTEM

Malne Nuclear 345 KV System

Transmissiom Lines:

Maine Nuclear to 345 KV Line 10 Mi. 1,550,000
Maine Nuclear to Winslow 40 Mi. ®, 200,000
Maine Nueclear to Maxcys 50" Mi. ®, 550,000
Maxcys to Winslow 25 Mi. 3,875,000
Winslow to Sugarbrook 40 Mi. ®, 200,000
Sugarbrook = Pownal 50 Mi. 7,750,000
Maine Nuelear te Orringten 25 Mi. 3,550,000
Winslow = Sugarbreok ) 40 Mi. 5,000,000
Sugarbrook = Maine/N,H, Line 50 Mi. $ 7,750,000
Maine/N.H, Line = Webster 70 Mi. $10,850,000
Webster = Hudsen 55 Mi. 111,000,000
Substations:

Pownal = 2 Breakers @ 900,000
Maine Nuclear 10 Breakers @ 1 6,000,000
Orrington 3 Breakers @ | 1 1,350,000
Wins low 4 Breakers @ I 2,400,000
Maxcys 2 Breakers @ 900,000
Sugarbrook 4 Breakers @ 1 2,400,000
Webster 1 Breaker @ 450,000
Hudson 4 Breakers @ { 2,400,000

Total &B7,075,000



COST ESTIMNATES - 345 KV SYSTEM

Total 345 KV System

Maine Nuclear Transmission 2 87,075,000
Dickey-Lincoln Transmission 15, 200, 000

Total $ 202,275,000
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EXHIBET H

COST ESTIMATES - 765 KV PLUS 345 KV SYSTEM

765 KV System

Transmissiom Iines:

Maine Nuclear to Scobie via Comerford

290 mi. @ $300,000/Mi, = $ 87,000,000
Maine Nuclear to Scobie via Pownal

195 Mi. @ $300,000/Mi. = $ 53,500,000

Transformers:

1 - 765/345 KV, 1500 MVA Transformer at Maine Nuclesr
$ 7,000,000

1 - 765/345 KV, 1000 MVA Transformer at Buxton
$ 5,000,000

1 - 785/345 KV, 1000 MVA Transformer at Wimslow

$ 5,000,000
765 KV Shunt Compensation
$11,000,000
Substations:
Maine Nuclear 4 Breakers @ $ 1,667,000 = $ 6,668,000
Scobie 3 Breakers @ $ 1,667,000 = $ 5,000,000

Total $185,168,000




EXHIBLIT H

COST ESTIWATES - 765 KV PLUS 345 KV SYSTEM

345 KY System

Note:

Transmissiom Lines:

Dickey to Chester #1
Dickey to Chester #2
Chester to Orrington
Orrington to Maine Nuclear

345 KV Line to Maine Nuclear

Maine Nueclear to Winslow
Winsblow to Maxcys
Winslew te Sugarbrook
Sugarbrook te Pownal

Substations:

Chester

Maine Nuclear

Wins Low
Sugarbrook
Pownal
Dickey

5 Breakers
4 Breakers
4 Breakers
2 Breakers
2 Breakers
5 Breakers

BIEISISIHIE]

150
150

ML,
Mi.
Mi.
Mi.
Mi.
Mi.
Mi.
Mi.
Mi.

50

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

900,000
3,000,000

(SIS IS IOISIEISIE)]

Total

23,250,000

$ 96,600,000

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

Lines by the use of series capacitors.

This would reduce f%he

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

(2) A switching station may be required at the midpoint of fthe

Dickey-Chester Lines.

tional $2,400,000

Total Cost of Project:

765 KV -
345 KV -

&5, 168,000

% I
b, 600,000
» 108,000

If required, this would cost an addi-
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EXHEBET J

COST ESTIWATES -0D,C., PLUS 345 KV

D. C.
Transmiss iomn:
Dickey to Comerford 260 Mi., @ $100,000 = § 26,000,660
Terminals:
875 W @ Bo/kw $ 68,560,000
345 XV
Transmiss iom:
Comerford-Granite 32 Mi. @ $155,000 $ 4,960,600
Substations:
Comerford 3 Breakers @ 4 600,000 § 1,860,000
Comerford 1 Breaker @ § 260,000 §> 250,000 (230 KV)
Granite 3 Breakers @ $ 600,000 $§ 1,800,600
Transformers:
1 - 345/230, 400 MVA Transformer @ $ 2,000,000 = $ 2,000,000
Total $105,370.,.,00Q
345 XV

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

Note: D,C, transmissiom line cests are based en a ﬁ 466 KV B.6.
line with earth returh using 2 = 954 MGEM AGSR £oREUEtars

per pole;
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RELIABILLTY STANDARDS
FOR THE

NEW ENGLAND POWER POQL

1. INTRCDUCTION

The purpose of these New England Power Pool standards is teo waintain
the reliability and efficiemcy of the interconnected power system of i€s

members through improved coordination in system design.

It is recognized that more rigid objectives may be applied in some
segments of the pool because of local considerations. It is alse vyeecegnized
that the basic design criteria are not necessariiy applicable to these
elements of the individual member‘s systems that are net a major part of the

interconnected bulk power sysftem.

An interconnected bulk power system should be designed at & level of
reliability such that the loss of a major portiom of the system wewld not
result from reasonably foreseeable contingencies. In determining this ¥ye-
liability, it is desirable to give consideratiom teo all combinations of
contingencies occurrimg more frequently than once in seme stipulated number
of years. However, data and techniques are not available at the present
time to define all the contingencies that could oceur or to ussess and ¥ank
their probability of occurrence., Therefore, the intercomnected bulk power

system must be designed to meet representative severe conitingeneies.

Loss of a small portion of a system (such as a radial seetion) way



occur provided it does not jeopardize the integrity of the overall intervcon=

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 maintaim a high level of

efficiemcy and reliability in the interconnected bulk power system.

2. GENERATING CAPACITY

Generatimg 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
determimed 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 variations.

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

c) Seasonal adjustment of generatiom capability.

d) Proper maintemamce requirements.

e) The reliability benefits of intercommectioms with systems that
are not NEPOOL participanits.

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

The use of the load management techniques outlimed 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 critterion.

-2 -



3. TRANSMESSION REQUIREMENTS

The pool bulk power system should be designed with sufficient trans-
mission capacity to serve pool loads under the conditions noted below. The
power system should also be operated in such a mamner that the design ob-

jectives are fulfilled.

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

b. Emergency

Design studies will assume applicablle contractual transfers and the
most severe expected load and generation conditions. Operating transfer
capability studies will be based on the particular load and generatiom pat-
tern expected to exist for the period under study. All reclosimg facilities

will be assumed in service unless it is known that such facilities hawe been

rendered Imoperative.

3.1 Stability Comditions

Stability of the pool bulk power system shall be maintaimed dur-
ing and after the most severe of the conditions stated in a, o, ¢ and d
below. Also, the system must be adequate for testing of the faulted
element by manual reclosimg after the outage and before adjustimg any
generation. These requirememts 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 to

reclosing facilities.



b. 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 facilities.

c. A permanent phase to ground fault on any generator, circuit,
transformer, or bus section with delayed clearimg and with due
regard to reclosing facilities. This delayed clearing could be
due to breaker, relay system or signal channel malfunction.

d. Loss of any element.

3.2 Steady State Comdittions

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

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

conditions that exist following a disturbance specified in 3.1.

4. INTER-POOL TRANSFER GAPABILITIES

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
facilities in service at the time of the transfer. In determinimg the emer-

gency transfer capabilities, it is assumed that a less conservatiwe margin

is justified.

Transmission transfer capabilities shall be determined under the

following comnditions:



4.1 Normal Transfers

4.1.1 Stability Comnditions

Stability of the pool bulk power system shall be main-

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

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

of the faulted element by manual reclosiing after the outage and

before adjusting 2nd gemeration.

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 facilities.

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 malfunction.

Loss of any element.

Steady State Conditions

a.

For the facilities in service durimg the transfer, volt-
ages, line loading and equipment loadings shall be
within normal 1imits.

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

bance specified in 4.1.1.

-5 -



4.2 Emergency Transfers

4.2.1 Stability Conditions

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

ment is tested.

a. A permament 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 equipmemt loadings shall be
within applicable emergemcy limits followimg & distur-

bance in 4.2.1.

5. TRANSMISSION FOR GENERATION UTILIZATION

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

capability required under reasonmable operating comditions.

6. POSSIBLE BUT IMPROBABIE CONFINGENCIES

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

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

-6 -



Loss of #he entire capability of a generatimg station.

Loss df' all lines emanating from a generatimg station, switching
station or substafion.

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

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

The effect of severe power swings arising from disturbances outside

New Emngland.



1.

APPENDIX ™A"

LIST OF DEFINITIONS

EMERGENCY

An emergency is assumed to exist if firm load may have to be dropped

because insufficient power is available. Emergency transfer limits are

applicable under such conditions.

2.

LIMITS

a. Normal Limits

These timits are QEBSHSSHF on the potisies of Wndividua
members of NEPOSL for nermat system operation and subjest o shand-
ards which way be 8%33} ed for aH New Fngiand-

Eggrgenc; kimigs

These Himits depend sn the durakisn of Hhe sseurrence:
8 the psticy f the individuat members regarding 1oss of Hife
equipmeRt, Voltags timitations, &ks-

Short time emergency limits are those which can be utiliiz d

for at least five minutes.

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

affect the operatiom of the interconnected systems.

The limiting condition for equipment loadimgs should be such
that cascading will not occur due to operatiom of protective devieces

on the failure of ffacilities.

-8 —



3. FLVE-MINUTE RESERVE

Five-Mimute Reserwve is that portion of unused generating capaeity
which is synchronized to the system and is fully available within five wmin=
utes, plus that portion of capacity available in shut dewn generatimg Wnils,
in pumped hydro units and by curtailing interruptibie loads which is Fully

available within five minutes.

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

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

matie, and the kind of protectiwe schemes insofar as time is comcerned.

5. ELEMENT
An element is defined as & generator, eireuit, transformer, breakey

or bus seckion.



APPENDEX "B

DEVELOPMENT OF NEPQOOL RELIABELETY STANDARDS

The New England Power Pool Agreement dated September 1, 1671 provided
under Section 7 for the formation of a Plannimg Committee and states in
paragraph 7.9, "Following approprigte studies, the Plannimg Committee shall
from time-to-time recommend to the Management Committee proposed ¥eliability

standards for the bulk power supply of the parties."

The Plamning Committee in carrying out its assigned duties at this time
believes that the recommendations of this report previde for a reliable and
efficient bulk power system. Hewever, the aceumulation of additieral data
from actual operating experience may produce a better basis for a staltisticat
analysis which will result in revised impreved standards of peel yeliability

at a minimum cost to the parties.

These recommendatioms are consistent with the Nertheast Pewer Coordinat=
ing Council's "Basic Criteria for Design and Operation of Imtercennected

Power Systems” and the NPCC "Bulk Power System Protection Philesephy.!

The Planning Committee has taken inte econsideration the steady state and
transient requirements it feels the New England Pewer Pool Retwork must weet
with respect to both generation and transmission. Fessible cREingencies
affecting these requirements have been included in the design dbjectives
attached herete.

- 160 -
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