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. PREFACE

This Planning Memorandum is an_interimvreyort to describeythe‘preliminarye
anal?éee carried out under Subtask 8.02, "Electric System %‘aaiee" In

view of the uncertalnty of a number of system parameters, séme sweeplng

assumptlons had to be made to be able.to carry out this prelimlna:y
: '&ﬂ&lYSIS- ‘ '

One important item which is still undeciaed’et the timefof-thiS‘@ritihéw”"'
is the 1nter€mnnectlon configuration of the Susitna transmisszon wmth,the
utllltles in the anchorage area. The technical anxlyses, includlng
transmission llne energizing, load ~lcw and'transment‘etabzllty studxeé; -
were performed assuming twe magor swltchlng and transformer stations in |
Anchorage, without" knowle&ge of their locations, as shown in the system :
diagrams in Flgures 3.1 and 3»2. Due to later';nformatlon, it was

'proposed to base the economic comparison of the various transmzssion

'¥v~a%;e; natives-on a single sw1tch1ng station at the western terminal. of

230~-kV cable crosslng of Kaik me. The costs of the cable cro§51ng,i

belng common to all alternatlves, were excluded from the comnareso;

| The flnal common couflguratzon will have to be detexmlnea, as wxll a
number of other parameters, before the technical and economic analyses
can be completed. The capltal and operating costs of all oomponents of
Vthe SusitnaotransmiSSLGn‘system will then have to be lncluded mn the ‘
‘economic comparison of alternatlves. It is expected that the ooncluelons‘

drawn from this study w1ll not be smgnlficant Xy affected?by the_resultlng}

achanges in systenm parameters.
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The Plan of Study (POS) for the Susitna hydroelectric project, which is
curiently‘being undertaken for the Alaska Power Buthority (APA) by Acres
American Incorporated inec 1udes}studies‘cf the required transmission

systen under Task 8.

Subtask 8.02 of Task 8 is entitled Electric System Studies. The
objective of this subtask, as definé@}in»thé February 1980 POS is as

follows.

~ "To ensure that the electrical aspects of the grd%ect design are

integrated\with the existing Railbelt arssa power svstems and to design an

electrlcal power syatem.whlch,ls reliable and economlc."

The transmission system for the Susitna project, as currently envisaged,
will ﬁltimatély involve 1ines‘fr0m the Watana and Devil Canyon sites to
both Fairbanks and Anchoragea' The system is to be deszgnea/ln such a wmy
that the proposed intertie ‘between Anchorage and Fa¢rbankﬁ, which is ,
presently under study for AEA,by uOmmonwealth,ASSOCLates,»ﬁall‘eventuﬁily

become paxt of the Susitna transmission system.

Work on Subtask 8.02 commenced in June 1980 and is scheduled to be
complete by March 1982. The>purpose of this Planning Memcrandum is to
present the results of the preliminary analysis completed tnder
Subtask 8.02 through June 15, 1981. |

5'9‘_




The studles are best summarized by outlin;ng the scope of the work to be

<

perfcrmed.

a

The scope of work includes
"aevelop?transmissica,system planning‘criteria
assemble all data describing existing Railbelt power éystems

study the present ana.pfcjectea load distribution to Anchorage and
Fairbanks“ R | _ <

-

determine elivery points for Susitna power into local utility systems

- determine line loaalngs for the Sus;tna transmlsSLue system - propose

alternatlve»prellm.nary system ccnflguratlens

prepare prellmlnary cost estima*es for alternatlve system
- configurations

perform preliminary screening of various alternatives

recommend transm;ssion system conflguratlon, voltage and conductar

szzes s

~ Based on the results obtained from the above act1v1ties a transm1351on
alternatlve is recommended which Best satisfies the technical plannlng
criteria at an economical cost. The recommended option, called

: Alternat;veezfin this study, has the followzng magor characterlstlcs.u‘




 Transmission Liné: ‘ . Number of ; | ém;duétor
Sgchimn R Circuts ‘ Voltage Size
o (k) ~ (kcmil)

' Watana = Dewvil Canvon 7 2 345 2 x 954

‘Devil Canyon - Willow - 345 2 x 954

 willow = Anchorage 0 3 - 345 2 x 954

Devil Canyon - Fairbanks 189 2 - - 2x 795




3 - DESCRIPTION KND RESULTS
OF STUDIES

3.1 - Planning Criteria

The planning criﬁeria were developed to ensurs the aesign of a reliable
and econcmlc,electrical power system, wmth componsnts which are rated to.

allow a smocth.transition through early project stages to the ultxmately
fully developed petentlal.

System,planning,criteria were submitted to APA in August 1980 and
| subSeguently acce@ted without comment. As a result of the better
under standing of the Susxtna transmission system, gained from the
preliminary analysﬂs carr;ed out to date, revised criterla were proposed
as outllned in Appendix A« In the revision, some of the criteria were
moszled to allow for larger variations 1n,performance parameters during
early stages of project develogment. strict application of optimum,
‘ lcngvterm;crlteriavwould require the installation of equipment with
ratings larger than necessary and at excessive cost. In the interest of
economyrandlléng~term system per.formanceir these criteria were temporarily

‘relaxea'during‘early'aeVelopment sfagesrcf the project.

While allowiﬁg for satisfactory operation'during eaély'systan
vaevelopment, final system parameters must be based on the ultimate

Susmtna gotentlal.

The criteria are based on the desirability to maintain rated power flow
to Anchérage and Fairbanks during the outage of any single line or

transformer element. The essential features of the criteria are

- toial powar output of Susitna to be dellvered t@ one or two statlons at

Ancborage and one at‘Fﬂlrbanks

‘3

\ ;V"breaier~anarafhélf“,é@itchinq station arrangements
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dynamic_ovefveltages during line ‘energizing not to gxceea.specified’

limits

usystem,voltages to be within establishe&,limits during normal
operation ‘ E

M " . “ *
< . .. e .
. . . g a5
- '

power dellvered to the loads to be malntalned and system voltages to be

kapt within eszabllshed limits for system operatlon under emergency
condltlons; '

transient stability during a 3-phase line fault cleared by breakex

action with no reclosing

‘vwhere‘pexformance llmlts are exceeded, the most cost effectlve
corrective measures are to be taken. |

3.2 - Existing System Data

The daﬁa.on the existinévpower systems in the Railbelt area were -
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 a¢semb1ed by R. W. Retherford Associates. These-&ata'have,been compiled

in a drait report by Commonwealth 2 soc;ates Inc., Qateayﬁovemner 1988
and entltledA”Anchorage-?alrbanks Transmlssion Intertie = TransmszLOn
System'Data . This report is included, with minor revisions, as
Appendix B. Other system data were obtained in the form of single-line

-

diagrams from the various utilities.

3.3 Q>System,Lcad Forecast

3.3.1 -‘Load‘Levels

Energy and péakfdamand,farecastg were prepared for the Rlaska
‘gailbélt’regionw5§”the'1ns£itnte for SdCial‘and«Economic Research,
Uhiversity‘of Alaska (ISER). TheSexwere mbaifiea'to account for

e




seifASugplie& industﬁial and military generatioﬁ as well as

»expectea results of load management and canservatlon efforts. Tﬁe
resultlng'low, medlum and high forecasts of peak and.energy demand,
as shown in Table 3.1, were used in the generatlon planning ‘

analyses of Subtask 6.36.

'3;3;2~- Loadeistiibution

At present, the total RallbeLt bystem load is shared approxxmately
80 percent by Anchorage and 20 percent by Fairbanks. ‘While the
nrogeetlons of various load farecasts vary somewhat around these
figures, the predi cted changem are small. Te account for the
uncertainty in‘future developmenra the trenSmission system was
designed to allow for this load sharing to vary from a maximum of
Bﬁ;percent Qf}Susitna generating capacity atiAnchorageito a'makimum

of 25 percent at Fairbanks.

 3e3.3 - Load Power Factors

Loads were represented in the electr;c system studles at the
"hlghest subtransmission level at each load center transfcrmer
station, generally 138 kV. Subtransm1551on at 138 kV from the
'point of deli#ery of Susitna power was considered to be the

'  responsibility of individual utilities. As such it was not
included in the systemeimuiatioa. iaad pewer factors were ase;med
to be corrected to 0.95. Conditions of low voltages were corrected
with the help of~ad&itiopa1 static var generetibn at the EHV/138-kV
tran§§ggmer etatiOn; During detail design sfages, it may prove
advantageous to carry out most of this power faetcr‘ccrrection at
lower voltages in the distributioﬁ network, This method isr
expected to be more cost effective in- equlpment costs end resulb in

neperatlonal advantages as well.




3.4 - System Configuration -
AC Alternatives

Alternative‘c@nfigﬁrations-for tﬁe grépcsed;transmission syétem were
developed after reviewing theiexisting‘systemconfiguraticns at both
AnchOragé and Fairbanks as well as the possibilities and development
plans in thaﬁsusitna, Anchorage, Fairbanké,'Willow and Healy areas.

3.4.1 - Susitna Configuration

Preliminary development plans ihdicate that fhe'first,groject to ke
constructed would be Watana with an initial installed capacity of
400.MW to‘bé increased to apgroximately‘aﬂﬂ MW in the second

| develo@ment stage. The next project, and the’last-ta~bé*Cchsi&ered
in this study, is Devil Canyon with an,installe& capacity of 400 MW
to 600 MW. | |

Devil Canyon anéd Gold Creek were considered as the sites for a

1 major switching station to collect all of the}SusitnaAgeneratiQn

| for transmission to Anchorage and Fairbanks. SﬁitChing at Gold
Creek would involve the construction and operating cost of one
additional station. It would require'a 1arger number of circuit
breakers but would reduce the number of transmission circuits in
theAéanyuu.;}Uncertaintyfabout~detail 1ine rdgging»and<access
requirements make 2 switching station at GoldﬁCréek léss desirable.
-4 cost'compérison between the two alternative configurations proﬁed
that~a‘switching'§tati§n at Devil Canyon is more economical than at
Gold Creek. In the light of all:these factbrs, it is c&nsi&ered
advantageous to base presentrstuﬁies;on a switching. station located

at Devil Canyon with transmisgionldiréctly‘frcm there to Anchorage

- and Fairbanks.




 3+4.2 - Switching at Willdw

xransm1351on from Susztna to Anchorage is fac1lltated by the(rk ;
Lntroductlon of an 1ntermedlate switchlng station. Thls has the
effect of reduﬁlng line energlzsng evervoltages'an& reduclng the.
impact of llne outages on system,suahillty. Willow is a suitable
location for thls intermediate swit chlng station and in addition it
would make it POSalble to supply lccal load when th;s is just;flcé
by development in the ares. ThlS local load is expected to be less
than 10 percent of the total Railbelt area system load, but the

, availabllzty of an EHV line tap would definsitely racilltate'tutnre
| pownr sSupplye.

3.4.3 - Switching at Healy

A swzbching statlon at Healy was congiderzd early in the analyszs*
but was found not to be necessary to satisfy the Planning criteria.

| The predlcted load at Héaly is small enough to be supplied by the

local generatlon and thé existing 138<kV transmission from

~Fa1rbauaa. ' ‘ L v

3.4.4--‘Anchorage,Configﬁrétion

_In its 1975 report on the Upper Susitna Rlver Hydrcelectrlc |
~Studies, the United States Departmen. of the Interior Corps of
-Enginasrs favored a transmission route terminating at Point
MacKRenzie. |

o ‘ : ' .
~ The 19?9-Economie‘F@asibility Study Report for the Anchorzge=-
Falrbanks Intertle by Internatlonal Engineering Com * Inc.
'(IECO) recommends one 01rcu1t from Susitna termlnatﬁng at Poznt
‘MacKEnzle~and another passing through Palmer and nklutna

substatlons to Anchcrage along the eastern sioe of Knik Arm.r




. At the beginnlng of the studies, it was assumed that Susitna po'
'would e delivered_to Anchorage through two major transformer
statlcns. In;txally,,it was thcught that one of ‘these might be

" near Palmer and the other "elsewhere" withOut cetailed'knowledge cf’

its locations

Analyszs of system conflguratlen, distribution of loads and
development in the Anchorage area reveals that a,transformer;

v statlon near Palmer would be of littlé benefit. Most of the major
| loads are concentrated in and around the urhan Anchorage area at
the mouth of Knik Arm. In order to reduce the length of

~ subtransmission feeders, the transformer sta+ions should be located

"as close to Anchorage as possible.

The routing of transmission into Anchorage may be chHosen from three
possible alternatives. |

k{a) Suhmarine,cable crOSsiﬁg from\Point~ﬁa¢REnzie to Point
Woronzof. This would regquive transmission through a very
heavily*deve*oped area. It wculd also expose the cables to
damage by ship's anchors, as has been experienced with
existing cakles, thus resulting in gquestionable traﬁsmissien
reliability.

Overland rcute north of Knik Arm via Palmer. This is likely
most economlcal in terms of capital cost in splte of the long
distance invclved. However , approval for this route is
unlikely since overhead transmission through this developed
‘area is considered environmehtally cnacceptable. A 1onger
overland route around the developed area is considered

unacceptable because of theemcuntalnous terralns

Submarine cable crossing of Raik Arm,rin‘the area of Lake

lorraine and Six Mile Creek, approximately parallel to the new
230-kV cable under construction for Chugach Electric

Ry
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Association (CEA). ThlS option, including some 3 to 4 mlles
of submarlne cabl.; requxres a hlgh capltal coste Belng |

upstream from the shipping lanes to the,ponx of’Anchorage iﬁ
would result in a reliable transmission link, and one that

would not have *to cross environmentally sensitive conservation
‘areas. B |

The load flow and stability studies were carried out assuming two

major swltchlng and transfbrmer stations, without knowledge of

their locat‘cns, as shown in the system diagrams in Flgures 3-? and
3.2 Later xnformatlon fram the/field indicated that Su31tna powar
would;likely be delmvered to a single 345/230-kv station at the |
western termi inal of the cable crossing outlined in option (c)
above. The cost of the cable crossing (at 230 kV) would be comﬁen
to all transmission élternatives under‘this option. This cost.Was
thus excluded from the econcmlc analysis comparing the five
alternatlves in this planning memorandum. The final analys1s wxll

; beneflt from.more aeflnltzve kncwledge;regardzng the most l;kely

| transm1sszon routlng and locatlons of Anchorage transformer
stations. The costs of cable crossings and termxnal stations faﬁf

| the EHV system will then befinclﬁded‘in the final economic

comparisons between the various transmission alternatives.

3¢4.5 ~ Fairbanks Configuration

Susitﬁa.power'fbr the Fairbanks area is recommended to be deliverad

to‘a~Singlé;EHV/138—kV transformer station'located at Ester.

- Alternating Current
Alternatives Analyzed

Because of the gécgraphic'locatidn Qf‘the“Vari6u§VCenters, transmissien
from Susitna to Anchorage andAFalrbanks will result in a radial system

,conflguratlon. This fact allows sign1ficant<freedqm lnvthe choice of
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transmiésiOn‘voltagés;‘cdnductors, and other parameterS'fox the two line
sections with only limited dependence between them. In the end, the

advantages of standaraizaticn'for~the-entire system@gi;; have to be

ccmparea to the benefits of optimizing each section on its own merits.
TransmlsSLOn alternatives were developed for each of the two system areas

including voltage levels,. number of cmrcuits required, andAother

'parameters; to satlsfy the necessary‘transm1531on reqplrements of each

areas

- Having established the peak power to be delivered and the distances over

which it is to be transmitted, transmission voltages and number of
circuits required were determined. To maintain a consistency with
standard ANSI voltages used in other parts of the USA, the following
voltages were‘conSiaered_for Susitna transmission.
- Watana to Devil Canyon or Gold 500 kV or 345 kV

Creek and on to Anchorage :
-~ Devil Canyon or Gold Creek to - ' 345 kV oxr 230 kV

Fairbanks

3. 5.1 o Susltna to Anchcrage
Transmiss*on Alternatlves

Transmission”at either of two different voltégé levels could
reasonably provide the necessary power transfer capab;llty over the
distance of approximately 140 miles between Devil Canyon and
- Anchorage. ' These are 345 kV and 500 kV. The required transfer
capability is 85 perﬁent of the ultimate generating capacity qf '
1,400 MW (1,190 MW). At 500 kV, two circuits would provide more
than adequate capébility. At 345 kV either threé circuits
uncompensated, or two CirCuitsfwith series compensation are

required to provide the necessary reliability for the single

contingency outage criterion. At lower voltages, an excessive




number of parallel circuits would be required while above 500 kV
two circuits are still needed to provide service in the event of a -

line outage.

3,5.2 ~ Susitna to Fairbanks
' Transmission A;ternatives

Using the same reasoning as for the choice of transmission
alternatlvee to Anchorage, two c1rcuits of either 230 kV or 345 kV
"were chosen for the section.from Devil Canyon to Falrbankse . The
230~kV alternatxve requires series compensation to satlsfy the

plannlng criterla in case of a llne outage.

3.5.3 - Total System Alternatives

The aboveémentioned transmissibn section alternatives-were combined
into rxve realistic total system alternatlvesa' Three of the flva

,alternatlves have dlfferent voltages for the two sectlons. The

,prlncipal parameters of the five transm1851on system alternatives

to be analyzed in detail are as follows.

Susitna to ‘ Susitna to

Anchorage Fairbanks

Number of ' Number of
Alternative . Circuits Voltage Circuits Voltage

*Denotes series compensation.
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Single~line diagrams explaining the'details cf the two most

promising SVStem conflguratlons, Alternatlves 1 and,z, are shown in

Flgures 301 and 3.2

3.6 -iﬁlectric-System Studies

Early in‘thé system studies, it was realized that 345 kV was the one
voltage which showed greatést promise for transmission from Susitna to
both Anchorage and Fairbanks. A 500-kV system has hlgher transmission
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capabllltles but at significantly higher costs. Transmission at 230 kV
is insufficient for the sec tion from&SuSLtna to Anchorage, and all dual
voltage systems have increased complications and decreased reliability at
little ar no economic advantage. For these reasons, 500-kV and 230-kV
system alternatives were only analyzed sufficiently *o determine theix»
equipment ratings so that cost estimatesrcould'be‘Prepared.

3.6.1 = Power Transfer

lAftér studying various reports and obtaining'preliminary ;
information on the staglng of Susitna from Subtask 6.36, Generation
: Planning, the electric system studies were able to proceed in
December 1980. Table 3.2 shows the preliminary staglng’schedule

for the Susitna development. The maximum power to be transmitted, 
to Anchorage and Fairbanks for each stage of dévelopmeht,.based»cn
the 85 percent and 25 percent limits is given in Table 3.3. .The
10ad pnwer factor is assumed to be 0,95 and the power factor ratlng(

of the Sus;tna generators is assumed to be 0.90. ’ -

Following detefﬁiﬁationfof the system power transfer requirements»‘

- for each stage of Susitna develcpment, alternatxve system

xccnflguratlons were developed taklng into account the foll owmng

i




the Watana zite

= Initial Susitna development ag
= a major switdhing'station at Devil‘Canyan;or near Gold Creek
- possible intermediate switching at Willow and Healy.

Preliminary line lengths for the system configurations under study

were ebtalned from,Subtask 8 03, Transm
Selectlon.

1ssion_Line Route

366e2 - cﬁnductor Sizes

the transm1531on and power txansfer requzrements at the

'varlous stages of Susitna development, economic conductor sizes are
determined,

Based on

The methcdology used to cbtain the economic conductor
size and the results obtained are outlined in Appendix o
CQnductor Sizes.

Economic
Also lncluded in Appendix ¢ are the capitalized
costs of transmission line losses. The costs of these'losses are

taken into account in comparing the overall costs of alternative
transmlssion schemesg.

When détermininq appropriate conductor siée, the economic conductor
is checked for radio interference (RI) and cngcna performance, If
RI and corona performance are within acceptable limits, then the

economic conductor size is used. However, where the RI and corona

pexformance are found to be limiting, the conductor selection is

based on these requirements.

Total line losses for the proposed conductor size for each of the

different line voltages belng con51dered are given ln Table 3, 4.

These losses are for the alternatlves where a major swztchlng

station is located at Devil Canyona The losses given are the total,

‘line losses for’transm;sszcn from Dev1l Canycn.to Ancnorage and
~ from Devil Canyﬁn to Falrbanks. The llne from Devil Lanyon to

Anchorage is 155 mlles long. The losses were.ca,culated for the
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 3.6.4 - Load Flow Studies

maximum expected power transfer to Anchorage and to Fairbanks for

each of the stages'of‘the Susitna development as given in
Table 3.3+ |

%

3.64.3 = Line Energizing

Transmission line energizing studies were carried out to determine
the need for and ratings of reactive shunt compensation at the
receiving ends of transmission line sections at the various

voltages. This compensation is reéquired to limit overvoltages

~during line energizing to acceptable levels. Shunt reactors are

required at Willow and Anchorage for the 500-kV transmission
aiternative.and at Fairbanks for 345-kV tranSmission.ivThese ; )
reactars are swmtched with EHV breakers directly to the respectxve "
trapsm1531on lines in order to be connected prlor to ener9121ng of

the llne sections. The breakers are required to disconnect the

) reactors}at tlmes-of heavy line flows, and especially dﬂring line

outage conditions. This arrangement reduces the need for

capacitive var generation to compensate for the reactors. The

‘results of the line energizing analysis are shown in Tables 3.5'tﬂ

3 e Includea in the tables are values wbich‘fall outside the
proposed plannlnq critera and must be corrected Wlth shunt.reacte&s

as indicated.

Load fiow studies confirmed satisfactory system performance under

both normal and emergency conditions for all transmission

alternatives. Emergency conditions tested include outages of any

single 345-kV transmission circuit fog'the 345-kxV alternatives as

- well as the critical outages of a 500=kV circuit between Devil

‘Canyon and WLllOW‘and a 230~kV circuit between Devil Canyon and

'rbanks for the SOO-RV an& 230=kV alternatlves.




'Vblfages on the 138-kV and 230~kV load buses range from 0.99 to
1502’per unit;fbr normal operation anderom 0.?3‘ta»?.6i'pér uﬁit‘
under emsrgency outage conditionss veltage ranges on the EHV
'systems were 0. 95 to 1 04 and 0.90 to 1.04 for normal and emergency

~cond1t10ns, respectxvely.

Load ;Qgéitiensﬁwexe;assuﬁed to be at,peak:demand with Susitha
generation fully utilizedfand~cn1yfminimal other géneration 
avaiiablevon the system. ‘This'situatien is expécte&Jta result in
the most critical operating conditions. T.tal load is 1,600 MW at
a pbwer factor of 0.95. System load &isiribution was simulated at

a maximm of 85 percent'cf‘the total load fox Anchorage and a

maximum of 25 percent for Fairbanks. Generaticn‘assumed for the
above load conditions includeslSusitnaxﬁayaBility'fully utilized
{Watana 800 Qw; Devil Canyon 600 MW?'QluS 300 MW of coél-fireé
generation at Beluga and 100 MW of gas turbines at each of
Anchorage and Fairbanks. A1l of the thermal units are assumed to
be running ‘at approximately half load in order +o provide 250 Mﬁ'of

spirning reserve.

Load flow diagrams showing normal system operation at peak demand
for 8%/15 percent and 75/25 percent load sharing for transmzss;en
Altern&txves 1 and 2 are included as Figures 3.3 to 3.6. The leaﬁ

flow dlagrams show a system conflguratlon contalnlng'cwo terminal

stations in Anchorage with a subtransmission voltage of 138 kV.
Transmissign;fromraeluga is~represente&,as a‘345—kv,infeed. Iﬁ the
final analysis the transmission between Willow and Eﬁchorage will
include approxima% ely four miles of submarine cable for the Xnik
Arm crossing, but thls is not represented in the initial studies.

' Switching of the 345-kV shunt reactors at Fairbanks is not shown in
the diagrams,}but these will be disconnected for;peak demaﬁ& and
line outage conditibns‘as~requirea. While these changes have
.;significant7effects on transmissicn.syéﬁemkéqnipment costs, +hey do

nbt‘éignificantlyfaffect system\opératidna‘ For this reason, they

 were included in the latest cost estimateskbut\ﬁgﬁm£ﬁ £hé electric

S 3-13




system studies ts avold&repeated quating of sgstem parameters.

3ystem.perfornanc@ was found to be critical for line outages ;

‘, betwsen Devil Canyon and Willow and between,Devil Canyon and

Fairbanks. Cbnsequently, it was these line outages which

'&etermined the ratings cf static var sgnrces and series

compensations

~ The required ratings of compensation aquipment,for the five

transmission alternatives are listed in Table 3.8.

3.65 = ﬁransien£,8tability

‘Detailed transient stability-stud@esfwere carried out only‘for the
. 345-kV transmission Alternatives 1 and 2.

Before the studies had advanced to the stage of stability.analysis,
alternatives containing 500=kV or 230-kV transmission had been
recognized to be ncﬁcomgetitiVe with the remaining 345-kV |
alternatives, on either economic or technical grounds. A S00-kV
transmiséion.to Anchorage;woula:have sufficient surplus capability
to ensure stable operation. On the othér hand, shou1d 230-kV
traﬁsmissioh to Fairbanks ever have to be reconsidered, transient

stability would still need to be confirmed.

As outlined in the planning criteria, the design fault for |
transient stability analysis is,a 3-phase fault. In the
preliminary studies, the fault was cleared in 4.8 cycles at both |
ends of the faulted line section, rather than in 4.8 and,6 cycles';
at the near and remote ends, resPectiﬁely, as stipulated in the

planning criteria. A test run for the'most critical system

,‘con&ition,ccnfirmed'that_the additional delay does not

significantly afﬁect systeﬁ performance.

Tran51ent Stablllty was analyzed for a 3«phase fault cn the 345-kV

"11ne from Devil Canyon to Wm;low (w1th 85 peréent of the system

3- 14
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load at Anchorage) and similarly on the line frcm,Devil Canyon to
Fairbanks (with 25 percent of system load at ‘Fairbanks). To
51mulate worst condltlons, the fault was assumed to be near Devzl

Canyon in both casas. The fault_was cleared in 4.8 cycles w;thout

reclosure. Sysﬁem*transient’behavicr was observed for a period of

1 second after the fault. Exciter and governor response in the

transient'interﬁal was ignored;, Thé'dynamié voltage regulating
Acapabilities of zhé static var sources~at Anichorage and Fairbanks
~ were ignored as well. For thejﬁi;al_anélysis a revised computer
model (with representation of dynamically variable static vér

sources) will be available.

The attached swing cwves, Figures 3.7 to 3.10, show the rotor
angles of all generators relative to the rotor angles at Watana.
All generators recover frem the first and second swings fbf both
‘tranSmission’alﬁernativesu‘ The actions of exciters and governors
should ensure that these swings are damped out and return the
system to a new equxllbrlum after each disturbance. System
transient behavior seems to be quite sensitive to the generation
on—llne at both Anchcerage and Fairbanks at the time .of a fault.
Detailed analyéis‘at the design stages will have to determine the
‘minimum spinning reserve iequireﬁ at both Aﬁchorage and Eéirbanks

" to ensure systgm stability in the event of é major fault. The
transient studies”are considered adequate to confirm the stabiiity
of the system conflguratzon.and the prlmary equlnmept parameters

needed to ensure satlsfactory operation.

3.7 - Economic Studies

Economlc studies were carrled out to determine the capltal and operatlng
3

costs and to compare the total llfe cycle costs of the various

transmission alternatives. The~ecoﬁom1c studleS‘exclude the costs of the

Knik Arm~cro¢sing'and terminal stafionsrih;hnchorages These were |
considered common to all alt ernatlves (fOr a 230-kv chSSLng). 'They will

have to be included-in the final analysis.
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3.7.1 - Cost Estimates

The transmission cost estimates include all costs for transmission
lines and substations. All estimatés include the costs of land
vacqpisition and clearing. Includedrig the substation cost
éstimatés are site preparation and all eqﬁipment costs for circuit
breakers, transformers, shunt reactors, static var’sources and B
transmission line series capacitorsa Cost estimates of major
équipment include the éosts‘cf all ancilléries sgcg‘gs.di5connecﬁ
switches, pctential transformers, cﬁxrent transformgrs, controls,

- instrumentation, etc. At the generating stations all EHV circuit
‘Ereakers are inciude&, but generator transformers and low=voltage
bfeakerS’are excluded. These are included in the powerhouse
estimates. ‘Similarly at the load centers all EHV breakers are
included as well as the necessary circuit entfieS'at the
subtransmission voltage (230 kv or'TSSAkV} for each transformer
bank. The remainder of the lower voltage station is common to all
alternatives and therefore excluded from the comparison. 4A£
Anchorage, transformation to 230 kV is assumed on the west side of
Knik Arm implying cable crossings at 230 kV. The céble crossings
and:dthet 230-kV equipment are considersd common to all ac
transmission alternatives for éusitna and\their‘cQSts have been
excluded from this comparison. They must be included for
comparison of schemes with different Knik Arm crossing

configurations such as HVDC transmission from Susitna.

The unit costs and assumptions in the cost estimates are shown in
Table 3.9.- ' |

A1l details on which the cost estimates are based are given in

detail in Appendix D.




3.7.2 = Life—ngle Costs

~Life-cycle costS“fﬁrmeaehf%faﬁsﬁissicn‘alternative were calculated
by discounting all cosﬁ components over a,Sﬁuyear’lifetime from
1993 to 2043 to a common present wbrth“datum of 1981. The _

~ calculations and fgsults of total presemt-wortch costs are shown in
Tablés 3,10 to 3, 14. Inqludea'in the life~cycle costs are capital
(including engineering, contingencies, land acquisitzon and

. clearing and bond commlssibn)e Also in cluded are the capltallzed
annual costs of operation and maintenance, insurance, interim
replacement, coﬁtribution in lieu of taxes, and transmission
losses. A‘summary'bf present-worth life-cycle system costs for all

five transmission alternatives is shgwn in Table 3.15.

3.8 - HVDC Transmission

In order to determine the relative economics of HVDC as compared to the
preferred ac transmission alternative an economic screening was carried
out. The details of this analysis are given in Appendix E, and the

results and significant features are summarized here.

A HVDC transmission system llnklng Susitna,generatlon with the
Anchorage and Fairbanks load areas would need to be either ome
3~terminal system or two Z-termlnal systems. Another alternative
would be a combined scheme using ac transmission from Susitna to
one load center and dc transmission to the other. In order to

ensure that no pOSSlble economic combinatlon is overlooked,

uransm1551on<to Anchnrage and Fairbanks are con51&ered separately.




3.8.2 - Comparative Transmission
Systens

The ac and HVDC transmission systems whose costs are compared are

essentlally ccmparable in terms of securlty of supply. Each

alternatzve is planned to maintain rated,transfer’capablllty w1th

-~ the sxngle contlnqency ocutage of any element in the transm1551on

- systeme.

(a) Ac Transnission .

smission system which is considered as the base
kV with 3 circuits ultimately to Anchorage

Transmission to the load centers

The ac tran
case’utilizes 345
and 2 circuits to Fairbanks.

originates at a switching station atvDevil Canyon,with Watana
generation.broughtvin at 345 kV.
Transmission to Fairbanks is direct to a 345-kV/138-kV

terminal station at the load centere.

o

Anchorage invplves'ar intermediate switchiag
ds te a 345-kv/230-kV station on

Transmission to
station at Willow and procee
the west éide on Knik Arm. At this point transmission 3
continues via a 230=kV submarine cable* to the east side of |
Xnik Arm and into a terminal station from which local

distribution circuits would radiate.

0-kV submarlne cable is not
uk it is considered adequate for

' *Transformatlan to 230 kV and use of 23
necessarily the optimum arrangement, b

the ac versus HVDC economlc screenlng‘



(b) EVDC Transmissicn ‘

: The HVDC convetﬁer terminals ére assumed to be located aé
] Dev11 Canyon with local ac transmission at 230 kv between
Watana and.Dev1l Canvon.

-

- Transmission to Fairbanks is via a single’bipolar HVDC line
operatzng at +250 kv, w;th an lnverter terminal aﬂd.138-kv

CerUlt entrles at the load end.®

, ~ Transmission to Anchorage is also at +250 kV but would require
i 2 bipolar‘HVDcicircuits,to meet the security constraints. _
“These ¢ircuits wouid proceed directly to Anchorage, utilizing
HVDC submarine cables across Knik Arm and into an inverter
station on the east side of Knik Arm. The inverter output is
via 230=kV circuit entries which would supply local |
distribution identical to the ac alternative. The cosﬁyof a
separate 230~kv ac supply from Point McKenzie to Willow is
allowed for, So that both ac and dc alternatives would be
functionally equivalent. |

3.8.,3 o‘COmparative Costs

The details of equipment ratings and wnit costs are given in’

Appsndix E} the results are summarized in Table 3.16.

Individual costs are given for line and terminel facilities in |
order to illustrate the basic relatichships between ac and EVDC“
transmission costs. All!capital costs are for the ultimate

. installation with no discounting of staged componenﬁs. The

*Durlng the smngle contlngency'outage of one pole of the line or terminal
fa011lt185, earth return would.be utlllzeé to maintain rated power flow




cagitalxzation of annual charges such -as operatlng costs and the

cost of losses is at 3 percent dlscount.rate over the So-yr life of

facilities.

~ As the cbmparative costs show there is no obvious cost advantage

7Ea€6ring HVDC cver ac tragsmiséionyéither to Anchorage or to
Fairbanks. This.is péftiéularly true in the case of Anchorage
where HVDC is over 20 perCent more costly than ac transmiséion.
 The margin favorlng ac is only 8 percent in the case \f
transm1331on to Falrbanks, and although this might be .-2duced by
further study, it is unlikely the savings would be;sufficient to

justify the operating complexity of combined ac and HVDC systems.

On the basis of *hls ‘economic screenzng it is concluded that ac is
an appropriate choice for transm;sszon from Susitna to the load

centers at Anchorage and Fairbanks.
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TABLE 3.1: RATLBELT REGION PEAK AND ENERGY DEMAND FORECASTS
_USED FOR GENERATION PLANNING STUDIES

"LOAD CASE

Low Plus Load
Management and , »
Conservation Low P Medium
- (LES=GL Adjusted) (LES-GL) , (MES-GM)
' : Load ‘ : Load : :
Year MW_ GWh  Factor MW GWh . Factor Md GWh | MW GWh

) . High
> (ues-cu)?

1980 510 2790 62.5 510 2790 62.4 510 2790 - 8510
1985 560 3090  62.8 580 3160  62.4 650 3570 ] 695
1990 3430 63.2 640 3505 62.4 735 4030 920 -
1995 685 3810 63.5 795 4350 62.3 945 5170 1295
2000 755 4240 63.8 950 5210 62.3 1175 6430 1670
2005 4690  64.1 1045 5700 62.2 1380 7530 . 2285
2010 920 5200 64.4 1140 6220 62.2 1635 8940  62.4 2900

Notes:
lLES-GL: Iow econcmic growth/low governﬁent expenditure wiﬁh load management énd.conser?ation.
LES-GL: iow economic grgwth/low éovernmentﬁéxpeﬁditure.

3MES~GM:V Medium,e¢oh0mi¢“grdwth/mcdérate gbﬁernmeht.expenditure.

'4HES—GH:F High economic growth/high government éxpenditure;k




(optional)

‘TABLE 3.2: STAGING OF THE SUSITNA DEVELOPMENT

‘Susitna Capacity - MW

Watana Devil Canyon . Susitna

. Increments  Total  Increments _  To Total

40 400 = - -~ a00

400 800 S C 800

e - - ) R T 1,200

- , .- C | 6 1,400

MAXIMUM POWER TO BE TRANSMITTED TO ANCHORAGE
AND FAIRBANKS'FOR‘EACH’STAGE OF SUSITNA DEVELOPMENT

Total Susiﬁna
- Capacity
- {(aw)

400
860

1,200

1,400

Max1mum Power TransmlsSLOn
To Brchorage =~  To Fairbanks
{w) o (MW

340 100

680 200
1,020 300
1,190 R 350

For system planning purposes a maximum of 85 peréent of Susitna
generatlon is assumed to be transmltted to Anchorage and a maximum
GL 25 percent‘to Fairbanks.




'TABLE 3.4: LINE LOSSES UNDER MAXIMUM POWER TRANSMISSION

e E Devil Canyon to Anchorage (155 mi) T TIR T
Sugitna 2 Power 500 kV 345 kv 345 kV
. Capacity = Transmitted = 2 Circuits 2 Circuiks 3 Circuits
my (v * - (MW) My (Mw)

400 . 340 1.5 3.2 2.9

g0 = es0  6.2°  12.8 11.2
1,200 - 1,020 - 13.8 28.8 25.5
1,400 1,190  18.8  39.2 ~ 35.3

 Devil Canyon to Fairbanks (189 mi)

Susitna Power 345 kv 230 kV
; CaEacitz : Transmitted 2 Circuits 2 Circuits
MWy R (MW} (M)  {MW)

400 - 100 0.5 1.5
goo 200 | 2.0 6.1
1,200 300 4.6 137
1,400 = 1350 6.3 | 18.6
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TABLE 3.5: TRANSEISSION‘LI&E-ENERSIZING

Transmission Alternative 1 ‘ — .
Line o < - Sending End
Reactors No. of . No. and . SBhort f ; ; Recedwing
, {recelving Circuits  Size of Watana Circuit  Initial ‘Final Voltage Line End:
Line Section 1 end) at 345 kV  Conductors Generation Level Voltage  Voltags Rise Flow Voltage
o { (MVAR). - {kemil} (M) (MVA) (per unit) {per unit) {per unit)  (MVAR) = {(per wmit)

Devil Canyon - - ( , 7 ~ 795 200 541 0.900 1.1894' 0.2892 229 l-Z&Eg
Fairbanks - ‘ . f ' ~ ; ~

Devii Canyon — 1 7 | 2x 795 200 541 0.900 1.028 0.125 85 1.028
Fairbanks o ' : : ' - ' ‘

Devil Canyon -~ 189 - ‘ x 795 400 1005 0.950 1.025 0.075 85  1.02&
- Fairbanks , , :

Devil Canyon -3 5 o e we 2k 795 800 1768 1.000 1.048 0.048 8% l.08%
Fairbanks ~ : : )

Devil Ganyon - & i » 2 x 12720 200 541 0.900 1.017 0.117 80 1.035
Willow® : - f : 4 ,
Devil Canyon : ' 2 2 x 12728 400 1006 0.950  1.021 0.071 80 1.038
Willow3 : o ‘ ' '

Devil Canyon - : . 12728 800 1768 1.000 1.046 0.046 84 1.063
Willow3 ‘ ’

Willow - 65 | x 1272 200 | 436 - 0.950 1.073 0.123 64 1.083
aAnchorage3 , “ , o

- Willow - | : ~ 2x12712b 400 696 0.950 1.024 0.074 58 1.033
Anchorage3 ' : o

. Willow - o )  2x1212 800 992 0.950 1.000  ©0.050 55 1.009
Anchoraged ‘ ‘ ‘

Notes: ; The distance f:ou Willaw to Anchorage and conductnr aize from Susitna to Anchorage will be revised for the: £inal analysis.
2Shunt reamturs axe raquired at Fairbanks to satisfy voltage rise criteria,

Raaults fmr the line sections Devil Caryon - Willow - Anchorage are also valis ior‘Transmissxon Alternative 3.




?ransuission Rlternative 2
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TABLE 3.6:

TRANSMISSION LINE ENERGIZING

Line Section

Devil.Canycn‘

Fairbanks

Pevil Canyon
Fairbanks -

-

;bevii Canyon

Fairbanks

Pevil Canvon
Fairbanks

bDevil Canyon

. uillowd

Devil -Canyon
Willow3

Devil Canyon

Willow3
Willow -~
Anchorage?

Willow - 5
Anchorage

“Hillow =~
Anchorage3

Notes:

Length

(mikk

189

.Reactbrs

Line

No. of
Circuits
at 345 kv

{receiving
end)

No. aﬂd
Size of

Conductors

Watana

- Generation

Sehding;End,

Short
Circuit
ILevel

Initial
Voltage

. {MVAR)

0

75

75

_ (kemil)

2 x 795
795

795

795
954

954
1354"

e 954

2 x 954

2 x 954

(M)
200
200
400
800
200
400 .
800

200

400

800

{MVR) {per unit)

541 @.900

541 0.900
1006 0.950
1768 1.000
541 0.900
1006 0.950

1768 1.000

433 0.950
688 0.950

976 0.950

The ﬂistance*from Willow to Anchorage will be revised for the final analysls.

Shunt rﬁactnts are required at Fairbanks to satisfy voltage rise criteria.

Final
Voltayge

Voltage

Rige

iper'unitj

1.189°

1.025

1.025
1.648
1.013

1.01e

- 1.044

1.069
1.022

10,999

{(per unit)

0.285°%
0.;25,
0.075
0,048
0.113
0.068

0.044

0.112

ce048

“Results for the line sections Devil Canyon - Willow - Anchcrage are also valid for Transmissxon Altoznative 4.
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TABLE 3.7: TRANSMISSION LINE ENERGIZING
Transmission Alternative 5 _ v ; T ' ,
' ' . Line - ' ' . Sending End - , ) ;
Reactors No. of No. and Short ‘ ‘ - Recsiving
{receiving Circunits Size of Watana Cirpuic  Initial Final Voltage ‘Line Endk
Line 3ection Length end) at 500 kv  Conductors Generation Level Voitage Voltage Rise Flow Voltage
' {mi) {MVAR) ~ {kcmil) {MW) {(MVA} {per unit) {pexr unit) - {(per unit) {MVAR) {pax wnit)

Devil Canyon - 90 0 | 3 x 795 ' 564 0.300  1.184% 0.2842 234 1.2087°
Willow ; e )

Devil Canyon - 80 75 .2 x 795 0 564 0.900 1.035 0.135 97  1.03%
Willow ) : - - 7

Devil Canyon - 90 7% 2 795 ‘ 1091 0,950 1.027 0.077 96 1.02%
Willow , . ~ : o

Devil Cznyon 90 75 x 795 " 2044 1.000 1.046 - 0.046

Willow : ', ) ’ - 7

Willow - sot 0 ' x 795 200 506 0.950 1.137° 0.187°

Anchorage _ v i )

Willow - sot 50 * 506 0.550 1.027 0.077

Ancherage ‘ , : ) ’ RO

Willow = sot 50 795 892 1.000 - 1.049 0.049

Anchorage ‘ , L : '

Willow - sot 50 ‘ 3 x 795 , 1443 1.000 1.030 0.030

Anchorage

Notes: lThe distance from Willow to Anchorage will be revised for the final analysis.'
Sﬁﬁnt reactors are required at Willow and»nnchorage‘tqféétisfgjvaltage':ise criteria,

VBShhntrconpensaﬁiOn is not required'for 230-kV lines Devil Canyon to Fairbanks, Alternatives 3, 4 and 5.
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' TABLE 3.8: RATINGS OF REACTIVE COMPENSATION REQUIRED

S Fairbanks R Anchorage S L Willow s N
Transmission Static VAR = Shunt Series Static VAR Shunt Series =~  Static VAR Shunt  Series:
Alternative = Source ‘Reactor Capacitor Source Reactoxr - Capacitor Source . Reactor &apacitor

, (MVAR) (MVAR) (MVAR) (MvAR}) - (MVAR) (MVAR)  (MVAR) {(MVAR)  {MVAR)

1 N 100 . 2x75 - a0 - 430 e | - 773 ;
2 100 2x75 - a0 - - - - =
- 200 - “ 430 400 = 430 - - 973
e 4  Q‘, - 200 | - 130 400 - - - R -
5 200 - 43 200 K ‘2:x450 - - 2% 75 -




TABLE 3.9: TRANSMISSION AND SUBSTATION UNIT COSTS

Transmission

- Line Costs

. e AN L. [ R . -
. . . .o - R 2 : R R

- P ! ) oo Ay
5 TR s s I G o : e
< . @ : s .

L S

SRR S o Base Cost . Final costt
‘Voltage Conductor - ' $/Circuit Mile $/Circuit Mile

G TkemiD

x 934

L x 1272

x 1351

X 795‘
2 x 954

120,000

136,000
140,000

190,000
207,000

162,000

184,000
189,000
256,000
279,000

X 1351 --—. - —251,000 339,000
x 795 - 326,000 - 449,000

L

{

Land Acquisitién‘and_CIearing

*./ .“
¢
“Uh

Voltage No. of Citcuits | ,$/Mile'
(kv) -

230 2 70,000
345 2 75,000
345 3 96,000 .
500 2 80,000

L} !
. l' ’
. .
I .
° l ‘
. | ‘
. . ST T .
. . 3
E R
- )
5 '
- i 4
. g
v : h
-




‘Table 3.9 R S B R |
Transmission and Substation Unit Costs - 2

Subétaﬁians;,

 Voltage Station‘Base CQstz‘Cirduit~3reaker,vésiticn
(kv} {$ Million) - {($ Million)

138 1.000 '~ 0.400
230 1.500 0.700
345 2,000 | ~ 1.000
500 2.500  1.600

Autotransfﬁrme:s‘Q;ncluding 15 kv tertiary} '

Voltage 75 MVA 150 MVA - 250 MVA
~2=tage , , v AL T
V) - (8 Million})  (§ Million) (S Million)

~ 230/138 - . 0.800 -~ 1.100
 345/138 | 0.900 1.300
500/138 1.200 1.600
345/230 0.900 1.300
500/230 o 1.200 1.600

- Generator Transformers

Vbltagef
- (kvY

345
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Transmission and Substation Unit Costs - 3

| ShﬂntﬁReactOrs

e voltage 50 MVARS 75 MVARS

&) G/kER) (3/KVAR)
345 - 1.1
500 . 24.60 17.20

Series Compensation (all voltages)

$14.00/kVAR

Static VARASaurces (tertlary voltage)

$30. OO/kVAR

Notes:
Flnal transmission llne ‘costs (Sheet 1) lnclude 20 percent contingency,
plus 5 percent engineering, 5 percent constructmon management, and
2.5 percent owner’s cost. :

ZSLh station base cost (Sheet 2) 1ncludes land acqulsltmans, sxte
prepaxatlen, foundatlons, etc.
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TABLE 3.10: LIFE CYCLE COSTS

Transmission Alternative 1 R o T i~

' Susitna to Anchorage - 2 x 345 kV, 2 x 1351 kcmil, 50 percent series compensatibn.
i | Susitna to Fairbanks - 2 x 345 kV, 2 x 795 kemil, no series compensation.

2000 Costs
Current $ x 10°

1993 Costs

, Total
Current $ x 10°

1981 P.W.

1961 P.W-
Line Capital

220,12 e
3.30

Line Capital Cost
1.5 percent Bond Commission

Total Line Cost

Land Acquisition
Capitalized Annual Charges
Capitalized Line Losses

Station Capital

~ Station Capital Cost

Total Station Cost
Capitalized Annual Charges
1981 Present‘Wbrths

Total Life Cycle Cost

1.5 percent Bond Commission

223,42
26.76
181.56
75.66

1 123.88
1.86
125,74

135.46

B

156.70

18,73
127.34

53.07

88.19

539.04

44.74
0.67

45,41

- 45.60

25,90
26.01

156.70
18.73

127.34
53.07

114.09

121.02

- 590.95
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TABLE 3.11: LIFE CYCLE COSTS
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Transmission Alternative 2

Susitna tO‘Anchorage‘— 3 x 34SikVy 2 %
Susitna to Fairbanks - 2 x 345 kV,

LinerCapital =
Line Capltal Costs
1.5 percent Bond CommlsSIOn

Total Line Cost

Land Acquisition

. Capitalized Annual Charges
Capitalized Line Losses

Station Capital

Station Capital Cost

1.5 percent Bond Commission
Total Station Cost
’Capltallzed Annual Charges

1981;Present Worths‘

Total Life Cycle Cost

2

954 kcmil, no series compensation.

X 795 kemil, no series compensation.

1993 Costs

Current $ x 106 1981 P.W.

2000 Costs

192.25

.2.88

195.13
29.64

771.70

123.88

1.86

125.74
135.46

136.86
. 20.79.
113.75

54.50
e

88.19

95.01
508.10

Current § x'106 1981 P W,

39.12
0.59

- 39.71

31.47
'31.94
32.07

22,65

18.21
76.54

Tbtal

159.53%
20.79
130.14

54.58

106.40

113.3a

 584.64
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| UABLE 3.19: LIFE CYCIE COSTS i (e

“Pransmission Alternative 3

Susitna fe Anchoragele 2 x 345 kv, 2 x:iBSl kcmil,VSO percent series‘COmpensatibn.»‘
:Susitha,tOgFairbanks~- 2 x 230 kv, 1-x 1272 kemil, 50 percent series compensation.

2000 Costs |  motal
l981~31ﬁ& 

1993 Costs

Line~Capiﬁal

Line Capital Cost

1.5 percent Bond Commission
Total Line Cost |
Land Acquisition

~ Capitalized Annual Charges

Capitalized Line Losses

Station Cagital

 Station Capital Cost

1.5 percent Bond Commission

Total Station Cost

Capitalized Annual Charges
1981 Present Worths

Total Life Cycle Cost

Current § x 10° 1981 P.W.  Current $ x 100 1081 P.W.

188.18

_2.82

25.76

153,17
91.97

135.95
2.04

- 137.99

148.66

; 133.96Wf

- 18.07
107.43

64.51 .

96.78
104,27

‘525.02

54.48

55.30

55.53 . .

133.96.

'18.07
107.43
64.51

- 0.8 ..

'31.54 © 128.32
31.67 135.94
63.21 | |

« ¥

588.23




‘pyansmission Alternative 4

. TABLE 3.13:_

LIFE CYCLE COSTS

Susitna to Anchorage - 3 x 345 kv, 2
Susitna to Fairbanks - 2 x 230 kV,

LineJCapital
LlnP Capltal Cost
1.5 pezcent Bond Commission

Total Line Cost

Land Acquisiticn
Capltallyed Annual Charges
Capitalized Line Losses

- Station Capital
Statlom.Capltal Cost ,
1.5 percent Bond Comm1331on

Total Station Cost
CapltaILZud Annual Charges

k1981 Present Worths

'Tota1 Life‘Cyc1e‘Cost

x 954 kcmil, ho serles compensatlon.
1974 kall, 50 percent series compeqsatlon..

1993.Costs

Total

; 200u~“osts . ‘ —
CurrentA$ % 106 1981 P.W.  Currenmt § x 106 1981 P.W. 1981 P.Bi.
166.16 39,12

o 2.49 | - 0.59 _

168.65 118.29 39.71 22.65 140.94
28.70 20.13 e 20.13
136.08 95,44 30.49 17.39 112.83
93.85 - 65.82 ’ 65.82
135.95 i 41.21
2,04 _0.62
137.99 1 96.78 41.83 23.86 120.64
148.66 104.27 42.00 23.95 128,22
500.73 87.85

588.58"
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Transmission Alternative 5

-

-

TABLE 3,14: LIFE CYCLE COSTS
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VSusitna,to Anchorage - 2 x 500 kv, 3
Susitna to Fairbanks - 2 x 230 kv, 1

- Line Capital

Line Capital Cost »
1.5 pexcent Bond Commission

- Total Line Cost

Land Acguisition 1
Capitalized Annual Charges
Capitalized Line Losses

Station Capital
Station Capital Cost
1.5 percent Bond Commission

- Total Station Cost
Capitalized Annual Charges

1981 Present Worths

- Total Life Cycle Cost

1993 Costs

x 795 kewil, no series compensation. ;
x 1272 kemil, 50 percent series compensation.

2000 Costs

Total

- Current $ x 10° 1981 P.W.

Current $ x 10° 1981 P.W.

223,72
3.36

227.08

26.59

180,95

61.05

185.06

2,78
©187.84

2 02 - 36

159,27

18.65

126.91

42.82

131.75 .
141.93

621.33

39.73

0.60 |

40.33 23.00

40.49 23.09
46.09

1981 P.W.

159.2%
18.65

126.9%
42.82

154.75

667.42




Transmission Alternative

Transmission Lines

Capital

Land Acquisition
Capitalized Annual Charges
"Capitalized Line Losses

. _"Total Transmission Line Cost

Switching Stations

Capital | |
Capitalized Annual Charges

Total Switching Station Cost

Susitna Life Cycle Cost

TABLE~3115: SUMMARY OF LIFE CYCLE COSTS

1981 § x 106

1

156.70

18.73

'127.34

.53.07

355.84

114.09

121.02

235.11

590.95

2

159.51
20, 79
130.14

54.50

 364.94

106.40

113.30

219.70

584.64

133.96

-18.07

107.43
64.51

323.97

128.32

135.94

264.26

588.23

4 .

140.94 159.27
' 20.13 18.65
112.83 126.91

65.82 42.82
339.72 347.65
120.64 154.75

©128.22 165.02
248.86 319.77
588.58 - 667.42




TABLE 3.16: SUMMARY OFvCOMPARATIVEeCOSTS AC VERSUS DC TRANSMISSION

. Comparative Costs - $ Million

~ Transmission to Anchorage : o ' Transm1551on to Falrbam&b
Cost Components S Y- R ¢ - AC - B
Line- Cost 1 | S R | o |
»line capital 1 198.18 | 125.40 96,77 | - 30.80
line capitalized O&M 3 o 165.72 164.86 ‘ 80.92 .61
land acquisition (R.O.W.) 13.44 8.40 14.18. : #.56
Station Costs . , | o : o ,
station capital™ ' 5 99.38 ' 239.59 35.32 - XORLI0
station capitalized O&¥ | 108.67 262.00 38.62 o kO 46
Capitalized Cost of Losse34 - 83.87 - _T74.94 | 13.72 | _¥8.83
Total Costs | . 669.26  815.19 S 279.53 383.16

lLlne and station capltal costs are developed in Appendix E.

Q%;ZCap talized osM charges include O&M, 1nsurance, interim replacement ard.contrlbutlons in lleu of taxes. These

‘annual charges total 3.25 percent of transmission capltal and 4.25 percent of statlon capltal, and they axe
capltallzed over 50 years at 3 pexcent.

BLand acqulsltlon (R.0.W.) costs are estimated at $96, OOO/mlle and $75,000/mile for 345 kv, 3 cct and 2 cct

transmission respectlvely, and $60, OOO/mlle and $40,000/mile for #250 kV dc 2-circuit and;51ng1e 01rcu1t,
reepectlvely. ~

Losses are valued at 3. J¢/kW‘h, and they are capltallzed.over the So—year line life at 3 percent.
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4 = CONCLUSIONS

aAll five~t:ansmission alternatives which were developed and tested would
be capablé of transmitting SﬁsitnaYPOWé: to Anchorage and Fairbanks with
acceptable levels of reliability. All, except Rlternative 5, have very
similar present worth life cycle costs. | |
Théréfaie, h6NEVer;;cther‘differences bétween these alternatives Which"'
have not been quantified in the above analyses. These differences, as
 outlined below, result in making some of the alternatives more desirable
| than<others, L
= 500~kV transmission to Anchorage has a higher ultimate cayabiliﬁy‘fhan
any cther‘alte:native, but at,a‘significantly higher cost;
Furthermore, this added capability‘i5~noﬁ rquiredrwith preséntly
foreseen instailation atJSusitna.,:This alternative also implies a dual
voltage system with_ less possibility of sténdardization and reduced
reliability'becaﬁse of the additional transformation zeguired at DeviLw+*fﬁ“5

Cargyon s

230-kV transmission to Fairbanks would meed to be combined with-a
higher voltage trénsmission to Anchorage‘wiﬁhjthe resultant
disadvantages of a dual voltage system., Furthermare, it includes
seriés ¢ompensation with,additional complexity in prbtection and
operation. its'reduced transfer capability offers no economic

advantage.

- Of the 345-kV alternatives, the three-circuit configuration to |
Anchorage has the greatest reliability and simplicity by not requiring
series compensation. It a1so has a higher ultimate transfer capability

and a higher capability with sing1é contingen¢y'outagew thus allowing

~ for greater ﬁlexibiiity cf capacityfplaﬁﬁfﬁ§ffér Stusitna. It also has

partial transfer capability in the case of the double contingency

‘outage of parallel circuit elements.




w-On;the.gther'hand, the three—circuit«configuraticn resultéﬁin a

Slightly greater visual impact than the two-circuit alternative.

cOnsiaering the overall balance of econcmyf'reliabilityy transfer
capability and operational complexity, the three-circuit configuration of

Alternative Z is seen to offer the best combination of -advantages.

S IE is réc6gni2ed tﬁét; in view of the uncertaintieé regarding‘séme of the
System parameters, several sweeping assﬁméticns‘had to be made to be able
toéarryxcut this_preiimina:y analysis. ﬁThe'moSt obvious of these
uncertainties involvés-ﬁhekinterconnection configuration between the
‘Susiiﬁa transmission and the high—voltage'transmissiqn system in the
Anchorage area. . Installed capgcities and generating unit sizes, ag well
as other technical charactéxistics of the Sﬁsitna project, are likély to

be revised as well, ‘HoweVer,'itmiS‘expected‘that the conclusions drawn

from both the technical ang economic analyses will not be significantly
affected by theresulfing~changes‘in systém parameters,

oy




5 = RECOMMENDATIONS

The fbllowing‘recémmendations result from the preceding analysise.

(a) Récommended;transmission alternative

= Watana to Devil Canyon = 2 circuits at 345 kV with 2x954 kcmil

conauctcrs

=~ Devil Canyon to Anchorage - 3 circuits at 345 kV with 2x954 kcmil

conductors

-~

= Devil Canyon to Fairbanks - 2 circuits at 348 kV with 2x795 kcmil

conductors
All without series compensations

(b) Before pro

{i) Ultimate,installed cayacityrat Susitna.

(ii) GEneraﬁlng unlt es

&t Sugitna.

Number and louatzon of points of dellvery for Susitna power
to the- Ancnorage area,

Detalls of gene&atlon plannlng, resulting 1n.therma1
development at Beluga or elsewhere.




At a auture date, it is recommended to analyze the possiblae
advantage cf standardizatlon by constructing all of the Susitna

transmzsalonAtc Fairbanks W1ch 2x554 kemil conductors.

The ¢irst
cxrcult ls-exyectad

t¢ be built with this conductor between WlllOW‘

Cand EEaly*as partuof the Anchorage-Fa;rbanks transmission 1ntertxea
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APPENDIX A

‘TRANsmzssxon PLRNNING—CRITERIA

'In general, transmission facilities are plénned'so that the single
contingen¢?xoutage of any iine~cr transformer element will not requit in
a.estr:.'.cx'l::r.cms in the rated power transfer,. although vcltages may he
tempora;ily‘outs1ae of’narmal limits. The proposed guidellnes concerning
powey transfer napablllty, stability, systen performance limits, and

thermal overloads are detailed below.

(a) Transmission System
Transfer Capability

The transmission system will be designed to be capable of
: transmitting the maXimum.generating capability of the Susitna
Hydroelectric Prcgect wlth,the~51ngle contlngency outage of any*lin

or transformer element. The sharlng of load between the Anchorage
and Fairbanks areas is approx;mdtely 80 and 20 percent respectlveiy‘
To account\fOr the uncertalnty'in future development, the

transmission system shall allow for this load sharing to. vary fram a

maximum of 85 percent at Anchorage to a maxxmum of 25 percent at
Falrbanks.

Stability

The transmission system will be checked for transient staﬁility at
critical stages of:aevelepment, The - System is to be designed for
high speed racloszng below1nq s‘ngle—phase faults that are clear&d

by single-pole swltchlng. In the case of mnltzphase faults, de laged
reclosing is assumed. o




 The design fault.fer~transient stability”anaIYSis will be a 3-phase
fault cleared in 80 ms (4.8 cycles) by the local breaker and,100 mw ‘
(6 0 cycles) by the xemote breaker, with no reclosing.

(Note: At later stages of design i£ may be useful to chéck dynamic
H  stabi11ty for unsuccessful reclosure of an SLG fault cleared
eventually by 3-phase trip and lock»out followzng 1nit1al
‘51ngle~pole trip. For the present, a 3epbase deszgn fault

is consxdered to be equivalent in tarms of sevarltye)

System;Energizing‘ :

Line energizing initially and as parﬁ/Cf routine switching
operations will generate some dynamic overvoltages. . System GESlgD
should be arranged to keep theqe overvoltages within the follcwlng
limits.

-Line,openﬁend v@ltages at the remote end should not exceed

1.10 per unit on line energizing.

Following line energizing, switching of transfdrmers and var ,
control devices at the receiving end should bring the voltage dosm
to 1.085 per unit or lower. .

» Inltlal voltages at the ener9121ng end should not be reduced belcw
0.90 per unlt.fv

Final voltages'at the energizing end should not exceed 1.05 per
unite.

The step change in voltage atrthe‘ehérgizingkend of the 1ine

- should not éxceed,the following values




(i) 15 percent'withvonly one generating unit operating at
 Watana (to repréSent a temporary condition during the early

stage of commissioning of the Susitna project)

{ii) 10 percent'with.two units operating at Watana (to represent -

a slightly longer-term condition early in the deVEIQEment
of Susitna) - ;

(iii) 5 percent with 800 MW of generating capacity operating at

Susitna.

(d) LoadﬁFlow

System lcad flows;wili be checked at critical stages'of devélﬁpment
to”egggggw;hatjthe systemACthiguration and component\ratings.are
adequaﬁe foi normal and emergency operating conditions. vhe load
leVelétto~be'checkedfwill include peak léad and minimum load
(assumed‘ 50 percent of peak) to ensure that system flows and

voltages are within the limits specified below.

- Normal system flows must be within all normal thermal limits for
 transformers and lines, and shculd give bus voltages on the EHV
system within +5 percent, -10 percent, and at subtransmission

busés withﬁn +5 percent, =5 percent.

- Emergency sygtem”floﬁs.withthe loss of one‘systemnelement,must'be
within emergency thermal limits for lines and,transfozme:s
'(26 percént 0/T). Bus voltages 6n the EHV system should be within
+5 percent, =10 percent, and at sﬁbtrénsmission buses within

+5 percent, =10 pexcent.
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{e)

{F)

. modifications will be applied that/are'CGRSiaezed‘to be most cost,'

- change, supplementary var generatlcn and control would be applledo

- is fully developed (i.e. to approximately 1,500 MW, the total output

- Anchorage = one or two statlcns Wlth transformation fram EHV to

"'prove<to be econom;c and essential for stability and operating

and Fairbanks will be given priority consideration.

Corrective Measures

Where'iimitihg'performance criteria are exceeded, SystemAdesign
effectives Where conditions of low voltage are enconnterea, for
example, power factor improvement would be tried. Where voltage

variations exceéd the range of narmal corrective transformer tap

Where cxrcult and transformer thermal limits are about to be

exceeded, addm*zonal elements wou.d be scheduled.

Power Delivery Points
For study purposes, it will be assumed that when Susitna generation
will be delivered to term;nal stations as follows.

- Falrbanks - one statlon at Gold Hill w1th transformatlon from ERV
te 138 kV.

. 230 kV or 138 kV.

The grov1s;cn of lntermedlate SWltChlng stations along the route may

flexibility. Utllizatlon of these switchlng stations for the supply
of local load will be examined, but security of supply to Anchorage
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TABLE Bla1: ANCHORAGE MUNICIPAL LlGﬂ' AND F’OWER
_EXISTING. GEMERATING CAPACITY

. ' Ysar of 7 : R
L v Instaitation Type . Capacity* Remarks
, e B | MW o =

Station 1. = Unit 1 = er 16,25  Naturai gas
Station 1 - Unit 2 - | GT . 16.25 ~ Matural gas
~Station 1 = Unit 3 C er 19.50 Natural gas
~Station 1 =Unit 4 : Gr . 37,50  Natural gas
Station 1 = D1 S Diesel .10 Black start units

Station 1 = D5 I Diesel 1. 10
Station 2 - Unit 5 Gr
Statlon 2 - Unit 6 ©sT : 138,90
Station 2 = Unit 7 GT '

Biack start units
Naturai gas, ,
combined cycle, base
foad ’

Total available capacity . 230,60

*Peak rating at 0°F.

: Abbfev?a?ions: Gl ~ Gas Turb}ne ‘
' ‘ ST - Steam Turbine



ABLE B1.2: ANCHORAGE MUNICIPAL LIGHT AND POWER
o - GENERATOR DATA

! -Power | Gehera‘for lmpedanca* g ; o . inertia |
Rating  Factor %4 Xty Ry S Constant®¥
“{MVA)

§tation 1 = Unit | . 15.6 11,54 2.44 1.60

 sfatlon 1 = Unit 2 15.6 8 11,54 2.44 1,60
Station 1 = Unit 3 o 19.2 14,83 2.43 1,60
Station 1 = Unit 4 - 31,765 . 5,68 272 41

- station 1 = D1 ’ 1.1 16 104,55 28,09 20.00

‘Station 1 =D5 . AR 98 1. 104,55 29,09 20,00
‘Station 2 = Unit 3 39.2 ' 5¢ 22 .70 W41
Station 2 = Unit 6 38,8 | . 4,12 <57 28
Station 2 = Unit 7 1105 2.25 34 W24

% |mpedance in per unit on 100 MVA base.
s*{nertia constant In per unit on 100 MVA bases




" TABLE B1.3: ANCHORAGE MUNICIPAL LIGHT AND POWER
' ~ TRANSMISSION LINE DATA
EXISTING AND PLANNED FACILITIES

|  Pos Seq ~ Zero Seq
,Transmission Clrcuit - VOH'age Impedance*  Susceptance®* impedance¥¥*
From Bus -~ To Bus | ; Leng‘i‘h Conducfor R X BC Ro %o

—— i o B e———

.(mi) S ’ , e

Sfaﬂnrz | P S“l‘a‘hon 2 }15 kY
{via Fts RIchardson-E!mendorf RFB)T '

Station ] - Station 2 5.5 397 ACSR (26/7) .

Station 2 = APA Tap 115 KV
Station 2 = APA Tap 6 397 AGSR (26/7) 00124 .00338 .00050

Station 1 - Anchorage (APA) 115 kv
(Approximate In-service date 1982) 1T

Station 1 - Station 6 147 397 ACSR (26/7) .00336 .00973 .00144
Station 6 - Station 11 Tap 1.8 397 ACSR (26/7) 400377 .01030 .00152
Station 11 Tap - Station 16 - .8 -397 ACSR (26/7) .00156 .00427 00063
Statton 16 = Station 15 3.1 397 ACSR (26/7) .00634 .01733 .00256
Station 15 - Anchorage (APA) ~ _.1 397 ACSR (26/7) .00025 .00068 .00010
Total , - T+5

Station 11 - Station 11 Tap 3.0 397 ACSR (26/7) .00613 .01680

Station | - Station 2 (APA) 115 kv
(Approximate in-service date 1982)TT

Station 1 ~ Station 14 1.6 397 ACSR (26/7) 00336 .00918 ,00135
_ Station 14 - Station 17 Tap 397 ACSR (26/7) .00187 .00512 .00076

Station 17 Tap = Station 2 240 397 ACSR (26/7) .00630 .01712 .00253
Total Station 1 - Station 2 ' ' S ‘

Station 17 Tap - Station 17''7 1.0 307 ACSR (26/7) .00210 00574 .00085
~ Station 17 - Anctorage (APA) .8 397 ACSR (26/7) .00165 .00450 00066
- Total

* Positive sequence impedance in per unit on 100 MVA base.

** Total |lne charging susceptance in per unit on 100 MVA base.

¥¥AZaro sequenca impedance in per unit on 100 MVA base.

T Normai ly no power exchange to mil ﬁ'ary system. ‘ e
T Rebuild and conversion of existing 34.5-kV clrauit fo 115 kv,

ﬁSTa“l'mﬂ 17 is scheduled for tns‘l'aliaﬂon in i98,«¢ S't‘aﬂon i7 - S'f'aﬁon i7 Tap
will be opera"red normany opens ‘ S

»
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B Su&sfaffonfé“Transformer

TABLE Bl.4:

TRANSFORMER DATA

‘ANCHORAGE MUNICIPAL LIGHT AND POWER

L?ﬁd?Wthding:Transformers

Statlon

Station |
Station 1

Station
Station

 Statton 1

Station

Station .
Station

Station

-

1

GSU 1
GsU 2
GSuU 3

GSU 4

GSU Disesel
GSU &
GSU 6

Gsu 7

Voi?agé
' “f V5 AR

115/34.5
115/34.5
13.8/34.5
13.8/3445
13.8/34.5

13.8/34.5
2.4/33

13.8/115

13.8/115

- 13,2/115

Rating

T

28/37/46
28/37/46
12

12

12

21/25/28
3,75
30/40/50
30/40/50
44/59/74

*Transformer reactance in par unit on 100 MVA base.

Tap Se?f{ng

Tag'Rangé ' Reactance®

« 2893
#2893
«3833
. 3833
« 5000

2810
2,037
42233
2261

L1528




BLE B1.5: ANCHORAGE MUNICIPAL LIGHT AND POWER
" DISTRIBUTICN SUBSTATION DATA
EXISTING AND PLANNED FACILITIES

Substation  Voltage  Load##*
(k¥) {parcent}
Central business district* 34.5/4.2 . 3
12 kY substations**

31
115012, 5 89

‘ Totai

¥ The central business district is,éupp!?ad from generating Station 1
34,5-kV bus via a number of 34.5/4.2~kV substations.

** Stations 6, 11, 14, 15, 18 and 17 are 115/12, 5-kV substations,
Substation 17 is scheduled for unsfailafioa in 1985, The 12—kv load
is equally divided among the 12-kV substations.

*¥%The percentage of load sapptled at 34,5 and 12,5 kv is expecfsd to
remain consfanf; ‘
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TABLE B1.6: ANCHORAGE MUNICIPAL LIGHT AND POWER

HISTORICAL SYSTEM PEAK DEMANDS

;:Peak Qemand

{(MW)

82.8

89,5

93.4 *

10,5 :
108,0 o >
111.5 | |




‘TABLE E\Z.T' CHUGACH ELECTRIC ASSCC!ATION, H‘Ca
___EXISTING ANy PLANNED GENERATING CAPAGITY
: Year of ‘ ; .
Unlt | | . _nstallation Typs Capacity @ Remarks
‘ o (MW) | |
Beluga - Unit 1 er 16.5 o Basa load
Beluga - Unit 2 er 16, 5 Base load
Beluga = Unit 3 GT 54,6 '~ Base load
Beluga - Unit 4 GT 9,3 Jot engine
Beluga = Unit 5 GT 65.5 ' Base load
Beluga - Unit 6 GT 67.8 | ;
.Bsluga - Unit 7 o GT . 68. 0 } Canbined cycie -
Beluga - Unit 8 - 1982 ST 62.0 : base load
Bernice Lake - Unit 1 ' er - B.85 :
Bermce Lake - Unit 2 6T 18,95 - Bass load
Bermce lake - Unit 3 6T 29.60 ' Base load
Cooper lake = Unit 1 _ _ Hydro - Ta5 ‘ .
‘Cooper Lake = Unit 2 , o Hydro 7.5 . ,

Jinternational = Unit l v GT 14.0
lnfer'na‘nonai = Unit 2. ' GI 14,0

Knik Arm - TGS : : ST 3.0
Knik Arm = TG6 ' o ST 3,0
Knlk Arm - T67 ST 3.0
" Knik Arm - TGS ' ST 5.0

To*t‘al available capacity | 493,18

Abbreviationss GT - Gas Turbine
ST = Steam Turbine

d&
' !nfarnaﬂonai - Unit 3 ‘ | GT 18. 58




TABLE 82.2: CHUGACH ELECTRIC ASSOCIATION, INC.
GENERATOR DATA _ =

~ ~ Power Generator Impedance® ‘ - ‘tnertia
Unit ~ Voltage  Rating  Facter Xy Xlg XMy Xy Xy Constant**
| (kV) (MVA) | |
Beluga = Unit 1 o 13.8 18,824 90 ' .59 .58
Beluga - Unit 2 13.8 18.824 .90 1.59 .38
Beluga ~ Unit 3 13,8 57,0 .95 2,87 .28  L18
Beluga ~ Unit 4 13,8 10,0 - 90 | :
Beluga = Unit 5 13.8 65.889 .95 2.87 .28 .19
Beluga - Unit 6 13. 8 85.0 «80 2.54 33,21
Beluga - Unit 7 13.8 85.0 .80 2,54 W33 .21
Beluga - Unit 8 3.8 68, 889 «90 . 2,44 .23 16
Bernice Lake - Unit 1 24,9 9,375 <95 16,00  3.73 2,13 | <34
Bernice Lake = Unit 2  13.8 20,55 .90 8.96 .82  ,53  1.86
Bernice Lake = Unit 3 13,8 29,60 1,00 6031 65 .43 - ~ 2.19
Cooper Lake = Unit 1 39,8 8,33 .90 31 2,16
Cooper lake - Unit 2 39,8 8,33 +90 : 3,11 2,16
International - Unit 1 13.8 17. 647 .80 10,65 1.02 .71
International - Unit 2 13,8 17.647 .80 10.65 1.02 L7
International - Unit 3 13,8 19,200 W95 S.74 .74 1.2
Knik Arm - TG5 4,2 3,75 .80 . 600
Knik Arm - TG6 4.2 3,75 .80 6. 00
‘Knik Arm = TG7 4,2, 3,75 <80 6,00

Knik Arm ~ TGS | 4.2 6.25 .80 3. 40

* Impedance in per unit on 100 MVA bass. ,
¥%lnertia constant in per unit on 100 MVA base.




TABLE B2.3: CHUGACH ELECTRIG ASSOCIATION, 1IC.
TRANSMISSION LINE DATA
EXISTING AND PLANNED FACILITIES -

o ‘ Pos Seq , Zero Seq
Transmission Circuit - Voltage impadance* Susceptance®* |[mpedance®¥®*
From Bus - To Bus SRR Length Conductor R X BC Ry X5

Ami) - i ....... - _—-

- Beluga - Pt Mackenzie 230 kY

Beluga - P+ MacKenzie Ckt 1T 795 ACSR 0627
‘Beluga - P+ MacKenzie Ckt 2T y 795 ACSR 0627
Beluga - Pt Mackenzle Ckt 31T | 795 ACSR 40627

- Pt Makenzie - University 239 kvitt

P+ Makenzie - West Terminal 954 and 795 ACSR
Submarine cable R 1,000 Kamit Cu
East Terminal - University 954 and 795 ACSR

Totals

ln’:’érnaﬂonal ‘-‘VU-niversi'ry 138 kv

- o, L. ) . ™ oo, R ' e R . L
. ) b . M N " " . e . s : B
. - . N N . - b= . N B . : D ] T .
. v ’ - . . . » .ot 4 Lo ‘ » M N - . A .
- N o . o “ L ; RPN . L . AT g @ Ll e ; “
m" i Gl ' I : 4 A . .
] ’ .
- - . g L ‘
N .

Internationat - University

International = Pt Woronzof 138 kv

>

L]

. R RS . . R ) . .

Internat ional - Pt h’oroﬁzof Ckt |
 International - Pt Woronzof Ckt 2

PERE
[

Pt MadKenzie - Teelénd |38 KV

Y .

Pt Mackenzie - Tesland : - 799 ACSR

- Pt MaKenzie - Pt Woronzof 138 k,\',

Cabies 1 to 4
Cable 5

Cable 6

Cables 7 to 10

-

Bernice Lake - Soldofna (HEA) 115 kv .

X\

‘Bernice Lake - Soldotna




Table B2.3: Chugach Electric Association,
: Transmlssion Line Data
Existing and Plannad Faci!itﬂe$¢é 2

O ‘ ‘ , Pos Saq | | Zero Seq
Transmission Clrcuit = Voltage o i mpedance® Susceptance®* |mpedance***
From Bus = To Bus ~ Length  Conductor - R X BC Ry %

O
(mi)

— inm aman—— o——— ——

Soldotna = Quartz Creek 115 KV

Soldotna ~ Quartz Creek ‘ : 4 0.3070

Quartz Creek = University 115 kY

Quartz Creek = Daves Creek ,
Daves Creak = Hope

Hope = Portage

Partage - Glrdwood

Girdwood - Indian

Indian - University

 Bernice Lake - Soldotna (HEA) 69 KV

Bernice Lake - Kenal
Kena i - Soldotna (HEA)

Cooper Lake = Quartz Creek 69 kV

Cooper Lake = Quartz Creek

Homer (HEA) ~ Soldotna (HEA) 6Y kV

Homer (HEA) - Kasilof (HEA)
Kasilof (HEA) = Soldotna (HEA)

Soldotna (HEA) - Quartz Creek 69 KV

Soldotna (HEA) = Quartz Creek 6350  .8980 ,0129

* Pos:?ive sequence impedance in per unif on 100 MVA base,
£% Total |1ne charging suscepfanca in per unit on 100 MVA base.
***Zero sequence impedance in per unit on 100 MVA base.

t Existing 138-kV clrcults are bsing reinsulated to permit operafion at 230 kY,
- approximate -in=service date - 1981,

~ftt A third 230=kV clircuit belng added, approximafe inservice dafa - 1981.
?Tprproximafe in~service daTe - 1982.

Abbravia?ign; HEA'~ Homer Elecfric Assocliation
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TABLE B2.4: CHUGACH ELECTRIC ASSCCIATION, INC.
TRANSFORMER DATA
EXISTING AND PLANNED FACILITIES

Voltage

. . ) N

Substation ~ Transformer

Beluga=]¥*#*
Beluga=2**
Pt MacKenzie=1%%

University**

- Tealand

University=1

: thversify-Z |

International=l
tnternational=2
Bernice Lake
Soldotna (HEA)
Quartz Creek -

Beluga-GSU 1
BeiugaoGSU 2
Beluga=GSU 3
Beluga~GSU 4
Beluga-~GSU 5

Beluga-GSU &
Beluga~GSU 7
Beluga=~GSU 8

RBernice Lake-GSU 1
Bernice Lake=GSU 2

Barnice Lake=GSU 3

Cooper Lake=~GSU

international=GSU 1
International=6GSU 2
International= GSU 3

Knik Arm~1
Knik Arm=2
Knik Arm=GSU 8

Pt MacKenzie=2%#*

kY)Y

230/138
230/138
230/138 .
230/138

. 230/138

138/115
138/115/34.5

- A38/115/34.5

138/34.5

138/34,5
115/69
115/69
5/69

130, 8/138
13.8/7138
13. 87138
13.8/138
13.8/138

13,8/138
13.8/138
13,8/138
24,9/69
13.8/69

13.8/69
39.8/69
13.8/34.,5
13.8/34.5
13.8/34. 5

4,2/34,5
442/3445

- 442/34.5

Rating
(MVA)

180/240/300
180/240/300
180/240/300
180/240/300

- 180/240/300

45/60415
45/60/75

457607715

125

125
33.6/44.8/56
32.6 ‘
12/15

16
16 ,
48.8/65/81.3
12/16
45/60/75

48.8/65/81.3
45/64/80

]
23

20, 4/27.2/34
20

12/16
11.25/15
12/16/20

5
5
6,25

* Transformer Impedance In per unit on 100 MVA base.

**Approx imate In~service date 1981 Yo 1982,

Abbreviations: HEA - Homer Electric Association

B =11

Tap Se#?ing

~ Tap Range R

- 0020
.0020
« 0020
« 0020
« 0020

_{mpedance*

X

. 0222
. 0222
»0222
0222
0222

. 1805

(ZH'G“',j00245, ZL=j¢2°45g ZT'JJ. 1712)

(Zy=j. 0276, Z; =~ jo 0036, ZTnjf « 1194)

0073
L0073

- 0450

.0440

L0110
.0450

.0140

« 043

- «0880

2972
L1333
-3420

<6640
« 1600
«6780
« 2040

«» 1650

1 3600
+5170

« 3889
« 4600
«5000
«3510
« 5000

102200
1e 2200



Suhsfafien

Ancharage.Area

TABLE 82,5: CHUGACH ELECTRIC ASSOCIATION, INCe
DISTRIBUTION SUBSTATION DATA

,Suppliédfvia international
Substation at 34.3 kv

Arctic
Blueberry
Campbel |
Jewel Lake
Kiatt

Sand lLake.
Spenard

- Tudor

Turnagain

Woodland Park

international Subtoial

| Suppl ied via University
Substation at 3445 KV

EXISTING SYSTEM _

Boni face
DeBarr
Fairview
Huf fman
Mt View

O'Malley

University Subtotal

Suppiied via Baiuga'Subs+a+ion

" Tyonek

Tyonsk Timber

~ Beluga Subtotal

Transformer" — ’ Percent
Voltage ~ Rating of Totai
(kV) ' (MVA) :
3405/12.5 14,0
34,5/12.5 14.0
- 34.5/12.5 4.0
34¢5/12§5 11.2
34.5/12.3 4.0
34,5/12.5 14,0
34.5/12.5 10,0
- 34,5/12.5 14.0
34,5/12.5 5.0
34,5/12.5 © 21.0%
1312 45
34,5/12.5 14.0
34,5/12.5 25,2%
34, 5/12:5 3.8
34,5/12.5 17.8%
34.5/12.5 12, 0%
34.5/12.5 14,0
86.8 30
24.9/12.3 " 3.8
24.9/12.5 8.4
B - 12




Subsfafion

Kenax Peninsula ’

" Daves Creek
«erdwood
Homer
Hope
Rndxan

Kasilof

Kenal

Portage

Soidotna

Kanai anlnsula Subfofal

TOTALS

Table B2, 5:

Chugach Electric Assaciatior, Inc,
~ Distribution Substation Data
_Existing System ~ 2

Transformer

*Towal MMA capacify of fwo fransformers.

 Vclfa3§, Rating

(k) (MVA)
115/24,9 14,0
115/24.9 11.2
69/24,9/12.5 3.8
115/24,9 3.8
115/24.9 2.3
69/24.9 3.8
69/33 7.5
115/12.5 2.8
69/24.9

1.5
36.7

286.9

B - 13

Percant

of Total




TABLE B3, 1: FAIRBANKS MUNICIPAL UTILITY SYSTEM
- ' —__EXISTING GENERATING CAPACITY

Year of

e e Nameplate .
Installation Type  Capacity Remarks -
' (M)

- Chena 1 S 1954

| e ST 500 Coal
Chena 2 1852 ST . 2.00 Ceal
Chena 3 - ] 1952 o ST 150 Coal
‘Diesel DT 1967 Diesel -~ 2,75
Diesel D2 1968 - Diesel 2,75

Dlesei D3 1968 Diesel | 2.75 ‘ .
Gas Turbined 1963 ‘ eT 5025 oir S
Chena 5 : | 1970 | ST 20.00 L Coal - Base load and
T : ‘ - district heating
Chena 6 - 1976 T 23,10 oir -

Total Available Capac ity 65. 10




-

TABLE 83.2: FAIRBANKS MUNICIFAL UTILITY SYSTEM
- GENERATOR DATA

. : , Power Generator impeqancieﬂ* | A Inertia
Unit | Voltage  Rating  Factor Xy Xty  xuy Xo Xs Constant¥¥®
(kR¥)  (MVA) '

SR et oo e

Chena 1 . 4,2 6.25 ~ 23,36 2.50
Chena 2 4,2 2.40 55,00 7.88
Chena 3 4.2 1.80 7500 12,33
Diesel 1 12,5 3.44 6. 63

- Diesel 2 , 12.5 3.44 ' 6. 63

Diesel 3 _ ‘ 12,5 3.44 64 63
Gas turbine 4 125 6.25 ] - 6.24
Chena 5 12,5 25, 10 o 1,08
Chena 6 ‘ 12,5 29,00 -

* Impedance in per unit on 100 MVA base.
**Inertia constant In per unit on 100 MVA base,




TABLE B3.3: FAIRBANKS MUNICIPAL UTILITY SYSTEM
- TRANSMISSION LINE DATA
EXISTING AND PLANNED FACILITIES

o v Pos Sey ; Zero Seq
Transmission Circun7'- Vol tage , : ~ lmpedance* Susceptance®* | mpedance®**

Frcm Bus - To Bus - length  Conductor - R X BC Ry X

(mi) - - -

- Chena ~ Zehnder (GVEA)

69 KV |nterconnection’

Chena - Zehnder .8 336 ACSR (26/7) 0047 .0120  .0002 20095 . 0472

Chena - Sou?h Féirbanks 69 kv

(Approx!mafe In=service da?e 1982f7

Chena - Soufh Fairbanks 3.0 336 ACSR (25/7) «0175  .0451 ,0006 - #0335 1770

¥ Poslfiva sequence impsdance in per unit on 100 MVA base,
** Total line charging susceptance in per unit on 100 MVA base.

 ¥*¥Zero sequence Impedance in per unit on !00 MVA base.
- T Metered at Zehnder. :

tt Es*imafed date.




FAIRBANKS MUNICIPAL UTILITY SYSTEM
TRANSFORMER DATA.
EXISTING AND PLANNED FACILITIES

TABLE B3.4:

@

Subsfaﬂon - Transfomer ~ Yoltage ~  Rating*  Tap Setti ng Tap Range -~ Reactance**
- ~ (kV) (MVA) - |

Two w:nding Transformer |

Chena - i  69/12.47  12/16/20  LTC | 46250

Chena - 2 (1982)*** 69/12.47 12/16 /20 LTC ' «6250

-South Fairbanks (1982)%%#* 69/12.47 12/16/20  LTC «6250

’/

*  Continuous fuli load rating at 65° risee.

- ** Transformer reactance In per unit on 100 MVA base,
***Approxlma’f'e in-serv!ce date.

Abbrevfaﬂon. LTG - Load Tap Chang! ng

-
' I




l TABLE B3.5: FAIRBANKS MUNIG(PAL UTILITY SYSTEM_
I , HlSTORiCAL LOAD DATA
| . Historical Peak Demands (MN)* _
Subsfaﬂon Voltage - 1975 1976 1977 1978 1979 1980%#
vy :
' Chena 1247 and 4.16 20,2 25.0 276 24.1 253 25.2 i
. T * Historical load powar facforF «95 _ , ‘ ‘ RN : ‘ : o | G; :
. ' - *%*1980 maximum demand through June 1980,




I

) . O A s ¥ s . . . . . . . . . . b, -
. . . . PN . . . . . R s e e ) . . . , - N
. 0 - ’ s . - N CTe . o . ; 3 . i n . . . ¢ . R
. . - . o . . - L . . oy » M . - J st t. s . . . . ¥ -
- - - . ‘ R . ! . B -

O

. ¥

Healy =St
Healy = D1 :

“North Pole = GT

North Polie - GT2
Zehwder - GT'}

Zehnder - GT2
Zehrder - GI3
Zehnder ~ GT4-
Zehnder - D
Zehnder -~ [

Zehnder = 4 units

TABLE B4.1: GOLDEN VALLEY ELECTRIC ASSOCIATION, INC.

Year of

Installation

1967
1976
1977
1971

1972

1975

1975

Total Available Capacity

* Capacity =% es?i‘mafedf power factor =,80,
**Combined capacity of 4 units.

Abbreviations: ST - Steam Turbine
- GI = Gas Turbine

 Type

ST
Diassl

6T

-~ GT

GT

Dissel -

Diesel

'Diege!,

EXISTING GENERATING CAPACITY

Capaci '!‘z

(MW)

25,00

2.75
60,50
60. 50
18.40

18.40
2.80%
2.80%
2,28%
2,28%

- __10.64%

2064 35

Remarks

 Coal base load umit
Peaking unit

Peaking units




TABLE B4.2: GOLDEN VALLEY ELECTRIC ASSOCIATION, INC.
: ' __GENERATOR DATA

T i | , Power "Genera‘for impedance* " lnertia
Unit -« Voltage Rating  Factor X, Xty Xny Xp ‘X - Constani*#

) (MvAY | | e - '

Healy = S1. 13,8 29.4 ~85 6,086  LT31 S5.10
Healy = D1 2.4 3.5 .80 23,190 8,700 5,220
North Pole = GT1 13,8 71.9 .90 2.866  .285 .185
‘North Pole - GT2 3.8  7L,9  ,%0 2.932  .284  L185
Zehnder = GT1 13.8. 20.7 85 8.959 . ..823 533 .

Zehrder - GT2 13.8 207 .85 - 8959 ,823 ,533
Zehnder - GT3 4.2 3.5 .80 32.86 4,25 2,86
Zehbder - 6T4 4.2 35 .80 32,86 4,29 2,86
Zehnder - D ‘ 4,2 2.9 .80 63.86 16,84 11.23
Zehrder =D 42 2.9 80 63,86 16,84 11.23

Zehnder - 4 Units 4.2 3.3 .80 24,02  9.00 5.40

- LIS N - - . : ' - - .. ol i ' ) e - N . : . B .
o . . -, . . ) . . R R . R . el
- . + - . ’ . . . B . < e T,
PR P L - . A . . - + AL - - — p e =y 24
3 " R A E: . . B ; . . . e ' -
" - - B H 4]
R . : 3 a1

* impedant;e- 1in per unit on '100" MVA bases
**lnertia constant In per unit on 100 MVA base. -




TABLE B4, 3; GOLGEN VALLEY ELECTRIC ASSCCIATQON, iﬂ’.’:.
TRRNSM!SS!ON LINE DATA ‘
_EXISTING SYSTEM _

9

; S - , Fos Seq =~ . Zero Seq
Transmission Circuit = Voltage S Lo impedance® Susceptance®™ |mpedance®¥*

- From Bus - To Bus - - Length Conductor R~ X 8 | Re -+ Xy
‘ | C {mi) ‘

g

. . T ' ‘ ar AN et
. . - .- " - “ . - ..
. .o e Caem A L. )
" ’ —— T ———— T - 5 T S
o — TN f O - ROy T‘L N B p . g N : o L :
i . . ¢ . “ R [
. . ’ \ ) .

Healy - Gold Hill 138 KV

Gold Hill ~ Nenana ' 47,0 556 ACSR (26/7) L0415 L1963 L0475 <1120 L6311
Nenana - Healy 56,2 556 ACSR (26/7)  .0496 .2349  ,0569 .1341  ,7552

Total . | 103. 2

North Pole = Fort Walnwright 138 KV
Fort Wainwright - North Pole  12.3 795 ACSR (26/7) .0075 .0489 0150 = .0259 .1650  §

North Pole - Highway Park 69 KV L o -

Highway Fark ~ North Pole 2,3 795 AGSR (/173 L0057 L0321 L0007 L0195 1331

Zehnder - Fort Wainwright 53 kv
Fort Wainwright = Hamilfon Acres 2.9  4/0 ACSR (6/1)  .0269 0478 .0008 C 0442 L1743

Zehnde;—:'l‘? ox 69 k\"

Fox = Steese. A 57 336 ACSR (26/7) .0330 0826 .0016  .0665 3381
‘Stesse = Zehnder _2.4 336 ACSR (26/7) L0141 .0352 .0007 - 0285  ,1442

' oot - F X v ' ot - . ” e
) . - A . . (" - S

¢ Lo ey ) .
" - . B vt R . oo~ ..
- M P . e L R

Total o 81
Zehnder - Gold Hill Double Circult

69 kV (Z mutual = 0060 + j.0431
per mile) '

Gold Hill = Musk Ox Tap ~«8 336 ACSR (26/7) L0046 L0114 0002 0092 .0456
Musk Ox Tap = U of Ak 3.5 336 ACSR (26/7) .0203 .0510 .0010 +0412  .2080
University of AK - University Ave .3 336 ACSR (26/7) .0018 ,0044 L0001 .0036 L0179
‘University Ave = Zehnder 2.6 336 ACSR (26/7) .0153 .0384 ,0008 +0310 1566

Total SR Lz

.2

-1

Musk O - Musk OcTap 5.3 336 ACSR (26/7) L0309 L0798 L0015 L0628 L3126

Gold Hill = Chena Pump Tap 21 336 ACSR (26/7) 0121 L0303 L0006  .0245 1237
Chena Pump Tap - Airport Tap 1.5 336 ACSR (26/7) .0091  .0227 .0004 L L0184 0926
Alrport Tap - Zehwder 3.6 396 AGSR (26/7) 028 0522 L0010 L0422 L2128




Table B4.3: Galden Valley Electric Association, Inc. :
Transmission Line Data
Existing System = 2

R | Pos Seq . Zero Seq
Tra‘nsm'iissicn"CIrcmf't -~ Voltage = _ - Impedance* - ,Susceb‘fance** | mpedance¥***
From Bus - To Bus - - Length  Conductor R X - m R, Xo

(mi) - = — - =

Chena Pump = Chema Pump Tap 4 336 ACSR (26/7) L0023 L0061 00O <0047 L0238

International Airport - Airport 1.5 336 AGSR (26/7) 0088 L0226 .0004 0178 .o88s
tap DU | R | T .

Fort Walowright = Highway Park 69 kv

Fort Walnwright = Fort W Gen 3  4/0 ACSR (6/1)  .0047 .0085 .0001 L0077 G303
Fort W Gen - Badger Tap 87 4/ ACSR (6/1) L0622 L1105 .00i8 <1021 ,4024
Badger Tap = Brockman Tap 2.3 4/0 ACSR (6/1) «0213 ;'._9.3?8,_ «0006 <0350 ,1380
Sadger Tap - Highway Park 5.0  4/0 ACSR (6/1)  .0280 .ga97 -0008 0481  .1815
_ Tota? ‘ 2.5
- Badger Road - Badger Tap 1.0 4/0 ACSR (6/1)  .0093 .0l64 0003 L0152 0599

Brockman = Brociman Tap 6.3 336 ACSR (26/7)  .0368 .0948 .0012 C W0%8 - 376

Fort Wainuright - Peger Road 69 k¥ =~ | o Ll el

Fort Wa‘inwrv?i‘ghft‘ - S Fairbanks 1.2 336 ACSR (26/7)  .0070 = 0181 .0003 - <0142 ,0708
S Fairbanks - Peger Road =~ 3.2 336 ACSR (26/7) .0185 ,0476 -0009 0374 L1864

e R——h

Total o 4

Highway Park - Jarvis Creek 69 kY - - R | ..

Highway Park = Newby Road 4.0  4/0 ACSR (6/%3  .0374 0663  .G011 . L0614 2420
Cfuture) : ' | o T
Newby Road (fu‘l‘u’ré)‘ = Eielson AFB 9.4 4/0 ACSR (6/1)  .0874 1551 . <0025 ‘ « 1438 = ,5658
Elelson AFB - Johnson Road %5  4/0 ACSR (6/1) .0388 .1575 ,0026 L1459 5749
dohnson Road = Carney (future) 6.5 336 ACSR (26/7) .0380 ,0978 .0018 L0770 L3834

Carney (future) - Jarvis Tt 53,6 555 ACSR (26/7T) .1856 .8624 ,0136  «5016  2.8579

Total X

* Positiva sequence Impedance in per unit on 100 MVA base.
- ** Total Iine charging susceptance in per unit on.100 MVA base,
***Zero sequence impedance in par unit on 100 MVA base.

T Estimated data. - S i

™ Garney (futwe)=Jarvis Creek Is constructed to 138-kY standards.

Tcarney Cfuture)=-darvis Creek is converted to 138-kV operation,




- TABLE B4.4: GOLDEN VALLEY ELECT‘R!C ASSOCIATION, tm.

TRANSMISSICH LINE DATA
PLANNED FACILITIESH

Pos Séq

Transmission Circui¥ ~ Voltage - ’ | mpedance®

From Bus ~ To Bus Lengﬁx Conduct R X
B o tmi)

— —v——

Peger Road - international Alrport 69 kV
{Approximate in-service date - 1981)

International Alrport - Peger 3 ‘  33.6 ACSR (26/7)
Road - S | |

North Pole = Gold Hill 138 kV
= (A@pr@xi‘xﬂaie in-service date - 1984)

© Gold Hill - North Pole-OH 21 556 AGSR (26/7) .0192
| e 1 , |

Total ’ 22

North Fole - Jarvis Creek 138 kv
(Approximafe., inservice date - 1984)

North Pole = Carney 20 556 ACSR (26/7) 0175
Carney - Jarvis CKMTT 52,6 556 ACSR (26/7) .0464

Total 726

Bently - Fort Wainwr’ig‘h‘f 138 kv
(Approximate in-service date = 1992)

- Bently - Fort Walnwright 16,2 795 ACSR (26/7)

Bently =~ Gold Hill 138 kv _
{Approx: mate in-service da‘fe - 1992)

Bontly = Gold Hill 9.5 795 ACSR (26/7)

. Pas:ﬂve sequence impedance In per unit on 100-MVA base.

. ®% Total |ine charglng sysceptance in per unit on 100-MVA base.
R#¥Zarg sequence impedance in per unit on IOO-MVA base.,

T Estimated data. » |

Ly Carney (future)-darvis Craek is cons?ruc?ed to 138-kV standards.
ﬁ"earney (fufure)mlarvis Cresk is conVerfed to 1‘38~kv oparation. .

Susceptance*¥

I mpedance*®*

Ry X

n———— e

« 1254 . 7145




¥}
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TABLE B4, 5:

~ GOLDEN VALLEY ELECTRIC Assocm‘non, .
TRANSFORMER DATA- |
_EXISTING SYSTEM.

~ Substation = Ttﬁansforme:r"”

' »Au:i‘dtrarnsfcrmers o

Fort Wainwright-FWSI380T1

Bold HII-GHS1380TT
Gold Hill-GHS0690T2

- Two Windi ng Transformers

- Healy-HLP1380TT .
' Healy HLSI380T1

Healy
North Pole=NPS1380T1 |
North Pole-NFS.380T3

" North Pote-NFS0530T2 .

Zehnder=T4 {GSU=GT1)

Zehnder-T3 (GSU<GT2)

Zehnder=T6

’ Zerhnd ar=T5

***Tap range:

¥oltage -

V)

138/69

138/69

69/34.5

138/13.2
138/24,94
24,9/2.4
138/13.2
138/13,2

- 69/13.2

69/13.8
69/13.8

69/4.16

69/4.16

Ra'r‘ifgf"

(VA

60/80/100

18/24 /30
1.725

18/24/30

10/12.5
5

45/60/75
45/60/15

36/48/60

12/16/20

?o 5/93 4

7e5/9.4

® Conﬂnuous full load‘ rafmg at 63°C rise.
~ ®* Transformer reactance in per unit on 100-MVA base.
144 900, 141 450, 138 000, 134 550,
T Tap rangs: 72 450, 70 725, €9 000, 67 275, 65 550.

it AdJuS‘l'ed fo base of 13.8 kV from nanepl ate base of 13.2 kVa

B

T‘ap ,Séﬁi’ng

138 000
134 550
69 000

134 550
138 000

24 900

138 000
138 000

69 000
69 000
69 000
69 000
69 000

131 100, -

. Tap Ranqhe ;

R

bz
*® ¥

*E N
*NX%

' Reactance®* |

" 0803, .
« 2194
3. 1933

»3802t%

1.0940
. 148417
o 14847

20941t
5760
6780
.9470
9810




TABLE B4.6: GOLDEN { VALLEY ELECTRIC 4SSO m‘nm, ic,
TRANSFORMER DATA
PLANNED. FAGILITIES* _

‘}Subsfa?ion ~fTrapsfermer" Vblfagé, Rating®* Tap Setting ' .Tag Ran9§ : Reacfaﬁcé?**‘
- o C o SRR
Au?c?ransfcrmérs
Carney-io84T 13869 somo/50 138000 T 1500
Bentley-togzt 138/69 : 138 000 o

: * EsTimaTed dafau' R , ‘
** Coptinuous full load rating a? 65°C rise.
- *XTransformer reactance—in per unit on 100-MVA base.,
jT Approximafe in*servsca date.
- ft Tap range: 144 900, 141 450, 138000, 134 550, 131 100,

B - 25




_ TABLE B4. 7. COLDEN VALLEY ELECTRIC ASSOC!AT!W, !NZo
- DlSTRlBUTIGN SUBSTATION DATA
EXISTING SYSTEM

- ; Transfcrméfﬁi ' Noncoincidan? Substation Peak,Demand Readings ()
Substation ~ Voltage Rating** 1975 1976 1977 1978 1979 - 198(}" -
' _ (kV) o MVAY T

Baager 69/12,47 . 13,44 2.98 5,65 52 3 " 4.80
" Brockman - 69/24.94 7,00 | NiS - NIS XX 1,62
Chenz Pump © 69/12.47 22,40 ~ NIS  NIS 5 , 12XX% - 4,92
' Energy Company 13.8 s il A . 5 NIS 2, 2,05 2.3
Fox A . 69/34,5 8,40 2,5 3011 2.66 6 2,72

Gold Hif1¥ 34,5 LR C e .81 .8 | 82
Hamilton Acres 69/12.47 \ ~ NIS NIS | 4,26
Healy ; . 24,94 ?f o ‘ 1,15  1.56 ' 4,20
Highway Park _. 69/12.47 4,00 ' 54 733 9 2: . 5,40
~international 69/12.47 1.20 12,65 13,02 10.6 , 19 5,69
Atrport | - -

Jarvis Creek™™  gox138/24,94 22,40  NIS s NIS NS

Johnson Road ~ 69/24.94 _ 4,64 6.43  B.64 7.02.
Musk Ox 69/12.47 4,00 . NIS 4.39 4,90
‘Nenana 138/24.94 3,12 2.27 24 205 134
Peger | 69/12.47 44 6,67  6a 5.28 4,80
South Falrbanks  69/12.47 11,01  6.53 730 6,16

Steese. - 69/12.47  B.40 7043 7.67  7.49 6. 19
University Ave  69/12.47 7.8 g6 916 7,39 5,69
Zehnder 69/12.47 | | 11.35 11,36 13,18 1253

: , ' ~ ; 88, 55 ' 83.167"

* Lload 'fa‘p‘chaﬁgf ng transformer unless otherwise noted.

*® Maximum nameplate continucus full {oad raﬂng at 65"0 rise.

***Supp! led from North Pole 13.8-kV bus.

Supp! fed from Gold Hill 34,5-kV bus.

tt Suppl led from Heaiy 24,94-kV bus.

ﬁMaximun rating of two “transformers in paral le!.
x 1980 maximum demand through Ju!y 1980
XX 3 months data.

 XXX5 months data.

* 4 months data. '

** Includes a demand of apprcxima‘rely 300 kW at Mut'phy Dome suppl fad by Eielson AFB. ;
¥ ncludes a demand of approximately 2,800 kW at Fort Grealy suppi nd from Fort Wal nwmgm’.

. .

Abbreviations: -:na - No da'i'a avaitablaa
e NIS = Not in service.




TABLE B4.8: COLDEN VALLEY ELECTRIC ASSCCIATION, o,
| DISTRIBUTION SUBSTATION DATA |
— PLANNED FACILITIES* |

o ‘ .Transfqrmer*?, SN
Subststion R Yoltage Rating *** :
o : - (kW) o (MVA) '

- Newby Road R 69{)’12.47‘ B 12 (Approximate |n~service date - 1984)

* Estimated data. S |
¥* Load tap chang Ing transformer un| ess otherwise noted.
#¥Maximum nameplate continuous full load rating at 65°C rise,

-




 TABLE BS.1: umvsasm oF ALAS&A Fmasmxs
‘ GENERATiNG CAP&C!TY AND DATA

SR | Yea‘r,af‘-‘~ > S o

Sensrating unit ~ lostaljatien Type Capacity Remarks

University of AlaskauSl s - L B ST 150 - Coal
University of Alaska-s2 = . e ST 1.ED Coal
- University of Alaske=53 ° B - A -osT : IQ.OO‘ Coal
‘University of Al aska=D 1 , R o - Diesel - . 2.75

University of Ataska-DZ - = Diesel - 2.75

’To?al Avanlab!a Capacity T 18. 50

e : A "?Pcwer , ,’G’feheréf_ér | mpedance* N . inertia ‘.

~Unit o o Voltage "Rating = Factor Xy XYy Ry Xo Xq Consfant**

T | Yy  Twva) R ST T | |

University of Alaska~S1 4.2 - .85 .80 61.33 8,00 533 695 2,13

Univars ify Of AlﬁSka"sz 4.2 1.875 ‘ «80 61;33 - 8. 00 5633 . 69 93 2‘ 13

University of Alaska-S5 4,2 12,50 .80 13.80 1,77 1,02 102 0,34

University of Alaska-Dl 4.2 3.438 .80 23.21 873 524 553 © 45

vUn :versi“ry of maska-az 4.2 - 3,438 .80 23.27 8.73 5.2 5,55 1,45

0

* !mpedance in per unif on 190-MVA basa.

**inerﬂa ccasfam" In"per unit on IOO-MVA base.

Abbrav iaﬂon. ST - S‘t'eam Turbtne




TABLE B5.2: UNIVERSITY OF ALASKA, FAIRBANKS

__TRANSFORMER DATA

| S’Zub‘s"z'a.'l"}‘.o:i - Trensformer Voltage -a"f"i'ﬁ;g_*'.” . Tap Setting Tap Rangs  Reactance®* -
L | W RUTE e

Two Windi ng T‘ra“nslférmsrj -

© University of Alaska=l  69/4.16 7.5 LiC o L8933

* Contin sus full load fraﬂng a?‘Sﬁ"C rise. L 7
 #*Transformer reactanrce in per unit on 100-MVA base.
Ab’bre\r'iaf?ioij:: LTC -;L'nald‘ Tap ch&;_':giing




~ TABLE B6.1: MlLiTARY !NSTALLATIONS FA;RBANKS ARE&
e ‘ GENERAT!NG CAPACI‘H‘ AND DATA

: ‘ BRI _ o , Unit N ~To:|;'a'lv
Generating Unit E Type ' Capacity Cagacfg
- : S | e vy My

Efelson AFB=§1, 52 8T , [ 2.50 ' 5.0
 Efelson AFB~S§3, $4 < 8T co e 64 25 , 12,5
~ Fort Greely~01, D2, D3  Diesel T 00 0 30
Fort Greely-D4, D5 - Diessl | 125 2.5

- Fort Wainwright-51, S2, S3, S4 ST 50 20.0

- Total Available Capacity o o 43,0
Power: .oenera?or tmpedance* B ~ inertia

Unit ~ Yoltags Rating Factor Xy Xy Xy % Xy . Constant**
: (kV) (MVAY o | | |

‘I

 Elelson AFB-§1, §2 7.2 3,126 8 39,36 5,44 2,88 2,88 0.9 -
- Eieison AFB=S3, S4 = 7.2  6.250 1.0 18,40  2.40 1,60 2,08 = 0.64
~ Fort Greely-D1, D2, D3 4.2 1.250 8 - 64,00 24,00 14,40 15.20 4,00
- Fort Greely-D8, D5 3.2 1,563 8 5118 19,20 11,52 1216 3,20
For+ Wainwright- 12,4  6.25 o8 18,40 2,40 1.60 2,08  0.64
S1, $2; S3, 5S4 | o . \

* {mpedance In per unit on 100-MVA base. L - | e L )
’ **Inarﬂa ‘constant In per unit on 100 MVA basa. ; ’ o o , o R

Ahbraviaﬂon. ST - "Sfea'm .Tunblne

sl il eV i e W U3 : Bl e i s ity it i




. | TABLE B6.2: MILITARY INSTALLATIONS, FAIRBANKS AREA
. TRANSFORMERDATA

Substation - Tramsformer  Voltags  Rating  Tap Setting  TepRenge  Reactance**
ation - Trensforper. — feLeee  famn Setting  TspRenge  Remctance™®

Two Winding Transformers

Eielson A8 69/1.2 5.6  LTC
Fort Greely L 24.9/2.4 .3 LTC
 Fort Wainwright  69/12.4 = 8.4

1.518
- 0,983

; * Conﬁaucdé fufl- toad rati ng at 65°C rises
**Transformer reactance is per unit on 100-MVA base.

. Abbreviation: LTC = Load tap changing el e T e i

o : : o
- B .

0

L L s ik T
e e




. TABLE B7.1: MATANUSKA ELECTRIC ASSOCIATION AND
© ALASKA POAER ADMINISTRATION |
EXISTING GENERATING CAPACITY -

~

:  Year of - o : ~
Unit | installation . Typs " Capacity Remarks
. | L S | MW SEael

Eklutna = 1 (APAY T . Hydro 15 L T
Ektutna = 2 (AFA) o ' | Hydro 15 ‘ : -

R

Total Availabie Capacity | .30



 TABLE B7.2: MATANUSKA ELECTRIC ASSOCIATION AND
" ALASKA POWER ADMINISTRATION
__GENERATOR AND TRANSFORMER DATA

: 7 o 2 FbWer o Generafcr‘§mpedan¢§* | Ihertia
Unit ‘ Voltage  Rating  Factor X4

———

‘ )("d s X"d Constant®¥

(kV) (MVA) RN

Ekiutna = 1 (APA) 6.9 16,667 .9 6.12 1,65 1,16
Eklutna = 2 (APA) 6.8 16,667 . 612 165 116

| ~ = Tap |
Transformer Voltage _ ; Setting ‘ Reactancs*
(kv) - - o

Eklutna = 1 (APA) 115/6,9
Eklutna = 2 (APA) 115/6.9

* impedance in ber unit on ’iOQ—?&Vﬁ base.
~ *¥lnertia constant in per unit on 100-MVA base.
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EXISTING SYSTEM

TABLE B7.3: MATANUSKA ELECTRIC ASSCGIATION AND
ALASKA POWER ADMINISTRATION
TRANSMISSIGN LINE DATA

Transmission Clrcul+ - Voltage -
From Bus - To Rus

Length

Conductor

(mi)

Anchorage (APA) - Ekiutna (APAJ 115 kvT

Anchorage (APA) - Briggs Tap (MEA)

Douglas (NEA%}*,Teeland {CEA) 115 kv

8.8

Briggs Tap (MEA) - Pippel (MEA) 5.0
Pippsl (MEA) - Parks (MEA) 604
Parks (MEA) - Reed (MEA) 6.0
Reed (MEA) - Ekluina (APA) 7.2
Total 3364
Briggs (MEA) - Briggs Tap (MEA) 6.3
Eklutna (APA) -~ Shaw (MEA) 115 kvt
Eklutna (APA) = Dow Tap (MEA) 8.6
Dow Tap (MEA) =~ Lucas (MEA) 5e1
Lucas (MEA) - LaZe!le Tap (MEA) 4,3
LaZelle Tap (MEA) - Shaw (MEA) 4,3
Total 2253
Dow (MEA) - Dow Tap (MEA) - 1.2
laZelle - LaZelle Tap 3.9
Shaw (MEA) = Tesland (CEA) 115 kv
‘Shaw (MEA) = Herning (MEA) 4.8
Herning (MEA) = Teeland (CEA) 7.8
Total 12,6

Douglas (MEA) - Andersow Tap (MEA) 19.0
Anderson Tap (MEA) - Tenlard (CEA) 6.5

397 ACSR (26/7)
397 ACSR (26/7)
397 ACSR (26/7)
397 ACSR (26/7)
597 ACSR (26/7)

397 ACSR (26/7)

397 ACSR (26/7)
397 ACSR (26/7)
- 397 ACSR & AAC
397 ACSR (26/7)

4/0 ACSR

397 ACSR (26/7)

397 ACSR (26/7)
97 ACSR (26/7)

556 ACSR (26/7)
4/0 ACSR (6/0) .

. B- 34

Pos Seq

| mpedance*

R X
0156  ,0528
.0089  ,0300
0113 ,0384
.0107  ,0360
«0158  ,0433
0112 <,0375
.0106  ,0502
«0090 L0311
0076  ,0255
«0076  ,0229
.0032 ,0066
.0066 - .0215
.0085 0259
<0139 ,0422
«0241 - L1111
«0219  ,0423

_Susceytance**

BC

F—

. 0061
0035
L0045
0042
L0050

« 0045

0060
<0036
» 0030
<0033

e‘mﬁa :

0030

» G037
.9559

+0139
0048

Zero Seq V
| mpedance***
Ro ' %o

20347 ,2023
0187 L1150
«0253 , 147

0237 . 1380

.0284 . 1556

+0248 . 1440

« 0339 1977
0203 1177
« 0168 L0977
«0167 . 1026

0054 0242

L0161 40933

0190 . 1161

- 0653 ,4339
»0365 1574




Table B7.3: Matanuska Electric Association and
' Alaska Power Administration
_Transmission Line Data
Existing System ~ 2

: ‘ LT Fos Sad - Zero Seq
~ Transmission Clrcui* = Voltage T S _!mgedance*’ - Susceptance®™ |mpedance™ ¥
From Bus - To Bus Length  Conductor R X . EC Re X

{mi)

— — a—— w—— e——

Anderson (MEA) - Anderson Tap (MEA) 3.5  4/0 ACSR (6/0) 0118 ,0228 .0026 0194 0870

-~ B - N P - . . * - .o
. . —— R ) B3 e
. L . e e . . 7, i PR L R . .
. . \ s

- .~

;\'l
. 3
. .
T I
. «

D a

t,'
¥

J . ¢

* Positive sequance impedance in per unit on 100-MVA base.

*% Total |ine charging susceptance in per unit on 100-MVA base.
¥¥*Zero sequence Impedance in per unit on 100-MVA base.

1 VEklufnaeAnchdrage and Eklutna-Lucas 115-kV circuits owned by APA.

-~
oS
oy

Abbreviations: APA - Alaska Fowevadmtnisfrafion
MEA - Matanuska Electric Association
CEA - Chugach Electrlic Association, Inc.

e
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TABLE B7.4: MATANUSKA ELECTRIC ASSOCIATION AND
ALASKA PONER ADMINISTRATION
- DISTRIBUTION SUBSTATION DATA
EXISTING SYSTEM®

. . o i o S
N . — o s oo A S
; - ) f
_ . -n* " S

v Transformer® Noncoincident Substation Peak Demand Readings (M)
Substation Voltage . Rating** 1975 1976 1977 1978 1979 1980
' (kV) {(MVA)

Anderson - O 115/12. 47 12/16/20 ; 3.98
Campiit R 137 1.12
Douglas - 115724 12/16/20 NIS NiS

Dow 115/12.47 5 .9 1.94
Herni ng 115/12.47 22 /26 /30% %% 6,34

T

. v . - -
. R . . 3
o

A

LaZel is - 115/12.97 12/16/20 ~ NIS
Lucas : 115/12.47 15T -7, 9,31
~ Parks 115/12.47 10 | 3,79
Pippel © o 115/12,47 2017 8,06 10,44
Reed 4 115/12.47 5 ‘ 1.97

N

Settlers Bay 34, 5/12: 47 2.5 NIS
- Shaw 115/12.47 12/16/20 S N1S
Site Bay 34, 5/12.47 1«5 - . 4,22

1 E

43,11

[}

A .’ I
“ l

| ii
e 8 3

* Load fap chenmalng. '!'.ar:sformer unless otherwise noted.

*% Maximum nameplate continucus full load rating at 55°C rise.
**XTwo transformers in parallel, one 10 MVA and one 12/1 5/20 MVA.
T Two transformers in parallel, one S MVA and one 10 MVA,

T Two transformers In parallel, each 10 MVA,.

T¥Tsuppl ied at Eklutna.

% AH distribution facil tﬂes are &‘E‘A.

Abbreviaticns: na - No data availezble.
" | NiS = Not in service.
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ECONQMIC CONDUCTOR SIZES
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APPENDIX C

ECONOMIC CONDUCTOR SIZES

C1 =~ INTRODUCTION

'In EHV transmission, line conductors and conductor bﬁndleS'must‘be sized
:’ to minimize cbrona,‘RI and audible noise effects. An additional factor
that needs to be quantified is the economic-incentive to increase the *
‘conductor section still further to achieve savings in the futiwe cost of

line 10850

This appendix deals with the eccnomic aspects Oficonductor sizing, and
since both line costs and line losses are proportional to line length,

the analysis is carried out on the basis of costs per circuit-mile.

C2 - LINE CAPITAL COST

Transmission costs are generally‘a function of the fransmission<volta§e,
and conductor size; modifié& by local considérations such as
meteorological factors, access, transporé costs and local labor costs;
At a particular voltage, the variation in line cost as a function of

- conductor area is normally of the form.

Line cost per mile = K, + K, (kemil)d
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On the basis of line cost estimates for'AiasRa, e

vaiués of "K4",
"Ks® and "a®™ have been determined. Thesn are approximate, but

they describe the relataonsh*p between llne cost and conductor size

) sufflciently well to be used as a guide in determining the economic size

of lzne conductor. The equatzons are shown below.

230 kV: $/mile % 110 000 +116‘(kcmil)1f18

345 kV:  $/mile ¥ 160 000 + 15 (kcmi1)1’18

500 kV: $/mile & 285 000 + 16 (kcmil)1+18

C3 - CAPITALIZED COST OF LOSS

Llne loss varies directly as the square of the line loading and 1nvnrsely»

as the conductor cross—sectional area. Slnce the line loadlng varies in

a daily pattern and also throughout the life of uhe facility, these

varlatlons must be taken into account.

Trahsmissionllinesloading over the life of the facility can cnly be
estimated at this time. Accordlng to generatlon planning studies, each
time a block of 400 Mw‘of generatlon is commissioned (in vyears 1993,
1996 and 2000), thls capablllty is fully absorbed by the system. it is
further assumed that all of the average energy capability at Susitna -
would be utilized at each develcpment stage, resulting in load factors

(LF) and loss load factors (LLF) as indicated in the table below.

- In this table no‘genératwon additions are 1nc1uded after year 2008 as the
o F .

contribution to loss energy frcm any‘addltional peaklng capacity is
assumed to be negllglble. ‘
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Period

-

. , - Line Loadings (MW)

- Susitna _  To To |
Capacity iEnergx LF 'LLF* Anchorage FPairbanks
e Tron : , , ==

1993 to 1996 400 2 990 0.85 0.786 320 80

1996 to 2000 800 3 252 0.46 0.336 640 160

2000 to 2043 1200 6 227 . 0.59 0.469 960 240

Express;ng llne«loadlng and 11ne resistance in per unxt on surge

N 1mpedance loading (8IL) and surge lmpedance {Zc) base leads to

the following expressions.

. E - . : ] . ) = lou
- Iine resistance., , | - ‘kcmil obms per mila

190 1
kcmil X - per unit per mzle

I£ line'loading = S per*unit on SIL‘base

e et - g2 , 100 “
Then line loss per mile | = g kcm¢l per wiie

| SR w2
aaa;since»SIL = Zc (MW)

Line loss per‘mdlé : = sz x _00 1 % kv (%i/mile)

, ——— ‘
kemil Zc 2c

2 100
X Xcmil

2 o
= kVé X 8.76 x LLF
Zc” (GW*h/mile)

Annual loss energy/mile = 8

And if the cost of loss energy = ¢ S/kﬁ*h
e = o sfmillionzsw-h
2 100

N N SR <Ko
mhankannua; cost of loss = §" % - FYomil ¥ > X 8.76 x LLF x ¢

Z¢” ($ million/mile)

*Loss load factor (LLF) is estimated as LLF =

o v




» N

Aftypiéal;value of C\for.Susitnajis.$0.035/kW!h. ‘This enargy
cost is an'average'figure derived inAthe;OGP—S’planning studies based

on zero inflation and'3vpercent'net,cdst of moneye.

30,66 S° kV-

kemil Ze?

.*.Annual cost of loss = uiLF {$ million/mile)

In Tables C3.1‘and C3.2 the capitalized cost of loss per mile is derived
for transmission to Anchorage and Fairbanks, respectively, as a function
of conductor size and for the line voltages that are being considered. |
The capitalized cogt of loss is derived in three components, representing
,‘the three stages of development of the project. In all cases two
circuits are assumed from the outsatmfcr security reasons. In the case
where three 6ir;ﬁits are used for the‘ultimate line loading, it is

- assumed that the third circuit is added at the final (1,200 MW) stage of

. develoment.

In Table C3.3 the line capital cost and capitalized cost of loss {(as
’developed in Tables C3.1 and C3.2) are}Shown as a function of conductor
area for each‘vo1tage and transmission alternative. The indicated
cptimnm éonductpr areas are also given in the table and these were

derived as follows.

- If line capital cost = K, + X, (kemil)® $ million/mile
. Kg' , |
and capxtalized.cost'ofless = Temil $ million/mile
’ i | | o g3 | 3
xbtal c§st,per.nile ' ‘=<K1~+ gz (kemil)™ + kemil $ million/mile
1
C -4
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szferentlatlng with respect to kcmil and equa*zng to zero fbr

minimum total cost per mile.

: : - | - ‘
' ' {kcemil)
, L 5‘] ;
: {kemil)
; R
- sa+1 3
{kcmil) ‘-a,xz

In two cases, namely 500-kV transmission to Anchorage and 345 kV to
Fairbanks, line losses are relatively low and lead to indicated economic
conductﬁl areas that are below the acceptable limit from an RI and Corona
pOlnt of view. The ptoposed conductor sizes which are shown at the
bottom of Table 3 ‘have been adjusted, where necessary, to provide

acceptable Corona and RI performance.;v

The relationship between line capital cost and total cost (including
capitalized cost of loss) is shown graphically as a function of conductur
area in Figuwre C3.1. The cases illustrated are for 345 XV to Anchorage

and 230 kV to Fairbanks, the two cases where cost of loss was a factor in

' the proposed conductor arrangement.

ety b

S simgoote




THBLE C3.Y: TRANSMISSION LINE TO. ANCHONAGE DEVELOPMENT OF CAPITALIZED COST OF I0SS

loading per

Cixcuit Annuaiz Praaents Capitalized
No, of ] on SIL : Cost of 3 g - Herth Cost of
Circuits pasel r Loss T N ) Pactor Loss
() {s-pu} ) SM-kcmil) {yr) {yr) SM-kemil
- : } I cctemilef - - \cct-mile
1996 - 160 - 0.385 5.195 3 0 2.8286 14,695

— 2000 320 1 o ' 8,861 4 3 3,4017 30.142
2043 ( : : : - 1.157 27,854 43 Y A 19.4985 543,139

{2 cigcuits) = 587,978

1995 > 2,38 Q 2.8286 14,695

2000 64 x| ' 3 3,4017 30.142

. 2043 20 , ' 19,4995 241.179

Total at 345 kv {3 circuits) = 286.016

1993 - 1996 2 ) | 2,474 3 o 2,8286 6,998
1996 - 2000 , 0 : | 4,230 4 3 3.4017 14,389
2000 - 2043 2 8 ) 13,236 a3 ‘~ 19,4995 258,095

Tota) at 500 kv {2 circuits) = 279,482

1511, base values are 415 #4 (345 kV) and S00 MW (500 XV).

2§nnual cost Of loss = 30;66 s2.ky2s LLF/2c? based on losses valued ‘at: 50,035 /kdh,
a,n = duration of load period |

s offsst frow present worth kdn‘t‘:ﬁm.

5

Present worth factor -“% !;- L ;J"x i in » annual digcount xate (i) = 3 pearcent,
L {1+)7, {1+1)




-

" TABLE C3.2: TRBNSHISSION LINE TO FAIRBANKS DEVELOPMENT OF CAPITALIZED COST OF 10SS

Ioading per 2 5
Circuit Annual Present. Capitalized
No. of Coat of ‘ worth Cost of
Circuits 1 A Loss ' n Factor Loss
(4sd) : (w o o $M-kemid
; cot-miled .cctemile
40 0.7293 2.8286 2.0620

80 : 1,2466 3,4017 4.2406
3,9151 - 43 7 19,4995 76.3425

Tatal at 230 XV {2 circuits) = 82.645)1

3 o 2,.8286 10,9165
a 3 3,4017 1,8842
43 7 19,4995 33,9233

rotal at 345 kV (2 circuits) = 36,7240

151:. base valuaes are 137 MH (230 XVi and 400 MW (345 kV),

2, nnnal cost of loss = 30,66 s-xv. mjifcz bassd on losses valued at $0a035/kw;h.

3n a duration of load periou.

*

4:1\ - offset Erom present worth datuam,

5 10 1 1 ' :

‘Present worth factor = i - S Ll anyual siscount xate (i) = 7 percent.
: ' : (1+1) +i) o .




TABLE €3.3: SUMMARY OF ECONOMIC FACTORS AND PROPOSED CONDUCTOR SIZES

pransmission to Anchorage ’ S . ' : Pransmission to Fairbanks
500 kV___ T 345 KV _ ' _ ‘ ‘
2 Ci;:cuits © 3 Circuits © 2 Circuits 345 kV 230 kV

Capital cost of line 16 ..1.18 16 R  1.18 16 4 28, 1.18’ 16 . .1.18 - 18 . 1.18
(SM/miie) B 0.285 + -——106.}(@11‘ ’ 0,16 + —-_196 komil 0.16 """"106 ‘kemil 0.15 % """"106 kcmil 0.11 + ;;g Tomil "

Capitalized cost of ioss* = 279.482 286,106 ' , ’ h ,36,4,\‘7240 82,6451
($M/mile) “ kemil -~ kemil o | kemil - kemil

Optimum conductoxr area** 1,946 | 1,967 - 767 1,113
{McH) ' ,

Prrposed conductors.  3x795%*% ’ | 2%954 ; ’ 2x795%%* 1x1,272

*:Capi.téiize'd' cost of loss expressions are derived in tables 1 and 2.

**0ptimum conductor area = (Capita;ized cost of flo'ss) 2.18 kemil per phase.
: ; \16xi.18 ; S '

‘#x%Tha economic conductor areas for 500 kV to Anchorage and 345 kV to Fairbanks are smaller than the minimum needed for RI and Corona performance,
Hence, RI considerations will dictate conductor size, - v : : ‘ : ‘
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SUSITNA TO FAIRBANKS AT 230 KV = - GOSTOF Loss{TWaCIRGUTS) -, .

COST OF LOSS {TWO GIRCUITS)

[~ ToTAL COST INCLUDING CAPITALIZED
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/ /{_ LINE CAPITAL COST
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/& LINE CAPITAL COST

COST PER CIRCUIT MILE ($ MILLIONS)

— — 0.2 e e et
500 1000 )500 . 2000 ‘ - 1500 2000 - 2300 o 3000
~ TOTAL CONDUCTOR AREA (kemil) . . ~ TOTAL CONDUCTOR AREA (kcmil)
- PER PHASE o ATERIEE ciih S ST - PER PHASE -

© _ TRANSMISSION - TOTAL COSTS PER MILE AS A FUNCTION OF CONDUCTOR AREA |18
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. APPENDIX D

COST ESTIMATES

The economic analyszs for the Susxtna.tra‘smlssion system.was carxried

out using cost estlmates based on 1981 unit costs, without escalat_on,

for all equipment and serv1c&s. The wnit costs for all transmlsSLOn

and4substa tion equipment are given in Table D.1. The przucmpal para=

’meters of the flve.transm1s31cn alternatives analyzed in detail are as
follows.

Sus;tna to Anchorage ‘Susitna to Pairbanks
(140 Miles) e (189 Miles)
Number of ' ‘ Number of

Alternatlve Circults Voltage cGndLeths Circuits Vsltage Conductors

(kv} (kcle) , o (kv) (kemil) -

345 2 x 1 351 345 2x 795

345 2x 954 2 345  2x 795
345* 2x1351 2 23  1x1272
345 2 x 954 230% - 1x 1 272

500 3x 795 | 230* 1 x 1 272

The transmission line capital cost estimates for the fiwve transmission
‘ 7alternatives are shown in Table D.2. The 1993 line costs include an
adaustment for the use of a larger conductor than required by the

‘1ntertle, 9 years heFore the constructlon of the Susitna transmission

system. This adjustmentracccunts for 1ntert1e constructlcn with ron-‘

ducters ultimately required for ‘Susitna traﬁémissionﬁ The adgustment
consists of the dlfference.ln llne costs multlplie& by'the 1ength of

the line sectlon in guestion and the factor to account £br the

el

*Deénotes series compensation.




“accummulated interest for the 1ncrementa1 conauctor'ccsto
‘calcuiatea,as follows.

~Adjustment’>‘length°[(1 CO+i)T = 1,00] *(Cs=Ci)
length-[(1. 03)9 - 1.00] » { Cs=C1)
= length+0,3048° (Cs=Ci)

discount rate (3.0 percent)
- time period (9 years) o
cost of Susitna conductor in $4/mile

ccst of conductor requlred for intertle in $M/mile.

The subeta tion capital cost estimates are shown in Table D.3 and
include a base cost plus costs Zor major components at each statxcn.
 ‘The base cost includes land acquisition, site preparation, feundat*nns,
~etc. Cost estimates of major equipment, such as circuit breakers,
transformers, etc, lnclude the costs of all ancillaries such as
disconnect switches, potential and current trans;orme:s, controls,
instrumentation, etc. At the generating-statibns all ERV circuit
breakers are included, but generator transformérs and low-voltage
breakers are excluded. These are included in the powerhouse estimates.
Similarly at the load centers all EEV breakers are included as well as
the necessary circult;entrzes at the subtransmission voltage (230 kV or
138 kV) for each trénsformer bank. The remaindexr’ of the lower voltage
station is cgﬁmcn to all alternatives aud therefore excluded from the
economic ccmparison; t Anchorage, transformatlon to 230 kV is assumed
on the west side of Knik Arm.lmplyﬁug cable crossmngs at 230 kV. The
cable crossxngs and other 9JG~kV’equ_pmenu are considered common to all‘
ac transm;ss;on alternatives for Susitna and their cosgts have been -

exclude& rum this estlmata They must be inclnde& for ccmnaxzson of

' schemes with dl:f rent Knik Arm crcss;ng ccnflguratlons sudh as HVDC

‘transm;ssxon frnm Susxnﬁ




The calculations of annual charges for transmission lines and
substations are shown in Table D.4. Annual charges include the .

 following components.

Percent of Percent of
Transmission ' Substation
: , , Capital Per - Capital Per
Item | - . Year . Year

Gperating‘and maintenance ~ 1.00 | | 2.00
Insurance . . '   - - 010 0.10
Interim.reglace@ént | ‘.  | 0,15 | | 1 0.15
Centribution in iiéu ' 1~ o o 2.00

of taxes

TOTALS | » | .25 4,25

At a discount rate of 3.0 percent and for a So-yr period of analysis
from 1993 to 2043 the capitalized annual charges axékcalculate&’as
follows. |

For equipment;cbmmissiqned in 1993

Transmissionplinésé 3.25 percent (1,03)53 - 1.00
» | 0.03 " (1.03)50

= 83.62 percent of 1993 transmission

line capital cost

; Substatibns:' 4p25 percent {(1.03)50 - 1'0§];
R 0.03 L (1.03)20 ~

= 109;35~percent of 1993rsubstation~capital-cost




For equipment commissioned in 2000

Transmission lines: 3;25 bercent»,‘(1;G3)43 - 1.00
a | 0.03 . 03743

L=}

= 77.94 percent of 2000 transmigssicn line
'capital'eﬁst»»

Substations: 4.25 percent {31503)43 - 1.00]
- 0.03 -~ (1.03)43

= ?Of.gzypercent of 2000 substation capitsl cost

Costs of iand dcqu151tlan and clearing for transmiss*on lines are |
calculated in Tablo D.5. It is assumed that all rlghtnof-way
requlrements Wlll be acquired xn 1993; This includes the”’ land

acquisition costs for all addltlonal circuits to be constructed in the
year 2000,

|

. . . N : : B e
- . . c R NN

-

‘Costs f cepitalized transmszLOn llne ;osses are calculated in
Table De6. Unit costéwgéi mile for capmtalxze& transm1531on lasces
have been derived from the costs Qf lozs developed in 2ppendix C,
"Economlc Conductor Sizes". In the case of the line section from
watana to Dev1l Canyon the wmit costs have been adjusted to take into

acoount the 1oad1ng that will apply during'the various stages of
progeet develqpment. -

- i
:




TABLE D.1: TRANSMISSION AND SUBSTATION UNIT COSTS

Transmission

Line Costs

Vo!"tage_ Conductor - Base Cost Final Cos’t‘*:‘
(kv - (kemil) 0 A$/circult mite) ($/circuit mile)

230 Cxo e 120,000 162,000
2350 o 1x 1272 136,000 184,000
230 o ixasst _ 140,000 189,000
345 2 x 755 190,000 | 256,000

345 | 2x 954 | 207,000 279,000
s 55 | | ‘251,000 339,000

500 | 3x 795 ~ 326,000 | 440,000
tand Acquisition and Clearing

(kV)

. . .
Y -
. . :
H)I |
. - l
BN i
. e
2 o
- 7
. - 8
» B |
| '. l
T B
- .o
T ¢
'
i - A
T l"'

, VO!‘?-aga Number of Circuits

235

345

500

Subs’i‘artjions

R - Circuit ;
- Voltage , ~ Station Base Cost®* Breaker Position
k) {$ Million) ~ ($ Miliion)

1 1.000 . 0.400

- . . il . . . R .
EER L.
v . : . “ . . y
Ce N ! S oL . .

| “ . .. B
. P . Do

230 T 500 000
~_;3QQ{§. . _“N__,.ﬁ.w:,-w::;_:‘mi’—»‘— g 1 0000

1,609




| Table D. 1
Transmission and Substation Unit Costs - 2

Autotransformers {including 15-KV tertiary)

Voltage - 15 WA 150 WA 250 WA
(kY) (S Million) ($ Miltion) ($ Million)

230/138 | 0800 1100
345/138 s00 s 1300
s00/138 o B o “1e200 | 1,600
345/230 | s 0.900 | | 1._306

s00/230 S | 1,200 10609

Generator Trauisformers

Voitage $/KYA
SLkV)

345

500

Shun:t“ -’Rea'cfoi's

Npltag. 50 MVARS 75 _MIARS
(k) (S/KVAR) ($/KVAR)

345

. v
. R 3
oo BT ——
.
e v .
- K
R
Y L A
- . BE -
i . / .
. 4 k)
T i Y
. LN B qut
. 2 .
I ) e
' »; .
. ; L.
v,
. N )
. .3
2 Lt . .
w i
. -« 8
- '
. -
. - - .
. b -
~ - - ‘
Vo : E . .
N B - -
B !
Ny
Lo . .
LI & o8
. «

501 o 24,60

Series Compensation (all voltages)

$14.00/KVAR

Statie VAR Sources (tertiary voltage)

$30.00/kVAR

* Fi na} '}'ransmissxon line cos‘ts (page 1 of fable) inciude 20 percent ronﬂngency, plus
'S percent engineering, 5 per’cenf construction management and 2.5 percent owner's cost.

**%Substation base cosf (page 1 of table) includes land acquisition, site preparaﬁon,
foundaﬂcns, a‘rc.




TABLE D.2: TRANSMISSION LINE CAPITAL COSTS

Transmission Alternative

1 ' -2

Year 1993 Transmission ' -~ Cireuit Circuit
Line Cosis - Unit Cost Miles  $M , Miles M
' : ' ($M/mi) ‘

-Wafana 1o Devii Canyon (27 mi)

Yoltage - Conductor

245 kv 2 x 954 kemil 0.207
345 RV 2 x 1,351 kemil 0.251
500 kv 3 x 795 kemid 0.326

Devli Canyon to Anchorage (140 mi)

345 ky 2% 954 kemil 0,207
345 kv 2 x 1,351 kemit 0.25%
5300 kV- 3 x .79 kemil 0.326

Devil Canyosn to Fairbanks (189 mi)

230 kV 1 x 1,272 kemil 0,136

230 kY "1 x 1,351 koemit Q. 140 ' L
345 kv 2 x 795 kemilt - 0.190 ) ' C 55,67
345 kv 2 x 954 kamil 06207 : 17.60
345 kv 2 x 1,351 kemif 0,251

Subtotal 1993 line costs ' ' 142,41
Contlngency (20 percenf) ‘ 32,17 . . 28.48
~ Subtotai | . .01 170,89
‘Engineering and Managemen? : , ' 21.35
(12,5 percent)* ‘ | R

TOTAL 1993 Transmission Line Costs 2793 192,25

Adjustment For Advanced Intertie ; ! Lo
Construction With Larger Conductor®*¥ : M/mi. M SM/mi M

Willow to Gold Creek (80 mi) 0 (0.251-0,207) 1,07 (0.207-0.207)
Gold Creek to Healy (85 mi) ‘ | (0.251-0.207) .14 (0.207-0,207)

Subtotal Intertle adjustment o 2.21
Contingency, engineering, etc ‘ o 0.77
Tofai adjusfmen?

 TOTAL Adjusted 1993‘Transmrssion Line Costs

0
0

3

4

Circult
Miles

13540

- 27,14

162.82
20.35

$M/ml

(0.251-0.120)
(0. 140-0, 120)

Cirait
Mites -

120.55

24.11
144.66

18,08

162,74

$M/mi

(0.207-0,120)
(0. 136-0,120)

$M/mi

(0.326~0,120)
{0.136~0, 120)




Table'D.Q-: Transmi sslo;r"x' Llng Capl;a! Cosis = 2

Transmission Alternative : : o o R
" Year 2000 Traﬂsn!ssion , Circuiv =~ Clreuit + - Cireuit | Clrc : - Clrculit ’
Line Costs ‘ Unit Cost Miles M Miles = $M Mites ~ $M “ ' M Miles 3
; S SR ($M/mi) ' ~ v ‘ ' ‘ '

 Devil Cari‘;d;k Yo Anchorage (140 mi)
Voltags = Comductor ,
345 kV 2 x 954 kcmif o 0.207

Conﬂngency (20 percenﬂ
Subtotal

Engineering and Managemen‘i'
{125 percenﬂ*

“TOTAL 2000. Transmission I.Ine
Capital Costs

o

E Englneering and Managemen‘i‘ fn‘,mdes
- Engineering - 2.0 percent
- Construction Management 5.0 percent , , , ‘ ,
- = Owner's Cost . 2.5 percent ' ‘ o
- Total I 12.5 percent ' ' '
*%ntartie adjus’nnenf accounts for construction with a larger cor.\duea‘or ‘rhan requlred by fhe i nferﬂe .
‘ 9 years before cons‘l‘ru"hcn of Susitna Transm!ssion sys‘l'emr : E
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TABLE D.3: (UBSTATION CAPITAL COSTS

: ' o Lo R ’ . Transmission M‘ternéﬂ’vef ; ,

s  Year 1993 Substation Caosts :  Unit Cosi Quantity $M Quantity 3IM Quantity M Quantity $M Quantilly M

Anchorage

R Base cost ~ 345 k¥ 20 1 200 1 200 1 200 1 oz
. - = 500 kv , ' - 250 ‘ , ST - , . 1 2.50
B Circult breakers - 230 kV | 0,70 4,20 6 4,20 . 6 4,20 6 . 4.20 6 4.20°

-.345 kv , 1.00 8.0 9 ~ 9.00 3 . %00 9 9% ,
- 500 kv s ; .60 , ’ : ~ ‘ : " - 17.60

0o
8

Transformers - 345/230 kV, 250 MVA 30 4 5.20 4 520 4 520 4 5.20 SO
‘ - 500/230 KV, 250 MVA . 1.60 ~ | s 6.40

Shunt reactors - 500 kV, 50 MVAR - L.23 | - | 2 2.46
‘Static VAR sources (MVAR) S 0,03 400 12,00 400 12,00 400 12,00 400 12.00 200  6.00

Subtotat ST R R AL A | 32.40 : 32.40 32,40 32.40 356
Contingency (20 percent) R ‘ ’ 5.48 _6.48 6.48 : 6.48 _7.83

Subtotal . , - - 3B.88 38,88 38.88 33.88 46,99
Engineering and management (12,5 percent)* : : S 4,856 4.86 4.&6, ' 4.86 | 85.87

am—— - At ———

TOTAL 1993 Anchorsgs Station Cost o . 43.74 . 4374 43.74 394 52,87

Millow

Base cost - 345 kV | | | 2.00 1 200 1 2,00  ASEEIEGe T 2.0

- 500 kV : 2,50 R ' o g i e “_:“f:’:‘*“ = "2=5Q S

 Circuit breakers = 138 kV = | 0.40 3 .20 3 120 3 1,20 3 .20 3 1,20
| - 345 kV i .00 9 9.00 9 . 90 9 9.00 9 . 9.00

- 500 kV ‘ 1.60 | - | | : | | 1 17.60

Transformers - 345/138 kV, 75 MVA o502 .00 2 .00 2 .00 2 .00 o

- 500/138 kV, 75 MVA om0 a . | 2 1.40

Shunt reactors - 500 kV, 75 MVAR L2 e 2z a8

swtotal 120 1m0 13,20 S 120 . 2528



Table D33 ,,Sii‘_bsta‘ﬂon'()api‘i'a[ Costs -2 o o FEe . S +

: -+ - - o ‘ Transmisslon M’ternaﬂve : TR ;
| R T S 1 - ' —3 4 5 ST
Year 1993 Substation Costs Unit Cost Ouanﬂty $M guanﬂix $M Quantity 3$M ~ Quantity $M  Quaniify 3SM
’ , T , - | —t 2= e
~ Contingency {'1.‘0' perceat) i | 2.64 2.64 2,64 _2.64 - _5.06
- Subtotal o 15.84 15,84 15.84 15.84 30,34
Engineering ami managamen‘r (12,5 percent}* 1,98 1.98 _1.98 198 3,09
 TOTAL 1993 Willow Station Cost 17,82 17,82 17.82 17.82 3413
bév-i‘i GCanyon
Basa cosf 230 KV 1. 50 , . 1 so i 1.50 1 .50
- 345 &V 2.00 i 2.00 2.00 1 2.00 1 2,00 ‘
- 500 kV 2,50 R ‘ ‘ ' } 2,50
© Circult breakers = 230 kV. 0.70 L 8 5.60 8 560 8 . 5.60
. - 345 RV 1.00¢ - 12 12,00 "12.00 15 , '15.0{} 15 15.00 , '
- 500 kV .60 ' : 15 24,00
 Transformers - 345/230 kv, 150 MVA 0.9 3 270 3 2,70
= 500/230 k¥, 150 MVA 1.20 ‘ ' : 3 3.60
Generator viransformier lncreméhfa!ﬁ cost, 220 MVA 0, 176%* 3 0.53
Subtotal ‘ . 14,00 14,00 ‘. 26,80 - 26.80 3?.73
Contingency (20 percent) 2480 280 HedB 536 7.55
Subtotal 16.80 16,80 32,16 32. 32.16 45.28'
Engineering and management (12.5 parcenf}* 2.10 2,10 4.02 4.02 5,66
TOTAL 1993 Devil Canyon Station Cost f 18,90 18.90 36,18 36,18 50,94
Wé'i‘anag
Base coysf = 345 kY 2.00 N 2.00 2,00 1 2,00 1 200 : : :
| - 500 kv z5 | o S R 2.50
ClrcuH breakers — 345 KV 100 9 9,00 %00 9 9,00 9 9.00 L -
= 500 kV _ 1. 60 e S SR ’ 9 14,40 ’
E ‘Ganara‘far ‘i‘ra'\sfonner' lncremen“l'a! cost, 220 NWA D. WG** SRR - - L 4 - 0.70
Subtotal 11,00 . 1%00 17,00 11,00 BT
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Table D.3: _Substation Capifal Cosis =3

Tr‘ansrizisSlon Alternative ‘ _ S i
Year 1993 Substation Costs ™ gl Unit Cost Quanﬂ?y SM Quantity M Quantity $M ~  Quantity $M Quantitiy M
' S o ‘ (5M) el . R TR e , ‘

‘Ccnﬂngency (20 percan‘i‘) ' R - o 2,20 o 2,20 | , 2420 2.20 - , 3.52 S
 Subtotal” , | T 757 N T2 520 2z
Engineering and managemen‘l‘ (12.5 percenﬂ* T : C 165 w0 _1e83 . 1.65 ,1.65 ' 2.64 '

~ TOTAL 1993 Watana Station Cost | R 14.85 14,85 . 14.85 3485 23,76

'Fai'rbanks

Base cost - 230 kv
- 345 kV
Circuﬁ‘ breakers = 138 kV
- 230 kV
- 345 KV

Transformers = 230/138 k¥, 150 MVA
- 345/138 KV, 150 MVA

“Shunt reactors - 345 kV, 75 MVAR
STaﬂc VAR sourcesf,;(!vlvﬁR)
 Subtatal
Contingency (20 psrcenﬂ
- Subtotal :
Engineer&ng and managemen’f (12.5 percenﬂ*

o TOTAL 1993 ,Fairb‘anks Staf:{oanosf ;

TOTAL 1993 Substation Capital Cost




Year 2000 Subsfaﬂancrosts .

Ancho‘rage‘

C(rcu(‘t' breakers - 230 k\v‘
' - 345 kv
- 500 kv

Transformers = 345/233 KY, 250 MVA
- 51)0]230 kV 250 MVA

 Series vc‘o'mpensaﬁ.on (MVAR)
" Subtotat

Contingency (20 parcenﬂ
Subtotal

Englneering and mamageme:ﬂ~ (i2.5 percen'i')*

TOTAL 2000 Anchorage S,'!'aﬂ'o_n' Cost

: Willou
Circult breakers — 138 kV
- 345 kY
- 500 kV
Transformers - 3457138 kV, 75 MVA
~ 500/138 kV, 75 MVA

’Sertes compensaﬂon (MVAR)'
Subi’ofal

Contingency (20 percenﬂ
Subtotal

v Engtneerlng and managemeni‘ {12.5 percenﬂ*

- YOTAL 2000 Witiow Sfaﬂon Cost

‘Tz

Substation Cap"ifal ' Costs °~4 -

Unit Cost

Transmission Alternative

. o .. . . N - - - L s : L Lo . 1t . : ot
. . . ST - . L L L - P . s . M “oo. . T . N R : - D - L ‘.
.

1

Quantity $M

3

(M)

0.70

- 1,60

1.30
1.60

0.40
‘" taﬁo
‘ 0050
0,70

0.014

el

Quantity ~§M

3 . 2.10 3

N

430 6402
13.72

2.74

16. 46

2.06

18,52

.5  0.60 .5
2,00 5

T3 10,82

13,92

2,78

2,09

18.79 .

2,10

, 5.00:1

- 2.60

0;60
5. 00

0.50

6. 10
.22

7.32

_0.%2

Quantity $M

2.10

2,00

0.50

10,82

t3a 92

16.70
‘ 2.09

| Ty W

»,Quanﬁi‘?&?’f ™

.3 2. 10

3 4.80

1.5 0.60

2 3.20

L 0.70
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v Ta&ie 9.3,; Subs?aﬂOnCapi‘t'aiwCos‘l"s. -5

" Transmi ssion M'rernaﬂve

Year 2000 Substation Costs SR unit Cost Quanﬂty‘ SM ) Quanﬂnk 13 Quantity M Quantity M Quantity 3M
R ) TR : LM o ‘ : , o
Devii Canyon o , ' B L : s ' | e e , S

. .

Gircult breakers - 230 KV e g e P . o7 1 0 1 B0
| Csasw . Lo 3 300 5 s0 3 300 5 500 |
- 50KV 1,60 o R o T 3 8,80

Transformers = 345/230 kV, 150 MVA - B ‘0.,90 o R R R 0.50 N | 0.0 ' =
, '-500}'230!0!, 1501\&3!1\ .20 R T : , — o 1 120

|
|
|

Suh‘ké'fai , ' o ’ v 3.00 , 3 ' ‘ : 6.60 R L i
(..onﬂngency {20 poi ysnf) ' - SR _0.60 ‘ .00 0592 S 132 S 1.3
subtotal . | o | EIRre 3,60 6.0 - 5.52 T2 . TB.0%
Engineering and management (12.3 percen‘ﬂ*‘k ' . . 0.45 - Q35 ; 0.69 .99 ; 1.01

¥
2

o
S
[+ b
£

TOTAL 2000 Devil Canyon ‘station Costs . a0 6,35 ' 6.21 891 ogas

=

,F,a-l rbanks

Circuit breakers - 138 kV 0,40 1.5 0.60 1.5 0.60 1.5  0.60 1.5 0,60 1.5 0.60
- 230 KV T | N 1 0.70 1 0,70 1 0.70
- 345 &V : 1,00 it 1.0 o 100 | o ~

Transformers~230/!38 KV, 150 MVA D80 ’ , ; ‘ 1 .80 1 0.80 - 1 - 080
| | ~.~345f138k\1 150 MVA 0,90 1 0,90 - 1 0.9 | SRR

Serles compensatlion (MVAR} i . 0.014 . . 430 - _6.02 430 6,02 -~ 430 6,02
subtotal | e 250 R 812 RS - 8, 12
Contingency (20 percent} ; ‘ B o 0.50 0,50 o162 ' _1.62 ,
Subtotal v DR R o S 3,00 300 o . 9% 974 ‘ 9. 74
Engmeertng»and management (12.;’5 percent)* o 0.38 038 1.22 - .22 .22

T
.05

=

‘T(}TAL 2000 Falrbanks S’raﬂcn Costs R © 3,38 338 k}‘g,gsy 10,9 109

TOTAL 2oeo Substation Capital Costs o S s B 1V 54,48 a2 3973

% Epgineering and manageme'nt includes - angineering e 5.0 percenf
o s S ' - construction managemenf S.G percent
- ownerYs cost S 25 percent
o i Jotal 2.5 percent B
#¥Cost of generator ‘trahsfcmars for 345—k\' fransmissicn is- Included 1n powerhousa cost as*t‘ imates.
Alfarnative 5 requires adjus?msnt for incremen?al cosf of BOG-RV 'transformers.- :
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e PR - Taslﬁ;&;i: TRANSMISSION AND SUBSTATION ANNUAL CHARGES

Transmission Alternative o o
1 R -2 IR S 4 TR 3 -
Percent of . Capltalized -~ Capitatized : Capnitalized -  Capitalized Capitalized
Capital Capital  Annual . Capital Annuat - Capital Annual - Capltal Annual  Capitat Aanual
Cost* Cost _ Charges Cost = Charges . Cost Charges  Cost Ché¥§§$ - Cost Lharges
oM (M (M) . (MY oMy (54) A - M M) o

3

1993 Capitalized Annual Line 8362 21713 18L.56 19225 160,76 183.17 15317 16274  136.08 216,39 180.95
Charges R ' : o : ~ ' < ‘ I

2000 Capital fzed Annuai Line 7.9 - ek 39.12  30.49 - - 39,12 30.49 - S~
Charges: = ' Y ‘ S s | o

1993 Capitalized Annual Station  109.35  123.88  135.46 123.88 135,46 135,95 148.66 135,95 148.66 185.06  202.36.
" Charges : : ‘ LR ,. A ‘ B , '

2000 Capltalized Annual Station 101,92 44, 74 45.60 31,47 32,07 54,48 55,53 41.2% qu.oa L 39,73 40,49

Charges ' B ' ‘ : . ; | , : . | |
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TABLE Do5: TRANSMISSION LINE LAND ACQUISITION COSTS

o ' o LioE o Transmission Ajternative = : ‘ ' i - : B

o | PR R RS S 3 | - 5
i . Transmission Line ' e Unit Cost Length $mM  lengih th $M Llength - M length S Llengih
- , GWmD) - (miles)  Tmites) (mites)  mitesy o (milesd

Voltage ~ Circuits
2 0.070 - R,
2630 216 16,20 167 . 1233 27

- - 189 13.23 189  ys.z5 189

230 kV
2,03 -

s R 2 0.075 3%
Cmskv 3 - 00% - R L T 13.48 —
. 500 KV 2 | 0,080 R o= e T - = 187

 TOTAL 1993 Land Acquisition Costs 630 - 2968 6 . 28,70
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TABLE D,6: CAPITALIZED TRANSMISSION LINE LOSSES

Transmi ssion Alternative
Cepifalized Line Losses Unit Cost Miles SM Miles

B  ictana to Devil Caryon (27 mi)
2 x 345 kv, 2 x 1,351 kemit . 02517
2% 345 KV, 2 x 954 kamil 0.3565
2 x 500 kV, 3 x - 795 kemii C. 1358

Devii Canyon to Anchorage (140 mD)

2 x 345 kV, 2 x 1,351 keail 0. 4352
3 x 345 kV, 2 x 954 kemil 0.4262*
2 x 500 kY, 3 x 795 kemlt 0.2344

‘Devil Canyon-to Fairbanks (189 mi}
1 %230 KV, 1 x 1,272 kendl | 0.06497

1 x 230 kV, 1 x 1,351 kdn'fi?‘i 0.06117

1 x 345 kV, 795 kemii - 0,02310

1

2% ,
1 x 345 kV, 2 x 954 kcmil 0, 01925 -

2%

1 x 345 kv, 1,351 kemil 0.01359 85

TOTAL 1993 Capitalized Line Losses
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APPENDIX E

- HVDC TRANSMISSION

Traditionally, EVDC has found economic application for long~distance
overheadAliné (point-to~point) transmission or where “ignificaht
lengths of submarine cable were involved. In either case, the savmngs
resulting from the HVDC line or cable as compared to the ccst of ac

1ines or cables need to be sufficient to offset the additional cost of
de terminal facilities.

Other characteristics of HVDC transmission that have been significant
in its application are

its\asYnchronous nature and hence the elimination of a transient or
dynamic stability problem '

its "controllability" may be an advantage to limit steady~-state
c1rca1at1ng power flow in system 1nterconnectlons, or to 1ntroduce

damping o limit or control system dynamic 0301llatlons
its ability to limit short=-circuit contributions.

In the case of Susitna.transmission, HgDc is not an obvious contender.
No technical difficuities are anticipated,ln an ac transmission scheme
and the transm;ssmon dlstances (140 miles to Anchorage and 189 miles to
Fairbanks) are well within the normal economic liwmits of ac transmls-
sion. Also, the transmlssmon involves three terminals leading to some
complication of the dc control and adding to the cost of some of the
primary circuit elements as‘WEll-\ waever, in the Anghotaée drea some

submarine cable CiTcuits may be 1nvolved in delivering Susitna pover




to the load center; Hence, it is appropriate to carry out a screening
analysis to‘detetminerwhether or not the de alternative merits further
study. | ' . '

E2 - ECONOMIC SCREENING

E2.1 = Basic Schemes‘

Sinca a number of variations are possible in the HVDC basic arrange~
ment, and also in combinations of ac and HVDGC transmisaion, each
transmission link (from Susitna to Anchorage and Susitna to Fairbanks)
will be examined separately. In this base comparison, separate
point—to-peint dc Schemes are implied,

In order to take lnto account possible savings associated with HVDC
cable circuits in the Anchorage area, the;transm1351on costs to

Anchorage include submarine cable circuits as needed to bring the pqwer‘
"torthe_metropolitan load center. |

211 transmission from Susitna to Anchorage and Fairbanks is'asSumed to
start at a Devil Canyon switching station and terminate at an appro=-
‘priate voltage in each load center. Ac transmission circuits and
‘switching facilities between Devil Canyon and Watana are assumed to be
common to both ac and de alternatlves, and their costs are excluded-
fram the analy31s.

Dynamic var generating equipment is needed at the 1oad centers for both
ac and dc ‘alternatives. ThefneceSSary var capability for ac transmis—
sion was de termlned in lcaa flow studies of critical line cutage condi~
tions. In the case of the dec alternative some vars will be generated
bf the ac filters. ‘The balance, as needed to meet the total var demand
vof the load and the inverters themselves, is estimated and charged to

the dc alternative. ALl of the required var generation is assumed to




be located on transformer tertiary windlngs. Necessary switchihg is

‘1nc1ude& 1n the unlt var coste

7}The alternative HVDC transmission systems are planned to- be capable of

| handling full;ratéd‘power uhde:’¢onditiqns of single conting cy

_ outages. In the dc teiminals, this mears that one vélve group'modﬁle
could be out of service'and~the remaining valve groups shoﬁld be able
to handle the rated load. Simiiarly; on the traﬁsmissibn line, one
pole may be out of servxce and the remaining pole(s) should be capable

of handllng the load without interruption.

For the transmission to Anchorége.(ratedaipigo MW) a #250-kV bipolar
schémeris enviségea, with.fdur valve grbups per tefminal. Under normal
conditions one bipélar transmission line to Anchorage would be
adequate. .However, the loss of one line>polé wou1d'resu1t in a
temporary power reduction, and full powar. could-be resumed only after
terminél éwitching, ana an earth return curreént would flcw‘throughout‘
the total duration of the pole'dutage. For this reason, and to ;:pwide
a system morezccmparable‘to the ac alternative in case of a towey
failure, two bipélar transmissioﬁylines are provided for transmission |

to Anchorage.

In the case of ac transmission to'Anchorage, an intermediate switching
.station.and transformation to 138 kV is provided at Willow. This is an
| integtél part of the aC~alternative. For the dc alternatives, an equi=-
leent power supply to Willow is provmded by adding two ZBﬁ-kV'ac
clrcults from.POLnt Mackenzie to Willow. The cost of these circuits

plus a 230-kV bus and transformatxon to 138 kV at Willow is included asg

‘ part of the cost of dc transmission to Anchorage, so that both schemes

would be functionally eguivalent.

The transmission to Fairbanks is rated 350 MW and at t¢his load level it
is d@ifficult to justify more than a’éingie iipblar transmission line.
Loss of one pole would result in an earth return current and, if a

power interruption is to be avoiﬁ¢d; the terminalieqﬁipmént on each
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E2.2

pole must be capable of handling the full BSOAKW. This results in
100 percent reserve capacity, but it is still more economic than the
bulldlng of a second bipolar transmisszon line.

The ac and dc comparatlve systems are shown in single line aiagrams in

Flgure E2.1 for transmission to Anchorage and in Figure E2.2 for trang-
missza7 to Fairbanks.

E2.2 = Comparative Costs

- Capital costs associated with the variocus ac and dec transmission

alternatlves .are developed in a serles of tables as fol;ows.>

Tables Transmission Alternative

E2.1 S ac to Anchorage

' dc to Anchorage
E2.3 _ ac to Fairbanks
E2.4 | dc to Fairbanks

The costs developed in these tables are all for the ultimate installa=-

+ion as the,effect cf staging ls exPected,to be similar for both ac and
de alternatives.

In all ac tranemissioa‘alternatives, the wnit costs for station equlp-
ment and transmission lines are those used in Section 3.7 of this

planning memorandum. The costs used for ac cable circuits are based on

quoted estimates for 230-kV”éébies‘ Where station buses are existing

~or would be common to both ac and dc alternatives, no base cost is

chargeds

All HVDC terminal equlpment is estzmated at $44/kW'per termlnal, based N
on manufacturers' recent estxmates.




The necessary ac swmtchyard clrcuit entries are estimated addit;onal to
the base HVDC terminal costs. Var generatien,over and above that
‘V,prcv;aed-by the HVDC filter circuits is estimated, based on the var
demand of the converters and the load, and the cost is allowed for in
the réceivinggterminals‘.gﬁt'thé.HVDC sending end, neo additional charge
is made to ensuré that generéting eguipment can_tolérate the var demand
and harmonic currents of the converters. Some added costs would be

'lncurred, but these are expected to have only a secondary effect on the
~cost comparlson.

-

HVDC transmission line costs are estimated as folliows for +250-kV

bipolar transmission linese.

Conductor Area | Estimated Cost
per Pole ‘ per Mile
(kcmil) f ~ (s
2x 1,780 - 250,000 .
2x 1,272 L 200,000

,In‘the case of the HVDC cable circuits, these are estimated at 20 times
the cost of equlvalent overhead line, or $5 million per mile. This is
consistent with the estimate used for ac cable c:rcu&ts and it is

considexred to be\sufflclently close for this type of cost comparison.

Comparative costs for ac and dc transmission alternatives are
summarized in Table E2.5. Here the line and station capital costs
'déveioped in Taebles E2.1 to E2.4 ére combined with cost of right*qf-way
~and capitalizea~annual q?erating costs to give capitalized total costs
that may then be comparea. Included in tke aﬁnual'operating costs are
gaknumbeﬁ_of'miscellanecus chargés vwhich contribute to totals for

transmission and stations as follows.




Annual Gperafing‘Charges
{Percent of Capital Cost)

Transmission  Substation
Operating and maintenance  1.00 2.00
Insurance | 0.10 | 0.10
Interim replacement 0415 0.15
Contribution in lieu of 2.00 ” 2.00
s 4
Total annual operating  3.25 4,25

————— R ar————

The ~'ann'uéi;’dpera'ting charges shown in Table E2.5 have been capitalized
at a 3 percent ihterést rate over the 50-yr life of the tta%smission
SjStem. The same annual charge rates have been used for both ac and de
transmission on the assumption that differences in operating costs due
to differences in complexity will be adeguately reflected in the
différénceskin capital investmeﬂ; for ac and dc plant.
C“gztalized costs of losses fbrvac transmission liﬁes'were develecped as
part of the:exerdisé to détermine econonic conéuctorkgigeggﬁ Loss |
| energy*was valued at 3.5 cent/kW*h, based on the results of the
generation planning exercise for the period under study. The capita-
lized total cost of loss for ac'transmission was derived by adding
transformer losses at 0.5 percent pexr terminal to the line losses. In
the case of HVDC transmissxon, total terminal losses were calculated at

1.25 percent and added to line losses to derive the cap&talized cost of
losses shown for the ‘dc alternatives. '

Laua acqu151ticn costs are estlmated for the llne rlght-of—way only.

‘Land reguirements at terminal locations are assume& to be szmllar for

’both,ac and dc alternatives.




E2.3 = Resul§§,"

Comparative costs of ac and de transmission: alternat tives as shown in

‘able E2.5 confirm that ac is an appropriate choice fbr transmission

- from Su51tna to lcad centers at Anchorage and Falrbanks. The conclu-,-

sion is based on separate assessments of transmission costs to each of

the two lcad centers, and this implies the use of two
_transm1551on systems

Z-termlnal dc
Some dc'econcmlea might be achieved with an

alte;naha 3-term1na1~dc;arrangement, but any savings are unlikely to

overcoms the indicated 15 perceht.margln favoring ac transmLSSLOn.

*

The economic,cbnclusiOns are comnsistent with the resiults of other

studies for khe load levels and transmisszon<d;stances lnvolved, and

‘Vthey are considered adequate to support the selectlon of ac - |
transm1331on over HVDC for the Susitna projecte




TABLE E2.1: AC TRANSMISSION TO ANCHORAGE DEVELOPMENT OF CAPITAL COSTS

Cost Components R

. | - | Unit Station Cost ‘

Location ~ .Details ; Quantity Cost = Component Total Line Costs  Totak Costs
‘ S ' ($M)  ($M) \ (3M) ($M) (sM¥

-

V,Devil Canyon | breakers 345 kv 5. . 1.00 5.C 7 5,00

Overhead Transmission 3 cct, 345 kV, 2x954 kemil |
- conductor - 140 mi xroute 420 0.279

Willow Terminal base | 345 kV 1 - 2.00
‘ : breakers 345 kv | 1.00
breakers 138 kV
transformers - 75 MVA

West Terminal -~ base - ‘ 345 kv

- - ‘breakers 345 kv
breakers 230 kv
transformers 250 MVA
VAR generation 400 MVAR v

Cables . 4 cct, 230 kv, 3.7 mi

K?,AnéhOraqé Terminal breakers =230 kv

: Termlnal Subtotal ‘
Indirect Costs (at 32.5 percent)

‘,~Total,Costs B A | = : . 99.38 198,18 297,56




TABLE E2.2: HVDC TRANSMISSION TO ANCHORAGE DEVELOPMENT OF CAPITAL COSTS

Location
Devil Canyon

HVDC Transmission
Overhead

- Cable

Anchorage

AC Supply to.
Willow )

Point Mckenzie

Transmission

Willow

Terminal Subtotal

Details

‘HVDC'

_breakers
VAR generation 670 MVAR

Cost Components
Unit
Cost

Quantity

Station Costs

Component Total

ﬁine Costs Total Cwists

o (M)

breakers 230 kV

0.70
0.044

2 bipolar circuits *250 kV
2x1,780 kcmil conductor
140 mi route

-2 bipolar circuits

3.7 mi route

HVDC 1,586.7 MW
230 kV

breakers 230 kV -

230 kV, 2 circuits
1,272 kcmil conductor
50 mi route
base 230 kV
breakers 230 kV

- breakers 138 kv

transformers 75 MVA

' Indirect Costs (at 32.5 percent)

_ Tota1_CoSts

(5M) ($M)

4,20 e
69,81

74.01

p!

-
—

12.70

180.82
_58.77

239,50

(sm)

125,40

($M)




TABLE E2.3: AC TRANSMISSION TO FATRBANKS DEVELOPMENT OF cAPITAL,éo§§§f““”““

Cost Components : , -
, ~ ~Unit Station Costs : ~
Tocation , Details ~ -Quantity  Cost Component  Total Line Costs Total Costs
‘ g ' ‘ ~($M) ($M) ~ ($M) (SM) (M)

Devil Canyon breakers 345 kv 1.00  3.00 3.00

oOverhead 2 cct, 345 kV, 2%x795 kemil
Transmission ~ conductor, 189 mi route 378 ' 0.256

Fairbanks Terminal base 345 kv 1 2.00
" breakers - 345 kv 11
breakers 138 kv V
transformers 250 MVA
- reactors 75 MVAR
VARvgeﬁeration. 100 MVAR

Terminal Subtotal
Indlrect Costs (at 32.5 percent)

Total Costs




i

TABLE E2.4: HYDC TRANSMISSION TO FAIRBANKS DEVELOPMENT OF CAPITAL COSTS

" Cost Components . ;

\ - ; -+ Unit Station Costs ; S :

Location . ; : Details : _ Quantity = Cost Component  Total ILine Costs Total Costs
| o (M)  ($M) | (sM) (sm) ($M);

Devil Canyon breakers 230 kV : 6. 0,700 4.20 ‘ -~
; - HVDC 700 MW - 0.044 30,80 35.00

HVDC Transmission 1 bipc;ar circuit
250 kv, 2x1,272 kcmil
~ conductor , 89 0,200

Fairbanks Terminal HVDC 700 MW ' V - 0.044 . -
breakers 138 kv , 0.400 S -
VAR generation 245 MVAR 0.030 40.55

Terminal Subtotal i | | R - 75.55
- Indirect Costs (at 32.5 percent) ‘ ‘ _ 24.55

Total Costs | | IR | ~ 100.10
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TABLE E2.5: $UMMAR¥ OF COMPARATIVE COSTS.AC‘VERSUS DC TRANSMISSION

'~€omparative Costs - $ Million.
o Pransmission to Anchorage ) \ : TransmlsSLOn to Fairbanks
' Cost Components ~ ' AC , DC | AC : ~ bBC

—

Line Costs

1 96.77

line capital™ 1 198.18 125,40 37.80
line capitalized O&M 3 165.72 104.86 80.92 31.61
land acquisition (R.O.W.) 13.44 8.40 14.18 7.56
- Station Costs , o |
station capital 5 - 99.38 - - 239.59 35.32 100,10
station capitalized O&M 108.67 | 262.00 L 38.62 | 109,46
Capitalized Cost of Losses4 S 83.87 74.94 - 13.72 | 16.63
Total Costs - . 669.26 815.19 s 279,53 o 303,16

lLlne and station capltal costs are developed,ln Tables E2.1 to E2.4.

Capitalized -O&M charges include O&M, insurance, interim replacement and contrlbutlons in lieu of taxes. Thase
annual charges total 3.25 percent of transmlsSLOn capltal and 4,25 percent of statlon capltal, and they are
,capitdlized over 50 years at 3 percent.

Land acqguisition (R.0.W.) costs are estimated at $96, OOO/mlle and $75, 000/m11e for 345 kV, 3 cct and 2 ceot trans~
mission respectxvely; and $60, OOO/mlle and $40,000/mile for 1250 kV dc 2—c1rcu1t and s;ngle circuit,
respectxvely.

Losses are valued at 3. S¢/kw h, and they are. capltallzed over the 50~year l1ne llfe at 3 percent.
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