


TABLE B7.1 : MATA NUSKA eucmic ASSCJ; IATlc.", NCJ

AlASKA POtI' ER AtMt NISTRATI ON
EX ISTING GENERATING CAPAC ITY

= Capac'!y R_ r ks

( '"'W)

Hyd'" "Hyd ro .!.1.

'0Tot al Ava liable Capacity

Ekl uTnll - 1 (AP, )

Ekl utlla· 2 (N'A)

Year of

Un i T I nn a l l aTlon
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TABLE 67.2: r.tATANUSlfJo ELECTRIC .-.sSCCIATI~ NCJ

ALASIfJo POtfER ACf4 INISTRATI~

GENERATOR AND TRANSfOR MER DATA

"'- Ge".,.at o,. , .."edarc e· l nenla

lsn l t Yol t age Rat I Ilg Facto,. x, X', X·, x, Xo Const an"' ·- -( kY) (MYAl

Ek lutna - 1 ( APAl 6.' 16. 667 •• 6. 12 1.65 I. 16 1. 41 . 78

Ekl utn a - , ( APA) 6.. 16. 667 •• 6." 1. 6' 1.1 6 1.41 . 78

T., T"
T"8nsfor".,. Yol tage Rati ng Se'ttl n9 ~ React arc e·

(k Y) (HYA)

Ekr ut na - I IAPAl 11516.. 9
Ekl utna - z (APA) 11'16 . 9

• l mpltd ance I n pe,. unit on lOO-+tYA base .

u l :",,.t l a const ant I n pe,. unit on l OO~YA base .

B - )J



TAB LE lH . 3: ""'TANJSKA EL£CTRIC ASSa::IAT I~ AI{)

ALASKA PQlER Al»4INISTRAT IQN

T'RAHSM ISS ION LINE OATA
EX ISTING SYSTEM

Tran!n lss lon Clr c lll 1- - Y,Jl t age
Fro- !lis • To ass

Zero S&q

SU'KepTlInce· · I lI\fle<lllrICe· · ·

ec Ro Xo

Anchor age (APA) - Eklutna (APAI 115 kyt

AnChorage I,.pA) - Briggs Tap I lEA l

B,. lgss Tap (MEA) - Plppe. (MEA)
Plppel l toIEA ) - Pa rks OEAl
Parks (MEA) • Reed (Io£A)

Reed IlEA) - Ekl uTna ( N'AI

Toh l

8.8

5. 0

6.'
6.0

....!d

33.'

397 ACSR (26/7 1 .0156

397 ACSR (26/7 ) . 0089
397 .' CSR (26/7 J . 0113
397 ACSR (26 /7 1 . 0 107
397 ACSR (26/7) . 0 158

. 0528

. 0300

. 0384

. 0360

. 0433

. 006 1

. 0035

. 0045

. 0042

.0050

. 0}4 7. 2023

. 0 19 7. 1150
. 0253 • ' 471
. 0237. 1380
. 0284 • 1656

9I"lg9s ("€A) - 8,.iggs Tap ( lEA )

Ek luTna (IIPAI • Shaw (~ I 115 kyt

6. 3 397 ACSR (26/7 1 . 0 112 . OJ75 . 0045 . 0246 • 1440

Ek l ll1'na (~ ) - ::>0. Tap ( MEA)

b Tap (MEA ) • Lucas (NEA l
Luc as ( ~ I - LaZeI le Tap ( MEA )
LaZe l te Tllp ( MEA ) • Sha w Ool EA l

Tota l

8.6
3.1

' .3
....id

397 .' CSR (26/71 . 0106

397 ACSR 126/7 1 . 0090
397 ACSR & oc . 0076
397 ACSR 126/7) . 0076

. 0502
. QJ l1
. 0255
. 0229

. 0339 • 1977

. 0203. 1177

. 0 168 . 0977

. 0167 . 1026

00 . ilE A) · 00. T.1p ( 1oEA) 1.2 410 ACSR . 0032 . 0066 . 0008 . 0054 . 0242

LaZe l l e · LaZ. l l e Til l'

Shll w (/lEAl - Tee lond (CEIl) 115 kY

3.' 39 7 ACSR (26/7) . 0066 . 02 15 . 0030

Shll . ( MEA) - ttem l ng ( 1oEA)

Hernl "il ( MEA ~ - Tee l a ~ (CEA)

To ta l

'.8
7.8

) 97 ACSR (26/7 J . 0085
397 ACSR (26 /7 ) . 0 139

. 0259

. 0422
. 0037
. 0060

. 0 190 . 1161

. 0.309 . 189 1

Douglas ( M(A ) - And.,,-son To p (NEAl
Ander so n Tap (MEA) - T.el lll'd {CElli

Tota l

19.0

-!.:1
556 ACSR (26/7) . 024 1
4 /0 ACSR (6/01 . 0219

8 - 34

. 1111

. 0423

. 0139

. 0048
. aJ53 . 4339
. 036 5 . 1574



Tab le 87. 3: ~t"nus~ El ec t r ic Associat ion and
AlaSka Po""r A(llll ln istra't lon

Tnnsm lss lon Ll roe Da'ta
Existing Sys t El\'l - 2

Tr an $llli ss ion Clrcul 't - Vol't age
Fr OlI an - To &I s Le ngttl Cendue tor

Zero Seq
Suscep'tane e· · I Mped 3oce· · ·

9C 11:0 Xc

Ander son (~) - Ander son Tap ( rEA ) J .5 4A! ACSA (6 /0 ) . 0 118 .0228 . 0026 . 0194 . 0870

• P'osl 'tl ...e sequence Impeclance In per uni t on loo....lVA b"se •
• • To'ta l l ine c llar ;1 ng su scept a nce In per un l't 0fI IOO....VA ease,
· ··Ze ro 5IlIque nce Imped ance In per un it on 100-44VA base .
t EkluTna- Ancrorage and Eklutna·Lucas II 5--tl.V c lrculh owned by A~ .

Abbr ev l il't lons: APA · Alaska Power AdIIllnlstra t lon

MEA • ~tanusl<a Electric Assocl"tl on
CEA • ChugaCh Elect r ic Assoc i ati on , Inc.

B - 35



TAllLE 87. 4; .lCATANUSM ELECTR IC ASSOC IATION ,,~

ALASKA ~ER A[)4INISTRAT I~

Di STRIBUT ION SlBSTATl QN OA TA

EXI STING SYSTEMl'l

Trans for-r- Non<:o lncl de rrt SubsTati on Peak O_ rId R.~l nss ( * )

Subs1'atlon Vo l ,"age RZl't l nqt - 1975 ~ 1977 1978 1979 .l2!!
CkY I ( MVA)

AncI erson 11 5/ 12.47 12/ 16/20 2. 74 3. 98 6. 19 ,... 4. " no
ea..pHt 1. 37 I . 12 2. 07 . 98 .6J no
!b uglas 115n 4 12/16120 'is ",S NIS ,. 69 3.07 ee
00. 115/12. 47 , 1. 98 1. " ,. 45 3.24 2. 99 no
Her"l "il 115/1 2.47 22126/Xl · " 4. 99 .." 11.04 ,,. 9< 13.32 "'
LaZe I Ie 115/12..97 12/l 6!ZO NIS HIS HiS NiS 3. 26 "'
Lucas 115/1 2. 47 I5T 7.'" 9. 31 12.72 14. 98 11 . 38 no

"" ", 11 5/ 12. 47 I. 5.Bl 3.79 ". 42 4." 4. 22 no
PI ppel 115/ 12. 47 20t t 8. 06 10.44 S. 22 to. " ' .50 no
Roo! 115/ 12. 47 ,

"' 1. 91 2. 59 ,.98 "98 no

SeNI firs &, l4. 5/12.47 ,., NiS HiS .6' . 70 . 50 no
S... . 115/1 2. 47 12/16120 NIS NIS NIS 4. 13 '- .. no
Si Te B!l y 34. 5/ 12.47 1. , ...!.:..!1. ~ ~ ~ .....L:l!.. ~

,.... 43. 11 ,.... 64.97 62.03 no

. ..om ta p cnangl ny ,.r"n5'o"...,,. unles s om.,,... ls., not ed•
•• ~11II1IlI n_ pl.,te contInuous f ul l food ,.II1' lng li t' 55"C r i se.
··"'wo transformer-s In par-al lel , one 10 !<I VA and one 12/1 6/2 0 ,", VA.

t Two trensfonller-s I n par-a l l el , one 5 NVA a ncl one 10 ,", vA.

tt T-o transfor"llle r-s I n cera t t et , each 10 ,",V.... .
tff Suppl l«l er Ek illt na .

l( ....11 d lsTr-l butlon faci li t ies ar-e I<EA.

AbOr-evl aT lon s: na ~ to eere "",e llabl e .

NIS ~ NoT i n serv tce,

B - 36
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APPENDIX C

ECONOMIC CONDUCTOR SIZES

C1 - INTRODUCTION

In EHV transmission, line c o nd uc tor s and conductor bundles mus t be sized

to min1m.1ze corona, RI and audible noise effects . An additional factor

that needs t o be quantit'1ed is t he ec onomic incentive to increase the

cond uc tor section still further to achieve s av i rq s in t he t'ut ur e cost o t'

line l oss .

This appendix deals with the economic aspects o t' cond uc tor sizing . and

s ince both l ine costs and line l o sses are proportional to line length,

the analysis is carried out on the ba s i s o f c o s t s per c irc ui t - mile .

C2 - LINE CAPITAL COSl'

Transmission costs are generally a t'unc tio n o f the transmissio n voltag e

and cond uctor size , mod i f i ed. by local considerations such as

me teorol ogical factors, access, transport costs and local labor cos t s .

At a particular voltag e , the varia tion 1n line cost as a functi on of

cond uc tor ar e a is normally ot' the form.

Line cost per _11e - 11:: , + 11::2 (kaa11 ) oil

c - 1



Line Loadings ( MW )
Susi tna Ta Ta

Period Capacit y Enerqy LF =. Anc horage Fairbanks
( MW ) (GW oh )

1993 t a 1996 400 2 990 0.85 0. 786 320 80

1996 t a 2000 800 3 252 0 . 46 0 . 336 640 160

2000 t a 204 3 20 0 6 221 0 .59 Q. 469 960 240

Express ing line loading and l ine resistance in per unit on s ur ge

impedance l oading (SrL) and surge i mpe dance (Zc) base leads to

t he following e xpr e s s ions .

Line resistance

It line loading

Then line 1088 per mile

and since SIL

Line los. per mile

Annual loss energy/milo:.

100 a_
per 1Id1e- - - -t""'"

100 I
per unit per mil.. - x -

t""'" ZC

• 5 per unit on StL base

2 100 1
onit• S x iOdl x iC per

tv
2

• - (101)Zc

• S2 x 100 1 tV
2

(MW/mile)
t""'"

x
Zc

x
Zc

2 ~ tv
2

x 8.76 x LLP'- S x
t""'"

x
zc2 (GW·b/mile)

And if the cost of loss energy - c $!kW·h

• c $ million/GW ·h

Then annual cost of loss
2

- S x
100

iCiiII x
tv

2
-:2 x 8 .76 x LLP' x c
Zc ($ lldlllon/m.ile)

2
LF

2 + LF
*Los s l o ad f actor (LLF) i s es timat ed as LLF -

C - 3



on the basis of line cost estimates for Alaska . values of ·~1·'

.~. and -a- have been determine d . These are approximate . but

they describe the relationship be t we en line cost and conductor s i ze

sufficiently well t o be used as a quide in det e rmining the economic size

of line conductor . The equations a r e shown below.

230 kV:

345 kV:

500 kV:

$/mil e ':! 110 000 + 16 ( kcmil) 1.18

SImil e Z 160 000 + 16 (kcmil) 1. 18

'Imi l e z 285 000 + 16 (kcmil )1.18

CJ - CAPITALIZED COST OF LOSS

Line l oss varies direct ly as the squa r e of the line l oa di ng and inversely

as the conduct or cross-seetional area. Since the line loading varies i n

a daily pattern and also throughout the U te of the facility. these

va riations must be taken into account.

Transmission line loading over the life of the f ac i l i t y can only be

estimat~\ at this time . According to generation planning studies, each

time a bl ock of 400 KW a t' generat ion i s commissioned ( i n years 1993.

1996 and 2000 ). t his capabil ity i s fully absorbed by t he system. I t i s

further assumed that all of the average energy capability at Sus itna

would be ut i l i z ed at each development s t a ge , resulting in l oad factors

(LF) and loss load f ac t or s (LLF) as indicated in the tabl e below.

In this table no generation additions are i nc l uded after yea r 2000 as the

contribution to loss energy from any additiona l peaking capacit y is

assumed to be negligible .

c - 2
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Line Loadings (MW I
Sus itna To To

Period Capaci t y Energy LF LLF' Anc horage Fairbanks
(MWI ( OW " hl

1993 to 1996 400 2 990 0 . 85 0 .186 320 80

199 6 to 2000 800 ) 252 0 .46 0 .336 640 '60

2000 t o 2043 200 6 227 0 . 59 0.469 960 24 0

Expres s i ng line loading and line r esist an ce in pe r uni t on s urge

i mpe dance l oading (SIL) and s l~ge impedance (2c ) base l e ads to

the fol l owing e xpre s s ions .

Line resistance 100.. iCiiiII o hms per mile

100 1
..~ x k per unit per mile

It' line loading .. S per unit on 5IL base

then line loss per IIlile 2
- S x~k_l

1
x zc per unit

and since 5IL
kV2

- - ( MW)Zc

Line loss per mile

Annual loss energy/mile

• 52 x~ 1 kV2
(MW/mile )x- x-k_l Zc Zc

2 ...ill... kV2
x 8.16 x LLF- S x xk_l

Zc
2

(GW·h/m.1le)

And if the cost of los8 e ne r gy · c $!kWo h

.. c $ million/GW·h

then annual coat ot loss
2

- S x
100

i'iiaTI x
kV2
-:2 x 8.76 x LLF x c
2c rs million/mile)

+LF
2

LF
2

*Los s load f actor (LLP) 1s estilnated as LLF .. .!<!:.-..;...!:!:

c - )



A t ypica l value o f C tor Sus i tna ia $O.035!kW·h . This ener qy

c ost is an ever eee fiq ur e derived in the OGP-S planning studies based

on ze ro i n f l a t ion and 3 percen t net cost o f money •

• ·.Annaal cost o f l oss - LLF t s aill1OD/m.1l e)

In Tables C3.1 and C3.2 the capi talized co s t o f los s per mile is d er i v e d

for transmission to AnChoraqe and Fairbanks, respect ively, as a function

of conductor size and. tor the line vol tages that are being con s i der ed .

The capitalized cost o f l o s s is derived in three compone nts . ~ epr e se nting

the thr ee s t ages o f d evelopne n t o f the project . In a ll cases two

circuits are aSSU'lled fr om the outse t for securi ty reasons . In the case

where three circuits are used. tor the ultimate line l oadinq, it i s

ass\Ded tha t the third circui t is added at the ti na l ( 1 , 20 0 )ol.W ) staqe o f

devel o pnen t .

In Ta ble C3 . 3 the l ine capita l c o s t and c apitali zed cost ot l os s ( as

developed in Tables C3 .1 and C3 .2) are shown as a function of cond uc tor

area t or each voltage and transmission a l t erna tive . 'l11e i ndic a t ed

o pt i .DHD. cond uc tor areas are also q i v en in t he table and t he se wer e

derived as follows .

It line capital cost - ~1 + ~2 (kca11 )a $ million/mile

and capitalized cost o f 1088 • a11110n/mile

Total cost per aile

c - 4



Differentiat.ing with respect to kcmJ.l and e quating to zero for

minimun tot.al cost per mile .

d cost
d kCllil

( kc:.il) 2 - 0

(

~3 ) :.,
and kCllil . ­

'0k:,

In two cases, namel y SaO- ltV transmission to Anchorage and 3 45 kV to

Fairbanks, line l osses ar e relatively low and lead to indicated econanic

c o nd uc tor areas that are below t he acceptable limit fr om an RI a nd Cor o na

po int o f v i e w. The proposed conductor s i ze s which are s hown at t he

bottom o f Table 3 h av e been adjusted, where necessary , to !%,ov i de

a cceptable Corona and RI performance .

The relationship beeveen line capital cost and total co s t ( inc l ud ing

c a pitalized cos t o f l oss ) is shown graphically as a funct.ion of co nd uc tor

ar ea in Fi gur e C3. 1. The case s illustr ate d are for 345 kV t o Anchorage

and 23 0 k V to Fairbanks , the t wo c a ses where cost o f loss was a factor i n

the proposed c ond uc tor arrangement.

c - 5
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TABLE Cl . l . SUH,MAMY Of' ECONOM IC f'toCTOMS AND PROpOSED CONDUCTOR S n.~

] Cl r C\ll t .2 Clrc" l t.

Anchorilge
~

Triln.. l • • lon t o
'5'i5O"iV

I<caU1.180 . 11 .. 16

'0'

.!!2.!Y

I<caU l • 1816

'0'

ill.!:!

0 . 16 •

Triln~l • • I Oft t o f'illrbilnk.

k..,. t 11• 111..
'0'

0. 16 •

-2 ClrC\l lu

keaU I • 18..
'0'

0 . 16 •u, keail1• 18

W'
D.28S •of line

U M/.ne)
Ce pl t il l eo . t

Cilv i t ill i zed ~.t o f 10 • • • 21') . 482 286 . 106 S87 . ...te 16. 7240 !l.:.!lli
I$K/.Ue) k" .. 11 k..,. 11 1\..,. 11 I< ..,. i l I<cal l

Oyt l.ua con~"c to r 'Ire." " I , ')016 1, ')67 2, 717 '" 1,1) 1

''''''I
I' r ol~~e~ conduc tor • 1..7'.15· .. 2,,954 J xI ,lSI 2x1'.15 ··· 1><1 , 212

•Cilp l t . r f aed eos t o f 10ilil e . pre.illon. ilril de r i ved In t ilblil. I ilnd 2.

··uptl.~ eo nduc t or ilril il •

,
(

Cilpl t ill h ild can o f 10••) 2.18
16111.18

I< ca l1 per philil••

···Thil ilco~lc eo nductor erilil , far SOO I<V t o Anchor ilgil ilnd l oi S I<V t o f ili rbil nl< e il r e ...ll i1r tben the .inl.... ~eded f OJ .1 ilnd COJonii pe r fo~n<:• •
Hence, Rl co nili de r ilt l onil will d i c t ilte COn~uclOr ill ae.
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APr ENDIX 0

COST ESTIMATES

The economic analysis fo r the Susitna transmission system was ca r r i ed

out using COSt estimates based on 1981 unit costs , without escalation,

for al l equipment and serv ices. The unit costs for al l transmission

and. s ubs t a t ion equipment are goiven in Table 0.1 . The principal para­

meters of the five transmission al ternatives analyzed in de tail are as

follows.

Susitna to Anchoragoe Susitna to Fairbanks
( 140 Miles l ( 189 Miles )
Number of Number of

Al t e rna t i ve Circuits Voltage Conduc t or s Circuits Voltage Conductors
( kV) (kcmil ) (kV) ( kcnd l )

2 345* 2 x 35 ' 2 345 2 x 795

2 3 345 2 x 9 54 2 345 2 x 795

3 2 345 * 2 x 351 2 230 * x , 272

4 3 345 2 x 954 2 230* 1 x 272

5 2 50 0 3 x 795 2 230* x , 272

The trans mi ss i on line capital cost estimates f or the five transmiss i on

alternatives are shown in Tab l e 0 .2. The 1993 line c osts i nclude an

adjustment for the use of a l a r goer conductor than r equir ed by t he

inte~ie , 9 year s befor e the construction of the Susitna transmission

sys~em. This adjustment accounts for intertie construction with con­

ductor s ultimately required fo r Susitna transmission. The adjustment

consists of the diffe r ence in line costs multiplied by the leng th of

the line section in question and. t he factor to ac count for the

*Denot e s series compens ation .

D - ,



a ccummulated interest tor the incremental cond uctor cost . It i s

calculated &s follows.

Ad j ust ment · lenqth· (1 .00+i )n - 1. 00 j · ( Cs -ci )

length·{ ( 1.03)9 - 1. 00 J ' ( Cs-Ci l

• length ·0.3048· (Cs-Ci )

where

i ~ discount rate ( 3.0 percent )

n • time period. ( 9 years )

Cs • cost o f Susitna conductor in SM/:nile

Ci • c ost of ccneueece required fo r intenie in SM/ mile .

The substation capital cost estimat es are shown in Table D.3 and

include a base cost p lus cost s fo r major com pon ents a t e ach station .

The base cost incl udes land acquisition, site preparation , foundatio ns,

e tc. Cost estimates of majo r equipment, such as circuit breakers .

transformers. etc, include the costs of all anc i llaries such as

disconnect switches. potential and current transformers. controls .

instrumentation, etc . At the generating stations al l EHV c ircuit

breakers are included, but generator transformers and. low-voltage

breakers are excluded . These are included in the powerhouse estimates .

Similar ly at t h e l o ad cente r s a l l EHV breakers are included as well as

the ne c e s s ary circuit entrie s at the subtransmdssion vol tage ( 23 0 kV o r

138 kV) tor each tra nsfo rmer bank. The r emainder of the lower vo ltage

s tation is common to all alternatives and therefore excluded from the

economic comparison. At Anchorage, transformat i on to 230 kV is assumed

o n the west side of Kni k Arm implying cable c ros sing s at 230 kV. 'l11e

cable crossings and other 230-kV equipment are consider ed c c:maon to all

ac transmission alternatives tor Susitna and their cos t s have bee n

excluded fran this estimate. They mus t be included fo r comparison o f

schemes with different Knik Arm crossing configurations such as HVDC

trans mds sion f rom Susitna .

0 -2



The calculations of annua l charges fo r trans mis s i on lines and

s ubs t a tions are s hown in Table 0 .4. Annual charges include the
•fo l l owing compo ne nt s .

Percent of Percen t of
Transmis s i on Substat i on
Capital Pe r Capital Per

I tem Year Year

Oper ating and maintenance 1. 00 2.00

Insurance 0. 10 0. 10

I nterim r eplacement O. 15 O. 15

Cont r ibution in lieu 2. 00 2. 00
of taxes

TOTALS 3. 25 4.25

At a discount rate o f 3. 0 percent and for a 50 -yr period of analysis

f rom 199 3 t o 2043 t he capit a l i zed annual charges are ca l culat ed as

follows •

~or equipment commissioned in 1993

Transmission lines: 3 .25 percent
0 .03

ri',. 03 )5 0 - 1. 00"1
[ ( 1. 03 ) 50 J

• 83. 62 percent of 1993 transmission

l i ne capi t a l cost

Substations : 4 .25 percent
0.03

n,.03 }50 - ,.ool
L: (1 .031;) 0 :.J

- 109. 35 percent of 1993 s ubs tation capital cos t

0 -)



For equipment commissioned in 2000

Transmission lines : 3.25 percent
0 .03

• 77. 94 percent

capital cost

r11 .03 )43 - 1.00l
[ { 1. 03 ) 4 3 :J

of 2000 transmission line

I
I
I

Substations: 4 .25 percent
O. 03

111.03)43 - 1 .oQl
[ ( 1. 03) 43 J

- 10 1. 92 percent of 2000 substation capital cost

Costs o f land acquisition and clearing for transmission lines are

calc u l a t ed i n Table 0.5. It is assumed that all riqht-of_ay

r equirements will be acquired in 1993. This includes the land

acquisition costs tor all additional circuits to be constructed i n the

year 2000.

Cos t s of capitalized transmission line losses are ca l c ul a t e d in

Table 0.6. Unit costs pe r mile for capitalized transmission losses

have been derived from the costs of loss devel oped in Appendix C,

- !'.co nani c Conductor areea'", In t he ca s e of the line section frau

Watana to Devil Canyon the unit costs have been adjusted to take into

account the loading that will apply during the various stages of

pr oject development.

0- 4



TMILE 0.1 : TRANSM ISS ION 00 Sl.eSTATlON UN IT COSTS

Tr anSIIIiss I on

Li ne Costs

Yol t ase CondlX:TOI"" Base Cost F inal Cost -

( k'l ) ekClll/l ) IS /c ircuit IIIl Ie ) I S/ c i r c ui t Jil l Ie )

'50 • '" 120. 000 \62,000

2>. • 212 136 . 000 184 .000

2}0 I • '" 140,000 189.000

'" ,. ,., 190 . 000 256 ,000

,., ,. '" 207.000 279.000

,., ,.1'" 251 ,000 H9 ,OOO

'00 ,. ,., '26. 000 440 , 000

Land Acqu isit Ion '"' Clear i ng

VOI TIlge
ekY1

'",.,
50.

SubsTaTIons

Vol tage

ekY)

".

' 50
,.,
500

N~ber o f Circu i t s

,
,
,
,

Station Base CosT- ­

IS 1oIl1l1on l

1. 000

\ . 500

2.000

2.500

70,000

75 ,000

96 , 000

80 ,C;)0

Clrcul t

ereaker Pos it ion

IS "'II li on )

0. 400

0. 700

1.000

1. 600



Tab l e 0. 1
Tra nsmiss ion a nd Subst llt lo n Un l1' Cos t s · 2

Aut o t r e ns fo rmer s Clnc lU13 lng 15- 11." t ert iary )

I
I
I

Vo l t ll ge

e""., I

2.30/138

345/138

SOC/l 38

J45 /nD

""'n>O

75 1M"
(S ~lIllo n)

0. 700

150 JMA 250 IMA
( $ N l il lon) U rol ll i l on )

0. eoo 1. 100

0. 900 1. 300

1. 200 1.600

0.900 1.300

1.200 1.600

I

Ge ner a t o r rrllnsfonnel"'s

'/ 0 11'a98
I kV)

'4'
soo

Shun1- ReaC Tor ,

'Iol1"a9·
{kV J

343

"'"

4. 20

5. 00

50 M\lARS

(S/kY NU

24.60

75 JofJ AAS

IS/kVAR)

17. 20

Sar ' 8' Compensa t ion (a l I volt a ges)

S14. 00/ 11.VIR

St atic VAR Soyre., ( t.~ l ary voltage '

SJO.OO/ kYAR

• Fi na l tran5lll i ss i on l ine costs ( pag e I o f t ob l a) l " c l uJ . 20 pe"c8" 1" con1'lngenc:y. pl us
, percen'" a ng l ,..,- Ing. 5 percent co ns tTUC1' lon :IlllInag.-nt and lo S percenT o w,... r ' s cesr ,

" SY bsut lon bUll cost ( pag . I of tab lel I ncl udn land !Cquls lt ion . s i t . prepara tion .
founde r rces , e tc,



~I

~I

-OJ-I 01... ...,0 -
";': "'; ~

o

°TI ~I

~ 0 1~ 1. ~ ~. . .
~ - -

--~ ~
0 0, ,
;;:;:;;
NN

d d

00

- -
~ i
~ -

d o.-

~2- -
'ii
:; :ll
N _

do--

il

il

il

il

I ~I

I ~I

I ~I

I ~I

1~I
•.

•.

0 , ,

1l

1l '
a-

, ' 1l

o
1l

~ , ,

:: ' I.­~

, ' 0
1l

I I ~

, '0
"l-

,,; , ,

!2 I I

!2 I t

-'

. , ,
~

, .
U •

" -

, .
u ,
"-

QI N U %
>
~•C
"•~
z
.2
••

.2
••
••C•"-
" .
• C.-
-~

o-
0:1 ~>,.. :.
CO-""""".~

j g~ ~ ~

•0===
~ a ~ a
""' ..>t;-"-"

ID.- .....
al .... lI'\ Q\

'Il"' ''' '''" .B
u >c >C >l

.l N N ""
o
~

~ :;gS :n_ __ NN

o o d od

.... 1'01 - -
"" ........ Q\ .....
I: N.., .... 11' ....

!~.: -'"
"-; x 1Il 1Il .. Ie
... _ _ .... N:-.I

2

•-J » »>- .... ""-" ""
:>o O O<t'l ....

! ~::: ~ ~ ;r;

•~
8c
•e
~

.2
••

•-
<9
!
"e
o
••
••c•"-



Tobi e 0 . 2: TnH\s lllll s s lon Lin.. Cap ita l Costs - ::

!!!
Yua r 2000 Trdn ~l nlon

L I nu l:osts Unit Cos t
(WillI)

Tr ansmiss ion
I
Cir cuit
Miles

Al t e r nat lvo
2
Circ ui t

!!.!.!.!!. 'H

,
Circ uit
Mllus 'H

•
Cir cu i t
Mi le s 'H

,
CI rcut t

~ !!!

TOTAL 2000 TronSlll l ss lon Li ne
ClIpltal Costs

Contingency (20 pur cent)
~bto t. 1

Eogln_ rl l'l!l . ~ Manay_ot
(12. ' pur cen U ·

()"w II Conyon
Yo I tdlle
.3 4~ kY

to Anchorayu (1 40 11I 11

ConoJuC tur
2 It 9~4 km l l 0. 207 140 28. se - - 140 28.9U

5. 80 5. 80
Ji:1ij" }.t.78
4 . j~ 4. j 5

- -
.39. 12 - .39. 12

• EfI9lneer lng IIIInd M.! 1Ia<J.....m t Inc ludllS
- Eng ineer ing ~. O purcent

- Cons t r uc ti on M.!nd!J_ont 5. 0 pe r eullt
~ OwnOil r 's Cost 2.' pe rce nt
- To ta l 1 2 . ~ pe r cent

··I n tur t le lILl Ju sttnent eccccnr s lo r cons t r uc ti on 11I 1th III I lIII ry • conduc tor t h",n r uqll i r ud by tllu Intur t le
9 yuars bu lur u con!> true t lon 01 Sll!io l t fl<l trd rl~lss l un srs t .

~



TAULl D. } : SUUSTAflON CAP I TAL COSTS

f rdn~~ I ~~ lon Al t er ndt l Ye
1 2 , • ~ ,

Year 1993 S ub~ tat lon c csr s Unl t Co~ t QU<lIn t l ty ," Quant ity !!! quant i ty !!! Quant i t x '" 9uont l ty ,"
U N)

Anchor0'l!

8dSti cos t - }4' kV 2.00 1 2. 00 1 2.00 I 2. 00 1 2.00
500 kV 2.>0 I 2. 50

Ci rcu i t lH"tkI kttrs - 2}0 kV 0. 'U 6 4. 20 • ' . 20 6 •• 20 6 • • 20 6 4. 20
.)4 5 kV 1. 00 9 9.00 9 9.00 , 9. 00 9 9.00
>00 kV 1. 60 11 11. 60

Tr ons tonlltlr s - } 45/2} 0 k V. 250 '"'VA I. sc • 5. 20 • ~. 20 • ' .20 • 5. 20
~ 5OOrl .so k V. 250 MVA 1. 60 • 6. 40

Shunl reec t o-s - 500 kV. 50 ,",VN-! 1.23 2 2. 46

Sta t i c VAR sour cOiS (MVAfO O. OJ ' 00 12. 00 . 00 12. 00 . 00 ~ .00 12 . 00 200 0. 00

Subta te l 32. 40 n .40 }2. 40 32.40 J9. 16
Cont l nUOIfK:y (20 pOir cOlntJ 6 . 48 6 .48 6 . 48 6 . 48 7.B}
Subto tll l } 8.88 38 .88 } 8. 88 } 8.88 46. 9 9
E"lJlnoerltloJ GOO "'1ld'JUIll"ll t Il l . ' pur COln t ) - .... 4.86 .... 4 . 86 '.81

TOTAL 19 9J AnchurdOJO St<ll i ion Co!>t .!h1i 4J . 14 43 .74 .!!ill. lli!L

"lllow

Duu cost - 34 5 kV 2.00 I 2. 00 1 20UU I 2. 00 I 2. 00
- 500 kV 2. " 1 2. 50

Ci r cu i t lH"OIdk.r~ - 1}8 k V 0. . U , 1.20 , 1. 20 , 1. 20 , 1. 20 , 1. 20

34 ' kV 1. 00 9 9. 00 9 9. 00 9 9. 00 9 9. 00
>00 kV 1. 6U 11 11. 60

TrGIl~tun"", r ~ ~ }45/ lJ8 k. V. 15 ...V.... U. 5O 2 1. 00 2 1.00 2 1. 00 2 1. 00
5OO/ lJa «v, 15 '4VA U.lO 2 1. 40

Shullt reec t ce- i - 5U0 k.V. 15 ,",VNi r. as -- 2 2.56-- -- --
Sub tutd l IJ.;((I lJ. 20 lJ .20 13. 20 2' . 28



Tob ia 0 .3: Subs tat ion Cap ito l Costs ~ 2

T r on~ l ssl on AltQrnat l ve
1 2 , • 5

lOGr 1993 Subs t a t Io n Cos t s Un l r Cost \Juantltv ,. Quant I ty •• 9uontl ty •• Quant i ty .!!! \,Iuont I t-.,-- -SM
ISM)

Cont l ~dnc )' (20 purCtontl 2.64 2. 64 2.64 2." ~ .06

Subtu t o l 15. 54 T5.i4 "'i5:i4 15. 84 3Q.J4
E~ InQd(" lny 000 ","~_"t ( 1'1. 5 porCtollt. · ~ ....k!! I." ....!.:2! 3 .79

T01AL 1993 Wi l l ow St ilt 1011 Cost 17. 62 17. az 17.1l2 11.1l2 34 , I]

08,, 11 C0!!l0 ll

811 58 co, t ~ 2)0 kY I . so I 1. 50 1 I . so 1 I . eo
J.45 ""II 2. 00 1 2.00 1 2. 00 I 2.00 I 2.00
500 kV 2. 50 1 2. so

Circu it bredk...,. s - 2]0 kY 0.10 • 5.60 • 5.60 • 5. 60
- J45 kll 1. 00 tz 11.00 12 12. 00 15 15. 00 " 15. 00
~ 500 kV 1.60 15 24. 00

l r ollsfo rll"I"" ~ J45/:l30 sv, I )() My.... 0.90 , 2. 10 , 2.10
500n] 0 kV, 150 MV.... 1. 20 , ] .60

Gelld rotor trallsfor-r IIlcr_llto I cos t , 220 My.... 0. 116" -- -- -- - - , 0.5]

Subto t a l 14. 00 14. 00 26.80 26. 80 .]1. 1]

Cont l l'llJ tlnC)' 120 ",e r ce ntl 2. 80 2.80 5.56 5.56 1. 5'
Subtotll l 16.80 16.80 32. 16 32. 16 45.28
E~lndurlllQ and ~lId~~nt (1 2. ' pur~...nt ) · ....h!.Q.. .1..:.!2. 4. 02 4. 02 5. "

TOT.... l 199] Devil Ccsnyoo Stotl on OJs t 18 . 90 18. 90 36. 18 36 .18 50. 94

~

Uas. co s t · }4 , kY 2.00 I 2. 00 1 2. 00 1 2. 00 1 2.00
~ :lOO kV 2. so 1 2.50

Cl rcul t brlklkur s ~ 345 kV 1. 00 • 9.00 9 9.00 9 9. 00 9 9.00
500 kY 1.60 9 14. 40

Gunor a tor tro ll s for~or Inc rumon tol cosf . 220 MV.... O. 110 " • 0.70- - - - - -
SYbto to l 11. 00 11. 00 11. 00 1'1 .00 11.00



Tab " .. D.l; Substat i on Capi ta l Cosh · l

Tra nSJIl lss lon Al t"rnat lve
1 2 } • ,

Year 199} Substa t ion Costs lkl lt Cost Quant I t y 1M Qullnt l ty 1M quantity 1M quant ity 1M quantity 1M
U'"'}

Contl nyuncy (20 pur~nt ) 2.20 2.20 2.20 2. 20 l.52
Subtota l 13. 20 I l .20 13. 20 13. 20 2 1. 12
Engln.erl ng dn<! IIIdnayelOOnt 1 12.~ j,ll,Ircent )- ~ ~ ~ ~ 2.64

TOTAL 199} Wotano St e t Ion Cos t 14.85 14. 85 14. 8) 14,8) ~

Fa l r banIoI So

liasll,l cc s t - 2lO 101'1' 1. )0 1 1. ) 0 1 1. ) 0 1 1. ) 0
}4) 101'1' 2. 00 1 2.00 1 2.00

Circu it br"'<tlolers • B tl 101'1' 0.40 .., 1. 80 .., 1,80 .., 1. 80 .., t. ec .., t.ec
2}0 101 '1' 0.70 • 5.60 • 5.60 • 5.60
}4) 101'1' 1. 00 10 10. 00 10 10.00

Trens lor~r s - 2l0/ 1l8 101 '1' , 150 '"'VA 0.80 } 2. 40 , 2. 40 } 2. 40
- }45/1 .StJ 101'1', 150 '"'VA 0.90 } 2. 70 } 2. 70

Shunt r eac tors - }45 u . 15 ,",V/,H 0.83 2 1.66 2 1.66

Stat tc V~ scerc... 10 IMY~) 0. 0 ) 100 l .OO 100 l.OO 200 6 .00 200 6.00 200 6. 00

Subtota l 21 . 16 2 1. 16 11. }0 11. }0 l1. l 0
Coot ln~ney 120 ~rcent l 4. 2} 4.2} .l.46 l .46 }. 46
Subtota l 25.l9 25:"39 20 . 76 20. 76 20. 76
Eng l n"rl n~ end .....na!:/4'moot 112. 5 ......r centl · ....h!l ....h!l 2.60 2. 60 2.60

TOTAL 199} Falrboln h St oill tion Cost 2t1.51 28.51 2}.36 2}. }6 n .36

TOTAL 199} Sub$t a t lon Cdp l t a l Co5o t 12l . BtI 12}. 88 ~ 1}5. 95 185. 06



Tabl" D. }: Su~t" t lon COfIt,, 1 Cos.ts - 4

Tr ans.m l ssl on Alterna t ive
I 2 J 4 5

l ..r 2000 Sllbs t a t lon Costs Uni t Cos t yuantl t y.!!!. Quantity 1M ~ant lty 1M Qllantlty 1M .2.u~-nt'-t--;-1M

UM)

Ancho ra.l!!.

Ci rell i t brudko r s - 230 kV 0.10 } 1 . 10} 2• .0 } ~. 10 } 1. 10 } 2. 10
J4~ kV I. OO } a. oo ~ ~.OO" s. eo 5 ~.OO

)00 kV 1. 60 " 4. 80

TrlJns hmllur s. - J 4512JO «v , 250 MVA I. }() 2 2. 60 2 2. 60 2 2. 60 2 2.60
500 / 2.S0 kV. 250 MVA 1. 60 2 J. 20

Ser l"s cOIlpunSdt lon (MVNU 0.014 00 6 .02 __ 4}() 6 .02

Subto t a l !J. TL 9.10 !J. n 9.10 10 .10
Q)nt lnoJ "nc, (20 purc"ntJ 2 . 74 1. 94 2 . 74 1.9 4 2 . 02
Subto to l "i'6.4'6 Ti:"6i 16.46 Ii:6i 1'2':12
Eng ln eurlftJ ond IIldndOJuonont 1 1 2. ~ perce n O - 2. 06 ...h.!! 2 .06 .....!..& ~

TO TAL :lOOO Ancho r..~" St a t ion Qn t ~ " !J. IO 18. 52 1]. 10 13. 64

"' lllow

Ci rcui t brO;ldkdrs - U ti k V 0. 40 I . ~ 0.60 I. . 0 .60 I. ) 0. 60 1.5 O.W 1 . ~ 0. 00
J4 ~ kV 1. 00 2 2.00" ~.OO 2 2. 00 ~ 5.00
~O kV 1. 60 2 J.20

Tn os furrwr s. - J4 5/1J8 ev, 15 MVA 0. 50 I 0. 50 I 0. 50 I 0. 50 I 0. 50
- )QO/ IJIl kV. 7~ MVA 0.7U I 0.10

5O;Ir l"s co _pllns.o t lon (MVIIJU 0.014 't1J 1O.8~ _ _ l1J 10. 82

Subtot.sl IJ.9".? 6. 10 1} . 9"1 6. 10 4. )0
CootinoJunc., ( 20 "urcuntl 2. 7ll 1. 22 2 . 18 1.12 0 . 90
Subtot~ 1 16. 10 7. 1l 16. 70 ~ 5. 40
EnJ lnwr llloJ ond IlI4ndOJumont ( 1 2.~ ""r cunt ' - 2.09 ~ 2 . 09 0 .92 0 .68

TOT AL 2000 Will ow St a t ion Cos t ..!!!1.2. 8. 24 Ill . 79 ll . 24 6.0t!

~ ~
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APPENDIX £

HVOC TRANSMISSION

£1 - GENERAL

Tz3dit i ona l l y , HYDe has found econc~ic application for long- dis t ance

overhe ad l ine (po i nt - t o-point) transmiss i on or where sign i f i ca nt

l engths of submar ine cable were involved . In either ca s e , t he sav ings

resulting fran the HVOC line or cable as c ompa r ed to the cost of ac

l ines or cables need to be sufficient to of f s e t the additional cost of

dc t e rminal f aciliti es .

Other cha r ac t e r i s t i c s of KVDC transmission that hav e been significant

in i t s applicat i on are

- i t s asynchronous nature and he nc e the el i lll1na tion of a trans ient or

dynamic stability problem

- its "controllability" may be an advan t age to limit stead y-state

c i rculating power f l ow i n s ystem inte r connections , o r to i ntroduce

damping to l i mi t or co ntrol system dynamic os cil l a tio ns

- i t s ability to H .mit shor t -c i rcui t con tributions .

In the case of Susitna trans mi s s i on , HVDC i s not an obv i ous contender .

No t echnical diff iculti es are anticipated in an ac tra ns mission scheme

a nd the transmissi on dist ances ( 140 miles to Anchorage an d 189 miles to

Fairbanks) are well within the normal econ omic limits of ac transmis ­

s ion . Also, the transmission involves three terminals leading to some

compl i ca tion of t he dc con trol and adding to the cost of some of the

pr imary circui t elements as wel l . However, i n the Ancho rage a r ea some

submarine cable cir cuit s may be involved i n de l ive r ing Susltna power

& - 1



to the l oad center. Hence , it is appr opriate to carry out a scr e en inq

analys is to det e rmLne whether or not t he de alternative merits f urther

s t udy.

E2 - ECONOMIC SCREENING

E2.1 - Basic Schemes

Since a number of varia t ions are possible in the HVDC basic arranqe­

ment , a nd also in c ombina tions of ac and HVDC trans mi s sion , e ach

transmissio n lin k ( f r om. Suaiena to Anchoraqe an d Susiena to Fairbanks)

will be examined s epara tely. In t hi s bas e canparison, separate

point -to- point dc scheme s are implied.

In o rder to take i n to account pos sible savinqs as sociated with HVOC

c abl e cir c ui t s in the Anchoraqe area , the trans mi s sion costs to

Anchorage i nc l ude suJ::marine c ab l e c i rcuits as needed to brinq t he power

to the me tropolitan l oad cente r .

All transmission from Susiena to Anc ho raqe an d Fairbanks is a s s umed to

s tart a t a Devil canyon s wi t c hing s tation and terminate at an ap pro­

priate voluqe in each load cente r . Ac transmission cir c ui t s and

s wi t ching f acilities bet wee n Devil Canyon and Wa t an3 are ..ssumed to b e

common to both ac and dc alternatives , and the i r cos t s are ex c luded

fran t he analysis .

Dynamic var qeneratJnq equipment is needed at the load c ent e r s fo r both

ac and de alternati ves. 'I1l.e nec es s ary var c a pabili ty for ac translll.1s­

s i on was determined in load f low st udies of c rit ical line outaqe condi­

t i ons . In the c a s e of t he dc a l t er native SOIll9 vars will be qen e r a t ed

by the ac fi lter s . 'Dle balance, as nee ded to mee t the total var de mand

of the load a nd the inverters themselves, is estimated and charqed to

t he de alternative . All of the r equired var qene r a tion i s assumed to

E - 2



be locat e d on transformer tertiary winding s . Necessary switching is

inc l uded in the unit var cost.

The alternat ive KVDC transmiss ion sys t ems are pl anned to be c a pable of

h a ndling full r a t ed po wer under conditio ns o f s i ngle eontlngency

out a ges. In the de terminals, this means that one va lve group module

cou ld be o ut of service and t he remaini ng v a l ve groups s ho uld be able

to hand le the rated l oad. Simi larly, on the transmission line , one

pole llIay be out of se rv ice and the remaining pole(s ) s hould be capabl e

o f handling the l oad without i n t e r r upt ion.

For the transmiss ion to Anchor age ( r at e d 1,190 !'IW) a .:!.250-kV bipola r

scheme is envisaged, with four valve groups per terminal . Under normal

condi t i o ns one bipo l ar translllission line to Anc horage would be

adequate. However, the l o s s of one l ine pole ~uld resul t in a

t emporary power red.uC"t i on, a nd f ull po wer c ould be resumed o nly after

terminal switching, and an earth return current would flow throughout

t he t otal duration of t he po l e o utage . For thi s reason, a nd to provide

a system more compar abl e to the ec alternative in ca s e ... f a tower

fa ilure, two bipolar transmiss i on lines are provided for transmiss i on

t o Anchorage .

In the case of ac transmis sio n to Anchor" ge , an intermediate syitching

station and transformation to 138 kV i s provided at Willow. This is an

i n t e gra l part of the ac alte rnat i v e . For t he de alte rnative , an equi­

v a lent power suppl y to Willow is provided by adding t wo 230- kV ec

circuits from Point Mackenzi e to Wi l low. The cost o f t hese circuits

plus a 230-kV bus and tra ns fo rmation to 138 kV a t IU l l ow is inc l uded as

part of the cos t o f dc transmissi on to Anchorage , so tha t bot h schemes

would be funct i onally equi valent.

The transmiss i on to Fa irbanks i s r a t ed 350 MW and at thi s load leve l it

i s di f ficult to j ust ify IZCIre than a single bipolar translllis s ion line .

Loss of one pole ~uld result in an ear th return current and, i f a

power interruption is to be a voided, t he terminal equipment on each

E - 3



pole must be capable of handling the f ull 350 MW. This r esult s in

100 per c e nt r e serve c a paci:y. but i t i s still more economic t han the

building of a sec ond bi pol ar transmission line .

The ac and de comparative s ys t ems are shown in s i ng l e line diagrams in

Fi gure £ 2. 1 t or transmission to Anchorage and in Fiqure E2 .2 fo r trans ­

mission to Fairbanks.

E2 . 2 - Compar a tive Costs

capital cos t s associated wi th the va rio us ac and de transmission

alternatives are developed in ~ series o f t abl es as tollows .

Tabl es

E2 a 1

E2.2

E2 . 3

E2.4

Transmission Al ternat ive

ac to Anchorage

de to Ancho rage

ac to Fairbanks

de to Fa i r ba nks

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

tion as t he effect of s t aging is expected to be similar for both ac and

de al t er na t ives .

In al l ec trans mi s s i o n alternatives . the unit coats fo r s tation equip­

me nt and. tra ns mission lines are those us ed in Section ). 7 ot t his

plann i nq memorandum . The co s t s used fo r ac cab l e circuits ar e based on

quot ed estimates fo r 23 0-kV c able s . Where s tation buses are existing

or would be common to both ac and dc alternatives . no base c os t is

charged. .

Al l HVDC terminal equipment 1s estimated at S44/kW per t e rmi nal. based

on manufact ure rs' r ecent estimates .

E - 4



The neces s a r y ac svi t chyard circui t entries are estimated additional to

the base avoc t erminal cost s . Va r generation over and above that

provl.ded by the HVDC filter circuits i s estimat ed , based on the var

demand of t he converters a nd the load , a nd t he cost is al lowed fo r i n

the r ece i v ing t e r mi na l s . Ae the HVDe s endi ng end, no additiona l charge

is made to ensure that generating equipment can tolerate the var demand

a nd harmonic currents of the converters . Some added costs would be

inc urred , but these are expected to have only a secondar y ef fect on t he

cost comparison.

HVDC transmission l ine cos ts are estimated as f ollows for 1250- kV

bipolar transmission lines .

Conductor Are a
pe r Pole
( kcmil l

2 x 1, 780

2 x l , 272

Est i mated Cost
pe r Mile
( S )

250, 000

200 ,000

In the case of t he Hvec cable c i rcuit s , t hese are estimated at 20 times

t he cost of equivalent ove r head line , or $5 mi l l i on per mil e . Thi s i s

cons i s t e nt wi th the estimate used for ac cabl e circuits and i t i s

cons i de r ed to be sufficiently cl os e for this type of cost compa rison .

Comparat ive cost s f or ac and de transmission a l t ernatives are

summarized in Table E2. 5. Here the line and st a t ion ca pita l costs

deve l oped i n Tables E2.1 t o E2.4 are combined with cos t of r i ght-of-way

and capitalized annual oper ating costs to give capital ized total cos t s

t hat may then be c ompared. Included i n the annual ope r a ting costs are

a number of miscellaneous charges whi c h contribute to totals fo r

transmission a nd stat i ons as follows .
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Annual Operating Cha r ge s
( Pe r c ent o f Capital Cos t)
Transmission Substation

Oper a t i ng and maintenance

Insurance

Interim replacement

Contributi o n in lie u of

taxes

Total annual operating

1. 0 0

O. 10

e, 15

2.00

2.00

O. 10

0. 15

2 .00

4. 25

The annual operating charges shown in Table E2 .5 ha ve been c a pi talize d

at a 3 per c e nt interest rate oy er the SO-yr li f e o f the transmission

s ystem. The same annual c harge rates have been us ed for both ac and d c

transmission on the assumption that differences in oper a t i ng costs due

to differences in ccmplexity will be adequately reflected in the

differences in capital investment fo r ec and de plant .

Capi tal1zed c osts at l osses fo r ac transmiss i on lin es were developed a.
part of the exerc ise to determine economic c onductor sizes . Lo••

en er gy was valued at 3.5 cent/kW ·h, based on the results 0' th.

ge ne r a tion p l anni ng exe r ci se for the per iod under study. The c api t a -

l ized total cost o f l oss fo r ac transmission was de r ived by addi ng

transformer losses at 0.5 percent per terminal to the l ine losses. In

the case at HVDC transmissi on , total terminal los s e s were calculated at

1.25 percent and added to line l osses to de rive the capitalized cost o f

l osses shown for the dc alternatives .

Land acquisi t i on c osts are est1mated for t he line riqht-ot_ay o nly.

Land requirements at terminal locations are asswned to be similar fo r

both ac a nd de alternatives.
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E2.3 - Results

COmpara tive costs of ac and de transmis s i on alternati ves as shown in

Table E2 .5 c on f i rm that ac is an appropriate choice for transmission

froID. Susitna to l oad cent e rs at Anchorage an d Fa irbanks . The ccnctu­

s i an i s based on separate a s sessments of transmiss ion c ost s to each o f

the t wo load centers, and this implies the use of two 2-terml nal dc

transmiss i on systems . Some dc econcm1es might be a chieved with an

alternate 3.. terminal de arrangemen t , but an y sav ings are unl i kely to

ov e rcome the i ndicat ed 15 percent margin favori ng ac transmission .

The economic conclusio ns are con s i s t e nt wi th the results o f othe r

studies f or the l oad l evels and transmis sion distances i nvolved, an d

they are consider ed adequate to s upport the selec t i on o f ac

transmission ov e r HVDC fo r the SUsitna proj ect .
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1'ABLE 1::2 . 1 : AC T RANSMISS I ON 1'0 ANCHOkAGE DEVI::LOPMENT Of' CAPITAL COST S

Co s t Compo nents
Un it S ta t i on Cos t

Loc ation Det a ils Quan t ity Co s t Componen t Total Li ne Co sta To ta l Cos t s
($ii) I$M ) ISM) I$M ) I $M)

Dev il Can yon b reakers 3<1 5 kV 5 1. 0 0 5. 0 0 5,00

OVerhead Transmission ] cc t; , 34 5 kV, 2x954 kern! 1
cond uctor - 14 0 mi r oute 420 0 . 2 79 - - 11 7. 10

wi l l ow Terminal ba se 345 kV I 2. 0 0 2 . 0 0
brea ke rs 34 S kV 14 1. 0 0 14. 00
breake r s 13 0 kV 5 0 . 40 2.00
t ransfo rme r s 15 HVA J 0 . 50 1. 50 19 .50

We s t Termina l base 345 kV I 2.00 2. a O
b r e exe r s 345 kV 14 1.00 14 . 00
br e ak e r s 2 30 kV 15 0 .70 10 . 50
t r a ns f o rme r s 2 50 HVA 6 1. 30 7. 80
VAR gene rat ion 400 MVAR - 0 .0 ) 12. 00 46 . )0

Ca b l e s 4 cc t; , 230 kV. 3. 7 mi 4 20 .2 5 - - 81. 00

Anchorage Tenninal breake r s 230 kV 6 0. 70 4 . 20 ~

Te rmi na l Subto t a l 75. 00
Indire ct Co s ts (at 32 .5 pe r c e n t ) 24. 38

To ta l CO!:l t s 99 .38 1') 8 .1 8 297 . 56



TABLE £ 2 .2 : HVDe TRANSMISSION TO ANCIIORAG£ DEVELOPMENT Of CAPITAL COSTS

Location Deta ils

Cos t Compone n t s
Uni t

Qua nt ity Cos t
( $MI

St a t i on Cos t s
Compone n t To tal
( $ M) ( $M)

Li ne Cost s
($M)

Tota l Co s t s
( $M)

Devil Ca nyon b r eakers
IIVOC

2 ] 0 kV
1, 586 . 7 MW

6 0.70
0 .044

4 . 20
69 .81 74.01

IIVDC 1'r.insmis s i on
Ove r hea d

Cab l e

Anc hor a g e

AC Sup p l y to
Willow

Poin t Mc kenzie
Transmi s sion

Willow

2 bipo lar c i rc u i t s ±250 kV
2x l , 780 kc mi l c ond uc t o r
14 0 mi r ou t e
2 bipo l a r circuits
3 . 7 mi ro ute

IIVDC 1 , 586 .7 MW
breake r s 230 kV
VAR gen~ra t ion 670 MVAR

br~a ke rs 230 kV
2]0 kV, 2 c i r c u its
1 , 272 kcmi l conduc tor
50 mi route
ba s e 2 ]0 kV
br ea kers 230 kV
brea ke r s llB kV
trans former s 75 MVA

280

2

6

3

100
1
8
5
3

0 .2 50

18. 50

0 .044
0.7
0. 0]

0 .70

0. 184
1. 50
0. 70
0 . 40
0 .50

69 . 8 1
4 . 20

21 . 1 0

2 . 10

1. 50
5 .60
2. CO
1. 50

94 .11

1 2 . 70

70 ,00

37 .00

18 .4 0

1'e rmi na1 Sub to t a l
I ndire ct Co s t s (at ]2 .5 p e r c e nt)

To t a l Cos t s

_.
~

,- -- ,-

180 . 82
58 . 77

2]9 .50

-
125.4 0

-
]64. 9 9

-



TABL~ E2 . 3: AC TRANSMI SSION TO FAIRBANKS DEVELOPMENT Of CAPI TAL COSTS

Cos t Compone nts
Unit St a t ion Cos ts

Location Details Quantity Cost Component Total Line Cost s Total Cos t s
($M) ( $M) ( $M) ( $M ) ( $M)

Devi l Ca nyon break ers 345 kV 3 1. 00 3 .00 3.00

OVe r head 2 cc t , 345 kV, 2x795 kcmil
Tra nsmission cond uc tor , 189 mi route 37" 0 . 25 6 - - 96 .77

fairbank s Termina l base 345 kV 1 2. 00 2 .00
breakers 345 kV 11 1.00 11.00
breakers 138 kV 6 0. 40 2.40
transformers 250 MVA 4 0 . 90 3.60
r eacto rs 75 MVA R 2 0 .83 1.66
VAR generat ion 100 MVAR - 0.0 3 3.00 23. 66

Termi na l Subto ta l 26 .66

Indire ct Cos ts (a t 32 . 5 percent) 8 .66

Total Cos ts 35.32 96 .77 132. 09



TABLE .1:: 2 , 4: IIVOC T RANSMISS ION '1'0 FAIRBANKS DEV.l:: l.OPMENT OF CAP I TAL COS'1'S

I

Location Details

Co s t Compone n t s
Uni t

Qua n t ity Q2!!
( $M)

St a t ion Costs
Componen t ~
( $M) ( $M)

Li ne Co s t s
( $M)

Tota l Cos l s
( $M)

Devil Ca nyo n breakers
HYDC

2 30 kV
700 MW

6 0 . 70 0
0,04 4

4 . 20
30 ,80 35 ,00

HVDe Tr a nsrni eaten 1 bipolar c i r c u i t
±2S0 ev. 2x l ,272 kcrnU
cond uc t or leg 0,200 37 .80

Pa i r banks Termina l HVDe

b r ea kers
VAR g e neratio n

700 MW
138 kV
2 45 MVA R

6
0.044
0. 400
0 .030

30 .80
2. 40
7 .35 40 . 5 5

Terminal Subtota l
Indire c t Co s t s (a t 32 .5 pe r c e nt )

To ta l Co a t s

75. 5 5
24 . 55

100 .1 0 37 .80 1 37 . 90
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'1'ABI.E 1::: 2 . 5 : S UMMARY Oi'~ COMPARA'f I VE COSTS AC VERSUS DC 'fHANSMI SSION

Total Co s t s

4Ca pi t a l i ze d Cos t of Losses

St a t i on COsts 1
s ta tio n c a p ita l 2
station capita lized O&M

Cos t Componen t s

Line Cos ts 1
line c a p i t a l
line c a p i t a li ze d
l a nd acquisition

I
O&M 3
( R . O.W .)

Compa r a t i ve Cos t s - $ Mill i on
'r r ansmt es ron to Ancho r age Transml ::1 s1o n t o Fa irbanks
AC OC AC DC

198.18 12 5 .40 96 .77 37 .80
16 5. 72 104 .86 80 .92 31.61

13 . 4 4 8 . 40 14 .18 7 .56

99 .38 239 .59 35 . ]2 100.1 0
108. 6 7 26 2 .00 38 . 62 10 9 .46

83. 8 7 74 .94 13 . 72 16. 6 3

669 .26 8 15 . 19 279 . 53 3D3. l §.

I
2U ne a nd s tation ca p i t a l costs are deve loped In 'rebf e e E2. 1 t o E2 . 4 .
Capitalized O&M c ha r ge s i nc l ude O&H. i ns urance , i nterim replacemen t a nd c o nt r i but i ons i n l i eu of taxes . These
annual c ha r ges t otal 3 .25 pe r cent o f t ransmissio n c a p i t a l a nd 4 . 25 per cent o f s tation ca p i t a l , a nd they a re

3c apita l i zed ove r 50 years at 3 percent . .
Land acqu is i tion (R. O.W.) costs are es t i mat e d a t $96 , OOO/ m1Ie and $7 5, 000/mi le for 345 kV, 3 cc t and 2 cc t trans­
mi s sion respect i ve ly , a nd $60 ,OOO/ mile and $40 ,OOO/ mile f or ! 250 kV dc 2-c i r c u i t a nd s i ng l e circuit ,

4re spectively .
Los s e s a re valued at 3.5¢/ kW· h , a nd the y a re c ap i t a l i z e d over the 50- year l ine life a t 3 p~rcent .
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