





Unit

Eklutna - 1 (APA)
Eklutna - 2 (APA)

Transformer

Eklutna = | (APA)
Eklutna = 2 (APA)

TABLE B7.2

:  MATANUSKA ELECTRIC ASSOCIATION AND
ALASKA POWER ADMINISTRATION
GENERATOR_AND TRANSFORMER DATA

Fower
Yoltage Rating Factor
(kY) (MVA)
6.9 16. 667 «9
6.9 16,667 .9
Voltage Rating
(kV) (MVA)
115/6.9
115/6.9

* Impedance in per unit on 100-MVA base.
**|martia constant in per unit on 100-MVA basa.

Generator |mpedance*

N i X
6. 12 1.65 1.16
6. 12 1.65 .16
Tap
Setting

i3

1.41
1.41

Tap
Range

Inertia
Xo Constant**
- n
.78
Reactance*



TABLE B7. 3:

MATANUSKA ELECTRIC ASSCCIATION AND

ALASKA POWER ADMINISTRATION

TRANSMISSION LINE DATA
EXISTING SYSTEM

Transmission Circuit - Voltage

From Bus - To Bus Length

Conductor

(mi)

Anchorage (APA) - Eklutna (APA) 115 kvT

Anchorage (APA) - Briggs Tap (MEA) 8.8

Briggs Tap (MEA) - Pippel (MEA) 5.0
Pippal (MEA) - Parks (MEA) 6.4
Parks (MEA) - Reed (MEA) 6.0
Reed (MEA) - Eklutna (APA) 7.2
Total 33.4
8riggs (MEA) - Briggs Tap (MEA) 6.3

Eklutna (APA) - Shaw (MEA) 115 W'

Eklutna (APA) = Dow Tap (MEA) 8.6
Oow Tap (MEA) = Lucas (MEA) 5.1
Lucas (MEA) - LaZel le Tap (MEA) 4.3
LaZelle Tap (MEA) = Shaw (MEA) 4.3
Total 22.3
Dow (MEA) - Dow Tap (MEA) 1.2
LaZelle = LaZelle Tap 3.9

Shaw (MEA) = Teeland (CEA) 115 kv

Shaw (MEA) - Herning (MEA) 4,8
Herning (MEA) - Teelamd (CEA) 7.8
Total 12.6

Douglas (MEA) - Teeland (CEA) 115 kv

Douglas (MEA) - Anderson Tap (MEA) 19.0
Anderson Tap (MEA) - Teelamd (CEA) 6.5

Total 25.5

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

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

B - 34

Pos Seq Zero Seq

| mpedance* Susceptance** |mpedance***
R X 8C F!o xo
.0156 .0528 .0061 .0347 2023
.0089 .0300 .0035 .0197 . 1150
0113 .0384 .0045 0253 . 147
.0107 .0360 .0042 .0237 . 1380
.0158 .0433 .0050 .0284 , 1656
0112 L0375 .0045 .0246 , 1440
.0106 .0502 . 0050 .0339 . 1977
.0090 .0311 . 0036 .0203 1177
.0076 .0255 . 0030 .0168 .0977
.0076 0229 ,0033 .0167 ., 1026
.0032 .0066 .0008 .0054 ,0242
.0066 .0215 .0030 .0161 .0933
.0085 .0259 .0037 0190 , 1161
.0139 .0422 ,0060 0309 .1891
0241 L1111 .0139 .0653 .4339
.0219 ,0423 ,0048 .0365 .1574




Table B7.3: Matanuska Electric Association and
Alaska Power Administration
Transmission Line Data
Existing System - 2

Pos Seq Zero Seq

Transmission Circuit - Vol tage | mpedance® Susceptance®** |Impedance***
From Bus - To Bus Length  Conductor R X 8c Ry X,
(mi) - - - - -

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

* Positive sequence impedance in per unitT on 100-MVA base.

** Total line charging susceptance in per unit on 100-MVA base.
##%Zero sequence impedance in per unit on 100-MVA base.

t Eklutna=Anchorage and Eklutna=Lucas 115=kV circuits owned by APA.

Abbreviations: APA - Alaska Power Administration

MEA - Matanuska Electric Association
CEA - Chugach Electric Association, Inc.
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TABLE B7.4: MATANUSKA ELECTRIC ASSOCIATION AND
ALASKA POWER ADMINISTRATION
DISTRIBUT ION SUBSTATION DATA

EXISTING SYSTEMX

* Load tap changing transformer unless otherwise noted.
** Maximum nameplate continucus full load rating at 55°C rise.

**¥Two transformers in parallel, one 10 MVA and one 12/16/20 MVA.
T Two transformers in parallel, one 5 MVA and one 10 MVA.

1 Two transformers in paral lel, each 10 MVA,
ﬁtsuppl ied at Eklutna.
X All distribution facilities are MEA.

Abbreviations: na - No data available.
NIS = Not in service.

B - 36

Transformer® Noncoincident Substation Peak Demand Readings (MW)
Substation Voltage Rating** 1975 1976 1977 1978 1979 1980

(kV) (MVA)
Anderson 115/12.47 12/16/20 2.74 3.98 6. 19 3,94 4,56 na
Camp! T .37 .12 2,07 .98 .63
Douglas 115/24 12/16 /20 NIS NIS NIS 2.69 3.07 na
Dow 115/12.47 5 1.98 1.94 2.45 3.24 2.9 na
Herning 115/12.47 22 /26 /30%** 4,99 6,34 11.04 12,96 13.32 na
LaZel le 115/12.97 12/16/20 NIS NIS NIS NIS 3.26 na
Lucas 115/12.47 15t 7.8 9.31 12,72 14,98 11.38  na
Parks 115/12.47 10 5.81 3.79 4,42 4,32 4,22 na
Pippel 115/12. 47 20ft 8.06 10,44 9. 22 10 51 9.50 na
Reed 115/12.47 5 na 1.97 2.59 2.98 2,98 na
Settiers Bay 34.5/12.47 2.5 NIS NIS «65 «76 «30 na
Shaw 115/12.47 12/16/20 NIS NIS NIS 4,13 3.84 na
Site Bay 34.5/12.47 1«5 4,17 4,22 4.65 3.48 1.78 na

36.94 43,11 56,00 64.97 62.03 na
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APPENDIX C

ECONCMIC CONDUCTOR SIZES

C1 - INTRODUCTION

In EHV transmission, line conductors and conductor bundles must be sized
to minimize corona, RI and audible noise effects. An additional factor
that neads to be guantified is the economic incentive to increase the

conductor section still further to achieve savings in the future cost of

line loss.
This appendix deals with the economic aspects of conductor 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 transmission voltage
and conductor size, modified by local considerations such as
meteorological factors, access, transport 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, (kcmil)2



Line Loadings (MW)

Susitna To To
Period Capacity Energy LF LLF* Anchorage Fairbanks
(MW) (GW*h)
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 1 200 6 227 0.59 0.469 960 240

Expressing line loading and line resistance

impedance loading (SIL) and surge impedance

the following expressions.

Line resistance

If line loading

Then line loss per mile

and since SIL

Line loss per mile

Annual loss energy/milec

And if the cost of loss energy

Then annual cost of loss

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

in per unit on surge

(Zc) base leads to

100
kcmil

per mile

100 1

m— per unit per mile

unit on SIL base

S per

2 _100_

S X Remil

1
zcpa;c unit

2
kV
gy (Mw)

2
2 100 1 kv
§” 2 gomt = 5o X g (WN/uils)

2
'&xB.?GxLLF

Zc?  (GW*h/mile)

2 100

S X xcmil

c $/kW+h
c $ million/GW*h

2
Szxk;:inlxh-‘r—zxs-‘?ﬁxmxc
Zc (§ million/mile)
I.I"2 + LF
2



On the basis of line cost estimates for Alaska, values of K¢,

"K," and "a" have been determined. These are approximate, but

they describe the relationship between line cost and conductor size
sufficiently well to be used as a guide in determining the economic size

of line conductor. The equations are shown below.
230 kV: $/mile = 110 000 + 16 (kcmil)'-18

345 kV: $/mile & 160 000 + 16 (kcmil)'+18
500 kV: $/mile = 285 000 + 16 (kcmil)'+18

C3 - CAPITALIZED COST OF LOSS

Line loss varies directly as the square of the line loading and inversely
as the conductor cross—-sectional area. Since the line loading varies in
a daily pattern and also throughout the life of the facility, these

variations must be taken into account.

Transmission line loading over the life of the facility can only be
estimated at this time. According to generation planning studies, each
time a block of 400 MW of generation is commissioned (in years 1993,

1996 and 2000), this capability is fully absorbed by the system. It is
further assumed that all of the average energy capability at Susitna
would be utilized at each development stage, resulting in load factors
(LF) and loss load factors (LLF) as indicated in the table below.

In this table no generation additions are included after year 2000 as the

contribution to loss energy from any additional peaking capacity is
assumed to be negligible.




Line Loadings (MW)

Susitna To To
Period Capacity Energy LF LLF* Anchorage Fairbanks
(MW) (GW*h)
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 1 200 6 227 0.59 0.469 960 240

Expressing line loading and line resistance in per unit on surge

impedance loading (SIL) and surge impedance (Zc) base leads to

the following expressions.

100
Line resistance 5 ohms per mile

100 1

ﬂkcnil‘Zc per unit per mile
If line loading = S per unit on SIL base
Then line 1 mile -s? x 20 x L per unit
n line loss per *cmil X zc Per

and since SIL = !:z-gz— (M)

2 100 1 _ xv?
% z

Line loss per mile =85 oty * %6 X 26 (MW/mile)
2 100 _ kv
Annual loss energy/mile =85 x *emii X" 32 % 8.76 x LLF

Zc (GW*h/mile)

And if the cost of loss energy = c $/kW*h
= ¢ $ million/GW*h

2
2:;%:%:3.76:&1:1:3:
Zc ($ million/mile)

Then annual cost of loss =35

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

C =3



A typical value of C for Susitna is $0.035/kW*h. This energy
cost is an average figure derived in the OGP-5 planning studies based

on zero inflation and 3 percent net cost of money.

30.66 S2 kvz

«'.Annual cost of loss = e = LLF ($ million/mile)
kcmil Zc

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 cost 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 outset for security reasons. In the case
where three circuits are used for the ultimate line loading, it is
assumed that the third circuit is added at the final (1,200 MW) stage of

development.

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 voltage and transmission alternative. The indicated
optimum conductor areas are also given in the table and these were

derived as follows.

If line capital cost =K +K, (kemil)® § million/mile

K
kcmil

and capitalized cost of loss = $ million/mile

Kg

kemil

Total cost per mile =K +K, (kemil)® + $ million/mile

1

c -4




Differentiating with respect to kcmil and equating to zero for

minimum total cost per mile.

K
3t * Sty 3 =
(kexdl)
15
a'xz(kcnilla = 2
(kcmil)
K
(kemi1)®*! = “':'z

and kcmil =| —

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

acceptable Corona and RI per formance.

The relationship between line capital cost and total cost (including
capitalized cost of loss) is shown graphically as a function of conductor
area in Figure C3.1. The cases illustrated are for 345 kV to Anchorage
and 230 kV to Fairbanks, the two cases where cost of loss was a factor in

the proposed conductor arrangement.
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Capital cost of line
($M/mile)

Capitalized cost of loss*

TABLE C3.3:

SUMMARY OF ECONOMIC FACTORS AND PROPOSED CONDUCTOR SIZES

Transmission to Anchorage

($M/mile)

Opt imum conductor area**
(MCM)

Proposed conductors

500 kV 345 kv

2 Circuits 3 Circuits 2 Circuits
0.285 + 15 \onin? 18 0,16 4 -l-"—s kemin1}*1® 0,16 ¢ 19—6

10 10 10

279,482 286,106 587.976
kemil kemil kcmil
1,946 1,967 2,737

Ix7958 8 2x954 2x1,1351

*Capitalized cost of loss expressions are derived in tables 1 and 2,

**Optimum conductor area = (E!Plt'li“d cost of los

16x1,18

1
s}z.la kemil per phase.

kcllll'

18

Transmission to Fairbanks

345 kv

16
0.16 + == kemiated®
i0

36,7240
kemil

767

2x7954 ¢

230 kv

011+

EJE

B2.6451

kemil

1,113

Ix1,272

kemil

.18

**aThe economic conductor areas for 500 kV to Anchorage and 345 kV to Fairbanks are smaller than the minimum needed for RI and Corona performance,

R1 considerations will dictate conductor size,
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APPENDIX D

COST ESTIMATES

The economic analysis for the Susitna transmission system was carried
out using cost estimates based on 1981 unit costs, without escalation,
for all equipment and services. The unit costs for all transmission

and substation equipment are given in Table D.1. The principal para-

meters of the five transmission alternatives analyzed in detail are as
follows.

Susitna to Anchorage Susitna to Fairbanks

(140 Miles) (189 Miles)

Number of Number of
Alternative Circuits Voltage Conductors Circuits Voltage Conductors

(kV) (kcmil) (kV) (kemil)

1 2 345* 2 x 1 351 2 345 2 x 795
2 3 345 2 x 954 2 345 2 x 795
3 2 345* 2 x 1 351 2 230* 1 x 1 272
4 3 345 2 x 954 2 230* 1 x 1 272
5 2 500 3 x 795 2 230* 1 x 1 272

The transmission line capital cost estimates for the five transmission
alternatives are shown in Table D.2. The 1993 line costs include an

adjustment for the use of a larger conductor than required by the
intertie, 9 years before the construction of the Susitna transmission
system. This adjustment accounts for intertie construction with con=-
ductors ultimately required for Susitna transmission. The adjustment
consists of the difference in line costs multiplied by the length of
the line section in question and the factor to account for the

*Denotes series compensation.




accummulated interest for the incremental conductor cost. It is
calculated as follows.

Adjustment = length+([(1.,00+i)™ = 1.00]*(Cs=-Ci)
= length*[(1.03)2 = 1,00]+(Cs=Ci)
= length+0.3048° (Cs=-Ci)

where

i = discount rate (3.0 percent)

n = time period (9 years)

@

cost of Susitna conductor in $M/mile
Ci = cost of conductor required for intertie in $M/mile.

The substation capital cost estimates are shown in Table D.3 and
include a base cost plus costs for major components at each station.
The base cost includes land acquisition, site preparation, foundations,
etc. Cost estimates of major eguipment, such as circuit breakers,
transformers, etc, include the costs of all ancillaries such as
disconnect switches, potential and current transformers, controls,
instrumentation, etc. At the generating stations all EHV circuit
breakers are included, but generator transformers and low-voltage
breakers 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 entries at the subtransmission voltage (230 kV or
138 kV) for each transformer bank. The remainder of the lower voltage
station is common to all alternatives and therefore excluded from the
econamic comparison. At Anchorage, transformation to 230 kV is assumed
on the west side of Knik Arm implying cable crossings at 230 kV. The
cable crossings and other 230-kV equipment are considered common to all
ac transmission alternatives for Susitna and their costs have been
excluded from this estimate. They must be included for comparison of
schemes with different Knik Arm crossing configurations such as HVDC
transmission from Susitna.




The calculations of annual charges for transmission lines and

substations are shown in Table D.4. Annual charges include the

following components.

Operating and maintenance
Insurance
Interim replacement

Contribution in lieu
of taxes

TOTALS

Percent of Percent of

Transmission Substation

Capital Per Capital Per
Year Year

1.00 2.00

0.10 0.10

0.15 0.15

2.00 2.00

3.25 4.25

At a discount rate of 3.0 percent and for a 50-yr period of analysis

from 1993 to 2043 the capitalized annual charges are calculated as

follows.

For equipment commissioned in 1993

0.03

Transmission lines: 3.25 percent [31.03)50 - 1.0?]

(1.03)

= B83.62 percent of 1993 transmission

line capital cost

Substations: 4.25 percent

0.03

(1.03)50 - 1.0%]
(1.03)30

= 109.35 percent of 1993 substation capital cost




For equipment commissioned in 2000

Transmission lines: 3.25 percent |[(1.03)43 - 1.00
0.03 (1.03)43

= 77.94 percent of 2000 transmission line
capital cost

Substations: 4.25 percent [31.03)43 - 1.00
0.03 (1.03)43

= 101.92 percent of 2000 substation capital cost

Costs of land acquisition and clearing for transmission lines are
calculated in Table D.5. It is assumed that all right-of-way
requirements will be acquired in 1993. This includes the land
acquisition costs for all additional circuits to be constructed in the
year 2000.

Costs of capitalized transmission line losses are calculated in

Table D.6. Unit costs per mile for capitalized transmission losses
have been derived from the costs of loss developed in Appendix C,
"Economic Conductor Sizes". In the case of the line section from
Watana to Devil Canyon the unit costs have been adjusted to take into
account the loading that will apply during the various stages of
project development.




Transmission

Line Costs

Yoltage
(kV)

230
230
230
345
345
345

500

TABLE D.1:

Conductor Base Cost
(kemil) ($/circuit mile)
I x 954 120,000

1 x 1272 136,000

1 x 1 351 140,000

2x 795 190,000

2x 954 207,000

2 x 1 351 251,000

3x 795 326,000

Land Acquisition and Clearing

Yol tage
(kv)

230
345
345

500

Substations
Voltage
(kV)

138

230

345

Number of Circuits

Station Base Cost**
($ Million)

1.000

1.500

2.000

2. sm

TRANSMISSION AND SUBSTATION UNIT COSTS

Final Cost®

($/circuit mile)
162,000
184,000
189,000
256,000
279,000
339,000

440,000

$/Mile

70,000
75,000
96,000

80,0620

Circuit
Breaker Position
($ Million)

0.400

0.700

1,000

1.600



Table D.1
Transmission and Substation Unit Costs - 2

Autotransformers (including I5~kV tertiary)

Vol tage 75 WA 150 WA 250 MWVA
(kv) (3 Million) ($ Million) (S Million)
230/138 = 0. 800 1. 100
345/138 0. 500 0.500 1.300
500/138 0. 700 1. 200 1. 600
345/230 - 0. 500 1. 300
500/230 = 1. 200 1. 600

Generator Transformers

Voltage $/KVA
(kY)

345 4.20
500 5.00

Shunt Reactors

Voltage 50 MVARS 75 M/ARS
(kV) ($/kVAR) ($/kVAR)
345 - 1. 11
500 24,60 17.20

Series Compensation (all voltages)

$14.00/kVAR

Static VAR Sources (tertiary voltage)

$30.00/kVAR

* Final fransmission line costs (page | of table) include 20 percent contingency, plus
5 percent engineering, 5 percent construction management and 2.5 percent owner's cost.
**Substation base cost (page | of table) includes land acquisition, site preparation,
foundations, etc.
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Table D.2: Transmisslon Line Capital Costs - 2

Transmission Alternative

1 2 3 4 5
Year 2000 Transmlsslon Circult Clrcuit Clrecuit Clrcult Circult
Line Costs Unit Cost Miles M Mi les M Mi les M Mi les M Miles M
(W l) .
Devil Canyon to Anchorage (140 mli)
Yol tage Conductor
345 kv 2 x 954 kemld 0. 207 - - 140 28,98 - 140 28,98 -
Contingency (20 percent) 5.80 5.80
Subtotal 34.78 34.78
Englneering and Management 4,35 4,35
(12,5 percent)®
TOTAL 2000 Transmisslion Line - 39.12 39.12

Capltal Costs

* Englneering and Management includes

- Englineering 5. 0 percent
- Construction Management 5.0 percent
- Owner's Cost 2.5 percent
- Total 12,5 percent

*¥Intertie aljustment accounts for construction with a larger conductor than required by the Intertie
9 years bafore construction of Susitna transmission system,




Year 1993 Substation Costs

Anchorage

Base cost = 345 kV
- 500 kv

Clircult breakers - 230 kV
- 345 kv
- 500 kv

Transformers - 345/230 kV, 250 MVA
- 500/230 k¥, 250 MVA

Shunt reactors - 500 kv, 50 MVAR

Static VAR sources (MVAR)

Subtotal

Contingency (20 percent)

Subtotal

Englneering and management (12.5 percent)®

TOTAL 1993 Anchorage Station Cost

Willow

Base cost - 345 kV
- 500 kv

Circult breakers - 138 kV
- 545 kY
- 500 kV

Transtormers = 345/138 kv, 75 MVA
= 500/1358 KV, 75 MVA

Shunt reactors - 500 kV, 75 MVAR

Subtotal

TABLE D.3:

SUBSTATION CAPITAL COSTS

Unit Cost

(M)

2,00
2,50

0. 70
1.00
1.60

1.30
1.60

1.23

0. 03

2,00
2.50

0. 40
l.m
1.60

o.m
0.70

1.29

Transmission Alternative

| 2 3 4 5
Quantity M Quantity M Quantity $M Quantity M Quantity $M
1 2,00 1 2,00 1 2,00 | 2,00
1 2,50
6 4.20 6 4.20 6 4.20 6 4.20 6 4.20
9 9.00 9 9.00 9 9.00 9 9. 00
11 17. 60
4 5.20 4 %.20 4 5.20 1 5.20
1 6.40
2 2,46
400 12.00 400 12,00 400 12.00 400 12.00 200 6.00
32.40 32,40 32.40 32.40 39,16
6.48 6.48 6.48 6.48 7.83
38.88 38.88 38.88 38.88 46.99
4.86 4.86 4.86 4.86 5.87
43.74 45.74 43.74 43.74 52.87
1 2,00 I 2,00 1 2,00 1 2,00
I 2,50
3 1.20 3 1.20 3 1.20 3 1.20 b 1.20
9 9.00 9 9.00 9 9.00 9 9. 00
1 17. 60
2 1.00 2 1.00 2 1.00 2 1.00
2 1.40
2 2,58
13.20 15.20 15.20 13.20 25.28



Table D.3: Substation Capital Costs - 2

Transmission Alternative

] 2 3 4 5
Year 1993 Substation Costs Unit Cost Quantity M Quant ity $M Quantity $M Quantity 3$M Quantity M
($M)
Contingency (20 percent) 2.64 2.64 2.64 2.64 5.06
Subtotal 15.84 15,84 15.84 15.84 30.34
Englneering and management (12,5 percent)® 1.98 1.98 1.98 1.98 3.79
TOTAL 1993 Willow Statlon Cost 17.82 17, 82 17,82 17,82 34. 13
Devll Canyon .
Base cost = 230 kV 1. 50 1 1.50 1 1.50 1 1. 50
- 345 kv 2.00 1 2.00 1 2.00 1 2,00 1 2.00
- 500 kV 2.50 | 2.50
Clrcult breakers = 230 kv 0.70 8 5. 60 8 5.60 8 5.60
- 345 kV 1.00 12 12. 00 12 12.00 15 15. 00 15 15.00
- 500 kv 1.60 15 24,00
Transformers - 345/230 kV, 150 MVA 0. 90 5 2.70 3 2.70
= 500/230 kV, 150 MVA 1.20 3 5.60
Generator transformer Incremental cost, 220 MVA 0. 170** 3 0.53
Subtotal 14.00 14,00 26.80 26.80 31,73
Contlingency (20 percent) 2.80 2.80 5.36 5.36 1.55
Subtotal 16. 80 16,80 32,16 32.16 45,28
Englneering and management (12.5 percent)® 2.10 2.10 4.02 4.02 9.66
TOTAL 1993 Devil Canyon Statlion Cost 18.90 18.90 36,18 36.18 50.94
Watana
Base cost - 345 kV 2,00 1 2.00 | 2,00 | 2.00 1 2.00
- 500 kv 2.50 | 2.50
Circult breakers = 345 kV 1,00 9 9.00 9 9. 00 9 9.00 9 9.00
- 500 kv 1.60 9 14,40
Generator transformer incremental cost, 220 MVA 0. 170%* 4 0.70
Subtotal 11.00 11.00 11.00 11.00 17.60



Year 1993 Substation Costs

Contingency (20 percent)
Subtotal

Engineering and management (12,5 percent)*

TOTAL 1993 Watana Station Cost

Fairbanks

Base cost = 230 kV
- 345 kv

Circult breakers - 138 kV
- 230 kY
- 345 kY

Transtormers - 230/138 kv, 150 MVA
- 345/138 kV, 150 MVA

Shunt reactors - 345 kV, 75 MVAR
Static VAR sources (MVAR)
Subtotal

Contingency (20 percent)
Subtotal

Englneering and management (12,5 percent)®

TOTAL 1993 Fairbanks Station Cost

TOTAL 1993 Substation Capital Cost

Table D.3:

Substation Capital Costs - 3

Transmission Alternative

1 2 3 4 5
Unit Cost Quantity M Quantity M Quantity IM Quantity M Quantity M
(IM)
2.20 2.20 2.20 2.20 3.52
13.20 13,20 13,20 13.20 21.12
1.65 1.65 1.65 1.65 2.64
14,85 14,85 14.85 14.85 23.76
1.50 | 1.50 | 1.50 | 1.50
2.00 | 2,00 1 2,00
0,40 4,5 1.80 4.5 1.80 4,5 1.80 4.5 1.80 4,5 1.80
0.70 8 5.60 8 5.60 8 5.60
1.00 10 10.00 10 10.00
0.80 3 2.40 3 2.40 3 2,40
0.90 3 2,70 3 2,70
0.85 2 1.66 2 1.66
0.03 100 3.00 100 3.00 200 6,00 200 6.00 200 6.00
21.16 21.16 17.30 17.30 17.30
4,23 4,23 3.46 3.46 3.46
25.39 25,39 20.76 20.76 20.76
3.17 3,17 2,60 _2.60 _2.60
28.57 28,57 23.36 23,36 23.36
123.88 123.88 135.95 135.95 185.06



Year 2000 Substation Costs

Anchorage

Circult breakers - 230 kV
- 545 kv
- 500 kvV

Transtormers - 345/250 kV, 250 MVA
- 500/250 KV, 250 MVA

Ser ies compensation (MVAR)

Subtotal

Contlingency (20 percent)

Subtotal

Englneering and management (12,5 percent)*

TOTAL 2000 Anchorage Station Cost

Willow

Circult breakers - 138 kV
- 3545 kY
- 500 kv

Transformers - 345/138 kV, 75 MVA
- 5007158 KV, 75 MVA

Series compensation (MVAR)

Subtotal

Contingency (20 percent)

Subtotal

Englneering and management (12,5 percent)®

TOTAL 2000 Willow Station Cost

Table D.3:

Substation Caplital Costs - 4

Unit Cost

(§10)]

0.40
1.00
1. 60

0.50
0. 70

0.014

Transmission Alternative

1 2 3 4 5
Quantity 3$M Quantity IM Quantity 3IM Quantity $M Quantity M
3 2.10 3 2, .0 3 2. 10 3 2. 10 3 2. 10
3 3.00 5 5.00 3 3.00 5 5.00
3 4.80
2 2.60 2 2.60 2 2.60 2 2,60
2 3.20
430 6.02 430 6.02
13. 72 9. 70 13. 72 9.70 10. 10
2.74 1.94 2.74 1.94 2.02
16. 46 11.64 16. 46 11.64 12,12
2.06 1,46 2.06 1.46 1.52
18.52 13.10 18.52 13.10 13.64
15 0.60 le. 0.60 1.5 0.60 1.5 0. 60 1.5 0.60
2,00 5.00 2 2,00 5. 00
2 3.20
I 0.50 1 0.50 1 0. 50 1 0. 50
1 0.70
113 10.82 113 10.82
13,92 6. 10 13,92 6. 10 4.50
2.78 1.22 2.78 1.22 0.90
16. 70 1. 32 16. 70 1.32 5.40
2.09 0.92 2.09 0.92 0.68
18.79 B8.24 18.79 8.24 6.08
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1993 Capitallzed Annual Line
Charyes

2000 Capltalized Annual Line
Charges

1993 Capltal lzed Annual Station
Charges

2000 Caplital ized Annual Station
Charges

TABLE D.4:

TRANSMISSION AND SUBSTATION ANNUAL CHARGES

Transmission Alternative

1 2 3 El 5
Parcent of Capltallzed Capltall zed Capitall zed Capitallzed Capitallzed
Capli tal Capl tal Annual Capltal Annual Capl tal Annual Capl tal Annual Capl tal Annual
Cost* Cost Charges Cost Charges Cost Charges Cost Charges Cost Charges
(M) (M) (M) (™) (M) () (M) (M) ($M) ($M)
u3.62 217,13 181,56 192.25 160.76 183,17 153. 17 162.74 136,08 216,39 180, 95
77.94 - - 39, 12 30.49 - - 39.12 30.49 - -
109, 35 123,88 135. 40 125.88  135.46 135.95 148, 66 135.95 148, 66 185, 06 202, 36
101,92 44.74 45,60 31.47 32.07 54,48 55,53 41,21 42,00 39,175 40,49

%Capltal lzod annual charge percentages are developed In the text on page D-3.
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APPENDIX E

HVDC TRANSMISSION
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APPENDIX E

HVDC TRANSMISSION

E1 - GENERAL

Traditionally, HVDC has found econcmic application for long-distance
overhead line (point-to-point) transmission or where significant
lengths of submarine cable were involved. In either case, the savings
resulting from the HVDC line or cable as compared to the cost of ac
lines or cables need to be sufficient to offset the additional cost of

dc 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
circulating power flow in system interconnections, or to introduce

damping to limit or control system dynamic oscillations

- its ability to limit short-circuit contributions.

In the case of Susitna transmission, HVDC is not an obvious contender.
No technical difficulties are anticipated in an ac transmission scheme
and the transmission distances (140 miles to Anchorage and 189 miles to
Fairbanks) are well within the normal economic limits of ac transmis-
sion. Also, the transmission 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. However, in the Anchorage area some

submarine cable circuits may be involved in delivering Susitna power




to the load center. Hence, it is appropriate to carry out a screening

analysis to determine whether or not the dc alternative merits further
study.

E2 - ECONOMIC SCREENING

E2.1 = Basic Schemes

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

In order to take into account possible savings associated with HVDC
cable circuits in the Anchorage area, the transmission costs to
Anchorage include submarine cable circuits as needed to bring the power
to the metropolitan load center.

All 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 .ssumed to be
common to both ac and dc alternatives, and their costs are excluded
fram the analysis.

Dynamic var generating equipment is needed at the load centers for both
ac and dc alternatives. The necessary var capability for ac transmis-
sion was determined in load flow studies of critical line outage condi-
tions. 1In the case of the dc alternative some vars will be generated
by the ac filters. The balance, as needed to meet the total var demand
of 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 windings. Necessary switching is
included in the unit var cost.

The alternative HVDC transmission systems are planned to be capable of
handling full rated power under conditions of single contingency
outages. In the dc terminals, this means that one valve group module
could be out of service and the remaining valve groups should be able
to handle the rated load. Similarly, on the transmission line, one
pole may be out of service and the remaining pole(s) should be capable
of handling the load without interruption.

For the transmission to Anchorage (rated 1,190 MW) a +250-kV bipolar
scheme is envisaged, with four valve groups per terminal. Under normal
conditions one bipolar transmission line to Anchorage would be
adequate. However, the loss of one line pole would result in a
temporary power reduction, and full power could be resumed only after
terminal switching, and an earth return current would flow throughout
the total duration of the pole outage. For this reason, and to provide
a system more comparable to the ac alternative in case .f a tower
failure, two bipolar transmission lines 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
integral part of the ac alternative. For the dc alternative, an egqui-
valent power supply to Willow is provided by adding two 230-kV ac
circuits from Point Mackenzie to Willow. The cost of these circuits
plus a 230-kV bus and transformation to 138 kV at Willow is included as
part of the cost of dc transmission to Anchorage, so that both schemes
would be functionally egquivalent.

The transmission to Fairbanks is rated 350 MW and at this load level it
is difficult to justify more than a single bipolar transmission line.
Loss of one pole would result in an earth return current and, if a

power interruption is to be avoided, the terminal equipment on each




pole must be capable of handling the full 350 MW. This results in
100 percent reserve capacity, but it is still more economic than the
building of a second bipolar transmission line.

The ac and dc comparative systems are shown in single line diagrams in
Figure E2.1 for transmission to Anchorage and in Figure E2.2 for trans-
mission to Fairbanks.

E2.2 - Comparative Costs

Capital costs associated with the various ac and dc transmission

alternatives are developed in a series of tables as follows.

Tables Transmission Alternative
E2.1 ac to Anchorage
E2.2 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-
tion as the effect of staging is expected to be similar for both ac and
dc alternatives.

In all ac transmission alternatives, the unit costs for station equip-
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 cables. Where station buses are existing
or would be common to both ac and dc alternatives, no base cost is

charged.

All HVDC terminal equipment is estimated at $44/kW per terminal, based

on manufacturers' recent estimates.




The necessary ac switchyard circuit entries are estimated additional to
the base HVDC terminal costs. Var generation over and above that
provided 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 receiving terminals. At the HVDC sending end, no additional charge
is made to ensure that generating equipment can tolerate the var demand
and harmonic currents of the converters. Some added costs would be
incurred, but these are expected to have only a secondary effect on the

cost comparison.

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

bipolar transmission lines.

Conductor Area Estimated Cost
per Pole per Mile
(kecmil) (s)

2 % 1,780 250,000

2 1,272 200,000

In the case of the HVDC cable circuits, these are estimated at 20 times
the cost of equivalent overhead line, or $5 million per mile. This is
consistent with the estimate used for ac cable circuits and it is
considered to be sufficiently 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
developed in Tables E2.1 to E2.4 are combined with cost of right-of-way
and capitalized annual operating costs to give capitalized total costs
that may then be compared. Included in the annual operating costs are
a number of miscellaneous charges which contribute to totals for

transmission and stations as follows.




Annual Operating Charges
(Percent of Capital Cost)

Transmission Substation
Operating and maintenance 1.00 2.00
Insurance 0.10 0.10
Interim replacement 0.15 0.15
Contribution in lieu of 2.00 2.00
taxes
Total annual operating 3.25 4.25

The annual operating charges shown in Table E2.5 have been capitalized
at a 3 percent interest rate over the 50-yr life of the transmission
system. The same annual charge rates have been used for both ac and dc
transmission on the assumption that differences in operating costs due
to differences in complexity will be adequately reflected in the

differences in capital investment for ac and dc plant.

Capitalized costs of losses for ac transmission lines were developed as
part of the exercise to determine economic conductor sizes. 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 per terminal to the line losses. In
the case of HVDC transmission, total terminal losses were calculated at
1.25 percent and added to line losses to derive the capitalized cost of

losses shown for the dc alternatives.

Land acquisition costs are estimated for the line right-of-way only.
Land requirements at terminal locations are assumed to be similar for
both ac and dc alternatives.




E2.3 - Results

Comparative costs of ac and dc transmission alternatives as shown in
Table E2.5 confirm that ac is an appropriate choice for transmission
from Susitna to load centers at Anchorage and Fairbanks. The conclu=-
sion is based on separate assessments of transmission costs to each of
the two load centers, and this implies the use of two 2-terminal dc
transmission systems. Some dc economies might be achieved with an
alternate 3-terminal dc arrangement, but any savings are unlikely to

overcome the indicated 15 percent margin favoring ac transmission.

The economic conclusions are consistent with the results of other
studies for the load levels and transmission distances involved, and
they are considered adequate to support the selection of ac
transmission over HVDC for the Susitna project.




TABLE E2.1: 9C TRANSMISSION TO ANCHORAGE DEVELOPMENT OF CAPITAL COSTS
Cost Components
Unit Station Cost
Location Details Quantity Cost Component Total
($M) ($M) ($M)

Devil Canyon breakers 345 kv 5 1.00 5.00 5,00
Overhead Transmission 3 cct, 345 kV, 2x954 kcmil

conductor - 140 mi route 420 0.279 - -
Willow Terminal base 345 kv 1 2.00 2.00 -

breakers 345 kv 14 1.00 14.00 -

breakers 138 kv 5 0.40 2,00 -

transformers 75 MVA 3 0.50 1.50 19.50
West Terminal base 345 kv 1 2.00 2.00 -

breakers 345 kv 14 1.00 14,00 -

breakers 230 kv 15 0.70 10.50 -

transformers 250 Mva 6 1.30 7.80 -

VAR generation 400 MVAR - 0.03 12.00 46. 30
Cables 4 cct, 230 kv, 3.7 mi 4 20,25 - -
Anchorage Terminal breakers 230 kv 6 0.70 4,20 4,20
Terminal Subtotal 75.00
Indirect Costs (at 32.5 percent) 24.38
Total Costs 99, 38

Line Costs

Total Costs

($M)

198,18

($M)

297.56




TABLE E2.2: HVDC TRANSMISSION TO ANCHORAGE DEVELOPMENT OF CAPITAL COSTS

Cost Components
Unit Station Costs

Location Details Quantity Cost Component  Total Line Costs Total Costs
(SM) ($M) ($M) ($M) ($M)
Devil Canyon breakers 230 kV 6 0.70 4,20 - - =
HVDC 1,586.7 MW - 0.044 69.81 74,01 - o

HVDC Transmission

Overhead 2 bipolar circuits *250 kv
2x1,780 kcmil conductor
140 mi route 280 0.250 70,00 -
Cable 2 bipolar circuits
3.7 mi route 2 18,50 37.00 -
Anchorage HVDC 1,586.7 MW = 0.044 69.81 - - -
breakers 230 kV 6 0.7 4,20 - - -
VAR generation 670 MVAR - 0.03 21,10 94.11 - -

AC Supply to

Willow
Point Mckenzie breakers 230 kV 3 0.70 2,10 - - -
Transmission 230 kv, 2 circuits
1,272 kemil conductor
50 mi route 100 0.184 - - 18,40 -
Willow base 230 kv 1 1.50 1.50 - - -
breakers 230 kV 8 0.70 5.60 - - -
breakers 138 kV 5 0.40 2.00 - - -
transformers 75 MVA 3 0.50 1.50 12.70 - -
Terminal Subtotal 180.82
Indirect Costs (at 32.5 percent) 58.77

Total Costs 239,50 125,40 364.99




TABLE E2.3: AC TRANSMISSION TO FAIRBANKS DEVELOPMENT OF CAPITAL COSTS
Cost Components
Unit Station Costs
Location Details Quantity  Cost Component  Total Line Costs  Total Costs
($M) (s$M) ($M) ($M) (sM)
Devil Canyon breakers 345 kV 3 1.00 3,00 3.00 - -
Overhead 2 cct, 345 kv, 2x795 kcmil
Transmission conductor, 189 mi route 378 0.256 - - 96.77 -
Fairbanks Terminal 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 - - -
reactors 75 MVAR 2 0.83 1.66 - - =
VAR generation 100 MVAR - 0.03 3.00 23,66 - -
Terminal Subtotal 26.66
Indirect Costs (at 32.5 percent) B.66
Total Costs 35,32 96,77 132,09




TABLE E2.4:

HVDC TRANSMISSION TO FAIRBANKS DEVELOPMENT OF CAPITAL COSTS

Location

Devil Canyon

HVDC Transmission

Fairbanks Terminal

Terminal Subtotal

Details

breakers 230 kV
HVDC 700 MW

1 bipolar circuit
¥250 kv, 2x1,272 kcmil
conductor

HVDC 700 MW
breakers 138 kv
VAR generation 245 MVAR

Indirect Costs (at 32.5 percent)

Total Costs

Cost Components

Unit Station Costs
Quantity Cost Component Total Line Costs Total Costs
($M) ($M) ($M) ($M) (s$M)
6 0.700 4,20 - - -
- 0,044 30,80 35.00 - -
189 0,200 - » 37.80 -
- 0.044 30.80 - = o
0.400 2.40 - - -
- 0.030 7.35 40.55 - -
75,55
24.55
100.10 37.80 137,90
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TABLE E2.5: SUMMARY OF COMPARATIVE COSTS AC VERSUS DC TRANSMISSION

Comparative Costs - § Million

Transmission to Anchorage Transmission to Fairbanks

Cost Components AC DC AC bC
Line Costs

line capital 1 198.18 125,40 96.77 37.80

line capitalized O&M 3 165.72 104.86 80.92 3l.e61

land acquisition (R.O.W.) 13.44 8.40 14.18 7.56
Station Costs

station capital 2 99.38 239.59 35.32 100.10

station capitalized O&M 108.67 262.00 38.62 109,46
Capitalized Cost of Losses4 83.87 74.94 13.72 16.63
Total Costs 669. 26 815.19 279.53 303.16

1Line and station capital costs are developed in Tables E2.1 to E2.4.

Capitalized O&M charges include O&M, insurance, interim replacement and contributions in lieu of taxes, These
annual charges total 3.25 percent of transmission capital and 4,25 percent of station capital, and they are
capitalized over 50 years at 3 percent.

Land acquisition (R.O0.W.) costs are estimated at $96,000/mile and $75,000/mile for 345 kV, 3 cct and 2 cct trans-
mission respectively, and $60,000/mile and $40,000/mile for %250 kV dc 2-circuit and single circuit,
respectively.

Losses are valued at 3.5¢/kW-h, and they are capitalized over the 50-year line life at 3 percent.
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