
UNIVER lTV F A A K

MARCH 1982

SUBTASK 8.02
CLOSEOUT REPORT

ELECTRIC SYSTEM STUDIES

A CTI

TASK 8 - TRANSMISSION

ALASKA POWER AUTHORITY__---'

SUSITNA HYDROEL~CTRIC PROJECT

I
I
I

i
I

I

I

I

I

I

I
Prepared by:

I [i]
I

I

I



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

SUSITNA HYDROELECTRIC PROJECT

TASK 8 - TRANSMISSION

SUBTASK 8.02

CLOSEOUT REPORT

ELECTRIC SYSTEM STUDIES

MARCH 1982

Prepared by:

[iJ
1-.-__ ALASKA POWER AUTHORITY _ _ -,



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

TABLE OF CONTENTS

LIST OF TABLES - - - ---- --- - --- - --- - - - - ---- ---------
LIST OF FIGURES - - --- --- ------ - - ---- - - - ---- - - - -----

1 - INTRODUCTION ----------------------------------

2 - PLANNING CRITERIA -------------------------- ---

3 - ELECTRIC SYSTEM ANALYSES ---------------------
3.1 - System Configuration -------------------
3 .2 - Tra n s mis sio n Line Energi z i n g - - ----------
3.3 - Lo a d Flows ------------------------------
3.4 - Transient Stability Studies -------------

4 - CONCLUSIONS -----------------------------------

5 - SUPPLEMENTARY STUDIES ENERGY
MANAGEMENT SYSTEM (EMS) ---------------------

6 - ATIACHflEflT 1

7 - ATIACHf1EflT 2

Page

i i
i i i

1 - 1

2 - 1

3 - 1
3 - 1
3 - 2
3 - 4
3 - 6

4 - 1

5 - 1



LI ST OF TABLES

I
I

I
I
I
I
I
I
I
I
I
I
I

I
I

I
I
I
I

Numbe r

1

2

3

4

Ti tle

Transmiss ion Line Energ i z ing

System Load Flows

Transient Stability Runs

VAR Generation During Transient Swings

i i



I

I LIST OF FIGURES

I
Number Title

I 1 Railbelt 345 kV Transmission System
Single Line Diagram

I 2 Impedance Diagram

3 Load Flow Diagram

I 4 Load Flow Diagram

I
5 Load Flow Diagram

6 Load Flow Diagram

I 7 Load Flow Diagram

8 Load Flow Diagram

I 9 Load Flow Diagram

I 10 Load Flow Diagram

11 Load Flow Diiagram

I 12 Transient St ability Swing Curves

13 Transient Stability Swing Curves

I 14 Transient Stability Swing Curves

I 15 Transie n t Stability Swing Curves

16 Transient Stability Swing Curves

I 17 Transient Stability Swing Curves

18 Transient Stability Swing Curves

I
19 Transient Stability Swing Curve s

I

I

I iii

I



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

1 - INTRODUCTION

Electric system studies were started in June 19~0 to examine

the transm ission requirements associated with Susitna
generation. The object of this work was to arrive at a

system configurat ion that wou ld ensure the reliable and
economic transm iss ion of Susitna generation to the Anchorage
and Fairbanks load centers. The scope of work was defined in
Subtask B.02 and in mid-19B1 a draft Planning Memorandum was

prepared, entitled ·Preliminary Transmission System
Analysis". This memorandum established system configuration,

transmission voltage and conductor sizes, on the basis of the
transmission distances, and $ite capability as they were

known at that time .

In the interven ing per iod, subsequent to the Planning
Memorandum, site capab illty and generator unit sizes have

become f inally established and the energ iz ing stud ies, load

flows and stability runs ha ve been repeated us ing these
l at e s t system parameters. The r es ul t s of these system
stud ies are pr~sented in th is report as confirmat ion of the

basic system des ign and to i llustrate the system performance
under extreme condit ions. Detai ls of the technical and

e~onomic analyses are given in the Planning Memorandum which
is attached to th is report as ATIACH:iEi:T 2.
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2 - PL ANNING CRITERI A

The plann ing criter ia wer e deta i led i n Append ix A of t he
Pl anni ng Memorandum. At that t ime the cr iteria i nclu ded
r e f e r e nce s to th e poss ib le use of s ingle-po le rec los ing i n
the event that th is might be found necessary. Howe ver , s ince

the system has been found to be stab le f or the des ign
(3- phas e) fault with 3-po le sw itch ing, the planning criter ia
have been re issued, deleting all references to s ingle-po le

switching. This has been done to eliminate possible
confusion regarding the protect ive relay ing requirements for
the system. These updated transmission planning cr iteria are

given below.

In general, transmission fac i lities are -p l anne d so that the
single contingency outage of any line or transformer element
will not result i n restrict ions in tne rated power transfer ,
although voltages may be temporarily outside of normal
li mi t s . The proposed gu idelines concern ing power transfer
capab il ity, stabil ity , system performance l im its, and therma l

overloads are deta i led below .

( a) Transm iss ion Sys t em Transfer Capab il ity

The transmiss ion system wi l l be designed to be capable

of transmitting the maximum generating capab i l ity of the

Susitna Hydroelectric Project with the single

contingency outage of any line or transformer element .
The sharing of l oad between the Anchorage and Fairban ks
areas is approximately 80 and 20 percent respectively .

To account for the uncertainty in future d~velopment,

the transmission system shall allow for this load
sharing to vary from a maximum of 85 percent at
Anchorage to a maximum of 25 percent at Fairbanks .

2-1
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The step change in voltage at the ene rg iz ing end of
the l ine sho uld not exceed the fo llow ing values

( i) 15 percent with only one generat ing uni t

operat ing at Watana (to rep resent a temporary

cond ition dur ing t he ear ly stage of
comm iss ioning of the Sus itna project )

( i i ) 10 percent with two units operating at Watana

(to represent a slightly longer-term cond i tion
early i n the development of Susitna)

(ii i) 5 percent with 1,020 MW of generating capacity
operating at Susitna.

(d) Load Flow

System l oad flows will be checked at cr itical stages of
development to ensure that the system conf igurat ion and

component rat ings are adequate for normal and emergency
operat ing cond it ions . The load l evel s to be checked
wil l include peak l oad and mini mum 10aa ( as s umed

50 percent of pea k) to ensure that system fl ows and
vo ltages are within the 1 imi t s spec if iea oe 10w.

- Normal system flows must be with in all normal thermal
limits for transformers and 1ines, and shou ld g ive bus
voltages on the EHV system within +5 percent,

-10 percent, and at subtransmiss ion buses wi th in
+5 percent, -5 percent.

- Emergency system flows with the loss of one system
element must be within emergency therma ) limits for

lines and transformers (20 percent OIL). Bus voltages
on the EHV system should be within +5 percent,

2-3



(b) Stability

The transmission system will be checked for trans ient
stabil ity at crit ical stages of development. The system
is to be designed to have at least two parallel circuits
in every section to allow for peak power transfer
capabil ity under single-contingency outage cond itions.
Faults will be cleared with multiphase switching and
delayed reclosing.

The design fault for transient stability analysis will
be a 3-phase fault cleared in 80 ms (4 .~ cycles) by the
local breaker and 100 ms ( 6 . 0 cycles ) by the remote
breaker, with no reclosing.

(c) System Energizing

Line energiz ing in itially and as part of rout ing
switching operations wi l l generate some dynamic
overvoltages. System design should be arranged to keep
these overvoltages with in the following limits.

- Line open-end voltages at the receiving end should not
exceed 1.10 per un it on l i ne energ iz ing.

Following line energlzlng, switching of transformers
and VAR control devices at the rece iv ing end shou ld
bring the voltage down to 1 .5 per unit or lower.

Initial vo ltages at the ene rglzlng end shou ld not be

reduced below 0.90 per unit.

- Final voltages at the energiz ing end should not exceed
1.05 per unit.

2-2
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The step change i n vol t age at t he energ iz i ng e nd of
t he lin e s hou ld not exceed the foll owin g valu es

(i) 15 perce nt wit h on ly one gener ati ng uni t
opera t i ng at Wat ana ( t o represe nt a t em por ary

cond i t ion during the ear l y stage of

comm issio n i ng of the Susi t na project )

(i i ) 10 percent with two units operat ing at Wat ana
(to represent a s l ight ly longer-term cond ition
early i n the development of Sus itna)

( ii i) 5 percent with 1,020 MW of generating capacity

operating at Susitna.

(d) Load Flow

System l oad flows will be c hecked at cr it ica l stages of
deve lopment to ensure that the system configuration and
component ratings· are adeq uate for norm a l and emergency
operat ing co nd itio ns . The load l eve l s to be checked

wil l i nclu de pea k l oad and mi ni mum l oad ( as sumed
50 percent of pea k) to ensure t hat system fl ows and

vo ltages are within the 1 imi t s specif ieo oelow .

- Normal system f l ows must be within al l norma l therma l
l im its for transformers and l ines, and should g ive bus
voltages on the EHV system within +5 percent,

-10 percent, and at subtransmission buses wit hin
+5 percent, -5 percent .

- Emergency system flows with the loss of one system

element must be within emergency thermal limits for
lines and transformers (20 percent OIL). Bus voltages
on the EHV system should be within +5 percent,
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-10 percent, and at subt ransmission buses with in +5
+5 pe rcent, -10 percent.

( e) Correct ive Measures

Where limiting performance cr iteria are exceeded, system

design mod if icat ions will be applied that are cons idered
to be most cost effect ive. Where cond it ions of low
voltage are encountered, for eXample, power factor
improvement would be tried. Where voltage variations

exceed the range of normal corrective transformer tap
change, supplementary VAR generat ion and control would
be appl ied. Where circuit and transformer thermal
limits are about to be exceeded, additional elements
would be scheduled.

( f) Power De l ivery Points

For study purposes, it wi ll be assumea that when Sus itna
generation is fully deve loped (i . e . , to 1,620 MW), the

total output will be delivered to terminal stations as
fol lows .

- Fairbanks - one station at t s t er with transformation
from EHV to 138 kV .

- Anchorage - one or two stations with transformat ion
from EHV to 230 kV or 138 kV for CEA and
115-kV supplies to MEA and MAL&P.

The provis ion of i nt e rm edi a t e switch ing stat ions a long

the route may prove to be economic and essent ial fo r
stability and operating flexibility. Utilization of
these switching stations for the supply of local load

will be examined, but secu rity of supply to Anchorage

and Fairbanks will be given priority consideration .
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3 - ELECTRIC SYSTEM ANALYSES

3.1 - System Co nf igurat ion

The selected system configuration consists entirely of 345-kV
ac transmission circu its as detailed below

2 x 954

2 x 1351

1 x 2000

2 x 954

2 x 954

2 x 954

Number
and
Size of
Conductors

345

345

345

345

345

345

Volt age
(kV )

3-1

2

3

3

3

2

Number of
Circu its

4

18

26

40

84

195

Li ne Sect io:l

Watana to
Devil Canyon

Willow t o
Kn i k Arm

*Submar ine Cable

De v il Canyon
to Wi ll ow

Kn i k Ar m
Cros s ing*

Dev il Canyon
to Fairban ks

Kni k Ar m to
Un ivers ity
Substat ion
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The system sing le-l ine diagram, glvlng the l i ne con f ig urat ion
and sw itching station arrangements is shown i n Fig ure 1.
This drawing also gives the staging of transmission circu its
and terminal equipment from the i n i ti al to the ult imate
i ns t a l l ati on.

The system i mpedance d iagram is gi ven i n Figure 2, wi th a l l
impedances and line charging expressed i n per un it on 100 MVA
base. The ratings of generators, t r ansf or mer s , reactors and
dynamic VAR sources are given in MW, and MVA. All ratings
given are for the ult imate Susitna development. Generat ion
that is assumed to be running i n the Anchorage area includes
sufficient sp inning reserve to cover the loss of the largest
unit at Susitna . Rat ings of all VAR equ ipment were
determined in the studies of line energizing, load flow, and
transient stabil ity. The results of these studies are
discussed i n t he fo llowing subsect ions.

3.2 - Transm iss ion Li ne Energ iz ing

Line energiz ing studies were carried out to ensure that
voltage r ises and VAR f l ows were within acceptable l im its at
eac h stage of development . The r e s ul t s of these st ud ies are
summarized i n Tab le 1 and they give r ise t o t he fo llow ing
conclus ions .

- Devil Canyon - Fairbanks

Th is l ine section i s 195 mi in l engt h and a 75 MVAR reactor
is required on t he Fa irbanks end 0 each c i rcu it or l i ne
energ lzlng . In the early years, even wi th t he reactor i n
place, the system voltage should be reduced to 90 percent
beore energizing the l ine. Although this i s a line react or
normally sw itched with the line, it is proposed to prov ide

reactor switching as well so i t may be removed i f neces s ar y

3-2
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be removed i f necessary during emergency heavy line loading
conditions. This is regarded as an econom ic alternative to
the provision of an additional 75 MVAR of VAR generation at
airbanks .

- Devil Canyon - Willow

This line section is 84 mi in length and it can be switched
with no line reactor. As in the case of the Fairbanks
line , the voltage at Devil Canyon should be reauced before
energizing the l ine.

- Willow - Anchorage

This is a short seeton, comprls lng 40 m of overhead l ine

plus 4 mi of submarine cable at the receiving end of the
section . The shunt capacitance assoc iated with the
submarine cable has an adverse efect on lne energiz ing
voltages and a l ine reactor is needed on the Anchorage end

of each cable section. A reactor size of 30 MVAR is
su fficent to control energizing vo ltages . In addition, in

the early years it is necessary to reduce the system
voltage at Willow down to 92 percent 0 normal before l ine

energizng.

Line energizing must be aone with reasonable care n the
early years whi le short circut levels are fow. System

voltages need to be reduced as low as possible De fore
swtching is done in order to minimize the overvoltage
resulting from line pick-up. Even when this i s done, the

overvoltage resulting at the sending end i s seen by all

parts of the system that are connected at that time . The
situation improves as installed generation and short
circuit l eve l s increase, but i n the in itial years, s ince
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line switching will result i n not iceable vo ltage
fluctuations, it is expected that line switching operations
would be carried out as infrequent ly as poss ib le .

3.3 - Load Flows

A number of load flows were simulated to ensure that
equipment r atings were adequate to cover the range of
operating conditions that could be anticipated . The load
flo~ diagrams are given in Figures 3 to 11 and Table 2 gives
an i nde x to these flows along with signif icant data regarding
bus voltages and required VAR support at each load bus.

In summary, the condit ions examined were

- initial light load condit ions with two circuits to
Anchorage and two circu its to airbanks

- i nt e r med i at e peak load cond it ions, with 1,020 MW of
generation at Susitna, before commissioning the third
c ircu it to Anc horage

ultimate max imum output from Susitna at 1,Y1 7 MW with a
range of load distr ibut ions, name ly

( a ) 85 percen t of Susi t na output transmit ted to Anch or age

(i) system normal
( ii ) emergency outa ge of one l ine sect ion between

Devil Canyon and Willow

(b) 25 percent of Susit na output transmitted to Fairbanks

(i) system normal
(ii) emergenc y outage of one circuit between Devil

Canyon and Fa irbanks

3-4
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(c) Susitna output transmitted 80/20 pe rcent to Anchorage/
Fairbanks load centers, with system normal

- the expected maximum output from Sus itna at 1,668 MW with

extreme ranges of l oad distribut io ns, i. e .

( a ) 85 percent of output to Anchorage, 15 percent to
Fairbanks

(i ) system normal

(ii) emergency outage of one circuit between Dev il
Canyon and Willow

(b) 75 percent of output to Anchorage, 25 percent to
Fairbanks

(i) system norma l

(ii) emergency outage of one circuit between De vi l

Canyon and Fairbanks.

I n genera l, t he load f l ows demonstrate that the transmiss ion
system is capab le of hand l i ng the f ul l range of steady state
cond it ions that are cons idered poss ib le at th is stage of
plann ing. Added to t he unce rtai nty of t he l oad sp l i t between

Anchorage and a irbanks (rang i ng from 85/15 percent to
75 /25 percent) is the possib il i ty that an add it iona l
15 percent will be availab le at Sus itna because 0 favorable
hydraulic conditions. All of these extreme cases have been

simulated and all are with in the system capabil ity with
single contingency outages. In three of the extreme cases,
the required VAR support at the load centers resu lts in

transformer loadings in excess of the nominal rating of the
tert iary windings. This is not cons idered serious as tnese

are extreme situations which could be anticipated in time to
arrange for the addition to VAH suppor t as needed in the

subtransm iss ion system.
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In order to get a check on the stat ic VAR controller (SVC)

ratings needed to meet system voltage requ irements, two
add it io na l emergenc y c ase s wer e r un with Suitna ge nerat i ng t o
i t s norma l (N ame pl at e) max i mum . These cases have been s hown
on Tabl e 2, and th e requ ired continuous VAR outp ut at a l l

thr ee l oc ati ons i s with i n the nom ina l ra t ing of th e
trans fo rmer tert iary wind ings.

3.4 - Transient Stabi l ity St udies

A series of trans ient stab il ity stud ies were carried out to
confirm system recovery ,follow ing the design fault and fault
clearing .* These studies examined the system operat ing at
the full nameplate rating of 1,668 MW and also at 15 percent
additional output (1 ,917 MW) wh ich may be poss ible under
f avor ab l e hydraulic cond itions. The studies considered the
expected 80/20 percent load distribut ion between Anchorage

and Fa irbanks and also the extreme c as e s of 85/ 15 percent and
75/25 percent . Since, at this stage of plann ing, genera t ion
i ner ti a constants are not known , th e stud ies i ncl uded a r an ge
of "H" constants (3. 0 , 3 .5, 4 .0 ) t hat wou ld be app ropr iate

fo r th e genera tor s izes and speeds be ing cons ide red.

An add it ional f act or wh ic h i s s ign i f ica nt t o s tab i l ity i s

unknown at t hi s ti me . Th is i s the characte r of the l oad

th at wi ll be expe rienced at bot h l oad ce nters when t he
sys tem approaches the des ign load ing i n the early 2000's .

It i s ass umed that at the peak per iod heating and light ing
(cons t ant impedance or static loads) would account for most

*The des ign fault i s a 3-phase fault , c leared i n 80 MS by the
local breaker and i n 100 MW by the r emot e c i rcuit breaker.
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of the system load, followed by rotational load (constant
MVA, or dynamic) and synchronous load in decreasing order of
importance.

The transient stab ility runs which are presented in this
report are summarized in Table 3. The table shows the range
of system parameters that were examined i n the runs and it
also lists the extreme values of static VAR controller
outputs that were encountered throughout the transient swing.
The latter are used as an indicat ion of the transient VAR
capability that is needed to ensure stable operation.

Swing curves are shown in Figures 12 to 19 inclusive, and the
conclusions from these curves and from other runs as well are
discussed below. The system is considered to be transiently
stable if it survives the first swing. It is assumed that
damping provided by properly adjusted control elements would
control subsequent oscillations except in the case of
synchronous motor loads which are not a significant portion
of the total load.

At the ultimate maximum Susitna output of 1,917 MW, swing
curves, Figures 12, 13, 14 and 15 illustrate conditions that
are judged as being stable. Generally speaking, as the
character of the loads is changed from 80 percent static and
20 percent dynamic to 60 percent static and 40 percent
dynamic, a higher inertia constant is needed to ensure stable
operations. When the inertia (H) constants are reduced to
3 .0 the system is unstable even for 100 percent static load
representat ion.

At the nameplate maximum Susitna output of 1,668 MW, the
system performance is illustrated in 4 swing curves,
Figures 16, 17, 18 and 19. As the swing curves show the
system is stable for all extremes of load distribution and

3-7



for inertia constants down to 3.0 and dynamic load components
as high as 40 percent. In two of the swing curves (18 and
19), where part of the dynamic load has been represented as
synchronous load, the synchronous motors have been shown on
the curves . The behavior of these synchronous mach ines, with
the ir l ower "H" constant i s class ic, and they would very
likely lose synchronism eventually, following the severe
disturbances represented. This is to be expected, and it is
not counted as a system failure.

In the summary of system stab il ity runs i n Table 3, peak
values of transient output from the static VAR controllers
have been listed. These are used in the f o l l owi ng section to
establish transient VAR ratings that should be specified for
this equipment .

I

I
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4 - CONCLUS IO NS

System trans ient performance i s enhanced by a h igher
ge nerat io n "H" constant and va lues i n the range 3.5 to 4. 0
are preferred. These should be done to the "natural" va lue
for machines of this size and speed .

Fa irbanks
Line Re ac t or 345 kV 2x 75 1
SVC 138 kV Ix +200 /-100 +300 /-100 2.4

Anchorage
Line Re ac t or 345 kV 3x 30 1
SVC 230 kV 2x +150/-75 +200/-75 2.4
SVC 115 kV 1x +200/ -75 +300 /-75 2.4

On th e basis of the electr ic system stud ies that have been
carried out, it is concluded that the bas ic system
configurat ion as arrived at in the prelim inary system
analys is will prov ide sat isfactory system .ope r at i on for the

expected maximum Sus itna output.

~eference

Short Time Table
{l~ax/M in}

Rating

4-1

Voltage No Continuous
{Ma x/Min}

Equipment Rat ing (MVA R)

Location

VAR control equipment which Is required at Anchorage and

Fairbanks l oad centers is given continuous and short-time
ratings as determi ned by the energ iz ing, load flow, and
t rans ient s tab i l ity s t udi es. The se rati ngs are summar ized
be low, a long wi th a reference to the tab le i n wh ich eac h

1 i mi ti ng rat ing was estab lished .

I
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\

The recommended configuration and system component ratings . \
are considered adequate to handle the magnitude and type of
loads that are envisaged at this time. At later stages of .1
project design and implementat~on. system requirements will
be better defined. and component ratings should be confirmed ~J

by further study.
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5 - SUPPLEME NT ARY STUDIES
ENERGY MANAGEMENT SYSTEM (EMS)

Th e i ntr oducti on of Susi tn a hydr oel ec t ri c powe r in t he
Ra i1 be l t area wi l l r equi r e severa l hundred mil es of
transm ission l ines from t he Susitna River bas in to Anchor age
and Fairbanks. In fact, the ultimate deve lopment wi ll
require approximately 850 mi of transm ission,S switchyards
and 2 hydro generat ing stat ions at Watana and Devil Canyon .
To operate such an enlarged Ra ilbe lt system, a contro l system
or energy management system (EMS) wi l l be req u i red.

Studies were conducted by Energy & Control Consultants to
determ ine the system requirements for the EMS control cente r .
The report was prepared j oi nt l y wit h Acres and is appended in
it s ent irety as AnACH~ENT 1· to th is doc umen t.

5-1



TABLE 1: URANSHISSION LINE ENERGIZING

SendIng End
Line Secllon Shorl ReceIvIng
Being Lenglh Line Walana Circull In 111al final VoII ag e LIne End
EnergIZed O.H.Llne Cable Reaclors Generallon Level Voltage V0 I t.!!..!I.! Rise flow Vollage

(m r ) (mi) (HVAR) (HW) (HVA) (lunll) (lun it) (lunll) (HVAR) (lun it)

Devil Canyon 195 - 0 170 496 0.900 1. 250 0 .350 267 1.356

- fairbanks 75 170 496 0 .900 1. 054 0 .154 99 1.061

75 340 931 0.950 1. 0 4 0 0.090 97 1.047

75 6BO 1,659 0.950 0 .999 0.049 ~9 1.005

75 1,020 2 ,246 0 .950 0 .9B5 0.035 07 0.992

Devil Canyon B4 - 0 17U 496 U.900 1. 017 O. I 17 7J 1.033

- Will ow 0 34U 931 0 .950 1 .020 0.07U 7J I. 035

0 6BO 1,659 0 .950 0.9B8 0.030 69 1.003

0 1,020 2,246 1 .00U 1. 032 0.032 75 1.048

Willow 40 4 U 17 U 410 0.920 1. 163 U. 243 137 1.186

30 170 410 0.920 1. 0 76 O. 156 82 1.090

30 340 66B 0 .95U 1. 0 50 O. 100 70 I. 063

30 680 976 0 .950 1.016 0.066 7J 1.029

30 1,020 I . 153 0.950 I. 005 0.055 71 1.018

-



- - - - - - - - - - - ... - - - - - - -
TABLE 2 : SYSTEM LOAO fLOWS

Load SusItna Assumed Load Load Bus VAR
flow Load Gene r ated DI str ibution Sy st e m GeneratIon
figure Year Output Anchorage faIrbanks CondItIon Anchorage faIrbanks Comments

(MW) (~ ) (~ ) (230 kV) (1I5kV)

3 1993 85 80 20 Normal - 150 -65 - 90 Initial Con d i t i ons

wIth minImum

generat Ion

" 1997 1.020 80 20 Normal 140 48 40 Intermedial e

cond Ition - max UQum

load WIt h 2 CIr CUI t s

to Anchor age

5 - 1.917 85 15 Normal 177 195* 45 u l t j a at.e maxIIQUm

generation - full

syst em - 85 percent

to Anchorag e

6 - 1,917 85 15 Emer ge n c y 293 220* 87 UltImate maxImum

generatIon -

emergency outage

DeVIl Canyon - Willow

*Indicated VAR generatIon exceed s the nomInal ratIng of th e transformer tertIa ry wIndIng.



Tab I e 2
System losd fJows - 2

load Susltna Assumed load 'Lo ad Bus VAR
flow load Generated Dlstributlon Sy at em Generation
f.!.!l.!!.!.! Year Output Anchorage falrbanks Condltion Anchorage F e r r b ank s Comments

(HW) un (~ ) (230 kV) (II~ kV)

7 - 1.917 t» 2~ Normal 146 129 79 u Lt rmat e maximum

generatlon - full

system - 2~ percent

to f a r r ban ks

B - 1,917 7~ 25 Emergency 158 134 310* Ultimate maximum

generatlon -

emergency outage

Dev 11 Csnyon -

fairbanks

9 - 1.917 80 20 Normal 177 137 66 u Lt rmat e maximum

generatlon - full

system - 80/20

percent load sp J It

10 - 1.668 85 15 Normal 146 100 2~ NomInal maXlmum

generatlon - full

s ys t e m - 85 /1~

percent load sp I It



-- - - - - - - - - - - - - - - - .. -
Tab I e 2
Sys t em Load flows - J

Load
flow
f Igure

Load
Yea r

Su si t n a
Gen e r a t ed
Output
(HW )

As sum ed Lo a d
Di s t r ibu tion
Ancho r ag e f eirben k s
( ~) ( ~ )

Sy s t em
Con dit i o n

Loed Bus VA R
Ge n e r a t i on
Anchor ege
(2JO kV) (115 kV)

f a i rbanks Commen t s

I 1

1,668

1,668

1,6 68

85

75

7 5

15

25

2 5

Eme r g e n c y

Normal

Emerge nc y

199

116

116

D8

54

61

J9

70

200

NOIDI nal maX Imum

g en e r a tl on -

eme r gen cy o utage

Dev 11 Can yo n

WIllo w

NomIn al ma XImum

g en e r ati on - f u l l

s ys te m - 75 /25

p e r c e n t l oe d s p l i t

Nom In al ma Xl mum

g ene r at ion -

eme r ge n cy outage

De vil Ca n yon -

f a r r b a nk s



TABLE 3: TRANSIENT STABILITY RUNS

f aull at Dev11·
Canyon 345 kV

Load Base Load Characteristics Hydro Bus - Crr cui t
Susl ina Disl r rbut ron Load Conslant Constant tlHI! Swing Cleared from
Outpul Anchorage fairbanks flow Impedance MW and MVAR Synchronous Constanl Curves Dev11 Canyon lo -
(MW) (~) (~) (f igure) (~) (~) (~) (f igure)

1,917 B5 15 5 BO 20 - 3.5 12 Willow

1,917 BO 20 9 70 30 - 3.5 13 WHlow

1,917 BO 20 9 60 40 - 4.0 14 Willow

1,917 80 20 9 60 40 - 4.0 15 f a rrbanka

1,668 B5 15 10 60 40 - 3.0 16 Willow

1,668 85 15 10 60 40 - 3.5 17 WHlow

1,66B B5 15 ID 60 30 10 3.5 lB Wl1low

1,66B 75 25 11 60 30 10 3.5 19 Fe rrbenks

.The deSIgn fau ll 1S a 3-phase faull , cleared by lhe local breaker 1n 80 ms and by lhe remole breaker 1n 100 ms.

I

- --
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TABLE 4 - VAR GE NERA TION DURING TRAN SI ENT SW I NGS

Swing* Tra nsi e nt VAR L1mits
Cur ve Anc hor age
F igu re 23 0 kV 115 kV Fa 1rbanks

( Ma x ) ( M1n ) ( Ma x ) (M1n ) ( Ma x ) ( Mi n )

12 .. 372 - 26 ..281 - 31 ..205 -4 3

13 ..348 -2 6 ..27 1 -32 ..21 I - 4 3

14 ..331 - 21 ..259 - 26 .. 30 2 -37

15 ..224 -38 ..174 -38 ..2 13 ..74

16 ..25 7 - 8 .. 197 -1 5 ..13 2 - 28

17 ..222 - 2 ..17 1 -9 ..1 14 -2 2

18 .. 328 -63 ..266 -55 .. 187 - 6 3

19 ..26 4 - 46 ..200 - 4 5 .. 300 ..4 B

*De t a i l s o f t r ans 1e nt stab 1l 1t y r uns ar e g i ven 1n Tab l e 3 .
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SUSITNA GENERATION: 1,917 MW, H = 3.5 sec

LOAD DISTRIBUTION : ANCHORAGE 80% FAIRBANKS 20%
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1 - INTROD UC TION

1.1 - Scope

To prod uce a co ncept ua l design and co st es t imate f or a
computer ized co ntro l and dispatch cent er t hat wi ll prov ide
re liab le and secure operat ion of the Sus itna deve lopment and
the Anchorage - Fairbanks transm ission li nk . Appropr iate
communications f o r the center wil l be recommended.

1.2 - Study Object ives

The present Railbelt e lectrical generating capac ity i s
concentrated i n two areas, namely Fairbanks and Anchorage.
The generating capacity is predominantly thermal electric.
With the introduction of the Susitna development it is
proposed to interconnect the Fairbanks area with the
Anchorage area. This will create a larger power system
than the two existing systems. To make effective use of all
the generating and transmission facilities available in the
e n1ar ged pool, an Ener gyM anag em en t Sys t em (EMS) wi 11 be
required.

The objective wil l be to examine a range of alternatives to
achieve the goa l of providing effect ive contro l of the power
poo l. Th e cos t 0 f the c h0 sen a1t ern at i ves wi 11 beest im ate d
and compared. Concept ual des ign of t he se lected system wi l l
be described and a cos t est imate wil l be prepared .

1.3 - Present Ra i lbelt
Power Systems

( a ) Nor t hern Area (Fa i r ban ks)

The area of operation of this system is conce ntrated
around Fairbanks and consists of two main utilities .
Golden Valley Electric Association, Inc. which has a
generat ing capaci ty of 206 MW and Fairbanks Munic ipal
Utility System with a capacity of 65 MW. The utilit ies
are interconnected through a 69-kV line . Golden Valley
is also interconnected with the University of Alaska and
military facilities.

Each utility has operators to control and dispatch
system operations. Neither utility has a control center
specifically designed for supe rvisory control and "dat a
acqu isition system.

Golden Valley Electric Association i s respons ible for
maintaining frequency i n the northern area.
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(b) Southern Area (Anchorage)

The main utilities of this area are Chugach Electric
Association, Anchorage Municipal Light and Power, and
Matanuska Electric Association . The utilities with
generating capacity are Chugach (493 MW), Anchorage
Municipal (·230 MW) and A1 aska Power Administration
(30 MW). All these utilities are interconnected at the
115-kV and 138-kV level.

Each utility have their own system operations.
Matanuska Electric does not generate any electric power
and depends on importation from CEA or Alaska Power
Ad min i s t rat ion .

Chugach Electric has a control center for their system
in Anchorage. All the CEA generating units are
controlled from this center, including supervisory
control of power system devices located at various
substations. CEA uses microwave for communications.
CEA intends to relocate their dispatch center to the
International Generating Station from the present
location.

Frequency control is presently being maintained by
Chugach Electric in the southern area.

1.4 - 1984 Power System Operation

(a) Fairbanks - Anchorage Intertie

APA proposes to construct an intertie between Fairbanks
and Anchorage which will be operational by 1984. This
line will be built to 345 kV standards and operated at
138 kV. The i nt e r tie wi 11 haveat r ans fer cap abi 1i t Y of
70 MW.

This intertie will require coordination between at least
two utilities in the north and south. This will give
both areas an opportunity to communicate and develop
supervisory functions to maintain an orderly transfer of
power when required by load or electrical generation and
provide frequency control coordination for the combined
area.

1.5 - 1993 Power System Operation

(a) Rai1belt Power System Facilities

The present schedule calls for the first Susitna
hydroelectric station at Watana to be operational by
1993. At that time the first stage of the enlarged
Rai1be1t power system will be completed. This system

1-2



I
I
I
I
I
I
I
I
I
I
I
I

I

will be operated at 345 kV and will ultimately consist
of approximately 850 mi of transmission lines and 5
switching stations. The two major load centers at
Anchorage and Fairbanks will be interconnected with. the
Susitna complex to form a large integrated power
syst em.

The first stage will consist of the Watana generating
station transmitting electrical power to Devil Canyon
which in turn will have two 345-kV lines going to
Fairbanks . In between Devil Canyon and Anchorage, there
will be two intermediate switching stations at Willow
and Kni k Arm. Th e s wit chi ng stat ion s will have cap ab i 
1 ities to transform the voltage to subtransmission level
for distribution to local loads.

(b) Energy Management System (EMS)

To provide an effective and reliable transmission and
generating system, it is essential that one control
center be established. This center will manage the
generation and transmission between the generating
plants and load centers.

In the year 1993 there will be three generating centers
at Anchorage, Fairbanks and the Susitna River Complex .
The Anchorage and Fairbanks generation will be predom i
nantly thermal. It is proposed that the control center
which is located at Willow will have direct frequency
control of the Susitna generating plants. The center
will also have the responsibility to establish genera
tion requirements for the Anchorage and Fairbanks areas
and will transmit these requirements on a periodic
basis. The control centers at Anchorage and Fairbanks,
which have direct control of their generating units i n
their area, will assume the task of complying with the
system requirements. Frequency control wi 11 be the
responsibility of the Willow Energy Management Center .

Railbe1t Central Control System

A block diagram of the preferred control system is
shown on Figure 1.1. As described above the Willow
Control Center exercises direct control of the Susitna
complex but indirect control of the northern and
southern areas. The center will also remotely control
the substations at Ester (Fairbanks), Willow, Knik Arm
and University (Anchorage). The communications link
will be via microwave.

1-3



I
I
I
I
I
I

I
I

I.

-
TO

ENERATORS

NORTHERN AREA

CONTROL SYSTEM - 1--------....,
FAIRBANKS

ESTER

SUBSTATION

WILLOW

SUBSTAT ION

ENERGY MANAGEMENT
SYSTEM

WILLOW CONTROL
CENTER

KNIK ARM

SUBSTAT ION

UNIVERSITY

SUBSTATION

WATANA

SWITCHING

STATION

TO GENERATORS

An

I
SUSITNA

HYDROELECTRIC

CONT ROL CENTER

, IF IF IF

TO GENERATORS

DEVIL CANYON

SWITCHING

STATION

SOUTHERN AREA

....--1 CONTROL SYSTEM - I---------.J

ANCHORAGE
TO

GENERATORS

ENERGY MANAGEMENT SYSTEM, ALTERNATIVE I, I.PllI I
CONFIGURATION BLOCK DIAGRAM FIGURE 1.1 III U



I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I

2 - FUNCTIONAL REQUIREMENTS

The Railbelt Energy Management System (EMS) will provide a
centra lized interconnected, efficient, and secure dispatching
operat ion of the high voltage transmission network and will
allow remote control of the Susitna hydro generating units.

The purpose of this section is to describe general functional
requirements that will define the current state-of-the-art
and develop a framework for understanding the interrelation
of various power system functions that will subsequently be
proposed for the future EMS.

The power system functions that were studied and analyzed
cover six major areas of the Railbelt EMS, and are as
follows.

Supervisory Control and Data
Acquisition (SCADA) Subsystem

Includes real-time system data acquisition; remote control
of the power system devices; data base and data base
management; data processing; operation data logging and
report generation; and man/machine interfac~ requirements.

Generation Control Subsystem

Includes automatic control of hydro and thermal units in
the Railbe1t control area to maintain interconnected system
frequency and interchange schedul ing; economic unit opera
tion; generation reserve evaluation; and monitoring of
system generation performance.

Power Scheduling and
Load Forecasting Subsystem

Includes the forecasting of system load, and the scheduling
of the power system generation to meet the load require
ments in the most economical and re1 iable way.

Energy Accounting Subsystem

Includes collection, recording, and processing of data
power transaction among various utilities in the inter
connected system; also the cost information and the
savings/losses resulting from the purchase/sale of power .

System Security Subsystem

Includes the ability to evaluate system performance based
on present and predicted system conditions, and the abil ity
to evaluate the impact of probable contingencies (loss of
generation, loss of a transmission line, etc).
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System Support Subsystem

Includes on-line/off-line functions that could be performed
by the EMS to support engineering, accounting, and system
operation organizations.

2.1 - SCADA Subsystem

(a) Data Acquisition Function

The data acquisition function will be responsible for
gathering data from the substations, generating plants,
system interchange points, and the neighboring power
control center facilities. This function will perform
all communication channel control and message encoding,
decoding, channel security verification, data filtering,
and formatting of data.

(b) Supervisory Control Function

The supervisory control function will allow power system
devices to be remotely controlled from a central
location. Several types of supervisory control actions
will be provided

- control of binary power system devices (i.e.,
breakers)

- incremental control of power system devices (i.e.,
t ran s form er s )

- set point control (i.e., valves)

- on/off controls (i.e., unit starting/shutdown
sequences) .

(c) Data Processing Function

The data processing function will perform the standard
SCADA data processing operations, such as conversion of
datat 0 eng i nee r i ngun its, 1 imit chec kin g, and a1 arm
generation. In addition, the following capabilities
will also be provided.

- Integration of certain data over a designated period.

Performance of various arithmetic calculations,
algebraic, and trigonometric functions.

- Recording of the minimum or maximum value of specific
data and averaging over a designated period.

- Initiation of an alarm or calling function upon
detection of limits violations.
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- Calculat ion of the net MW, MVAR, and the unit
auxiliary power.

- Per form i ng log i cal 0 per at ion s (Bo ole an a1gebra) .

Post-d isturbance data process ing.

( d) 0ataB as e and 0ataB as e Managem e nt

The data base and data base management f unc t i on will
provide a centralized location for the EMS data and will
allow efficient management and access to all data by
var ious power system functions. The system data base,
as am i nimurn , will co nt a i nt he f 0 1l owi ng dat a .

- Real-t ime data obtained from the power system on
periodic basis.

- Program calculated data.

- Manually entered data.

- System parametr ic data .

- Historical data .

A set of quality codes will be provided with each data
point to enable the user to determ ine the worth of the
information presented at each point. The system data
base management wil l allow any power system configura
tion changes to be made wi thout rearranging or refor
matt ing the system data base . The system data base wi ll
be expandable to accommodate the f uture system changes,
growth, and expans ion .

(e) Man/Machine Interface Function

The man/ mac hi ne i nt er f ace function will provide
r e quest ed data i n the t abul ar or schemat ic formats on
the CRT screens . This function will also allow the
system operator to perform supervisory control, manually
enter or change data, i nva1 idate data, and request
report or logs to be generated by the system.

Alarm reporting will be one of the most cr it ical of the
man/mach ine i nt er f ace services by properly, without
ambiguity, alert ing the system operator of impe nd i ng
mal functions.
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2.2 - Generation Control Subsystem

(a) Automatic Generation Control
(AGC) Function

The automatic generation control function will provide
generation control of all generating facilities in the
Railbelt generation control area. This control area
will encompass the existing northern and southern
generating facilities (Fairbanks and Anchorage) and the
Susitna River hydro pl ants (Devil Canyon and Watana).

The AGC function will provide load frequency control of
generating units by computing the individual unit
assignment (MW), which has two components: base load
and regulation participation. In addition, the AGC
function will be allowed to recognize certain operating
limitations of the hydro units related to excessive
vibration and/or cavitation.

(b) Economic Dispatch Function

The economic dispatch function, in conjunction with the
AGC function, will compute base load assignments for
units in the automatic control mode in a manner that
wi 11m i nimi ze the tot a1 system i nput (i n term s 0 f tot a1
fuel cost or "water cost") for the real-time system load
supplied by controllable generation.

(c) Generation Reserve Function

The generation reserve function will determine the
actual reserve avail abil ity for each reserve category
(spinning reserve, responsive reserve, ready reserve,
replacement reserve, etc), depending on unit status,
actual load, capacity, allowable rate of change,
currently active interchange contracts, and other
factors.

(d) Inadvertent Interchange Function

The inadvertent interchange function will continuously
monitor and integrate inadvertent energy interchanges.
All inadvertent interchange calculation will include

- heavy load hours/light load hours

- total inadvertent interchange

- inadvertent energy due to frequency bias
contribution

- inadvertent energy due to control performance.
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(e) Hydro Calculation Function

The hydro calculation function will be capable of calcu
lating certain variables associated with the hydro
system

- spillage

- turbine flow

- others, as required.

(f) Unit Commitment Function

The unit commitment function will provide an optimum
minimum cost solution to the problem of which unit to
commit while meeting the constraints stated by genera
tion control functions. This function will be flexible
to allow easy specification of type of fuel or hydro,
mandatory schedules, unit maintenance constraints,
spinning reserve requirements, etc, and providing daily
fuel/water usage and the costs by unit plant, and
system. The hydro-thermal coordination will consider
stored hydro, run-of-river hydro, and pumped hydro
operational problems .

2.3 - Power Scheduling and
Load Forecast ing Subsystem

( a ) Power Schedu ling Funct ion

The power scheduling will perform all powe r system
interchange scheduling. Various types of interchange
transactions will be required, such as

- long-term firm

- short-term f irm

- emergency

- economy

- others.

(b) Interchange Transaction
Evaluation Function

The interchanqe transaction evaluation function will
allow the system operator to evaluate var ious potential
power transactions with the interconnected utilities.
Two basic interchange types wil l be considered.
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- Econo~y A, which is usually an on-the-spot decision.

- Economy B, which is normally a firm transaction and
requires bringing up additional generating units. A
unit commitment function is usually required to
determine which unit to put into operation.

(c) Load Forecasting Function

The load forecasting function will provide the ability
to forecast system load on a short-term basis. This
system load forecast function will consider the histori
cal load trends, typical seasonal daily load cycle,
wind, temperature, hour of day, cloud cover, etc, to
obtain a best estimate of a forecast for a daily loading
profile.

In addition, the bus load forecast and area load fore
cast should also be considered for implementation.

2.4 - Energy Accounting Subsystem

The energy accounting subsystem will maintain a historical
energy transaction data base to serve as the source of all
data required for the logging and report generation and the
energy accounting.

This subsystem will include the following major tasks

- wheel i ng schedul i ng

- p aybac k s c hedu1 i ng

- loss schedules

- economy and dynamic participation schedules

- excess wheeling

- special rai1be1t accounting adjustments.

2.5 - System Security SUbsystem

The end use of the system security subsystem are

- to alert the system operator in real-time about contingent
system problems before they occur

- to serve as an analytical tool that can be used to help to
identify possible remedial action.

The system security subsystem is comprised of four supporting
functions.

2-6
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(a) Network Modeling Function

This function will determine the real -time system
conf iguration by monitor ing system power devices. The
external power network (northern and southern areas)
will be modeled by simplif ied equivalences determined
through the use of key status and power measurement
informat ion (breakers, power flow, and voltage).

(b) State Estimation Function

This function will use the network model and will
satistically analyze the real-time sys tem data; it will
also generate an estimated data set for use for the
dispatcher's (operator's) real-time load flow function.

(c) Dispatcher's Load Flow Function

This function will generate a base solution utilizing
the network modeling and state estimation inputs. The
load flow funct ion will be used to ev al ua t e system
cont ingencies and analyze the consequences of
preselected system contingencies.

(d) Contingency Analysis Function

As a result of the contingency analysis, possible
identifiable remedial actions including generation
rescheduling, interchange resch eduling , line switching,
and load shedd ing wi ll be recommended.

2.6 - System Support Subsystem

The following functions have been considered for the future
implementation to support EMS operations.

- Dispatcher training simulator.

- Eng ineering load flow.

- Automatic remedial action .

- Optimal load flow.

- Automatic VAR control.

- Bus load forecasting .

- Op tim a1 hyd r 0 - the rm a1 coo r din at ion.
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Currently, we do not recommend some of these functions
because

- they are not presently in widespread use

- there is current uncertainty about the effectiveness and
economic benefits of some of these functions.

2.7 - External Data Transfer and
Coordination Requirements

The Railbelt Energy Management System is envisioned as an
energy coordination system providing system operation
coorination, generation control, and system security
evaluation services. Therefore, provisions should be made
for external data transfer between Railbelt's EMS computers
and the computers of

- neighboring utilities (north and south)

- Alaska Power Pool

- various APA departments.
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3 - RAILBELT ENERGY MANAGEMENT
SYSTEM ALTERNATI VES

Our evaluat ion of alternat ive system conf igurations showed
that two di fferent approacnes to gene rat ion contro l are
possi ble.

- Al t er nati ve I prov ides i nd i r ect con t rol of ge nerat ing
unit s.

- Al t er nat i ve II prov ides direc t control of generating
units .

To formulate and evaluate alternative Er~S configurat ions, we
used the following criteria.

- Configurations must ful fi 11 the SCADA, Generation Control,
Power Scheduling and Load Forecasting, Energy Accounting,
and System Security Subsystem functional requirements, as
defined in Section 2.

- Configurations must be technically - economi ca lly and
operationally - mainta inable throughout the l ife of the
systems (10 to 15 year s) .

- Co nfigurat ions mus t be techn ica l ly fe as ib le, as we l l as
pr oven .

3.1 - Alternat ive I -
EMS System Conf iguration

The Alternat ive I sys tem config uration i s t ypi c al of t he
current offerings of several EMS eq uipment manuf ac tu r er s (s ee
Figure 3.1, EMS Al ternati ve I , System Con f igura t ion ) . The
configuration i s based on th e assumpt ions that

- an in-plant, computer-based contro l sys tem, located at
Susitna Hydroe lectr ic Control Center will be provided

- the Susitna in-plant control system will di rectly contro l
all hydro generating units and the power sWltching stations
(Watana and Devil Canyon) . The EMS, Alternative I System,
will determine generation participatio r. requirements on the
unit level, but the units will be pulsed by the in-plant
system. The supervisory control actions for the Watana and
Devil Canyon stations will be i n i t t at ed at the EMS level
(Willow Control Center), but the co nt r ol s wil l be
impl ement ed by the i n- pl ant control system.
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- the northern and southern areas computer-based systems will
receive generation participation requirements from the EMS,
but participation allocation and direct unit pulsing wi 11
be done by these systems.

- Alternative I will directly monitor and control the
following high-voltage substations

- Ester
- Willow
- Knik Arm
- University
- others, as required.

(a) EMS Hardware Configuration

(i) Computer Subsystem

- Two (2) medium size computers, 32 bits, 2-M
bytes of main memory

- Two (2) dedicated CRT terminals

- Two (2) line printers

- Two (2) moving head disk systems, 600-M bytes,
each

- Two (2) magnetic tape systems

- One (1) CPU-CPU data channel

- Interface controllers, cab inets, cablings,
power suppl ies, etc

(ii) Man/Machine Subsystem

- Four (4) single position consoles, each
equipped with two (2) CRTs one (1) cursor
control, one (1) A/N keyboard, and one (1)
functional control panel. These consoles will
be designated to perform the following
functions

- transmission control
- generation control
- system security
- programming/training.

- Two (2) data loggers

- One (1) time and frequency standard equipment
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(iii) Communication Subsystem

- Four (4) microprocessor-based communication
controllers, with associated communication
modems, 1,200 baud, synchronous, to support
four (4) remote term inal units

- Two (2) redundant, microprocessor-based
communication cont rollers with assoc iated
communication modems, 4,800 baud, synchronous,
to support data transfer to/from the northern
area computer-based system

- Two (2 ) redundant, mic roprocessor-based
communication controllers with assoc iated
communicat ion modems, 4,800 baud, synchronous,
to support data transfer to/from the sout hern
area computer-based system

- Two (2) redundant, microprocessor-based
communication controllers with associated
communication modems, 4,800 baud, synchronous,
to support data transfer to/from the Susitna
Hydroelectric Contro l System

(iv) Remote Terminal Units (RTUs)

Six (6) RTUs, (two (2) switching stations, and
four (4) power substations) microprocessor-based,
capab le of support ing Sequence of Events
funct ion, 300 data points.

( b) Susitna Hydroelectric In-Plant
Monitoring and Control System,
Alternative I Hardware Configuration

(i) Computer Subsystem

- Two (2 ) small size computers, 32 bits, 1-M byte
of mai n mem 0 r y

- Two (2) dedicated CRT terminals

- One (1) line pr inter

- Two (2) mov ing head disk systems, 100-M bytes,
each

- One (1) magnetic tape system

- One (1) CPU-CPU data channel
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- Interface controllers, cab inets, cab l ings,
power suppl ies, etc

See Figure 3.2, In-Plant Monitoring and Control
System s , A1t ern at i ve I, Sus it na Ri ver P1ant s
Control Center.

(i i ) Man/Mach i ne Subsystem

- Two (2) single position consoles, two (2 ) CRTs,
two (2) cursor control, two (2) A/N keyboards,
and two (2) fun c t ion a1 con t r 0 1 pan e 1s

- Two (2) datal 0 gger s

(iii) Communication Subsystem

Seven (7) micorprocessor-based communication
controllers with associated communication
modems, 1,200 baud, synchronous, to monitor and
control seven RTUs located at two switching
stations and ten generating units

- Two (2) redundant, microprocessor-based
communication cont rollers with associated
communicat ion modems, 4,800 baud, synchronous,
to support data transfer to/from the Railbelt
EMS

(iv) Remote Terminal Units (RTUs)

Five (5) RTUs, computer/microprocessor-based,
capable of high speed monitoring of hydroelectric
units.

(c) Alternative I System
Data Flow

( i ) From EMS

- Supervisory control actions
- Unit participation requirements
- Data transfer requests
- Operator's messages

To EMS

- Unit performance data
- Plant performance data
- Switching station performance data
- Weather data
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- System water data
- Selected log data
- Selected d i s pl ay data
- Operator's messages

EMS Power Substation RTUs

From EMS

I

•
.'
I

•
•
•
•
•
I

•

- Supervisory control commands
- Data requests

To EMS

- Substation measurement and status data
- RTUs test data

(iii) Susitna River In-Plant
System and RTUs

From Susitna River System
to Generation RTUs

- Data requests
- Unit pulsing
- Unit controls

To Susitna River System
From Generation RTUs

- Unit performance data
- Unit power data (MW, MVAR, etc)

From Susitna River System
to Switching Station RTUs

- Supervisory control commands
- Data requests

To Susitna River System
From Switching Station RTUs

- Station measurement and status data
- RTUs test data

•
•
•

( i v ) EMS Northern/Southern
Area Control Systems

From EMS

- Data requests
- Unit/plant participating
- Operator's messages
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To EMS

- Unit/plant performance data
- System device status
- System Measurements
- Operator's messages

3.2 - Alternative II -
EMS Configuration

The Alternative II system configuration is al so typical of
the current offerings of several EMS equipment manufacturers
(see Figure 3.3, EMS, Alternative II, System Configuration).
The configuration is based on the assumptions that

- an in-plant, computer-based control system, located at
Susitna Hydroelectric Control Center will be provided to
monitor generation units performance and control the units

- all Watana and Devil Canyon generation units will be
controlled (raise and lower) directly by the EMS from the
Willow Control Center

- all northern and southern area generating units will be
directly controlled (raise and lower) by the EMS from the
Willow Control Center

- the switching stations (Watana and Devil Canyon) and four
power substations will be directly monitored and controlled
by the EMS from the Willow Control Center.

(a) EMS Hardware Configuration

(i) Computer Subsystem

Same as Alternative [ see Se c t ion 3. 1( a) ( i ) ] .

(ii) Man/Machine Subsystem

Same as Alternative I [see Section 3.1(a)(ii)J.

(iii) Communication Subsystem

- Eight (8) microprocessor-based communication
controllers with associated communication
modems, 1,200 baud, synchronous, to support
four power substations, two switching
substations, and five generation RTUs

- Two (2) microprocessor-based communication
controllers, as a minimum, with associated
communication modems, 1,200 baud, synchronous,
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to support two generating plants located in
northern and southern areas. (Note: the exact
number of generating pl ants and units is not
known. )

- Two (2) redundant, microprocessor- based
communication controllers with associated
communication modems, 4,800 baud, synchronous,
to support data transier to/from the Susitna
Hydroelectric Control System

- Four (4) redundant microprocessor-based
communication controllers with associated
communication modems, 4,800 baud, synchronous,
to support data transfer to/from the EMS, and
the northern and southern control centers.

(iv) Remote Terminal Units

- Eight (8) RTUs, microprocessor-based, capable
of supporting Sequence of Events function
(6 RTUs) and generation control (2 RTUs).

(b) Susitna Hydroelectric In-Plant
Monitoring and Control System,
Alternative II, Hardware Configuration

(i) Computer Subsystem

Same as Alternative [ see Se ct ion 3. 1( b) ( i ) ] .

See Figure 3.4, In-Plant Monitoring and Control
System, A1 t ern at i vel I, Sus i t na Ri ver P1 ant
Control Center.

(ii) Man/Machine Subsystem

Same as Alternative II [ see Section 3.1(b)(ii)] .

(iii) Communication Subsystem

- Five (5) microprocessor-based communication
controllers with associated communication
modems, 1,200 baud, synchronous, to monitor and
control five RTUs located at two generating
plants (10 units)

- Two (2) redundant, microprocessor-based
communication controllers with associated
communication modems, 4,800 baud, synchronous,
to support data transfer to/from the Railbelt
EMS.
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(iv) Remote Terminal Units (RTUs)

- Five (5) RTUs, computer/microprocessor-based,
capable of high-speed mon itoring of
hydroelectric units.

(c) Alternative II System Data Flow

(i) EMS Susitna River In-Plant
Monitoring and Control System

From EMS

- Data transfer requests
- Operator's messages

To EMS

- sam e asAl t ern at i ve I [s e e Sec t ion 3. 1 (c) ( i ) ]

(ii) EMS Power Substation RTUs

Same as Alternative I [ s ee Section 3.1(c)(ii)]

(ii i) Susitna River In-Plant
System and RTUs

From Susitna River System
to Generation RTUs

- Data request
- Unit puls ing (local control mode)
- Unit controls

To Susitna River System
From Generation · RTUs

- Unit performance data
- Unit power data

( iv) EMS Generation RTUs

From EMS

- Data request
- Unit pulsing (remote control mode)

To EMS

- Unit/power data (MW, MVAR, etc)
- Unit status
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(v) EMS Switching Stations
and Power Substations

From EMS

- Supervisory control commands
- Data requests

To EMS

- Station/s ubstation measuremen t data and status
data

- RTUs test data

(v i) EMS Northern/ Southern
Area Control Systems

From 01S

- Data requests
- Operator's message
- System performance data

To EMS

- Unit/plant pe rformance data
- System device status
- System measurements
- Operator's messages

(vii) EMS Generation RTUs
(Northern/Southern Area)

From EMS

- Data request
- Unit pulsing (remote control mode)

To EMS

- Unit/power plant data
- Unit status.
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4 - SYSTEM COMMUNICATION REQUIREM ENTS

We evalu~ted various communication systems to determine the
most reliable and the most cost-effective communication
med i a.

(a) Power Line Carrier System

The power line carrier system is not a viable
communication option for the Energy Management System.
This system is dependent on the state of a power line
and, the ref 0 r e , "N ill be una v ail ab1e wh en the 1i ne i s
down . In addition, it requires a high capital cost
expenditure and is very expensive to maintain.

(b) Telephone Communication System

The telephone companies provide data transmission
services. In general, this service is very errat ic and
unreliable for the ENS applications.

(c) Microwave System

The privately owned microwave system provides the most
reliable and cost-effective communication solution for
the EMS communication pr obl em. It is highly desirable
to build a looped microwave system for power syste~

operations.

4.1 - Microwave System

Microwave systems are line-of-sight propagation and have an
average standard of approximately 35 to 40 mi path for a flat
terrain. WCC recommended criteria is 40 db fade margins for
any microwave paths used for protective relaying . A full
diversity repeater station will be installed at each tower.
No tower spotting has been attempted at the present time.
The number of towers was esiimated wtthout having the benefit
of a detail communication analysis.

Figure 4.1 shows the proposed microwave communication
f ac i 1it i es .
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5 - SYSTEM SOFTWARE REQUIREMENTS

The EMS should be provided with all software required to
satisfy all the functional requirements described in
Section 2 and all software functions i n this section .

The system software should be the general purpose operating
system, developed and tested by a major computer suppl ier and
verified through many installations i n real-time
applications. It should provide a reliable, high
performance environment for the concurrent execution of
multiuser, time-sharing, batch, and time-critical
applications. This software will consist of the following
major components

- executive services
- system failover and system restart
- diagnostic programs
- programming services
- special data base, CRT display, and log/generation

compilers
- engineering support
- special I/O handlers.

FORTRAN compatibility of the software is essentia l, as most
of the power application programs (as defined in Section 2)
will be written in a high-level language.
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6 - WILL OW CON TROL CE NTER
FAC I LITY REQ UIREME NTS

This sect ion covers t he requ ireme nts necessary to support t he
EMS operat iona l equ ipment and personne l f or the Will ow
Cont r ol Center fac ility.

The f ac i li t y will be the nerve center of the APA power system
operations of the interconnected high-vo ltage netwo r k and
power generation. All decisions concerni ng the operat ion an d
ma i nt e nance of the power system wi ll be i mpl eme nt ed thr ough
this complex. The importance of th is facil ity dictates that
i t s locat ion be selected with a great deal of care.

6.1 - Site

The control center must be located on a site that provides
high security against disruption of power system operation by
human intervention or by acts of God. Acts of human
intervention that must be considered are civil disturbances
and terrorist activities. Natural disturbances that could
occur are floods, f ires, earthquakes and landslides.

Several addit ional factors that have a bear ing on the
suitability of a s ite are

- l and ava ilability
- hous i ng ava ilab i l ity
- transportation access ibil ity
- education facility availability
- climatic cond itions
- power ava i lability
- centralized locat ion.

It i s recommended that a mlnlm um of 10 ac res of flat l and
provided for the Willow Control Center.

6.2 - Control Center Layout

Figure 6 .1 provides a conceptual layout of the Willow Control
Center. This layout is based on a one-level building having
a total space of 14 537 ft 2.

6.3 - Control Ce nt e r Requirements

This sect ion co vers the general requ irements for the
facilities that are necessary to support t he system
operationa l equipment and personnel.
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(a) Construction Guidelines

Construction guidelines include

- extra wide doors and corridors

- the use of subfloor cabling makes it essential that
provision be made to prevent water f~oding

- a network of temperature sensors, ultraviolet
detectors, and smoke detectors should be installed for
fire protection. A total gaseous flooding system
using Halon 1301 is recommended

- all doors to these facilities should be established as
limited access entries

- raised floors should be installed in the equipment
rooms

accoustical treatment of floors, ceil ing, and walls is
highly desirable

- special lighting tailored to each area should be
considered. The dispatch arena should have
sectionalized, individually controlled lighting area

- color coordination should be developed to reduce the
psychological effects of various colors.

(b) Environmental Support

Temperature control to maintain ambient temperature at
72 deg/78 deg and a relative humidity of 35 to
55 percent is recommended for the EMS equipment room.
Other rooms may be air conditioned for comfort.

In addition to the building 's air conditioning system,
air conditioning built specifically for computer
environmental conditioning should be procured for the
equipment room as stand-alone units.

(c) Interference Reduction

In order to minimize electromagnetic interference
between variant equipment groups, a single-point ground
concept is recommended for the EMS control center
building.

(d) UDinterruptible Power Supply

An uninterruptible power supply (UPS) should be
installed in the control center to handle voltage
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regulation, transients, and short-term power outages.
It i s estimated that a 50-kVA redundant power supply
will be required.

(e) Diesel Generator

A diesel ~ngine is required to provide a continuous
source of power in the event of power line failure.
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7 - STAFFING REQUIREME NYS

The functional organization of the EMS contro l center must
efficiently and comprehensively support all aspects of the
operation and control of the Rai lbelt's power system. This
includes not only the day-to-day operations, but also the
coordination of power transmission and generation and the
ongoing tra in ing of personnel to improve efficiency and
effectiveness.

7 .1 - Transm iss ion and Generat i on
System Operat ions Staff

We r ecommend that T&G operat ing staff ing cons ist of the
fo l low ing personnel

- one chief T&G operator
- five senior operators
- nine load operators
- one eng ineer ing techn ic ian
- one clerk.

Th is organ izat ion wi 11 support a 24 hour operat ion,
365-1 /4 days a year.

7.2 - Computer Appl icat io ns

The computer appl ications sect ion should be managed by a
supervisor of software applications. Reporting to this
superv isor should be at least three add itional software
engineers charged with the duties of maintaining the SCADA,
genera tion control, and system security software programs.

7.3 - Power Coord inat ion

The power coord inat ion group wi 11 be respons ible for eva l u
at ing un it comm itment runs, prepar ing i nt e r change schedu les,
and performing after-the-fact power accoun ting, etc. Th is
group will include one superv isor, one power production
specialist, one budget specialist, two power system engi neer /
analysts, two statist icians, and one power scheduler.

7.4 - EMS System
Ma intenance Group

The EMS system ma int enance group wi 11 be respons ib le for
ma inta ining t he EMS system (hardware and software ) . As a
min imum, th is group shou ld i ncl ude

- one system hardware eng ineer
- two system software engineers
- two hardware technicians
- two RTU maintenance technicians
- one communicat ion maintenance technician.
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8 - SYSTEM INS TAL LATION,
MAINTENANCE, AND TRAINING

We recommend t hat a l l EMS equ ipment be i ns t all ed by th e power
system personne l ( engi nee r s , techn i c ians, and so ftware
eng ineers ) under t he supe r vis ion of the EMS s ys tem
supp l iers.

We also recommend that the power system personnel start ma in
tain ing the EMS equipment one year after system acceptance
(after one-year warran ty).

We f ur ther recommend that a vigo ro us t r ai nin g pr ogr am be
unde r t ake n to tr ai n APA's personne l i n har dwar e and so f twa re
ma i ntenance. It i s est imated that a min imum of e i ght
engineers/techn icians should be trained in hardware
ma intenance (computers, peripherals, man/ machine,
communicat ion, and RTU equipment) and in software ma intenance
(operating system and power app licat ion programs).
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9 - PROJECT IMPLEMENTATION

9.1 - EMS Project Staffing

We recommend a full-scale project staffing commitment by APA
to define, develop, procure, install, test, and accept the
Energy Management System.

The following key personnel should be assigned full time to
the EMS project team for the duration of th is project (see
Sect ion 9.2 for the project scheduling) .

- EMS Project engineer
- software engineer
- hardware engineer
- system programmer
- application programmer.

This project team should be supported on a part-t ime bas is by
various APA personnel (such as purchasing agents, contract
people, and others) .

9.2 - EMS Project Schedule

The procurement of the EMS system wi 11 encompass the
following major phases.

(a) Phase 1 - System Requirement Study

This phase will last approximately 6 to 9 mo nt hs and
will culminate i n development of the EMS system
functional requirement, system hardware configurations,
budgetary cost estimates, economic evaluation, and other
pertinent tasks.

(b) Phase 2 - Specification Development

This phase wi 11 also last approximately 6 to 9 months.
EMS system specification will be developed and issued
for general bidding.

(c) Phase 3 - Proposal Preparation

This phase wi 11 last 3 months, during wh ich a number (4
to 6) of viable proposals wi 11 be rece ived f rom the EMS
system suppliers .

(d) Phase 4 - Proposal Evaluation

This phase wi 11 last 3 to 4 months, when the most
cost-effective proposal will be selected and a Letter of
Intent wi 11 be written to start Work Statement
(contract) negotiations.
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(e) Phase 5 - Work Statement Negotiations

Th is phase wi 11 last 3 to 5 months, at the end of wh ich
a total EMS contract (Work Statement) wi 11 be negotiated
and a contract wi 11 be s igned.

( f ) Phase 6 - EMS System Developme nt

This phase wi 11 last 30 to 36 months, during wh ich the
system wi 11 be deve loped, des igned, tested, integrated,
delivered, and accepted.

The total EMS project will last between 51 and 69 months .
Figure 9.1 shows an overall EMS project implementat ion
schedule.

9.3 - EMS Control Center

Based on our past experience in the lower 48 states, the
following EMS control center schedule is provided as a
reference

- control c ent e r concept development - 6 months
- preliminary architectura l drawings - 6 months
- bui lding design approval - 3 months
- building spec ification preparation - 6 months
- bidding - 3 months

bui lding construct ion 12 months (could be doubled in
Alaska ).

The tota l time required is between 39 and 51 months.

9-2
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10.2 - Alte rnat ive I

10 - BUDGETARY COST ESTI MATES

( a) EMS Pro ject Cost

The cost est imates for t hese conf igurat i ons, microwave
system, and EMS contro l center are g i ven i n January 1982
dol lars for a f ixed-pr ice contrac t that i nc l ude s milestone
payments.

220,000

$ 122,000

$1,800,000

3. Commun icat ion Subsystem
( s ee Section 3.1(a) (i i i ) J

2. Man/Machine Subsystem
M/M Subsystem including
4 consoles
[see Section 3.1(a)( i i)J

1. Computer Subsystem
Total Computer Sybsystem
[see Se c t i on 3.1(a)(i)J

System Cost

A. Hardware Cost

- Pro ject management
- Faci 1 it y preparat ion ( s ubs t ati on s , switch ing stat i ons,

RTU i ns t all ati ons , power p lant preparat io n t o
rece ive RTUs )

10 .1 - Project Cost

The total project cost i s comprised of the following major
parts.

( a) System Cost

To ta l amount t hat i s pa i d to system suppl ier .

( b ) APA Interna l Cos t

Thi s sect ion prov ides budgetary cost est imates for the
deve lopment, procurement, system test, and in s t a ll at i on of
EMS Alternat ives I and II. Costs for the EMS contro l cente r
and the microwave system are a lso prov ided. These costs are
representat ive of what ECC, Inc. est i mates t he mi ddl e pr ice
b id wou ld be.

I
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4. Remote Terminal Units
Six RT Us
[see Sect ion 3.1 (a )( iv )]

5 . Inte rface controllers, cab inets
cab l ings, power s upp l ies, etc.

Har dwar e Subtotal

o. Spare parts
(20 percent of total
har dwar e cost )

TOTAL HARDWARE COST

B. Software Cost

1 . Opera ting Sys te m and
Enhancement to OS

2. SC ADA Subs ys te m
(see Sect ion 2.1)

3. Generat ion Cont ro l Subsys te m
(see Section 2.2)

4 . Power Schedu l i ng and Load
Forecasting
( s ee Sec t i on 2.3 )

5. Energy Account ing Subsystem
(see Sect ion 2.4 )

6. System Securi ty Subsystem
( s ee Sect ion 2.5 )

7. System Suppo rt Subsys tem
( s ee Sect ion 2. 6)

TOTAL SOFTWARE COST

C. Aux i l ia ry Cost

1. Project Management , System
En gi neeri ng, etc

2. System Test and Ins t a l l at i on

3. System Warranty

10-2

190,0 00

120 , 000

$2,452,000

490,0 00

$2,942,000

$ 180,000

650,000

473,000

240,000

800,000

710 , 000

903,000

$3,956,000

S 350,000

450,000

280,000

I
I

I
I



4. Performance Bond

5. Shipment

$ 70,000

6 ,000

TOTAL AUXILIARY COST

TOTAL SYSTEM COST

Note: The total EMS system cost does
not include federal, state, and
local taxes.

Internal Cost

A. EMS Project Management

- EMS project engineer (5 m/y)
- software engineer (5 m/y)
- hardware engineer (5 m/y)
- system programmer (4 m/y)
- appl ication programmer (4 m/y)

Subtotal

B. System Maintenance Tra ining
(Salaries)

- engineers and technicians

C. Training Expenses

D. Switching Station
Site Preparation

(instrumentat ion, RTU housing, etc)

E. Power Substation
Site Preparation

F. Commun ication Installation
Support

TOTAL INTERNAL COST

Total EMS Project Cost

- system cost
- intern a1 cost

TOTAL COST

10-3

$1,210,000

$8,108,000

$ 500,000
450,000
450,000
320,000
320,000

$2,040,000

$ 240,000

96,000

$ 320,000

$ 480,000

$ 240,000

$3,416,000

$ 8,108,000
3,416,000

$11,524,000
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( b) Sus itna Hydr oel ec t r i c In -P iant
Moni t or in g and Contro l System
Project Cost

System Co st

A. Hardware Cost

1. Co mputer Subsystem
[ s ee Sect ion 3. 1 (b ) ( i ) )

2. Man/ Machi ne Subsystem
[ see Section 3.1(b) (i i))

3. Communication Subsystem
[ s ee Section 3.1(b ) ( i i i ) )

4. Remote Ter minal Uni t s
[ se e Section 3.1(b) (iv))

5. Interface control lers, cabinets ,
cab l ings, power s upp l ies, e tc

Har dwar e s ubtot~ l

6. Spare parts
( 20 percent of t otal
hardware cos t )

TOTAL HA RDW ARE COST

B. Software Cost

C. Auxi 1i ar y Cost

TOT AL SYS TEM COST

Internal Cost

A. Project Manageme nt
B. System Maintenance Training

( Sal ar i e s)
C. Training Expenses
D. Hydr o- uni t s Site Preparation
E. Communication Installat ion

Support

TOTAL I NTERNAL COST
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$ 380, 00 0

175,000

86,000

250,000

65,000

$ 876 , 000

175,000

$1,131,000

$1,2 00,000

$ 750 , 000

$3, 081,000

$ 800 , 000

160,000
50,000

700, 000

60,000

$1 , 770 , 000



Tota l Susitna Hydroe lectric
In - Pl ant Mon itoring and Contrd l
System Project Cost

A. System Cos t
B. Interna l Cos t

TOTAL COST

( c) Commun icat ion Project Cost

Microwave System Cost
( s ee Sect ion 4)

A. Communication Equipment
B. Towers and Installation
C. Foundations
D. Bu ildings, power supplies, etc
E. Contingencies

TOTAL SYSTEM COST

Internal Cost

A. Project Management
B. System Eng ineer ing
C. Insta l lat i on Suppor t

TO TAL IN TERNAL COST

Total Commu nicat ion Project Cost

A. System Cos t
s . In t er nal Cost

TOTAL COST

( d) Alternative I,
Total Project Cost

A. Total EMS Project Cost
B. Total Susitna River Hydroelectric

In-Plant Monitoring and Control
System Project Cost

C. Total Commun i cation Project Cost

TOTAL ALTERNATIVE I PROJECT COST
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$3,081,000
1,770,000

$4,851,000

$1,020,000
1,190,000

400,000
850,000
680,000

$4,140,000

$ 180,000
90,000

51 0,000

$ 780,000

$4,140,000
780,000

54,920,000

$11,524,000

4,851,000

4,920,000

$21,295,000



10.3 - Alternative II

(a) EMS Project Cost

System Cost

A. Hardware Cost

1. Computer Subsystem
[see Section 3.2(a)(i)]

2. Man/Mach ine Subsystem
[see Section 3.2(a)(i i)]

3. Communication Subsystem
[see Section 3.2(a)(i i i)]

4. Remote Terminal Units
[see Section 3.2(a)(iv)]

5. Interface controllers cabl ings,
power supplies, etc

Hardware subtotal

6. Spare Parts
(20 percent of total
hardware .cos t )

TOTAL HARDWARE COST

B. Software Cost

C. Auxi liary Cost

TOTAL SYSTEM COST

Note: The total EMS system cost does
not include federal, state-:-and
"TJCal taxes.

Internal Cost

A. Project Manageme nt
B. System Maintenance Training

(Salaries)
C. Training Expenses
D. Switching Station Site Preparation
E. Power Stat ion Site Preparation
F . Communication Installation Support

TOTAL INTERNAL COST
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$1,800,000

220,000

170,000

220,000

150,000

$2,560,000

512 ,000

$3,072,000

$4,200,000

$1,350,000

$8,622,000

$2,200,000

240,000
96,000

320,000
480,000
270,000

$3,606,000

l
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Total EMS Project Cost

- system cost
- i nt er nal cost

TO TA L COS T

( b) Sus i tna Hydroe lectr ic I n- Pl an t
Monit ori ng and Contro l System
Project Cost

System Cost

A. Hardware Cost

1. Computer Subsystem
[see Section 3.2(b)(i)]

2. Man/ Mac h i ne Subsystem
[see Sect ion 3.2(b)(i i)]

3. Communication Subsystem
[ s ee Sect ion 3.2 (b)(i i i)]

4. Remote Ter minal Un its
[ s ee Sec t i on 3.2 (b ) ( i v)]

5. In t er f ace cont r oll er s , cab inets,
cab l ings, power supp l i e s , etc

Har dwar e subtota l

6 . Spare Par ts
(20 perce nt of t ot al
har dwar e cost )

TOTAL HARDWARE COST

B. Software Cost

C. Auxil iary Cost

TOTAL SYSTEM COST

Internal Cost

A. Project Management
B. System Maintenance Training
C. Tra in ing Expenses
D. Hydr o- uni t s Site Prepara t ion
E. Commun icat ion Insta llation Support

TOTAL INTER NAL COS T
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$ 8, 622,0 00
3,606,00 0

$12,228,000

s 380,000

175 ,000

70,000

240,000

60, 000

S 925, 000

169,000

Sl,094,OOO

$1,200,000

$ 700,000

$2 ,994 ,000

$ 800,000
160 , 000

50,000
780,000
85,000

$1,875,000



Total Susitna River Hydroelectr ic
In-P lant Mon itor inQ and Control
System Pro ject Cos t

A. Sys tem Co st
B. Inter na l Cost

TOTAL COST

(c) Co mmu nicat ion Projec t Cos t

( d) Alternat ive II,
Tot a l Project Cost

A. Tota l EMS Project Cost
B. To t al Sus it na Riv e r Hydr oel ec t ri c

In - Pl ant Moni t or and Cont ro l Cost
Sys tem Project Cost

C. Total Communication Cost

TOT AL ALTER NAT IVE II PROJECT COST

10 .4 - EMS Contr ol Cente r Cost

(a ) Control Center Bui ld ing Cos t

1. Bu i ld ing Arc hitect 's Cost
2 . Bu i l din g Cons truc t io n Cos t

14,537 f t 2, $220 / ft 2

TOTAL COST

( b) Add i t iona l Costs

$2 , 994,000
1,875,000

$4,869,000

$5 , 100 ,000

$12,228,000

4,869,000
5,100,000

$22 , 197, 000

$ 160,000

3,198,140

$3,358,140

$ 240,000

- par k i ng
- l ands c api ng
- access roads
- AIC power line (2 mil

Sub tota l

s 70, 000
50,000
50,000
70,000

( c) UPS and Diesel Generator

- UPS (50 kVA), i ncl ud i ng batteries
- d iese l generator

Subtota l

(d) Special, Stand-Alone
Air-conditioning

$ 120,000
90,000

$ 210,000

- 3 uni t s $ 45,000

(e ) Total Cost, EMS Control Center

10-8
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11 - RECOMMENDAT ION

We r ecomme nd th e i mpl ement ati on of Al t e r nat iv e I , Ra i 1be1 t
Ener gy Man agem en t Syste m f or t he moni t orin g and contro l of
th e power transm iss ion network and genera t i on fac i 1iti e s as
th e mos t cost-ef fect i ve syste m approac h.

We do not recommend Al te rnative I I system approach, because
t h is opt ion wi 11 create unnecessary problems with the
i nt e r connec t ed util i ti e s i n the area of au tomat ic generat ion
con tro l ( d i r ec t con tro l of genera t ing un its by the EMS sys te m
l oc at ed "at the Wi 110w Control Center ) .

We further reco mmend the procurement and i ns t a l l at i on of a
microwave system for the interconnected power transmiss ion
network and generati ng faci 1it ies located in the Rai1belt
area .

11-1



I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SUSITNA I«DROELECTRIC PROJECT

PLANNI NG MEMORANDtM
SUBTASK 8.02

PRELIMINARY TRANSMISSION
SYSTEM ANALY SIS

ATTACHI<:E NT 2



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

PREFACE

This Planning Memorandum is an interim report to describe t he preliminary

analyses ca r ried out under Subtask 8.0 2, ~Electrlc System Studies·. In

view of t he uncertainty of a number of sys t em parameters , s ome s we eping

ass umptions ha d t o be ma de t o be able t o c a r ry o ut t his preli~nary

analysis.

One i~portant i tem which 1s still undecided at t he t ime of t his wr i t i ng

is t he i nt e rconne ction conf i gurat i on of t he Susitna transmission with t he

utilities in the Anchorage area. The technical ana lyses, including

transmissi on line energizing, l oad flow and transient s t a bi l i t y s t udies .

were performed assuming two ~j or SWi t c hing and transformer stations i n

Anchorage, without ~~owledge of their locations . as s hown i n the system

di agr ams i n Figures 3.1 and 3 .2 . Due t o later information , i t was

propos ed to ba s e the economic comparis on of the vari ous transmission

a l t e rna t i ves on a s ingle s wi t ching s tat i on a t t he west e~ te rmdnal of a

230-kV cable crossi ng of Kni k Arm. The cos t s of the cabl e c ros s i ng ,

being common to all alternatives, were excluded f rom t he comparison .

The final c ommon conf iguration ~ill have to be de t e rmi ned , as wi l l a

numbe r of o t he r pa r ame t e r s , befor e t he techni cal an d economic ana l yses

can be comp l e t ed , The ca pi t a l a nd ope r at i ng costs of a l l compone nt s of

t he Susitna transmission sys t em wil l t hen ha ve t o be i nc l uded i n t he

economi c compa ris on of alter~atives. It i s expected t hat the conclusions

drawn from this study ~ill no t be sign i fican t l y affected by t he resulti ng

c ha nges i n system parameters .
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1 - INTRODUCTION

The Plan o f St ud y ( POS ) f or the Sus i t na hydroe l e c tr i c project. whi ch i s

currently being undertaken f or the Alas ka Power Aut hor i ty ( APA) by Acres

American Incorporated i nclude s studi es o f the r e qui.red transmi s sion

sy s t em under Ta s k 8 .

Subtask 8. 02 o f Task a is enti tled Electri c System Studies . The

obj e c t i ve o f this s ub t a sk . as de fined in the Febcuary 1980 PQS i s as

fo l lows .

~To e nsure t ha t the electrical a s pe c t s o f the proj ect de s ign are

Int eqra t ed with the existi ng Railbelt area power systems and to d e sign an

e l e c trical power system ~ich i s rel iable and ec onomic.-

The transmission system for t he Susiena pr oject , as c urr e n t l y envisaged ,

-<til l ultimat ely i nvol v e l i nes from the Wa tana and Devil canyon s ites to

both Fairbanks and Anchorage . 'I11e system i s to be d e s igned in such a -.,a y

t ha t the proposed inter tie between Anchorage and Fairbanks, which i s

presen t l y under s tudy f er APA by Commonwe a l th Associates , will even tually

be come part o f the Susitna transmission s yst em.

"ftbrk o n Subtask 8. 02 c ommenced i n June 198 0 and i s scheduled to be

complete by March 198 2. The purpose of this Planning Memorandum i 3 t o

present the r esul ts of the preliminary analysis compl e t ed under

Subtask 8 . 02 throug h June 15, 198 1.

1 - 1



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

2 - SUMMARY

The s t udies are best s ummar i zed by out lining the s cope of the work to be

per formed .

The scope of wor k i ncludes

- dev e l op transmis s i on s ystem planni ng cri t eria

- assemble all data descr i bing existing Railbelt power s ys t ems

- study the pre sent and projec ted. load d i s tribu tion to AAchoraqe and

Fairbanks

- deter~lne deli very poi nts for Sus i t na power into local util i t y syst ems

- de t er mine 11ne l oadings f or the Susit na transmission system - propose

a l ternative preliminary system config ur a tions

- prepare prel iminary cos t e st imates for a l t er native system

config ur a t ion s

- perform preliminary scr eening of var ious al t erna t ives

- r e c omme nd tra nsmis sion s ystem configura tion. vo l tage a nd conduc t or

sizes .

Based on the results obtained fr om the above activitie s a transmiss i on

alternat ive i s recommended which bes t satisf ies the techn i cal pl anning

cr iteria at an economical cost . The recommended opt ion , ca l l ed

Alt e r na tive 2 i n this study, has t he following :naj or characteristics .

2 - ,
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J - DESCRIPTION AND RESULTS
OF STUDIES

3.1 - Planning Criteria

The planning criteria were developed to ensure the design of a reliable

and economic electrical power system, with components which are rated t o

allow a smooth transition through early project stages t o the ultimately

fully developed potential.

System planning criteria were submitted to APA in August 1980 and

subsequently accepted without comment. As a result of the better

understanding of the SUsltna transmiss i on system. g ai ned from the

preliminary analyses carried ou t to date, revised criteria were proposed

as outlined 1n Appendix A. In the revision, some o f the criteria were

modified to allow for larger variations 1n performance parameters during

early stages of project deve l o pnen t . Strict appl i cation o f o ptimum,

l onq-ter.n criteria would require the i n s t all a tion o f e quipnent with

ratings larger than necessary and at excessive cost . In t he i nt er e s t ot

economy and long-term system performance, these cr i t e r i a were temporarily

relaxed d ur i ng early development stages o f the pro ject.

While allOWing t or satisfactory operation during early system

development, final system parameters must be based on the ultimate

Susitna potential.

The criterl11 are based on the d e s ir llb i1 i t y to maintain rated power flow

to Anchorage and Fairbanks during the outage of any single line or

transf ormer e l emen t . The essential features of the criteria are

- total power output o f Susitna to be delivered to one or two statio ns at

Anchorage and one at Fairbanks

- -breaker-and-a-half- switching station arrangements
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Transmission Lin. Number of Conductor
Se c t i on Length Circuts Voltage Size

(mil ( kV) ( kcmll)

Wat an a - Dev 11 canyon 27 2 345 2 x 9 54

Devil canyon - Willow 90 3 345 2 x 9 54

Willow - Anchorage 50 3 345 2 x 9 54

Devil Canyon - Fairbanks 189 2 345 2 x 79 5
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) - DESCRIPTION AND RESULTS
OF STUDIES

3.1 - Planning Cr iteria

The planning criteria were developed to ensure the design o f a reliable

and economic electrical power system, with compone nt s which are rated t o

a llow a smooth trans1ei OR throug h early pro ject stages to the ultima t e ly

fully developed potential.

System planning criter ia were submitted to APA in August 1980 and

s ubs eq ue nt l y accepted without comment . As a result o f the better

understanding of the Susitna transmission system, ga i ned from the

preliminary analyses ca r r i ed out t o date, revised criter ia were proposed

a s o utlined 1n Appendix A. In the revision, some o f the criteria were

modified to allow for l arg er vuiatl ons 1n performance parameters d uri ng

early stages of project dev e l opment . Strict application of opti mum ,

l ong-term criteri a would require the i nst allation o f equipaent with

ra tings larger than necessary and at ex cessive cost . In the i nt e r e s t of

economy and l ong-term system performance, these criteria were temporar ily

relaxed durinq ear ly dev elopme nt stages of the pro ject .

Whi l e a l l owi ng f or s a t i s f a c tor y operation dur ing ear l y system

developaent . tinal system parameters must be based on the ultimate

Sus itna potential.

The criteria are based on t he desirability t o mai nt a i n rated power flow

to Anchorage and Fairbanks dur i ng the outage of any single line or

transformer e l ement . The essential features of the criteria are

- total power out put o f Susitna to be de livered to one or two stations a t

AAchorage and one at Fairbanks

- ~breaker-and-a-halt~ switching station arrangements
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- dynamic overvol t ages during line e ne rgiz i ng not t o e xceed specified

limits

- system vo l tages t o be withi n establ i s hed limit s during normal

oper at i on

- power delivered to the loads to be mai nt a i ned and s ys t em voltages t o be

kept within established l i mi t s for system oper at i on under emergency

condi t ions

- transient s t abi lit y during a 3-phase line fault c l ear ed by br eake r

action with no reclosing

- where performance limits are exceeded . the most cost e f f ective

cor r e ctive .meas ures are to be taken.

3.2 - Existing System Data

T~e dat a on the existing power systems in the Railbelt area wer e

assembled by R. W. Ret he r ford Associates . The se da t a have been compi l ed

i n a dra f t r eport by Commonwealt h Ass oc iates Inc ., dated Novembe r 1980

and entitled -Anchorage-Fairbanks Transmission Intertie - Trans mis s i on

System Da t a - . This r eport i s i nc l uded , wi t h minor rev i s i ons, as

AppendiX 8 . other system data were obtained i n the form of s i ngl e - l i ne

diagrams from the various uti lit i es .

3.3 - Sys t em Load Forecast

3.3 .1 - Load Levels

Energy and peak demand forecas ts wer e prepared for the Alaska

Railbelt regi on by the Institute f or Socia l and Economic Res e ar c h ,

Uni ve r s i t y of Alaska (ISER) . These were modified t o account for

) - 2
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selt-supplied industrial and military generation as well as

expected results ot load management and conservation efforts. The

resulting low, medium and high f orecasts of peak and energy demand,

as shown in Table 3.1, were used in the generation p l a nni ng

analyses of Sub task 6.36.

3.3 .2 - Load Di s tr i but i on

At present , the total Railbelt system load is shared approximately

8 0 percent by Anchorag e and 20 percent by Fairbanks . While the

proj ecercne o f various l oad forecasts vary somewhat around these

figures, the predicted changes are small . To account for the

Wlcertalnty i n future developaent, the transmission system was

design~d to allow for thi s load s har i rtg' to vary fran a maxim... o f

85 percent of Susitna generating capacity at Anchorage to a maximum

o f 25 percent. at Fairbanks.

3.3.3 - Load Power Factors

Loads were repcesented i n Uie electric system s t udies at the

highest subtransm1ssion level at each load center transformer

station, generally 138 kV. Subtransmission at 138 kV fr om the

point o f de l i very o f Sus i tna power was cons ider ed to be t !le

responsibility of individual utilities. As such it was not

included in the system si.lllulation . Load power factors were as s umed

to be corrected to 0 . 95. Condi t i ons o f low vo l t ag es were corrected

wi th the help of additi onal static var generation at the EHV/138-kV

transformer station . Dur i ng detail design stages . it ma y p:'ove

advantageous to ca r r y out mos t of this power f act or correcti on a t

l ower voltages in the di s tr i but ion ne t work . This me t hod i s

expected to be more cost effective in equipment costs and result in

ope r a t iona l advantages as ·.el l .

3 - 3



3.4 - System Configuration 
AC Alternatives

Alternative con f i g ur a t ion s f or the ~oposed transmission syste~ ~re

d eve l o ped after rev iewing the existirq s ystem confi gurations a t both

Anchorag e a nd Fairbanks as ~ll as the po ssibilit i e s and developme nt

plans in the Susitna , Anc hor age, Fairbanks, Willow and Kealy areas .

3.4.1 - Susitna Configuration

Pr el im i nary developmen t p lans i ndicate that the first projec t to be

c o ns tr uc t ed would be Watana with an initial ins t a l l ed capacity of

40 0 MW to be increased to approximately 800 MoW in the second

deve lopment stage . The next project , and t he last to be c onsidered

in this study, is Devil Canyon wi th an i ns t a l l ed capac i t y o f 40 0 ~w

t o 6 0 0 MoW .

Devil canyon a nd Gold <::reek wer e considered as the sites for a

major SWitching station to collect all of the Susitna g e nerati on

f or transmission t o Anchorage and Fairbanks. Switching at Gold

<::reek would i nv o l v e the co n s truc tion and operating cost o f one

additional station . It would r e quir e a larger number o f ci rcuit

breakers but would reduce the n u:n.ber o f transmissi on circuits i n

the canyon . Un c e r t a int y about de t a i l line r outi ng and acce ss

r e q uirements make a swi tching s t ation a t Gold creek less desirable .

A c o s t comparison be tween the two a l t erna tiv e con f i g ur a t ion s proved

that a SWi t c hi ng station at Devi l canyon i s mer-e economical than at

Gold <::reek. I n the light of all these factors , it is con s i dered

advantageous to base present studies on a s wi tching s t a t i on l o ca t e d

at Devil Canyon with transmission directly fr om there t o Anchorage

and Fairbanks .
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3.4.2 - Swi t c h i ng at Wil low

TranSllliss l on from Susitna t o Anc horage is faci l ita t ed by the

introduction of an i nt e r med i a t e swi t ching station. This ha s the

effect of reducing l ine energizing overvoltaqes and reducing t he

impac t o f line out ages on s ystem stability_ Willow 1s a sui table

location for thi s i n t ermedia t e swi t c hi ng s tation and i n addition i t

would make it possible to supply local l oad when this is j us t i f i ed

b y dev e lopllent in the area. This loc a l load is expected to be less

than 10 perc ent o f the total Railbelt area system l oad, but the

availability of an EHV l ine tap would defini t e l y f aci l itat e f u t ure

power supp l y .

3.4.3 - Switching at Healy

A switching station at He a l y was considered early in the analysis,

but wa s found not to be nece s sary to satisfy the planning criteria.

The predicted load at Heal y i s small enoug:h to be supplied by the

local ge ner a tion and the existing 138-kV transmission fr om

Fairbanks .

3.4.4 - Anchorage Config ura tion

In its 1915 report on the Upper Susitna River Hydr oe l ectr i c

Studies , the Uni t ed States Department of the Interior Cor ps of

Engineers f avored a tr ansmissi on r oute t erminati ng at Point

a ee xe neae ,

The 1919 Economic Feasibility Study Rep:lr t tor the Anchorage

Fairbanks Intertie by International Engineering Company Inc .

( I ECo I recommends one ci rcui t from Sus i tna terminating a t Poi nt

Ma cKenzie and another passing throug:h Palmer and Eklutna

s ubs t a tions t o Anchorage along the ea s t er n side o t Kni k Arm.
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At the beginning o f the studies, i t was assumed tha t Susi tna power

woul d be delivered to Anchorage throuqh two major trans f ormer

stati ons . Initially, i t was thought tha t o ne ot these might be

near Palmer and t he other - e lsewhe r e" without detail ed knowledge o f

i ts l ocation.

Analysis of sys tem co nfig ur a t ion , dis tribution of loads and

developnent in the Anchorage area reveals that a transformer

s t a t ion ne ar Palmer would be o f l ittle benefi t. Most o f the maj or

l oads eee c oncentrated in and around the urban Anchorage area at

the mouth of Kni k Arm. In or der to reduce the length o f

subtransmissi on feeder s, the tra n s f ormer stati ons should be l ocated

as clos e to Anchorage as possible .

"C.e r outi ng o f t;ransmis slon i n t o Anchorage :nay be chosen from thre e

possible a l t er na t ive s .

( a ) Submarine ca ble crossing fr om Point MacKenzie to Po i nt.

Woronzof. This would require transmission through a v er y

heav i ly d eve l o pe d area. I t would also expose the cables to

damage by ship's anc hors, as ha s been exper i e nced ....ith

existing cables, thu s resulting i n questionable transmission

reliability.

( b ) Overland r oute north o f Kni k Arm via Palmer . This is l i ke l y

most economical i n terms o f capit a l cos t in s pite o f the long

distance involved . However, approval for this r oute 1s

unlikely since ove r he ad t r a ns mi s s ion through this developed

area i s considere d environmental l y unacceptable . A longer

overland route around the deve loped ar ea is con s ider ed

unacceptable because o f the mountai nous terrain.

(cl Submarine c a b l e c rossing o f Kni k Arm, 1n the area o f Lake

Lorraine and Six Mile Creek, a pproxima t e l y paral l el to the ne ....

2JO-kV cable under construction for Chl."3'ac h Electric

) - 6
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As sociation ( CEA) . This opt ion . including s ome 3 t o 4 mi l e s

of s ubmarine ca b l e . requires a high capital cost . Being

upstream fr om the s hi pping lanes t o the p'rt o f Anc horaqe i t

would result i n a reliable transmission link, and one t ha t

would not have to cross environmentally sensitive co ns er vation

areas.

The l oad flow and stability s tudie s -...ere carried o ut assuming two

ma jor switching and transformer stations, wi t hout knowledge of

their locations, as s hown 1n the system diag r ams in Fi g ures 3.1 and

3.2. Later information fran the field i nd icat ed t hat Susitna power

would likely be de liv ered to a s i ng l e 345 /230- kv station at the

western terminal o f the cabl e cr ossing outlined in option ( e )

a bov e . The cost ot the cabl e cr ossing (a t 230 kV) would be common

to a l l transmissi on alternati ves under t h is option . This cost was

thus excluded from t he economic analysis co mparing the five

a lternatives i n t his pl a nni ng memorandum. The final analysis wi l l

benefit fr om mor e de finitive kno wl edge regarding the most like l y

tra nsmi s s ion r outing a nd loca tions of Anc horage transformer

s t a t ions . The costs o f cable crossings and ter min al s tations f or

the £MV system will then be i ncl uded in the final e conomic

comparis ons be t wee n the various transmiss i on al ternati v es.

3.4.5 - Fairbanks Conf i gura t ion

Sus i tna ~wer f or the Fairbanks area i s r ecommended. to be de l i vered

to a s ingle EHV/138-kV transformer station loca ted at Ester.

3.5 - Alterna t i ng Current
Alternatives Analyzed

Because o f the geographic location of the various ce nter s , transmission

fr om Susitna t o Anchorage and Fairbanks will r esult in a radial system

configura t ion. This fact a l lows s ig ni f i cant freedom i n the choice o f

) - 7



transmission voltages, conductors , and other parameters for the two line

sections with on l y limited dependence between them . In the end, the

advantages o f s tandardization for the entire system will have t o be

compared to the benefits of optimi zing each section on i ts own merits.

Transmission alternatives were d eve l o pe d f or each o f the two s ys t em areas

i ncluding voltage levels, number of circuits required , and o ther

parameters , to satis f y the necessary transmission requ~rements of each

area .

Having established the peak po wer to be delivered and the dis tances over

whic h it is to be tran Bllli tted, transmission vo l tages a nd number of

cir c uits required were determined . To maintain a con s i s t e nc y with

s tandard ANSI voltages used in other parts o f the USA, the following

voltages were considered for Susitna tra nsmission .

I
I
I
I
I
I
I
I

- Watana to Devil canyon or Gold
creek and on to Anchorage

- Devil canyon or Gold cre ek to
Fairbanks

50 0 k V or 345 kV

345 kV or 230 kV

I
I

3. 5. 1 - Susi t na to Anc horag e
Transmissi on Alternati ves

Transmission at either o f two different vo l tag e levels co uld

reasonably provide the neces sary power transfer capability over the

distance o f a pproximat e ly 140 miles between Devil canyon a nd

Anchorage . These are 345 kV and 500 kV. The required transfer

capabili ty is 85 percent of the ultimate generating capacity of

1,400 MW ( 1 , 190 MW) . At 500 kV, t wo ci r c ui t s would provide more

than adequate capabil1ty. At 345 kV e i ther three circuits

uncompensated , or two c ircui t s wi th series compensation are

required to provide the necessar y reliability f or the s i ng l e

c ont i ng e nc y outage criterion. At lower vo l t ag e s , an excessive
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number of parallel circuits would be required while above 500 kV

two circuits are still ne eded to provide service in t he event of a

l ine o utage .

3.5.2 - Susltna to Fairbanks
Transmission Alternatives

Us i ng the same reasoning as f or the choice of transmission

alternatives to Anchorage, two circuits of e i t he r 230 kV o r 345 kV

were chosen t or the section from Devil Canyon t o Fairbanks_ The

2JO- kV alternative requires series compensation to satisfy the

planning criteria in case of a line outage.

3.5 .3 - Total System Alternatives

The above-mentioned transmission s ec t i on alternatives were combined

into five realistic total system alternatives. Three of the f i ve

alternatives have different voltages for the two sections. The

principal parameters o f t he five transmissi on system alternatives

t o be analyzed in detail a r e as follows .

I

I

I

I

I

I

I

I

I

Alternative

2

J

4

5

Susitna to
Anchorage
Number of
Circu1.ts

2

J

2

3

2

Voltage
( kV)

345

345

345·

345

500

SUsitna to
Fairbanks
Number o f
Circuits

2

2

2

2

2

Vo ltage
( leV )

345

345

I

I

·Denotes series compens a t ion .

3 - •



Single-line diagrams explaining the de t a i l s of the t\olO mos t

promi s i ng system conf i gurations , Alternatives 1 and 2, are shown i n

Figures 3. 1 and 3 .2.

3.6 - Electric System Studies

Early in the system s tudies , i t was r ea l i zed tha t 345 kV was the one

vol tage which showed greatest pranise f or transmission from Susitna to

both Anchorage and Fairbanks . A SOO-kV system has higher transmission

capabi l i t i e s bu t a t significantly higher costs. Transmission a t 230 kV

is insufficient fo r the s ec t i on fr om Susitna to Anchorage, and all dual

vo l t age s ys tems have increased complications a nd decreased r el i a bility at

little oc no economic advantage . For these reasons , 500- kV a nd 230 -kV

system alternatives wer e onl y analyZed sufficiently to dete~ne t heir

equipment ratings so that cost estimates could be prepared .

3.6.1 - Power Transfer

After studying various reports an d obtaining preliminary

i n f or ma tion on the staging o f Sus i t na trom Subtask 6. 36, Generation

Planni ng , the electric system st udies wer e able t o pcoceed i n

December 198 0. Table 3.2 s hows the preliminary staging schedule

f or the Susitna deve lopnen t . The maximum po wer to be transmitted

t o Anchor age and Fa i r banks for each stAge of development . based on

the as percent and 25 percent limits i s g i ve n in Table 3.3 . The

load power factor is assumed to be 0.95 and the power factor r a t i ng

of the Sus i t na genera t ors is assumed to be 0 .90.

Foll owing determination of er.e system power transfer requirements

for each s tage of SUsitna development, alterna tive system

configurations were deve loped taking into account the following

3 - 10

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I

J



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

- initial Susitna de ve l opme nt at the Watana site

- a major switching stat i on at Devil canyon or ne ar Gold Creek

- possib l e int e rmediate switching a t JU LIo,", and Healy.

Preliminary l ine lengths for t he system con f i gura t ions under s t u dy

we r e obtained f rom Subtask a .03, Transmission Line Route

Se l e ction .

3. 6.2 - Conductor Sizes

Based on the transmission and power transfer requirements a t t he

var i ous stages of Susitna development, economi c conductor s izes are

det e rmine d . The methodoloqy used to 'obt a i n the eco nomic c ond uctor

s i ze a nd the results o bt a ined are o ut lin ed in Appe nd iX C, Econorni.c

COnd uc tor S1zes. Also i ncluded in Append i x C are t he capitalized

costs of transmission line l osses. The cos t s of these losses are

taken into account in comparing the overall costs of al t e r na t ive

transmission s che mes .

~en de~ermininq appropria~e conductor s i ze, t he economic conduc~or

i s checked for r adio in~er fere nce ( RI ) a nd corona performance. I f

RI and cor ona performance are within ecee peeb t .e limi~s , ~hen the

economic conductor size is used . However, where ~he RI a nd corona

performance are fo und to be limi~inq . the conduc t o r seaecercn i s

based en t hese requirements .

To~al line 108ses for the proposed conduc~or s ize for eac h of ~he

differen~ line voltaqes beinq cons idered are qiven in Table 3.4.

These losses are for the alternatives where a maj or swi~chlnq

station i s l ocated at oevi~ canyon. The los s es qive n are t he tot a l

line t ceeee for transmission from Devil Ca nyon to Anchoraqe and

from Devil canyon t o Fa irbanks . The line f rom Devil canyon to

Anchoraqe is 155 miles l onq. The l osses wer e ca lcul a t ed for the
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max1lnum expected power transfer t o Anc horage a nd to Fairbanks f or

each of the s tages o f the Susitna deve lopment as given i n

Table 3.3.

3. 6.3 - Line Energizing

Transmiss i on line energizing s t ud i es were carr i ed out to determine

the need f or and ratings of r eactive s hW'lt compe nsa t ion a t the

receiving ends of transmission line sections at t he various

vo l tage s . This canpens ati on i s r equired to l imit overvoltages

during line e nergizing to acceptabl e l evels . Shun t reactors are

required at Willow and Anchorage tor the SOO-kV transmi ssion

alternative and at Fairbanks for 345-kV transmission. These

reactors are switched with EHV breakers dir ec t l y to the r espective

transmis s i on lines 1n order to be connected prior to ener gi ::ing of

the line sections . The breakers are required to disconnec t the

reactors at times of heavy line flows, and especially during line

outage condi tions . Thi s arrangement reduces the need. f or

capacitive var ge ne r a tion t o compens a t e to r the reactors. The

resul t s o f the line energiZing analys is are shown i n Tabl e s 3.5 t o

3.7. Included i n the t ab les are val ue s ~ich fall out s i de the

proposed planning critera and mus t be cor r ected with shunt r eactors

a s i ndica t ed.

3.6.4 - Load Flow Studies

Load f low s t ud ies confirmed satisf actory s ys t em per formance under

both norma l a nd emergency conditions for all transmissi on

alternatives. Emergency conditions tested i nc l Ude outag es of any

s ingl e 34S-kV transmission cir cui t for the 34S-kV a l t erna tives as

-..ell as the cr 1t ical out ag es o f a 500-kV cir cui t bet'-een Dev11

Canyon and Willow a nd a 230-kV circuit bet wee n cev 11 canyon and

Fairbanks for the SOO-kV and 230-kV a l t erna t i ves .
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Voltages on t he 13B-kV and 230-kV load buses range from 0 . 99 t o

1. 02 per unit f or normal oper a tion and from 0.93 t o 1. 02 pe r uni t

under emergency outage c ond i t ions . Voltage ranges o n the EHV

systems were 0.95 to 1. 04 and 0.90 to 1. 04 for no rma l and emergency

condi t ions , respectively.

Load conditions were assumed to be at peak demand with SUsitna

generation fully utilized and only minima l other ge ne r a t ion

available on the system. This s i t uatio n i s expected to resul t in

the most critical operating co nd i t ions . Total load i s 1,600 MW at

a power factor o f 0 . 95. System l oad distribution was s i mul a t ed at

a maxim\m1 of a s percent o f the total l oad f or Anchorage and a

maximum o f 25 percent f or Fairbanks . Gene r a tion a s s umed for the

above l oad co ndi t i o ns includes Susltna ca pab i l i t y fully utilized

( Wa tana 800 MW, Devil canyon 600 MW ) plus 300 MW of c oa l - f i r ed

qene ra~ion a~ Beluga an d 100 MW o f ga s t urbines a~ each of

Anchorage and Fairbanks . All o f ~he ~hermal units a r e a s s umed to

be running 'a t approximately half l oad in order to provide 250 MW o f

s pinning reserve .

Load flow diagrams showing normal s ys t e m o pe r a t ion at peak demand

for 85/15 percent and 15/ 25 percent load shar ing f or transmission

Alternatives 1 and 2 are included as Figures 3.3 t o 3.6. The l oad

fl ow diagrams show a sys~em configuration co nt a ining two terminal

stations in Anchorage with a subtransmission voltage of 138 kV.

Transmission from Beluga is represented a s a 345 -kV infee d . In the

final analysis the t r ansmi s s i o n between Willow and Anchorage will

include approximately f our miles o f submarine cable for the Knik

Arm crossing, but this i s no t represented in the initial studi es .

Switching of t he 345 - kV shunt reactors a t Fairbanks i s not s hown in

the diagrams, but these will be disconnec ted for peak demand and

line outage conditions as required . While these c hange s have

significant effects on tranSlllissi on system equipment cos t s , they do

no t significantly affect s ys t em oper atio n . For this reason, t hey

were i nc l ude d in t he latest c os t estimates but not in the electric

3 - 13



system studies to avoid repea ted updating of system parameters .

System performance was f ound to be critical for line outages

between Devil canyon and Wi l l o w and beeween Devil canyon and

Fairbanks . COns eque nt l y , i t was thes e line out ag es which

determined the ratings o f static var sour ces and s erie s

compensation.

The required ratinqs of compens a tion equipm ent f or the five

transmission alternatives are listed in Table 3.8.

3.6 . 5 - Trans ient Stabil i t y

Detailed transient stabil ity studies were carried out onl y fo r the

345- kV transmission Alternatives 1 and 2.

Befor e the s tudies had advanced to the s tage of stability anal ysis,

alternatives containing 500 - kV or 230-kV transmission had been

recognized to be noncompetitive with the remaining 345-kV

al terna tives, on either economic or technical gr ounds . A 500 -kV

transmi s s i on to An c horag e would have sufficient surplus capability

to ensure stable operation . On the other ha nd . should 230 -kV

transmission 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 fa ult . In the

prel1minary studies, the fault was cleared i n 4.8 c yc l e s a t both

ends o f the faulted l i ne section, r a ther than i n 4. 8 and 6 cy~les

a t the near and r emot e ends , respectively , as s tipulated in the

planning criteria . A test r un for t he most critical system

condition confirmed that the additional delay doe s not

siqnificantllo· affect system performance .

transient s tability ~s analyzed for a J-phase f a ult on the 345-kV

Une from Devil canyon to Willow (wi th 85 perce nt of the s ystem

J - 14
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load at Anchorage ) and similarly on the lin e fr om Dev il CAnyon to

Fairbanks ( wi t h 25 percent of system load at Fairbanks ) . To

si6llula te wor st conditions, the fa ult wa s assumed to be near Devil

canyon i n both cases . The f ault was cleared i n 4 .8 cycles wi t ho ut

eee t eecee , System transient behav i or was ob serv ed f or a per i od o f

1 second afte r the f ault. Exciter and gover noc response in t he

transient interval was ignored . The dynamic voltage regulating

capabilities o f t he static var sour c e s a t Anchorage and Fairbanks

~re ignored as well. For the fina l analysis a revised computer

mode l (wi th r epre senta t i on o f d ynamical ly va riable s ta tic var

source s ) will be available .

The a ttached swing curves, Figures 3.7 to 3.10 , s ho w the r otor

ang l es of all ge nerators relative to the r ot or angles a t Wata na .

All generators recover trom the first and second s wi ng s for both

transmission alternatives . The actions of exciters and governors

should ensure t hat these swings are damped out a nd return the

system t o a new equilibrium after each d i s t ur ba nce . System

transient behavior s e ems t o be quite se nsi t i v e t o t he gene r a tion

en-Line at both Anc hor 4qe and Fairbanks at the time of a fault .

Detai led analysis a t the design stages will have to determine the

minimum. spinning reserve required a t both Anchorage and Fairbanks

to ensure system stability in the event o f a major fault. The

transient studies are considered adequate to confirm t he stability

o f the system cont'iguration and the pr imary equi~ent parameters

needed t o ensure satisfactory opera tion .

3.7 - Economi c Studies

Economi c s tudies were carried out to determine the capital and ope r a t i ng

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

transmission alternatives . The eececefc s tudies exclude the costs of the

Knik Arm crossing a nd ter:n.1nal stations in Anchorage . 11l.e.e were

consi dered common to all alter na tives ( for a 230- kV crossing) . They will

have t o be i nc l uded in the final analysis .

3 - 1S



3.7 . 1 - Cos t Es timates

The transmission cost estimates incl ud e al l costs for transmission

lines and substations. All e s t ima t e s include the cos t s of l a nd

acquisition and c learing. I nc l ud ed in the substation cost

estimates are site preparation and a l l equipment costs f or circuit

breakers . transf ormers, shunt reactors, s ta tic var sour c es and

transmission line series capacitors. Cos t e s t ima t e s of maj or

equipment incl ude the co s t s of all anci l lar i e s such as d i s connect

switches , po t ential transformers , c urr e nt transformer s, controls ,

ins trumen t a tion , etc. At the gene r a t i ng stations al l EHV circuit

breakers are i nclud ed , but ge ner a tor transformers and low-vol tage

breakers are excluded. These are included in the powerhouse

estimates . Similarly at the l oad ce nt er s all EHV breakers are

i nclud ed as wel l as the ne c e s s ar y circ ui t entries a t the

subtransmission voltage ( 230 kV or 138 kVI for each transformer

bank . The remainder of the lower voltage station is common t o al l

alternatives and therefore excluded from the compar i s on . At

Anc horage, transformati on to 230 kV is assumed on the ~~st s i d e o f

Knik Arm implying cable cro ssing s at 230 e v . The c a b l e crossings

a nd other 2 30-kV e quipment are considered common t o a l l a c•."" " ' .' ," . ,.. " .."..
transmission alternatives for Susitna a nd their cos t s have been

excluded from this comparison. They must be i n c l ud ed f or

c ompar i son of schemes with d i f f er e nt Knik Arm crossing

configurations such as HVDe transmission fr om Susitna .

'l11e W1it c o s ts and assumptions in the cos t estimates are shown in

Table 3.9 .

All details on which the cost estimates are based are g iven i n

detail in Appendix D.
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3. 7. 2 - Life-Cycle Costs

Life-cycle costs f or each transmission alternative were calculated

by discount ing all cost compone n ts over a SO-year lifetime fr om

1993 t o 2043 to a common fr esent '-ar t h da t um of 1981. The

calculations and results of t otal present-worth cos t s are shown 1n

Tabl es 3. 10 to 3. 14. Included i n the l ife-cycle co sts are capi t al

( i nc l ud i ng engineering, contingencies, l a nd acquisiti on a nd

clearing and bond co mmi s s ion ) . Also included are the c a pital i zed

a nn ual cos t s of oper a tion and maintenance, i ns ur a nce , i n terim

replacement, contribution i n lieu o f taxes, and transmissi on

losses . A summary of present-worth l ife-cycle system costs for all

five transmiss i on alternati ves is s ho wn in Table 3 .15 .

3 . 8 - HVDC Transmission

In order to determine the relative economics of HVDC as compare d t o the

pr eferred 4C transmission alternative a n economic screening was c a r r i ed

o ut . The de t ai l s o f this ana lysis are given in Appendix E. and the

r e sults and s i g ni f ica nt f e a t ur e s are s ummari zed her e .

3. 8. 1 - General

A HYDC transmission system linking Susitna ge ne r a t ion wi th t he

Anchorage a nd Fairbanks l oad area s wo uld need to be e i ther one

3-terminal system or two 2-terminal s yst ems . Another a l t ernative

would be a combined scheme usiJ1g' a c transmission fr om Susitna t o

o ne l oad center and dc transmiss i on to the o ther . In or der t o

e nsure that no possible economic combination 1s over loo ked .

transmission to Anchorage a nd Fai rba nks a~ ~ co nsider ed s e par a t e ly .

) - 17



3.8.2 - Compa r ative Transmission
Systems

The ae and HVOC transmission systems whose cos t s a re compared are

essentially comparable in terms of s e curi t y of supply. Each

alternative is planned to maintain rated transfer ca pabi l i t y with

the single c ont i nge ncy out a ge of any element in the transmission

system.

( 4 ) Ac Transmission

The de transmission system ~hich 1s considered as the base

case utilizes 345 kV with 3 ci r cui t s ultimately to Anchorage

and 2 circuits to Fairbanks . Transmission t o the load centers

originates at a switching station a t Devil Canyon wi th Watana

ge ne r at ion brought in at 345 kV.

Transmission to Fairbanks is direct to a 345 -kV /138-kV

terminal station at the l oad cen t e r .

Transmission to Anchorage involves an intermediate switching

s t ation a t Willow and proceeds to a 345 -kV/230-kV station on

the west side on Knik Arm. At this point transmission

c on t i n ue s via a 230 -kV submari ne cabl e * t o t he east side of

Knik Arm and into a terminal station from which local

dis tribution circuits would radiate .

*Transtormation to 230 kV and use of 230-kV submarine cable i s no t
necessarily the optimum arranqement , but it is conside red adequate f or
the ac ve rsus KVDC economic screeninq .

3 - 18
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(hi HVOC Transmission

The KVDC converter t erminals are assumed to be l ocated at

Devil Canyon with l ocal ac t r a nsmi s s ion a t 230 leV bet~en

Watana and Devi l canyon .

Transmission to Fairbanks is via a s ingle bipola r HVDC line

oper a t i ng at .:!:2S0 IcV, with an i nver t er terll'linal a nd 138 - kV

c ircuit entries ~t t he load end .·

Transmiss i on t o Anc horage is also at .1:250 leV but would r equir e

2 bipolar HVDC circuits to meet the security c onstraints.

These cir c uits would proc e ed. directly to Anchoraqe , ut i l izing

HVDC submarine cables ac ross Kni le Arm and into an inv e r t e r

s t a tion on t he east s ide of Knik Arm. The inverte r o ut p ut is

via 230-kV c ircuit entries whi ch would s uppl y l ocal

distribution identi cal to the ac alternative . The cost of a

separate 230 - kv ac supply from Point McKenzie to Willow is

all owed tor , so t ha t both ac and de alternatives would be

tunctionally equivalent.

3.8.3 - Compara~lve Cos t s

The details of equipmen~ ra~ings and uni~ cos t s ar e given i n

Appe ndix EJ the results are summarized in Table 3.16.

Indi vidua l eeee e are give n fo r line and terminal facili~ies i n

o r der to illustr a t e t he bas i c re la~ionships be~ween dC and HVOC

t rans mis sion eeee s , Al l capital eeeee are fo r the ul~imate

ins~allation with no di scoun~ing ot staged components . The

-During the si ngle cont i nge nc y outage ot one pole of the line or terminal
faci l iti es, earth r eturn would be ut i l ized to maintain rated po wer f low
to Fairbanks.

3 - 19



capi ta l ization of annual charge s such as ope rat i ng cos t s 4I\d the

co s t of losses i s at 3 percent dis count r ate over the SO-yr lif e o f

facilities.

As the compar ati ve cos ts show there i s no obvious cos t advantage

favoring HVOC ove r ac tr4l\smission either t o Anchorage or to

Fairb4l\ks. 'l11is is particularly true in t he cas e ot Anchorage

where HVDC i s ove r 20 percent mor e cos t l y t han ac transmissi on.

The margin favoring ac is onl y a percent in the case o f

trans:a.ission to Fairbanks, and although this might be reduced by

furth<lr study. it is unl ikely the savings would be s uf f ic i ent to

justify the operating compl exi t y of combined ac and HVDC sys tems.

On the bas is o f this economi c scr eening it i s conc luded tha t ac i s

an appropriate choice t or t r an smis s ion from Sus i tna to the l oad

centers a t Anchoraqe and Fa irbanks.
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- - -- ---------------
TABLE 3. 1: RAI LBELT peCION PEAK AND ENERG¥ DEMAND FORECASTS

USED FOR GENERATION PLANNI NG STUD IES

L OA D C AS E

Low P l u s Loa d
Mdn agemen t and
Co nserva tion 1 Low 2 Med i um 3 lI i gh
(LES- GL Adjus t ed) (LES-GL) (MES-GM) (UES- GII)

4

Load Loa d Load Load
'tear MW GWh Fa cto r MW GWh Fa cto r MW GWh f'a ctor MW GWh Factor

1980 510 2 7 9 0 62 .5 5 10 2790 62 . 4 5 10 2790 6 2 . 4 5 10 2790 6 2 . 4

1985 560 3090 62 .8 580 31 60 6 2 . 4 6 50 3570 6 2 . 6 695 38 60 6 3. 4

19 90 620 3430 63 . 2 640 3505 62 . 4 735 4 0~O 62 . 6 92 0 50 90 6 3. 1

199 5 685 3810 63 . 5 795 4 350 62. 3 945 5 170 62.5 129 5 7120 6 2.8

20 0 0 7 55 4 24 0 6]. 8 950 5210 6 2 . 3 1175 64 30 62 .4 16 70 9170 6 2.6

200 5 8 35 46 9 0 64 . 1 104 5 5700 6 2 .2 1380 7530 62 . 3 2285 1254 0 6 2. 6

20 10 9 20 5 20 0 64. 4 1140 6220 6 2 .2 16 35 8940 62 .4 290 0 15 9 ) 0 6 2 . 7

Notes :

l LES_GL: Low oconomic growth/ low governme nt e xpenditure wi th l oad manageme nt and conHer va t i on .

2LES_GL: Low economic growth/ l ow gove rnment e xpe nd i t u re .

JMES_GM : M~d ium economi c growth/moderat~ government e xpend i t ur e .

4I1ES_GH: Hi gh economi c growth/ high government e xpe nd f t.ure .



TABLE 3 .2 : STAGING OF THE SUS I TNA DEVELOPMENT

I
I

Susi tna Ca pa c i t y - MW
Watana
Increme nt s TotalYear

1993

1996

2000

2000 (optiona l)

400

400

400

BOO

Dev i l Canyon
I ncre men t s

400

200

Total

400

600

Susi t na
To tal

40 0

BOO

1, 200

1,400

I
[

I
I
I
I

Note : For system planning pll. ' s e s a maximum o f 85 percen t o f Susit na
generat i on i s assumed t Q De t r ansmitted t o Anchorage and a maximum
of 2S percent t o Fairbanks.

MAXIMUM POWER TO BE TRANSMI 'M"ED TO ANCHORAGE
AND FAI RBANKS FOR EACH STAGE OF SUS I TNA DEVELOPMENT

Tot a l Sus i tna
Capac i t y
(MWI

400

1 , 200

1 ,400

T~LE 3.3 :

Maximum Powe r
To Anc horage
(MW I

340

6BO

1, 020

1,190

Transmis s i on
To Fairbanks
(MW)

100

200

300

350

I
I
I
I
I
I
I
I
r

r
I
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TABLE 3. 4: LINE toSSES UNDER ~IMUM POWER TRANSMI SSI ON

Devil Canyon t o Anchorage {lSS mi l
Susitna Power 50 0 kV ) 4 5 kV 345 kV
Ca pa c i t y Transmit ted 2 Ci r cui t s 2 Ci r c ui t s 3 Circuits
(MW) ( !<W) (!<W I ( !<W I (!<W)

400 34 0 1. 5 3 .2 2 • •

8 00 680 6. 2 12 .8 11. 2

1 ,200 1 , 02 0 13. 8 28 . 8 25 .5

1,400 1, 190 18. 8 39 .2 35. 3

Devil Can yon to Fa irbanks nss mil

Susitna Power 345 kV 230 kV
Capaci t y Tra nsmitted 2 Ci rcuits 2 Ci rcui t s
( !<WI (!<WI (MW I (!<W)

400 100 0 . 5 1. 3

800 200 2 . a 6 . 1

1 ,200 300 4. 6 13.7

1 ,400 35 0 6.3 18 . 6
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TABLE 3. 8 : RATIN GS oe REACTIVE COMPENS AT IO N REQUIRED

Fairbanks Anchorage Will ow
Transmis sion Static VAR Shunt Series Static VAR Shunt Series Static VAR Shun t Se ries
Alternative Sourc e Re acto r Capacito r Source Reactor Capacitor Source Reactor capac i tor

(MVAR) (HVAR) (MVARI IMVAR) (MVAR) (MVARI (MVAR) (HVAR) (HVAR)

1 100 2 x 7 5 - 400 - 43 0 - - 773

2 100 2 x 75 - 400

3 200 - 4 30 400 - 43 0 - - 77 3

4 200 - 4 30 400

5 200 - 4 30 200 2 x 50 - - 2 x 75



TABLE 3. 9: TRANSMISSION.uro SUBSTATION UNIT COSTS

Trans mis s ion

Line Cos ts

Base Cos t Final Cos t.1

Volt.age Conductor S! Ci rcui t. Mi le S! Circui t. Mile
(kV) (kcmil )

230 1 x 954 12 0 , 000 162 , 00 0

23 0 1 x 1272 136. 000 164, 000

230 1 x 1351 140 , 000 189 , 000

345 2 x 79 5 190 , 000 256 ,000

345 2 x 954 207, 000 279 , 000

34 5 2 x 1351 25 1 , 000 33 9, 000

500 3 x 795 326, 000 44 0, 000

Land Acquisiti on and Clearing

Vo l t.age No. of Circui t s SI Mile
(kV)

2 30 2 70 , 000

345 2 75 ,000

345 3 96 , 000

50 0 2 80 , 000

I
I
I
I
I
1
1

I
I
I
I
I
I,
I
I
I
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Table 3.9
Transmission and Substation Unit Cos t s - 2

Subs t a t i o ns

Voltaqe Station Bas e east2 Ci r cui t Breaker Posit ion
(k V ) rs :-'Iillien l ts Million)

138 1 . 000 0 . 400

230 1 . 500 0.700

345 2 . 000 1. 000

500 2.500 1.600

Autot rans fo rmers (i nc l ud i ng 15 kV te r tia ry)

I
I
I
I
I
I
I
I
I
I
I

Vol t a ge
(kV )

23 0/138

345/138

500/138

345/230

500/ 2]0

Gener ator Transformers

Vol t age
(k v )

345

500

7 5 mTA
( $ Million )

0 . 500

0 .700

4. 20

5 . 00

150 ~A 250 MVA
($ ~illion ) ( $ :-tillion )

0 . 800 1. 1 00

0 . 900 1 .300

1. 200 1. 6 00

0 . 900 1. 300

1. 200 1 .600

----~----



Table 3. 9
Transmission and Substation Unit Cos ts - 3

Series Compens a t ion (a l l vol tages)

Shunt Reactors

Vol t age
(kV)

345

500

SO MVARS
(S!kVAR)

24 .60

75 !'WARS
CS!kVAR)

1. 11

17.20

I
I
I
I
I
I
I
I

S14 . 00!kVAR

Static VAR Sources (tertiary voltage)

S30. UO!kVAR

Note s :

lFi nal t r ansmis s i on l i ne co sts (Sheet 1) include 20 pe rcent conti ngency,
plus 5 pe rcent engineering . 5 pe rcent construction management , and
2.5 percent owner ' s cost .

2
Subs tation base cost (Sheet 2) includes land acquis iti ons. site
prepar ation. f ounda tions, e tc .

I
I
I
I
I
I
I
I
I
I
I
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Tran smi es t on Al t.erua t I ve 1

'1'1\0(.£ 3 .1 0 : LUo'E CYCL I:: COST S

Su s itna t o Ancho r a ge - 2 x 345 kV . 2 x 1 351 kcmil , 50 perc ent se r ies compe nee t I on ,
S us i t na t o Fa i r bdn ks - 2 x 34 5 kV. 2 x 795 kc mil, no s e e t e e c o mpe n s a t i o n .

Line Ca p i t a l

1993 Co s ts
Current $ x 10° 1981 P . W.

2000 Co s ts
Current $ x 100 19B1 P . W.

Total
1981 P . W.

Line Ca p i t a l Co s t
1 . 5 ~rcen t Bond Commiss i o n

To t a l Line Co s l
Land A:::l;uisition
Ca p ita l i "ed Annual Cha r q e s
Ca p t t al l zed Line to s s e s

S t a t i o n Ca p i t a l

Statio n Ca p i t a l Co s t
1 . 5 percent Bond Co mmi s s ion

Tota l Sta t ion Co s t
Capitalized Annual Cha r ge s

1981 Pre sent Wo r ths

To ta l Life Cyc le Cos t

220 . 12
3 . 30

22 3 . 42
26 . 70

181. 56
75. 66

1 2 J . 8 1::1

1. 86

125. 74
1 35.46

156 . 70
18 . 73

127 . 34
53 . 07

BU. 19
9S . lH

5 3') . 0 4

44. 74

0 . 6 7

4 5 . 4 1
45. 6 0

25. 9 0
26 .01

51. 9 1

156 . 70
18.73

1 2 7. 34
53 . 07

114 . 0 9
121. 0 2

590. 9 5



TABLE 3. 11 : Llf'E CYCI.E COSTS

Tra n smi s sion Alte r native 2

Sus i t.na t o Anc ho rage - 3 x 345 kV, 2 )( 954 kcmll . no s e r i e s compen s a t i o n .
s usf t ne t o Fairbanks - 2 x 34 5 kV, 2 x 795 kcmi l, no s e r i e s c c mpe uae t I on ,

Line Ca p i t a l

199 3 Cos t s
Cu r re n t $ x 106 19 B1 P. W.

2000 Costs
Cur r e n t $ x 106 19B1 P. W.

To t al
19B1 P.w.

Line Ca p i t a l Co s t s
1.5 percen t Bond Co mmi ss ion

Total Li ne Cos t
Land Acqu i s i t i on
Ca p i ta l i zed Annual Cha r ge s
Ca p i ta l ized Li ne I~s se s

Station Ca p ita l

192 . 2 5 39 . 12
2 . BB 0. 59

195 .13 136. 86 39 .7 1 22 .65 159. 51
29 . 6 4 20 .79 20 . 79

160.76 11 2 . 75 30 . 49 17. 39 1 30 .14
77. 70 54 . 50 54.50

St a t i o n cap i t~ } Cos t
1 . 5 perc e n t Bond Comm i ss ion

Total S t a t i o n Co s t
c a p i ta li zed Annual Cha r ge s

19B} Pre st! nt Wo r ths

To t al Life Cyc l e Co s t

iar . ee
1. 86

125. 74
13 5 . 46

BH. l<J
95 .01

508. 10

31. 47
0 . 47

31.94
32 . 07

l 8. 21
18 . 29

76.54

106 .40
113 . 30

5B4 . 64

- ~ - - - - - - - - - - -- - - - -"
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Tra nsmi s sio n Al t e r nativu )

1'ABl.E 3 . 12 : I.U-' f,; CYCLE COSTS

Sus itna to Ancho r age - 2 x 34 5 kv , 2 x 1351 kcmil , 50 perc en t ee r t e e ccmpenee t Io n .
Sus i t na t o Fairbdnk s - 2 x 230 kV, 1 x 127 2 kcmil , 50 pe rcen t. se r-Ies compensa tion .

Line Cdp i ta l

199 3 Cos t s
Cu t."re n t $ x 100 1981 P.W.

2000 Cos h
Curren t $ x 100 1981 P.W.

To t al
1981 P.W.

Line capi t a l Cos t
1 . 5 percen t; Bo nd Co mmi s s i o n

Total Line Cos t
La nd Ac qui sit i on
Cap i ta li ze d Annual Cha r ge s
Cap i ta li zed LIne Losses

Sta tion Ca p ita l

St ati on Cap i t a l Cos t
1. 5 ~:rcen t Bon d Commiss ion

To t al $ t a t i o n Co s t
ra ~ itu l i zed An nua l Cha rges

1981 P~esent Wo~th s

To t al I.ife Cyc le c o a t;

188 .1 8
2.82

191. 00
25 .1b

15 3.17
9 1.97

13 S. IJS
2 . 04

137 . 9 9
14H. 66

} 33, 9 6

18 . 0 1
10 7 .43

64 .5 1

96 . 78

104 . 2 7

525 .02

54 . 4 8
0. 82

55 . ]0
55 . 5 3

31. 54
31. 67

63 ,2 1

133. 'J6
18. 0 7

107.43
64 ,5 1

12tt . 32
135. 94

588. 2 3



TABLE ).1): LI~E CYCLE COSTS

Transmission Alternative 4

Susitna t o Anchorage - 3 x 345 kV, 2 x 95 4 kcmil , no eec tee compensa tion .
Susitna t o t'airbdnks - 2 x 2)0 kv , 1 x 1272 kernil, 50 percen t series compensation .

Line Ca.p ita l

1993 Costs
Current $ x 100 1981 P.W.

2000 Costs
Cur rent $ x 100 1981 P.W .

Total
1981 P.w.

Line Cap i ta l Cost
1. 5 percent Bond Commiss ion

Total Line Cos t
Land Acqui s it i on
Ca p i t a l ized Annudl Cha rges
Cap i ta l ized Line Losses

Sta tion Capita l

166 .16 )9 . 12
2 . 49 0. 59

168. 65 118. 29 ) 9. 71 22 . 65 140. 94
28 . 70 20 . 1) 20. 13

136 . 08 95. 44 30 . 49 17 .39 112.8 )
9 3. 1:15 65 .02 65 .H2

St a t ion Capita l Cos t
1 . 5 percen t Bond Commission

Total St a t i on Co s t
Ca.p i ta l i zed Annual Cha r ge s

1981 Present Worths

Total Life Cyc l e Co s t

135. Y5
2.0 4

137 . lj lJ

148. 66
96 .7H

104. 27

500 . 73

41. 21
0.62

41. 8 3
42 . 00

2) .86

~

8 7 .85

1 20. 64
128 . 22

588 .5"

- - - - - - -- - - - - - -... -



- - - - • - - - - - - - - - - - - - -
Tra nsmi ssio n Alternative 5

TABLE ] .14 : LIt' to.: CYCLE CO~,.::;

sue t cne t o Anchorage - 2 x 500 kV. 3 x 79 5 kcmll , no s e r re s c ompeuse t Ion ,
Susi t nd t o Fairba nk s - 2 x 2 30 kv , 1 x 1272 kc mil , 50 perc en t s e r i es compense t Ion ,

Line Ca p ita l

199] Costs
Cur r e n t S x 100 1981 P .W.

2000 Co s t s
Cu r r e n t S x 100 1981 P . W.

To t a l
1981 p.w.

Line Cap i t a l Cos t
1. 5 percent Bo nd c onvnil.s i o n

Tota l Line Cos t
La nd Acquiyj tl o n
Cap ita l ized Annual Cha r ge s
Ca p ! t a lized t.t ne Losses

S tatio ll c a p ita l

Stat ion Capi ta l Cos t
1 . 5 perc e nt Bond Co mmiss ion

To t dl S t a tion Co s t
Ca p i t a l I ae d Annual Cha r ge s

19 U1 Pre s e n t Wo r th s

To t a l Life Cyc l e Cost

22 3. 72
3.36

22 7 . 0 8
26 . S9

18 0 . YS
ei . os

18 5. 06
2 . 7 8

un .H4
202 . 36

159 . 27
ltL 65

1 26. 91
4 2. 8 2

1 3 1. 1 5
141. 9 3

621. 3 3

) 9 . 7 3
0 .60

40 . 33
40 .49

2 3 .00
23 .09

4 6 . 09

159 . 27
18 . 65

126. 9 1
4 2 . 8 2

154 . 75
165 . 02

66 7. 42



TABLE 3. 15 : SUMMARY OF LIFE CYC[.E COSTS

Trans mis gion Alternative

Transmi s sion Lines

19tH $ x 10 6

1 2 3 4 5

Ca pi t a l
Land Acquisit i on
Ca pi ta li zed Annua l Cha r ge s
c a p i t a l i zed Li ne Los ee s

Total Transmi s si on Line Cost

Switc h i ng Stations

Capita l
Capita li zed Annua l Charges

Total Swi tch i ny St at ion Cos t

Susi t na Life Cyc le Cos t

156 . 70
18 . 73

12 7 . 34
53. 07

355 . 64

114 . 09
12 1.02

2 35. 11

590 .95

159. 51
20 . 79

13 0.14
54 .50

36 4 .94

106.4U
113. 30

2 19 . 70

584 . 6 4

1 33 . 96
18 . 0 7

107.4 3

~

323. 97

128 . 32
135 .94

26 4 .2(}

5BtL 23

140 . 94
20 . 13

112.83

~

3]9.72

120. 6 4
12 6 . 2 2

2 46 .66

see. 56

159. 2 7
18 . 65

126. 91
4 2. tJ2

34 7 . 6 5

154 . 75
165 . 0 2

]19. 77

6 67 . 4 2

- - - - - -- - - - - - .- -
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'I'ABLE 3 . 16: SUMMARY Qlo' COMPARA'l ' l VE COS'l'S AC VERSUS DC TRANSMISSION

To t al Co s t s

4
Ca p i ta l i zed Co s t o f J~s se s

Stat i o n Cos ts
s t a t i o n cap i t a l

l
2

s t a t ion c a p i t a li ze d OIio M

Cos t Compone n t~

Line Co s t 1
line c a p ita l
line ca pi t a l i ze d
l a nd acqui s i t ion

1
O&H 3
(R . O.H . )

Co mp a r a t i ve Co s t s - $ Million
Tr an s mi s s i on to Ancho r age Transmi s sion t o Fairbanks
AC DC AC DC

198 .18 12 5 .4 0 96. 77 37.80
165 . 72 104 . 8 6 80 . 9 2 31. 6 1

13 .44 8 .40 14. 18 7. 56

99 .38 239 . 59 35 . 32 100 .10
L08 . 67 26 2 .00 30 . 62 109.46

8 3 . 8 7 74. 94 13. 72 ....!!.:. 6 3

669 .26 8 15. 19 279 . 53 303 . 16

lLine a nd s t.a t.Lon c a p ita l coet. s a r'o developed i n Append Lx E.

2c a p i ta li zecJ O&M c ha r ges i nc l ud e O&M, insu r ance, i nte rim r e pla ce ment a nd c on t r i bu t i o ns in lieu o f taxes . Th e s e
a nnua l c ha r ge s t o t a l 3. 25 pe r c ont o f t r a n s mi s sion c a p i t a l a nd 4. 25 pe r c e n t o f s t a t i o n c a p i ta l , a nd lhey are
c dp i t a l ized ove r 50 ye a r s at ) perc ent.

3La nd a cq uisi tion (N.. D.W. ) c o s t s a r e ee t Irea t ed a t $'J6 .000/ mi l c a nd S75 ,OOO/mi l o for 34 5 xv , 3 c c t a nd 2 c c t
transmis s i on r e s pect Ive ry , and $60. 000/ mil e a nd S40. 000/ mU e for :t250 kV d c 2-c i rcu i t a nd s i ng le c ircu i t ,
r e spe ct ively.

\ .o s s e s a r e v.. Lu ed a t ] . 5C/kW·h . a nd the y are ca p Lt.a I Laed o ve r t he 50-yea r line life at ] percent.
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4 - CONCLUSIONS

All five transmission al ternati ves whi ch were developed and tested would

be capable of transmitting Susitna power to Anchorage and Fairbanks with

acceptable levels o f reliability. Al l , except Alternative 5 , hav e very

similar present worth l i f e c yc l e costs .

There are, however, other dif f er e nces be tween the s e alternatives whic h

nave not been quantified in t he above analys e s. These di f f er ences, as

out l i ned below, result in making some of the alternatives more desirable

than other s .

- SOO -kV transmission to Anchorage ha s a hi g her ul timate capabil ity than

any other al t e r na t ive , but at a s i gni ficant ly hi gher cos t .

Fur t hermore, this added ca pa bility i s not required with present ly

foreseen i ns t a lla tion at Susitna . This alternative also implies a dua l

vo ltage system with less possibility of s t andardi za t ion and reduced

reliabili~y because of the additional transformati on r equir ed at Devil

Canyo n .

230-kV transmission to Fairbanks would need to be combined wi t h a

hig her vo l t age transmission to Anchorage with the resul tant

disadvantages of a dua l vo ltag e system . Furthermore, it inc l udes

series compensation with additional complexity in pr otection and

ope r a t i on . I t s r educed transfer capab11 ity offers no econ omic

adv ant age .

- Of the 345 - kV alternatives, the three-circuit configura~ion to

Anchorage has the gr ea t es t reliability an d simplicity by not requir ing

series compensation . I t also has a hig he r ul timate transfer capabil i t y

and a higher capability with single contingency out age , thus a l lowing

for greater flexi b il i t y of capacity planning for Susitna . It also has

partial transfer capa.bility in the cas e o f the :1ouble cont.ingency

outage of paral l el circuit. elements.

4 - ,



- On che oche r hand, c he chree- circuit configurat ion resulcs in a

s liqht l y qreater visual impact t han the t wo-circuit a l t e rnative .

Considerinq the over a l l balance of e c o nomy, r eliability, transfer

capa bility and ope r at ional c omp l e xi t y , t he t hree-circuit confiquxation of

Alternative 2 is s een to of f e r t he bes t combina tion of advan taqe s .

It i s r e cognized t hat, i n vi ew of the unce rtainti e s reqardinq s ome of the

s ys t em par amet e r s , se ve r a l sweepinq a s s umpt i on s had to be made to be ab l e

to carry out t his preliminary ana l ys i s. The mos t obvi o us of these

uncertainties i nvo l ve s the interconnection confiquxation beCween t he

Susi tna t r ansmis sion and the hiq h- vo lcaqe transmission sys tem in t he

Anchoraqe area . Insta l l ed c apacit i e s a nd qenerati nq unit sizes , as well

as othe r tec hn i cal char acteristi cs of the Sus i t na proje c t , a re like ly t o

be rev ised as well . However , i t is e xpected t ha t the conc l usions dr awn

from both t he technical and economic ana lyses wi ll not be s i qni f ica n t ly

affected by t he r e sultinq c hange s i n s ystem pa r ameters .
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5 - RECOMMENDATIONS

The followi ng recommendat ions resul t fr om the pr eced i ng analysis.

(a ) Re commended transmis sion alternative

- Wat a na to Dev i l canyon - 2 circuits a t 345 kV with 2x954 k~il

cond uctor s

- Devi l canyon to An chorage - 3 circuits at 345 kV with 2x954 kernil

c onductors

- Devil canyon to Fair banks - 2 circuits at 345 kV wi th 2x795 kcmil

cond uc tor s

All wi t hout s er i es compensation .

( b ) Before proceeding wit h the final feasibility analys is, i t i s

recommended t o await revisions and more definitive decisi ons and

val ues for the following parameters .

( i) Ul t imat e ins ta l l ed capa ci ty at Susitna .

(ii) Generating unit sizes a.t Susitna .

( i i i) Number and l ocation of points of delivery for Susitna power

to the Anchorage area .

(iv) Details of gener a t ion pla.nning , resulting in thermal

deve l o pme nt at Beluga or e lsewhere.
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(cl At a fu t ure date , i t i s recommended to analyze the possible

adva ntag e of s t andardization by constructing all of the Susitna

transmi ss i on to Fairbanks wi t h 2x95 4 komi 1 conductors . The tirst

circui t is expected to be built wi t h t hi s conductor between Wil low

and Healy as pa r t ot the Anchorage-Fairbanks transmiss ion intertie .
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APPENDIX A

TRANSMISSION PLANNING CRITERIA

In gener a l . transoiss i on f aci l i tie s are pl anned so that the single

contingency outage of any line or transformer element wi ll not result in

restrictions i n the rated power transfer , althouqh vo l t ag es may be

temporarily out side of normal l imits . The proposed guide lines concerning

power transfer capabil ity, stability. sys t em pe r forma nce limi t s. and

t herma l overloads are detailed below.

Ca> Transmission Sys t em
Tran9fer Capabili t y

The transmission system will be des igned to be ca pa bl e o f

transmitting the maximum g ene r a t i ng ca pa bil i t y of the Susitna

Hydr oelectric Pr oject with the single co nting ency outage of an y Une

or transformer element . The sharing of load bet'~en ~~e Anc horage

and Fairbanks areas is approximately BO and 20 percent respectively _

To acco unt for the uncerta i nty in fu t ure dev e lopment. t he

transmiss i on sys t em shall allow fo r this load s haring t o vary from a

maxi.mum. of BS per cent at Anchor age t o a maximum o f 25 percent a t

Fairbanks .

Cb) St a bili t y

The transmiss ion system will be checked fo r trans ient s t ab i l i t y at

criti ca l s tages o f develo pment . The system is to be de signed f or

hi gh s pe ed r eclo s ing follOWing singl e-phas e faults that are cleared

by s i ng l e - po l e s wi t chi ng _ In t he cas e o f multiphas e f aul t s . delayed

rec l os i ng i s assumed .
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The design fault f or t r a nsient stability an alysis will be a 3-phase

fault c lea red in 8 0 ms (4 .8 cyc l es ) by the l ocal breake r and 100 ms

(6 . 0 cycles ) by the remote breaker , with no reclos ing .

(Note : At later s t ages of design it may be use ful to check dynamic

s t abi l i t y for unsuc cessful r e closure of an SLG fault c lear e d

eve n t ually by 3-phase t r i p and lock-out fo l l owing i nitial

~ingle-pole tr i p . For the present , a J - p hase de s ign f ault

i s cons i de r ed to be equivalent i n t erms of s eve r i ty . )

( c ) System Energizing

Line energizing i nitia l ly a nd as part of routine switching

oper a tions wi l l ge nerat e S aDe dynamic overvo l tages . System design

s ho uld be a r r anged to keep these overvo l tages wi t h i n the following

limits .

- Line open-end vo l tages a t t he remote e nd shoul d not exceed

1. 10 per unit on line e ner g i Zi ng.

- Following line e ne rgizing , SWitching of t ransformers and va r

c ont rol devices at the r eceiving e nd s ho uld bring the volt age down

to 1. 05 per uni t o r lower .

- Initia l voltages at t he ene rgiz i ng e nd s ho ul d not be reduced be l ow

0.90 per unit .

- Final vo l t ages at the e ne r gizing end should not exceed 1. 05 pe r

uni t .

- The step change i n vo l tage at the e ne rgizing e nd of the line

s hould not exceed the followi ng values
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( i ) 15 percene with only one generating unit operating at

watan a ( to r e present a temporary condi t ion during the early

s t age of commiss ioning of the SUsitna project)

(ii) 10 per c ent with t wo units operating a t Wa t ana ( to repr~ sen t

a s lightly longer-term condition ea r ly i n the development

of Susitna )

(iii) 5 per cent wi th 80 0 MW o f generating capacity ope r ating at

SUs itna.

(d ) Load Flow

System load f l ows wil l be checke d at cri t ical stages o f deve l o pmen t

to ensure t hat t he sys t em configura tion and compon ent ratings a r e

adequa te for normal and emergency operating conditions . The load

l eve l s to be checked wi ll i nclude peak l oad and minimum load

( a s s umed 50 percent of pe ak) eo ens ure tha t sys tem f lows and

vo ltages are wi thin the limits specified below.

- ~orma l system flows must be wi thin al l normal t he rmal limits fo r

transformers and l ines, and should give bus voltages on the EHV

system wi thin +5 percent, -1 0 percent , and a t subtransm ission

buses withi n +5 pe r cent , - 5 percent .

- Eme r genc y s ys tem flows with the loss of one syst em element mus t be

within emerge nc y the rmal limit s fo r lines and transformers

(2 0 per cent OI L) . Bus voltages on the EHV system sho ul d be within

+5 percent, - 10 percent, and at subtransmission buses wi thin

+5 percent , - 10 pe rcent .
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Ie) Corrective Measure s

Where limi ting performance criteria are exceeded , system design

oodifi cations will be applied that are considered to be llIOst cost

effective . Where condi t i ons o f low vo l tage are encountered, for

example, power fac tor improvement would be tried . Where voltage

var i a t i ons exceed the range of normal cor r ec t i v e transformer tap

change , supplementary var generation and control would be applied .

Where circui t and transformer thermal limits are a bo ut t o be

exceeded , additional elements would be sc heduled .

( f) Power Delivery Poi nt s

For s tudy purposes, i t wi l l be assumed tha t when Sus i t na generation

is ful: y dev e l oped ( i. e . to approxi.Jna.tely 1, 5 0 0 MW, the t otal out pu t

wil l be del ivered to t ermi nal stations as fo llows .

- Fairban":s - one station at Gold Hill with transforma'ti on fr om EHV

to 138 xv.

- Anchorage - one or two s tations with tran s f~rmation from EHV to

230 k V or 138 ev .

The ~avision of intermediate swi t chi ng station s along the route may

prove to be economic and essential f or stability and ope r ating

f lexibili ty . Ut i liza t ion of these switching stations for the supply

of l oca l l oad will be examined , but security ~f supply to Anchorage

and Fairbanks will be given prior ity consideration .
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TAB LE BI.1 : ArCHJRAGE ~ICIPAL L1 GiT At() FQw ER
EXISTIIoI(; GENERATI NG CAPAC ITY

Ye~II" o f

Un i t 1ns t Ol lo 1'lon = Ca pac i t y· RetIIO l"'kS

( MW)

St a t ion - UniT 1 or ' 6. 25 N4tur ol ...
Stat Io n - Uni t 2 or 16. 2' "" t lr ol ,..
St a t Ion - Un i t 3 or 19. 50 Nat uro l g05

St a t Io n ~ ue It 4 or 37.50 Natura l ,..
St et Ion - 0 1 Ole se l 1. 10 Block s tart un i t s

St a tion - 0 ' 0 1e561 I . 10 S IK k sTa r T un11'5

STati o n 2 ~ Uni t ' or } .'40 t ur ol gas ,
Stat Io n 2 - Un i t 6 Sf IJ8. SO cx:mbined c yc le , tlase

St llt Io n 2 - Un l l' 7 or 10 01

Tot al oVll l leD le ce poc lty 2>0.60

ADbrev l llTlons: :iT - Gos Turol ne
ST - Stellm Tur Dl ne
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TABLE 81.2: AlCHCRAGE .......ICIPAL LlQiT AN) POWER
GENERATOR DATA

"'~"
Ge nerat o r Impedance · Iner t ia

Un i t Vo l 1'age Rat ing FactOI"' X, X', X· , X2 Xo Cons t ant · ·--- ---( kV ) (MVA)

St il t Io n - Un i t 1 13. B 15.6 . 85 11.54 2.44 1.60 1.60 1. 64
Stllt lon - Unl't 2 13. 8 15. fj .85 11.54 2.« 1. 60 1.60 1.64
Stllt Io n - Uni t 3 13.8 19.2 .85 14.43 2.43 1.60 1. 6 1 I."
Stllt lon - Uni t 4 13.8 3 1.765 . 85 5.68 . n • 41 . 41 . 14 2.8•
Stlltlo n - 0 1 1. 1 1.0 104.55 29.09 20.00 21.82

Stllt lon 1 - 05 1.1 1.0 104.55 29 .09 20.00 21 .82
Stll t lo n 2 • 'In l t 5 13.8 39. 2 5. 22 . 70 .41 '.88
St at ion 2 • Unl t 6 13.8 3B.B 4.12 .57 . 28 1.63
Stati o n 2 • Uni t 7 lJ.2 110. 5 2.25 .J< ." 8. '"

• Impeda nce In per unit on 100 MVA base.
·· IIWrt la con!,t a nt In p.... unit on 100 MVA base.
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TABLE S I. 3: AtOtCfl./GE MUN ICIPAL LIGHT ~O powER
TRANSM ISSION LINE OATA

EXISTI/G A1() PLANNED FAC ILITIES

Tr a nsmis si on Ci r cui t - Vol t age
FrtIII Sus - To Sus Length Conductor

t ill!)

St ation I - Station 2 115 kV

(vi a Ft . Rlchan:lsort-E lmelWjorf .-.FS)t

Pas Seq
Impedance
• X

Z.ro Seq

Sus ce pt a nce · · Impedance · · ·
Be Rg Xo

St a t Ion 1 - Stat Ion 2

Stat ion 2 - APA Ta p 115 kV

Stot Ion 2 - APA Tap

5.'

.S

YH ACSR (26/7 1 . 0 1134 . OJCl67 . 00456

397 ACSR (26/7 ) . 00 124 .00 336 . 00050

St ati on 1 - AnCf"Dnige (loPA) In k't

(Approx Imat e In-service date 1962 )tt

St a t Io n I - Stat ion 6 1. 7 391 ACSR: ( 26/7) . 00356 . 00973 . 00 144

Ste t Io n 6 - Statio n 11 Tap 1.8 397 -'CSR (26/7) .00371 .01 030 .00 152
Stat ion II Tap - St a t ion 16 .S 397 ACSR (2617) .001 56 . 00427 . 0006 3
Stat Io n 16 - Station 15 '. 1 397 "-C$R (26/7) . 006}4 . 01133 .00256
St ation 15 - AnCf"D r age tAPA) . 1 397 ACSR (26/7 ) . 0002 5 .00068 . 00010
Tot a l 7.'

Stat Ion 11 - St a t ion I I Tap 3.0 397 ACSR (26 / 7) . 006 13 . 0 1660 . 00246

St a t ion I - Stati on 2 ( APA) 115 kV

(Appr ox lllIata I",,"," N lce da t e 19621t t

Stat Ion I • Stat Ion 14 I.S 397 "CSR (26/7) . 00336 . 00916 . 00 135
Sh t lo n 14 - Stil t Io n 17 7" ., 397 ACSR (Z617) .00167 .00512 .00076
St a t io n 17 Tap - Stat ion 2 '.0 397 ACSR (Z6/7) . 00630 .0 t7IZ . 00253
Tot a l St a t ion I - Stat Ion 2 ,.,

St at Io n rtf
397 ACSR (26/7 ) . 00210 . 00574 . 0006517 Tap - Stat io n 17 1.0

Stat Io n 17 - ';nc ro r age (APA) 2 397 ACSR (26/7 ) .00 165 .00450 . 0006 6
Tot a l 1.8

• Pos lt l.... sequence llllpada nOl In per uni t on 100 "4 VA DollS. •
• • Tota l l i ne charging susceptance In per un it o n 100 ~A eese ,
· " Z.ro sequence llIlpeoance I n per unit on 100 MY" ease ,
t ~"'al ly no po• • r exchange t o 11I11 Itary 5ySt....
tt ~ol)uild alWj col'l'lers lo n of e>e lst lng 34 .5-k't c lrQ.llt to 115 «v ,
t tt5t at ion 17 Is scheduled for Installation I n 1965. St ilt Ion 17 - Sht lo n 17 Tllp

. i1 1 be o per llt ed normllil y o pen .
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TA&.f 81.4: ArGHORAGE ~IC IPAL LIQiT AN) f'\JIIf ER

TRAHSFaHER DATA

Subs t a tion - Tra ns fo~r \ .. 1 ~ge Ra ting Tap Se tting Tap Rang e Reacta nce-
(kY) (MYAI

Two iIII l nd lng Trans former s

Station - 1 II 51J4. 5 281J 7/ 46 .2893
Sta ti on - 2 1151J4.5 281J7/ 46 .2893
St a ti on - GSU I 13.81J4.5 12 .,m
Stat io n • GSU 2 13.8 /34.5 12 .5833
Station - GSU 3 13.81J4. 5 12 . 5000

St aTion - GSU 4 13.8 /34.5 21/25/28 .2810
StaTIon 1 - GS U Die se l 2.41J3 3.75 2. 0373
StaT ion 2 - GSU5 13.8 /115 .30/40/50 .2233
St lltlon 2 - GSU 6 13. 8/ 115 30/40/50 .2267
StatIon 2 ·GSlJ 7 13. 211 " 44/59/74 .1528

-Tr a nsfot"lll8r r eacnnc. In per uni t on 100 IIlV", base.
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TABU 8 1. ' : "tCK>RAGE f'UHCI ~1. I.IQ1T ~ flOW ER

DISTR I8UTI~ SI.8STATIa.. OATA
EXISTING AND PLANNED FAC II. ITIES

Subs t a ti o n

Centr"al bus i ness d lst,. lcr
12 k'l s ubs t a tions . ·

Tot a l

'1ol t age

(k'l)

'4.'/4.2
115/ 12. '

Load· · ·
( pe,.cent)

]I.,
100

• Th. cent,.a l bus iness etst r-rc r Is s uppl ied f,.aa g_l'1I tlng St a t ion
'4. '-1('1 bus v ia a nU1lbet" o f J4. , /4.2 -lt 'l substaT ions•

.. Stat io ns 6. t t , 14 . " . 16 a nd 17 a". 11' / 12. H 'I SutlsTaTlons.
Substa t io n 17 Is sc:h"'ul~ for Ins t a l l aTi on In 198 ' . Th. 12...... '1 load
Is equally divid ed~ ttl e 12...... '1 SUbs t a t io ns .

"·The pe"cenTage of lood suppll~ aT ' 4.' and 120' k 'l I s 8JIlpecTed t o
,...., I n COnSTanT.
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1974 / 1975

1975/ 1976
197611977
197711978

1978/ 197 9

1979/ 1980

TABLE 8 1.6: AlCI'Ot4GE J4.1N ICI PAL LIGHT NfJ f'()Ij (R

HI STQAICAL SYSTEM PEAK OEIoW()S

PNik Oellll!lnd

''''''
82..

89. 5
93. 4

101.5
109. 0
111 . 5
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TAP LE B2. I ; CH!.GACH ELECTRIC ASSCC.A TlCN . IN:.
EX ISTING ANO P~EO GENERATlPoG CAPACITY

YeGr o t

Un i t I nst a l l at i on ~ Capac I t y R_ r ks

'H'"
del "J a • ";.-: ' 1' I or ,.., .... I~'

Beluga - Un i t 2 or ,.., .... load

Sel uoJa • Uni T J or 54.6 Bn e load

Be l uga - UnIT 4 or 9. , JeT a'9 lne

68 1U'!) a - Unit 5 or 65. 5 .... 1o,",

Beluga - Un i t 6 or 67.8 }Bel uga - Un i t 7 or 68. 0 eo.blned eyel e -
Be l uga - Uni t B ' 962 S7 62. 0 IWlI$e I oa:l

£:le r nl ce Lake - Un i t , or B.B5

Ber n ice Lake - Uni t 2 or lB .95 .... '''''
8arnlce Lake - lonl t 3 or 29.60 .... load

Cooper Lake - Un l 1" I Hyoro 7. ,

Cooper Lak e - Un l 1" 2 H"'~ 7.5
I nt6l"na1" Icne I Un 11' , or 14. 0

I nt ernationa l UnI 1" 2 or 14. 0

I nTer naTiona l Unl 1" , or IB.58

Kn i ll, Am - TG5 ST 3.0

IOIl k Arm - T::>6 ST '. 0
Kni k Ann - TG7 ST 3.0

,(n I k N"m - TGa ST -..1.=..Q...

To1" al ava il abl e ClIpec l 1y 493 . 18

Atlbt""ev l a1" lons: GT - Gas Turb ine

Sf - 51"8_ Tur b i ne
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TABLE ij2..2: ~CH ELECTR IC "SSO:I"Tl~ . ec.
GENEAATOR O"T"

l'o_r Generat or l !llJledance lt Inertl"
Unit VOItage Ra t ing Factor X, X', X", X, Xo Cons t ant* ·

(kY) ( MY" )

Beluga - Uni t 1 , ,.8 1&.824 .., 1..59 . S8
Beluga · Un i t 2 13..8 18,.824 .., 1..59 .58
Bel~a - Uni t J , ,. 8 57..0 ." 2..87 . 28 • '8
Belug a · UnIt 4 13..8 10..0 .'"
Be l~a - Uni t 5 13..8 6&.889 . 9S 2.87 .28 . 19

Beluga - Uni t 6 13.8 85.0 . 80 2.,. . }J . 21
Belug a · Unit 7 13..8 8'..0 .80 2.54 .}J .2'
l3e1uga - Un It a 13..8 68..889 .., 2. 44 .23 . 16
Bernice Lake - Uni t I 24.9 9. 375 ." '6.00 ,. " 2. 1} . J4
Bernice La ke - Un i t z 13..8 20.65 .., ' .96 . 02 . S} 1. 86

aernice l.4ke - Uni t J 13.8 29. 60 ' .00 6.31 ." .n 2. 1~
Cooper la ke - Uni t 1 39.8 8.33 .'" 3.. 11 2.. 16
Cooper uke • Uni t 2 39.8 " }J .., ,. 11 2. rs
Int ernat iona l · Uni t 1 13.8 17.647 . 80 10.6' 1. 02 . 71
Int er nat ional - Uni t 2 ,,., 17..647 . 80 10.6' 1.02 .71

Inte rnaf lanai Un l t 3 13..8 19..200 ." 9.74 1. 74 1. 24

Knill, AI"'IIl • TG5 4. 2 ,." .80 • • 00
I(nl k Ann • TG6 4.2 3.75 . 80 • • 00
Knik Am - TG7 4. 2 ,." . 80 6. 00
t<nl k Ann - TGB 4.2 6.25 . 80 ~ . 40

• IltI pedllnee In per un i t on 100 MY" be se .
· · lner1'l" c.:..ns1'an1' In pel'" unit on 100 !l4 Y" base.

B - B



TABLE B2. 3: CHuGACH ELECTRIC ASSOC IATION. ,"'.
TRANSMI SSION t. l tE DATA

EXISTING AN:l PLANNED FACIL ITIES

Pos Seq Zer'Q Seq

Tr8"~ l sslon Ci rcuit - Vo l t age I_ peda nce- Sus ce p" ence - - l_ fl!lIanca - - -

F~ Bus - To Bus L.eng1'tl eo"'uC'1'or • x ac .. '0-
(ml)

Bel uge - p, l4ad<.enz le DO kY

Bel uge - p, f14a d<.e nzl e Ck't
"

795 ACSR .0094 .0627 .1 216
Be luga • p, Io4ad<.enz le Ck't 2' 795 ACSR .0094 . 0627 .1 216
Beluga - p, lol ad<.e nz le Ck't ," 795 ACSR .009< .0627 . 12 16

P't f14ad<.enz Ie - Universi ty 230 kyt t t

P" MacKenzie - ~es't Te rmina l 954 and 795 ACSR .0016 .0 108 . 0220
Submll rl ne eee te 1.000 K01l It Cu .0010 . 0056 .0004
East Termina l - Unl .... rs l1"y 954 and 795 ACSR ~ . 0266 . 0536

Tot al s .006' . 0430 .0760

Internat Iona l - Un ive r si ty 138 kll

Int e r nat lonal - Un Ive rs lty . 0048 .0 189 . 0054

I"". r"a" Ional • p, ~ronzof "8 kY

Inte rnat lonal • p, liO..onzof Cl<f , .0038 . 0 151 .0538
1n1'. ..na t lona l . p, 't)r'Q"zof "', 2 . 00}8 . :11 51 .0538

P1' Io4ad<.enzle - T.. land 1J8 11.11

Pt Mad<.enzle - Teeland 795 ACSR .0 116 . 1066 . 0264

P1" /!4a d':e nz I. - P" ~r'Qnzo f 138 kY

CaDI.s 1 to. .00 30 . 004 1 . 0562
CaDl e ~ .0035 .004 5 . 1034
Cabl e 6 .00 35 . 004 ' . 1034
CaDle s 7 t o 10 .0086 .00 54 . 2800

Ber"IQI Lake Soldotna ( HEAl 115 11.11

Bernice L",. • So l do t na .0 310 . 1390 . 0 156
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Tabl. B2. 3: Chugacll El ectr ic Assoc iati on , Inc .
Tr-ansmlsslon LIne OIJta

Exi s ting a nd P la nned Facll It l.s • 2

Tra n$l1ll ss lon Clr-cui t - Yo l t ag.
Fr-Oll Sus - To Sus L. I'I91'tl Conduc tor-

( lDlJ

So ldot na - :,lua rTz Cr e. k 115 kY

zeee Seq

Suscept ance· · I "'Pecla nc. ..•
3C Ro Xo

Soldotl\lJ - ~artz Creek

Quar t z Cree l<; - u nl v. r s i ty 115 lI.Y

Quartz Creek - Dav. s ere.k
Oav.s Cr ee k • Hope
Hope • Portage
Portag. - GIn:l wood

Gi r dlfOOO • Ind ian
India n - Unl v. r s l ty

a.rn lc. Lall.e • So ldot na (HEA l 69 lI.Y

. 0684 0. 3070 . 0371

. 0184 .0827 .0108

. 02 15 . 0964 . 0 125

. 0250 . 11 24 . 0146

. 0140 . 0627 . 0082

. 0 136 . 0610 . 0079

. 02 10 . 0 94 1 . 0 122

6ernlc. Lall.. - Ke na i

xene ! • Soldot n" (HEA l

Coop. r Lak. - Qua rTz Cr eek 69 kY

Homer (HEA ) So ldot na (HEAl 69 kY

Homer (HEA) • Ka silof (HEA l

Kasilo f (HEA l - Soldo t na (HEA l

So ldot na {HEA l - Quartz Cr ••k 69 lI.Y

Sol dotna (HEAl · :.,lua rtz Creell.

• ;000

.0733

. 02 18

.m o

. 3250 . 0051

. 1040 . 001 6

. 0863 . 0015

. 5980 . 0 129

• Posi tiv e seque nce Imped a nc. In per uni t on 100 MVA base •
•• Tota l l i ne clla~ lng susceptance In per uni t on 100 '~YA base.
···Ze r-o sequence llII peda nce In per- UIllt on 100 MYA base .
t EJt lst l n~ 138~ V c l r-cu l t s it.." bel"!il r-elnsulated to pet"Pfllt OPllr-llt lon at 230 kYo

approxl_at. In- se N lc . da t. - 1981.
tt" tll lr-d 230 __¥ c lr-cu lt being .,gd ... appr-ox llaate In- se ,..., lce date · 198 1.
tttAppl"ox!lIIate In- set''V lc . date - 1982.

Abbrev iat ion : HEA - HO!l8r El ecrrlc Associ ation
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TM Lf az,4; CHlG'CH ELECTR IC ,\SSa: 1,\ TlON. IN:.
TRANSFCR4ER QATA

EX ISTING AM) PLANNED FACILITIES

. 1650

. 0222

. 0222

. 0222

. 02Z2

. 0222

.ceeo

. 0880

. 29n
• lJ33
. 3420

. 6780

. ...0

. 1600

. 6780

. 2040

1.2200
1.2200
. 9600

. 0 140

. 0310

. 0020

. 0020

. 0020

. 0020

. 0020

. 0073
.ecn

. 00'

.04'

. 0450.. 0110

. 0450

. 0 140

. 180 5
(~-J .0245. Zl- J . 2045 . ZT-j .1712)

Subs 'tlltlon - T,.ans f onne ,. Vol 'tage Ra 't l n9 hp SeTTing
(kVI OIlVAI

a.l uga-I · · 230/ 138 180/2401300
6el uga-2" 230/138 180n 40/300
Pt Mac l<.enz lr l " 230/138 180/240/300
?t Mac~n z l e-2·· 230/ 138 180/240/300
Un l ". ,.sl t y· · no / 1.38 ItIl/l40/300

T• • l a ~ 138/1 15 45/60/15
Unl "er s l t y- I 1.38/ 115/3 4. 5 45/60/1 5

Unl" er sl 'ty- 2 138/115/3 4.5 45/ 60 /7 5

Int e ,.na'tlona 1- \ IJan 4. ' '"In't.,.na't rene1-2 1.38/34. , 12'
aer nlce Lake 115/ 69 33.. 6 / 44. 8/56
Soldo tna (HEA l 115/69 32. 6
Qua,.t z Creek 115/ 69 12/15

:lelug~SU I 13. B/138
"Bel u.)a.....:;su 2 13.8 /138
"ee l ug~SU 3 13.8/138 48.8/ 6518 1.3

e.I:.I~,,-GiU 4 13. 8 / 138 12/16
i:l$ l ug~SU 5 13. 8/138 45/60/1 5

Bel uga-GSu 6 13. S/1.38 48.S /65/81 . 3
Be lug~SU 7 13. 8/1 38 45/604180
6elug,,~U 8 13. S/ 138
Be,.nIee L" ke-GSU I 24. 9169 ,
Bern Ice LakEl""l.iSU 2 13.B / 69 2J

Bernice Lake-GSU 3 1.3. S/ 6S 20. 4n. 7. 2134
Cooper Lak8""'GSU 39.8/69 20
1 l'l 't .rnotl onll l ~U t 13. B/34 . ' 12/16
Int . r nlltl onll l -Giu 2 13. 8 / 34. 5 11. 25/ 15
Int . r na t lo na l- GS U 3 13. B/3 4. 5 12/16/20

Kn lk Anrl 4.2/34.5 ,
Kn l k "'-2 4. 2/34. 5 ,
Kn Ik .v-.;su • 4. 2/34. 5 6.25

• rrllnsfo,.,. ... imped ance In per unl't on 100 MVA base.
··Ap pr o. I.., .,.. l ,.,.. se ,...l ee dllTe 19BI to 1982.
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TAHLE 82. 5: CHLG.\CH rucnuc ASsa::IATI~ . Ire.

Ollol TR 1BuTI0'4 SLeSTATl~ OATA
EX I ST1~ SYSTEM

Tr a ns fo rmer Perce nT

SubsTa Tio n Vo lTage RaTi ng of ToTa l
( kYJ (MYA)

Anc l'lor"ase Ar.a

Suppl ied yla InTema Tlo na I

SubsTaTi on a t :>' .5 k.V

Ar c t ic .}4. 5/12. 5 14.0

::I I ue llot r r y 3 4. 5112. 5 14. 0
Ca",pbe l l }4. 5/1 2. 5 14. 0

Je . e l "I<e 34. 5/1 2. 5 11. 2

'(I err }4. 5/ 12. 5 14.0

Send Lake 34.5/ 12. 5 14.0

Spe nanJ 34. 5/12. 5 10.0
rcee- 34. 51 12. 5 14.0

Turnaga l n 304 . 5/ 12. 5 5. 0
~lan::l Park. 34. 5/ 12, 5 ...1.!.&"

Inr er-re r lo na I Subtota l 131. 2 ••
Suppl i ed yla Un lYet"'s l t y

SUbs t a ti o n liT 34 .5 kY

Boniface 34. 5/ 12.5 14.0

o.8llr r 34. 51 12,5 25..2 ·
Fa Irv l ew 34. 5/1 2.5 3. 8

ttl f tman 34. 5 /1 2,5 17.S" .

Mt VIe w 34. 5/ 12. 5 12. 0"

.:> ' Ma l ley 34. 5/1 2.5 ~

UtliYersl ty Subtoh l 86.8

Supp I Ieel yl a a e luga Subs t aTi o n

Tyo nek 24.9/ 12.5 5. 8

Tyonek Tl"'ber 24. 9/ 12, 5 ~

Be l uga Subto t a l 12. 2 •
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Table 82.,5 : Chugac h Elec: rrlc Assoc iatIon , Inc .

DI st~ l butl on Subs t a t ion Dat a

Ex isting Sys t _ - 2

Subs t a tion

Il; . nal Peni ns u la

Transformer

Vol t ag.
t k'll

Ra tl ng
(Iol'lA)

Perc.nt

o f Tota l

Cave s Cr_ k

Glr ::l wocd
Hem. ,.

"'po
Ind ia n

!(as I lot

~e nai

Portas·
Sol ee tee

Il;ena l Peninsula Sutltot al

TOTALS

115/24.9 1".0
11 5124.9 I 1. 2
69124.9/ 12. 5 '. 8
115/2 4.9 ' .8
115/24.9 2. ,

69/2 ... 9 ,.8

69/)3 7. ,

115/12." 2.8
69/24.9 --.!.:l

56.7 ..l!!.

286.9 100

"'o t al ,",VA ca pac It )' o t f'wO tra nsfo"""ers.
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TABLE B3. I : FAI RBANKS ....... IC I Pl'oL UTILI TY SYSTEM

EXISTI NG GENERATI NG CAPACITY

y..,,. ot ~.JI "te

.!:!.!!.!.! I l'Is'ta ll at lol'l !:L2! Ca~ .

Ootf)

""' M, ",. Sf 5.00
Che ne 2 "" 57 2. 00
Che ne , 1952 Sf I.'"
Di e se l 0 1 ,%, Dl esa l 2.75

Di e se l 02 ".. ::H e s. 1 2.75

Di e se l 03 '968 Ol . sa l 2.75
G.ss T",.l:Iine 4 "., or 5.25
Che l'lll , 1970 Sf 20.00

Cll6na 6 1976 or 23.10

Tot a l ,l,..,a ll abl e CIlIpael 'ty 65. 10

B - 14
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Coa 'Co.,
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TAbLE 133. 2: FAIRtW«$ I4..N IC I A'.L UTILI TY SYSTEM

GeNERATOR DATA

"'~, G. n. r <ll Tor I mped4nce· In. r T I "

Un i T YO I ~. ~T lng seeter '\, X', X", X2 "0 ConsTanT· ·
---

( ltV) (MVA)

Ch. na I 4. 2 .." ." 23.36 2.50 1. 47
Chel'lll 2 4.2 2.40 . as 55. 00 7.88 4. lJ
Chene 3 4.2 1. 80 .as 75. 00 12. 33 .. 39
Di esel I 12. 5 3.44 .80 O. e 4. "
:l Ie s. I 2 12.5 3.44 . 80 0. 63 4.54

Diesel , 12.5 3.44 . 80 O. " 4. "
Gos T....:. l n. 4 12.5 .." . 80 6. 24 3.0.
Chel'lll 5 12. 5 2'. 10 .., 1. 08 . 06
Ch. n<ll 6 12. ' 29.00 .., . n

• I mpe(j <llnce I n per" uniT on 100 MYA base .
· · lner T I<lI consT<lInT I n per unI T on 100 ~VA be se,
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TABLE 8.3.3: FAIRSANKS MI".tlCI P!\l. lSTIl.ITY SYSTEM

nv.~ I SS I (J<l l.1N£. Oot.TA

EX ISTING AKJ PLANNED FAC ILITIE S

Tr-all Sllllss l on cr r ev t t - Vo l t age
FI"'CJII Bus - To aJs Le llg t h Conducto,.

( .. II

Chene - Zenl'lll. " (GVEA I
69 kV I nte,.conoectl ont

Pos Seq

I " pedence·
, X

zere Seq

Suscept ance· · I lI\fledance· · ·

ec ~ Xo I

Che na - Zennd.,. . 8 J36 ACSR (26/7 ) .0047 . 0120 . 0002 . 0095 .04T1:

Chell a - Sou tn Folrtlenks 69 kV

(APp,.ox l maTe I n-se,.... lce dat e 1982 t t

Che ne - South Fal,.tlanks '.0 . 0006 . 0355 . In o

• Pos l tl ... e seque nce IIiPedance I II pe,. un i t on 100 "'VA oa58•

• • To t al li ne chal"glng susceptance I II pe,. IIII lt Oil 100 '"'VA base.

···Ze,.o sequence Impedance I n pe,. un it on 100 ~YA Oese.

t Mete,.8d at lehnd .,..

t'r Est imated date.
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TA~L£ ll.3..4: FAIRBAI«S I4.N ICI~L UTI LITY SYST94

TRANSfOFlllER OATA

EXISTlp,G 1NJ F'\..ANH ED FAC ILITIES

Subs t at ion - Tr ans f 0t'TD8r

T.O ol l n<llng Transfo,..,..r

Cflena ~ I

Chena ~ 2 (1982) · · ·
South Fal r banll.S ( 1982 ) · · ·

Vo l 1'age

( k Y)

69/12.4 7
69 /1 2. 47
69 /12. 47

Rati ng·

(,NVAl

12/16/20
12/ 16120
121 16/l0

Tap Set 1'l n9

eTC
LTC
LTC

Tap Range Reactance· ·

. 6250

. 6250

. 6250

• Con tinuous f u ll load ra t ing at 65"': r i se•

•• Tr ans f ormer reac1'an~ I n per un it on 100 Io4VA tlase .
···Approx IJl.,t . In- so N Ic e date.

Abbr"evI at I on : LTC ~ Load Tap eM ngI ng
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TABLE B3. 5: FAIRBA"f'S "'I.JHI C lPAL. lITlL I TY SYSTEM

HiSTORICAL LOAD DATA

H!s1"o,. lca l Pe"k O_ nel s ( l4'1li 1-

SubsTaTi on Vol Tag_ 1975 1976 1977 1978 1979 1980- -
( kYI

Che l'l4 12. 47 and 4.16 27. 2 25.0 27.6 24. 1 :'5. 3 25.2

- HlsTOr" lcal l oad po..r teeter - . 95
*-1980 _ 1.. _ GEnand tFv"oU!llh June 1980.
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TAB LE 64.1 ; GOLCE.N VALLEY El !CTRIC "SSOC:IA Tl~ . 11£ .

EXISTI NG GENER" TING CAPAC I TY

ree r- o f
Uni t I ns t a ll ati on = Ca paci Ty

(104. )

Heill y - $I 1967 51 2'. 00
Halll Y - 0 1 Die se l 2.75
No,.tl'l Pol . ~ GTI 1976 or ' 0.>0
ac r-m Po l e - GT2 1977 or 60.)0
Ze nn;le ,. ~ GT I 1971 or 18.40

Zennde,. ~ GT2 1972 18. 40

Ze l'l l'l3 e " - Gn 1975 or 2.80"
Zenn<le" ~ GT 4 1975 or 2.80·
Zenncl. ,. - 0 Die se l 2. 28 -
Zennde,. - ::I 0/ ese t 2. 28-

Zenn;l. ,. • 4 un l t s Die sel 10 . 64 -

Tot al A¥ei l aDle ca pac ity 206 • .35

- Capaci ty lit es tllll llt llCl jXl..r tee ter ~. 80.

- Ccno l n«l cilP6C lty o f 4 uni ts.

AtIb1"'ev t et Ions : Sf - St etltll Tu" Dlne
GT ~ Gas TUl"'bl ne

B - 19
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TABLE t34.2: OOLDEN VALLEY ELECTR IC A55a:: IATl ON. »c,
GENERATOR DATA

Pow, Ge ne l"'at ol'" I mpeda nce - I nert ia

Un i t Vol tage Rat ing see ter X, X' , X", X2 "0 Const anr ----
( ltV) (MVA)

l1ealy • 51 1' . 8 29. .. .85 6.086 .'" 5. 10 . 510 . 170 .as
Hea l y · 0 1 2.4 ,., . 80 23.1 90 "'00 5.220 5.507 1.....9
NOl"'th Pole · crT 1 13.8 71. 9 . 90 2. eec . 285 . 185 .In . 107 '.62
Nol"'th Pol e • crz 13.8 71.9 .90 2. 932 . 2" . 185 . In . 10" 5.62
Zeflndel'" - :;r I 13. 8 20. , .85 e. 959 .82' . 533 . 4" .315 1.86

Zehndel'" • crT2 ,,.. 20. 7 .85 a, 959 .m . 53' . 4" . 3 15 1.86

ZeMder • crT ' 4.2 ,., .80 ' 2. 86 4.29 2.86 ' .71 1. 14
Zeflbde l'" • GT" 4.2 ,., .80 '2.86 4.29 2.86 ,.11 1.1 4
Ze hndel'" - 0 4.2 2• • . 80 63.86 16.84 11.23 8.42 4.21
Zel'l nde l'" • 0 4.2 2.. . 80 63.66 ,.... 11.23 .." 4.21

ZennCler • 4 Un i Ts '.2 ,., . SO 24. 02 '.00 5• ., 5. 70 1. 50

- IlIIIpedance I n pel'" un ' 1' on 100 MVA base .

u l nel"'1'le con, Ta nT I n pel'" unit ,)n 100 \4VA base.
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TABLE 84. 3: GOLDEN VALLEY ELECTRIC ASSOCI ATION. IroC .

TRANS/olISS ICJ4 l.INE OATA
EXISTING SYSTEM

Tr an Sllllssl on :::lrcu l T - Voltage
From Bus ~ To 9.Js

Pos Seq

I mpedance

" X

ze re ~q

SuscepTance· · I mpedanc. · · ·

3C ~o Xc

HM ly - Go l d Hili 138 ltV

~Id Hi lI - Nenana

~nena - Heal y

336 ACSR 126/7 1
556 ACSR (26n)

. 04 1' . 1963

. 04 96 . 234 9

.0473

. 0569
.. 1120
. 134 1

. 63 11

..7552

TO Tal 103. 2

North Po l . - Fort ~ilIl nwr l91'1t 138 ltV

forT . alnwrl;tlt - NQr 1'l'l Pol e

Norttl Po l . - H1Stlway Park 69 ltV

12..3 795 ACSR C26n ) . 01)7' . 0489 . 0130 . 0239 • 1630

HI;hway ?!Irk - Nor11l Po t e

Zenna. r ~ ForT Italnwr lqht 69 ltV

795 ACSR (2/17) . 0057 . 032 1 . 0007 . 0195 . IJJ I

ForT IIa lnwr l S;tlT - I-lamll ton scr-es 2. 9

Zennder ~ FOll 69 ltV

410 ACSR (6 / 1) . 0269 . 0478 . 0008 . 0442 . 1743

FOll - STeese

STeeSe - Zetlnd. r

re te!

Z.h nde r - Gol d Hi l i Uoub le Circ ui T

69 kV ( Z _U1" ua l • • 0060 + j . 0431
pel" .. i l e)

.. ,
136 ACSR 126nl

336 ACSR C26n l

. 0330

. 014 1
.082'
. 0352

. 00 16

. 0007

. 066 9

. 0285

.3J81

. 1442

Gold Hi .J - Musk Oll Tap . 8

"\I sk a ll Ta p - U ot All. J . 3

IkIIYet's' 1'yof AI<. - Unl y. r s ' ty Ay e .3
un l _ r s l Ty Ay e - Zetlnder ~

7.2

336 ACSR (26/7 )
3J6 ACSR (26 {7 )

336 ACSR 126/7l
336 ACSR C26n)

. 0046

. 0203

. 00 18

. 0 1"

. 0 114

. 0 510

. 0044

. 0384

. 0002
. 0010
. 000 1
. 0008

. 0092
. 04 12
..0036
• 03 10

. 0466

. 2080

. 0 179

.1'"

MUSk Ox - Musk Ox Tap .0309 . 0798 . 00 1' . 0628 . 3 126

Gol d HI I I - Chene p~ Tap

Chene Pu_p Ta p - AirporT Ta p

Airport Tap - Z.tlnd..r

ToTal

2. '
1. ,

~

7.2

336 ACSR C26nJ
3.J6 ACSR (26n)
3}6 ACSR (26n )

B - 21

. 0 12 1

.0091

. 0208

. 0303

. 0227

. 0'22

. 0006

. 0004

. 00 10

. 02"

..01So'

. 0422

. 123 7

. 0926
. 2128



Ta b le 84. 3: Golden Va ll e .,. EI«::1"r-lc "-s50cla1" lon; Inc .

T~ansm l ss lon Li ne OaTa

Ex l S1" l ng 5yST_ - 2

zere Seq

Suscep Ta nce · · l "2ec1a nc. · ..

ec Ro Xc
Tra n5llliss ion Cir c ui T - Vo I T~

F~Oll Sus - To Bus L.eng1"h ColKl uc'J'Or

( ml)

. 0088 . 0226 . 0004

I
I
I

.023'

. 088 '. 0178

.""',.000'

Pos Seq

l -eeo a nce ·
• X

336 ACSR (2 6/7) . 0023 . 006 1

J36 ACSR (26/7 )

.,

1. ,I nt.~rwl1" l ona l A I ~por-1" - Alr por-1"

U,
Fort .a ln.- r lght - Highway Pa r"'k 69 kY

Fo r t llf.l l nwr ight - Fort 'oj G8n

Fort . Got n - 8acIger Ta p
Badg ei'" r a p - e r oc kma n Tap
i3ac1ger Tap - High wa .,. Par k

.,..,
""...,g

4/0 ACSR (6/1 1

410 ...cSR {6 / 11
4/0 ACSR. (6/1 I

4/ 0 ACSR. (6/11

. 0047

. 0622
. 02 13
. 0280

.008'

.11 03
.0378
. 0497

.000 '

. 00 18

. 0006

. 0008

. 0077

. 1021

. 0350

. 046 1

.OJO'

. 4024

.1380

. 181'

I
I

Tot al 12. ,

dad g. r Rood - Sadge r Ta p 1. 0

s, ,

4/0 ACSR (6/1)

336 ACSR: (26 n l

. 0093 . 0 164 .0003

. 0368 . 0948 . 00 12 . 0746

. 0' 99

. ,)716 r
Fort \lj a l ".r' ght - Peg. r ROllO 69 kY

Fort ""' I nwr l ght - S Fai r banks

S Fa l r~ nk s - Peg. r Road

Tot al '..
336 ACSR (26/7)
336 ACR (26 /7)

. 0070

. 018 5

. 0181

. 0476
• 0003

.000'
. 0142
. 03 74

. 0708.,...
I

Hi ghwe y Park - J a r v i s Cr ee k 69 kY

fH ~ trwa.,. Park - """wby Road

( tutur e )
'ta wby Road ( tut ur e ) - EIe ' son
EI. , son AFa - Jo hnson Roa:!
JohnSOn~ - Ca r ne.,. ( tuTur e )
::ar ney (fuTure ) - Ja rv is Qc.t1'

Total

' .0
AFEl 9.4,.,..,

.E=.!

82.0

4/0 ACSR (6/1)

4/0 AC SR. (6/1 )

4/0 ACSR (6/1)
336 ACSR (26/7 )

'56 ACSR 126n l

. 0374

. 0874

. 0888

. 0380
• 1856

.066'

.1'"
• 1575
. 0978

.862'

. 00 11

. 002'

. 0026

. 00 18

. 0 136

. 06 14

• 1436

• 1459
• 0770

• 50 16

. 2420

• "58
. 5749.,.,.

2. 8' 79

[

]

I
• ?o s i1" lv . seque nce illl ped ance In pe r uni t on 100 MYA case .
• • T<J ta l II ,.. char; I ng s usce ptance In per uni t on 100 MYA ~M .

" · Ze r o s-quence Impeda nc. In pe r un i t on 100 MV" base.

TEst ImaTed cere,
tt ce r-ne .,. ( fuTlI"e l - Ja rv ls Cr.e k Is eo ns t r uc t ecl to 138-kV s t a n<la rd s .

t t 1"carney ( fut ur . ) - Ja l"lli s Cr_k Is eo nve r 'hM! t o lJ&-okV o pe r e t lo n.

I
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TAIiLE 84. 4; GO LOE.N VAU EY ELECTR IC ASSOC IATION , IPC .

TRANSM ISS ION Ll t€ OATA
PLANNED FAC ILITIESt

Tran5llli ss i0tl Ci r c ui t ~ Vol t age

Fr Olll Bu s - To au le ",,,,

( 1111 J

Suscep t a nce"

9C

Ze ro Seq
I mpeda nce" ·

" 0 Xo

Pege r b d • rnternerrceet Ai r port 69 kV

(Appr o ll'llIIiI t e I ".se~ l ce date - \98 1)

Inter nationa l Airport 4 Peger

Rood

,
No rth Pol e - Gold Mi l l 138 kV

(Appr o ll' lmate In-service dat. - 1984)

GoI ::! 104111 - Nor ttl Foo l e-OH 21 556 "CSl=l :26n) . 0192 . 0902 . QJ26

-00 ,
Tot a l 22

Nor th Foo le - Ja r v is Cree k 138 kV

CApproll' lllllll t e l "' se~l ce date - 1984 )

No r t h Po le ~ ea rney 20 556 ACSR C26n ) . 0 175 . 0620 . 0206
ClI r ney - Ja N Is cx.t Tf

~ 556 ACSR (26n l . 0464 . 2 156 . 054 2 . 1254. 7145

rcr er 72. 6

lie ntly - For t 'lia l n. r l; ht 138kV

: " pe r od llla t e I".s e r v l ce da te - 1992 )

Senti y - Fo r t i'l'a I nwr 19ht ' 6. 2 795 ACSR (26/7 1

9&nt l 'f - Gold rill I 138 11,'0'

(Ae pl'"O ll' llllil t e I". se r vl ce da t e · 1992 )

Ben t ly - Gold MI I I s, , 795 ACSR (26n J

• Pos lt lye sequence Impeda nce In pe r un I t on l OO~VA bitS• •
•• Tot al l ine Cf'lar; lng sy scep t a nce In per IInl t on l OO~VA be se .

"·Zero sequence 11II p8da nce In per IInlt on IOO~VA base.
t Estlllla t ed eer e,
t t car ne y ( f lltlre ) -Ja ~l s Cre e k Is co ns t r \iC t ed to 138-kV standards.

tffCil,.."ey (fll t lJl'" e ) -Ja~ ls Cree k I s co nverted to 138-kV o peration.
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TABLE ~4. 5: OO LD€N YALLEY ELEClR lC ASSCCIATlON, I>C.

TRANSFQRER OATA
EXISTI NG STSTEM

SubsTaTio n - Trlln sfonner YoITll ge RlITlng - Tap S. tTl nq Tap RlInqe R. ac TlInc. · ·
(kV) (MVA l

AuToT~nsformers

For T 'q ln. r lg ht-FwSI380Tl 138169 60180/100 138 000
_.

. 0800
Gela »ur -oeI380TI 138/69 18/24 130 134 550

_.
. 2 194

Gold ..U I loeGHSC6 9OT2 69/34. 5 1.72 5
" 000

t 3. 1933

T.o iIII lncllng TninsfOnDers

Hell Iy-tiLPI380T I 138/13. 2 18/24/30 134 550 ••• • 38021't
Hellly HL$1 38OTI 138/24.94 10/ 12.5 138 000 .- • aUll)

Hellly 24.9/2. 4 5 24 900 1.0940
t.lorTn PoI...-NPS 1380T1 138/ 13.2 45/ 60/7 5 138 000 ••• • 1484f t

No"" Po I8""'NPSI 380T.3 138/1 .3.2 45/6 0/75 138 000 ••• . 1484tT

Nor Tn Po lrHPS0690T2 69/ 13..2 36/4 8/60
" 000

t ..2094"
Z. hrd. ,....y4 (GSu-GT1I 69/13. 8 12/16/20 . , 000 .57flO

Zenncl.,....n (GSU~T2) 69/ 13..8 12/1 6/2U 69 000 . 6780
Zehnde r-T6 69/ 4. 16 7.5 / 9. 4 69 000 . 9470
ZUIlCl _T5 0<;9/4. 16 7.519.4 . , 000 . 9810

• ConTinuous fu ll toad roT lng aT 65"C r lse,
•• T~n sfo"...,. reactance In per uniT on lOO.....YA base.
"~ap I"O ng.: 144 900 . 141 450. 138000. 1}4 550, 13 1 100..
t Tap I"Ong.: 72 4~, 70 n5. 69 000. 67 275, 65 550.
'rt Adj us t ed To bose o f 13..8 kY frOll lIOlIIep l at. bose o f 13. 2 xv ,

a - 24



TABLE 6....6: GOLDEN VALLEY ELfClRIC ASSa::IATI~, ,"'.
TAANSFORotER QATA

PLANNED FACIL IT IES ·

Substation - T,.ansforme,. Vol tag. Ratl ns· · h p Set T i ng h p Range Re8cTanceu "

( kVl ( IIlVA)

Autotr-ansformers

ea ,.noly-I?84 t 1381f)9 30 / 40/50 138 000 ft .''''''
Ben tl ey-I 992 l' 1381f)9 138 000 rt

• Est l _e ted dat a•

•• ConT inuous ful l load "atlng at 65'"C ,. i se.

··"Tl"lIns fo "..,. "e6C1'ance I n pe,. un it on l OO -MVA base.

l' Approxim at e I n- serv i c e dat e.

1'1' Tap ,.ang e : 144900, 141450. 138000, 134 550, 131 100.
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TAtlLf B4..7: OOLDEN VALLEY ELECTR IC ASS OC IATICN . HC .
OISTR IBUT ION SlBSTATl CN DA TA

EXI STlhG SYSTEM

T"'lIns fo rme,.. · "'oneo lnc ldenT SUbsTeTlon Pee k Oemend Reed ings ( MIl)

Subs 'f1l Tlon Vol Tage Re t l ngU ..!.2.!l ~ 1977 1978 1979 1980x

I kV I (MYA)

~ge'" 69/1 2.47 1l.44 2." 5. 65 5. 52 ' . 84 ' .80 4.74
S,..ock/llen 69/24.94 7. 00 'IS .'IllS ' IS 1. 3()Xx '.62 1. 76
Che M F\Jmp 69/ 12. 47 22.40 ' IS 'IS .... 15 3. 12xlOC '.92 ' .72
Ene "'gy Conpa ny 13. S ••• .'Il l S ' IS 2. 35+ 2. 05 2. " 2. 10
Fox 69 /34.5 "40 2.57 '- II 2.66 2. . ' 2.72 3.85

Gold HI II - 34. , t .e7 . 81 . 84 . 91 . 82 . 82
I1am I I t on Acres 69 /12.47 22. 40 .'Il lS ' IS NIS • • SO 4. 26 '-,.
Hea l y 24. 94 rr

'" I. 15 I . ,. '" '. 20 '.05
HlghWiJY Per k 69 / 12. 47 14. 00 6. 45 7.33 9. 22 6.71 5.40 5. 66
' nT. "'neTlo l'lll l 69/ 1:l. ,41 11. 20 12. 65 13.02 10. 68 9. 19 5. 69 5.42

Ai r port

Ja rv 15 ereek+++ 69x138/24.94 22.40 'IS NIS 'IS ' IS 6.48 6. 24
Johnson '0.. 69 /24. 94 8.40 '.64 .." 8. 64 7.02 2. 48 2. 51
Mu s k Ck 69 / 12. 47 14. 00 'IS 1Ili S 4. 39 ' .90 3.31 2. 84

No"'''' 138/24. 94 3. 12 2.27 2. 00 2. " ' . 34 1. 80 1.94
"",. , 69/12. 47 0 .44 6.67 6.91 5.28 ' .80 5.28 5.16
Souffl Fa l"'~n kS 69/1 2. 47 I 1.20 11.0 I .." 7. '"

..,. ..., ".,
ST.e se 69/ 12. 47 8. 40 7.43 7. 67 7. 49 6. 19 '. 90 '. 72
Un Ive r s lty A• • 69/ l:.Z. 47 7.82 t t t 8. 76 II. 16 7. 39 5. 69 4. 25 4. 25
Zel'lnde ,.. 69 / 12. 47 11. 20 11.35 11 .36 1:5 . 18 12.53 ....!..:.§l ...!:!!.

77.45 81.13 88. 55 83. 16 79.70 75.80

• ceee Ta p ctla ngl ng t r ansfol'"lller un less e tn e ..... l se noted •
.. t4ex 11D1P netrep l ate con't lnuou s full load rat ing at 65 "'C ,.. 1541 .

"~u pp l l «l f r Ol North Pol e lJ.~Y bus .
t Su ppl led fr em Go I d HII I 34.5-U bus .
t t Supp li ed f,.. 0'!1 """a l y 24.94-k V bus .
t t'tMllx lmlMl rlltl ng o f N O trans forme"'s I n ce r-et t e ! ,
II 1980 IIlIlXlm l.'ll i:J 81I1Ind tflrougl'l Ju l y 1960
IIX 3 -an t l'l s eete ,
II~ 1IlOl'l1tls da ta.
+ 4 IIIOIl tflS de t ll.

++ Inc l ude s II d81lllnd o f app",ox lmaTel y 300 k\ll at 1I...u· pl'ly eome suppl 1«1 by Ele l 30n ,\fB.

+++lnc lud lllS a d8llend of app"' ox Imat e ly 2, 600 k W at Fo,..'t Gree l y suppli ed fr em For 't ~a l nw,.. 19 ht.

Abbreviat ions : ne - It) de'" ava . lable .
HIS - NOT In s....... .e e ,

5 - 26



Subsf aflOIl

TA6LE 84. 8: OOWEN VALLEY ELECTR IC ASSa:I ATI~ . IPC .

O ISTR I 6UTl~ S L8STATI ~ OATA

PLANNEO FAC I L I TI ES-

V0 I 'tage .!!.!!l.!:s" -
( k V) (fo4VA)

69 / 12. 47 12 ( Ap p,-ox Imat e t e-serv Ic. <late - 1984)

- Est lmah <l eer a,
•• load t a p d'langl ng t '-llnsfol'"lll.'- un less oth8l"'Wlse noted .
-- l-!O x lml"lll n_ pl ate cont lnU01.ls f ull loacl ,-atlng a t 65 "'C rise.
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TAbLE 85.1 : lfi l VERSI TY CF AlASKA , FAIRBN«S

GENERATI NG CAPACITY AI«) DATA

Yea r- o f

Gener-at l ng Un i t t nat erretree 1m Capac ity Remer-ks
(MWI

Unl ver-sl ty of AIesse-s I 51 1. 50 Coal

Un1ver-sI1''1' of Al askll~S2 ST I . so eo"
Uni ver-sl ty o f Alas ka-53 1980 ST 10. 00 Coa l

Un i ver si ty of AI asklll-o I Di ese l 2. 75
Un iver si ty of Aiaskao02 Olne l 2 .75

Tot al Ava l l ao l e capaci ty 18. 50

F'o_, Gener-aTor- I mpedance- Inert i a

Uni T Vol tage Rat ing FacTor X, x" '., '2 "0 Const an-r- -

( kV) (,'''VA)

Unl ver-sl t y of AI aSklll~S I ' .2 1. 875 . SO 61. 33 S. OO 5. J3 6.93 2.13
Universi ty of Alaska-52 ' .2 1.875 . 80 6 1. 33 ..00 5. 33 6.93 2. 13

Unlver-s l t yof Al asklll-53 ' .2 12. 50 . 80 IJ. 8lJ I. n 1.02 1.02 0. 34
Unl \ler-s i ty of Alas ka~1\ ' .2 3. 438 . 80 23.27 8.73 5.24 5. 53 1. 45

Un i ver-sl t y o f AI aska-02 ' .2 3. 438 . 80 23.27 S. " 5.24 5.53 1. 45

- l lllpecl ance In per uni T on I~VA base.
-- I nert ia const ant i n pel'" uni t on I OO~VA base.

JOor-ev 1,,1'Ion ; Sf ~ 5t _ Turbine
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TABU 65. 2: UN I VERS ITY CF ....LASKA . F" IRBAHG
tRANSFOR~ OATA

SUl)s lll Tlo n - Trensfor"",r Yo l1'ase ~. hp S.,1'T 1!!Cl Tap Range ~"ac1'a nc"· ·

Ik Y) I r.4 YAl

Two lil lrnl lnq Trans forme r

Uni ve r s i t y o f Al aska- l 69/4. 16 7. , LTC .8933

• ConTln l.lO us fu l l load ra1' l ng et 55"t: r ise .

" Tra ns former rsac1'a nce In per uni t on lOO ... YA bas., .

1'bbr".v iaT ion; LTC · Load 1'ap cheng l~

8 - 29



T....BLf 66. 1: MI LITARY INST.... LLATIONS. F IRBAN KS AREA
GENERATING CAPACITY AND O....T....

Un i t To't~ 1

~ener8 't I n9 Un It ~ C8p8cl'ty Capllc l ty,.., ,..,
Elelson AFB- 5 1. 52 ST 2.50 5. 0
EI. lson m-5.3, " ST ' .25 12. ,

Fort Gree ly -o 1. 02. 0' Or.se l 1. 00 ' . 0
For't Gree l y-<l4 , 0' Ol e se l 1.25 2. ,

Fort "a ln wr lgnt-5 I. 52. 53 , " ST '.0 lQ.&.

Tota l A.... a l l aDI. Capacity 4.3. 0

"'- Generator I mpedance* Inert i a

Un l 't YoI 'tage R.II't I ng Fac tor
~ ", '., ":z :s. ConSn!n""·-( kVI ( MVA )

EI.lson AFS·5 I. 52 7. 2 3.124 . S .39• .36 '.44 2.8' 2." e. "
Elel son ....rn .05.3. ' 4 7.2 6.250 I .o 18. 40 2.40 1. 60 2.08 0. ..

For 't Gr•• I ~ I . 02. 0' ' .2 1. 250 •• ". 00 24. 00 14.60 1' . 20 ' .00
Fort Gre. l y -<l4. 0' 4. 2 1.563 •• 51. 18 19. 20 I 1.52 12. 16 >.2.
For't ~ l nwr I 9h't· 12 . 4 ' . 25 . S 18.40 2. 40 1. 60 2.08 D."

5 I. 5 2. 53. 54

• hllpe<! ance It. per un l't on lOO~V"" base.
·* Inert la cons 'tllnt In per unl 't on 100 ~V"" ease ,

Abbrev l at lo n : 51 · 5'team Turbine
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rABLE B6.2: lll lLITAAY INSTAi..LATI OOS, FAIRBAt«S .'REA

TRANSFORMER OArA

SubSTaTi on - Transformer

T. o lf lnCIlng Tra nsformers

El el50n AFB

ForT Gree l y

For T j,jaln.... lghT

Vo l tage

(kV)

69fl .2
24.9 /2.. 4
69/1 2. 4

RaTi ng

IIllVA)

50,
2

0
,

eo4

Tap 5e,.,. lng

LTC
LTC

Tap Rans e

1. 518
2..372
0.983

- VJnTl nuous full road ra Ti ng at 65"'C r i se.

" Tr ans f o rmer reec:Tonce I s per un i T On IOO~VA bose.

At.tlrev l aTi on: LTC - Loa:! ta p cnang lng

B - 3 1



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 .
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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
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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.
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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,
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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.



SUSITNA TOfAIHBAN)(S AT 230 KV

0 4 . I I I

seoc3000

(kcmil)

2000 2500

TOTAL CONDUCTOR AR EA

PER PliASE

7

SUSITNA TO A~CIlORAGE AT 34~ xv

.~
~TOTAL COST INCLUDING CAPITALIZED - -> <, COST OF LOSS I TWO CIRCUITS }

r TOTAL COST INClUDING CAPITALIZED ~COST OF LOSS (TitR EE CIRCUITS I

J

~
~
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,

06

o.
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20001500
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~...§ 0 1
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!Q l .o 1= TOTAL COST INCl UDING CAPITALIZED
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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,
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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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T/o!JlE 0.4 : Tf<ANSMI SSI UN Att.l SUUSTATION A/'fillAl CtW«>t:S

TrllnSlll lssl o n Altllr nllt lvll
I , , • ,

Percent 0 1 ClIplhll zud ClIp l h l I l wJ lA pltllll l ud ClIp l h i I zoo - - - - as-pi h i lled

C.. p l t4 1 Capltll l An nUllI Cllp t t ill An nU<l I Capita l AnnulIl CIIpl te t AnnUlI I Cap i ta l Annuli I
Cost · Cos t cnerces Cos t Chllr Qus Cost Chor Qa s Cost Chll rtl!s Cost Chllr(jl;ls

TIMI 1>141 1$1041 (\HI <\HI l\HI l\HI ISM) l\HI UM)

19 93 Cap Itll I I led AnnulIl L1ntJ tU.62 211. I) 1 81 . ~ 192. 25 16 0.16 183.17 ISl. 11 16 2.74 13 6. 0 6 2 16. 39 1110. 9 )

Chdrye s

2000 Cap l t d l lztJd Annlldl line 77. 94 - - 3'.1. Il 30. 49 - - 39. 12 30. 49
ChII rg .n,

1993 ColI pl to l lNtJ AnnUlI I Sta tion 109. 3) 123. H8 13) . 40 123 . 88 1) ) .46 1) ). 9) 148. 66 IJS. 95 146. b6 1 8~. 06 202 . 36

Ch<lr~s

2000 Colo p ltll i l~ AnnUcl I s t e t Io n 101. 92 44. 14 4) . 00 31. oil 32.01 54. 46 S:i.53 4 1.2 1 oi l . 00 39.1J 40 .4'll

Ol dr y" s

' Cap l tollzud M OUll I Chdrye j)Urc ll ll t<l~US ore ueve lopud In t hll tlld 00 P<JIJe 0 -3.



~

~I
~I

N

I
al

~

I
r ~.0

-
~

~

•
•

~
=

I
~
~
-

~
~

•
,I

~I
N

0
•

al
~

"
~



al

J
~

0
i!?

N
~

~
•

•
,

N
~

"
,I

~I
~

~

;1;1
.,:

.,:
~

,
~

N
•

,
,

J
~

0
i!?

~
~

~
,

•

~
,;:

3
:<:

,I
~I

al
.,;

~
a
:
:
~

,
,

,
,

,
,

~~~3~~

J
z

~
0

~
~

;
~

N
,

~
~
=

>
,

N
,

,
~

•
N

~

,I
~I

,
~

~
~

;:
~

u
~

al
.,:

.,:
·.

e

•
~
-

~
,

•
~

~

~
,:<:

~c
§

~N~

~I
N

<
~

0
~

~
~

0
O

N
N

~
~
~

~
,

,
~

~
~~

~I
~I

•
!

2
~

~

-
~

~
.,

~

"
al

.,;
0

.,;
!

•
,

u
0

•
~

,
,

,
,

"
~

<
u

~

;
0

i
<~

•
~

••
"2

•
~I

e
~

•
~

0
~

~

N
~

~
=

~

~
-

,
,

,
,

,
,

N
~

~•
,

0
_

.
....

....
0

....
,.

u
·

~
~

l
l

~
~
:
:

""
_

_
N

....
~

•
;
;
;
~
~

,..-...,""""
~

=
;.

~
N
~

8'C
N

-
-

N
~
-

"
N

0
0

0
0

.
~

d
d

d
d

o
d

d
d

d
o

d
o

·
0

•
~

•
•

~
•

•
~

0
~

0
.,

~
~

•
v

....-
--

-----
-

!
"

...
-
-
-

'585
-
--

--
"

e
s

!
:
5
5
S
!
~

~

u

•
~
~
~

l
""

"'-"
c

"'
...

..>C
""'

""
£

0
•

"
~
~
-

........-
1

•
0

-
...

....
,g

-
..

....
•

>
-....

....,.
~
~

~
...

...
"

'0
1

........
•

0
c

....
",

...
~
~

0
'

'''
_

N
""...""...,

•
~

Il.:
•

0
<

-
·--

0
0

•
••

•
~

•
.:

•
•

~
a

•
•

•
•

•..
~

~
:
o

N
N

....
N
N
~

-
_

N
N

N
Il

•
~

...
•

s
1

~
>
"
>
-

>
-

~.....
•

•
•

»
»

>
~

•
2."'""

""
c

...:
"'-

...,
c

""
""

.II:
'"

""
~

•
~""""

8
C
3
~
o

............
~

0
~
~

a
1

!
!
"~
~
~

-
;!;
~

....
=

N
;::,:!;'i

':!;
~

•
<

u
~

•
•

•
>

•
•

•
>

•
•

•
•

•
~

e
•

::
N

N
N

c
!
N

n
N

~
-
-
-
-

0
c

~

·



!"

I
I
I

APPENDIX E

HVDC TRANSMISSION



I

•,,,,

TABLE OF CONTENTS

E1 - GENERAL - - - --- - --- - - ----------------------- - ------------ --- --- £- 1

£2 - ECONOMIC SCREENING --------------------- ----- - --- - - --- - - ------ £- 2
£2 . 1 - Basic SChemes --- ----- - - --- ------ --- - - ----------------- E- 2
E2.2 - Compar ative Costs - --- - - - - - - - - - - - - - - - - - - ----- - - - - - - - - - - £-4
£2.3 - Res ult s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - --- - - - - - - - - - E-7

LIST OF TABLES,,

I

I

I

Number

E2 . 1

E2.2

E2. 3

E2. 5

Ac Tr ansmis s i on to Anchorage
Deve lopme nt of Capi t a l Cost s

HVDC Trans mi s s i on to Anchorage
Dev elopment of Ca pi tal Costs

Ac Transmi s s i on to Fairbanks
Developme nt of capita l Costs

HVDC Transmissi o n to Fairbanks
Deve lopmen't of Cap! tal Cost s

Summary of Compar a tive COsts
Ac Vers us Dc Tr ansmis s i on

I
LI ST OF FIGURES

r

r

I

Number

E2. 1

E2. 2

Conparison of HVDC Ve r sus Toe

Transmission to Anc horage

Comparison of HVDC Versus Ac
Transmiss i on to Fa i r banks



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 .

E - 5



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.

E - 6



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



- -

'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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