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PURPOSE OF REPORT 

I n  July o f  1 9 8 0 ,  t h e  A l a s k a  Power Authority engaged G i l b e r t /  

Coma~onwea l th ,  a f i r n  o f  consulting e n g i n e e r s ,  t o  pro%ride a 

v a r i e t y  of services pertaining to t h e  s t u d y  and  des i c jn  o f  a 

first interconnection between t h e  e l e c t r i c  power systems 

e x i s t i n g  i n  t h e  Anchorage area and  those e x i s t i n g  i n  t h e  

Fairbanks area.  One of t h e  i n i t i a l  t a s k s  a s s i g n e d  W Z ~ S  to 

make a s t u d y  o f  t h e  feasibility of s u c h  an interconnection. 

T h i s  repor t  descr ibes  t h e  n a t u r e  and r e s u l t s  o f  t h a t  s t u d y .  

In t h e  Anchorage area, t he re  are f i v e  e l e c t r i c  u t i l i t i e s  

t h a t  are in te rconnec ted ,  namely Anchorage M u n i ~ i p a l  L i g h t  

and  Power ,  C h u g a c h  Elec t r ic  Association, Homer E l e c t r i c  

Association, ? f a t a n u s k a  E l e c t r i c  Association and Seward 

E l e c t r i c  System.  T h e  amount of g e n e r a t i n g  capacity i n  t h e  

Anchorage area i s :  

AMLP 225  megawatts 

C EA 476  

APM 30 

T o t a l  7 3 1  megawatts 

O f  t h i s  amount:, apprLximately 6 percen t  i s  h y d r o .  T h e  rest 

i s  fired w i t h  n a t u r a l  gas. 

T h e r e  alre kwo itraterconnected u t i l i t i e s  i r"Rhe  Fairbaxlks 

area; Fairbanks Municipal  U c i l i c y  Sys tem and Golden Valley 

E l e c t r i c  Flssoc ia t ion .  T h e  amoun t  o f  q e n e r a t i n y  capacity i s :  



FMUS 9 l  megawatts 

GVEA 2 2 5  
_11____1( 

Total 2 9 2  megawatts 

O f  t h i s  amovnt, approximately 18 percent is coal-fired and 

t h e  remainder is ail-fired, 

F o r  a number of years ,  it h a s  been conce ived  t h a t  s u b s t a n -  

t i a l  e c ~ n o ~ x i e s  i n  t h e  p roduc t ion  of e l e c t r i c i t y  can be 

a c h i e v e d  by i n t e r c o n n e c t i n g  t h e  t w o  systems. In f a c t ,  

there  h a v e  been a number of prior s t u d i e s  d e a l i n g  w i t h  t h i s  

question. It i s  t h e  i n t e n t i o n  t h a t  t h i s  s h o u l d  be t h e  f i n a l  

and most d e f i n i t i v e  f e a s i b i l i t y  s t u d y  y e t  made, p r e p a r a t o r y  

to t h e  a c t u a l  u n d e r t a k i n g  to cons t ruc t  such a n  in terconnec-  

i h k : ~ e  are two potential benefits of in te rconnec t ion .  I n  

t e c h n i c a l  terms, t h e  f i r s t  is  c a l l e d  "economy i n t e r c h a n g e "  

a n d  t h e  second Nreserve s h a r i c g " .  

T h e  meri t  of ecoEomy i n t e r c h a n g e  h i n g e s  u p o n  t h e  f a c t  t h a t  

t h e  oil b u r n e d  i n  F a i r b a n k s  is, a n d  promises to be, s u b s t a n -  

t i a l l y  more cos t ly  t h a n  t h e  natural gas b u r n e d  in Anchorage .  

T h u s ,  i f  energy prov ided  by lower cost. gas c o u l d  be t r a n s p o r t -  

ed  to Pairbanks to replace  e n e r g y  produced there  with o i l ,  

there w o u l d  be a c o s t  r e 6 u c t i s n  a v e r a l l ,  The c o s t  of f u e l  

is a substantial cGmponent in t h e  c o s t  of producing e l e c t r i -  

c a l  e n e r g y  and d i r e c t l y  impacts t h e  c o s t  o f  e n e r g y  to t h e  

COls lSI%mer  @, 

Zconomy i n t e r c h a n g e  is made practical by the c y c l i c  n a t u r e  

o f  t h e  s y s t e m  load.  As with a l l  u t i l i t i e s ,  t h e  Anchor3ce 

s y s t e m  i n u s t  h a v e  i n s t a l - l e d  generating capacity to meet t h e  



peak demands  and  p r o v i d e  reserve f o r  t h e  s c h e d u l e d  231x3 

u n s c h e d u l e d  outages of i n d i v i d u a l  g e n e r a t i n g  units. When 

t h e  sys tem load is n o t  a t  i t s  peak, and/or  mcst g e n e r a t i n g  

u n i t s  a re  capable of operating normally, Anchorage i s  capable 

o f  produc ing  e n e r g y  above  and  beyond t h e  immediate need of 

i t s  consumers. Given  an in te rconnec t ion ,  t h a t  e x t r a  e n e r g y  

could be transported to F a i r b a n k s ,  and  F a i r b a n k s  g e n e r a t i o n  

r educed  a c c o r d i n g l y ,  t o  achieve the b e n e f i t s  of economy 

i n t e r c h a n g e ,  T h i s  p rac t ice  j s  common among i n t e r c o n n e c t e d  

u t i l i ' i e s  t h r o u g h o u t  t h e  U n i t e d  S t a t e s .  I n  most a31 cases, 

t h e  r e s u l t a n t  s a v i n g s  are s p l i t  50-50 between t h e  s e n d i n g  

and  r e c e i v i n g  utilities. 

T h e  second b e n e f i t  o f  i n t e r c o n n e c t i o n ,  reserve s h a r i n g ,  

arises from t h e  f a c t  t h a t  t h e  l a r g e r  t h e  i n t e r c c n n e c t e d  

sys t em,  a n d  t h e  g r e a t e r  the diversity of resources  t h e r e b y  

encompassed, t h e  more w i l l  be i t s  ability to w i t h s t a n d  

adversities d u r i n g  ope ra t i on ,  T h e  p o t e n t i a l  a d v a n t a g e  can 

be used in e i t h e r  of two ways. It can be used  to increase 

t h e  reliability o f  t h e  sys tems  j o i n e d ,  or i t  can be used to 

reduce t h e  a m o u n t  of ggnerating c a p a c i t y  required to a c h i e v e  

the same l e v e l  o f  service reliability as before interconnec- 

tion, In t h e  p r e sen t  case, it is assumed t h a t  t h e  l a t t e r  

caurse sf  action w i l l  p r e v a i l  because it is reported t h a t  

bo th  t h e  Anchorage and F a i r b a n k s  systems have  adequate 

reliability and need no improvement. T h u s ,  t h e  way is open 

to eventually reduce t h e  t o t a l  amount of generating capacity 

required to g i v e  t h e  customary degree of service reliability, 

and correspondingly spend  l ess  on additional generating 

c a p a c i t y  i n  t h e  future, 

O n e  major p a r t  o f  t h i s  s t u d y  was t h e  quantification of t h e  

n l a g n i t u d e  and economic b e n e f i t s  of "chese t w o  nodes o f  ope ra -  

t i o n  in Lhe presence o f  a n  i,n"r,rconnecZ:ionII 



T h e  transmission line d i s t a n c e  b e t w e e n  Anc;.orage and Fairbanks 

i s  approximately 315 miles following a route  w i t h i n  t h e  

Railbelt, However, t h e  n e w  f a c i l i t i e s  needed $a make an 

interconnection need n o t  necessarxly be t h i s  l ong .  T h e r e  

i s  a n  existing 138 kV l i n e  e x t e n d i n g  s o u t h  from Fairbanks 

approximately 1 0 3  miles. T h e r e  a r e  e x i s t i n g  138 kV and 115  

kV lines e x t e n d i n g  5 2  miles n o r t h  from Anchorage. I f  i t  is 

possible to utilize these existing lines as a p a r t  o f  t h e  

interconnection, t h e  gap to be closed and t h e  l e n g t h  of new 

l i n e  needed to e f f e c t  inter~on~ection is 1 6 0  miles, H ~ ~ w e v e r ,  

it is n o t  necessarily t rue  that the e x i s t i n g  l i n e s  c a n  be 

i n c o r p o r a t e d  into t h e  i n t e r c o n n e c t i o n  unde r  all of t h e  

optians c o n s i d e r e d .  The possible options and t h e i r  respective 

n e e d s  f o r  n e ~ g  l i n e  construction a re  defined i n  t h e  f u r t i l e r  

course o f  t h i s  discussion, 

i n  any case, i t  is by comparison of t h e  b e n e f i t s  and  c o s t s  

t h a t  t h e  feasibility of t h e  i n t e r c o n n e c t i o n  w i l l  h e r e i n  be 

p r o v e n ,  and t h e  loost economic configuration of t h e  i n t e r -  

csnnection defined, 

T h e r e  i s  a n  a d d i t i o n a l  and important f a c t o r  t h a t  i s  dealt 

w i t h  in t h i s  s t u d y ,  T h a t  is, t h e  f u t u r e  impact o f ,  and need 

t o  coordinate with, the S u s i t n a  Hydro Pro jec t .  T h e  p r e s e n t  

concept i s  t h a t  t he re  may be i n s t a l l e d ,  b e g i n n i n g  i n  1 9 9 4 ,  

approximately 1 2 0 0  megawatts of h y d r o  generation s i t u a t e d  

r o u g h l y  midway between Ancilorage a n d  Fairbanks, Any trans- 

miss ion  l i n e s  a s s o c i a t e d  w i t h  Susitna w i l l  l o g i c a l l y  

overlay or parallel t h e  i n t e r c o n n e c t i o n  w h i c h  is the subject 

c f  t h i s  report. T h a t  prospect a f f e c t s  t h e  way i n  w h i c h  t h e  

interconnection is anaLyzed, and  may affect tibe way in which 

it is built. T h i s  report therefore deals with t h e  merits o f  

interconnection a s s u m . i n q  (I) t h a t  Susitna wi13 exist w i t h i r :  

tile time frame sugge : ; t cd ,  or ( 2 )  t h a t  it-. may n o t .  



One f i n a l  c o n s i d e r a t i o n ,  i f  fo r  s o m e  reasan t h e  S u s i t 1 2 a  

Project is n o t  b u i l t ,  a n  a l ternaLe source oi power for  che 

Railbelt area will need to be s o u g h t .  The analysis i i :  t h i s  

repart with reference to t h e  Susitna Project woald also 5s 

applicable to an a l t e r n a t e  cen t ra l  s t a t i o n  power source 

located w i t h i n  t h e  Railbelt r e g i o n .  



SCOPE QF STUDY 

The f urldcimental objectives uf t h e  feasibility ~ t j l d y  w e r e  

kbias: 

To define all of the reasonable alternatives for design 

and operation of the interconnection. 

To e s t a b j i s h  t h e  practicability of each caternative and 

quantify i ts  h b i l i t y  t o  t r a n s p o r t  power i n  either 

direction, 

To estimate t h e  b e n e f i t s  and costs  oE each a l t e r n a t i v e ,  

To i d e n t i f y  t h e  pre fe rab le  course of action on the 

basis of t h e  relative ratios of benefits ta costs.  

To establish -conomic justification f o r  proceeding to 

implement t h e  preferred alternative . 
Regard ing  t h a  matter  of reasanable alternatives, it h a s  

r e p o r t e d l y  been  determined by Acres  American t h a t  the 

p r e f e r ~ * z d  v o l t a g e  f o r  t h e  transsission l i n e s  associated with 

the Susitna Projec t  %ill be 345 k V .  Acres Americar. is t h e  

c o h 2 s u l t a n t  engaged to s t u d y  t h a t  project. S i n c e  there i n u s t  

be coordinatiori between plans far  t he  i n t e r c o n n e c t i o n  and 

p l a n s  fcr the Susitna Project, due to t h e  geography  of t h e  

situation, i t  becomes apparel3t t h a t  t h e  a ls ;ernat ive  v o l t a g e s  

t o r  t h e  i n t e r c o r ~ n ~ c t i o n  must r a n g e  between t h e  l o i ~ e s t  t h a t  

e x i s t s ,  i.e., 115 kV, ;.ld t h e  h i g h e s t  t h a t  w i l l  he use6 fo r  

S u s i t n d .  The s t s lndard  v o l t > g e s  w i t h i n  t h i s  rantje are 115 kV, 

138 230 IcV arzd 3 d 5  I.,!/, 



For t h i s  analysis of t h e  i n t e r c o n n e c t i o n ,  i t  i s  therefore 

reasonable to pos tu la te  t h e  following options: 

b ,  Construct t h e  interconnection f o r  115 kV, 138  kV, 230 kV 

or 345 kV operation, and so operate it from t h e  beg in-  

n i n g .  

D e s i g n  the interconnection for  f u t u r e  345 k V  operation, 

b u t  operate it at 115 kV, 138 kV or 230 kV until it may 

be i n t e g r a t e d  i n t o  t h e  Susitna Project. 

T h i s  is t h e  range of options d e a l t  w i t h  in t h i s  s t u d y .  

W i t h  regard to establishing t h e  practicability and capability 

of each a l t e r n a t i v e ,  t h e  ev idence  t h a t  h a s  been developed 

w i l l  be shown l a t e r  i n  t h i s  report .  However, it is to be 

n o t e d  t h a t  t h e  analysis a l o n g  t h i s  line has  proceeded o n l y  

f a r  enough to g i v e  reasonable assurance t h a t  each alternative 

p l a n  w i l l  work satisfactorily w i t h i n  t h e  limits envisioned 

or i n t e n d e d ,  and t h a t  t h e  capital cos t  estimate i s  reasonable 

and s o u n d .  T h a t  i s  t h e  customary limit of investigation in 

conn2ction w i t h  feasibility study. 

When it i s  decided on t h e  basis of these and o the r  f i n d i n g s  

t h a t  t h e  project is to be implemented on t h e  basis of a 

specrfic alternative, f u r t h e r  t echnl .ca i  s t u d i e s  to r e f i n e  

equipment and des ign details will be required, T h e  basis 

f o r  t h i s  procedure is efficient use of e n g i n e e r i n g  tine and 

~ ~ i n i m i z a t i ~ n  at expense,  

And finally with regard to cos t s  and benefits, t h e  elements 

considered in t h i s  analysis are: 



The c o s t o f  the interconnection and reld t e d  system 

a d d i t i o n s  and improvements, including c a p i t a l  expenses,  

f i x e d  charges o n  investmentr operation and ma in t enance  
2 

expenses, and capaci ty  a n d  e n e r g y  charges  f o r  I R 

losses * 

The  benefits of economy interchange, including reduction 

in sys t em f u e l  expenses and r e d u c t i o n  i n  power p l a n t  

operat ion and m a i n t e n a n c e  expenses .  

The b e n e f i t s  of reserve s h a r i n g ,  i n c l u d i n g  t h e  r e d u c t i o n  

i n  capital expenses f o r  new generating capacity, and 

r e l a t ed  f i x e d  charges on investment. 

BASIS FOR STUDY 

It w i l l  become apparent t h a t  most of the basic d a t a  used in 

this s t u d y  was var iously  s u p p l i e d  by t h e  u t i l i t i e s  i n v o l v e d ,  

A l a s k a  Power  A u t h o r i t y  and other s t a t e  agencies, c o n s u l t a n t s  

to these  agencies,  and f u e l  s u p p l i e r s .  I n  f a c t ,  t h e  develop- 

n e n t  of the d a t a  finally u s e d  h a s  been the r e s u l t  of consider- 

able interaction w i t h  and between these  many p a r t i e s .  T h u s ,  

t h e r e  is reason to e x p e c t  a c o n c e n s u s  *Ipon the entering 

parameters about to be described. 

F u t u r e  e l e c t r i c  energy sa l e s  w i t h i n  t h e  Railbelt were ori- 

g i n a l l y  projected by t h e  Institute o f  Social and Economic 

Research, and g i v e n  in a report to t h e  S t a t e  of Alaska d a t e d  

May 2 3 ,  1 9 8 0 .  Acres American s u b s e q u e n t l y  ~ + n a l y z e d  and  

expandad t h e  T S E R  information, projecting t h e  e n e r g y  u n a c r o u n t -  

e d  f o r  and consumed i n  s y s t e m  losses so as to a r r i v e  a t  a 

f o r e c a s t  of annual generation fo r  load ,  Acres A m e r i c a n  also 

developed a n n u a l  sk stem load  f a c t o r s  ( i 2 ratios of a v e r a y e  

a n n u a l  s y s t e m  load to a n n u a l  peak d e ~ ~ a n d )  by w h i c h  i t  i s  



possible to make a forecas t  of f u t u r e  peak demands .  Using 

t h e  information t h u s  p r o v i d e d ,  and adopting t h e  A c r e s / I S E R  

'Nediumw forecas t  of t h e  s eve ra l  possibilities t h a t  were 

pro jec ted ,  GilbertjCommonwealth d e r i v e d  t h e  load d a t a  needed 

f o r  t h i s  analysis, i t h e  projected annual e n e r g y  gene ra -  

tion an8 a n n u a l  peak demands t h r o u g h  y e a r  1 9 9 5 ,  as sholdiln i n  

E x h i b i t  1, 

Necessary intormation r e g a r d i n g  t h e  existing generating 

units was furnished by t h e i r  respective owners as shown i n  

E x h i b i t  2 .  Gilbert/Commonwealth e s t i m a t e d  t h e  f u l l - l o a d  

h e a t  r a t e  f o r  each u n i t  as l i s t e d  in S h e e t  3 of E x h i b i t  2. 

Exhibit 3 shows t h e  remaining parameters u s e d  i n  t h i s  s t u d y ,  

m a i n l y  t h e  economic parameters. T h e  f i x e d  cha rge  r a t e  and 

i t s  coxponents (Item B in E x h i b i t  3 )  were p rov ided  by A l a s k a  

Power  Authority. T h e  gas and  o i l  prices used  (Item I in 

S x h i b i t  3 )  were agreed upon at a coneerence on March 1 8 ,  1981 

i n v o l v i n g  representatives o f  Alaska  Power Authority, G i l b e r t /  

Commonwealth, Chugach  E l e c t r i c  Associat ion,  Anchorage Municipal 

L i g h t  and Power, G o l d e n  Valley Electric Associa t ion,  F a i r b a n k s  

Munic ipa l  U t i l i t y  System,  Matanuska  Electric Association, 

Homer E l e c t r i c  Association, A l a s k a  Gas and Service Company 

a n d  Battelle P a c i f i c  Northwest Labora tor ies ,  

All o f  t h e  reinair i n g  information giver1 in Exhibit 3 was 

c a l c u l a t e d  or estimated by Gilbert/Commonwealth. 



FESWl$iL*AT3;8N OF ALTERNATIVES 

Upon examination o f  t h e  e x i s t i n g  t r ansmiss ion  lines, it was 

n o t e d  t h a t  o n l y  2 6  miles of l i n e  i n  t h e  area of i n t e r e s t  a re  

operating at 115 kV. It was f u r t h e r  learned t h a t  t h i s  l i n e  

can be operated at 1 3 8  kV without need  f o r  modification. 

Since t h e  sys tems  to be in terconnected operate main ly .  a t  

138  kV or above, 115 kV wss eliminated as a practical a l t e r -  

native for  t h e  i n t e r c o n n e c t i o n ,  

:n t o t a l ,  f i v e  a l t e r n a t i v e s  were deve loped  and  e v a l u a t e d .  

Diagrams of t h e  f i v e  p l a n s  are prov ided  in E x h i b i t  4 .  

The d e t a i l s  of the p l a n s  a re  d i s c u s s e d  i n  t h o  following 

paragraphs .  

P l a n s  % A  and 1 B  - 

S i n c e  t h e  existing lines t h a t  may be readily incorporated 

i n t o  t h e  i n t e r t i e  a re  or can be operated at 138 kV, t h e  

f i r s t  alternative involves utilization o f  t h a t  voltage. 

The  a d v a n t a g e  o f  138 kV i s  t h a t  t h e  t w o  sys tems  can be 

connected w i t h o u t  need  Tor v o l t a g e  m a t c h i n g  transformer-. 

The s teps  required to e s t a b l i s h  a 138 kV interconnection are 

l i s t e d  below, s t a r t i n g  from t h e  Anchorage  end  and  proceeding 

towards F a i r b a n k s ,  

T h e  Anchorage termination of the t i e - l i n e  is t h e  e x i s t -  

i n g  Polnt MacKenzie s u b s t a t i o n .  The f i r s t  26 miles of 

the tie-line would make u s e  o f  the existing 138 kV line 

from Point MacKenzie to Tee land ,  



A 115  kV line 2 6  miles Long exists be tween  T e e l a n d  and Willow. 

T h i s  line can be converted to 133 kV operation without 

modif ica t ion of t h e  line itself. To operate t h i s  L i n e  
at 1 3 8  kV requires making a c o n n e c t i o n  to t h e  existing 

138 k V  bus  at T e e l a n d .  The  existing distribution 

substati~n a t  Willow wwLd be r e b u i l t  fo r  138  kV a n d  

t h e  1 1 5 / 2 4  kV transformer replaced w i t h  a 1 3 8 / 2 4  kV 

transformer, 

A new k i n e  w o u l d  be const ructed to close t h e  960 mile 

gap between Willow and Hea ly .  

The existing 103 miles of 138  kV transmission between 

Healy and  Gold H i l l  wou ld  complete the t i e - l i n e .  Gold 

H i l l  substation i s  t h e  Fairbanks termination sf the 

t ie-Pine,  

Two subalternatives were considered,  En the f i r s t ,  identified 

as P l a n  1A,  t h e  1 6 0  miles of new line would be constructed 

for a nominal operating v o l t a g e  o f  138  kV, P l a n  l B  is 

similar i n  a l l  respects  except t h e  1 6 0  miles of new l i n e  

would be c o n s t r u c t e d  f o r  a f u t u r e  operating v o l t a g e  of 345 

' kV but i n i t i a l l y  opera ted  at 135 k V .  T h i s  allows far the 

possisility of integrating the new l i n e  i n t o  the f u t u r e  

transmission facilities fa r  Susitna or other regional 

g e n e r a t i o n  source. 

C i r c u i t  b r e a k e r s  would be i n s t a L i e d  as shown i n  Exhibit 4 ,  

:Sheet  I. T h i ~  a r rangement  r e s u l t s  i n  t h e  same level of 

serv ice  reliability as presently p r o v i d e d  a t  t h e  s u b s t a t i o n s  

a l o n g  t h e  tie-line. 



P l a n s  2 W  and 2 B  

The  existing P o i n t  MacKenzie to T e e l a n d  1 3 8  kV line can, be 

operated at 230 kV i f  additional i n s u l a t o r s  a re  p rov ided .  

It i s  unde r s tood  that :  Chugach E lec t r i c  Association plarls to 

convert  and build other  l i n e s  i n  the v i c i n i t y  of Point 

MacKenzie f o r  2 3 0  kV operatian. T h u s ,  2 3 0  kV transmission 

w i l l  soon become t h e  major transmission v o l t a g e  in t h e  

Anchorage a r ea .  I t  i s  therefore a reasonable possibility to 

e x t e n d  230 kV transmission to Fairbanks. The  following 

s t eps  would establish a 230  kV interconnection. 

1. The  existing 26-mile P o i n t  MacKenzie to T e e l a n d  138 kV 

line would  be r e i n s u l a t e d  f o r  2 3 0  kV operation and con- 

n c c t e d  to t h e  2 3 0  kV b u s  a t  P a i n t  MacKenzie, 

2 .  A 2 3 0  kV s u b s t a t i o n  would be built at T e e l a n d  to s u p p l y  

the e x i s t i n g  115 kV transmission system there. 

3 .  A new 230  kV line 1 8 6  miles long  would be constructed 

from T e e b a n d  to Healy.  

4 .  A 230/138 kV transformer would be i n s t a l l e d  at Bealy.  

The  existing 1 0 3  miles of 138  kV l i n e  between Hea ly  and  

Gold H i l l  would complete t h e  interconnection. 

A s  i n  P l a n  I, two subalternatives were formulated, I n  P l a n  

2A, t h e  186  miles s f  new l i n e  would be c o n s t r u c t e d  f o r  a 

nominal ope ra t i ng  v o l t a g e  of 230  kV. P l a n  2 8  is similar to 

P l a n  2A except t h e  L i n e  r fou ld  be d e s i g n e d  f o r  f u t u r e  operhtlon 

at 345  kV. In b o t h  p l a n s ,  the P o i n t  MacKenzie to Healy  

sections would be operated a t  2 3 0  kV and t h e  Healy-Gold H i l l  



sections at 138 kV, The c o ~ 2 s t r u c t i s n  a% the new Line sect ion 

fo r  345 kV r a t h e r  t h a n  230 kV operation provides fo r  f l u t u r e  

integration w i t h  the S u s i t n a  transmissicn. 

C i r c u i t  breakers  wou ld  be provided as shown o n  E x h i b i t  4, 

Sheet 2 .  T h i s  arrangement  maintains t h e  same l e v e l  o f  service 

reliability as p r e s e n t l y  provided at T e e l a n d ,  

P l a n  3 would i n v o l v e  1 6 0  miles 0 2  new l i n e  const ructed for  

a n d  operated a t  345 kV. To accomplish t h i s  requires 

3451138 kV t ransformers  at bo th  Willow and Healy. T h e  t i e -  

l i n e  would be operated at 138 kV from Point MacKenzie to 

Willow, 345 kV from Willow to Wealy, and  135 kV from Hea iy  

to Gold  F Z i l L ,  T h e  transformers and circuit breakers  would 

be as shawn on E x h i b i t  4, S h e e t  3 ,  

TRANSFER CAPACITY 

Load flow modeling was u s e d  to a n a l y z e  a l l  f i v e  p l a n s  to 
3 

d e t e r m i n e  t h e  t r a n s f e r  capability, IbR losses, and s h u n t  

capacitor and reac tor  requirements fo r  each p l a n .  T h e  

resuLts a r e  graphically depicted i n  E x h i b i t  5 ,  

T h e r e  a r e  f o u r  f a c t o r s  w h i c h  rn;y limit t h e  amount of power 

that. can be t r a n z f e r r c d  over t h e  tie-line; Ii-:er;nal r a t i n g  

of t h e  conductors, voltage r e g u l a t i o n ,  s t e a d y - a s t ~ i o  stability, 

a:ld triltrsi.ent stability. By rneans of laad  f lu!ki .?z~:! y s i s ,  

i t  i.s tucrssible to estimate t h e  lnaximum power kr ,>nsfer  of 

which t h e  t i e - l i n e  is capable c a r ~ s i d e r i n g  a l l  of t h e s e  



f a c to r s ,  E s t i m a t e s  thus a r r i v e d  at a re  entirely adequate 

fo r  purposes of v o l t a g e  s e l e c t i o n  and f e a s i b i l i t y ,  although 

refinement f o r  purposes of equipment application will be 

r e q u i r e d  i n  preparation for  a c t u a l  design o f  t h e  i n t e r -  

conneetion, 

The s tud ies  t h a t  were made i n d i c a t e  t h a t  t h e  m a x i m u ~ n  safe 

t r a n s f e r  over t h e  tie-line from s o u t h  to n o r t h ,  and  from 

n o r t h  to s o u t h ,  is approximately 70 megawatts u n d e r  a l l  

p l ans .  Thernal capac i t y  of t h e  existing lines w h i c h  may 

form a p a r t  of t h e  interconnection is limiting, a l t h o u g h  

voltage regulation and stability w i l l  n o t  allow a major 

increase beyond this f i g u r e .  T h e  application of reasonable 

quantities of shunt capac i to r s  to con t ro l  v o l t a g e  regulation 

was assumed i n  accordance w i t h  common e n g i n e e r i n g  practice. 

losses on t h e  tie-line were defined f o r  a l l  f i v e  p l ans .  

F a r  camparison purposes, the incremental losses  between 

P o i n t  MacKenzie and Gold H i l l  caused by a 60  MW transfer to 

Fairbanks a r e  estimated: as follows: 

P l a n  

Losses on T i e - L i n e  
F o r  6 0  MW Rece ived  

at Fairbanks 



As i n d i c a t e d  above, s h u n t  capacitors and reactors will ble 

r 5 q u i r e d  for v o l t a g e  r e g u l a t i o n .  The amount of compensation 

needed is a function of t h e  tie-line l o a d i n g  as shown on 

Exhibit 5 ,  S h e e t  3 .  For t h e  purposes o f  load flow modeling 

a n d  preparing cos t  estimates, t h e  preliminary placements of 

s h u n t  capacitors were 50  MVAR at T e e l a n d  and 20 lYlVAR a t  {Gold 

H i l l .  T h e s e  capaci tor  banks  wou ld  be switched i n  s tages  as 

necessary  to m a i n t a i n  voltage within prescr ibed limits, 

This arranyexent of capacitors was used  f o r  a l l  f i v e  p lans .  

S h u n t  reactors  were required f o r  F h n s  2 A ,  2B and 3 .  T h e  

placements of s h u n t  reac tors  were 20 MVAR at T e e l a n d  and 

4 0  MVAR at d e a l y  f o r  P lans  2A and 2B.  A portion o f  t h e  

r eac to r s  at Healy  would be switchable, a l l  o the r s  a re  

unswitched, In P l a n  3 ,  50  MVAR of unswitched reac tor  banks  

a r e  required at both Healy and Willow. 

CAPITAL COST ESTIMATES 

The capital c o s t  estimates for  a l l  five plans are provided 

s n  Exhibit 6. These c o s t s  i n c l u d e  ma te r i a l  and l abor  for  

transmission Lines and substations, right-of-way acquisi- 

tlon, and s h u n t  compensation (capacitors and r e a c t o r s ) .  

Also ineluded i n  Exhibit 6 is a s k e t c h  s f  t h e  transmissio~ 

towers w h i c h  formed a b a s i s  for  t h e  transmission line cas ts  

f o r  the five plans, 

S t z ~ d i ~ e s  to d a t e  d o  not show t h e  need f o r  additions and  

i ~ a p r o v e m e n t s  within t h e  Anchorage o r  t h e  F a i r b a n l q s  s y s t e m s  

f o r  t r a n s i ~ ~ t t i  t h e  i n t e r t i e  power to the Isad c e n t e r s ,  



e x c e p t  i n  t h e  case of t h e  Go ld  H i l l  138-69 k V  autotransfor- 

mer, The  r a t i n g  of t h i s  transformer would need to be approxi- 

mately d o u b l e d ,  a n d  t h e  cos t  of sane h a s  been i n c l u d e d  i n  

t h e  estimates, 

Also included in the capital cost estimates are t h e  co:j ts  

assoc ia ted  w i t h  engineering, c o n s t r u c t i o n  management, 

owner8 s cost, contingencies, and allowance for funds used 

during construction. 

C a p i t a l  cos ts  as of J a n u a r y ,  1981, were escalated at 1 2  per- 

c e n t  p e r  year  to obtain 1 9 8 4  c o s t s ,  the expected i n - s e r v i c e  

d a t e  sf t h e  tie-line, 

The c a p i t a l  c o s t  estimates fo r  t h e  f i v e  p l a n s  are summarized 

i n  t h e  f oilowing tatle. 

Installed Cos ts 

$ 5 6 , 8  m i l l i o n  



E C O L ~ O ~ I U  ENERGY INTEWCMA2JGE BF?EF I T S  

The method used to c a l c u l a t e  t h e  economy irtcrchange bsnef i t s  

and  t h e  results of  :hat c a l c u l a t i o n  are provided i n  E x l h i b i t  7. 

The amount of economy e n e r g y  t h a t  can be supplied from t h e  

Anchorage area to the Fairbanks area is l i m i t e d  b y  e i t h e r  

(1) the n e e d s  of F a i r b a n k s ,  or ( 2 )  t h e  availability o f  

generating capacity i n  Anchorage beyond t h a t  required to 

serve t h e  Anchorage l e a d  o n  a n  h o u r - t o - h o u r  b a s i s .  

I: can be seen from E x h i b i t  7 that t h e  economy Energy  i n i -  

t i a l l y  increases  u n t i l  1992  and t h e n  decreases. I n i t i a L l y ,  

the interchange of economy e n e r g y  is limited by t h e  needs o f  

Fairbanks. In l a t e r  years  it is l i m i t e d  by t h e  a v a i l a b l e  

generating capacity i n  Anchcrage .  Exhihit 7 in&-icates  that 

the annual ecanony energy export fram the Anchorage  area to 

the F ~ i r b a n k s  area v a r i e s  between 200 GWH and 350 GltJH i i2  t h e  

1984-93 time period, 

Economy energy has been calculated assuming that the installed 

generating capacity c n  both the Anchorage and the Fairbanks 

sys tems  will remain constant over the period between now and 

1 9 9 3 .  With the t i e - l i n e ,  n o  z d d i t i o n a l  gererating capac i ty  

i s  r e q i ~ i r e d  i n  the Fairbanks area  before 1 9 9 3 ,  b u t  t h e  

Anck~orage area nay requi re  a , p r o x i n i a t e l y  120 M;hJ of additional 

capacity by 1993. If t h i s  additional c a p a c i t y  is c o n s t r u c t e d ,  

i t  will inc rease  Anc~orage's ability to supply economy 

e n e r g y  to F a i r b a n k s ,  However, this possibility was n o t  

i n c l u d e d  i n  t h e  c a l c u l a t i o n s  of economy e n e r g y .  



A f t e r  1993, t o e  A n c h o r a g e  and  Fairbasks systems will 

r s q u i r ~  additional t h e r m a l  generating capacity, even w i t h  
, ,~le I- - 2  i n  service,  if it is ass~med t h a t  Sus i . t na  i s  

no2 built. The b u l k  o f  t h i s  capacity will be required in 

th- .  Ar.chura,s area.?, P r e s u m a b l y ,  any  g e n e r a t i o n  iri Anchorage 

w i l l  be fired u : t h  c o a l  or naturzi gas while F a i r b a n k s  

continues to depend a a i n l y  upon  t h e  existing oi l - f  ired 
- unitsn I t i s  "c3aerefcre assumed t h a l  i f  S ~ i s i t n a  i s  n a t  

built the oppcr*:unity f o r  economy i n t e r c h a n g e  will e x t e n d  

heycnd 1993, It is likely t h a t  F a i r b a n k s  will e v e n t u a l l y  

i - - ~ t a 1 1  more coal-fired g e n e r a t i o n ,  t k e s  r e d u c i n g  t h e  f u e l  

cost d i f  f e r e n L i . 2 1  beti\'ezn t h e  t w o  a r eas ,  a n d  d i l n i n i s h i n g  t h e  

b e n e f i t s  of econozy i n t e r c h a n g e .  Knowing t h a t  t h e  economy 

i n t e r c h a n g e  will not  a b r u p t l y  end in 1993 ( e v e n  i f  Susi~na 

Ls n o t  built; bu t  also r e a l i z i n j  potnntial fo r  d i n i n i s h i n g  

ttrel. c o s t  differential, i t  was assuined t h a t  t h e  exchange of 

eranomy energy w o u l d  e x t e n d  1 0  yea r s  beyond 1993. 

RESERVE S H A R I N G  BEgEFITS 

Tne criteria ~ s e d  to eva lua t e  t h e  genezzting re.jerkTe require- 

mznt-s  a r e  g i v e n  i n  E x h i h i t  8.  A s  stated in t h i s  E x h i b i t ,  

t h e  basis of t h e  c i - i t e r~ -2  is to p r o v i d e  installed reserve 

st l e a s t  e q m l  LO the capacity of the twz l a r g e s t  u n i t s  an 
L syste111. The  shjective is to n a i n t a i n  s u p p l y  of e l e c t r i c  

w v v g y  t~ t h e  c n r - : u m e r s  e v e n  in th? e v e n t  o f  loss o f  g e n e r a t -  
@--I 1, i n i j  c a p a c i t y .  i , , i s  i l u ~ l d  occur as a inesul"Lof o u t a g ~ s  

hecr%;!se cf f a d - t s  o~L". n~qi~~ter7rance on t h e  units* 

Xi: rin i s r ~ l a t e d  systeiri i s  ln te rconnsc ted  to anot ' le r  s y s t r . o ,  
&. ! t : , c :  "r.:ie--line k:cco;mes 3 aeiq source of  p0ih3er v e r y  iil!:ch like 

r P :,dd i s ~ c ;  G. g e r i e r t c . :  . . i i u c ,  t h e  amoui?r s f  i n s t a l l e s  uer,c::::ve 



generation c a n  be reduced by t h e  amount t h a t  can be supplied 

by t h e  tie-line without r e d u c i n g  t h e  reliability of t h e  

e n e r g y  s u p p l y  to t h e  consumer .  

A difficulty is introduced when substituting a s i n g l e  tie-line 

fo r  a g e n e r a t i n g  u n i t .  The difficulty is calculating the 

amount of power that can be supplied by the tie-line. That 

amount is a f u n c t i o n  of tlae s i z e  cf u n i t s  on t h e  r e c e i v i i ~ g  

s y s t r ~ n ,  the diversity of load between s y s  terns, the installed 

capacity on the s e n d i n g  sys tem,  tie-line capacity, and the 

t i e - l i n e  I.osses, T h e s e  elements have  been considered i n  

t h e  calculations provided  i n  E x h i b i t  8. 

A n  a l t e r n a t e  method of calculating i n s t a l l e d  reserve require-  

ment i s  t h e  L o s s  of Load Probability t e c h n i q u e  or LOLP for 

short. I n  t h i s  t e c h n i q u e  the probability of no t  b e i n g  ab le  

to supply the consuiiler (loss of load) is calculated. The 

desired l e v e l  of r e l i a b i l i t y  is established by specifying 

a n  acceptable loss  of l oad  probability i .ndex. A commonly 

accepted s t a n 6 a r d  by lower 4 8  utility sys t ems  is a loss  of 

load probability i n d e x  of o n e  i n  t e n  years .  

E i t h e r  of the c r i t e r i a  mentioned two largest units or LOLP) 

c o u l d  have b e e n  used and  wou ld  h a v e  p rov ided  comparable 

r e su l t s .  F o r  purposes of t h i s  analysis t h e  "two l a r g e s t  u n i t s t '  

c r i t e r i a  was adcpted .  

ns shown or-a E x i s i b i t  8, both t h e  A~~chorage and Fairbanks 

systems have sufficiert instailed generating capacity t i l r o u g h  

1984 but, if not interconnected, both systems will be short 

of it-:; t a l l e c ?  capacity by 1985. By interconnect inn, the 

Anciioracje s y s t e n ;  h a s  s u f f i c i c z n t  capacity t h r o u g h  1908 and 

t : l r :  r 'ai r b a n k s  s y s t e r a  tl~rolajjl? 1993 



r-l" Ihe reserve benefits of the tie-line are determined an t h e  

Sasis of t h e  incremental generating capacity deferred by the 

line, For example, in 1984 both Anchorage and F a i r b a n k s  

h a v e  s u f f i c i e n t  installed capacity so that the existence of 

the tie-line does not  defe r  t h e  installation of generating 

capacity and, therefore, no benefit is assigned in that 

year. In t h i s  situation, the t i e - l i n e  actually increases 

the r e l i a b i l i t y  of t h e  i n t e r c o n n e c t e d  systems, but t h i s  has 

not been quantified or i n c l v d e d  i n  the j u s t i f i c a t i o n  of the 

l i n e  since it is a n  i n c i d e n t a l  o r  u n i n t e n d e d  benefit. 

In 1985, without the interconnection, the Anchorage s y s t e m  is 

s h o r t  11 ME and the Fairbanks sys tem is s h o r t  7 ME. I f  t h e  

t i e - l i n e  i s  not b u i l t ,  each s y s t e m  must make a decision to 

either r e d u c e  service reliability o r  install a new g e n e r a t i n g  

u n i t .  I f  a new u n i t  is added ,  t h e  customary a n d  efficient 

practice is to install a unit that is larger than a s i n g l e  

y e a r g  s incremental shor tage .  B o t h  t h e  Anchorage  and  F a i r b a n k s  

s y s t e m s  a r e  p r e s e n t l y  installing new units of 6 0  MW or 

l a r g e r .  On t h e  c the r  hand, a utility may elect to accept 

the r i s k  of h a v i n g  s l i g h t l y  less i n s t a l l e d  capac i ty  than 

desired knowing that in the following year or two a new unit 

will be in service and the installed reserve c&pacity will 

be res tored to desired levels, 

To avoid the problem of a ~ n b i g u i t y  associated w i t h  adding 

generating capacity this year or nest, t h e  reserve benefits 

of the tie-line are based on t h e  i n c r e i ~ - e n t a l  generating 

ca i 'ac i t y  needed to riaintain service L-el iability . This 

approach p r o v i d e s  a means f o r  quantifying the rese rve  b e n e f i t s  

p r o v i d e d  by the t le-l int? without overstating t h e  benefits or 

needing to identify speci2ic locations, s i z e s ,  owners, or 

i ra-*service ddaes of f utul :e  uuni ts, The c o s t o f  the i n e r e l n e n t a l  

( ; e n e r a t i n y  caLlacity i s  shown in E : t h i b i t  3 and the berief i t - i ;  

,3r:ell r : r jX.~ j~ l  '3 tetl i r k  E x h i b i t  8, 



CCSTIBENEFIT ANALYSIS 

The t o t a l  life-cycle c o s t s  were calculated by summing t h e  

fixed charges and the operation and maintenance costs expect- 

ed over t h e  life of t h e  facility. The economic parameters 

and t h e  capital costs necessary to make these calculations 

have been p r e v i o u s l y  d iscussed and are prov ided  o n  E x h i b i t s  

3 and  6 .  The life-cycle benefits for economy energy and 

reserve  s h a r i n g  were also previously d i s c u s s e d  and a r e  

p r o v i d e d  on E x h i b i t s  7 and  8. A benefit/cost ratio was 

c a l c u l a t e d  for  each p lan  by d i v i d i n g  the lif e-cycle benefits 

by t h e  life-cycle costs. The presentation of the l i f e - c y c l e  

c o s t s ,  t h e  summation of the l i f e - c y c l e  benefits, and the 

calculation of t h e  benefit/cost ratio are provided on 

E x S - i i b i t  9,  

The benefitlcost analysis h a s  been made fo r  t w o  scenarios: 

1. T h e  Eailbelt i n t e r t i e  becomes operational in 2984  and 

t h e  impact of t h e  S u s i t n a  hydroelectric project is not  

a f a c t o r  i n  t h e  economic e v a l u a t i o n  of t h e  i n t e r t i e  

project, 

2. The R 2 F l b e l t  i n t e r t i e  becomes operational i n  1984 and 

its v a r i o u s  components are either retired or i n t e g r a t e d  

i n t o  t h e  Susitna project transmission s y s k e m  in 1994. 

In tile f i r s t  scecaria, t h e  tie-line i s  assumed to be t h e  on l y  

i n t e r c o n n e c t i n g  f aclli ty be t w e e n  t h e  A n c h o r a g e  and  F a i r b a n k s  

arras o v e r  i t s  l i f e  time of 35 y e a r s .  However, t h e  economy 

e i l c r g y  benefits a r e  c a l c u l a t e d  for o n l y  the first t w e n t y  y e a r s ,  

as p r e v i s o u l y  discussed. The rese rve  s r ~ a r i n g  b s n e f  i ts, on 

t;ie o t h e r  i > a i ~ J ,  wou!d i .stei?d For t i l e  35-year l i f e  o f  :i:e 

f <:t c 1 I. i. 'c y m 



In t h e  second scenario it is assumed t h a t  tile Susitna 

Prcject and i t s  assoc ia ted  transmission facilities a re  

p laced  in service i n  1994, The Susitna transmission w i l l  

interconnect t h e  Anchorage  and  Fairbanks a reas  and g r e a t l y  

increase the t r a n s f e r  capability between t h e  a reas .  T h e  

i n i t i a l  t i e - l i ne  will no longer be important as an inter- 

connect in5 facility s ince i t s  t r a n s f e r  capacity is l i m i t e d  

by t h e  existing line sec t ions  t h a t  are p a r t  of it. If t h e  

t i e - l i n e  i s  designed f o r  138 kV or 230 kV it could be dis- 

m a n t l e d  and p h y s i c a l l y  remcved to p r o v i d e  room f o r  t h e  

S u s i t n a  transmission or i t  could be left in place parallel 

to the Susitna lines and used to supply l o c a l  area  load 

r2quirements. I f ,  on t h e  other hand, the line is built 

for 345 kV, it would be integrated into the S u s i t n s .  trans- 

mission. For purposes of t h i s  analysis t h e  components 

of t h e  f i v e  p l a n s  were d i v i d e d  i n t o  t w o  catagories, those 

t h a t  could be i n t eg ra t ed  w i t h  Susitna and those t h a t  c o u l d  

n o t .  T h e  life-cycle c a p i t a l  cos ts  were then adjusted to 

properly account for the early retirement or t h e  r e d e d i c a t i o n  

o f  these facilities. T h e  economy energy benefits and t h e  

rese rve  s h a r i n g  benefits were calculated o n l y  f o r  t h e  1984- 

1 9 9 3  period i n  t h i s  scenar io .  

SENSITIVITY ANALYSIS 

T h e  economic f e a s i b i l i t y  ot t h e  Anchorage-Fairbanks i n t e r -  

connection i s  postulated on t h e  basis of t h e  most probable 

future conditions in t h e  R a i l b e l t  k-egion t k a t  h a v e  bee11 

described i n  the  preceeding p a r a g r a p h s ,  However, sensitivity 

analysis was ~dc~-formed f o r  each of the f o l l o w i i i ,  a: t e r n a t i v e  

~:317(3 1 t i o n s  : 



1. Load g r o w t h  

a. High  load  forecas t*  

b e  Low load  fo recas t*  

2. Additional f u t u r e  power sources 

a .  Military Generation in t h e  Fairbanks Area 

b. B r a d l e y  Lake Hydro Project in the Anchorage Area 

c .  Brad ley  Lake Hydro Project and Military Generation 

3 .  A d d i t i o n  o f  new power p l a n t s  u s i n g  coal 

4 ,  Alternative f u e l s  i n  the Fairbanks Area 

a, N o r t h  Slope gas v i a  p i p e l i n e  to Fairbanks 

b. Cook i n l e t  gas v i a  LNG railcar to Fairbanks 

T h e  irnpact of these possibilities on the viability of t h e  

t i e - l i n e  is summarized i n  E x h i b i t  10. Supporting d a t a ,  

o b s e r v a t i o n s ,  and c o n c l u s i o n s  are presented i n  Appendices A 

t l x - a u g k  D, 

I N T E R T I  E LOAD TAPS 

In t h e  e v e n t  a transmission line is built to interconnect 

the Anchorage and F a i r b a n k s  s y s t e m s ,  t h a t  line will pass 

t i : r o u g h  areas of A l a s k a  w h i c h  h a v e  n e v e r  before f ~ a d  access  to 

a cominercial power supply. R e s i d e n t s  in t h e  v i c i n i t y  o f  t h e  

t r a n s ~ n i s s i s n  line right-of -way may request that power be made 

available to t l lene 



T" i ! i s  d i s c ~ i s s i o ~  concerns alternative means and approximate 

costs fo r  supplying such local loads by tapping the tie-line. 

One possibility i . n v o l v e s  2000 kV:G th ree  phase,  distribution 

substations. A n o t h e r  i n v o l v e s  50  and  1 0 0  kVA,  single-phase, 

potential t ransformers.  T h r e e  poss ib le  t r a n s m i s s i o ~  l i n e  

v o l t a g e s  m u s t  be considered, namely, 1 3 8 ,  230 and 345 kV. 

Costs far  these a l t e r n a t i v e s  a re  summar ized  i n  Exhibit 

T h e s e  cos t s  s h o u l d  be used cautiously. I f  t h e  t i e - l i n e  is 

constructed for  f u t u r e  operation at 345 kV, t h e n  t h e  load 

tap must a'so be d e s i g n e e  f o r  f u t u r e  conversion to 3 4 5  kV. 

For t h e  most p a r t ,  t h i ~  ' .~npl ies  345 kV cons t ruc t ion  and c o s t s .  

T h e  2000 kVA substations a r e  c o ~ s i d e r e d  to be a practical 

i n i n i m u m  s i z e  in the 138 to 345 kV r ange  and would be adequate 

to serve  a r e . l a t i v e l y  large load area. The potential t r a n s -  

formers would be adequate to serve only relatively small loads  

w i t h i n  5 0 0  to 1000  f e e t  of t h e  trznsmission line right-of-way 

at 1201240 v o l t s ,  T h e s e  are n o t  a v a i l a b l e  a t  3 4 5  kV, 

Each s u b s t a t  ion o r  potential t ransformer connected ta the 

proposed tie-line will increase its exposure to service 

interruptions, 



CONCLUSIONS 

Based upon  t h e  r e s u l t s  of t h i s  a n a l y s i s ,  Gilbert/Commonwealth 

concludes as follows : 

1, The clear ecanornic choice is between Plan LA and P l a n  

1B. P l a n  i h  involves t h e  cons t ruc t ion  and operation of 

t h e  interconnection at 3 3 8  kV, P l a n  1B i s  t h e  same as 

P l a n  1 A  except t h d t  t h e  1 6 0  mile sec t ion  of new trans- 

m i s s i o n  l i n e  would be const ructed fo r  f u t u r e  operation 

at 345 kv ,  

Z L .  T h e s e  t w o  p l ans  are alike i n  t h e  amount of power t h e y  

can transfer between Anchorage  and  Fairbanks - up to 

apsroximately 70  MW i n  either direction, 

3 ,  P l a n  123 is estimated to c o s t  $56 ,800 ,000  w h i l e  P l a n  iB 

is estimated to c o s t  $33,500,000.  

4 .  Opportunity e x i s t s  f o r  t h e  i n t e r c h a n g e  of economy 

e n e r g y  from t h e  Anchorage  area to the F a i r b a n k s  a r e a ,  

AH. average of 2 6 0 , 0 0 0  MLGH per  year  from 1984 to 1 9 9 3  

can be exchanged. This would result in a v o i d i n g  t h e  

burning of a n  estimated 400 ,000  barrels of o i l  per  y e a r  

i n  F a i r S a n k s ,  

5. Opportunity e x i s t s  fo r  reserve sharing f o r  b o t h  t h e  

Anchorage and  Fairbanks a reas .  As early as 1985 t h e  

i n t e r t i e  will r e s u l t  i n  an estimated reserve s h a r i n g  

benefit of 18 Ffbi. The reserve s h a r i n g  of t h e  i n t e r t i e  

b c l i l d s  to a i n a x i m u m  of 135 ;.IN in 1994 ( t h e  maxiinurn 

ailowable w i t h  a s i n c j l e  tide 



6 ,  A s  to t h e  choice between Plans L A  and l R ,  the folZowing 

observations apply: 

a, If it were certain that the Susitna Project w i l l  

proceed approximately along the lines now envi- 

sioned (its precise timing is not critical) or 

a l t e r n a t e  sources of generation are developed 

i n  the R a i l b e l t  r e g i o n ,  Plan lE would be the 

clear choice. As one reqards  t h e  p r o b a b i l i t y  

of S u s i t n a ,  so must one rate the probability 

t h a t  P l a n  IB is the correct  choice,  

If the possibility of Susitna (or alternatives) is 

ignored, Plan 1K m i g h t  then be regarded  as t h e  

b e t t e r  choice ,  However, this is not a totally 

sound s b s e r v a t i o n  because, as the Anchorage and 

Fairbanks continue to grow, there will eventually 

be use or need for greater transfer capability, and 

the need for a higher interconnection voltage than 

138 kV w i l l  u n d o u b t e d l y  occur,  

T h e r e  is a coun te r  p o s s i b i l i t y  t h a t  a 1 5 8  kV 

incereonnection can eventually p r o v i d e  a valuable 

means of s e r v i n g  t h e  load t h a t  may grow up a l o n g  

t h e  line be tween  Anchorage and Fairbanks, allowing 

h i g h e r  voltage lines i n  p a r a l l e l  to assume t h e  

function of i n t e r c o n n e c t  i o n ,  

7, Qn ba lance ,  t h e  o d d s  are in f a v o r  af Plan lB, i . e, , 
construction o f  k h e  line fo r  future 345 kV operation. 

P a s t  experience has  d e m o n s t r a t e d  t h a t  in transmission 

planning it i s  s o i n . 2 t i m t . s  difficult to j u s t i f y  ?tie 



initial c h a n g e  to a h i g h e r  voltage, but in retrospect 

the correct decision is t h e  h i g h e r  v o l t a g e  as proved 

by t h e  need to f u r t h e r  expand and develop t h e  systems 

at t h a t  vcl tage.  

G i l b e t - t / C c m m o n w e a l t h  recommends proceeding w i t h  t h e  colns t ruc-  

tion of a n  in te rconnec t ion  on t h e  basis of following F1 lan  

lB, This w i l l .  i n v o l v e  t h e  following steps:  

Construct a p p r o x i ~ n a t e l y  160 miles of new transmission 

line designed fo r  future operation at 345  kV. 

Add 138  kV c i r c u i t  exits at Healy ,  Willow and T e e l a n d  

Substations, 

3 .  Add a new 138124 kV t ransformer  at Nillow S u b s t a t i o n  

along with a 138 kV connection. 

Possibly add a 138/138 kV voltage regulating trans- 

former at Point MacKenaic Substation i f  s t u d i e s  in 

preparation for design show a need for it. 

I n s t a l l  approx i ina te ly  7 0  MVAR of switched capacitors 

ts con t ro l  v o l t a g e  across t h e  i n t e r connec t ion ,  



Year  
P 

ExbT;nsaa I. 
SHEET 1 o f  2 

PRBJZGTED ENERGY GEMEIU-?\'EPICI;;\T 
( b i iL l i c rn s  of Kilowa. t3thours)  

Anc9orage F a i r b a n k s  O t h e r  
1 - ms(a) ( b l  

( a )  Calcu la ted  by a p p l y i n g  a percentage f o r  " E n e r g y  
U n a c c o u n t e d  For" to projected energy sa l e s ,  all 
t a k e n  from t h e  Acres/ISER fo recas t .  

( b )  Amount necessary  to g i v e  the t o t a l  i n  t h e  l a s t  c o l u n ~ n .  
Attributed to i s o l a t e d  and  self  -supplied loads  t h a t  
a r e  i l l c l u d e d  i n  t h e  Acres/ISER f o r e c a s t .  

f c )  Acres/SSER medium f o r e c a s t ,  



PRO; E C T E D  A t i N U A L  P E A K  Q E b I A l j D S  
( F f e ~ a w a t t  s )  

A n c h o r a g e  
a s t e r n s  lL4) -- 

TstX3-l 
Non- C o i n c i d e n t  

Coincident 

( a )  Caiculzted by a p p l y i n g  t h e  1 0 - y e ~ r  !:istoris l o a d  
f a c t o r  i d  t h e  energ;) projection g i i f e n  d n  S h e e t  1,  
i . e . ,  4 n c h o r 3 9 e  55,9 p e r c e n t  

F a i  r b u C k s  49.6 p e r c e n t .  

- .  
( -01.e pear, dzmani?: c:- indivi r iuz! .  syccens  g e n e r z l 7 . y  occur 

at different t iqes .  T: ; i s  r q f e r r e u  tc 6s d i v e r s i t y .  
wc a.-ie nc I-cui11cLdefit pezik 22m.r.?1d rlf an a r e a  is ca!?_culated 
'.y addi.i2g these p 2 a k  d e ~ z n i ? s  of t h ?  i n d i v i d u a l  s y s t $ i n s ,  
m m  i:?e coir-c: i d e r , t  peak ireinand is t j . 3  ~ 1 . 3 ~ 3  9.f t"l 2e;f iz: ld~ 

f o r  tile ccJ..;,biced systems :ne?c i l red a t  :i:e s a x !  t i m e .  
1 ' dc2C3k]sE: i)f t-21~ ~ f i ~ ~ ~ ~ ~ ~ l t  d ~ ~ ~ z r s  1 in ; q d i v i k 3 u a l  
=*?:, -2 t e,? ~ j e n d n d s ,  nhe c c i c c l d e n t  peak, der,a;;d ir a l l b ~ . i 3 5 / s  

l e ss  ci;a!. ';ilf ~ C Q - C O L ~ C  L j 2 j i t  9e;ik c.?-:r; .:il. 

TI-:.? ~ . c ~ ; ; ? c i ~ ~ ~ n ~ p ~ a k  de,.i:ai:ds ;,;c;-jer +pi-ias ca l i l ; - :~  &;-il 
- .  

t3.,i.;.(::i.~ 1 :" .L :~ . i j  !:y -r);>.:,\~ l.:;q a co l_nc  i L l e n c c  f a c k o c  o f  9 '7 -- 
;, - [-- i; k: f >  t. {:;I +-  :-, 2 a- i  A .. n r - ~ n - - ~ : ; i ~ ~ c  ide;?.t :::ezk ~ c ; : : , a a - ~ ~ < ~ ~  8:j:e 

, , v . 
~ , , ~ - " ~ , a . { . , b ~ s ~ ~ ~ ~ j  :JA(2 s , * < , ) - i - ~ J I i - a  c-s JLTl.I l<ziitizt4 - * (  iJ T 5 < ~ * " ~ ~ , / ' z s  A- - -1 1.- k 2  LI c;, "-; e 



EXHIBAIIC Tt 
SHEET 1, crf 3 

ANCHORAGE GENEKp\TP FiG UNITS 

F u e l  P l a n t  U n i t  

Station I 

G a s  
Elas  
Gta s 
Gas 
Gas 
Gas --- 
Gas 
Gas 
Gas 
Gas 

3 ~ ~ n i c e  Lake 

Cooper take - -a 
Gar, 
Gas 
G a s  

- 
3 3 8  

P 

C E A  T o t a l  4 7 6  

A n c h o r a ~ ~ e  Total 

(a) Hasnded to w!-~ole megawatts, Z a t i n g  ot r l n i t s  at O ° F ,  

1 (bj Combined cycle u - ? i t .  O i . i t ~ ( j e  o f  ..it (74 ?Id') r=.sLllts 
in 21 191r51 d e r a t e  o f  Unir 6 a r  a +:it;tal outacjt? ~f 95 :4W, 

( c )  Cornhilled c y c l e  unit. Outase  :>-' ~ i t i i e r  L'nir 5 iir 7 
(6$ x-esul t s  i n  27 YK ~ 3 2 ~ 3 t e  o f  iJni:- 3 ar a t o t d l  
outbge  3 f  95 P W ,  



FMUS T o t a l  

i t e a l y  

North Pale 

Ze!>nr",er-- 

SVEf;  T o t a l  

Faix-banks Total 

EXHIBIT 2 
SHEET 2 of 3 

F A I i i B A N K S  GENETtZTIEG UNITS 

Unit 
Capacity 

&Iifi; ( (a ) 
P 

F u e l  -- 
Coal 
Coal 
Coal. 
O i l  
Csa3 
Q i B  
Oil 
Oi ' 
O i  

Goal 
C j i  l 
Oil 
oil. 
Oil 
O i l  
OLE 
oi 2 
Oil 

Rocl7dc3 to w h o l ~  13egawat t s~  Q a t i n g  of u n i t s  ~t O G 9 ,  



i: y Q ;-*<J 

-q..;i ' lA~~ned cycle 
,'c)s:~i) r net? C ~ C  %e 
8 3 - ~ r - i b ~ s t ~ o n  t u r 4 1 i n e  
t - ~ ~ i n k v . x i  t i e n  t t1rbi1;2 
'- i_:siik~r~ 2: t i -on t~r r h i n e 
Y ~ ~ ~ T ~ ~ A x ;  t ion t u r S - r i t a e  
ii'c;i~:;tas , i ~ n  t u r b i n e  
\ , . j r ; ? l , ~ l r ;  pion t i : r h i n e  
, - ,, j : i t b ~ ~ ;  "illcr*ln t u r h  i n e  
i b : ~ ~ ~ l : o ~ - i - s i g e  To ti; 1 

CArPS"EGORIj:A'lflON OF GENEltATHNG UNITS 
FOR S ' rUDY P14HDOSbSS 

Fxe% -- 
- 

Gas R 
Gas C 
Gas C 
G a s  C 
G z i s  4 
Gas C 
Gas R 
G 3 s  C 
Gas G 

Coal 
CaaL 
Ccsa l 
O i l  
O i l .  
CI i 1 
O i  I 
o i  1. 

N U I R ! J ~  c 
of U n i t s  

P 

4 
1.. 
4. 
L 
1. 
1 
2 
3 
4 
I 

Full Load 
HeaflRate 

B?"lf/bkWh (a) -- 



EXHIBIT 3 
S H E E T  1 o f  4 

ECONOMIC PARAMETERS 

( a )  T h i s  a n a l y s i s  i s  b a s e d  on  a c o n s t a n t  v a l u e  oiF t i le  
dcilar a f t e r  J a n u a r y  1, 1984 ,  t h e  assume(? i n - s e r v i c e  
d a t e  o f  t h e  t i e - l i n e *  

( b )  I n f l a t i o n a r y  e f f e c t s  b e f o r e  t h a t  d a t e  a r e  included. 

( c )  R e a l  p r i c e  i n c r e a s e ;  b e y o n d  t h a t  d a t e  a r e  i n c l  led 
i n  t h e  c a s e  o f  f u e l  f o r  power g e n e r a t i o n .  

E , A n n u a l  F i x e d  C h a r g e  2 a t e  

Interest o n  d e b t i a )  
Anortization o f  p r i n c i p a l f b )  
I n t e r i m  replacement expenses  
I n s u r a n c e  c a s t s  
C o n t r i b u t i o n  i n  l i e u  OF t a x e s  
S u b t o t a l  
F u n d i n g  e x p e n s e ( c )  
Total 

( a )  H i s t o r i c  r e t u r n  t o  l e n d e r  over  i n f l a t i o n ,  
( b )  S i n k i n g  f u n d  aoortization o v e r  3 5 - y e a r  p e r i o d .  
( c )  B a s e d  cn 1 . 5  p e r c e n t  discount o n  b o n d s  t o  c o v e r  

e x p e n s e s  a n d  f e e s  o f  s a l e *  

C a P r e s e n t  W o r t h  a i  s c o u n t  R a t e  

Made e q u a l  t o  t h e  i n t e r e s t  r a i e  according t o  convention. 

9, F u l  i L i f e - C y c l e  F i x e d  Charges  

The p r e s e n t  w o r t h  o f  7.00 p e r c e n t  p e r  y e a r  f o r  3 5  y e a r s ,  
discounted at t h e  r a i e  o f  3 . 0  p e r c e c i ,  e q u a l s  150.41 
f ~ e r c e n t  



E X H I B I l I "  3 
S H E E T  ;? o f  4 

D e d u c t i o n  f o r .  A n t i c i p a t e d  E a r l y  Re t i  rernent 

I n t e r e s t  o n  d e b t  
Amortizdtion a f  p r i n c i p a l  ( 1 0  y e a r s  
I n t e r i m  rep1 acement  e x p e n s e s  
I n s u r a n c e  c o s t s  
C o n t r i b u t i o n  I n  l i e u  s f  t a x e s  
S u b t o t a l  
F u n d i  n g  expense  
T o t a l  

PI-esen t  w o r t h  o f  3 4 . 1 3  p e r c e n t  pe r  y e a r  
f o r  I D  y e a r s  

F u l l  l i f e  c y c l e  c h a r g e s  
D e d u c t i o n  i n  percenz o f  investment 

D e d u c t i o n  f o r  Futu re  R e d e d i c a t i o n  o f  F a c i l i t ; ~  

F u l l  l i f e  c y c l e  c h a r g e s  
P resen t  w o r t h  o f  7.00 p e r c e n t  per y e a r  

i n  y e a r s  1 1  t h r o u g h  4 5 ,  a s s u m i n g  t h e  
o p t i o n  i s  t c  i n s t a l l  t h e  szme f a c i l i t y  
10  y e a r s  i e ~ c e  

C o s t  OF first use 

g e d u e t i o n  i n  p e r c e n t  o f  i n v e s t : ~ e n t  

O p e r a t i  o n  a n d  Mai n t z a a n c e  Expenses  f o r  
T r a n s m i s s i o n  F a c i l i t i e s  

Per  P r e s e n t  W a r t h  
10 Y e a r s  3 5  Years -- - 

S i n g l e  c i r c u i t ,  s t e e l  tower l i n e  
1 3 8  k V ,  per  m i l e  5 1200 $ 1 0 2 3 6  5 25185 
2 3 0  k V ,  per  m i l e  4 790 14501 36525 
345 k V ,  p e r  m i l e  2400 20473 51 559 

C i r c u i t  e x i t ,  e a c h  20030 110660 429700 
T ? ' d n s * f c r % c ~ ,  e a c h  40000 3 4 %  200 559,#00 

( a )  1983 dcilarsr 



Credit for Reduction in Requ i r eme~~ t  for 
I n s t a i l e d  Generating Capacity 

Capital cos t  of a 60 MW gas/oil-fired combustion 
t u r b i n e - g e n e r z t o r  unit for  service o n  
January 1, 1984 $;!78r/kW 

Credit per kilowatt-year before application 
of present worth f a c t o r  ( 2 7 8  x 0 . 0 7 )  = 

I, P r e d i c t e d  F u e l  Price.s ( a )  

Dollars Per F l i l l i o n  BTW 
Year Oil Gas A ( b )  Gas ~ ( ~ 1 7  

(a) Reflecting r e a l  price increases  o n l y .  
( b )  P r i c e  to AiYLP, 
j c )  Price to C E A ,  

Variable Component of P l a n t  O p e r a t i o n  and 
hakntenai lcr t  E x p c n s c s  

Steam units 
Cornbestion t u r b i n e s  
Cornbilled cyc le  units 
kiyd ro 
i)a.esel 

S 2 , U O  per Flk<h 
1250 
1,7Q 
0,09 
4,OQ 





EXHIBIT 4 
SHEET ! OF 3 

ALTERNATIVE PLAN 1 
FOR THE ANCHORAGE-FAIRFANKS TIE-LINE 

PLAE 1 A: NEW i l NE CONSTRUCTED F O R  138 KV O P E R A T  i ON 
P L A N  I B :  NEW LINE CONSTRUCTED F O R  F U T U R E  345 K V  OPERATION 

BUT OPERATED l N I T i  ALLY A T  f 38 K V  

bbO NILES OF ? i E W  L I N E  A N D  
TWO CSRCUIT CO%XECTIO#S 

HEM 1 3 8 1 2 ~  K V  TRbNSFBRMF2 

J /MMD H V  88EAXER 

i 

M 8 W  OPERATED AT 115 % V  



EXMIBIT 4 
SHEET 2 OF 3 

ALTERNATIVE PLAN 2 
FOR THE ANCHORAGE -FAIREANKS TIE-LINE 

PLAN 2A:  NEW L i N E  CONSTRUCTED F O R  230 K V  OPERATION 
P L A N  29 :  NEW L I N E  CONSTRUCTED F O R  FUTURE 345 K V  QPERAT 

BUT OPERATED INITIALLY AT 230  K V  

185 M I L E S  O F  HEM I I P a E ,  
W E  23e/138 K V  T ~ A N S F O R M E R ,  
AHB THREE GI R C U :  T COMHECilOHS, 

P4 EM 2 > 0 ! % 6 5  K V  I R A M S F O R M E R  

2 6  E4lbfS CIF L I N E  E X I S T I N G  



EXHIBIT 4 
StiEEi 3 OF 3 

ALTERNATIVE PLAN 3 
FOR THE ANCHORAGE-FAIREANKS TIE-LINE 

NEW LiNE CONSTRUCTED AND OPERATED A T  345 K V  

- 1 B G  W I L E S  OF HEY 345 K Y  Ltl#* 
TMO ?a51338 K V  TRAYSFORHERS, 
AND FOUR CIRCUIT C Q % N E C P t O H S ,  

NEW ClRC617 C O M N E C Y ' G #  





WFkCYQRAGE YO FA1 2BkNKS mER RANSFER 
INTERTIE LOSSES IN PERCENT OF POYER RECEIVED 

ir 10  20 30 40 50 60 70 80 90 100 110 12U 1 

POWER R E C E I V E D  AT FAIRBANKS ( M I )  

FBIRBW NKS TO A N C H S A G E  PmER TRANSFER 
INTERTEE LOSSES IN FEPGENT OF POWER RECEIVED 



E X H I B I T  5 
SWEET 3 OF 3 

SWMT CAPACITOR AND REACTOR REQUIREMENITS 

POWER RECEIVED ( M W )  



E X H I B I T  16 
S H E E T  f {o f  6 

CAPITAL COST ESTINATE 
PLANS ZA AND 18 

( T h o u s a n d s  o f  Dollars)  

Cosst T o t a l  1 9 8 4  Cast 
Miles P e r  Mile - P l a n  124 - P l a n  1B 

Transmission L i n e s  

Healy-Willow 345 kV 1 6 8  590Caf  -I* 94,400 
(Operated 138 kV) 

&illow-Teeland 115 kV :' 6 O(b) 8 0 
(Operated 138 kV) 

S u b t o t a l  

T o t a l  Project 

~ a c i E  it i e s  redediea tab le  
to Susitns Project 

F a c i l i t i e s  r e t i r e d  by 
Susitna Project 

T o t a l  

(a) See S h e e t  4. 

(b) T h e  existing Millow-Teeland 115 kV l i n e  can be operated 
at 1 3 8  kV without modification, 



EXIjIBXT; 6 
SHEET 2 of 6 

CAPITAL COST ESTIMATE 
PLANS 2 8  AND 2B 

( T h o t ~ s a n d s  of Dollars ) 

Cost - FotaX 9984 Cost 
Miles Per Mile Pban  2W P l a n  2B 

PP - 
1 Transmiss i o n  L i n e s  

Healy-.Teeland 3 4  5 FcV 3-86 590 (a) - 109  740  
(Operated 2 3 0  kV) 

T e e l a n d - P t ,  MaeKenaie 2 6  6 ( a )  156 156 
230  kV ( R e i n s u l a t e  
existing 1 3 8  kV l i n e )  

P 

S u b t o t a l  66,744 109,896 

P o i n t  MaeKenafe 
T e e l a n d  
Healy 
Sold H i l l =  

T o t a l  Project 

~ Recapitulation 

Facilities r e d e d i e a t a b l e  
to Susitna Project 

Facilities retired by 
S u s i t n a  Project 

~ ( a )  See Sheet  4, 

~ (b) See Sheet 5 ,  



E X H I B I T  G 
SHEET 3 o f  6 

CAPITAL CDST ESTIMATE 
PLAN 3 

(Thousands o f  Dol la r s )  

Cos % 
Miles P e r  Mile 

Trans in i s s io ra  L i n e s  

Wiilowt-Teeland 115 kV 2 6  0 1 w  
(Operated 138  kV) 

T s e : ~ a n d  
\\ai il l o  
Hea%y 
Gold H i l l  

S u b t o t a l  

Total Pro jec t  

~ e c a p i  tula t i o n  

Facilities reded ica tab le  to 
Susitna Project 

Facilities r e t i r ed  by 
Susitna Projec t  

T o t a l  
1984  Cast 

{ a j  See Sheet 4 ,  

( b )  The existing Willow-Teeland 115 kV l i n e  can be operated 
a t  138 kV without modification, 

(c) See S h e e t  5 ,  



TRAf4SMISSION L I N E  C O S T S  PER M I L E  
(Thousands  o f  D o l l a r s )  

L a b o r  a n d  M a t e r i a l  1 T9,0 133,O 248,O 3 , O  

Engineering ( 5 % )  6,O 6,7 12,4 a 1 

Construction M a n a g e m e n t  ( 5 % )  6,O 6 , 7  1 2 4  @ 1 

Swner's C a s t s  ( 2 . 5 % )  2 , 9  3 , 2  6 ~ 2  . 1 

Contingencies ( 2 0 % )  2 3 , 8  2 6 , 6  49,6 ,, 6 

A F U D C  ( 7 % )  8 , 3  9,3 "8@4- ,2  
-- ---- - 

S u b t o t a l  ( 1 9 8 1  Do1 l a r s )  166,O f 8 5 , 5  346,O 4,11 

Rjght-of-Way a n d  C l e a r i n g  

T o t a l  ( 1  381 Do1 1 a r s )  

i n f l a t i c n  ( 1 2 %  p e r  y e a r )  

T o t a l  ( 1 9 8 4  D o l l a r s )  

{ a )  E s t i m a t e d  c o s t  t o  r e i n s u l a t e  P t .  M a c K e n z i e - T e e l a n d  138 k V  c i r c uit f o r  
230 kV o p e r a t i o n .  

( b )  A F U D C  i s  a l l o w a n c e  f o r  f u n d s  used d u r i n g  c o n s t r u c t i o n .  



SUBSTATION COSTS 
(Thousa.nds of Dollars) 

P l a n s  1 A  1; PB -- P l a n s  2 A  8h 2B 
Gold Point Gold 

T e e f a n d  Willuw Si i L l MacRenzie Teeland Mealy Hi131 

, i L i a t b o n  
, * - ,  

1 ~ 4  PEE- y e a r )  405,7  5QQ,% 192,3 379,s 241,6 l,26$,2 1,283.9 379.5  
-- -- - -- -- 

< - &FUZZ i s  allowance for f u n d s  used during c o n s t r u c t i o n  

P l a n  3 



4 -.Sf 2 SPAN 
1-854 KG!dI L WCSR 

cs;ioueaow P E R  PHASE 

TYPICAL TRANSMI SSIO 

1200i SPAN 
%-.954 KCMI 1: ACSR 

CONDUCTOR PEW PHASE 

1200' ",PAN 
2-8272 KCMIL  A C S R  

CONDUCTORS PEW 



EXHIBIT 7 
SHEET I o f  7 

ECONOMY INTERCWAXGE BENEFITS 
AFFOHOED BY THE ANCHORAGE-FAIRBANKS TIE-YAENE 

BAS1 S FOR ELTALUATION 

a. T h e  economy ene rgy  w h i c h  Anchorage may s e n d  to Fairbanks 
in any given year may be quantified as t h a t  wh ich  l i e s  
above t h e  Anchorage l o a d - d u r a t i o n  cu rve  and below a 
h o r i z o n t a l  line r e p r e s e n t i n g  6 0 2  MW of g e n e r a t i n g  
capacity 

B ,  T h e  6 0 2  PIW l e v e l  is d e r i v e d  t h u s :  

To t a l  Anctlorage ger-erat  ion 
Thermal units less than 18 MW 
Remainder  
Average unavailability 

( T h e r m a l  u n i t s  1 5 % ,  h y d r o  4 3 % )  
Remainder 

C, The  economy e n e r g y  w h i c h  Fairbanks may receive from 
Anchorage in any g i v e n  year  may be quantified as t h a t  
w h i c h  l i e s  below t h e  Fairbanks laad-duration curve  and 
above a hcrizontal line representing 57 to 6 5  MW s f  
generating capacity, depend ing  upon  the year .  

D, The  5- to 65  MW l e v e l  is d e r i v e d  t h u s ,  u s i n g  3993  
as an example:: 

Capacity o f  coal  units 
Average unavailability ( 1 5 % )  
R e g u l a t i n g  margin ( 5% 1 
Average output o h c o a l  u n i t s  

Average system demand 
S p i n n i r i g  reserve ( L a r g e s t  coal u n i t )  
Average capacity required to spin 
Average capacity of coal  units 
Remainder 
Minimum output o f  r e m a i n d e r  ( 2 5 % )  

Average output of F a i r b a n k s  g e n e r a t i o n  ( 4 3  + 22) 65 MW 



EXHIBIT T 
SHCET 2 05 7 

E f The allowable economy interchange is d e f i n e d  by t h e  
e x t e n t  t~ w h i c h  t h e  sendab le  ene rgy  area and t h e  
r f c e i v a b l e  energy area overlap, w i t h  adjustment fa r  
I R losses and t i e  line limitations. The  procedure Fs 
i l l u s t r a t - e d  geometrically on Sheet 3 .  The  a c t u a l  
calculations were made by computer. 

F , The i n t e r c h a n g e  energy  is priced according to t he  
position of t h e  sendab le  and reczivable energy  blocks  
on t h e  load-duration curve  using t h e  incremental ene rgy  
cas ts  shown i n  E x h i b i t  3 ,  



ILLUSTRATION BF'. KWOG USED TO QUANTIFY ECONOMY I MVERCHAIdGE 
USING 1993 AS AN EXAMP 

ANCHORAGE 

iQSE fiSE VEHTiCAL SCALE 35 CHANGED AFTER 
i&EVCi i  1 F G A  BETTER READAB1LlTY. 



COST Of" ENERGY FOR ECONOMY 

1'385 4 9 E  -,.------ --*--- 
P 9t96 ---- 316397 

Carr kr , Cost C o w k r .  C O S ~  Gantc. Gcsk Contr. Cost: Gontr. 
CSei-ts rak. ioti t k g _  MW F u e l  j%- -- - - --- - --- ----- - ---- - -- --- --- cSeiBl .--- lid1 --- % % I  --- _k_sJ it, ~ ~ ~ ~ ~ l . ( a b  ( % 1 ( b 1 1 

I 1  

\:?SJ 1 diet!  C'ycf c a 4 3  Gas A 18 b8,(43 1 5  1 8 , 2 5  40 20-17 36 2 2 * 3 1  5 5  2 4 , 4 4  
~ , c I :  tee t ; ~ t t ~ j . , i i i ~  t i o n  " ' ~ ~ 1 3 9 ~ t e ' ~  B : % G ~ s G  4 5  Y8.;*i 3 % 1 8 . 9 1  7 1 8 . 9 1  6 28,23 -6 2 2 , 2 2  

q5: i _ c ~ ; : ; i > t i s  t i on  Tust>i  n e s  3 2 G a s A  - - - - - - f. 29,75 3 3 2 , 6 8  
s -  . t  I q: C ' ~ , ~ ~ ~ ~ ~ ~ ~ S L I G P I  ~ ~ r b b n e s  if50 Gas C 37 20.6e4 4 8 20 , 68 53 : ? 0 . 5 8  56 2 3 . 2 3  ~ r i  24 , 3 2  

(1.1 r9n i : r > r ~ t . , t i ~ < t   OR 'Y t~rb ines  50 r;ar.; W - - - - - ... - --- --- --- - .- -- .-- -* 

x 9 . a  Weighted Avera<ja Cost 1 9 , l t  2Q,34 22,82 24,56 

J 984 1990 L99Sfl 2,992 15333 
-1_-----1--- -----u --..'.-_I_-- ~ - - _ U _ ~ - . " " . - ~ - . . "  I-"----- -- --.-.- 
C:oa?t1:. Cast Cnrltr .  Cost C o n t r ,  Cask  Contr, Cost Csnkr, cost 

_ - J j f ~ ;  i-.--t 1c-13- sQl$" ---_ - -- -..%? &J%! -pJlx jEijJ j:- **L QJfitJUkL I-}LQ" w k  LU$W&& u l  

---- 
NL? ; gka ted P.ve irai;ie Cos l. 2 '1 ,55  

li,-, i - = s : , ~  o t  econoriiy r i t lerqy srtf>pl i e d  by c a e f ~  getsera* kcan t y p e ,  a s s ~ t n i n g  tttc loweul: cosr undcs  are dispsa~ciied ftrs:: co ~ t t t ) i t i y  
i ; l : : a : j f i l l j  ~ y t r i Q i ? i i i ' ~  own Boat1 'Iltle ;?V [? .~S*A(~C  ~ m d t  a v a t l a t > i . l i t y  sastrmed i s  115 b~cr:ce~tt-,, 



ECONONU INTEHCHANGF; BENEFITS 
PLAN LA 

Fa i rbanlcs 13resent 
G\h7 H Cast  GKH Gos t Benefit 'CrXortt, ( ar 

Year S e n t  $ j M W t l ( a )  ( $  Millions) Received $/MwH(~) ( $  M i l l i o n s )  ( $  Millions)($ MiZlicns) --- --- --- - -.-- --.- - -- -"-#"" 

8-3- .rotah 3POe0 229,3  m~ 
Z X  
M tz= 
C15 '-4 
t-7 Cxr f a )  See S h e e t  4, f-( 

I t L a r y e  oil f i r e d  combustion turbine cos t  avoided. See ~ x h i b i t  3, S h e e t  4. w e  
[ c ;  Discounted a t  3 p e r c e n t  per  year. Q -2 

m id) ~ssuming $15.5 million per  yea r  fa r  10 additional years  and $0 per year  the rea f te r .  



ECONOMY INTERCHANGE BENEFITS 
PLANS 1 B  and 3 

F a i r b a n k s  P r e s e n k  
GPd i3 Cost GWH Cost Benefit Wortkrr[c) 

Year Sent $/MWH(a) ( $  M i l l i o n s )  Received $ / M w A ( ~ )  ( $  Millions) ( $  Millions) ( $  Millions) 
*- - -- -- -- '-- e -- ... ---- 

[a) See S h e e t  4, mt-1 GJ m 
[b) L a r y e  o i l  f i r e d  combustion t u r b i n e  cos t  a v o i d e d .  See E x h i b i t  3 r  S h e e t  4.  t-1 

gc) Discounted at 3 percent per yea r ,  ate 
id) Assuming S i 5 . 7  million per  year  f o r  10 additional years  and $0  per  year thereafter .  o 1c111 

E-k 



ECONOMY INTERCHANGE BENEFITS 
PLANS 2A a n d  2 B  

Faribaraks 
GWH Cost GWHS Cost Benefit 

P r e s e n t  
Workh (6 

Year S e n t  $ / M b l t l [ a )  [ $  Millions) Rece iv r ,d  $/MwH(~) ( $  Millions) ( $  Millions) ( $  l v l i l l i o n s f  - - - .-- - -- 

" -* L.-j 

2018 1 6 0 , 7 ( d )  102,aiB 
m m  

~ o t a l  321 .4  2 3 7 , 6  x x  
M E  
mC-J 
f-3 03 

{a) See S h e e t  4 ,  H 

{ h) Large o i l  f i r e d  combustion t u r b i n e  cos t  a v o i d e d .  See E x h i b i t  3 ,  S h e e t  4.  --t13 
r , - ?  Discounted at 3 percen t  per  year ,  o --J 

i-tl (1) Assuming $16 .07  m i l l i o n  per  year fo r  10 additional yea r s  and $0 per  year thereaf ter .  
d 



EXHIBIT 8 
SHEET 1 of 5 

RESERVE SHARING BENEFITS 
APFORDEfr BY THE ANCMOMGE-FREKBANKS TEE-LINE: 

B A S I S  FOR EVALUATION 

A d  I f  n o n - i n t e r c o n n e c t e d ,  Anchorage and Fairbanks must 
each m a i n t a i n  installed reserve* q e n e r a t i o n  a t  least 
equal to t h e  capacity of the t w o  l a r g e s t  units in 
service o n  t h e i r  respect ive  sys tems .  

B e  I f  i n t e r c o n n e c t e d ,  each sys tem may reduce its i n s t a l l e d  
reserve by t h e  n e t  amount of power rece ivab le  over t h e  
t i e - l i n e .  Since t h e  tie-line msy be o u t  of serv ice ,  
t h e  same as a q e n e r a t i n g  u n i t ,  t h e r e  is a l i m i t  t o  t h e  
amoun t  of c a p a c i t y  that can bt relied upon  by the 
r e c e i v i n g  system.  The  maximum capacity t h e  tie-line 
can supply f o r  reserve s h a r i n g  without d e c r e a s i n g  the 
L e v e l  of reliability is equal  to t h e  size o f  t h e  
second l a r g e s t  u n i t  on the r e c e i v i n g  sy s t em.  T h e  n e t  
amount of power receivable  i s  l i m i t e d  by t h e  i n s t a l l e d  
reserve o n  t h e  opposite system, tie-line capacity, and 
t i e - P i n e  Issses, 

C, Since rules A and  B a r e  d e s i g n e d  to p r o v i d e  adequate 
s e r v i c e  c o n t i n u i t y  over  a n  e n t i r e  y e a r l y  load cyc le ,  
n o t  j u s t  at t h e  t i m e  of peak demand, i t  i s  proper to 
i n c l u d e  3 percent Load d i v e r s i t y  i n  t h i s  analysis, 

D. The  b e n e f i t s  of reserve s h a r i n g  a re  e v a l u a t e d  a t  t h e  
average cos t  per  kilowatt fo r  a gas o r  oil-fired 
e o m b u s t i s n  t u r b i n e  (assumed 50  MW unit), 

*Installed reserve i s  t h e  excess  o f  t h e  capability of 
commissioned generating units over t h e  c u r r e n t  sy s t em peak 
demand. :it i s  n o t  the same as s p i n n i n g  reserve,  although 
t h e  two a r e  i n d i r e c t l y  r e l a t e d .  Moreover, reserve s h ~ r i n g  
does not normally involve the e x c h a n g e  o f  energy i n  
significant amounts. 



.&z@"~~aapa - - _ a -  

Peak Demand 
Largest u n i t  
Second l a r g e s t  u n i t  
Required capacity - ans t a l h e d  
Short 

F a i r b a n k s  
Peak demand 
L a r g e s t  u n i t  
Second  largest u n i t  
-2equired capacity 
I s s t a l l e d  
Short 

REQUIRED ADDITIONAL GENERATING CAPACITY 
t4ETHOUT 4MTERCOWNE@'TIOM 

(Megawatts) 



REQUIRED ADDITIONAL8 GENEmTlNG CAPACITY 
WNCHOPaGE W I T H  1NTERCONNEGTIe)N 

(Megawattsf 

A , . _ " ,  i--,e TWO Largest G n i t s  
q e r ~ ? i c e  a t  Anchorage i ,- - i f  I 1984 1985 1986  1987  1988 1989  199E) - --- 1 9 9 1  1 9 9 2  1 9 9 3  8995 

- - - 
1994 

h n ~ h t . : r ~ ~ ~ j c  peak demand 5 2 6  5 5 2  567 582  598 6 1 4  6 3 0  6 6 2  696 733. 768 807 

;J~:~;rdqe generation 543. 541 5 4 1  -- - 5 4 1  - 54 h - 541 -- 544. - 5 4 1  - 541  - 5 4 1  - 549 - 5 4  %. - 
Sk*cr t - k P  2 6  4 1  57  7 3  89 1 2 1  B 5 S 190 227  2 6 6  
*. 7 i I +-.. - , a n e  1 inflow - P 1 2 6  - 4 l - 57 -- - 7 ~ ~ 1  7 0 ( ~ )  7 0 [ c i  -. ~ o ( c )  ~ o ( c )  A ( C )  S ( C )  
, ; E " ~ z  2 6% - - - - 3 1.9 5 1 Id5 120  457 196 

!'z; rha r lks  generation 
?zJ r r ~ a n k s  l o a d  { a )  
? z , ~ - b a n X c  reserve 

-3 - * -,- klnc inflswlb) 
-r. s e - L  _ re losses  
::u-3rzce ~f reserve 

' 2. CS 1 ;2c%den t  w i t t i  t h e  Ancllorage peak deqand ,  
" . I  , $:- ;ehoyaye,  - 1 , ,, , V : Z X I : ~ U R  allowable as limited by t i e  l i n e ,  

., j ~ s ~ r n i n g  Fairhanks a d d s  t h e  g e n e r a t i o n  i n d i c a t e d  as a s h o r t a g e  o n  S h e e t  4. 



REQUIRED ADDITIONAL GENEWTING CAPACITY 
FAIRBANKS W I T H  INTERCONNECTION 

( M e g a w a t t s )  

, . -L  t n ?  Two E a r y e s t  Units 
- - ;;r Serv i ce  a t  Fairbanks -- 1984 19815 1987 19886 1988 1989  1990 1991 - -- 1994  1995 -.- 1992 1993 

&- 2 i peak denand 1 5 6  169 172 176 180  1.83 187 1 9 6  206 217  2 2 8  239 
" G - l -bdnks  generakion 162  1 6 2  1 6 2  1 6 2  3162 - - 162 - 162 - 16% - 1 6 2  - 162 

P. - 9 6 2  - 2.62 - 
~ * * c  r L - 3 10 14 'P, 8 2 1  25  34 4 4  5 5 6 6  77 
T -~e-lrre inflow - 2 5  34 4 4 5 5  - 7 - 10 - 1 4  - BS - 2 1  -- - - 6 5 ( ~ )  6651~ )  --- 
3;.9re - - - - - - - - - - 1 1 2  

~ 7 . c ~  araqii. g e n e r a t i o n  
.-4-?;b,oraqe load  ( a )  
A?criorage reserve 
- > 

; 1 :--3 Ice i n f  iow(Sft 
y I (2-.  1 * p a losses  
32 i 3race o f  reserve 

: * i c f b ~ r 3 c 2 @  shortie) 
P .  
, - i  r :>anks  s h o r t  
; 3 " ~ z l  short 

- i l fo incndent w i t h  hhe Fairbanks peak demand,  
i '  ,, a~ F a i r b a n k s  

i ." iaxi i~uf7!  a l l sk iable  ",size of second B a r g e s t  u n i t ) ,  
i o !  A s s u r a i n g  Anchorage adds %he g e n e r a t i o n  i n d i c a t e d  as shor t age  o n  S h e e t  3 ,  
j r r a ~ ~  S h e e t  3 ,  



EXHIBIT 8 
SHEET 5 of 5 

ECONOMIC BENEFITS OF RESERVE SHARENG 

Benefit(a) P r e s e n t  Worth 
($Millions) - ( S M i l l i l o n s )  ( b )  

( a )  At $19 .46  per  IcW p e r  year  ( s e e  E x h i b i t  3 )  

( b )  D i scoun t ed  a t  3 percent  per year .  

[ c )  The  maxirnum b e n e f i t  a f f o r d e d  by a single t i e .  L i m i t e d  
by t h e  lesser  of t h e  t i e  line Limit or the capacity of 
t h e  second l a r g e s t  u n i t ,  



LIFE-CYCLE COSTS AND BENEFTTSga) 
O F  THE ANCHORAGE-FAIRBANKS TIE-LIME 

EX6L53DING S U S E T N A  IMPACT ( b ) 
( F i i l l i o n s  of Do l l a r s )  

Costs Benefits -- R a t i o  s f  
F i x e d  Tie-Line Ecoasomy Reserve Benefits C a p i t a l  

A l t e r n a t i v e  P l a n  - 0& PI Total %neereha - Sharing(c) Total ----- To Costs  -- Cost 

(a) P r e s e n t  worth af additional a n n u a l  expenses and benefits t h r o u g h o u t  a 3 5 - y e a r  period 
ol d e b t  ar%-~ort iza"eisn,  

ib) 19.3orirtg a n y  e f f e c t  t h a t  t h e  Susitna Project may have  upon the operation and u s e f u l n e s s  
o f  t h e  t i e - i i n e ,  or assuming there i s  no Susitna Project w i t h i n  t h e  period of s t u d y .  

m m  
CE X 

c )  I n c l u d i n g  t h e  advantages  of load d i v e r s i t y .  M =s: M M  



LIFE-CYCLE COSTS AND BENEFITS(a) 
O F  THE ANGIfOMGE-FAIRBANKS TIE-LINE 

INCLUDING SZSITNA SMPAC%(b) 
(Millions o f  Dollars) 

C s s  ts - B e n e f i t s  R a t i o  cat 

- - 
F i x e d  Retirerne.:t R e d e d i c a t i o n  T i e - L i n e  Economy Reserve  Bencf i ts  Cap i t a l  

+-za:?at ive P l a n  -- C r e d i t ( @ )  O&N T o t a l  Cr@di&fd: I n t e r c h a n g e  S h a r i n g Q f )  a To Costs - -+--- Costs 

: 2 )  P r e s e n t  wort11 o f  a d d i t i o n a l  a n n u a l  expenses and benefits d u r i n g  the period 1984 t o  1993,  i n c l u s i v e ,  a s s u m i n g  t h a t  i n  
1 9 9 4  t h e  t i e - l i n e  facilities a r e  e i the r  retired or rededica ted  to  the S u s i t n a  Pro-ject, and t h a t  costs  and b e n e E i t s  
2 E t ~ r  1993  a r e  therefore  irrelevant ts this analysis, 

1 A ~ s u ~ ~ i n g  the Susitna Project  and associated t r ansmiss ion  f a c i l i t i e s  a re  placed i n  . i ~ r v i c e  i n  1994,  and that these 
E;l,cFlities serve finchoarage and Fairbanks in piaatalPe2. 

.-; - ,  For 35 yea r s  b u t  r e d u c e d  to  t h e  1984-$$93 period by application of the pertinent credits shcwn in the two  columns 
Ef,;lL'o@~ing* 

I .I 2:211_da~ctmn froin 35-year f i t r e d  c h a r g e s  f a r  facilities retired i n  1994, 

- 22i:'uc"iion f ram 35-yezhr E i x e d  c h a r g e s  far  facilities rededicated $0 the Susitna Froje.ct, 

C , Xrc_i,ding zclae a d v a n t a g e s  of load diversiQy, 



S U W A R Y  O F  SENSITIVITY ANALYSIS 
LIFE-CYCLE COSTS AND BENEFITS (a) 

EXCLUDEPJG S U S I T N A  IMPACT (b) 

L i f e -  1,ifce-Cycle nekref* -- Ratio nP 
Capital Cyi2Pi.i E ~ o n o ~ l r y  Reservc P ~ n e f  i ts 

Costs Casts [ c )  ---- Eneerchanqc  ,---- 5;harirncj ( r 3 )  Total -. To - Cft9sts 

Ease Case % 6 , 8  9 2 , P  229,3 45.3 274,Q 3.n 

f i  l kerna t e  Cases 

R ,  F u t u r e  Power Sources 
i ,  E x c e s s  Mjfftary Generation 
2 ,  Bradley  Lakz Isydro 
3 ,  DradLey Lake & Military Generation 

C, Coal F u e l  in New Pawcr  P l a n t s  

D, A l t e r n i t e  F u e l  i n  t h e  Fairbanks Area 
1. North Slope Gas i n  Fairbanks 
2 ,  LNC a n  F a i r b a n k s  

A $  t e r n a t  i v e  Cases 

3 F u t u r e  P o w e r  Sources 
1, E x c e s s  Military Generation 
2, Bradley L a k e  Ilydra 
3 ,  B r a d l e y  L a k e  & Military Generation 

C ,  Coal f u e l  i n  Mew I)ower P l a n k s  

F;, A l k c a n a k e  F u e l  i n  the Fabrbanlcs Area 
North Slope Gas i n  Fairbanks 

2 ,  LMG i n  Fa i rkbanks  

{a: P r e s e n t  worth of addit iolral  annylag expenses  and Renefite; tl~roglgt~nut a 35 year  period of debt amcortiaaQPon, 

{ b i  eqnurinry any effee-hat:  t h e  Susitna Project may have  upon the o r ) g ? r a t l ~ ~ ;  and usaEu%ncss of t h e  k i e - l i n e ,  or 
assifminq t h e r e  i s  no Susitna Project w i t h i n  t h e  period sf study. 

T r r t a i  life-cycle costs Erov ElEsr!,&Kt 9 ,  Sheet 1 ,  
i ,I j 1rlcrl  t.rriing t h o  advantages of load c l i v e r s i  ty. 



SUMKRRY O F  SENSITIVI 'FY ANALYSIS 
LIFE-CYCLE COSTS AIE;JD BENEFf TS (a)  

XNCLUDIXG S U S I T N A  IMPACT (b) 

i3ase Case 5 6 .  R 7 1  ,4 1 3 Q . 9  11 , 3  1 4 2 , 2  7 ,O 

f i l e e r n a t e  Cases 

13, Ftdtu9-r, Power Sotrrces 
3. E x c e s s  Military Generation 
2 ,  B r a d l e y  L a k c  I lydro 
3 ,  DracjPey Lake & nildtnry Generation 

Coal F u c t  i n  New Powcr Plants 

A% ttsrniate Fuel. i n  $he Fairhanks Area 
1 * Mar*.t~ Slope Caa i n  Fa4rt)araks 
2 LNG i r ,  F a i r h a n k s  

P u t u t - r  Power  Sources 
1, E x c e s s  Military Gcncrabion 
2. fgrar3hcy Lake  IlycJro 
3 .  B r a d l e y  L a k e  b M i l i t a r y  c : s n c r a t l o n  

C ,  C o ~ l  F u e l  i r ;  F l ew  Pswc?r H'I.ar'lCLs 

i'3, A l t e r r ~ t e  F u e l  i n  t.hc Fairh;~r,ks Area 
1 ,  rgtosrt!~ Slope  @as i n  Fairbanks 
2 ,  O2tG i n  F a l r i l a n k s  

S a 1  I 'rescnt wr>%-tl, of a 4 d i  t ionrpl ; bnn t l a l  expcn,.;c?s and k~enef i ts  drrrinq &lac period 1904  to l993, i n c f  u s i v e ,  asstrmlnco tilait: i n  
1994 ihrz- t i e - l i n e  facy i l j t i e s  are r t i k t ~ e r  tretiaretl or aterlcjdicrat:er% to the S u s i t n a  Project. ant1 t l rad  costs and hr?n@Eiks 
a f k c r  8993 a r e  therefore Brrclovant to t h i s  a n a l y s i s ,  

",i"l i 
u2 

. ? i ; s ~ i r n I n ~ j  @:he Skmsitna Project and assocI.atec1 tranamisslc~rt facil i t i es  arc placetf i n  servit:e in t 994 ,  and t11c;t tttcnts 
f a c t  E i t  t c s  serve Wncttaracje a n d  F a i r b a n k s  i n  p n r a l  l c l ,  i8; 

F-3 
i c - 3  ";iitac7di Iilc-cycle cuc;t from R x t l i h i t  a ,  Sl~eet  2 ,  6 La 

+I 
3 1 I n c j  t!tlincg tkic adtraxrtit i;~~ sf loat1 tdi vers % t y  , h7 k j  



CWP1"rWL COSTT-; FOR DJT.STRXL3UTION F A C I L T T I g S  (a) 

2 8 0 0  kVA Distribution 
Substation ( b )  - 3jX , -- -- 

b l i t h  Voltage Re9, W/O Voltage Reg. __--- 

$ $/kVA $ -- $/kvA -- $//kVR - $ --- $ / k ~ x  

D % s t * - i b u t i c j n  Svstem Facilities Required W i t h  Substation 

7,2/12.47Y kV distribution l i n e  from substation, p e r  1000 ft. 

Cistcibvtion S y s t e m  Facil 
-7 P 

'th Potential Transformer 

i243/L20 V distributi~n circuit froln p t ,  per 1 O O O  f t .  

(a) I n c l i l d i n g  20 percent contingencies, 1 0  percent  e n g i n e e r i n g ,  supervision and 
o v e r h e a d s ,  5 p e r c e n t  construction management,  5 p e r c e n t  AFUDC, and 1 2  percent  
per y e a r  escalation over a 3-year period frojn J a n h a r y  1981 to J a n u a r y  1984.  

bj Does not i n c l u d e  c o s t  of distribution s y s t e m  beyond substation or p o t e n t i a l  
transtormer, 

a .  
s (-I 

i, - 1 E ~ j u i p i n e n t  not available at 345  kV. 





APPENDIX A 

SENSITIVITY ANALYSIS 

OF VARIATXOtqS IN THE MTG OF LQAD GROWTH 



The  base case a n a l y s i s  which  is presented i n  d e t a i l  on 

Exhibits 1 t h r o u g h  9 is based on the A c r e s / l S E R  medium 

forecas t .  Acres/ISER also provided low and h i g h  ene rgy  

forecas ts  corresponding to minimum and maximum economic 

growth  expectancies f o r  t h e  Railbelt reg ion .  Feak demand 

forecasts  f o r  bo th  t h e  low and h i g h  forecas ts  were prepared 

i n  the saxne manner  as i n  the base case of t h e  medium f o r e c a s t *  

These are  summarized in E x h i b i t  Al following. 

On t h e  b a s i s  o f  these  new forecas ts ,  the life-cycle hen-efits 

and t h e  benefitlcost ratios for  P l a n s  1A and 1B were calcu- 

l a t e d  in t h e  same manner  as in the base case, T h e  r e su l t s  

sf those e a $ c u l a t i ~ n s  are summarized sn Exhibit A3,  As 

shown,  t h e  h i g h e r  r ~ '  nf economic growth r e su l t s  in even 

grea ter  b e n e f i t s  t h a n  cd lcu la ted  fo r  t h e  base ?ase conditions. 

A low rate of economic growth d i m i n i s h e s  the benefits of t h e  

t i e - l i n e .  Within the range of expected economic growth ,  the 

life-cycle benefits exceed the cos t s  f o r  a l l  c o n d i t i o n s  

s t u d i e d  a 



Year 

PROJECTED ANNUAL PEAK DEMANDS (MW) 'a  

f LOW AND H I G H  LOAD FORECASTS) 

Anchorage  pairbanks ~ s t a l  
Non-Coinc, 

v 

(a) Based on the Acres/lSER Low and Nigh Energy Forecasts. 
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APPENDIX B 

GENSITIVXTV ANALIfSIS  

CONSIDERING BDDITEONAL FUTURE POWER SOURCES 

k: 



FUTURE POWER SOURCES 

T h i s  analysis considers possible future power sources in 

t h e  pre-Susitna period,  in addition to t h e  existing facilities 

included i n  t he  base ease, These powr  sources are: 

A. Military gene ra t i on  (10 MW) in t h e  Fairbanks area, and 

B ,  Brad ley  Lake Hydro Project ( 9 0  Mi$) in t h e  Anchorage 

area, 

The impact of i n c l u d i n g  these two possible  power sources on 

t h e  i n t e r t i e  benefits was analyzed i n d i v i d u a l l y  as well as 

collectively, as o u t l i n e d  in t h e  following discussion. 

R e c e n t l y  passed legislation permits  federal  military i n s t a l -  

l a t i o n s  to s e l l  excess electrical g e n e r a t i n g  capacity to the 

l oca l  utilities. The  excess capacity is estimated at 5 MW 

at F o r t  Wainwright and 5 MW at E i s l s o n  A i r  Force Base. 

B o t h  military bases are connected to t h e  Golden  Valley 

E l e c t r i c  Association transmission system.  This g e n e r a t i n g  

capacity is coal-fired and a f f e c t s  bo th  t h e  economy e n e r g y  

and t h e  reserve requirements. 

The Life-cycle b e n e f i t s  and the benef i t / c o s t  r a t i o s  a re  

summarized a n  Exhibit B1, 

The B r a d l e y  Lake Hydro Project i s  Located near t h e  n o r t h e a s t  

end o f  Kachemak Bay i n  t h e  Kena i  P e n i n s u l a .  Two u n i t s  of 45 

iq\d each are  p l n r ~ n e d  fo r  i . n s t a l . l a t ion  by mid-1988. ' t h e  

dr lnual ,  plai i t .  f a c t o r  i.s es tk ina ted  tcr be 46 pe~:ceni:, 



T h e  amount  o f  g e n e r a t i n g  capability t h a t  these units can 

supply to t h e  Anchorage area will depend upon t h e  f u t u r e  

addition o f  transmission capacity between t h e  Kenai P e n i n s u l a  

and Anchorage. For t h i s  analysis, it is assumed t h a t  enough 

transmission capacity i s  provided to permit a l l  of t h e  

Brad ley  Lake generation in excess of t h e  load in t ' - e  Klenai 

P e n i n s u l a  to be sent to t h e  Anchorage area, 

The  l i f  e-cycle benefits and benef it/cost r a t i o s  are sum- 

marized on E x h i b i t  B 2 ,  

Bradlev  Lake H v d r ~  Project and Mildtarv Generation 

T h i s  scenario i n v e s t i g a t e s  t h e  impact of both t h e  Bradley 

Lake Hydro P r o j e c t  ( 9 0  MW] and t h e  utilization of excess 

military g e n e r a t i o n  (10 MW) in t h e  Fairbanks area. 

The  resu l t s  of the life-cycle cos t  and benefit analysis are 

presented on E x h i b i t  8 3 .  

IONS 

Review of Exhibits B1 t h r o u g h  B 3  l e ads  to t h e  following 

conclus ions  

1, The utilization of exces: ;  military g e n e r a t i o n  in t h e  

Fairbznks area reduces brbth t h e  economy e n e r g y  and 

reserve s h a r i n g .  T h i s  reduces t h e  benefits afforded 

by t h e  t i e - l i n e .  

2 .  T h e  B r a d l e y  Lake Hydro Project reduces t h e  reserve 

requirements of t h e  Anchorage area but increases t h e  

a b j . l . i t y  a f  the3 Anchorage area $0 supply economy energy 

to F4a.i.rbanlcs. T h t ~  n e t  r e su l t  i s  a sl i .c~hi:  increa: je in 

t k ~ e  benef i t s  pjroviderd by t h e  in t t z r i :  i e  , 



3 ,  The analysis w i t h  bo th  excess military generat  i o ~  and 

t h e  aradley Lake Hydro Project results i n  a n e t  re!duc- 

tian i n  benefits o f  t h e  t i e - l i ne ,  

In a l l  cases, t h e  life-cycle b e n e f i t s  exceed t h e  costs. 



LXFZ-CYCLE B E N E F I T ?  W B  BENEFITj"COST RWTIQS 

MILITARY GENERATION %"M F A I W A N K S  SENSITIVITY ANAZ?651S 

Life-Cycle B e n e f i t s  
E x c l u d i n g  S u s i t n a  Impact 

( M i l l i o n s  of Dollars) 
Eeonsmy Reserve 

S h a r i n g  Tota:. 
P --- .m 

P l a n  1A 

Base case 
With military g e n e r a t i o n  

Base case 
With military generation 

Life-Cycle Benefits 
I n c l u d i n g  Susitna Lnpacf. 

(Millians of Dol lars )  
Economy Reserve 

Xnterch -- T o t e  1 
P l a n  $-A 

Base ease 
With  military generation 

Base ease 
W i t h  military gene. ; i o n  

BenefitJCost Ratios 

E x c l u d i n g  I n c l u d i n g  
S u s i t n a  S u s i n C a  

Base case 
W i t h  military g e n e r a t i o n  

Base case 
W i t h  military g e n e r a t i o n  



LIFE-CYCLE BENEFITS AND BENEFIT/C@ST M T I O S  

BRADLEY LAKE MYBgB SENSITIVITY ANALYSIS 

Life-Cycle Benlef i t s  
E x c l u d i n g  S u s i t n a  Iapact 

Millions sf 

P l a n  LA 

Base case 
BraZley Lake hyd ro  

P l a n  PI3 

Base czase 
Bradley  Lake hydro 

Life-Cycle Benefits 
I n c l u d i n g  Susitna Impact 

( M i l l i o n s  sf Dollars) 
E c o n ~ m y  Reserve 

I n t e r c h a n g e  - -- T o t a l  
P l a n  18 

Base czase 
B r a d l e y  Lake h y d r o  

P l a n  EB 

Base case 
B r a d l e y  Lake hyd ro  

Base case 
B r a d l e y  Lake h y d r o  

P l a n  

BenefitICost Ratios 

E x c l u d i n g  I n c l u d i n g  
Susitna S w s i t n a  

Base case 
Bradley Lake h y d r o  



E X H I B I T  B 3  

LI~PE-CYCLE BENEFITS AND BENEFET/COST RF~TIOS 

B U D L E Y  M K E  HYDRO AND EXCESS 

MILITARY GENERATION SENSITIVITY ANALYSIS 

Life-Cycle Benefits 
E x c l u d i n g  Susitna Impact 

QMillisns s f  Dollars) 
-. - -. - 

Economy Reserve 
S h a r i g  Total 

Base case 
Brad ley  Lake ~ ~ y d r o  and military 

generation 

Plan PB 

Base case 
Bradley  Lake h y d r o  and military 

genera t  i o n  

P l a n  18 

Base case 
Brad ley  Lake hyd ro  and military 

gene ra t  i on  

P l a n  1B 

B,%se ease 
Bcsd ley  Lake h y d r o  and military 

generation 

Life-Cycle Benefits 
I n e l u d i n g  Susitna Impact 

(Mi - l%ians sf Eo%%ars B 
Economy Reserve 

T o t a l  

B e n e f i t / C o s @  Ratios 

E x c l u d i n g  I n c l u d i n g  
S u s i t n a  S u s i t n a  

"-- -- 
P l a n  IA ------ 

Base case 
Brad ley  Lake h y d r o  and m i l i t a r y  

g e n e r a t  i o n  

Base case 
Bradley Lake  h y d r o  ca:1d m i l i t a r y  

cjenerai: i o n  



APPENDIX C 

SENSITfVXTY ANALYSIS 

OF RESERVE SHARING BENEFITS 

ASSiUMING ALL FUTURE UNITS AWE 

COAL-F f R E  STEAM TTURB INE-GENELkTORS 



COAL FUEL IN NEW PQWER PLANTS 

In t h e  base case i t  was assumed t h a t  f u t u r e  generating 

capac i ty  would be provided by gas or oil-fired combustion 

t u r b i n e s .  However, t h e  1978  F e d e r a l  F u e l  Use A c t  discourages 

t h e  f u t u r e  installation of gas or oil-fired un i t s .  In v i e w  

of  poss ib l e  s t r ic t  implementation of t h i s  A c t ,  t h i s  scenario 

considers t h e  impact o f  more c o s t l y  generation a d d i t i o n s  in 

t h e  Railbelt area ,  in t h e  form of coal-fired gene ra t i on .  

The  EolLowing t a b l e  compares t h e  c o s t  of a 60 MW gas or o i l -  

f i r e d  combustion turbine as used in t h e  base case w i t h  t h a t  

of a 90 MW coal-fired steam turbine considered under t h i s  

S C ~ S ~ ~ T ~ Q  

60 MW Gas/Oil 90 MW Coal 
Combustion Turbine Steam Turbine 

Capital cos t  $2%8/KW $2493/kW 

Credit per  k6-year 

The life-cycle b e n e f i t s  and t h e  benefkt/cost r a t i o s  are  
g i v e n  o n  E x h i b i t  C 1 .  It can be seen from these resu l t s  t h a t  

because o f  c o n s i d e r a b l y  h i g h e r  c o s t s  oE new coal-fired 
generation, t h e  reserve s h a r i n g  b e n e f i t s  a re  almost nine 

times more t h a n  those found i n  t h e  base case. Benef it/cost 

r a t i o s  are likewise substantially greater t h a n  in t h e  base 

case R 

f~ ., 
a,.. --- 1. 



LIFE-CYCLE BENEFITS AND BENEFIT/COST RATIOS 
COAL FUEL IN NEW POWER PLANTS SENSITIVITY ANALYSIS 

L i f  e-Cycle Benf2f i t s  
E x e l u d i n g  S u s i t n t a  Impact 

( M i l l i o n s  of Dollars)  
Economy Reserve 

S h a r i n q  - Total 
__.__..___.) 

Base case (Combustion turbine) 
Coal-fired steam turbine 

P l a n  1B 

Base case (Combustion turbine) 
Coal-fired steam turbine 

Life-Cycle Benefits 
Including Susitna Impact 

Reserve 

Base case (Combustion turbine) 
Coal-fired steam t u r b i n e  

P l a n  &B 

Base case (Combustion t u r b i n e )  
Coal-fired steam t u r b i n e  

E x c l u d i n g  I n c l u d i n g  
Susitna Susitna 

Plan 124 -- 
Base case (Combustion turbine) 
Goal-f ired steal3 t u r b i n e  

Base case [Combustion turbine] 
deal-fired steam t u r b i n e  



APPENDIX D 

SENSITIVITY ANALYSHS 

OF ALTERPJATIVE FUELS IN THE FAIRBANKS AREA 



ALTERNATIVE FUELS IN TME FAIRBANKS AREA 

T h e  opportunity to export  economy energy from t h e  Anchorage 

area to t h e  Fairbanks area ex i s t s  because of t h e  difference 

in t h e  cos t  of n a t u r a l  gas in Anchorage and oil in Fairbanks. 

S f  n a t u r a l  gas was made available in Fairbanks, the economy 

e n e r g y  benefits would be affected. Two v i a b l e  me thods  of 

supplying n a t u r a l  gas to Fairbanks were suggested. They 

a r e  : 

1, North Slope gas v i a  pipeline to Fairbanks. 

2 .  Cook Inlet gas v i a  LNG railcar to Fairbanks. 

T h i s  scenar io  dea l s  with the economic analysis of these two 

possibilities. 

A s t u d y  to eva lua t e  e l e c t r i c  power alternatives in t h e  

R a i l b e l  t area is presentl :? b e i n g  performed by Battelle 

Pacific Northwest Laboratories. Analysis o f  n a t u r a l  gas 

supplies i n  Alaska  is a p a r t  of t h i s  s t u d y ,  A potential 

s u p p l y  o f  n a t u r a l  gas to the Fairbanks area is t h e  delivery 

nf  N o r t h  Slope gas v i a  pipeline, T h e  proposed pipeline 

c o u l d  be in service by l 9 6 7 .  T h e  p r i ce  of t h e  N o r t h  Slope 

gas delivered to Fairbanks is estimated to r ange  from $5.15 

to $ 6 . 8 4  pe r  million BTU T h i s  i s  a 1986  price and  

includes  escalation, 

( l )  Provid\:d by R a t t e l l e  Pacific Northwest Laboratories. 



To a n a l y z e  t h e  i~npact  of n a t u r a l  gas supplies in Fairbanks 

o n  t h e  economy energy benefits, it was assumed t h a t  (1) 

N o r t h  Slope n a t u r a l  gas would be available f o r  e lec t r ic !  

power g e n e r a t i o n  in F a i r b a n k s  at t h e  1 9 8 6  pr ice  of $5,1.5 per  

million BTU, and ( 2 )  existing oil-fired generating c a p a ~ c i t y  

wolild be conve r t ed  to n a t u r a l  gas ,  Costs to d e l i v e r  t h e  gas 

to t h e  power p l a n t  and cos ts  to c o n v e r t  existing pQwer 

p l a n t s  to burn n a t u r a l  gas were n e g l e c t e d  i n  t h i s  analysis. 

To be consistent w i t h  t h e  t e c h n i q u e  used in t h e  base case, 

t h e  $5.15 p r i c e  of n a t u r a l  gas was a d j u s t e d  to a 1 9 8 4  i . e v e l  

of $4,29 and t h e n  escalated for  real pr ice  increases to g i v e  

the v a l u e s  shown i n  t h e  following table: 

Fairbanks F u e l  Price 

[Dollars Per M i l l i o n  BTU) 

Gas 

T h e  a v a i l a h i l i k : y  o f  gas in Fairbanks reduces the c o s t  d i f f e r -  

e n t i a l  f o r  f u e l  tetween Anchorage and Fairbanks, b u t  does 

n o t  e l im ina t e  t h e  ecorlomy e n e r g y  benefits. These b e x ~ e f i t s  

a n d  t h e  bcne f  it/cost ratios are summarized on E x i l i b i t  DL. 



Cook I n l e t  Gas v i a  LNG Ra i lea r  to Fairbanks 

Under t h i s  scenar io ,  it is assumed t h a t  Alaska Gas and 

S e r v i c s  Company supplies LNG to t h e  Fairbanks area v i a  

railcars. The  pr ice  of LNG delivered i n  F a i r b a n k s  was 

assumed to equal 85 percent  of t h e  cos t  of t h e  d i s t i l l a t - e  

f u e l  now u s e d  for  power g e n e r a t i o n .  This price s t r u c t u r e  

was provided  by the Alaska Gas and Service Company. 

The  benefits, and benefit-to-cost r a t i o s  are p r e s e n t e d  on 

E x h i b i t  D2, 

CBNCLUS TONS 

T h e  availability of "low priced"  n a t u r a l  gas i n  Fairbanks as 

a f u e l  f o r  power g e n e r a t i o n  substantially reduces t h e  economy 

e n e r g y  benefits of t h e  transmission i n t e r t i e  as demonstrated 

by E x h i b i t s  Dl and D2. If n a t u r a l  gas can be supplied to 

F a i r b a n k s  by 1987,  the feasibility of t h e  tie-line would  be 

q u e s t i o n a b l e .  



EXHIBIT IS%. 

LIFE-CYCLE BENEFITS AND BENEFIT/COST RATIOS 
NORTH SLOPE GAS IN FAIRBANKS SENSITIVITY ANALYSES 

Life-Cycle Bene:Ei ts  
E x c l u d i n g  Susitna Impact 

(Millions of Dollarsf 

Plan bA 

Base Case 
N o r t h  Slope Gas in F a i r b a n k s  

Base f,ase 
North Slope Gas i n  F a i r b a n k s  

P l a n  %A 

Base Ca.2 
North  Slope Gas i n  Fairbanks 

Base Case 
North Slope Gas in F a i r b a n k s  

P l a n  l A  

Base Case 
N o r t h  Slope Gas i n  Pa i rba f iks  

Base Case 
North Slope Gas i n  Fairbanks 

Lif e-Cycle B e n e f i t s  
I n c l u d i n g  Susitna Impact 

(Millions of Dollars)  

Rese rve  Tatal 

Benef i t/Cos t Ratios  

E x c l u d i n g  I n c l u d i n g  
Susitna Susitna 

-=.--- -- 



E X H I B I T  f 2  

Plan f A  
" =- 

LIFE-CYCLE B E N E F I T S  AND BENEFITJCOST MTEOS 

LENG GAS IN FAIRBANKS SENSITIVITY ANALYSIS  

Life-Cycle B e l n e f  i 2 s  
E x c l u d i n g  Susit :na iz:bazt 

( M i l l i o n s  of BolZazs) - 

Base Case 
LMG Gas in F a i u b a ~ k s  

P l a n  3 B  

Base Case 
LNG Gas in Fairbanks 

Life-Cycle Benefits 
I n c l u d i n g  Susi tna Iapac t  

( % i f  l i o n s  af Dollars) 

R e s e r v e  T o t a l  
P. 

Base Case 
LNG Gas in F a i r b a n k s  

Base Case 
LNG Gas in F a i r b a n k s  

Benef  i t / G s s t  Ratios 

E x c l u d i n g  I n c l u d i n g  
Susitna S u s i t n a  

P 

Base Case 
LNG Gas i n  F a i r b a ; . l A s  

Base Case 
LNG Gas in F a i r b a n k 5  


