
YUKON THERMAL POWER GENERATING STUDY 

FOR 

PAN OCEAN OIL LIMITED 

This 'report has boen examined; ds- 
clarcd acceptable as Representation 
Work unclrr Section 32 and Schedule 
8 of thc. Canada Mi ing R e y ~ ~ l s t i o n s  rrd' 
and valued infie amount ol 5 173: . Crb 

7 / ? 7 9 4  

Prepared By 

MONENCO CONSULTANTS LIMITED 
Calgary, Alberta, Canada 

December 1978 



monenco c nts limite 
900 ONE PALLISER SQUARE, 125 - 9th AVENUE S.E. 

CALGARY, ALBERTA, CANADA T2G 0P6 

Telephone: (403) 263-1680 Telex: 038-22636 

15 December 1978 

Mr.J.S. McKinney 
Superv isor  Coal Exp lo ra t i on  
Pan Ocean O i l  Limited 
1050 Three Calgary P l a c e  
Calgary,  A lbe r t a  T2P O J 1  

Yukon Thermal. Power 
Genera t ing  Study 

F i l e :  PO0 6888-2 

Gentlemen; 

We have p l e a s u r e  i n  submi t t i ng  ou r  r e v i s e d  r e p o r t  on t h e  p re l imina ry  
s tudy  f o r  a  thermal  p l a n t  l o c a t e d  i n  t h e  Bonnet Plume a r e a  of t h e  
Yukon T e r r i t o r y .  

This  r e p o r t  p r e s e n t s  t h e  "Order of magnitudeff c a p i t a l  c o s t s  f o r  a  
3 x 75 MX mine mouth c o a l  f i r e d  gene ra t i ng  p l a n t  w i t h  an assessment  
of o p e r a t i n g  and maintenance c o s t s .  The c o s t s  of  power d e l i v e r e d  a t  
Carmacks and a t  t h e  p l a n t  bus b a r  a r e  a l s o  given.  

It h a s  n o t  b e e n - p o s s i b l e  t o  draw a  d i r e c t  comparison of t h e  c o s t  of 
power between t h e  proposed hydro scheme i n  t h e  Yukon and t h e  thermal  
p l a n t  a s  t h e  r e p o r t  on t h e  hydro s t a t i o n  i s  s t i l l  cons idered  
c o n f i d e n t i a l .  

We sugges t  t h a t  i n  any f u r t h e r  n e g o t i a t i o n s  wi th  Northern Canada Power 
Commission o r  Yukon E l e c t r i c ,  i t  may be  more r e a l i s t i c  t o  make 
comparisons of c o s t  a t  t h e  p l a n t  b a r  bus r a t h e r  than a t  Carmacks. 
While t h e  t r ansmis s ion  l i n e  c o s t i n g  has  been done on t h e  same b a s i s  

, a s  t h a t  of t h e  hydro p l a n t ,  t h e  ded ica t ed  thermal  p l a n t  l i n e  i s  
pena l i zed  when compared wi th  t h e  mult i -purpose u s e  of t h e  l i n e  from 
the' hydro development. I n  a d d i t i o n ,  t h e  thermal  p l a n t  i s  more 
c e n t r a l  t o  t h e  u l t i m a t e  load  c e n t r e .  



Page 2 
Pan Ocean O i l  Limited 15 December 1978 

For s tudy  purposes ,  we have assumed t h a t  t h e  c o s t  of c o a l  a t  t h e  
p l a n t  i n l e t  conveyor is $30. pe r  ton which you have i n d i c a t e d  t o  
us. 

When you have had an  oppor tun i ty  t o  s tudy  t h i s  r e p o r t ,  we s h a l l  
be  p l ea sed  t o  review i t  wi th  you and t o  provide  any a d d i t i o n a l  
in format ion  you may r e q u i r e .  

Yours ve ry  t r u l y ,  

Z. ~ o i i s n ~ k ,  P.  Eng. 
Vice P r e s i d e n t  Thermal 

[L..... . 



1 . 0  INTRODUCTION 

This  s t u d y  p r o v i d e s  an  o r d e r  of magni tude c o s t  e s t i m a t e  o f  
g e n e r a t e d  power a s s o c i a t e d  w i t h  a  proposed thermal  p l a n t  i n  
t h e  Bonnet Plume a r e a  n o r t h  o f  Mayo i n  t h e  Yukon T e r r i t o r y .  

The c a p i t a l ,  o p e r a t i n g  and maintenance c o s t s  a r e  e s t i m a t e d  
f o r  a  mine mouth 3 x 70 M!J ( n e t )  c o a l  f i r e d  g e n e r a t i n g  
s t a t i o n  i n c l u d i n g  two p o s s i b l e  r o u t e s  and two t r a n s m i s s i o n  
l i n e  v o l t a g e s  t o  t r a n s m i t  power from t h e  s i t e  t o  Carmacks. 
The c o s t  o f  f u e l ,  mine, c o a l  p r e p a r a t i o n  p l a n t ,  s i t e  a c c e s s ,  
l a n d  and l a n d  r i g h t s  have n o t  been i n c l u d e d  i n  t h e  s c o p e  of 
t h i s  s t u d y  . 
No d e t a i l  d e s i g n  h a s  been under taken  on any  p a r t  o f  t h e  s t u d y .  

. C o n d i t i o n s  such  a s  p e r m a f r o s t ,  ext reme t e m p e r a t u r e s ,  f r e i g h t ,  
c o n s t r u c t i o n  problems,  e t c .  have been assumed. F u r t h e r  
i n v e s t i g a t i o n s  and s t u d i e s  would b e  r e q u i r e d  t o  produce a more 
a c c u r a t e  e s t i m a t e  a t  t h i s  s i t e .  

The l e v e l i z e d  c o s t  o f  power a t  t h e  power p l a n t  h a s  been 
e s t i m a t e d  t o  be  i n  t h e  r a n g e  from 35 t o  37 mil ls lkWh.  

Due t o  t r a n s m i s s i o n  l i n e  c o s t s  and power l o s s e s ,  t h e  c o s t  of 
power a t  Carmacks would be  i n  t h e  range  of 45 t o  54 mills/kldh.  

S i n c e  t h e  c o s t  o f  f u e l  h a s  n o t  been a  p a r t  of t h i s  e v a l u a t i o n ,  
we have a l lowed  $30 p e r  t o n  o f  c o a l  a t  t h e  p l a n t  conveyor .  
The componen.ts o f  power c o s t  i n  mills/kWh a r e  a p p r o x i m a t e l y  
as f o l l o w s  ( a l t e r n a t i v e  2 B  assumed):  

C a p i t a l  c o s t  16.6  mi l l s /k l fh  
O p e r a t i n g  and maintenance c o s t  2 . 1  mills/kWh 
F u e l  c o s t  17 .9  rnills/kbJh 
Transmiss ion  l i n e  c o s t  12.2 mills/kWh 



3.0 PLANT DESCRIPTION 

3.1 LOCATION AND ACCESS 

The s i t e  s e l e c t i o n  has  been l i m i t e d  by t h e  d e t a i l  a v a i l a b l e  
on 1:250,000 s c a l e  topographica l  mapping. 

Road acces s  and an a i r  s t r i p  have not  been inc luded  wi th in  
t h e  scope of t h i s  r e p o r t .  

3.2 BRIEF DESCRIPTION 

The 3 x 70 MJ ( n e t )  thermal  p l a n t  would comprise a  powerhouse, 
p r e c i p i t a t o r s ,  s t a c k ,  c o a l  handl ing ,  a s h  hand l ing ,  water  
t r ea tmen t ,  c i r c u l a t i n g  water  system, make-up and blowdown 
systems,  was te  and sewage d i s p o s a l ,  and v a r i o u s  a u x i l i a r y  
f a c i l i t i e s .  

The steam gene ra t i ng  p l a n t  would be  of t h e  pu lve r i zed  c o a l  
f i r e d ,  non-reheat type ,  which would supply steam t o  t h e  steam 
turbo-generaror  u n i t s .  The s team turbo-genera tors ,  nominal ly  
r a t e d  a t  75 MW, would exhaust  i n t o  water  cooled s u r f a c e  
condensers ,  and would be equipped wi th  r e g e n e r a t i v e  f eed  
hea t ing .  Emergency g e n e r a t o r s  would be provided f o r  
emergency power gene ra t i on  and /o r  p l a n t  s t a r t - u p .  

Coal from t h e  mine p roces s ing  p l a n t  would be  s t o r e d  and 
t r a n s p o r t e d  t o  t h e  powerhouse bunkers.  Na tu ra l  gas o r  l i g h t  
o i l  i s  assumed t o  be  a v a i l a b l e  f o r  h e a t i n g ,  b o i l e r  l i gh t -up ,  
flame s t a b i l i z a t i o n  and emergency power gene ra t i on .  

Each steam gene ra to r  would be equipped wi th  an e l e c t r o s t a t i c  
p r e c i p i t a t o r  t o  remove t h e  f l y  ash  from t h e  f l u e  gas  s t ream 
b e f o r e  t h e  gases  a r e  d i scharged  i n t o  a  common s t e e l  l i n e d  
c o n c r e t e  s t a c k .  

The a sh  would be s l u r r i e d  and t r a n s p o r t e d  t o  t h e  mine t a i l i n g s  
pond ( i t  i s  assumed t h a t  t h i s  pond i s  a v a i l a b l e  f o r  a sh  d i s p o s a l ) ,  
i f  p o s s i b l e .  The water  from t h e  t a i l i n g s  pond would be 
r ecyc l ed  t o  t h e  a sh  p l a n t .  

The c i r c u l a t i n g  system would c o n s i s t  of a coo l ing  tower,  pump- 
house, condenser ,  make-up.and blowdown systems and a  make-up 
s t o r a g e  r e s e r v o i r .  



The w a t e r  t r e a t m e n t  p l a n t  would be  s i z e d  f o r  a maximum make-up . 
rate of 4% of  t h e  s team g e n e r a t o r  o u t p u t .  

The w a t e r  t r e a t m e n t  p l a n t  and o t h e r  l i q u i d  w a s t e  e f f l u e n t s  
would be  t r e a t e d  and d i s c h a r g e d  t o  a w a s t e  d i s p o s a l  pond 
and a f t e r  t r e a t m e n t  t o  the,make-up r e s e r v o i r .  

The p l a n t  would be s t a r t e d  and o p e r a t e d  from a c e n t r a l  c o n t r o l  
room. 

3 . 3  LIST OF ALTERNATIVES 

A l t e r n a t i v e  1 

- 140 MW n e t  g e n e r a t e d  power a t  p l a n t  t e r m i n a l s  f o r  8760 
h o u r s  a n n u a l l y  

- t r a n s m i s s i o n  l i n e  240 kV and 280 m i l e s  l o n g  

A l t e r n a t i v e  2  

- 140 MU n e t  g e n e r a t e d  power a t  p l a n t  t e r m i n a l s  f o r  8760 
h o u r s  a n n u a l l y  

- t r a n s m i s s i o n  l i n e  240 kV and 400 m i l e s  l o n g  

A l t e r n a t i v e  3 

- 210 MW n e t  g e n e r a t e d  power a t  p l a n t  t e r m i n a l s  f o r  7000 
h o u r s  a n n u a l l y  

- t r a n s m i s s i o n  l i n e  240 kV and 280 m i l e s  l o n g  

A l t e r n a t i v e  4  

- 210 MW n e t  g e n e r a t e d  power a t  p l a n t  t e r m i n a l s  f o r  7000 
h o u r s  a n n u a l l y  

- t r a n s m i s s i o n  l i n e  345 kV and 400 m i l e s  l o n g  

3 .4  ITEMS EXCLUDED FROM SCOPE OF STUDY 

The l i s t  o f  i t e m s  n o t  i n c l u d e d  i n  t h e  scope  o f  t h e  s t u d y  a r e :  

- l a n d  and l a n d  r i g h t s ;  
- mine; 
- c o a l  p r e p a r a t i o n  p l a n t ;  
- c o a l  t r a n s p o r t a t i o n  t o  t h e  p l a n t  c o a l  h a n d l i n g  sys tem;  
- a u x i l i a r y  f u e l  p i p e l i n e ;  
- a c c e s s  road  and a i r  s t r i p ;  



- ash  lagoon (assumed t h a t  t a i l i n g s  pond i s  a v a i l a b l e  f o r  
a s h  d i s cha rge )  ; 

- f u e l  c o s t s ;  
- any o t h e r  f u e l  gas  c l e a n i n g  systems o t h e r  than 

p r e c i p i t a t o r s ;  
- i n t e r e s t  du r ing  c o n s t r u c t i o n ;  
- supply of power t o  i n t e r m e d i a t e  p o i n t s  between t h e  

thermal  p l a n t  and Carmacks. 

3.5 ASSUMPTIONS 

3.5.1 S t ru 'c tures  and Foundations 

The main b u i l d i n g s  would c o n s i s t  of s t r u c t u r a l  s t e e l  frames 
c l a d  w i th  double s k i n  i n s u l a t e d  w a l l  pane ls  and b u i l t  up 
roo f ing  on a  meta l  deck. 

I n  t h e  absence of d e t a i l e d  geo techn ica l  in format ion ,  i t  h a s  
been assumed t h a t  t h e  foundat ions  f o r  t h e  powerhouse, s t a c k  
and main c o a l  handl ing  s t r u c t u r e s  would be  r e i n f o r c e d  conc re t e  
s l a b s  on forced  a i r  v e n t i l a t e d  pad foundat ions .  The foundat ions  
f o r  t h e  o t h e r  s t r u c t u r e s  would be d r i l l e d  s t e e l  p i l e s  w i th  an 
a i r  gap between t h e  unders ide  of  t h e  s t r u c t u r e  and t h e  ground. 

The working a r e a  around t h e  power p l a n t  and t h e  c o a l  handl ing  
system, and t h e  acces s  roads  f o r  t h e  c o o l i n g  water  system 
would c o n s i s t  of  i n s u l a t e d  g r a n u l a r  f i l l  t o  prevent  e x t e n s i v e  
thawing of t h e  permafrost .  

The g r a n u l a r  m a t e r i a l s  r equ i r ed  f o r  t h e  v e n t i l a t e d  pad foundat ions ,  
s i t e  p r e p a r a t i o n ,  acces s  roads  and conc re t e  were assumed t o  be 
a v a i l a b l e  i n  t h e  v i c i n i t y  of t h e  s i te .  

C i r c u l a t i n g  Water System 

A coo l ing  tower system has been s e l e c t e d  f o r  t h e  c o s t  e s t i m a t e  
f o r  t h e  fo l lowing  reasons  : 

1. Unknown d i f f i c u l t i e s  involved i n  u s ing  c o o l i n g  pond i n  
permafros t  a r e a s  (thawing of t h e  pe rmaf ros t ) .  

2.  Avai lab le  s i t e  informat ion  i s  n o t  s u f f i c i e n t  t o  l o c a t e  a  
, coo l ing  pond and t o  de te rmine  i t s  c o s t s .  

3 .  Cooling towers a r e  economically compe t i t i ve  w i t h  coo l ing .  
ponds and t h e i r  c o n s t r u c t i o n  can be adapted t o  permafros t  
a r e a s  more e a s i l y .  



Make-up would be taken from I l l t u d  Creek f o r  two months of t h e  
y e a r ,  and d ischarged  t o  t h e  make-up s t o r a g e  pond. The make-up 
s t o r a g e  pond would supply t h e  c i r c u l a t i n g  water  system annual  
requirements .  A blowdown l i n e  would t r a n s p o r t  water  from t h e  
c i r c u l a t i n g  water  system t o  t h e  make-up s t o r a g e  pond and t o  
t h e  r i v e r .  The make-up and blowdown l i n e s  would be i n  a  g r a v e l  
roadway w i t h  an assumed l e n g t h  of 12,000 f e e t .  

3 .5 .3  P r e c i p i t a t o r s  

It has  been assumed t h a t  h igh  e f f i c i e n c y  e l e c t r o s t a t i c  
p r e c i p i t a t o r s  w i l l  be r equ i r ed  f o r  f l u e  gas  clean-up. 

3.5.4 Operat ing Schedule 

Two a l t e r n a t i v e s  of power p l a n t  u t i l i z a t i o n  have been 
eva lua t ed .  

A l t e r n a t i v e  1 assumes t h a t  one u n i t  s e r v e s  a s  a  s tandby.  The 
power p l a n t  ou tpu t  would be  140 MW ( n e t )  f o r  8760 hours  p e r  
yea r .  

A l t e r n a t i v e  2 assumes t y p i c a l  power p l a n t  u t i l i z a t i o n ;  7000 hours  
per  yea r  on MCR (maximum cont inuous r a t i n g  of 210 MW). 

E l e c t r i c a l  Systems and Equipment 

The p l a n t  e l e c t r i c a l  system i s  based on t h e  u n i t  p r i n c i p l e  
which a f f o r d s  t h e  g r e a t e s t  a v a i l a b i l i t y '  a t  l e a s t  c o s t ,  and 
thus  appears  most a p p r o p r i a t e  t o  t h i s  a p p l i c a t i o n .  Power f o r  
s t a t i o n  s e r v i c e s  and systems,  and f o r  b o i l e r l t u r b i n e  a u x i l i a r i e s  
du r ing  u n i t  s t a r t - u p  would be supp l i ed  by t h e  s t a t i o n  s e r v i c e  
system. Following u n i t  s t a r t - u p ,  t h e  b o i l e r l t u r b i n e  a u x i l i a r i e s  
would be  supp l i ed  from t h e  a s s o c i a t e d  u n i t  s e r v i c e  t ransformer .  

A t  t h e  u n i t  r a t i n g  of 75 MW, t h e  gene ra to r  v o l t a g e  would be 
13 .8  kV, and transformed up t o  t h e  t r ansmis s ion  v o l t a g e  by 
i n d i v i d u a l  gene ra to r  t r ans fo rmer s .  

Except f o r  t h e  l a r g e r  motor d r i v e s ,  which would be  supp l i ed  from 
t h e  4000 v o l t  system, u r i l i z a t i o n  v o l t a g e  throughout t h e  p l a n t  
would be e i t h e r  600 v o l t s  o r  2081115 v o l t s  AC. Emergency gene ra to r s  
would be connectcd t o  t h e  s t a t i o n  s e r v i c e  4000 v o l t  swi tchgear .  



The boiler/turbine/generator u n i t s ,  emergency g e n e r a t o r s  and 
a u x i l i a r y  power sys tems would b e  c o n t r o l l e d  from a  common 
c e n t r a l  c o n t r o l  room. The c o a l  p l a n t  would be c o n t r o l l e d  from 
a l o c a l  c o n t r o l  room w h i l e  t h e  a s h  h a n d l i n g  and p r e c i p i - t a t o r s  
would b e  c o n t r o l l e d  from t h e  b o i l e r h o u s e .  Wherever p r a c t i c a b l e ,  
sys tems  and p r o c e s s e s  would b e  c o n t r o l l e d  a u t o m a L i c a l l y ,  and 
would normal ly  r e q u i r e  minimal o p e r a t o r  involvement .  

3.5.6 Transmiss ion  t o  Carmacks 

A p o i n t  t o  p o i n t  138 kV t r a n s m i s s i o n  sys tem i s  assumed f o r  
d e l i v e r y  o f  power from t h e  the rmal  p l a n t  t o  Carmacks. I n  view 
of t h e  h i g h  c o s t  of t r a n s m i s s i o n  f a c i l i t i e s ,  o n l y  a  s i n g l e  
c i r c u i t  l i n e  i s  prov ided ,  i . e .  t h e  s u p p l y  i s  n o t  f i r m .  To 
p r o v i d e  a  f i r m  s u p p l y ,  d u p l i c a t e  c i r c u i t s  w i t h  similar 
c a p a b i l i t i e s  would b e  r e q u i r e d .  

Two a l t e r n a t i v e  l i n e  c a p a b i l i t y  r e q u i r e m e n t s  have been 
c o n s i d e r e d ,  namely: 

1. 140 MW - c o r r e s p o n d i n g  t o  p l a n t  f i r m  o u t p u t  (2  u n i t s ) ,  and 

2.  210 MW - c o r r e s p o n d i n g  t o  p l a n t  maximum o u t p u t  ( 3  u n i t s ) .  

For each  of t h e  above,  two a l t e r n a t i v e  l i n e  r o u t e s  have a l s o  
been c o n s i d e r e d ,  namely: 

a )  d i r e c t  r o u t e  s o u t h  from p l a n t  t o  Mayo (over  Selwyn 
Mountains) t h e n  f o l l o w  highway t o  Carmacks (260 - 300 
m i l e s ,  280 m i l e s  assumed) ,  and 

b)  highway r o u t e  wes t  from t h e  p l a n t  t o  Dempster Highway 
(a long  f u t u r e  p l a n t  a c c e s s  r o a d )  t h e n  f o l l o w  highway and 

. p i p e l i n e  t o  Carmacks (400 m i l e s  assumed).  

The f i r s t  o f  t h e s e  r o u t e s  i s  s h o r t e r  by 100 - 150 m i l e s ;  however 
a c c e s s  th rough  t h e  mountains  would be d i f f i c u l t ,  and may be 
n e i t h e r  p r a c t i c a l  n o r  economical  from a  c o n s t r u c t i o n  and f u t u r e  
maintenance v i e w p o i n t .  The second r o u t e  i s  t h e  more l i k e l y  
p a r t i c u l a r l y  as t h e  l i n e  would p robab ly  be  tapped a t  v a r i o u s  
i n t e r m e d i a t e  p o i n t s  a l o n g  t h e  p i p e l i n e  t o  s u p p l y  a  number of 
compressor  s t a t i o n s .  V a r i a t i o n s  i n  t r a n s m i s s i o n  c o s t s  
c o r r e s p o n d i n g  t o  a l t e r n a t i v e  l i n e  c a p a b i l i t i e s  and r o u t e s  a r e  
based  on t h e  f o l l o w i n g  assumpt ions .  



A 240 kV t r a n s m i s s i o n  l i n e  is c a p a b l e  t r a n s m i t t i n g  approx imate ly  
200 MW o v e r  300 m i l e s  ( r o u t e  A),  o r  a p p r o x i m a t e l y  160 M.J o v e r  
400 m i l e s  ( r o u t e  R ) .  Thus, 240 kV wduld a p p e a r  t o  be a p p r o p r i a t e  
f o r  A l t e r n a t i v e s  l A ,  1B and 2A. To t r a n s m i t  210 MW o v e r  400 
m i l e s  however ( A l t e r n a t i v e  2B) would r e q u i r e  a  v o l t a g e  h i g h e r  
t h a n  240 kV. The n e x t  s t a n d a r d  v o l t a g e  i s  345 kV which would 
have a c a p a b i l i t y  of approx imate ly  320 MW o v e r  400 m i l e s .  The 
l i n e  d e s i g n  h a s  n o t  been o p t i m i z e d  a t  t h i s  s t a g e .  

It is  a p p r e c i a t e d  t h a t  i n  t h e  u l t i m a t e  scheme, i f  a s u b s t a n t i a l  
p a r t  o f  t h e  p l a n t  o u t p u t  i s  tapped  o f f  a l o n g  t h e  p i p e l i n e  r o u t e ,  
i t  may be  p o s s i b l e  t o  c a t e r  f o r  f u l l  p l a n t  o u t p u t  o f  210 MW, 
and s t i l l  t r a n s m i t  a t  240 kV. T h i s  would r e q u i r e  a  d e t a i l e d  
sys tem s t u d y  a t  t h e  c o n c e p t u a l  d e s i g n  s t a g e .  

The c o s t  e s t i m a t e s  i n c l u d e  f o r  h i g h  v o l t a g e  s u b s t a t i o n s  
( s i n g l e  b u s )  a t  t h e  the rmal  p l a n t  and Carmacks w i t h  one 
i n t e r m e d i a t e  s u b s t a t i o n .  Shunt r e a c t i v e  compensat ion h a s  
been assumed a s  50% f o r  r o u t e  A and 75% f o r  r o u t e  B. 
O p t i m i z a t i o n  o f  s h u n t  r e a c t o r  s i z e  and l o c a t i o n ,  and t h e  
p o s s i b l e  u s e  of s e r i e s  compensat ion h a s  n o t  been c o n s i d e r e d  
a t  t h i s  s t a g e ,  and w i l l  r e q u i r e  f u r t h e r  s t u d y  a t  t h e  c o n c e p t u a l  
d e s i g n  s t a g e .  Trans format ion  from 240 kV o r  345 kV t o  t h e  138 kV 
sys tem is  prov ided  by two 150 MVA t r a n s f o r m e r s  a t  Carmacks 
(150 MVA f i r m ) .  

TECHNICAL DATA 

Coal  

Assumed prox imate  c o a l  a n a l y s e s  as f i r e d :  

% by w e i g h t  ---- 

M o i s t u r e  
V o l a t i l e s  
Fixed carbon 
Ash 

Higher  h e a t i n g  v a l u e  

Heat R a t e s  - 

Turb ine  g r o s s  h e a t  r a t e  (assumed) 

P l a n t  g r o s s  h e a t  r a t e  

P l a n t  n e t  h e a t  r a t e  



. Steam Turbo-Generators (Design Data) 

Steam flow per unit 

Steam temperature 

Steam pressure 

Turbine back pressure 

Number of extractions 

Steam Generators 

Efficiency 

Feedwater inlet temperature 

Mass Balance Data 

Coal consumption (including rejects) 

Ash rate (including rejects) 

Mill rejects 

Air 

Flue gases 

Stack a.nd Preci~itators 

620,000 lb/hr 

950'~ 

1,250 psig 

2" Hga 

five 

2 Units 3 Units 
at MCR at MCR 

(103 'lb/h) 

Height 

Flue diameter (each) 

Flue gas exit velocity 

Precipitator efficiency 

Circulating Water System 

Heat rejected to condenser per unit 400 x lo6 BTU/~ 

Circulating water flow per unit 40,000 USgpm 

Temperature range 20°F 

Circulating water inlet temperature (design) 70°F 

Make-up rate per station (max.) 3,600 USgpm 

Blowdown rate per station (max.) 1,800 USgpm 



4.0 COST ESTIMATES 

4 . 1  CAPITAL COST ESTIMATES 

4 .1 .1  Power P l a n t  

Tab le  4-1 shows a summary o f  t h e  e s t i m a t e d  c a p i t a l  c o s t s  of 
t h e  power p l a n t  i n  1978 Canadian d o l l a r s .  The $213.3 m i l l i o n  
t o t a l  is  sub-divided i n t o  sys tem components w i t h  a  s p l i t  i n t o  
s u p p l y  and i n s t a l l a t i o n  e l e m e n t s  f o r  each  sys tem.  

The a c c u r a c y  range  f o r  t h e  o r d e r  of magni tude e s t i m a t e  i s  c a l c u l -  
a t e d  t o  t h e  range  +30% t o  -10%. Thus,  a  con t ingency  of +30% should  
b e  added t o  a r r i v e  a t  t h e  maximum p r o b a b l e  c o s t .  

4.1.2 B a s i s  o f  E s t i m a t e  and Assumptions Made 

The e s t i m a t e s  f o r  t h e  c i v i l  and h y d r a u l i c s  p o r t i o n s  of t h e  
work (mainly  D i v i s i o n s  1 and 2 )  were  based on q u a n t i t i e s  
d e r i v e d  from t h e  i n f o r m a t i o n  s u p p l i e d  and t h e  s i z e  and 
l o c a t i o n  of t h e  p l a n t  i n  q u e s t i o n .  Allowances were  made i n  
t h e  e s t i m a t e s  f o r  b o t h  t h e  c o s t s  of t r a n s p o r t a t i o n  of f i n i s h e d  
m a t e r i a l s  t o  t h e  s i t e  and a l s o  t h e  lower p r o d u c t i v i t y  of l a b o u r  
r e l a t i v e  t o  t h e  Edmonton a r e a  by v i r t u e  of t h e  s i t e  l o c a t i o n ,  
c l i m a t i c  c o n d i t i o n s  and s h i f t  sys tem l i k e l y  t o  b e  employed. 
It was assumed t h a t  g r a n u l a r  f i l l  and c o n c r e t i n g  a g g r e g a t e s  
were l o c a l l y  a v a i l a b l e ,  b u t  t h a t  s i t e  p r o c e s s i n g  ( e . g .  washing,  
c r u s h i n g ,  c o n c r e t e  b a t c h i n g )  would be  n e c e s s a r y .  

The mechan ica l ,  e l e c t r i c a l  and i n s t r u m e n t a t i o n  equipment c o s t s  
were  based on budget  q u o t a t i o n s  from s u p p l i e r s ,  and a l lowance  
was made f o r  t h e  h i g h  c o s t  o f  t r a n s p o r t a t i o n  from t h e  manufac tu re r  
t o  s i t e .  A  p r o d u c t i v i t y  f a c t o r  was a p p l i e d  t o  i n s t a l l a t i o n  
manhours recorded  i n  t h e  Edmonton a r e a ,  t o  a l l o w  f o r  t h e  p r o j e c t  
and l a b o u r  c o n d i t i o n s  l i k e l y  t o  be  e x p e r i e n c e d  i n  t h e  n o r t h e r n  
Yukon. 

The g e n e r a l  u n d i s t r i b u t e d  s e c t i o n  o f  t h e  e s t i m a t e  ( D i v i s i o n  8 )  
i n c l u d e s  a l lowances  f o r  t h e  d e t a i l e d  e n g i n e e r i n g  d e s i g n ,  
c o n s t r u c t i o n  s u p e r v i s i o n  and commissioning o f  t h e  p l a n t  a s  w e l l  
as  o t h e r  c o n s t r u c t i o n  i n d i r e c t s  such  a s  i n s u r a n c e ,  l i c e n c e s ,  
temporary u t i l i t i e s  and warehousing.  I n t e r e s t  d u r i n g  c o n s t r u c t i o n  
,is n o t  i n c l u d e d .  S p e c i f i c  c a l c u l a t e d  a l lowances  were made i n  
t h i s  s e c t i o n  f o r  t h e  c o s t  of o v e r t i m e  premiums, c o n s t r u c t i o n  
camp c o s t s  and monthly a i r  t r a n s p o r t a t i o n  o f  c o n s t r u c t i o n  l a b o u r ,  
a l l  of  which a r e  c o n s i d e r a b l y  h i g h e r  t h a n  i n  a  comparable Edmonton 
area l o c a t i o n .  



4 .1 .3  . Transmiss ion  L ine  

C a p i t a l  c o s t  e s t i m a t e  i s  shown on Tab le  4-2 w i t h  d e s c r i p t i o n  
and assumpt ions  shown i n  pa ragraph  3.5.6.  

4 .2  OPERATING AND MAINTENANCE COST ESTIMATE 

4.2 .1  Power P l a n t  

The opera t i .ng  and main tenance  e s t i m a t e  e x c l u d i n g  c o s t  f o r  
f u e l  is  based  upon a c t u a l  c o s t  f o r  a s t a t i o n  l o c a t e d  i n  
A l b e r t a ,  f a c t o r e d  t o  s u i t  t h e  proposed s t a t i o n  i n  t h e  Yukon 
T e r r i t o r y .  

The a s s o c i a t e d  a n n u a l  c o s t  i n  1978 d o l l a r s  i s  e s t i m a t e d  t o  b e  
2.0 mills/kWh. 

4.2.2 Transmiss ion  L ine  

Annual o p e r a t i n g  and maintenance c o s t s  have been e s t i m a t e d  a s  
a p e r c e n t a g e  of c a p i t a l  c o s t :  

Transmiss ion  l i n e  3 % 

S u b s t a t i o n  1 X 

4 .3  ANNUAL COSTS AND COST OF POWER 

Annual c o s t  and c o s t  o f  power a r e  shown on Tab le  4-3. L e v e l i z e d  
a n n u a l  f i x e d  c h a r g e s  (11% p .a . )  used  i n  Tab le  4-3 i n c l u d e  f o r  
r e t u r n ,  d e p r e c i a t i o n ,  income t a x ,  o t h e r  t a x e s  and i n t e r i m  
rep lacement .  An a l lowance  f o r  i n s u r a n c e  and a con t ingency  f o r  
a t y p i c a l  power p l a n t  a r e  a l s o  i n c l u d e d .  



TABLE 4-1 

CAPITAL COST ESTIMATE -. - 
(Thousands Canadian D o l l a r s  i n  1978 P r i c e  Leve l )  

- -- 

Supply E r e c t  T o t a l  

S i t e  and Improvements 

B u i l d i n g s  and S t r u c t u r e s  

B o i l e r s  and A u x i l i a r i e s  

Turbo-generators  and A u x i l i a r i e s  

E l e c t r i c a l  Systems 

C o n t r o l  and I n s t r u m e n t s  

Misce l l aneous  P l a n t  Equipment 

Sub-To t a l  

Genera l  U n d i s t r i b u t e d  

T o t a l  

P r e c i p i t a t o r s  ( i n c l u d e d  above) 



TABLE 4-2 

TRANSMISSION LINE COST ESTIMATES 

(Thousand Dol-lars - 1978 Price Level) 

Alternative 

Length (Miles) 

Voltage (kV) 

Capital Cost 

Transmission Line 

Substations 8,900 9,600 8,900 13,500 

System Engineering Studies 200 200 2 00 200 

Total 77,700 107,800 77,700 131,700 

Annual Operating 6 Maintenance Costs 

Transmission Line ( 3 % ) *  2,060 2,940 2,060 3,540 

Subs tations (1%) * 9 0 100 90 140 
- -  - - - 

Total 2,150 3,040 2,150 3,680 

Note: * Percentage of Capital Cost Estimate 



TABLE 4-3 

ANXUAL COST AND COST OF POWER 

A l t e r n a t i v e  1 A  1 B  2A 2 B  

Generated Power (Net) 

Annual Opera t ing  Hours a t  MCR 

Annual Generated Power a t  P l a n t  (Net) kT\rh/yr 

Transmission Line:  Length mi l e s  
Voltage kV 
Power Loss (Max) MbJ 

Annual Power Gel ivered  t o  Carmacks (Net) kWh/yr 

pp -- 

Power P l a n t  - Annual C o s ~  

C a p i t a l  charges( ')  

Opera t ing  and Maintenance Cost 

~ u e l ' ~ )  

T o t a l  

Transmission Line  - Annual Cost 

C a p i t a l  charges( ')  

Opera t ing  and Haintenance Cost 

T o t a l  

Grand T o t a l  

Leve l ized  Cost p e r  kWh 

At Power P l a n t  
A t  Carmacks 

Sores :  Annual C a p i t a l  Fixed charges  assumed 11% on cons t an t  (1978) Do l l a r s ;  30 y e a r  p l a n t  l i f e  

( 2 )  Assumed f u e l  c o s t  $30/shor t  ton a t  p l a n t  conveyor 
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