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SYNOPSIS 

Large-scale  production  of low cost   coal   sui table  

fo r   e l ec t r i c i ty   gene ra t ion   has  been shown t o  be  pract icable  

a t  Hat Creek,  near  Ashcroft, B.C. The s tudies   reported or 
summarized i n  t h i s  volume have   es tab l i shed   the   feas ib i l i ty  

of  economical e l ec t r i c i ty   gene ra t ion  based on t h i s   c o a l .  

Su i t ab le   s i t e s   fo r   t he   gene ra t ing   s t a t ion  have  been iden t i f i ed ,  

and t h e  Harry Lake s i t e   s e l ec t ed   a s   t he   bes t .  

The pr inc ipa l   charac te r i s t ics   o f  a four-uni t  2000 MW 

genera t ing   s ta t ion  have  been defined, and p r i o r   t o   d e t a i l e d  

design  and  optimization can serve   as  a basis   for   planning and 

pol icy  decis ions.  The new generat ing  uni ts  may be  required 

to   en te r   se rv ice   dur ing   the   years  1984 - 1987. 

This Summary volume of  the  Conceptual  Design  report is 
self-contained,  but it is  supported by more de ta i led   mater ia l  

i n  three  separate  Appendices. Scope  and conten ts   a re   de ta i led  

i n  t h e  Main Contents l i s t  which follows. The p a r a l l e l   S i t e  

Evaluation  report  i s  necessarily  based on da ta  and pro jec t  
concepts   par t ly  of somewhat earlier  date.   Consequently,  some 
discrepancies i n  d e t a i l  remain t o  be resolved i n  t h e   f i n a l  

design and  implementation  stages, i n  t h e   l i g h t   o f   f u l l e r  

information s t i l l  accumulating.  These  considerations do n o t  

a l t e r   t h e  main conclusions. 
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1.1 BACKGROUND TO THIS REPORT 

1.1.1 The Hat Creek Development Project  

The Hat Creek  development project   as   current ly   under   s tudy 

consists  fundamentally  of  the  use of  t h e  Hat Creek coal  deposit:$  for 

l a rge - sca l e   e l ec t r i c i ty   gene ra t ion .  The project  proposed i s  a 

conventional-type  station  of  approximately 2000 MW, and t h e  

coal   deposi ts   are   large enough to   support   generat ing  capaci ty  

of t h i s  capaci ty .  

Although the   coa l  will be mined a t  Hat Creek,  the  generating 

s ta t ion  could be a t  a considerable   dis tance,  i f  the  inconvenience and 

cost   of   t ransport ing  the  coal  were o f f s e t  by other  factors.   Consider- 

ation  having been given to   severa l   poss ib le   s i tes   ranging  from mine- 

mouth t o  Howe Sound, the  conclusion on environmental ,   technical and 

economic grounds was tha t   t he   s i t e   shou ld  be t h a t  known as Harry Lake. 

This i s  a gently-undulating  area  elevated some 1600 f t .  above the   va l l ey  

and about 3 miles from t h e  proposed No. 1 p i t ,   the   coa l   source  !tor t h i s  
development. 

S i t e   s e l ec t ion   a spec t s   a r e  examined and analysed i n  a p a r a l l e l  

Integ-Ebasco  report   enti t led "Hat Creek Project :   Si te   Evaluat ion 

Study". 

1 . 1 . 2  Purpose  of  Latest  Studies and Reports 

Forward planning  studies by B. C .  Hydro ind ica ted   tha t   the  

new 2000 MW generat ing  s ta t ion may be requi red   to   en te r   se rv ice   (un i t  by 

uni t )   dur ing 1984 - 1987. In order   that   an  adequate   basis  shou:ld be 

ava i lab le   for   the   re levant   dec is ions  t o  be made, and i f  appropriate   as  
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a s tar t ing  point   for   t imely  s teps   towards  implementat ion,   var ious more 

de ta i led   inves t iga t ions  and s tud ie s  were  put i n  hand. 

This  recent  phase of work has  included  another   s tage  in   explora-  

t i o n ,   t e s t i n g  and analyses   of   the   coal   deposi ts ,  and s tud ie s  of mining, 

as  well  as t h e   s i t i n g   s t u d i e s   a l r e a d y   r e f e r r e d  t o ,  and  numerous prelimin- 

a ry  o r  support ing  invest igat ions and s tud ie s  on par t icu lar   aspec ts   o f  

these  matters.   Together  with  the  conceptual  design  studies f o r  t h e  

g e n e r a t i n g   s t a t i o n   i t s e l f ,   t h i s  work cons t i tu tes   the   es tab l i shment  of 

t he   t echn ica l  and envi ronmenta l   feas ib i l i ty   o f   the   p ro jec t ,  and a major 
step  forward i n  the  process of firm de f in i t i on   o f   t he   p ro j ec t  and of i ts  

probable  costs.  

A considerable amount of more de t a i l ed  work must obviously  be 

done for  the  implementation  stage,   but t h e  present   level   of   project  

d e f i n i t i o n  is intended  to  be suf f ic ien t ly   comple te   for   the   reso lu t ion  

o f   po l i cy   i n   r e l a t ion   t o   t he   p ro j ec t ,  and for  a proper  appreciation by 

o ther   in te res ted   par t ies   o f  i t s  bas is ,   na ture  and magnitude. 

1 . 1 . 3  Scope of   this   Report  

The main body of th i s   repor t   conta ins   in   sec t ion  2 a summary 

of t h e  main considerations  shaping  the  project ,   followed by a b r i e f  

general   descr ipt ion i n  s ec t ion  3.  Sect ion 4 lists, and i n  p a r t  summar- 
izes ,   o ther   re levant   repor t s .  

An account  of  the  bases and reasoning  underlying  the  concep- 

tual  design,and a descr ipt ion  of  t h e  genera t ing   s ta t ion   p ro jec t  as now 

proposed, i s  given  in  sections 5 ,  6 and 7 .  Sections 8 and 9 contain 

a summary of es t imated  capi ta l   costs  and of   pr incipal   f inancial  and 

economic c r i t e r i a .  
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Three  appendix  volumes  contain  amplifying  detail: 

- Appendix A: a detai led  project   specif icat ion,   incorporat ing 

sundry  schedules 

- Appendix B: conta in ing   fu l le r   d i scuss ion   of   par t icu lar  

aspects   of   s tudies  made  and of the  conceptual  design 

- Appendix C:  a detai led  capi ta l   cost   es t imate  

The appendices   are   not   essent ia l   to  a general  reading o f  t h i s  

r epor t ,  and cross-references  to  appendices  have  been  avoided. 

1 . 2  TERMS OF REFERENCE 

1 . 2 . 1  Summary Extracts  

The essent ia l   na ture  and scope of  the  consul tant  work is  s e t  

ou t  i n   t h e   i n i t i a l   s t a t e m e n t   i n   t h e  B.  C .  Hydro  Terms o f  Reference 

document dated May 6, 1976: 

"Provide  engineering  services f o r  the  conceptual 

design  of a 2000 megawatt (net)  base  load con- 

ventional  thermal power plant  burning Hat Creek 

coa l .  The study is to   include  an  invest igat ion 

of design  concepts,  including an evaluation  of 

a l ternat ives   with  the  select ion  of   the  group of 

concepts which es tab l i shed   the  optimum  power p lan t  

design. Also included  are   s i te   evaluat ion  s tudies  

f o r  the  thermal power p lan t  and associated  water 

supply routes  ." 
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With pa r t i cu la r   r e f e rence   t o   t he   concep tua l   des ign ,   t he  Terms 

of   Reference  fur ther   s ta te :  

"The consul tan t   sha l l  compare v i a b l e   a l t e r n a t i v e s  

of a l l  major  components of t h e  thermal power p lan t  

a s   t hey   r e l a t e   t o   t he   p l an t   cos t s ,   s chedu l ing ,  

performance and environmental  impact, and produce 

an optimum conceptual  design on t h i s   b a s i s . "  

The conceptual  design  report is t o  s e r v e ,   i n t e r   a l i a ,   a s  a 

b a s i s   f o r  Government hearings and fo r   app l i ca t ions   fo r   l i cences  and 

permits,  and a s  a bas i s   fo r   de t a i l ed   des ign   s tud ie s .  

1 .2 .2   Specif ic   Detai ls  

The s tud ie s  were t o  be  based on a conceptual  arrangement  for 

a genera t ing   s ta t ion  complex,  designed f o r  an i n i t i a l  2000 MW i n s t a l -  

l a t i o n  of  four  or  three  machines. The r e l a t i v e   m e r i t s   o f   t h e   a l t e r n a t i v e  

u n i t   s i z e s  were t o  be  documented. 

I t  was spec i f ied   tha t   the   p lan t   be   des igned   to  meet a l l   e x i s t i n g  

Provincial   pol lut ion  control   regulat ions  governing  par t iculate  and gaseous 

emissions  as   wel l   as   sol id  and l i q u i d   e f f l u e n t s .  Space  allowances and 

general   layout  implications were t o  be iden t i f i ed   fo r   poss ib l e   fu tu re  

equipment, e .g . ,   f o r   f l ue   gas   desu lphur i za t ion .  

Among the   o ther   top ics   spec i f ied   to  be covered  were numerous 

technica l ,  economic and environmental   aspects  of  the  project ,   including: 
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- Capital   cost   of equipment 

- Sta t ion   hea t   r a t e  and thermal  cycle  efficiency 

o r  ne t   p lan t   hea t   ra te  (NPHR) 

- Auxiliary power demand 

- Desi rab i l i ty   o f   benef ic ia t ion  of the  coal  

- Building  space and s i t e   l a y o u t  

- Maintenance 

- R e l i a b i l i t y  and a v a i l a b i l i t y  

- Lead time  from  assignment  of  conceptual  design 

s tudy   to  commercial operation 

- Aesthetics 

- Emissions,  including  water  vapour and dust 

- Noise  control 

- Ash disposal  

- Waste water and leachate   control .  

1 . 2 . 3  Study  Co-ordinator 

A l l  t h e  work  was t o  be under  the  co-ordination and d i r ec t ion  
of B.  C .  Hydro and Power Authority 's   Project Manager, and repor t s  were 

t o  be  submitted by mid-December i n  d r a f t  form, and towards  the end of 

January, 1977, i n   f i n a l  form. 

1.3 REFERENCE DATA PROVIDED 

1.3.1  Existing  Reports 

Copies  of  various  relevant  studies which had been made before, 

or were  completed  during the  ear ly   s tages   of  t h i s  conceptual  design 

study, were made ava i lab le  by B. C.  Hydro. These  included: 
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- Hat Creek Coal Fired Thermal Power P lan t   Feas ib i l i t y  

Report  and  Cost  Estimate;  System  Design  Division 

Report No. 104; - B .  C.  Hydro, Ju ly ,  1975. 

- Vancouver Is land Thermal Generat ing  Plant ,   Si te   Select ion 

Inventory; - Beak Consultants  Ltd.,  Montreal  Engineering 

Co. L t d . ,  and Commonwealth Associates  Inc. ,   July,  1975. 
- 

- Preliminary  Environmental  Impact  Study  of  the  Proposed 
Hat Creek  Open-Pit Mine and Thermal Generating  Station; 

- B. C .  Research and Dolmage Campbell E Associates,  

August,  1975. 

- Preliminary  Report on Hat Creek  Open-Pit No. 1, PD-NCB 

Consultants,  March, 1976. 

- Proposed Hat Creek  Development:  Transport  Study - Swan 

Wooster Engineering Co. Ltd.,  June,  1976. 

1.3.2 Economic C r i t e r i a  

A se t   o f  economic d e s i g n   c r i t e r i a  was prepared,  in  co-operation 

with B .  C .  Hydro. These a r e  summarized i n  section  9.  

1.3.3 B. C.  Hydro Transmission System 

B .  C .  Hydro provided  data on the   t ransmiss ion   sys tem  s tab i l i ty  

and o t h e r   c h a r a c t e r i s t i c s ,   a s   r e l e v a n t   t o   s e l e c t i o n  of u n i t   s i z e ,  and 

t o   s e l e c t i o n  o r  spec i f i ca t ion  of generat ing  s ta t ion  e lectr ical   equipment .  
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1.4 CONCURRENT  INVESTIGATIONS,  STUDIES AND REPORTS 

1.4.1 Work by B .  C .  Hydro and i t s  Other  Consultants 

B.  C .  Hydro has  been  conducting a ser ies   o f   inves t iga t ions  

and tests on the  coal   deposi ts ,  as well as  various  water  analyses,  

meteorological  observations,   etc.   This i s  par t   o f  a continuing programme. 

Resul ts   of   the  work t o   d a t e  have  been  madeavailable  to  Integ-Ebasco  for 

the  purposes  of i ts  s tud ie s   fo r  B.  C .  Hydro. 

1.4.2  Other Work by Integ-Ebasco's Nominated Sub-Consultants - 

Associated  with  the main s tudies ,  two components  were assigned 

t o  nominated  sub-consultants. One r e l a t e s   t o   t h e   s e l e c t i o n   o f   t h e   b e s t  

means of water supply  and i s  the   subjec t  of t he   r epor t  "Hat Creek Project :  

Water Supply  Study" - Sandwell,  October,  1976. The other  is an investiga- 

t i o n   i n t o  ways and means fo r   d ive r t ing   t he  Hat Creek c l ea r   o f   t he  mine 

workings  and  other  works. I t  i s  i n  hand by  Monenco Pacific  Ltd.  and a 

repor t  is pending. 

1.4.3 Inter-relation  of  the  Various  Tasks 

Figure  1.4.1  i l lustrates  diagranunatically  the  information  f lows 

and re la t ionships  among the  principal  elements  of  the  recent anc! current  

s tud ie s   pe r t a in ing   t o   t he  Hat Creek pro jec t .  Some of   these are outlined 

i n  sect ion 4 .  Since  they are in  large  degree  concurrent and i n t e r -  

dependent, most of   these work a reas  must t o  some exten t   re ly  on prelimin- 

ary  conclusions  avai lable  from the   o the r s .  Among t h e i r  f i n a l  conclusions 

the re  may the re fo re   be   de t a i l   d i sc repanc ie s ,   bu t   t h i s   poss ib i l i t y  i s  not 

a se r ious   mat te r   a t   the   p resent   s tage .  



VANCOUVER TI). 

SITE INVEN'I'ORY 

( BiAK/EECO/CA) 

PRELIi ' i .   1 iNVIR.  
I::I'AC1' STUDY, 11A'I' 
CREEK (B. C.  RESEARCH 
I jOLMGE CAM'BEI.1.) 

TRANSPOIITATION 

STUDY 

HAT C R K K  

(SWAN WOOSTER) 

I N ~ T A I L E ~  1, TO 

ENVIRONMENI'AL 

STI !DIES  I 
REPORTS 

B . C .  HYDR 

t . 
SI IE SELECTION S'I'UDY 

(1N'L'E.G-EBASCO J 

COAL W ~ W I  SUB 

(INTEG-EBASCO) 
- 

STUDY 

(:O:.j(;EI'TUAL DESIGN 

A 

B . C .  HYDRO PROJEC- TECIINICAL DA'I'A ANT, S'I'I!!)I?Z 
4 a - D 

i;'JA-\;LAP.I,E ?I?) ,'. 'E 

HAT CREEK t w r  CREEK COAL  CHARACTERIS'I'CS 

NO. 104 
F E A S I B I L I T Y  REI'ORT MINING  STUDY 

( B  . C. liYDIt0)  (PD-NCB) 

S T U D I E S  

DETAILED  B.C.  HYIIRO 
ENVIRONMENTAL 

COAL  ANALYSES COAL WASHING ' r E m  S T q D I E S  
(DOIJfAGE i; MASON/ r 

DOLMAGE CAWBE1.L)  (BIRTIXY)  ~1ETEOROI.OGICAL DATA 

BRITISH COLUYWA HVDRU  A:MD COWER AUTHORln 

RELATED  REPORTS AND 
INFORMATION SOURCES 

integ - ebaoco 



SECTION 2 .  SUMMARY OF PRINCIPAL CONSIDERATIONS 

CONTENTS 

2 . 1  

2 . 2  

2 . 3  

2 . 4  

2 . 5  

2 . 6  

2 . 7  

2 . 8  

2 . 9  

2 . 1 0  

2 . 1 1  

2 . 1 2  

THE  PLANT  SITE 
SIZE AND DUTY OF GENERATING STATION 
PROVINCIAL  POWER  GRID 
COAL  SUPPLY 
COAL QUALITY - AVERAGE  AND RANGE 
COOLING SYSTEM 
WATER SUPPLY 
SHARING OF PROJECT  FACILITIES 
WASTES AND DISPOSAL 
AIR  QUALITY CONTROL 
ACCESS  TO  SITE 
SOCIO-ECONOMIC  IMPACT 

EE. 

2-1 

2- 1 

2-2 

2-2 
2-1; 

2-4 

2-5 

2-6, 

2-6, 

2-6, 

2-7 

2-8. 



2 .  SUMMARY OF PRINCIPAL CONSIDERATIONS 2 - 1  

2 . 1  THE PLANT SITE 

The s e l e c t e d   p l a n t   s i t e  i s  about 3 miles from the  proposed  mine, 

near  Harry Lake a t  an elevation  about  1,600  feet above t h e  Hat Creek 

va l l ey   f l oo r .  Although a mine-mouth s i t e  would be  the most economical, 

it has  been shown t o  be environmentally  unsuitable. A l l  systems  associ- 

ated  with  the  station  are  therefore  based on t h i s  h i l l top   loca t ion ,   wi th  

emphasis on the  preservation  of  surrounding  amenities.  The 1a:fout of  

t h e   s t a t i o n   i n   r e l a t i o n   t o   t h e   s i t e  is shown by the   a r t i s t ' s   impress ion ,  

and the  overlay and photograph,  Figure 2 . 1 . 1 .  

2 .2  SIZE AND DUTY OF GENERATING STATION 

The thermal  generating  station i s  s ized  to   del iver   approximately 

2000 MW t o   t h e  B . C .  Hydro system e l ec t r i ca l   g r id ,   w i th  commissioning of  

the first generating  unit  by 1984. I t  i s   p o s s i b l e   t h a t   t h e   s t a t i o n  

may be  extended at  an  undetermined  future  date, and i n  planning  the 

s i t e   f a c i l i t i e s ,   c o n s i d e r a t i o n  is given  to  the  requirements  of 

fu tu re  development. 

The Hat Creek plant  i s  t o  opera te   in  a predominantly  hydro-electric 

system and must meet the  requirements  that  t h i s  imposes upon it. For 

this   reason  the  plant  i s  designed to   opera te   in   severa l  modes: it may 

be  expected to   opera te  on base  load  for  extended  periods; i t  will 

probably be operated i n  a two sh i f t   o r   i n t e rmed ia t e  mode with weekend 

shutdowns and load  cycling  during  later  years;   output may a t  any s tage be 

reduced, o r  un i t s   shut  down f o r  extended  periods,  during good water 

years o r  high  spring  runoff  periods. 

The design  of   large  s team  turbine  generat ing  uni ts   to   sui t   base 
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load,  cycling  and  two  shift  operation  requires  considerable  attention. 
In recent  years  manufacturers,  utilities  and  engineers  have mad.e  advances 
in  their  understanding of the  factors  involved  for  units of this  size. 
Thus,  the  large  modern  units  in  the  Ontario  Hydro  system  are  designed 
for  both  base  load  and  two  shift  operation  and  plant  efficiency  is  not 
seriously  compromised.  The  applicable  design  requirements  are  dis- 
cussed  in  more  detail in section 7 .  

2 . 3  PROVINCIAL  POWER  GRID 

The results of system  steady  state  and  transient  stability  studies, 
carried  out  by  B.C.  Hydro  and  also  by  Integ-Ebasco,  are  not  reported 
in detail  in  this  report.  However,  it  has  been  verified  that  the 
conceptual  design  is  compatible  with  the  grid  system  capabilities. 
More  detailed  studies  at  a  later  stage  will  evaluate  specific  :system 
reinforcement,  load  flow,  and  transient  stability  requirements. 

2 . 4  COAL  SUPPLY 

Due  to  the  geological formation of the  coal deposit, the (coal 

resource  will  be  worked  in  an  open  pit.  The  pit  will  be of inverted 
conical  shape,  and  the  very  steep  coal  seams  will  be  worked  from 
benches  at  recommended  elevations.  This  initial  mine  developm,ent, 
designated No. 1  open  pit,  will  extend  to  a  depth  of 600 feet  'below  the 
valley  floor,  and  in  order  to  maintain  sufficiently  stable  side  slopes 
it  must  have  a  width  at  the  surface  of  about  two  miles  by  the  time 
mining  to  this  depth  is  completed.  The  types of mining  equipment 
recommended  will  have  high  mobility  along  the  bench  formations. 

Dolmage  Campbell & Associates,  in  a  paper  presented  in  October 
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1976,  gave  the  following  preliminary  coal  quantity  estimates f o r  the 
Upper Hat Creek  coal  deposits. 

RESERVES  (Long tons*) 

Proven  and  Probable  Possible  Additional 

No. 1 Deposit 625 million 100  million 

No.  2  Deposit 1,000  million 1,000 million 

TOTALS  1,625  million  1,100  million 

It  has  been  estimated  by  PD-NCB  that  about 450 million  tons  lie 
within  the  proposed 600 ft. deep No. 1 pit,  which  is  to  supply  all  the 
coal f o r  the  2000 MW generating  station. 

The total  potential  coal  resource  under  the  valley  has  been 
estimated to  be in the  range  10,000  to  15,000  million  tons.  The  total 
coal  required  by  a  2000 MW plant  operating f o r  35 years  at  an  overall 
average  capacity  factor of 50% is  about 280 million  tons.  It  is  clear 
that  the  Hat  Creek  deposits  could  easily  support  over 2000 MW of 
generating  capacity. 

2 . 5  COAL  QUALITY - AVERAGE  AND  RANGE 

An  assessment  has  been  made of the  average  quality f o r  the  coal 
which  will  be  mined  in  the  proposed 600 ft.  deep  pit.  This  average ‘is 

* Unless  otherwise  noted,  tons  referred  to  in  this  report  are  short  tons. 
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5,950  Btu/lb. a t  28% ash, 20% moisture.  This  average  coal is used  for 

s i z i n g  of   p lan t   o ther   than   the   bo i le rs .  

The range  of  coal which t h e  mine will produce  depends on whether 

t h e  mine operator  can re jec t   very  low qual i ty   coal   successful ly ,   but  it 

is  assumed that the   qua l i ty  may range  from  3,600  Btu/lb. t o  8,000 Btu/lb. 

based on 20% moisture. 

A review  has  been made of  various  coal  preparation and blending 

a l t e r n a t i v e s .  The v i a b i l i t y   o f  some of  these  processes  remains  to  be 

proved by a t e s t i n g  programme, but i t  i s  judged  probable  that as a 

resu l t   o f   p repara t ion  and blending 95% of   the  coal   fed  to   the  boi lers  

will have  a  heating  value  within 15% of  the  average  value.  This  gives 

the  range shown below,  based on 20% moisture: 

95% Worst Average o r  95% Best 
Coal Performance Coal Coal 

" 

Heating  value Btu/ lb .  5,060  5,950 6,840 

Ash content % 35 28 :23.3 

Moisture  content % 20 20 20 

Consumption r a t e  (2100 MW n e t ) :  

- t ons /h r   a t   r a t ed   l oad  2,208  1,877  1,6,33 

- mil l ion   t ons /y r   a t  70% 
capaci ty   factor   13.5 11.5 10.0 

2.6 COOLING SYSTEM 

The selected cooling  system employs evaporative  mechanical  cooling 
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towers which  have  an  evaporative  water  loss  in  proportion  to  the  rejected 

heat   load  f rom  the  s ta t ion.   Prel iminary  s tudies   of   a l ternat ive  cool ing 

systems which would requi re   Iess  make-up  showed them t o  be  uneconomic  due 

t o   t h e   h i g h   c a p i t a l   c o s t .  The cooling  towers  account  for most of  t h e  

station  water  consumption. The to t a l   wa te r   r equ i r emen t   fo r   t he   i n i t i a l  

s t a t ion   o f  2000 MW i s  estimated  to  be  approximately 20,000 U.S. gal lons 

per  minute,  of which some 18,000  gallons  per  minute will be   l o s t  by 

evaporation from the  cooling  towers.  

2.7 WATER SUPPLY 

Local  sources would not  be  adequate  to  supply make-up water 

requirements of  the  selected  cooling  tower  system, and a water  supply 

l i n e  i s  therefore   required  to   br ing  water   f rom  the Thompson River  approx- 

imately  15  miles   dis tant .   Prel iminary  resul ts   of   the   water   supply 

s tudy   ind ica te   tha t  a 36 inch   d iameter   s tee l   p ipe l ine  is required.  The 

intake  locat ion  for   this   water   supply  system is  at   the   confluence  of  

t h e  Thompson and Bonaparte  Rivers. The water i s  pumped d i r e c t   t o   t h e  

s t a t i o n   r e s e r v o i r .  

Future   s tud ies   to   be   car r ied   ou t   a t   the   f ina l   des ign   s tage   should  

examine t h e   p o s s i b i l i t y  of  using some water from loca l   sources   to  

supplement the  water  supply from t h e  Thompson River ,   wi th   the  object   to  

reducing  the  large  capi ta l   cost   of   this   water   supply  system. It would 

not be intended,  however, t o   i n f r i n g e  upon t h e  Hat Creek  water  supply 

t o  downstream users ,  and t h i s  conceptual  design i s  based on drawing 

a l l  water  supply from t h e  Thompson River. 
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2 . 8  SHARING OF PROJECT  FACILITIES 

The  conceptual  design  is  based on the  assumption  that no cther 
industrial  facilities  would  be  installed  in  the  Hat  Creek  valley. 
The  sharing of common  facilities  with  other  plants  nearby  might 
permit  some  reduction  in  the  cost of water  supply  and  other  services, 
but  resulting  cost  savings  would  probably  be  fairly  small  and  the 
possibility  is  disregarded. 

2.9 WASTES AND DISPOSAL 

I3 000 
The  initial  plant  of 2000 MW capacity  produces a maximum of - tons  of  ash  daily,  which  is  disposed of along  with  the  mi.ne  spoil. 

Over  the  estimated 35 years  life of the  plant,  the  ash  producti.on  is 
expected  to  reach  some 76 million  tons.  This  material  is  returned  to 
the  valley  by  conveyor,  which  may  result in  the  recovery of a mall 
portion  of  electrical  energy.  There  is no open  ash  storage  at  the 
plant  site. 

The comparatively  modest  amount of liquid  effluent  from  the 
station  is  neutralised  and  then  disposed of with  the  boiler ash. 
There  is  zero  effluent  to  local  streams. 

2.10  AIR  QUALITY  CONTROL 

The  plant  is  designed  to  minimize  emissions  and  local  pollution 
by  undesirable  contaminants,  the  principal  items  being  sulphur  dioxide 
and  nitrous  oxides.  These  gases,  together  with  particulate  matter, 
are  subject  to  regulated  maximum  levels,  under  Provincial  legislation. 
The  conceptual  design  includes  electrostatic  precipitators  to  remove 



2 .  SUMMARY OF PRINCIPAL  CONSIDERATIONS 2-7 

particulate  matter  from  the  flue  gases.  Ongoing  investigations  will 
provide  necessary  information on the  range of sulphur  contents  that 
will  be  encountered  in  the  coal  deposit.  At  this  conceptual  design 
stage,  need  for  a  system  to  remove  sulphur  from  the  flue  gas  is  not 
anticipated,  but  space  is  allocated  to  permit  lat.er  installation of 
a  suitable  system  should  it  prove to  be  required. 

2.11  ACCESS TO SITE 

The site lies within 15 road  miles of the  TransCanada  Highway at 
Cache  Creek,  which  can  be  considered  the  focal  point  of  the  highway 
system of British  Columbia.  At  Cache  Creek,  the Province’s main 
East-West  route  (TransCanada  Highway 1) connects  with  the  main  North- 
South  artery,  Highway 97.  

Transportation  and  access  for  all  sites  considered,  including  the 
Harry  Lake  site,  were  examined  during  a  study  by  Swan  Wooster  Engineering 
Co.  Ltd.  That  study  dealt  principally  with  operating  requirements, 
especially  coal  transport,  and  is  summarized  in  section 4 of this 
report. 

The  Swan  Wooster  study  considered  alternative  ways of providing 
road  access of acceptable  quality  to  the  mine  and  power  plant  develop- 
ment. The most  economic  and  environmentally  sound  scheme  is  to  upgrade 
Highway  12  from  Carquile  to  the  mine.  About 6 miles of this  highway 
is  within  the  bounds of the  Bonaparte  Native  lndian  Reserve.  The  best 
alternative  would  be  a  new  highway  via  Cornwall  and  Medicine  Creeks, 
running  west  from  the  TransCanada  Highway  near  Cache  Creek,  but  this 
would  cost  about $8 million  more. 
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The B.C.,  C.N.  and C.P.  railways  all  pass  within  15 mile:; of the 
site  but  it  would  not  be  economic  to  provide  a  connecting  spur  line 
because of the  difference in elevation  involved. It is  practicable 
to  bring  all  necessary  large  equipment  items  by  rail  to  local  terminals, 
for  transport  to  site  over  local  roads. 

The  closest  commercial  airport  is  at  Kamloops,  about 70 miles 
east  from  the  site.  A  feasible  site  for  a  local  airstrip  has  been 
located  just  south of Cache  Creek. 

2 . 1 2  SOCIO-ECONOMIC  IMPACT 

The plant  location  is  expected  to  bring  substantial  employment 
benefits  to  the  communities  in  the  area,  including  Ashcroft,  Cache 
Creek  and  Clinton.  However,  the  presence of the  mine  and  generation 
site  will  not  have  a  significant  effect on the  present  land  use 
pattern  in  these  areas. 

The  elevation  of  the  site  makes  the  plant  visible  from  Highway 
12. The  layout  and  architectural  treatment of the  buildings  and 
installations  should  render  the  complex  visually  acceptable. 

During  the  construction  period,  the  labour  force  would  be of 
the  order of 1,000,  and  after  commissioning  of  the 2000 MW plant, 
the  steady  level  of  employment  at  the  station  and  adjacent  mine 
would be  about 700/800 altogether. 
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3.1 HISTORY 

The Hat Creek coal   deposi ts  were first reported by Dr. 
G.M.  Dawson of  the  Geological  Survey  of Canada i n  1877. The coal 

w a s  v i s i b l e   a t  a point  where the  creek had s t r ipped   of f   the  

overburden and was flowing on a coal  bed. 

In   the  1920's  a number of   shaf t s  were dr iven   in to   the  

coa l ,  and between  1933 and 1942 a few hundred  tons  of  coal  were 

mined each  year and so ld   loca l ly .  

In 1957 t h e  B. C .  E l e c t r i c  Company Ltd.  took  an  option on 
the Hat Creek property,and  under  the  direction of  Dolmage Mason 
Stewart   the  area o f  t h e  exposed  portion  of  the Hat Creek coal 

deposit  was explored by reconnaissance diamond d r i l l i n g  and trenching 

during  1957 and  1959. This work ind ica ted   tha t   the   depos i t  was 
o f   s u f f i c i e n t   s i z e  and the   coa l   o f   su f f i c i en t   ca lo r i f i c   va lue  t o  
be  of i n t e r e s t  as a p o t e n t i a l  major  source of  fue l   for   the   genera t ion  

of   e leGtr ic i ty .  The property,   consis t ing of one coal 
crown grant  and two adjoining  leases,  was purchased by B .  C .  E l ec t r i c .  

In 1972 an energy  study was conducted by the   Br i t i sh  

Columbia  Energy  Board, en t i t l ed   "E lec t r i c  Energy  Resources and 

Future Power Supply 1972 - 1990." This  study recommended t h a t  

8 x 500 MW u n i t s   b e   i n s t a l l e d   a t  Hat Creek  between 1986 and  1990. 

In  1974 a new t a s k  force was cons t i tu ted   wi th in  B.  C .  

Hydro to   consider   future   generat ion  sources .  The task  force 

issued a report ,   "Alternat ives  1985-1995", which recommended t h a t  

500 MW u n i t s   b e   i n s t a l l e d   a t  Hat Creek  between  1983 and 1987, t o  

be followed by la rger   un i t s   in   the   per iod  1988-1990. 



3. OUTLINE DESCRIPTION OF PROJECT 3-2 

Following  the  publication  of  "Alternatives 1985-1995", Integ- 

Ebasco was re ta ined  i n  1976 t o  perform a conceptual  design  study  for a 

2000 MW plant  burning  coal from t h e  proposed No. 1 p i t   a t  Hat Creek. The 

s tudy  tasks   included  select ion  of   the most s u i t a b l e   s i t e ,  which  might 

be  beside o r  near   the  coal   deposi t ,  o r  a t  any  of a number of more d i s t a n t  

loca t ions .  From  among these   poss ib l e   s i t e s ,   t ha t   a t   Har ry  Lake nea r   t o   t he  

Hat Creek valley  has  been  selected.  

3.2 LOCATION 

The  Upper Hat Creek v a l l e y   l i e s  between  the  high  ra infal l   coast  

range and the   Fraser  River to   the   wes t ;  and t h e   a r i d  Thompson River   val ley 

t o   t h e   e a s t .  The t e r r a i n  and the   c l ima te   a r e   gene ra l ly   s imi l a r   t o   t hose  

of t h e  Ashcroft-Kamloops area.  However, it is almost two thousand f e e t  

higher   in   e levat ion  than  Ashcroft  and the  val ley  has  a shor t  growing season. 

Within 20 miles by road ,   there   a re  f o u r  communities of reasonable   s ize:  

Li l looet ,   Ashcroft ,  Cache Creek and Clinton. 

Th i s   pa r t  of  the  valley  runs  generally from sou th   t o   no r th ,  

through  the  mountains  between  Ashcroft  and  Lillooet. The a rea  i s  shown 

i n  Figure  3.2.1. The No. 1 coa l   depos i t   l i e s  i n  the  valley  bottom,  south 

of   the  point  where t h e  Hat Creek t u r n s   i n  a northeaster ly   direct ion  towards 

Carquile,  and where it is  joined by t h e  va l l ey  from Pavi l ion Lake running 

down from the  northwest .  Thus the  proposed mine is a t   t he   sou th   s ide   o f  

Highway 1 2  between Carquile and Pavi l ion,   in   an  area where t h e  ground 

sur face  i s  at   about 3,000 f t .  e leva t ion .  

The power p l a n t   s i t e  i s  located  above  the  east   side of the  Hat 

Creek  valley,   close  to  Harry Lake i n  the  Trachyte  Hills. The high 

e l e v a t i o n   s i t e  was se lec ted   p r imar i ly  t o  f ac i l i t a t e   adequa te   d i spe r s ion  of 
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the  stack  emissions.  Furthermore, i f  the  No. 1 coa l   depos i t   i s   t o   be  

mined completely,   wi th   safe   s ide  s lope  angles ,   a l l   of   the  level.  ground 

in   t he   va l l ey  bottom will be  needed f o r   t h e  mine  and associated  operations.  

The s e l e c t e d   s i t e  is a t  an elevation  of 4,600 f t . ,  approximately 

1,600 f t .  above ex is t ing  ground l e v e l   a t   t h e  proposed  mine. The d i r e c t  

d i s tance  between t h e  mine mouth and the  power plant  i s  about  three  miles. 

Although the   e leva ted  power p l a n t   s i t e  is obviously more exposed  than 

a lower- leve l   s i te  would be,   available  meteorological  data doe!; not  in-  

d i ca t e   t ha t  t h i s  causes any problem, and the   appl icable  wind and snow 

loadings  appear  to be acceptable.  Indeed,  the  climate i s  less   severe   than 

tha t   a t   severa l   o ther   l a rge   thermal   p lan ts ,   fo r  example those  in   Alberta .  

The a l t i t u d e  of t h e   s i t e  does  not   affect   the   eff ic iency  of   the 

main steam  cycle  although  there i s  a small   increase  in   auxi l iary 

power requirement  for  fans.  There i s  a l so  a small reduction in 

the   r a t ing  o f  e lectr ical   motors .  

The nature   of   the   terrain  around  the s i te  is  shown in   F igure  
3 . 2 . 2  which  comprises 3 topographical   sect ions  with  the  ver t ical   scale  

exaggerated 5 times. The Figure shows tha t   the   s lopes  of the surrounding 
mountains a r e   r e l a t i v e l y   g e n t l e  w i t h  the  exception of  t he   s ides  of  Medicine 

Creek  immediately below t h e   p l a n t   s i t e .  The Drawings a t   t h e  back  of t h i s  

volume show the  general   layout  of  the power p l an t ,  mine  and other  main 

fea tures   o f   the   p ro jec t .  

3 . 3  GENERATING STATION 

The i n s t a l l a t i o n  now planned  has  four  similar  steam  t:urbine 

generating u n i t s  of s u f f i c i e n t   r a t i n g   t o  meet t he   s t a t ion  auxi:.iary 
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and coal mine e l ec t r i ca l   l oads  and provide a total   net   output   of  

approximately 2000 MW t o   t h e  EHV switch-yard. The conceptual  design 

net   s ta t ion  output   of  2100 MW includes a margin for   poss ib le   increases  

i n  aux i l i a ry  power consumption,  e.g.   for  coal  preparation o r  f o r  

eventual   f lue  gas   scrubbers ,   e tc .  

The turbine-generator  building  houses  the four  u n i t s  i n  l i n e  

end t o  end, and has two main c r a n e s .   I t   a l s o  accommodates e l e c t r i c a l  and 

mechanical  auxiliary  equipment. The adminis t ra t ion  bui lding is at tached 

a t  one  end, and accommodates se rv i ce  and main tenance   fac i l i t i es ,water  

t rea tment   p lan t ,   s torage  f o r  mater ia l s  and equipment, o f f i c e s  and s t a f f  
amenities. Adjoining  the main bui lding  are   the  t ransformer  bays 

with  three  s ingle-phase main transformers  per u n i t ,  and u n i t  and s t a t i o n  

auxi l iary  t ransformers .  

The four   pulver ised-fuel   boi lers   have  furnaces  which a r e  

amply s ized  for   the  range  of   combust ion  propert ies   of   the   fuel   expected 

t o  be del ivered from t h e  No. I p i t .  Design fo r   r e s t r i c t ed   f l ame  

temperature  minimizes  the  formation  of  nitrogen  oxides. The b o i l e r s   a r e  

equipped  with  high-eff ic iency  precipi ta tors ,  and a sh   hand l ing   f ac i l i t i e s  

are   nearby.  

A l l  four   bo i le rs   exhaus t   to  a four - f lue  chimney,  approximately 

800 fee t   h igh .   This   s ing le  t a l l  chimney gives  maximum plume r i s e   f o r  

atmospheric  dispersion  of  the  gases,  and enables   emissions  to   penetrate  

inversion  layers  when they  occur. The height is subject   to   review i n  the  

f ina l   des ign   s tage .  The ind iv idua l   f l ues   have   f ac i l i t i e s   fo r   mon i to r ing   o f  

emissions from each  boiler  for  the  purpose  of  combustion  control and t o  

meet regulatory  requirements.  
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Other   fea tures   o f   the   s ta t ion  complex a re   t he  EHV switch-yard 

and banks of  induced draft  mechanical  cooling  towers. The terminal 

f a c i l i t i e s   f o r   t h e   t r a n s f e r   o f   c o a l  from the  overland  conveyors t o   t h e  

plant   conveyors   are   the  only  vis ible   fuel   handl ing  faci l i t ies ,  and 

t h e r e  is no c o a l   p i l e   a t   t h e   g e n e r a t i n g   s t a t i o n   s i t e .  

A water   s torage  reservoir  i s  provided,  having  sufficient 

capac i ty   to   enable   the   s ta t ion   to   opera te   for   over  a month i f  the  

make-up water  supply were in te r rupted .  

The arrangement and appearance  of  plant w i t h i n  the  surrounding 

t e r r a i n  i s  i l l u s t r a t e d  by the   a r t i s t ’ s   impress ion   over lay ,  and :the 
photograph and Figure 2.1.1 r e f e r r e d   t o  i n  sec t ion  2 . 1 .  

In this   conceptual   design,   there  i s  provis ion   for   fu ture  

expansion  of  the  plant.  T h i s  would t ake   t he  form of a southward 

ex tens ion   to   the   s ta t ion  or  a s  a new s t a t i o n  a shor t   d i s tance  away. 

If the   s t a t ion  were  extended by the  addi t ion  of   four  o r  f i ve   s imi l a r  

machines  and bo i l e r s ,   t he  main building  could  be  duplicated,  and 
contain similar main and aux i l i a ry  equipment including  control ~?ooms 

f o r  the  turbine-generators  and b o i l e r  equipment.  Since  the  admini- 

s t r a t i o n  and service  bui lding is  loca ted   a t   t he   sou th  end o f   t h e   i n i t i a l  

bu i ld ing ,   t hese   con t ro l   f ac i l i t i e s  w i l l  be   cen t r a l ly   l oca t ed   t o   su i t  

operation o f  t he   en t i r e   gene ra t ion   f ac i l i t y .  

3 . 4  COAL HANDLING 

Avai lab le   da ta   ind ica tes   tha t   the   coa l   qua l i ty  i s  extremely 

var iab le ,  and t h a t  some of the  coal  may requi re   t rea tment   p r ior   to  
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d e l i v e r y   t o   t h e  power plant .   Prel iminary  proposals   for   the  processing 

and t r ans fe r   o f   coa l   t o   t he   s t a t ion   a r e   a s   i nd ica t ed  i n  Figure 5 . 3 . 2 ,  

r e f e r r e d   t o   i n   s e c t i o n  5 . 3 .  The necessary   coa l   p rocess ing   fac i l i t i es  

are   as   yet   undetermined i n  f u l l  de t a i l ,   bu t   su f f i c i en t   space  is 

a l l o c a t e d   a t   t h e  mine su r face   l eve l ,   nea r   t o   t he   coa l   p i l e s   fo r  l i ve  
fuel   supply,   reserve and blending  purposes.  Coal from t h e  mine f l o o r  
is del ivered on multiple  belt   conveyors  to  the  surface  level.   Following 

the  stacking-out and reclaim and blending  procedures, it is  del ivered 

by the  overland  multiple  belt   conveyor  system  to  the  boiler  bunkers  via 

a surge  bin.  When operating  continuously  at   full   capacity,   each  unit  
consumes daily  11,200  tons  of  average  coal. 

3 . 5  APPEARANCE 

In the.conceptua1  design  an  attempt  has  been made to   con f ine  

d is loca t ions   o f   the   l andscape   to   the  Hat Creek va l l ey .  The  power p l an t  

i t s e l f  need   no t   de t rac t   aes the t ica l ly  from i ts  surroundings.  Indeed, 

well  designed  thermal  plants  have  simple  lines  which make them among 
t h e  most a t t r a c t i v e   o f  modern indus t r ia l   cons t ruc t ions ,  and a r c h i t e c t u r a l  

awards  have been made fo r   s eve ra l  modern p l an t s   o f   t h i s   t ype .  

The conceptual  design  for  the  Harry Lake s i t e   h a s  no coal o r  
a sh   p i l e s ,  and a single  well   proportioned  stack. In  summer t h e r e  would 

be no v i s i b l e  plume from the   s t ack ,   wh i l e   i n   w in te r  a water  vapour plume 

would be   v i s ib l e ,  i t s  s i z e  depending on the   re la t ive   humidi ty .  

The f ron t i sp i ece  of t h i s   r e p o r t  shows a prel iminary  archi tec-  

tu ra l   render ing   of   the  Hat Creek s t a t i o n  which i s  based on a e r i a l  

photographs of  t he   ac tua l   s i t e .   F igu re  2 . 1 . 1 ,  r e f e r r e d   t o  i n  s ec t ion  2 . 1 ,  

shows an a r t i s t ' s   impress ion   over lay  and photograph. 
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3.6 SCHEDULE AND COST 

Two a l t e r n a t i v e   p r o j e c t  development  schedules  have  been drawn 

up, the   bas ic  one f o r  t h e  f irst  genera t ing   un i t   in   se rv ice  by January 1, 
1984,  and  an acce lera ted   a l te rna t ive   for  a yea r   ea r l i e r .  These  schedules 

a re   ou t l ined  i n  sec t ion  8 .1 .  

Section  8.2  gives a summary of   the   p ro jec t   cap i ta l   cos t s .  

Expressed i n  October 1976 do l l a r   va lues ,   t o t a l   cap i t a l   cos t   fo r   t he  

four-uni t   generat ing  s ta t ion is estimated  as  approximately $1016 mi l l ion ,  
excluding  interest   during  construction  costs.  
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4.1 INTRODUCTION 

m 

1 

The information bank ava i lab le   for   the   purpose   o f   th i s   s tudy  is  
an extensive  record  of  previous work and  could  be  represented 'by a 

tabulation  of  about 60 documents. Such a l i s t  would comprise  reports, 

maps, drawings  and  data  touching on most aspects of  t he   p ro j ec t .  

However, the  following list i s  l imi t ed   t o   t he   p r inc ipa l  documents 

bear ing   d i rec t ly  on t h e  work defined by t h e  terms of   re fe rence   for  

t h i s   s tudy ,  and summaries are  given  of  the  keys  i tems  only.  The general 

pa t te rn   o f   re la t ionships  among the  reference  reports  and t h e   l a t e r  

s tud ies  now undertaken i s  shown in   F igure  1 . 4 . 1 . ,  r e f e r r e d   t o   i n  

sect ion 1 . 4 .  Unless  otherwise  noted  the  reports were t o  B . C .  Hydro. 

4.2 LIST OF REPORTS  SUMMARIZED IN THIS SECTION 

- Preliminary  Report on Hat Creek  Openpit No. 1 

PD-NCB Consultants  Ltd. March, 1976. 

- Proposed Hat Creek Deve1opment:Transportation Study 

Swan Wooster Engineering Co. Ltd.  June, 1976 

- Hat  Creek Project,  Unit  Size  Study 

Integ-Ebasco.  June 1976 

- Hat  Creek Project ,  Water Supply  Study- 

Interim  Report.  Sandwell & Co. Ltd.  October, 1976 

- Hat  Creek Project - Site  Evaluation  Study 

Integ-Ebasco.  January, 1977. 
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4.3 OTHER  REPORTS  NOT  SUMMARIZED 

- Preliminary  Report on Underground  Water  Conduit 
Possibilities,  Thompson  River  to Hat Creek  Plant  Sites. 
Dolmage,  Campbell & Associates  Ltd. 10  January,  1975 

. . .  

- Geology & Drill  Hole  Locations.  Study of Hat 
Creek  No.  1  Openpit  Deposit.  Dolmage  Campbell 
E Associates  Ltd.  January, 1975 

- Interim  Report on Coal  Analyses.  No.  1  Openpit  Deposit. 
Dolmage  Campbell & Associates  Ltd.  June  27,  1975 

- Vancouver  Island  Thermal  Generating  Plant,  Site 
Selection  Inventory.  Beak  Consultants  Ltd., 
Montreal  Engineering  Co.  Ltd.,  and  Commonwealth 
Associates,  Inc. July 1975 

- Hat  Creek  Coal  Fired  Thermal  Power  Plant  Feasibility 
Report & Cost  Estimate.  Report  No.  104 
B.C.  Hydro.  July,  1975 

- Preliminary  Environmental  Impact  Study f o r  the 
Proposed  Hat  Creek  Openpit  Mine  and  Thermal 
Generating  Station.  B.C.  Research  and  Dolmage 
Campbell & Associates  Ltd.  August,  1975. 
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- Social  Aspects of the  Proposed  Hat  Creek  Development 
Transportation  Study.  Report  to  Swan  Wooster. 
B.C.  Research.  February, 1976 

- Included  in  Swan  Wooster 
Transportation  Study  Report. 

- Environmental  Aspects of  a  Coal  Transportation  Study 
of  the  Proposed  Hat  Creek  Development.  Report  to 
Swan  Wooster.  TERA  Environmental  Resource  Analysts Ltd. 

.April, 1976 
- Included  in  Swan  Wooster 
Transportation  Study  Report. 

- Preliminary  Report  to  Sandwell E Co.  Ltd. on  Thermal 
Generating  Project - Water  Supply,  Geological & 
Geotechnical  Study.  Golder,  Brawner E Associates  Ltd. 
June, 1976 

- Not  included in Sandwell  report. 

- Preliminary  Hydrologic  Investigation for Hat  Creek 
Thermal  Generating  Station - Water  Supply  Study. 
Report  to  Sandwell.  Northwest  Hydraulic  Consultants Ltcl. 
June,  1976 

- Not  included  in  Sandwell  report. 

- Hat  Creek  Project,  Summary & Details o f  Government 
Approvals.  B.C.  Hydro 

- Hat  Creek  coal  characteristics:  Laboratory  studies 
by  Birtley,  CCRL;  opinions of  Dolmage  Campbell;  etc. 
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- Meteorological  data  and  studies.  B.C.  Hydro. 
Continuing. 

- Other  data  including  coal E water  analyses. 
Continuing. 

4.4 PRELIMINARY  REPORT  ON HAT CREEK  OPENPIT N0..1 
PD-NCB  CONSULTANTS LTD.  MARCH,  1976 

This  two-volume  report  dealt  with  the No. 1 coal  deposit,  and 
put  forward  a  practical  scheme  for  mining,  including a selection of 
suitable  mining  equipment.  The  proposals  were  based  on  the  general 
geology of the  area,  as  understood  from  borehole  investigations so 

far  available. 

Due  to  the  configuration of the  coal  deposit,  recovery of the  coal 
necessitated  an  openpit  working  rather  than  a  conventional  strip  mine 
operation.  The  general  configuration  of  the  No. 1 pit  when  developed 
to a depth of 600 ft. would  be  an  almost  conical  excavation,  with 
benches  around  the  perimeter at selected  elevations, on which  the  mining 
equipment  would  operate  to  recover  the  coal. 

Owing  to  the roughly-  circular  shape of the  pit  and  the  hardness 
of the  coal,  draglines  and  bucket-wheel  excavators  appeared  unsuitable. 
Furthermore,  mobility of equipment  was  an  essential  requirement  in 
conditions  where  the  stability of the  strata  was  suspect.  However,  it 
was  possible  that  draglines  and  small  bucket-wheel  excavators  could  be 
used on upper  benches, if it were  eventually  determined  that  boulders 
and  concretions  were  not  present  in  significant  quantities. 
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The  main p i t   a c c e s s  would be a s t r a i g h t   i n c l i n e  down t o   t h e   c e n t r e ,  

where it  would not be  endangered by s l i d e   a c t i v i t y .  Because of   the 

depth  of   the  pi t ,   the   large  output  and the  presence  of mudstone, 
conveyors were se lec ted  f o r  the  main haul  out o f  the  pi t ,   both  for  

the  coal and p i t   was te .  

I t  was s ta ted   tha t   for   the   p resent   the   p lanned   p i t   depth   should   be  

l imi t ed   t o  600 f t . ,  i . e .  down to   e l eva t ion  2,400 f t . ,  and t h a t   u n t i l  

subs t an t i a l  mining  experience  had  been  gained i t  would not   be  feasible  

to  design a deeper p i t   o r  an  underground  mine.  Although  geotechnical 

data  was largely  incomplete, it was de f in i t e ly   s t a t ed   t ha t   s lope  

s t a b i l i t y  would be a major r e s t r i c t i o n .  For the  purpose  of   the  report ,  

a working slope  angle was used which may prove  pessimistic.  However, 

there  might  also be some places  where the  s lope  angle  would have t o  be 

reduced even fu r the r .  

In regard  to  proposed  mining  equipment,   the  characterist ics  of 

rocks   to  be  mined  were no t   fu l ly  known. I t  could  reasonably be expected 
t h a t  the combination of  equipment f ina l ly   s e l ec t ed  would be a t   l e a s t  

a s   e f f i c i e n t  and  economical a s   t h a t  so fa r   t en ta t ive ly   l i s ted .   Accord ingly ,  

the  estimates  of  costs  could be regarded  as  being  near  the  upper bound 

of  the  uncertainty  band.  Future work on the  choice  of  operating  equip- 

ment should  include a detai led  opt imizat ion  s tudy.  

Due to   the   requi red   h igh   ra te   o f   coa l   ou tput ,  and the   l a rge  volumes 

of  waste  material   to  be removed, the  general   scene would be  charac- 

t e r i zed  by a large open excavation and considerable  waste dumps. I t  

would not be possible  t o  backf i l l   t he  mine excavation  unti l  tk.e No. 1 

deposit  was e i t h e r  worked out o r  abandoned a s  an open p i t   excavat ion .  
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A t  t ha t   s t age ,   back f i l l i ng  would become poss ib l e   i n   pa ra l l e l   w i th   t he  

development o f  a new p i t  o r  an underground  working to   explo i t   deeper  

coal   deposi ts .  

The  mine would therefore  have  substantial   local  environmental  

impact, and care  must be  taken to   mi t iga te   the   undes i rab le   fea tures  

a s   f a r   a s   p rac t i cab le .  

Before a further  study  could be recommended for  the  mining scheme 

considerable  geological and  geotechnical  information was required and 

the  repor t  recommended a f u r t h e r  two-year  program of da ta   co l lec t ion .  

In pa r t i cu la r ,   t he   r epor t  recommended a coa l   t e s t ing  programme embodying 

extensive  computer  prograwes  to  process  coal  quali ty  data.  A s u i t e   o f  

computer  programnes,  based on block  values  of  the whole range  of  data, 

was recommended. 

Budgetary  cost  estimates were given  in  1975 do l l a r s .  The est imates  

made allowance  for  creek  diversion,  box-cut and preproduction  overburden 

s t r ipp ing .  The expected mine-mouth cost  for  run-of-mine  coal was about 

$5.00 per  ton,   but a more pess imis t ic   es t imate   o f  $5.55 per   ton was 

derived as an "upper bound" e s t ima te   t o  be used  for   present   purposes .  

The second volume of   the  report   contained  plates  showing t h e  

geological   cross-sect ions  of   deposi t  No. 1, together  with  contours 

and de ta i l s   o f   t he   supe r f i c i a l   depos i t s  and  overburden.  Other  drawings 

showed proposed  bench  arrangements, main i n c l i n e  conveyor  and  haul 

road, and calculations  of  the  cumulative volumes o f  waste  materials 

versus  cumulative  tonnage  of  coal.  Preliminary mine development 

schedules were also  given.  
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The  principal  data  as  extracted  from  this  mining  report a:re 
summarized  in: 

- Table 4.4.1 Schedule of Typical  Mining  Equipment 
- Table  4.4.2  Summary of Mining  Operations 

Drawings  reproduced  as  Figures 4.4.1 and 4.4.2 show 

stages of  the  proposed  No.  1  pit  development  and  the  general  mass  of 
the  coal  deposit. 

TABLE  4.4.1 

SCHEDULE  OF  TYPICAL  MINING  EQUIPMENT  (Main  Items) 

Category 

Shovel 
Drills 
Compressors 
Off-highway  trucks 
Bulldozers 
Wheeldozers 
Graders 
Scrapers 
Compactors 
Water  tanker 

Type 

Electric 
Compressed air 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 

Manufacturer 

Bucyrus  Eyrie 
Gardner  Denver 
Gardner  Denver 
Wabco 
Caterpillar 
Caterpillar 
Caterpillar 
Caterpillar 
Caterpillar 
Caterpillar 

Model 

195 

3100A 
SP600 
150  C 

D9H 

824 
16G 
666 

825 
631 

Capacity 

15  cu.  yd. 
4 in dia. 

600 cfm 
117  tons  coal 

- 
- 
- 

41 cu.yd(bank) 
- 

10,000 US gal 

Note:  The  manufacturers'  names  and  the  model  numbers  are  merely  indicative. 
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TABLE 4.4.2 
SUMMARY OF MINING OPERATIONS (Openpit No. 1) 

Life of  d e p o s i t   t o  600 f t .  depth 30 yrs .  

In s i t u  Coal 

P i t  depth 

450,000,000  tons 

600 f t .  

In i t ia l   ex t rac t ion ,   sampl ing  
and t e s t i n g  50,000 tons 

Stockpi le  1,000,000 tons 

Permanent p i t  s lope ,  max. 25' 
Working slopes 15O57' 

Bench s lope 64' 
Bench width  and  height 120 f t .  and 50 f t .  
Main inc l ine   s lope  3O49 ' 
Incline  width 200 f t .  

Development programme bas i s  3 x 750 MW u n i t s  

Designed  output  of ROM coal 13,100,000 ST/yr 

Possible   sustained  output ,  ROM coal 30,000,000 ST/yr 

I t  should be noted  that   the  described  mining scheme pre-dated 

se l ec t ion   o f   t he   s i t e   fo r   t he   gene ra t ing   s t a t ion ,  and d e f i n i t i o n  

of i t s  conceptual  design. The ac tua l  mine layout and scheme of  

operation will of  course  have  regard  to  the  proximity of the  

gene ra t ing   s t a t ion   a t   t he  Harry Lake s i t e .  

w 
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4.5 PROPOSED HAT CREEK DEVELOPMENT:  TRANSPORTATION  STUDY 

SWAN  WOOSTER ENGINEERING CO. LTD. JUNE, 1976 

This   report   deal t   extensively w i t h  the  technical  and  economic 

factors   of   several   possible   t ransportat ion  systems.  The influences 

of  environmental and social   factorsweretouched upon b r i e f l y .  

The studies  covered  the  following  transportation  requirem.ents: 

- Transportation  of  coal from the  mine t o   p l a n t   s i t e s .  

- Access  roads t o   t h e  mine and p l a n t   s i t e s  f o r  suppl ies  

and employees, e t c .  

- Transportation  of  ash from p l a n t   t o  mine. 

- Air s t r i p .  

- Transportat ion  of   coal   for   the  " tes t  burn". 

A l l  known systems  for  bulk  transportation  of commodities were 

examined and a preliminary  assessment of  the  value  of  each mode of  
t ransportat ion  given.   In   general ,   ra i lway and conveyor  systems were 
p re fe r r ed   fo r  t h i s  appl icat ion.  The repor t  examined t ranspor ta t ion  

routes  and systems f o r  seven   poss ib le   p lan t   s i tes ,   inc luding  F!oberts 

Bank and Squamish. For each   p l an t   s i t e ,   a t   l ea s t  one route  was 

considered  that   avoided  native  Indian  lands.  

The  Swan Wooster r epor t   i den t i f i ed   t he  optimum system  of  trans- 

portat ion  of   coal   for   each  plant   locat ion,   g iving a re la t ive   ranking  

of  both  environmental and social  impacts  for  each  case. The cap i t a l  

and operating  cost   estimates were based on material  movements 
app l i cab le   t o  a 2000 MW i n s t a l l a t i o n   a t  each   p lan t   s i te ,  
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were considered  br ief ly .  A l l  costs   given i n  t h e   r e p o r t   r e l a t e d   t o  

pr ice   levels   a t   the   beginning  of   January,  1976. The cos t s  and 

environmental  rankings  are summarized in  Table  4.5.1  Estimated 

Costs and Impacts. 

The report   concluded  that   for   the  selected  routes   as   def ined,  

ra i lway  uni t   t ra ins   general ly   provided  the most economic  system of 

coa l   t ranspor ta t ion  from mine t o  each  of   the  plant   s i tes .   Overland 

conveyors would be   t he   p re fe r r ed   a l t e rna t ive   fo r   sho r t   rou te s  where 

grad ien ts  were too   s teep  f o r  ra i lway  operat ion.  



Britannia 

Roberts Bank 

COA 

Mode 

I ESTIMATED 

TABLE 4.5.1 

Extension o f  
mine system 

Conveyor 

Rai 1 
Conveyor/Rail 

Rai 1 
Rail/Conveyor 

Rai 1 
Conveyor/Rail 

Rai 1 
Conveyor/Rail 

Rai 1 
Rai l/Conveyor 

TRANsi 

cost  

___ 

$/Ton 

- 

0.33 

2 . 0 7  
3.20 

1.12 
1.47 

6.84 
6.74 

6.84 
6.74 

7.09 
8.07 

mental 
Rank 

- 

1 

8 
9 

7 
2 

4 
6 

4 
6 

5 .  
3 

- 
Social 
Rank - 

- 

5 

6 
4 

8 
2 

9 
3 

9 
3 

7 
1 

___ 

COSTS & IMPACT: 

Roadway 
Rout  e 

Highway 12 

Medicine/ 
Cornwall  Creek 

Highway 1 2  

Medicine/ 
Cornwall  Creek 

North  from 
Clinton 

Connect with 
Highway # 1 

Existing 

Existing 

Existing 

t I t I I 

1GHWAY ACC) 
Capi ta l  

($million) 
cost  

5 

12 

4.5*  

1 *  

20 

0.5 

- 

- 

- 

inviron- 
mental 

Rank 

1 

2 

1 

2 

3 

Jominal 

iominal 

lominal 

lominal 

c 

! 

" 

Social 
Rank 

4 

3 

5 

2 

6 

1 

7 

7 

8 

Notes: 1) Transportation  services from t h e  mine t o   t h e  mine  mouth a re   cons idered   to   be   par t   o f   the  
mine operation and a re   no t  examined i n   t h i s   r e p o r t .  

2)  The  conveyor  and r a i l  combination  systems shown f o r  Big Bar Creek,  Ashcroft,  Squamish, 
Britannia and Roberts Bank are a l t e rna t ives  which avoid  the use of  native  Indian  land. 

3) A ranking of 9 i s  least at t ract ive  environmental ly   and/or   social ly .  

* lhese amounts must be  added t o   t h e   c o s t   o f  mine mouth access; i . e .  t h e   t o t a l   c o s t   o f   t h e  
Medicine  Creek/Cornwall Creek route ,   including 1 mile   spur   to   the  plant ,  i s  13  mil l ion.  
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4.6 HAT CREEK  PROJECT.  UNIT  SIZE  STUDY 
INTEG-EBASCO.  JUNE,  1976 

This  study  recommended  that 4 x 500 MW nominal  (net)  units be  the 
basis of the  Hat  Creek  conceptual  design  study.  This  conclusion  followed 
consideration of the  following  nominal (net)  unit  sizes: 

4 x 500 MW 
3 x 667 MW 
3 x 667 MW with 2 boilers  per  unit 

It was  determined  that  all  the  unit  sizes  were  acceptable  in  the 
context of system  stability.  Hence  the  choice of unit  size  would  depend 
upon  economics  and  the  potential  problems of building  large  boilers  to 
burn  Hat  Creek  coal. 

An  economic  analysis of investment  and  production  costs,  including 
costs  of  reserve  capacity,  was  made  for  each of the  alternatives. On 
the  basis of U.S. statistics  (Edison  Electric  Institute)  for  forced 
outage  rates of the  various  sizes of equipment,  it  showed  that  the 
4 x 500 MW alternative  would  be  the  most  attractive.  However,  there 
was  some  evidence  that  the  statistics  available  to  date  excessively 
penalized  the  larger,  newer  units. The  analysis  therefore  also  included 
the 667 MW units on the  alternative  assumption  that  they  would  have  the 
same  forced  outage  rate  as 500 MW units. The  results of the  comparison 
are  shown  in  Table  4.6.1  Cost  Differentials  for  Alternative  Unit  Sizes. 

TABLE 4.6.1 
COST  DIFFERENTIALS  FOR  ALTERNATIVE  UNIT  SIZES 

Unit  Size 3 x 667 with 2 3 x 667 MW x 667 MW 4 x 500 MW 
boilers  per  unit 

I I I I 
EEI  Statistics  EEI  Statistics As 500 1" Assumed  Forced I EEI  Statistics units I Outage  Rate 

Cost  Differential,$: 
PW(596 discount  rate) 

+46 million -27 million +?2 million R S E P  PWClflO d i s r o l m t  rate 
+76 million -34 million +88 million Base 
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In  view  of the  uncertain  nature   of   the  Ifat  Creek  coal:. and the  

d i f f e r e n t  ways i n  which it may eventually  be  blended o r  upgraded, it was 

judged  unwise a t  t h i s  t ime  to  recommend s i n g l e   b o i l e r s   f o r  667 MW (net)  

uni ts .   This   opinion was largely  shared by the  Canadian  boiler manu- 

fac turers .   Accord ingly ,   the   four -uni t   a l te rna t ive  was adopted. 

A decis ion on uni t   s ize   could  be  reviewed up t o   t h e   t h e  of 

equipment  purchase,  having  regard t o   l a t e s t   c o n c l u s i o n s   a s   t o   t h e   q u a l i t y  

of  coal and t h e   d e s i r a b i l i t y  and practicabili ty  of  up-grading it. 

4.7 HAT CREEK PROJECT, WATER SUPPLY STUDY 

SANDWELL 4 CO. LTD. OCTOBER, 1976 

This   repor t   p resented   the   resu l t s   o f  a comparat ive  feasibi l i ty  

s tudy   o f   s ix   po ten t i a l   p l an t   s i t e s   i den t i f i ed  by B.C. Hydro. The 

i n t e r i o r   s i t e s  were at   Ashcroft ,   Harry Lake, Mine  Mouth, and Big Bar Creek, 

and the   t i dewa te r   s i t e s  were a t   Br i tannia  Beach and Dunsmuir (Vancouver 

I s l a n d ) .   P o t e n t i a l   s i t e s   a t  Squamish, Roberts Bank, Soda Cree'k, and 

Stave Lake were not  included. 

The  work d e a l t  w i t h  complete  water  supply  systems,  in'cluding 

prel iminary  designs  for   the  water   intakes,  pumping s t a t i o n s  and conduits,  

and with  due  regard t o  t h e   e l e c t r i c a l  power requirements  of  the pumping 

s t a t i o n s .  
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For   the   in te r ior  s i tes ,  a t o t a l  of 67 water  intake  locations  along 

the   Fraser  and Thompson Rivers  were  appraised.  For  this  purpose, some 

70  miles  of  river were surveyed by hel icopter   reconnaissance  during 

May, 1976.  Eleven  intake  positions were deemed t o  be  acceptable. 

The prel iminary  es t imate   of   required  water   supply  quant i t ies  was 
taken   as  30,000 USgpm f o r   i n t e r i o r   s i t e s ,  and 3,500 USgpm for   t idewater  

s i t e s ,  i n  each  case  for  a generat ing  capaci ty  of 2000 MW. 

Consideration was g iven   to   p ipe l ines  and other  forms of  water 
condui t s .   In   par t icu lar ,   the   des ign  of a p ipe l ine  was  we11 defined. 

The report   d id   not   a t tempt   to   opt imize  the  design  of   the  pipel ine i n  
terms  of  diameter,  wall  thickness and o ther   charac te r i s t ics ,   bu t   adopted  

a reasonable  diameter  of 36 i n . ,  g iv ing  a water   veloci ty  of  9 . 7   f t . / s e c .  

f o r  a flow r a t e   o f  30,000 USgpm. 

If, however, a tunnel  were  adopted,  the minimum s i z e  from t h e  

point of view  of  construction would be 7 2  i n . ,  and t h i s  would be 

adequate f o r  the  ult imate  water  requirement.  The water   f low  ra te  i n  

a condu i t   o f   t h i s   s i ze  when r e l a t e d   t o  an ins ta l led   capac i ty   o f  2000 

MIV would be   3 .6   f t . / sec .  

For  water  supply  to  both  the mine  mouth and Harry Lake s i t e s ,  

considerat ion was given  to  drawing  water  from  the  Fraser  River  as  an 

a l t e r n a t i v e   t o   t h e   s e l e c t e d  Thompson River  source.  Tunnels and 

p ipe l ines  were cons idered   for   bo th   these   s i tes .  

I t  was concluded  that   the  best   source  of  water  supply f o r  these  
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two s i t e s  was the  Thompson River,  employing a bur ied   p ipe l ine   to   the  

II power plant  complex. The pipeline  alignment is shown . a s  route  G on Figure 4 .7 .1 ;  
t h e  pump s t a t i o n  would be  upstream  of  the  confluence  of  the Bonslparte 

and Thompson Rivers. 
1 

I 
The repor t   a l so   ou t l ined  and discussed  feasible  water  supply 

schemes f o r  t he   o the r   p l an t   s i t e s .  

1 I t  was  recommended t h a t   s i t e   v i s i t s   s h o u l d  be made t o  5.elected 

water  intake  locations  during low water   condi t ions,   i .e .  between 

I November and March. Observations  should  be made and se lec ted   da ta  

collected,   including  ice  conditions,   water  levels,  and low water .. configurations,  and a programne of  water  sampling  should commence t o  
determine  the  extent  of  need f o r  water  treatment. 

m 

I 

The repor t  made reference  to  information  received from Golder 

Brawner & Associates   Ltd.   re la t ing  to   geological  and geotechnical 

s tud ies ,  and from Northwest  Hydraulic  Consultants  Ltd. on a preliminary 
hydrologic  investigation,  but  these  reports were no t  included. 

Another r e fe rence   l i s t ed  was a preliminary  report  by  Dolmage Campbell 

& Associates  Ltd., on underground  water  conduit  possibilities.  That 

report  was submi t ted   d i rec t ly   to  B.C.  Hydro and was not a p a r t  of  the 

Sandwell  report. 

"I 

m 
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Table 4 .7 .1  Cost  Estimate Summary l is ts  the   cap i t a l  and operating 

cos t s   fo r   t he   a l t e rna t ivewa te r   supp ly   sys t ems   fo r  each s i t e   l o c a t i o n ,  and 

Table 4 . 7 . 2  Summary of  Technical  Particulars  gives  the  leading  parameters 

f o r  the  supply  pipeIine f o r  the  Harry Lake s i t e .  



TABLE 4.7.1 

COST  ESTIMATE  SUMMARY 

Feasible  Route - Capital  Cost 
S i t e  Water Source  Designation ($ '000) - 
Ashcroft Thompson R. Pipel ine - R 10,700 

Harry Lake  Thompson R. Pipel ine - G 47,800 
Fraser R. Pipel ine - L 82,000 
Thompson R. Tunnel - T 1  87,600 
Fraser  R. Tunnel - T3 81,000 

Mine Mouth  Thompson R. Pipel ine - C 49,700 
Fraser R. Pipel ine F 82,500 
Thompson R. Tunnel - T2 82,500 
Fraser R. Tunnel - T4 75,400 

Big Bar Creek  Fraser R. Pipel ine - 0 35,200 

Bri tannia  Stawamus R. o r  
Beach Mamquam R. Pipel ine - S 14,400 

Dunsmuir L i t t l e  
Qualicwn R. Pipel ine - V 10,200 

4-16 

Operating  Cost 
($ 'OOO/ yr )  

985 

4,650 
7,360 
6,200 
6,370 

5,110 
7,360 
4,060 
4,280 

4,980 

180 

182 

These  cost estimates r e l a t e   t o  mid-1976 p r i ce   l eve l s ,  and exclude I . D . C .  

TABLE 4.7.2 

SUMMARY OF TECHNICAL PARTICULARS* 

(Harry Lake Pipel ine Scheme) 

Total  Capital  Cost $47,800,000 (55,000,000) 
Route  Length 15.3 Miles (13  approx.) 
E lec t r i c  Power Requirement 29.3 MW (25 MW approx.) 
Pipe  Diameter 36 i n .  
No: of Pump Sta t ions  4 (1 low pressure) 

(1 high  pressure) 

Capacity 30,000 USgpm (25,000 USgpm) 

Weight of Pipework 5045 tons 

* Modified i n  Sandwell  and Company d r a f t   f i n a l   r e p o r t  December, 1976. 
Modified  f igures  are shown in   b racke t s .  
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4.8 HAT CREEK PKOJECT.  SITE EVALUATION STUDY 

INTEG-EBASCO SEPTEMBER 1976 

This   report   brought   together   the  resul ts   of   several   contr ibut ing 

s tudies   o f   the   envi ronmenta l   fac tors ,   engineer ing   c r i te r ia  and ec:onomics 

fo r   a l l   i den t i f i ed   po ten t i a l   p l an t   s i t e s ,   hav ing  due regard t o  p o l i t i c a l  

and social   guidelines  contained i n  the  terms  of  reference f o r  the work. 

The r epor t   necessa r i ly   r e l i ed  on the   resul ts   of   the   independent  

s tudies   carr ied  out  by spec ia l i s t   consul t ing   engineers  and s c i e n t i s t s ,  

among which some o f  the main i t ems   a r e   l i s t ed   i n   s ec t ions  4 . 2  and 4.3, 

and/or  represented i n  Figure 1 . 4 . 1  r e f e r r e d   t o  i n  sec t ion  1 .4 .  

By means of  a complex process  of  evaluation  described i n  d e t a i l  i n  
the   repor t ,  a p r e f e r r e d   s t a t i o n   s i t e  was ident i f ied,   together   with two 

accep tab le   s i t e s .  A t o t a l   o f   t en   poss ib l e   p l an t   s i t e s  were evaluated, 

i nc lud ing   t h ree   s i t e s   s i t ua t ed  on t ide   water .   Three   o f   the   s i tes ,  namely 

Stave Lake, Dunsmuir and Soda Creek were iden t i f i ed  and incorporated 

during  the  process  of  the work. 

In each  case,   the   s tudy  ut i l ized a conceptual  layout  for  the  plant 

comprising 4 un i t s   o f  500 MW nominal (net)   capaci ty .  The power p lan t  

complex included  the chinmey wi th   a i r   qua l i t y   con t ro l  equipment, 

material  handling  systems  including  coal and ash movement, ash  d.isposa1, 

terminal  equipment  for  the  coal  transportation  system, make  up water 

supply  systems and t h e   e l e c t r i c a l  power transmission  switchyards  for 

each   of   the   s i te   loca t ions .  

A prel iminary  qual i ta t ive analysis jus t i f ied   the   e l imina t ion   of  two 
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sites,  at  Squamish  and  Roberts  Bank,  as  it  was  clearly  evident  that  both 
sites  were  totally  unacceptable  from  environmental  and  ecological  points 
of view. 

The  mine  mouth  site  appeared  to  be  the  most  economic  development, 
but  very  significant  environmental  impacts,particularly  those  related 
to  air  quality,  rendered  the  site  unacceptable. On balance,  the  Harry 
Lake  site  offered  the  most  favourable  conditions  for  the  establishment 
of this  major  thermal  generating  station. 

The  two  second-ranked  alternative  sites  are  those  at  Big  Bar 
Creek  and Soda  Creek.  However,  these  would  be  significantly  more  costly 
to  develop  and  would  be  dependent  upon  the  construction of the  Ashcroft- 
Clinton  rail  connector,  together  with a spur  line  through  the Hat Creek 
valley. 

The summary  evaluations of the  several  plant  sites  took  into 
account  differences  in  prospective  costs,  environmental  suitability, 
and  any  uncertainties  still  attaching  to  any of the  site-dependent 
technical  aspects.  Table  4.8.1  Summary  Site  Evaluation  presents  the  relative 
rankings  in  respect of costs  and  environmental  acceptability. 

.. 

t 
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TABLE  4.8.1 

SUMMARY SITE  EVALUATION 

Site - 

Dunsmuir 
Britannia  Beach 
Stave  Lake 
Ashcroft 
Mine  Mouth 
Harry  Lake 
Big  Bar  Creek 
Soda  Creek 

Environmental 
Impact  Index 

(Percent) 

65.8 
100.0 
88.9 

37.8 
47.6 
26.2 
27.9 
29.9 

Costs  Differential 
($ million) 

Interest  rate 

5% 10% 
"""""-"""_ 

746 
623 
615 
78 
0 (base) 
40 
360 
69 7 

215 
241 
225 
28 
0 

20 

163 
314 
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5 . 1  BASIS AND SCOPE OF CONCEPTUAL DESIGN 

5.1.1  General 

This section  reviews the  conceptual  design  of  the  major 

equipment and systems o f  the  proposed Hat Creek genera t ing   s ta t ion .  

The process of conceptual  design  consists o f :  

- An evaluation  of  al ternative  approaches from an engineering 

and  economic viewpoint, and 

- An examination,  in  broad  terns,  of  the  project  design and 
operational  requirements  appropriate  to  the  selected  approach. 

This process  has been appl ied   to  a l l  major   plant   i tem and 

systems  throughout  the  generating  station  project .  

In   general ,   the   plant  equipment and systems  proposed  ,are  of 

convent iona l   des ign ,and   essent ia l ly   s imi la r   to   ins ta l la t ions   in  a large 
number of coa l   f i red   genera t ing   s ta t ions ,   wi th   capac i ty   o f  2000 MW o r  

more, i n  Canada and elsewhere. More detai led  evaluat ions in  re:jpect of 

same a l t e rna t ives   r e l a t ing   t o   t he   coa l  and water were necessary i n  view 

of  the  design  constraints i n  these  areas .  

Detailed  studies were made of  the  coal  handling and preparation 

system,  the  ash  handling and disposal  system,  the  water  supply !;ystem 

and the   bo i le r   p lan t   des ign .  A number of economic  and design  studies 

were carr ied  out :  

- Preliminary  consideration  of  coal  blending  and/or  benefici-  

t i o n ,  with implications for t he   s i ze  and r e l i a b i l i t y  of  the 
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coal   handl ing   p lan t ,   bo i le r  and p r e c i p i t a t o r .  

- Optimization  of  the  turbine  cycle,   condenser,  and cooling 

towers  system,  taking  account  of  water  supply  factors. 

- Design  and locat ion  of   coal   handl ing  plant .  

- Method of ash  removal and se l ec t ion  of  disposal   area.  

No 'value'  judgements  are made wi th  respect  to  environmental ,  

socio-economic o r  o the r  similar f ac to r s ,  b u t  provisions f o r  meeting 

spec i f ied  or postulated  requirements  are  incorporated i n  t he   p ro j ec t .  

5 . 1 . 2  Special  Considerations 

The following  paragraphs l i s t  those  design  considerations 

p e c u l i a r   t o  t h e  Hat Creek p r o j e c t , t o  which spec ia l   a t t en t ion   has  been 

given i n  this  conceptual  design  study. 

a) Coal Quality 

The Hat  Creek coal  has  several   unusual  features:  

- Average heating  value i s  low, although  coal  of 

lower  average  heating  values is being  burned i n  

Europe  and Aus t ra l ia .  

- The quality  varies  widely  throughout  the  deposit ,   the 

worst 10% having a higher  heating  value (HHV) o f   l ess  

than 3,550 Btu/ lb ,   whi le   the  best  10% has an HHV of 
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over 8,000 Btu/lb - both  figures  based on 20% 

moisture.   This  variation  is   unusually h igh .  

- The uneven, highly  f ractured seam s t ruc tu re   o f   t he  Hat 

Creek deposit will necess i t a t e   ex t ens ive   d r i l l i ng  i n  
order   to   assess   fu l ly   the   coa l   qua l i ty   th roughout   the  

f i e l d ,  and t o  develop a de t a i l ed  mine producticm  plan. 

- The shape o f  the  coal  deposit  limits the  mining con- 

t r a c t o r ' s   a b i l i t y   t o  mine the   coa l   se lec t ive ly .  Thus 

the  qual i ty   of   coal   being mined will vary  as  the mine 
develops, and there  will be a corresponding  vayiation 

i n  the   qua l i ty   de l ivered  t o  the   p lan t .  

- The coal  contains  montmorillonite, or bentoni t ic   c lays .  

Such clays  have  caused  serious  problems  at Centralis 

G.S. o f   Pac i f ic  Power & Light i n   t h e   S t a t e   o f  Washington, 

and are   wel l  known for   the  largely  unsolved problems 

they  present   in   ore  and tar-sand  mining. 

- The coal  tends  to  dry  out  quickly in t h e  Hat CI-eek 

climate.  The average  moisture  content  of  as-mined 

coal is about 24%, while  the  average  air   dried  moisture 

level   indicated by labora tory   t es t s  is 10-14%. 

- The ash  fusion  temperature  of  the  as-mined coal. var ies  

widely  but  the  range i s  above t h a t   f o r  most Western 

Canadian  sub-bituminous  coals. 

- The ash  content  of  the  as-mined  coal i s  higher   than  that  
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o f  any  coal which is now being  burned i n  a s t a t i o n  of 

t h i s   s i ze ,   a l t hough   p l an t s   o f   s imi l a r   s i ze   a r e   be ing  

designed fo r  higher  ash  coals.  

b)  Cost  of  Coal 

The coal  cost  quoted  by  the  mining  consultant i s  low by 

present-day  standards. On an energy  basis ,  i t s  cost  i s  about 25% o f  
current   world  oi l  and na tura l   gas   p r ices .  

c) Ash Disposal 

The genera t ing   s ta t ion  will produce  approximately 3.3 

mil l ion  tons of  ash  per  year, when ope ra t ing   a t  70% capac i ty   fac tor  and 

burning  average  coal. 

Mining of low-grade  coals  for power generation is  normally 

done using  strip  mining  methods.  I t  i s  common p rac t i ce   t o   d i spose  of t h e  

ash,  along  with mine s p o i l ,   i n   t h e  worked-out p a r t  of t h e  mine. However, 

t h e  Hat  Creek No. 1 p i t  will be  worked  by progressively  deepening  the 

p i t ,  and n e i t h e r  mine spoi l   nor   ash can  be  disposed  of  in  the  pit  until 

the  end o f  coal   extract ion.  

d) Water Supply 

The  two nearest   large  sources  o f  water   are   the  Fraser  

and Thompson Rivers. The Thompson River  has  been  selected  as  the more 

economical  source o f  water,  supplying t h e  s i te  v ia  a 15-mile   pipel ine 

requi r ing  UD t o  30 MW of pumping power.  Water will consequently be 

r e l a t ive ly   expens ive   a t   t he   s i t e .  
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e) Water Disposal 

The  low minimum flows o f  t he   l oca l   r i ve r s  and the   sens i -  

t i v i t y  o f  f i s h i n g   i n t e r e s t s  make it  des i r ab le   t ha t   t he   p l an t  complex 

be designed  for  zero  discharge. 

f )  Local  and  Regional  Topography 

The mountainous  topography  does  not offer  convenient 

locations  for  an  adequate  cooling pond. For t he   p re sen t ,  tower  cooling 

is proposed. 

It i s  d i f f i c u l t   t o   e n s u r e   t h a t   t h e r e  will not  be  occasional 

impingement of  the chimney fumes  upon higher  land. 

g) Proven  Design 

An important  design  restriction i s  tha t  no unproven  type 
of  equipment should be  incorporated  in  the  conceptual  design. 

h) Sulphur  Dioxide  Emissions 

The B . C .  Pollution  Control Board objectives  for  :sulphur 

dioxide  emissions  are  unusually  str ingent,  by comparison w i t h  .the 

s t ipulat ions  of   the   regulatory  bodies  of  other  provinces and other  

countr ies .  
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5.2 CHARACTERISTICS OF HAT CREEK COAL 

5 .2 .1   His tor ica l  

a) 1957-1975 Work 

The f i rs t  s e r i o u s   d r i l l i n g   o f   t h e  Hat Creek deposit  was 
conducted  under  the management o f  Dolmage  Mason & Associates i n  1957- 

59. A more extensive programme commenced i n  1974 under  the  control o f  
Dolmage Cambell & Associates  and  continued  through 1975. 

This programme was d i rec ted   to   de te rmining   the   ex ten t  o f  the  

depos iq ra the r   t han  i ts  quality.  Proximate  analyses were made o f   a l l  

samples,  but  complete  ultimate,  ash  fusion  and  other  analyses were 

only  performed on a l imi ted  number o f  composite  samples  prepared by 

mixing  coal  samples  which  appeared t o  be  s imilar  i n  qua l i ty   bu t  which 

had  been obtained from di f fe ren t   depths .  

Testing  such  samples  has a l imited  value from the  s tandpoint  

of   the  boi ler   design.  Up t o   t h e  end of  1975 ult imate  analyses  had 

been made of  about 50 composite  samples. 

In  the mid-1975 Dolmage Campbell produced a computer summary 

of  proximate  analysis  data from a l l   t h e  1957-59 and  1974-75 d r i l l   h o l e s .  

A t  that   t ime,  they  concluded  that   the  range  of  coal  quali ty coming 

from the mine would  depend pr imari ly  on the  degree  of  selective  mining 

employed. 
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For the  purpose  of showing the   e f f ec t   o f   poss ib l e   s e l ec t ive  

mining,  an a rb i t ra ry   cu t -of f  was chosen a t  44% ash and 20% moisture. 

In t h e i r  sampling  procedure Dolmage Campbell considered any  sample 

which  had more than 75% ash, on a dry  basis ,   to   be  waste .  

Twenty percent  in-situ  moisture was used by  Dolmage Campbell 

as a reasonably  representative  estimate.  I t  was however the i r   op in ion  

tha t   the   coa l  would dry  out   in   the  a tmosphere  to  a lower  moistu.re 

content.  

The weighted mean o f   a l l  samples  below 44% ash was ta.ken as 
representing  the  best   average  coal  obtainable by se l ec t ive  mining, 

employing  excavators  of  moderate  size. The weighted mean o f  a l l  

samples,  including  those  with more than 44% ash, would y i e ld  a grade 

approaching  the  poorest  to  be  expected  employing  excavators o f  moderate 

size  but  selectively  discarding  the  major  waste  beds  only.  

If large  bucket wheel or   dragl ine  excavators  were  employed 

the  average  qual i ty  would be  even  lower due t o   t h e   e f f e c t s  o f  d i lu t ion  
by additional  waste  material ,   but such equipment i s  not ,  a t  present ,  

proposed. 

The average  coal  quali t ies  suggested by Dolmage Campbell on 
the   bas i s  of  these  assumptions  are shown i n  Table  5.2.1, Average 

Coal Qual i t ies .  
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TABLE  5.2.1 

AVERAGE  COAL  QUALITIES  (Estimated  July  1975) 

Analysis, 
percent : 

Moisture 
Fixed  Carbon 
Ash 
Incombustible 

Volatiles 
Combustible 

Volatiles 
Sulphur 

HHV, Btu/lb 

Average o f  all 

44% ash 
samples  below 

20 
27.2 
25 

6.7 

21.1 
0.37 

6400 

Average of all 
samples  including 
those  above 
44% ash 

20 
24.2 
31 

6.0 

18.8 
0.37 

5438 

The  analyses of samples  were  weighted for sample  length. 

Dolmage  Campbell  noted  that  the  results of the  1957-59 
work  did  not  fully  correlate  with  later  work,  and  that  the  1957-59 
results  did  not  appear  to  be  completely  reliable. 
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b)  Mining Report by PD-NCB 

The Coal  Mining repor t s ,  which were produced i n  two s tages  by 

PD-NCB i n  1975 and 1976,  concluded t h a t   t h e  amount of  coal  data 

ava i l ab le   a t   t he   t ime  would n o t   j u s t i f y  a   sophis t icated  a t tempt   to  

calculate   the  average  coal   qual i ty  which the mine would produce. 

PD-NCB reviewed Dolmage Campbell's ear l ie r   conc lus ions  and adopzed  a 

s l i g h t l y  more conservative  approach.  In  essence  they  stated  that  it 

would not   be   p rac t icable   for   the  mine opera tor   to  remove the  coal 

without some d i l u t i o n  by waste  material,  whether from overburden, 

sidewall  o r  waste  bands. 

Based on the  average  coal  heating  value  of 6,000 Btu/:Lb, 

20% moisture, 28% ash which Dolmage Campbell had postulated i n  March 

1975, PD-NCB added  a dilution  of  about 7% waste to   de r ive  an average 

mined coal  of 5500 Btu/lb, 20% moisture, 32% ash. In ca lcu la t ing   the  

e f fec t   o f   th i s   d i lu t ion   the   mois ture   conten t  was maintained a t  

f ixed  20%. PD-NCB s ta ted   tha t   the i r   assumpt ions  on d i l u t i o n  were based 
on Dolmage Campbell's e a r l i e r   e s t i m a t e , t h a t  22% of   t he   t o t a l   depos i t  

comprised  waste material. 

c)   Select ive Mining t o  Reject  Partings 

I t  was  Dolmage Campbell 's  original  assumption  that payrtings 

of more than 5 f t .  can  be re jec ted  by a  competent  shovel  operator. They 

recognized  the  complications  of t h i s  assumption - namely t h a t  many of 

t h e   b e d s   l i e   a t  an inc l ine ,  and t h a t  it might not always  he possible  

t o  d i f f e r e n t i a t e   v i s u a l l y  between some waste  beds  with  coal  particles 

embedded i n  them,  and coal   i tsel f .   Furthermore  the  thicknesses  of waste 
bands  have so fa r   on ly  been  measured along  the  l ine  of  d r i l l  holes 
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which may give a misleading  impression. 

Following  discussions  with PD-NCB i n  1976, the  sampling 

programme was modified so t h a t  waste beds  of more than 3 f t .  

thickness,   contained  within a coal seam were  neglected on t h e  

assumption  that   they  could  be  rejected by the  shovel  operator.  PD-NCB 

bel ieved  that  3 f t .  would be a reasonable limit f o r   t h e  minimum bed 

thickness  which could  be  rejected i n  a producing mine operation, and 

it was  Dolmage Campbell 's  opinion  that i t  might  be  economical t o  

r e j ec t   pa r t ings   o f  3 f t .  down t o   a s   l i t t l e   a s  1 f t .  thickness i f  they 

were known t o  be  bentoni t ic .  

5 . 2 . 2  Assessment  of  Average Coal Quality 

An assessment  of  average  coal  quality i s  requi red   for  some 

aspects   of   the   design of the   coa l  and  ash  handl ing  faci l i t ies ,   but   the  

boiler  cannot  be  designed  around  average  qualities. I t  must be 

capable  of  handling  the  full   range  of  coals it i s  l i k e l y   t o   r e c e i v e ,  

w i thou t   l o s s   o f   r e l i ab i l i t y .  

Without a firm mine plan,  it is no t   poss ib l e   t o   t r ans l a t e  

geologica l   da ta   in to  an estimate  of  average mined coal   qual i ty   without  

making assumptions  about  the  competence and operating  philosophy  of  the 

mine operator .  As a mining  plan was not  scheduled  for  completion  in 

1976, it was necessary,   init ially,   to  base  the  Integ-Ebasco  conceptual 

design  study on PD-NCB's  es t imate  o f  average mined coal  quality  of  5,500 

Btu/lb. However, i n  October 1976 the   da t a  from s p e c i a l   d r i l l   h o l e s  135 

and  136,  which  were  sampled a t  5 f t .   i n t e r v a l s ,  became available.   These 

data ,   together   with  the  sample  resul ts  from o ther  1976 holes,  provided 

a much better  base  for  assessments  of  average  coal  quali ty.   Holes 135 

and 136 were d r i l l ed   t o   eva lua te  how rap id ly   t he   coa l   qua l i t i e s  changed 
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with  depth and t o   d e v e l o p   s t a t i s t i c a l   d a t a  on the   va l id i ty   o f   d i f f e ren t  

sample  lengths. The locat ions  of   these  special   holes  were  chosen SO 

that   they would cut the  four  major  zones  of  the  deposit  which  had  been 

iden t i f i ed  by Dolmage Campbell. 

Using da ta  from holes  135 and 136,  and  weighted t o  a:!low 

fo r   t he   s i ze s   o f   t he   d i f f e ren t   coa l  s t ra ta ,  Dolmage Campbell's 

preliminary  conclusions were: 

- About 10% o f   t h e   f i e l d  i s  waste  material, which contains 

more than 75% ash  on a dry   bas i s  and was excluded from t h e  

sampling as it occurs i n  par t ings  more than 5 f t .  thick.  

This amount represents  less than   ha l f   o f   the  22% upon which 

PD-NCB based their   es t imate   of   average  coal   qual i ty .  

- A fur ther   16%  of   the  deposi t  i s  coal of more than 44% ash 

con ten t ,   a t  20% moisture. 

- The average  heating  value  of  the  remaining  coal i s  about 

6300 Btu/lb at  20% moisture,  corresponding  to  about  26.5% 

ash. The average  heating  value  of a l l  the  coal ,   including 

t h e  16%  with more than  44% ash, i s  about  6,000  Btujlb. 

With B.C.  Hydro's  agreement,  Integ-Ebasco  have  used  the  data 

from holes 135 and  136,  together  with  other 1974-1976 d r i l l i n g  programme 

da ta ,   to   es tab l i sh   average   coa l   qua l i ty   va lues .  

Account has  been  taken of the  depth  of  the  mine.  Exi.sting 

data  shows t h a t   t h e  proposed 600 f t .  p i t  will yield  coal  with zl s l i g h t l y  

lower  average  heating  value  and a higher  sulphur  content  than  the  overall 

deposi t .  Assuming t h a t  a l l  coal  with  heating  value  less  than ?;600 Btu/lb 

a t  20% moisture   can  be  re jected  ( this   corresponds  to   s l ight ly   over  44% 

ash  and i s  therefore   s imilar  t o  Dolmage Campbell's  assumptions),  the 

average  coal   qual i ty   for  a 600 f t .  deep p i t  i s  estimated  to  be:  
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5950 Btu/lb 28% ash 20% moisture 

This average  coal  has  been  used as t h e   b a s i s   f o r   t h e  

conceptual   design  other   than  for   the  boi ler .  

5 .2 .3  Coal Proper t ies  

The  mean values  referred  to  previously  are  averaged from t h e  

wide range of   coa ls  i n  the  Hat  Creek  deposit. While the  concept  of 

an  average  coal i s  useful  in  determine  gross  energy  available from the  
deposi t ,  i t  may lead  to  misunderstanding of t h e  ac tua l   coa ls  i n  the 

f i e l d  unless t h e   v a r i a b i l i t y  of the   ind iv idua l   p roper t ies  and the way 

those  propert ies   coexis t  i n  ac tua l   coa ls  i s  understood. 

a)  Burning 

The coal  analyses  reviewed  to  date and the  two Burning 

Profi les   obtained  suggest   that   the  Hat Creek coal will burn  well  in 

power plant   furnaces ,  i n  both raw and  prepared  forms.  Additional  tests 

i n  a laboratory  furnace  have  been  conducted  recently by Canadian 

Combustion Research  Laboratory i n  Ottawa but   the  report  will not  be 

ava i lab le  until 1977. Correlat ion between the  CCRL repor t  and the  coal 

properties  should  then  be made. 

b)  Representative Sample Ava i l ab i l i t y  

Integ-Ebasco  hzs  used  only  those  samples  with  essentially 

fu l l   ana lyses .  These a re   l a rge ly   der ived  from the 1976 programme. 
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Dolmage Campbell has  advised  that   the  coals  in  the  various  geolopical 

s t r a t a  will have s imilar   var ia t ion  regardless   of   the   depth below the 

surface.  Consequently, until additional  analyses  are  completed ,for a l l  

s t r a t a  above elevat ion 2400 f t .  ( i .e.   the  f loor  of  the  conceptual  mine),  

analyses from a l l   depths   a re   used .  I t  is recognized  that  some p.roperties 

will be different   in   the  near-surface  coal ,   but   while   important  ' to 

plant  operation,  these  differences  are  not  considered  to be s ign i f i can t  

for  the  conceptual  design. 

c)  Heating Value Var iab i l i ty  

There i s  a wide range  of  heating  values  in  the Hat Creek coal 

Figure  5.2.1 shows the  frequency o f  occurrences  of raw coals  of 

d i f fe ren t   hea t ing   va lues  (shown a t  25% moisture).  

In general   th is   report   quotes   coal   propert ies  on e i t h e r  a dry 

o r  a 20% moisture  basis,  because Dolmage Campbell, PD-NCB and B.1,". Hydro 

have, i n  the  past   used  these  bases.  Much of  Integ-Ebasco's  computer 

analysis  has been based on 25% moisture  because t h i s  i s  c loser  t o  the  

estimated  as-mined  moisture  content. 

Note: A l l  heating  values  are  weighted by the number of 

ve r t i ca l   f ee t   i n   t he  sample. The median value i s  that   value 

r e l a t i v e   t o  which 50% of  the  coals  represented have  higher 

heating  values and SO% have  lower  values. 

In t h i s   s ec t ion   o f   t he   r epor t   t he  term  "range"  includes 

99.7% of   the  coal .  
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The median value i s  5825 Btu/lb a t  25% moisture o r  6225 Btu/lb 

a t  20% moisture.   This  corresponds  closely  to Dolmage Campbell's e s t i -  

mate f o r   t h e  whole deposit  (paragraph 5 . 2 . 2 ) .  As s t a t e d  i n  that   para-  

graph,  the  estimated  average  heating  value  for  the  proposed 600 f t .  

deep p i t  i s  s l i g h t l y  lower. 

The range  of  heating  values  for raw Hat Creek coals  i s  from 

3200 Btu/lb  dry  to 8700 Btu/lb  dry. This i s  250% of  the mean or about 

10 times the  variation  normally  experienced from a s i n g l e  mine seam. 

A s u f f i c i e n t  number of samples o f  "pure"  coal  are  not  yet 

a v a i l a b l e   t o  have a comparable s t a t i s t i c a l   v a l u e   f o r   t h e   v a r i a b i l i t y  

o f   t he  "pure" coal .  The l imi t ed   quan t i t i e s   ava i l ab le   o f  "pure" coal  

samples show a median value  of 8700 Btu/lb and a range  of 8230 t o  

9350 Btu/lb a t  25% moisture. The "pure"  coal  has a 2 6 . 5 %  var i a t ion  

which approaches  the  variation  found i n  normal coals  (about 24.5% on 

a constant  moisture  basis) .  

In  the above discussion,  "pure"  coal i s  tha t   por t ion   o f   the  

"raw" coal whose spec i f i c   g rav i ty  is 1.3 o r  less  as  determined by a 

laboratory  s ink-f loat   tes t .   This   consis ts   of   the   hydrocarbons them- 

selves with  that   ash t h a t  remains  intimately  associated  with  the 

hydrocarbons a f t e r  removal of   the  external   minerals .  

Various  degrees  of  coal  preparation will produce  resul ts  

intermediate  between  the raw and "pure"  extremes. The economic choice 

will be  determined  after  completion  of  the  proposed  beneficiation 

program. 
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d) Volati le,   Fixed Carbon  and  Mineral  Matter 

The laboratory  analyses   report   the  median value  of  the 

v o l a t i l e  component of  the  proximate  analysis i s  equal t o   t h e  mesiian f ixed 

carbon component. When prel iminary  correct ions  are   appl ied  to  (deduct 

for   the   por t ion   o f   the   repor ted   vo la t i le   mat te r   tha t  does not  burn,  the 

corrected median value  of  combustible  volati les on a dry  basis  is 28% 

with a range from 9% t o  40%. The corresponding  fixed  carbon median i s  
32% with a range from 7% t o  54%, and the  mineral   matter median is  40% 

with a range from 10% t o  70%. 

e)  Moisture  as Mined 

Figure  5.2.2 shows the  frequency  with which d i f fe ren t   per -  

centages  of  moisture  occur. The median value is 23% and the  range i s  
from 14% t o  32%. The above  moistures  are  percentages  of  the  moist  coal 

"as received" a t   t he   l abo ra to ry  - not  on the  dry  basis  used genmerally 

i n  th i s   sub-sec t ion .  I t  i s  expected  that  the  "as  fired"  moisture 

content would be somewhat higher fo r  coal  prepared using wet processes.  

Stockpiling  before  use  might  produce a somewhat lower  figure. 

f )   Gr indabi l i ty  

Grindability  determinations  to  date  have  been  by  the Hard- 

grove method.  The r e s u l t s  show s i g n i f i c a n t   v a r i a t i o n  i n  the   g r indab i l i t y  

of   the  same coal w i t h  different   moistures  and some "caking" i n  .the t e s t  

equipment.  Figure  5.2.3 shows the  frequency  distributions  of  the Hard- 

grove  Grindability  Index (HGI) f o r  samples  taken  throughout  1974-76, 

since  only 15 a re   cu r ren t ly   ava i l ab le   fo r  1976. There i s  a dif€erence 

between t h e   r e s u l t s   r e p o r t e d   i n  1975-75 and those  reported  in  11376, 
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wi th   t he   ea r l i e r   r epor t s  showing the  coals   harder   to   gr ind.   These 

d i f f e rences   r equ i r e   fu r the r   i nves t iga t ion .  The median HGI value is 
46 with a range from 27 t o  7 0 .  This would represent  approximately a 
3 t o  1 va r i a t ion  in mill throughput. 

The frequency  dis t r ibut ion f o r  the  HGI of   t he  "pure"  coals 

has   ye t   t o  be determined. 

5.2.4  Quantity  and  Character  of Ash 

a) Amount of Ash 

Figure  5.2.4 shows the  f requency  dis t r ibut ion of various 
percentages  of  ash  for  the raw coal.   Since  the sample  base  has  been 

r e s t r i c t e d   t o  samples  "selectively mined" to   Iess   than  55% ash ,   t h i s  

d i s t r i b u t i o n  has  been  truncated  above  that  value. For the  remaining 

samples,  the median ash  content i s  34% and the  range is from 8% t o  

55%. A l l  these   va lues   a re  on a dry  basis .  

The l imited number of  samples  of  "pure"  coal show a 
median ash  content  of 7 % ,  and a range  from 3% t o  10%.  Various  degrees 

of  cleaning will r e s u l t   i n   v a l u e s  between those   fo r   t he  raw coal and 

t h e  "pure"  coal,  and  the  degree will be  determined by t h e  economic 

choice  previously  referred  to .  

For  the  range of  the  ash  in   the raw coal ,   there  will be 

from 7 t o  150 pounds  of  ash f o r  a mi l l ion  Btu of   heat ing  value,   whi le  

i n  "pure"  coal,  there would be from 3 t o  9 pounds of   ash  per   mil l ion 

Btu. 
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b) Type of Ash 

There is a wide va r i a t ion   i n   t he   cha rac t e r   o f   t he  ash as  well  

as the   quant i ty .  Based upon laboratory  chemical  analysis,   the  ashes 

from Hat Creek coals  range from those  s imilar   to   Eastern North American 

coals   through  to   those  s imilar   to  Western North  American coals .  

One c h a r a c t e r i s t i c  of  the  ash i s  indicated by the  temperatures 

a t  which it  i n i t i a l l y   s o f t e n s  and a t  which it becomes f lu id ,  and the  

changes i n  i ts  v iscos i ty   th rough  th i s   t empera ture   range .   I t   i s   p refer -  

a b l e   t o  examine this  aspect  through  high  temperature  viscosity  observa- 

t ion,   but  i t  i s  normal in i t i a l ly   t o   i nves t iga t e   t he   a sh   fu s ion   p rope r t i e s  

by observing  the  fusion  of  small  ash  pellets,  with  subsequent  examination 

of  selected  samples  in  the  high  temperature  viscometer.  This l a t t e r  

work has   ye t   to   be   s ta r ted .  

A second charac te r i s t ic   o f   the   ash   re la tes   to   the   minera ls  

t h a t  make  up the  ash  in   the  coal ,  and the form of   their   occurrence 

(i.e.,   whether  they are separate  nodules, o r  whether  they are Lntimately 
associated w i t h  the  hydrocarbon  i tself) .  I t  i s  customary f i rs t  t o  

examine the  metall ic  elements  that   remain  after  the  coal  samples  have 

been incinerated.  Based on t h i s  chemical  analysis  of  the  ash,  other 

samples  can  be  selected  for more detai led  mineral   analysis .  The 

degree  of  variation  of  ash  analysis  with  different  fractions OI? the  

Hat Creek coal can  be  determined by the  convent ional   f loat-s ink  tes ts  

and much of  t h i s  work remains for   the  future .   Prel iminary work has  been 

completed on about 11 samples, and these  resul ts   are   taken  into  account  

i n  t h i s   r epor t .   S ign i f i can t ly  more samples  need t o  be examined i n   t h i s  

manner before  f inal   design  conclusions  can  be drawn. 
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Possibly  the  easiest  way t o   p i c t u r e   t h e   r e l a t i o n s h i p  between 

ash  elements and the  fusion  temperatures is t o  examine a p lo t   o f   t he  

i n i t i a l   t e m p e r a t u r e   a t  which the  ash  deforms  against   the amount of  

base  elements, as shown in   F igu re  5.2.5. (Base elements  are  considered 

to   be  i ron,   calcium, magnesium, sodium,  and potassium). The use  of 

mole percent  compensates  for  molecular  weight  thus  putt ing  all   elements 

on an  equivalent  chemical  basis. Such a curve is U-shaped; the  defor-  

mation  temperature  decreases  until  approximately  one-third  to  one-half 

of the  ash is "basic";  the  temperature  then rises again as the  amount 

of   base  increases   fur ther .  This indica tes  low fusion  temperatures  for 

most ashes whose base mole percent   l i es  between 25% and 75%. Other 

minera l   cons t i tuents ,   par t icu lar ly   the   ra t io   o f   sand   to   c lay  and t h e  

amount of   l ime,   sh i f t   the  U-curve up and down, and s l i g h t l y  from s i d e  

t o   s i d e .  Because o f   t he  U-shape of  the  curve,  mixing two coals ,  one 

with a low base  percentage and one  with a high  base  percentage,  each  of 

which by i t s e l f   h a s  a high  fusion  temperature,  can  thus  produce a 
mixture   that   has  a much lower  fusion  temperature. The samples t o   d a t e  

have shown a pEeponderance  of  base  percentages  below 30%.  Because  of 

the  property shown in t h i s  U-shaped curve, most of   the  "pure"   coals   a t  

Hat Creek  have  lower  fusion  temperatures  than most of   the  raw coals .  

The frequency  dis t r ibut ion of the  ini t ia l   deformation  tempera-  

ture  under  reducing  conditions  (usually  the most s t r ingent   condi t ion)  

is shown in   F igure  5 . 2 . 6 .  For t h e  raw coa l ,  more than 10% has  ash  with 

i n i t i a l  deformation below 2300'F. Theoretically  the  ash  deformation 

temperature from t h e  as-mined  coal would be  below 2050 F f o r  an aggregate 

o f  200 hours  per  year.  

0 

This   d i s t r ibu t ion  shows tha t   for   about  4% of  the  time  (about 

350 hours a year)  the  fusion  temperature  index  of  slagging would 

c lass i fy   the   s lagging   po ten t ia l   as   "h igh"  . No data  i s  ye t   ava i lab le .  
* 

G.F .  Moore, R . J .  Gray; ASME Winter  Meeting, November 1974. 
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on s l a g  v iscos i ty .  

A l l  coals  have some tendency to   fou l   the   bo i le r   hea t ing   sur -  

faces.  

The s t rength  of   foul ing  deposi ts  on the  high  temperature  heat 

absorpt ion  surface can vary  widely,   result ing  in  varying  degrees  of 

d i f f i c u l t y   i n  removing the   depos i t s ,  even for  ashes  having  the same 

fusion  temperatures. In general ,   there is a re la t ionship  between the  

a l k a l i  (sodium and  potassium)  content  of  the  coal and the   s t rength  of  

the   depos i t   such   tha t   the   h igher   the   a lka l i ,   the   s t ronger   the   depos i t ,  

and the  more severe  the  fouling. Although the  sodium  and potassium 

content of  the  ash i s  not  high on a percentage  of  ash  basis,   the  abso- 

l u t e  amounts o f  sodium and potassium  are  high, when expressed i n  pounds 

per   mil l ion Btu, owing t o   t h e  modest heat ing  value and high  ash  content 

for   the  raw coal .  The a lka l i   pe r   mi l l i on  Btu a t  Hat Creek shows l eve l s  

t h a t   a r e  similar t o  some of  the Decker coals ;  some Hat Creek coa ls   a re  

higher  and some are  lower.  Decker coal  i s  considered a "severe" 

foul ing  coal .  The higher sodium content i n  the  "pure" coal ash analyses 

a t  Hat Creek i n d i c a t e s t h a t  much of t h e   a l k a l i  i s  int imately  associated 

with  the  hydrocarbons. Thus the   ac tua l   vo la t i l i za t ion  of   the  a lkal i  

may well   be  higher  than  the raw coal   analysis  would i n i t i a l l y   m g g e s t .  

Work to   da t e   i nd ica t e s   t ha t   t he  much smaller   quant i ty  of ash 

i n  "pure"  coal  corresponds to   cons ide rab ly   l e s s   t o t a l   a lka l i   pe r   mi l l i on  

Btu, and i s  a great ly   reduced  potent ia l  f o r  fouling. This area  needs 

fu r the r  work to  determine  the  range  of  fouling  potential  f o r  dj-fferent  

degrees  of  coal  purity.  
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5.2.5  Sulphur 

Figure  5.2.7 shows the  sulphur   content  on a dry  basis  with 

a mean of  0.6% and a range  from 0.1% t o  2%, but  with  only a very small 

proportion  of  samples  exhibiting more than 1% sulphur .   Other   s tudies  

show that   the   very  low-sulphur   coal   occurs   in   the  bot tom  s t ra ta .   Figure 

5.2.8 shows the   f requency   d i s t r ibu t ion   for   the   o rganic   su lphur  which i s  
inherent  with  the  coal  molecule,  and  as  such,  not  readily  removable by 

coa l   separa t ion  o r  mil l ing.  This shows a mean organic  sulphur  content 

of  0.45%  and a range of  0.06 t o  1.8%, on a dry   bas i s .  

Figure  5.2.9 shows the   f r equency   d i s t r ibu t ion   fo r   t o t a l  

sulphur minus py r i t i c   su lphur  and as such is  an  approximation t o   t h e  

sulphur  that   might  be  present i n  the  furnace.   This shows a mean value 

of 0.6% and a range  from 0.1% t o  2.5%. Of t h i s  range 84% is below 0.8% 

sulphur and 98%  below 1.3% su lphur   (a l l   va lues  on dry   bas i s ) .  

Figure  5.2.10 is a comparable d i s t r i b u t i o n  f o r  the   l imi ted  

s e t  of  "pure"  coal  samples.  This shows a mean of 0.6% and a range 

from 0.2% t o  0.7%. This  probably  represents  the  best   treatment  possible,  

and  might  not  be  attainable  continuously  in a l a rge   s ca l e   p l an t .  

5.2.6  Clays - 

During t h e  work with  the  coal it was determined  that   in  

add i t ion   t o   t he  normal kao l in i t i c   c l ays   t he re  were  var iable   quant i t ies  

of  montmorillonite o r  ben ton i t i c   c l ays .  This l a t t e r  group  has ex- 

t reme  sweIl ing  character is t ics  when exposed to   water  and produces a 

s t icky ,   semi-p las t ic   mater ia l ,   very   d i f f icu l t   to   handle .  Such mater ia l  

has  caused  significant  operating  problems  in a northwestern  United  States 
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power p lan t ,  and that  experience shows the   des i r ab i l i t y   o f  rembving it o r  
otherwise  ameliorating i ts  effects.  Integ-Ebasco  has recommended a 

programme designed t o   a r r i v e   a t   t h e  most economic and f e a s i b l e  way 

of  dea l ing   wi th   th i s  problem.  Because of  t he   swe l l ing   cha rac t e r i s t i c s  

th i s   mater ia l   g rea t ly   decreases  i n  densi ty   af ter   absorbing  water .  Con- 
sequently, wet coal   preparat ion schemes  based on densi ty  would not 

separate   c lay from the  good coal .  

A preliminary  laboratory  technique  has  been  devised t h a t  w i l l  

d isperse   the  c lay-bear ing  mater ia l  and permit  reasonable  estimation  of 

t h e   t o t a l  amount of  clay,  and roughly,   the  division between the  benton- 

i t i c   t y p e  and o thers .  By d ispers ing   the   c lays   the   d i f f icu l ty  i n  separ- 

a t ing   t he  "pure"  coal from the  raw sample is eliminated and a very  sharp,  

easy  laboratory  separation i s  then  possible.  

Figure  5.2.11 shows i n  graphical form t h e   r e s u l t s  from the  

analysis  of  one sample using  this   technique.  The l e f t  hand bar  (A) 

shows the  conventional,   proximate  analysis.  Most of  the  reported 

"ash" i n  bar  (A) is ac tua l ly   c lay ,   as  shown i n   b a r s  (B) and (C). Some 
of t he   r epor t ed   vo la t i l e s  i n  (A) are  water of hydrat ion  associated 

with  the  clay (B  and C) and some are  heavy minerals,  as shown o n  bar (C). 

In  bars (B) and (C) the   c lays   are   dispersed,   taking a small amount of 

the  f ixed  carbon  with them. Bar (B) shows a conventional  proximate 

analysis  for  the  non-dispersed  segment. Bar (C)  shows the  separat ion 

of  heavy  minerals  and  "pure"  coal from the  non-dispersed segment. For 

this  high  ash  sample,  approximately  half  the  sample was clay an'3 one- 

qua r t e r  heavy  minerals.  Similar  clay  separation  should  be  carried  out 

on a fu l l   range   of  Hat Creek coal .  A l l  fur ther   coal   analysis   should 

include  the  clay  separation  procedure.  
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5 . 2 . 7  Abrasion and Wear 

No l a b o r a t o r y   t e s t s   t o  measure the  abrasiveness o f  the  Hat 

Creek coal o r  ashes  have  been  completed.  These  should  be  undertaken. 

The clay  dispersion  test   previously  mentioned  did show that   small  and 

very  hard  par t ic les  were released when the   c l ay  was removed. However, 

i n   t h i s  one  sample these   pa r t i c l e s  were e a s i l y  and sharply  separated 

from the  coal by gravi ty .  

5 . 2 . 8  Typical Coal Analyses 

Table A shows analyses f o r  two Hat  Creek coals whose values 

a l l   f a l l   i n  a middle  region  for  each o f  the  properties;   thus  they  could 

be  considered i n  the  middle  region f o r  a l l  Hat Creek coals.  

Table B shows analyses f o r  11 Hat Creek coals ,  and how t h e i r  

ana lyses   d i f fe r   as  between the  "pure"  coal and the  raw sample. 

Table C shows the  analyses for  11 Hat Creek coals whj.ch 
were selected  (based on present  knowledge) t o  be  representat ive of  

the  range of  hydrocarbons i n   t h e  proposed P i t  No. 1. 

Table D shows ash  analyses ,   indicat ive of the  range of ash 

const i tuents   present .  

5 . 2 . 9  Summary 

I n  summary, based on data  available  to  date,   Integ-Ebasco 

be l i eves   t ha t :  
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- Hat Creek coa l  i s  usable   for  power production. 

- Varia t ions   in   coa l   p roper t ies   a re  due to   t he   ex i s t ence  

of  a number of somewhat d i f fe ren t   pure   coa ls ,   d i lu ted  

in  varying  degrees by normal and bentoni t ic   type   c lays  

and other  minerals.  

- Variat ions  in   the  coal ,   whi le   unusual ly   large,   can  be 

s a t i s f a c t o r i l y   d e a l t   w i t h  by proper   fuel   preparat ion 

and appropriate  power p l a n t  and system  design. 

- Reasonable  environmental  protection  requirements  can 

be met. 

- Further   s tudy  of   coal   f ract ions,   ash  minerals ,   c lay  pro-  

p e r t i e s ,   c l a y  zemoval  and possible   preparat ion methods 

should  be  undertaken  before   the  design.specif icat ions  are  

re leased.  
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0.58 0.03 0.61 0.76  0.75 

40.20  6.23 15.98 
14.03 0.00 14.01 0.00 17.65 

-0.13 0.00 
18.37 13.80  17. In 1 0 .  25 

0.60  -0.98 
m o l  16.59 

I N I T  D E F ' F  REDUCE Q WXID 2220 2320 2700+ 2700+ 2200 2260 2520 2645 2380 2450 2700+ 2700+ 2190 2260 2490 2560 

ll=If/2 ' F  REDUCE Q W I D  2240 2340 2700+ 2700+ 2230 2300 2610 2700+ 2420 2510 2700+ 2700+ 2210 2300 2580 2675 u= u ' F  nEDUCE Q OXID 2230 2330 2700+ 2700+ 2220 2200 2570 2706+ 2400 2400 2700+ 2700+ 2200 2280 2555 2625 

FI.UID * F  nEDUCE Q OXID 2250 2350  2700+ 2700+ 2240 2320 2640 2700+ 2440 2530 2700+ 2700+ 2220 2320 2610 2700 

s 102 

TI02 
Am03 

F E 2 0 3  
C A 0  
MCO 
NA2O 
K 2 0  
NN304 
v209 
P2US 
SI13 
UNUET 

X DRY ASfl - MOLE 
X u n Y  ASR - HOLE 
X Dny JBn - MOLE 
x Dny ASU - r1ot.E 
x uny ASR - MOLE 

X m y  ASII - HOLE 

X UIlY AS11 - MOLE 
X DRY AS11 - MOLE 

X DRY AS11 - HOLE 
X UllY AS11 - KGLE 
% INiY zASll - N0L.E 
X UIiY AS11 - MOLE 

. t ~ r ~ . o n  X DnY ASU 

X 40.37 40.28 
X 34.78 24.51 
X 2.03 1.82 
X 3.45 1.57 

X 3.30 5 . 8 8  
x 0.07  10.34 

X 3.28 3.110 
X 0.79 0 .60  
x 0 . 0 5  0 . 0 2  
X 0.30 0.12  
Z 0.47 0.24 
X 3 . 1 3  2.03 

-0.04 

50.77 62 .65  
35.13 23.64 

4.73 2.22 
1.80 2.30 
1.46 2.60 

1 . 2 0  I .  19 

42.33 51.12 
28.34 20.16 ~~ ~ 

2.47 2.24. 
7 .90 3 .63  

3.62 5.43 
6.43  0 .32 

0.41 0.32 0.03  0 .64 
1.00  1.20 2.91  3.40 

0 .02  0.01 0.04 0.01 
0.07 0.03 
0.46 0.24, 
1.66 1.5.1 
1.20 -0.19 

53.18 64.82 
24.10 17.31 

10.42 4.04 
4.46 5.02 
1.09 3.43 

1.18  1.08 

0.76 0.90 
0.37 0.29 
0.15 0 .05  
0.05 0.02 
0.30 0.15 

1.72 
1.43 1.30 

40.96 57.71 
20.68 19.92 

3.00  1.74 
1.33 1.18 

5.23 6.63 
2.36 4.  14 
3.80 4.34 

0.04 0.01 
6.22 0.09 

0.94  0.71 

0.20 0.10 
3.00  3.43 
0.46 

60.16 71.16 
25.48 17.76 

5.55 2.50 
1.17 1.04 

1.47 1.06 
1.43 2.50 
0.76 0.07 
o.na 0.64 

0.04 0.02 
0.21 0.11 
1.64  1.46 
1 . 1 1  

46.45 54.57 
29.09 20.13 

4.78 2.14 
1.24 1.09 

5.35  6.98 
3.27 5 . 7 2  
5.22 5.94 

0.03 0.01 
1.04 0.78 

0.17  0.07 
0.29  0 .14 
2.73 2.42 
0.12 

"" -~ .. 

50.60  63.43 
30.22 23.32 

9.62 4.59 
1.32 1.24 

~ ~~ ~ ~~ 

1.39 1 .87  

1.05 1 . 2 0  
1.30 2 . 5 0  

0.63 0 .50  
0.01 0.00 
0 .07  ' 0.03 
0.32 0.17 
2.11  1.98 
I .2n 

CAFIUOA!.'IT ./NQTU 0.02  0.50 
0.62 0 .74  

s (TGr-Pkn) "/PIDlV 0 .62  0.64 
s w r .  I N  coal. r/mw 

0.65  4.23 0.02 1.34 0.02 0. I7 
0.73 0.72 0.86 
0 .73  

0.71 
0.72  0.79  0.64  0.67 

0.76 
0.67 

0.  64 

NA2OtK20 AS N U O X  IN AS11 
NA2OtK20 .AS N A 2 0 X  IN COAL 0.32 

3.81  1.27  3.46 1 . 0 1  4.43 1.33 5.91 I .47 
0.32 0.36 0.52 
0.42  0 .33 0.31 0 . 2 2  0.74 

0.23 0.37 
N A ~ U + E Z O  AS N A ~ O  -/lrnTu 0 .28   0 .44  

0.29 
0.25 

0.37 

ASH DASE MOLE X 24. 12 
MULE I IATIO SlOWAL203 I .97 

10.93 
2.45 

25.33 
3.54 

19.37 
3.73 

19.64 
2.90 

10.70 23.70 
4.01 

14.95 
2 .71   2 .04  



,- 

ACTUAL. COAL ANALYSES - PIIRE COAL M D  ASSOCIATED RAW SAMPLE - DEPOSIT I 
TmLE B - PART 2 19 NOV 76 

COR X = APPRX C O R N X " I 0 I l  FOR CO2. 
B0LE.ZOh'E - SAMPLE 1358 -188 138B -188 I35C -203 1 3 5 C  -203 135D -223 135D -223  135D -251 135D -281 
TOP ELEV'ATION FT HSL . 1074 
FEET (VERTICAL) OF SAMPLE 5 . 0  

1074  I594  1594  1494  1494  1354  1354 

w s n  SPECIFIC CIIAVITY PURE COAL RAN COAL PURE COAL RAN COAL PIIRE COAL R A W  COAL PURE COAL 
5 .0  5.0 

NASU SP. cn. wr X 
RAW COAL 

1.3 100.0 2 . 0  
19.93 HISS 

100.0 
23.40 

5.0  10.0 10.0 10.0 10.0 

1.6 IOO.0 1.7 100.0 
M O I S T W E  X AS nECD COAL nlss 20.62 MISS 19.44 MISS 

BTWr STD I I O I S T = 2 5 X  0702  564 I 9369  5107 ' 9260  6346 9 104  7604 

7521  12492 ' 6001  12347  046 1 12245  10245 
3.56 40.40 4.49 30.73 5.61 20.02 
56.65 30.93 57.03 39.16 55.58 
39.79 20.59 37.60 30. I 1  30.01 34.09 

45.09 

H . U . V .  DTu/Ln onY COAL 
X nnY COAL UIICOR 7.00 

VOL MATI' X Dny COAL DNCOR 39.95 

AS11 36.29 
F I X  CARB X DRY COAL UNCOR 52.17 . 33.51 

30.20 

11709 

TOT. S X DRY  COAL 0.02 0.72 0.01 
MISS 
MISS 
HISS 

0.43 
0.04 
0.03 
0.36 

0.40 
HISS 
mss 

0.24 
0.02 
0.01 

0.22 
MISS 
MISS 
NISS 

0.24 
0.01 
0.01 
0.22 

0.42 

MISS 
MISS 
muss 

0.19 
0.00 
0.53 

. . ~ ~ ~  
rms 

71.40 
0.02 

5.19 
1.04 
0.00 
0.40 

co2 
CAIU 

N ITII 
C I . 0 1 ~  
S 

w o n  
1ll.T con X 

X 

X 
X 
X 
X 

COAL 

COAL 
COAL 

COAL 
COAL 
COAL 

0.01 
60.14 
4.09 

43.53 
1.06 

72.47 
0.01 

5.16 
1.12 
0.09 
0.01 

41.09 
1.53 

3.40 
1.05 
8 .  ne 

71.34 
0.02 

5.05 
I .  14 
0. IO 

3. os 
49.70 

0.93 
0.00 

"" 

59.95 
4.47 

0.02 
I .96 

ULT 
ULT 
ULT 
ITLT 

". ~~~ ~ 

3.66 
0.97 
0.02 

37.35 
0.72 

-0.92 
14.67 

1.04 
0.00 
0.02 
7.09 
0.00 
0.00 

DRY 
DRY 

0.43 
"" . . ~ ~  

30.74 
0.24 

16.21 
-1.67 
14.54 

~ 

20.44 
0.24 

15.09 
-1.97 
13.92 

3.57 
0.00 
0.00 

42.01 
13.95 
-1.03 

4.51 
0.00 
0.00 0.00 

16.52 16.70 I2;oz 17.30 

INIT rmr?*F nEnlicE n nxln 2~41) 2480. 27001 2700+ 2180 2210 2700+ 2708+  2200  2240  2700+  2700+  2400  2420  2700+  2700+ 
n= w 
FLUID * F  n E n u c E  Q O X I D  2560  2640  2700+ moo+ 2220 2240 2700+  2700+ 2230 2270 moo+ 2700+  2440  2400  2700+  2700+ 
B=N/2 'F WDUCE Q O X l D  2470  2360  2700+  2700+ 2210 2230 2700+  2700+  2230  2260  27001  2700+  2430  2460  2700+ 2700+ 

'F nEOUCE Q O X I D  2370 2500 2700+  2700+  2190 2320 2700+  2700, 2210 2250 2700+  2700+  2420  2440  2700+  2700+ 
"_ . "_" "" "" " .. " "" -~~~ " .. ~~ ~~ 

SI02 X DRY ASR - MOLE I: 50.03 59.05 54.15 66.34 34.59 42.72 54.25 66.16 43.32 51.73 50.97  62.92 44.41 53.71 50.04 62.41 
A L 2 0 3  X DRY ASH - ROLE X 30.49 21.20 33.64 24.28 30.03 22.44 32.53 23.37 31.34 22.05 37.90  27.62 33.92 24.17 39.14 20.31 

FE203 X DRY ASU- NOLE X 3.54 1.59 4.95 2.31 4.57 2.15 5.44 2.53 3.61 1.64 3.95  1.06 3.27 1.51 3.23 1 . 5 1  
CAO X DRY ASn - MOLE X 3.13 3.96 2.29 3.00 0.00 10.69 1.75 2.29 4.41 5.64 1.53 2.02 5.22 6.76 2.20 2.09 

N A 2 0  X DRY ASU - MOLE X 6.29 7.19 1.24 1.47 11.54 13.01 1.12 1.32 0.64 10.00 1.50 1.79 5.60 6.56 1.69 2.01 
K30 X DnY A S 1 1  - MOLE X 0.90 0 .68  0.70 0 . 5 5  1.43 1 .  14 0.9n 0.76 1.03 0.70 0.66  0.52 0.55 0.42 0.22 0 .  I7 

VZO9 X Ul lY ASll - PULP; X U.42 U. 16 0 . 0 5  0 .0% i . 9 5  0.4.3 9.03 0.02 0 . 5 ;  0.22 0.W 0.B2 0.32 0 .  !3 !?..e? ' b . E  
PO03 X DRY ASIl  - PIOLE X 0.16 0.00 0 .  IO 0 . 0 5  0.53 0.20 0.21 0.11 0.33 0.17 8.26 0. I4 0, I7 0.09 0.07 0.04 

T I O ~  7. nny llsn - NOLE X 2.44 2.16 0.03 0.76  5.43  5.06 0.73  0.67  3.25  2.92 0.02  0.76 1.63 1.50 0.09 0.82 

nco z uny ASII - nom I( 1.76  3.09 0.31 0.57 0.32 0 . 5 9  0.95 1.73  1.90 3.30 0.94  1.73 1.41  2.54 0.95 1.74 

m304 X n w  llsn - KOLE x 0.03 0 .01  0.01  0.00 0.03  0.01 0.04 0.01 0.04 0.01 0.03 0 .01  0.05 0.02 0.02 0.01 

S03- X U;Vi AS11 - ROLE X 0 . 9 2  0;Ei 0.69  0.63 0;74 0.69 1.13 1.03 1.64  1.47  0.67  0.63 2.07  2.60 0.00 0.07 
UNDET. +Emon z DnY ASII -0 .  I 1 

~~~~~ ~~~~ 

I .04 0.02 0.u2 -0.07  0.65  0.56  0.60 

CAIIBONATE */nom 0.01 
0.96 
1.92 0.01 3.06 

0.65  0.63 
0.02 0.02 8.02 0.56 

S (TOT-PYR) tmBTu 0.70  0.70  0.57 0.32 0.26 0. ID 0.22 
0.32 

0.65 
0.23 s Tnr. I N  COAL a/rmru 0.70 0.20 0 .  I U  

N,UO+ZO AS NAZOX IN mn 6.09  1.71  12.51  1.77 9.33 I .94  5.97  1.114 
N A 2 O + E O  AS N A 2 O X  IN COAL 0.54  0.62 
N A ? O + W O  ,AS NA2O */RBTU 0.46 0.02 

0.45 
0.36 

0.72  0.42  0.60 
1.05  0.34  0.27  0.36 0.70 

0.37 0.33 

A S 0  D W E  MOLE X 17.90 10.00 
2.79 

30.26 
2.73 I .90 HOLE narlo S I O ~ / A L ~ O ~  

IO. 95 23. IO 
2.03 2.35 

9.63 
2.20 

19.53 9.67 
2.22 2.20 



19 NOV 76 TABLE B - PART 3 

COR X = APPRX COFIRECTION FOR COa 

TOP EI.EVATION FT PlSL . 
IIOLE.ZONE - SAMPLE 135D -264 135D -264 136D -233 136D -233 511 -130 611 -200 

F E E T   ( \ Z n T I C A L )  OF SAMFlS?, 5 . 0  
1289 1289 1664  1664 3145 3 145 

WASH SPECIFIC  GRAVITY 
6.0  100.0 

P d I S T W S  7: AS PJCCD COAL MISS 18.74 

ACIWAL COAL AnALYSB - PURE  COAL M D  ASSOCIATED R A W  SAMPLE - -IT I 

6 . 0  5 . 0  5 . 0  0 . 5   0 . 5  

2 . 8  100.0 
MI SS 

PURE COAL RAWCOAL PURE COAL 
WASU SP. cn. WT x 

RAII COAL PURE COAL nAw COAL 
6.0  100.0 
MISS 22.62 MISS 

11. t1. v. BIWLU DnY COAL 
x DnY COAL u N c o n  6.22 

FIX C A ~  x uny COAL mcon 57.37 
ASII 

1240 I 11410 I I500 10430 10974 
11.28 

8250 
IO. 18 18.58 10.75 

53.57  49.84  43.98  40.09  36.91 
29.76 

~ ~~~ ~ ~~~ ~ ~. ~~~~ 

VOL MZTI' x DnY coAi mcon S i . 4 1  35. I5 39.98  37.44  39.36  33.91 

TOT. 8 % DRY COAI. 0.34  0.30 ' 0.34  0 .34  0 .95  1 .42 
~~ ~ 

~S P Y X i T l C  % COAL i 1 . G  0;03 MISS 0.01 0 . 3 2  
MISS 0.00 MISS 
MISS 0.27 MISS 

0.00 0.01 
0.33 0.62 

S SULFATE 4 COAL 
S OnCANlC X COAL 

6.88 
0.03 
0 . 5 1  

cnz x n w  COAL 0.01 I .35 0.02  0.27 0.00 0.00 
CAM LILT con :: DnY COAL 72.60  63.69 
i m n  ULT % DRY COAL 6.07 

67.44 
4.75 

60.13  63.67  40.23 
4.94  4.68  4.68  3.71 

1. I9 
c L u n  urr X DIW COAL 0.06 

1.06 1.01 0.95 0.51 
0.02 

s uur 
0.19 

x m y  COAL 0.34 
0.06  0.08   0 .04  

ASO ULT con X DW COAL 5 .23 
0.30 0.34 0.34  0.95  1.42 

o m  ULT con x unY COAL 0.00 
12.63 10.20 18.85  10.75  29.76 
16.41 0.00 16.22 0.00 B.00  

OXY ( D I F F )  COR x DnY COAL 15.63 
0.00 

15.42 15.83 18.91  16.33 
-1.31 
14.91 

0.00 

N I TR ULT x DnY COAL 1.07 

UNDET.+ERR COR % UIlY COAL 0.00  -0.99 0.00 

n= w I N I T   D E F ' F  REDUCE Q OXID 2260 2315 
' F  REDUCE Q 0:CID 2270 2340 

FLUID 'F nEDUCE Q OXID 2290 2360 
II=W/2 'F IEDUCE Q OXID 2280 2350 

2255 2350 
2260 2355 
2265 2370 
2270 2380 

46.83 66.03 
25.60 lO.05 
0.05 0.76 

8.46 10.84 
8 .13  3 . 7 1  

2700+ 2700+ 
2700+ 2700+ 
2700+ 2700+ 
270B+ 2?00+ 

49.48 59.41 
35.93 23.42 

1.31 1.18 
1.99 0.91 
4.34 5.58 

moo+ 2100+ 
2700+ 2700+ 
2700+ 2700+ 
2700+ 2700+ 

60.87 61.92 
40.19 20.83 

2.03 0.94 
1.24 1 . 1 3  

2.13 2.70 
0.81 1.47 
2.16 2.55 
0.31 0.24 
0.01 0.00 
0.06  0.02 

0.04  0 .04 
0 .16  0.08 

0.00 

0.56 
0.33 
0.32 

2.37 
0.44 
0.42 

2230 2290 
2245 2300 
2250 2310 
2260 2340 

2610 2660 
2620 2680 
2630 2700 
2640 2700+ 

52.50 63.01 
29.97 21.46 
0.83 0.78 

3.19 4.15 
1.82 3.30 
0 .60  0.71 
1.19 0.92 

0.09  0.05 
3.0s ".OD 

0.81 0.74 
0.  I4 

0.84  4.09 

0.00 e.00 

44.26 53." 
26.29 18.63 

1-72 1.56 

s 103 

TI03 
AL2O3 

F E Z 0 3  
CAO 
MCO 
N U 0  
KZO 
MN304 
VZU5 

SO3 
UNUET 

~ 2 ' 0 5  

R DRY ASU - MOLE R 46.69 
28. 78 

6 .32 
1.02 

5.69 
0.63 
6.16 
0 . 5 1  
0.21 

56.59 
x 
x 
R 

20.55 
0.93 
2.92 7.71  3.53 

. . . - . . . . 

x ~~~~ 

7.39 

7.23 
I .  14 

0.39 
0.07 
e. 05  

2.63  
0.  I I  

7 .64 9 .84  
2.55 4.57 

0.89 0.68 
1.07 1.25 

0.00  0.00 
$ . B O  O.OB 
0.19 0 . 1 0  

% DRY ASU - NOLE 
x DRY Asn - MOLE 

x uny ASU - PIOLE 

2.16 3.05 
2 .63  3 . 0 3  
0 .30 0.23 
0.51 0.16 

0.94 1.68 
3.70 4 .30  
0.42 0.33 
0.02 0.01 
w.i3 0 .05  
0.14 . 0 . 0 7  

0.42 
1 .10  1.06 

x 
K 

x 
x 

0. I 3  
0.22 
2.09 

U.0b U.02 
0.03 0.03 
3.65  3.20 
0.77 0 .35  

7.33  6 .61 
~ . . .  ~~~~ 

0.00 
0.87 
0.57 

I .66 
0 .  IO 
0.16 

24.10 
2.86 

0.75 

0.26 
1.61 

0.24 

0.03 
0.30 
0.30 

0.00 

0.65 
1.72 

1.39 

0.50 

16.62 
2.97 

0 .41  0.32 
2.83 

0 .28  

20.27 
3. I O  

3 .90 
0.41 
0.35 

13.73 
2.34 

ASII DASE 1.II)L.E X 21.92 
MOLE RATIO SIOZ/AL203 2.75  

0.02 
2. I5 



ACTUAL COAL MALYSE8 OVER A RMCE OF BEATING VALUE INDICES - DEPOSIT I 
TABLE C - PART I 

con x - WPM coRREcTIon FOR coa 
19 nov 76 

EOLE.ZOAE - SAMPLE SOA -402  120c - 59 1 3 5 ~  - 95 1 3 6 ~  -157 1 3 5 C  -221  135D  -240 135D -243  l35D  -264 
TOP ELEVATION FT NSL 2706 
FEET  (VERTICAL)   OF SAMPLE 34.6 20.0 

1565  2219  1079  1504  1409  1394  1209 

Y . S U  S P r C I F l C  C M V I T Y  l a w  
5.0 5.0 10.0 5.0 10.0 5.0 

R A W  RAW 
100.0 

RAW RAW RAW RAW 
100.0 

RAil 

MI)ISllJRE AS RECD  COAL MISSING 
100.0 100.0 100.0 100.0 

10.06 
100.0 

24.16 20.03 19.62  21.41  19.41 
100.0 
10.74 

W.ASII SP. Gr.. wr :I 

B T W i  STD t:OlST=25% 5161  5295  7073  4335  4006  72no 6962 0557 

~ . n . v .  BTD/I.R DnY COAL 6001 7060  10497  5700  6342  9707 ~ 7949  11410 

Fix CARB x n w  COAL DNCOR 20.41 
47.56  46.45  23.30  34.30  11.20 

VOL mn X DRY COAL mcon 32.42  34.31 
26.00 
26.37 

10.76 
34.79 

43.31 
33.39 

35.03 
30.59 

63.57 
35. 15 

ASIi X DRY COAL UNCOR 39.  I7 39.91 
25.70 43.76 

40.39 

IS. 05 

TOT. S X DRY  COAL 1.13 0.35 0.75  0.71 0.23 0. IO 0.10 0.30 
0.311  0.07 0.03 0.34  0.09  0.02 0.02 0.03 
0.05  0.00 
0.70  0.20 

0.02 0.00 
0.14 0.27 

8 P Y I l I T I C  X COAL 
8 SllLFllTE % C 0 . G  
S OBCANIC % COAL 

0.00 
0.70 

0.00 
0.37 

0.01 
0 .15  

0.00 
0.16 

CO2 X DRY COAL M I S S I N G  2.19 0.13 1.11 10.97  0.27  0.45  1.35 

CAlUl  ULT 

NITR  ULT 
m n  ULT 

c L o n  ULT 

con Dny COAL 40.36  40.60  50.19  34.91  34.44  56.20  46.40  65.69 

DRY COAL 1.40 
DRY COAL 3.31 5 . 6 3  3.31 

1.11 
I .60 4.30  3.94  4.75 

0.69 
DRY COAL 

1.01 0.79 I .  I9 
0.09 

DRY 
0.00 0.00 0.01 

0.75 n 7 1  n. In n.nn 
0.01 

n ~ m  
0.02 

D W  
n. I R  

15.90 
DllY ~ ~ ~ 17.65 

0.60 
% DRY COAL 10.25 

3.12 
0.92 
0.01 

0.86 

X nuy COAL 

0.04 

39.17 
1.13 

MISSING 
MISSING 
14.59 

.. .~ 

R ULT 
AS11 ULT 
OXY  ULT 
UNOET. *ERII 
O X Y  ( D I F F )  

COAL 
COAL 
COAL 

0.35 

MISSING 
42.10 

MISSING 
12.02 

con 
con 

,con 

con 
4R. 66 
_. . - 

67.42  23.57 
-. " 

34.03 
. . " 

12.63 
"" 

"" ~~ 

-1.72 
13.44 

11.72 
-7.42 
12.05 

5.43 

~ ~ ~ ~~~ 

-2.30 
16.95 

14.57 
-0.  In 
13.96 

13.77 
-0.99 
16.41 
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5.3 COAL HANDLING 

5.3.1  General 

The functions  of  the  coal  handling and preparat ion  plant  

are   twofold.   Firs t ly ,   the   system must supply  fuel   to   the power plant  

a t   t h e   r a t e   r e q u i r e d   f o r  power generation.  Secondly,  the  system 

must prepare  the  coal  i n  such a way t h a t   v a r i a t i o n s  i n  coa l   qua l i ty  

a r e  minimized and the  removal of  undesirable  material  i s  maximized. 

The conceptual  design of  the  Hat Creek coal  handling  plant 

requires  special   consideration  because  of  the  presence  of  significant 

amounts of  clay i n  the  coal .  A t  Central ia ,  Wash., a similar clay causes 

severe  coal  handling  and  storage  problems.  Experience  there i s  t h a t  

when the   coa l  is stocked-out  after  washing, i t  of ten  becomes very  s t icky 

and hard  to   reclaim,  and subsequently  st icks on conveyors, on feeders  
and in  bunkers.  While Central ia   experiencemight   suggest   that  .the  coal 

should  pass   direct ly  from t h e  mine t o   t h e  power plant  without  being 

s tockedbu t , t he   d i f f e rence  i n  c l imate  between Hat Creek  and Cent ra l ia  
must be  considered.   Central ia   has   an  annual   ra infal l  of about 60 inches 
a year and annual  evaporation  of  about 20 inches ,   bu t   a t  Hat Creek 

the  gross  evaporation  of 27 inches a year i s  subs t an t i a l ly  more than 

the  average  precipi ta t ion  of  1 2  inches. I t  is well known that   bentont ic  

c lays  behave  well when the  moisture  content is below a c r i t i c a l   l e v e l ,  

bu t   tha t  above tha t   l eve l   t he   c l ay  becomes s t i cky  and d i f f i c u l t   t o  

handle. The small amount of  evidence now ava i l ab le   i nd ica t e s   t ha t  

the  coal  drains  well ,   this  being  the  experience  of CCRL with  th.e  samples 

sen t   t o  them.  Coal in   contac t   wi th   the   a i r   has   a l so  been shown t o   d r y  

rap id ly ,  and i n  some cases  the  clay  has  dried  out and fragmented t o  a 

powder. It is therefore   possible   that   s tacking  the  coal  will improve 

i t s  handl ing   charac te r i s t ics   ra ther   than  making them more d i f f i . c u l t .  
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This important  issue i s  st i l l  unresolved, and i n  the  concep- 

tual  design  of  the  coal  handling  plant  al lowance  has  been made f o r  

both  direct   coal   feed and  stacking/blending. 

The b e n e f i c i a t i o n   t e s t  programme proposed  by  Integ-Ebasco 

will indicate   reasonably  quickly which o f these   a l t e rna t ives   shou ld   be  

p u t   i n t o   p r a c t i c e .  

5.3.2 Coal Preparation 

Considering  the  needs of  t h e  power p l an t  it i s  e s s e n t i a l  that 

ce r t a in   f ac to r s   be  taken into  account .  

- The b o i l e r  must be  designed to  burn  the  worst   coal i t  

will encounter   for  any s ignif icant   length  of   t ime.  

- I t  may be d i f f i c u l t   t o   o p e r a t e   t h e   b o i l e r  i f  it is  fed 

coal   of   rapidly  varying  qual i ty .  

- If c lay  i s  not removed  from the   poorer   qua l i ty   coa l ,  it 

may cause m i l l i n g  problems. 

These f ac to r s   i nd ica t e   t he   necess i ty   t o   f eed   t he   bo i l e r   w i th  

a r e l a t i v e l y   c o n s i s t e n t   c o a l ,   i n  which t h e   c l a y  is s u f f i c i e n t l y   d r i e d  

or from  which much o f  the   c lay   has  been removed. This can  be  done  by 

b l end ing   a l l  o r  par t   o f   the   coa l ,  a method favoured by PD-NCB, or by 

passing a proportion  of it through a p repa ra t ion   p l an t   t o  remove 

troublesome  clay  and some of   the  ash.  

Figure  5.3.1 compares some o f   t he   ava i l ab le   a l t e rna t ives   fo r  

providing  the power plant   with a less var iable   qual i ty   coal ,   whi le  min- 
imiz ing  t h e  amount of   the  coal  and hence  energy  which i s  to  be discarded. 

I t  shows the  average  qual i ty  and va r i a t ion   o f  as-mined coa l ,  and t h e  

effects   of   blending,  more c a r e f u l   s e l e c t i v e  mining and different   degrees  

of  washing. 
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It  must  be  stressed  that  the  methods  shown  in  this  Figure  may 
not  all  be  practicable,  and  can  only  be  proved  by  a  test  programme. 

The  principal  broad  assumptions, on which  some of the  paths 
shown in Figure 5.3.1 depend,  include: 

- It  will  consistently  be  possible  to  mine  the  coal  select- 
ively on the  basis of eliminating  low  heating 
value,  certain  chemical  elements,  certain  clay  types, 
etc. 

- That  the  mined  coal  can  be  stacked  and  blended  without 
deterioration of its  handling o r  fuel  properties. 

- That  the  clay  can  be  removed  by  practicable  large  scale 
processes. 

- That  after  clay  removal  the  coal  can  be  washed  effic-. 
iently  in  a  practicable  large  scale  process. 

- As  an  alternative,one  path  assumes  that no practical 
means of large  scale  clay  removal  will  be  found. 

The figure  shows.  five  alternative  coal  preparation/blending 
methods  which  are  described  below: 

A.  All the  coal  is  passed  through  clay  removal  equipment,  then 
washed.  Several  streams  would  be  used  as  a  function of 
size.  For  illustrative  purposes,  parallel  streams  are 
shown  as  one  in  Figure 5.3.1. This  process assume!;  clay 
removal  will  be  practicable. 

B. 70% of  the  coal  is  blended  in  a  pile,  while 30% with  the 
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lowest  heating  value i s  passed  through a c leaning  plant ,  

without  clay  removal.  This  process shows the   inef f ic iency  

of  using a heavy  media separat ion  plant   without   pr ior   c lay 

removal, and is  based on data   suppl ied by Birtley  Engineering 

Ltd.  which i s  based on t h e i r  t es t  experience. 

C. No coal   c leaning  but   a l l   the   coal  i s  blended. 

D.  I t  may be  found tha t   p i l e   b l end ing  i s  impracticable.   In 

process D 70% of   the   coa l  i s  f e d   d i r e c t l y   t o   t h e   p l a n t ,  

the  remainder  upgraded  as i n  B .  

E .  No coal   c leaning,   a l l   coal   b lended  but  more s e l e c t i v e  

mining  than C. 

The bas is  of t h i s   p rocess  is t h a t  i f  c l ay  removal i s  found t o  

be  impracticable i n  the   p repara t ion   p lan t ,  it might  be more economic t o  

r e j e c t  more low grade,  high  clay  content  coal  in  the  mine.  The end r e s u l t s  

of these  different   coal   handl ingjpreparat ion  techniques  are   qui te   s imilar .  

A l l  produce a s imi l a r   qua l i t y   coa l   fo r  which the  heat ing  value  of  95% of 

the   coa l   l i e s   w i th in  10% t o  15%  of  the mean. The t o t a l  energy  rejected 

ranges  between 10% and 15%. 

Based on the  possible   coal   handl ing and  upgrading  methods s h o e  

in   Figure  5 .3 .1 ,  it is reasonable   to  assume tha t   t he   r ange  of  heating 

va lue   for  95% of   the   coa l   suppl ied   to   the   bo i le rs  will be 15% of t h e  
assumed average. For several   of   the   coal   preparat ion methods shown, t h i s  

will a l so  be s t a t i s t i c a l l y   t r u e  for 99.7%  of  the  coal.   In  other  words,  

95% (o r  99 .7%)   of   the   coa l   to   the   bo i le rs  will be i n  range 5,060 - 6,840 

B tu / lb  a t  20% moisture  assuming  coal below  3,600  Btu/Ib a t  20% moisture 
i s  r e j ec t ed  i n  the  mining  operation. 
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This  corresponds  to a range  of  ash  content of  35% - 2 3 . 3 % .  This i s  the 

most reasonable  value  for  coal  feed  range which  can  be assumed a t   p re sen t  

u n t i l  a t e s t i n g  programme is  completed. 

Paragraph 2 . 5  shows the  worst ,   average and best   coals  which 

r e s u l t  from  such  assumptions.  While tha t   pa rag raph   i l l u s t r a t e s  a range 

of  heating  value and ash  content,  it cannot  be assumed t h a t  a process 

which se l ec t ive ly  mines,  blends o r  upgrades  the  coal  heating  value 

would automatically  average  other  properties  such  as  sulphur  content,  

g r indab i l i t y ,  and fusion  temperature. A t  present ,  it would be 

un rea l i s t i c   t o   app ly   such  a s t a t i s t i c   a v e r a g i n g   t o   a l l   o t h e r   q u a l i t i e s ,  

and t h i s  will only  be  possible when t h e  mining plan becomes ava i lab le .  

I t  is concluded  that a l a rge  number of methods of  coal  prep- 

aration/blending may prove t o  be  possible.  A t e s t  programme will 

determine which one will provide  the most r e l i a b l e  and economical coal 

f eed   t o   t he  power p l an t .  

5 . 3 . 3  System Selected i n  Conceptual  Study 

Although i t  may eventually be  found d e s i r a b l e   t o   p a s s   a t  

l e a s t  30% of  the  coal  through a coal  cleaning  plant,   the  average  coal 

quality  adopted f o r  the  purpose  of t h i s  study  does  not  allow  for any 

coal   preparat ion  or   beneficiat ion.  I t   i s  probable   tha t   a l l   the   coa l  

will pass  through  at   least   one o r  two s tages  o f  rotary  breakers   for  

clay  removal,  but no allowance  has been made f o r  any reduction i n  ash 

con ten t   t ha t   t h i s  may produce. No increase  in  ash  content  has been 

allowed fo r   t he   i nev i t ab le   d i lu t ion   o f   coa l  by mine waste  not  rejected.  
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The major  disadvantages of any coal washing p rocess   a r e   t ha t  

t he   p rope r t i e s   o f   t he   c l ay   de t e r io ra t e   a s  it becomes wet, and t h a t   d i s -  

posal of the  clay-laden  waste  water from a wet coal   preparat ion  plant  

may be  troublesome. 

5.3.4  Proposed  Beneficiation  Test Programme 

To reso lve   the   bes t  means o f  removing c l ay  from the   coa l ,  and 

indeed  the  necessi ty  f o r  doing  this,  Integ-Ebasco  have  proposed a bene- 

f i c i a t i o n   t e s t  programme for inves t iga t ion  of  c l ay  removal by var ious 
techniques  including  screening,  dry  cleaning,  heavy  media  separation, 

Siebra  crushers  and ro ta ry   b reakers .  The  programme  would a l so   i nves t iga t e  

the  handling and s tacking   proper t ies   o f   the   coa l ,  and show the   p rac t i ca -  

b i l i t y   o f   t h e   a l t e r n a t i v e s  shown i n  Figure  5.3.1. 

The  programme will a l s o   i n v e s t i g a t e   t h e   p o s s i b i l i t y  of drying 

t h e   c o a l   t o  improve the  handl ing  propert ies   of   the   c lay.   This   technique 

is used i n  some l ign i te   burn ing   p lan ts  where the   coa l  is dr ied  adjacent  

t o   t h e   b o i l e r   u s i n g  warm f l u e   g a s .  Dust or   ash  removed in   the   p rocess  is 
co l l ec t ed   i n   t he   p rec ip i t a to r s .  

5 . 3 . 5  System  Design 

The conceptual  coal  handling  and  preparation  system  has a coal 

storage,   blending and benef ic ia t ion   a rea   ad jacent   to   the  mine a s  shown i n  

Figure 5 . 3 . 7 .  Coal is directed  out  o f  t h e  mine on two ConveYors, each 

with a capaci ty  of 2,500 tons /hr .  A t h i r d  conveyor of t h e  same capacity 

can  carry  coal   or   waste   mater ia l .  The  mine conveyors  transport   the  coal 

t o   t h e   i n t e r f a c e  o r  t r ans fe r   po in t  between t h e  mine  and coal   preparat ion.  

Here the  coal  i s  directed  into  the  handling  and  preparation  system i n  

two streams. 
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The first operation combines primary  crushing and c lay  removal 

i n  rotary  breakers  o r  Siebra  crushers .  Each breaker  has a capacity  of 

about 2,350 t ons /h r   a t  minus 8 i n .  I t  may be  advantageous t o   p l a c e  two 

rotary  breakers   in   ser ies   for   c lay  removal ,  and allowance is made f o r   t h e  

locat ion  of  a second s tage   o f   ro ta ry   b reakers ,   c rush ing   to  minus 4 i n .  

The need f o r  a second  stage w i l l  be  confirmed by the  proposed  beneficiation 

t e s t  programme. 

The secondary  crusher  can  handle  coal w i t h  a high  clay  content,  

but  does  not  reject  any c lay .  Good qual i ty   coal  from t h i s  secondary 

crusher i s  blended i n  4 l ive   s tockpi les   depos i ted  i n  longi tudinal  rows 

by means of a traversing  stacker-conveyor  system. The grade o f  coal 

reclaimed from the   s tockp i l e  depends on the  grade  of  coal  delivered 

and where it i s  deposited i n  t h e   p i l e .  Two bucket-wheel  reclaimers 

reclaim  from  the 4 l ong i tud ina l   p i l e s  on a cont inuous  basis   for   del ivery 

to  the  overland  conveyor  system. The reclaimers  can  be  automated and the  

r e c l a i m   r a t e   v a r i e d   t o   s u i t  power plant  requirements. 

Poor qua l i ty   coa l  i s  stacked i n  e i t h e r   l i v e  o r  compacted 
s torage by a t h i r d  r ad ia l   s t acke r .  T h i s  coal can  be fed t o  a benef ic ia t ion  

p l a n t ,   i f   t e s t  work on t h e   c o a l   i n d i c a t e s   t h a t   t h i s  i s  desirable .   Al tern-  

a t i v e l y ,  it may be   fed   to   the  power plant   a t   t imes  of  low systsm demand 

when p l a n t   r e l i a b i l i t y  i s  of  less  importance. 

In general,  the  coal  handling  plant i s  designed t o  b's f l e x i b l e  

and provide  e i ther   blending  of   dif ferent   grades  of   coal ,   d i rect   feed 

from  mine t o  power plant  o r  beneficiat ion  of  low grade  coal.  I J n t i l  

f u r the r   da t a  i s  ava i lab le  on the  handling and o ther   p roper t ies  o f  t h e  

coal,  the  concept shown i n  Figure 5 . 3 . 2  can only  be regarded a.5 

preliminary.  
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The overland  conveyor  system  receives  coal  reclaimed  from  the 

blending  s torage  s tockpi le   located  near   the mine  mouth and t ranspor t s  it 

up to   t he   gene ra t ing   s t a t ion   s i t e   l oca t ed   approx ima te ly  3 miles away. The 

overland  conveyor  system  consists  of 2-54 i n .  wide b e l t s  i n  para l le l   each  

r a t ed  2,000 tons/hr  and located 150 f t .  a p a r t ,   f o r   s e c u r i t y   i n   c a s e   o f   f i r e  

o r  b e l t   f a i l u r e .  Each of  the two conveyors i s  composed of 3 f l i g h t s ,  each 

one  mile  long. 

The conveyors  are  protected  against  the  weather and have a f i r e  

protection  system  incorporated  under  each  cover. A t  the  top  of  overland 
conveyor a surge  bin is provided t o  permit  the  overland  conveyors  to  be 

emptied  completely on shutdown. In  normal operat ion,   the   bin i s  empty, 

t o   p ro t ec t   aga ins t   t he   dange r  of a coal  hang-up. From the ' su rge   b in ,  

separate   conveyors   feed  into  the end o f  t he   bo i l e r   bu i ld ing ;   e i t he r  of 

t he   be l t s   en t e r ing   t he  power plant   can  supply  the  coal   bunkers   of   a l l  

fou r   un i t s .  
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A dual  system  of  belts  runs  the  entire  length  of  the tNoiler 

building. Each boiler  has  eight  bunkers,   four on each s ide .  Ea.ch row 

of  bunkers is fed by a twin row of  f l ight   conveyors .  Each uni t   has  

eight  hours  bunker  capacity  at  maximum pulver izer   output .  Bunker slopes 

a r e  70 to   the  horizontal   to   ensure  f low  of   the most d i f f i c u l t   m a t e r i a l .  

To ensure  coal  flow from bunker to   pu lve r i ze r ,  36 in.  diameter  hunker 

o u t l e t s  and 36 i n .  be l t   f eede r s  have  been  selected. 

0 

5.3.6  Location  of  Coal  Storage & Coal Preparation 

It is proposed  that a compacted storage  pile  of  approximately 

1% mil l ion  tons  be  1ocated.at   the  mine mouth. This compacted pi.le  can 

supply  the power p l a n t   f o r  up t o  45 days a t  70% capac i ty   fac tor  i f  t h e  

mine production i s  r e s t r i c t ed .   A l t e rna t ive ly ,  i t  provides   s torage  for  

times when t h e  mine is  producing and t h e  power p lan t  i s  shut down o r  a t  

a much reduced  load.  Accurate s i z i n g  f o r  t h i s  compacted p i l e  w i l l  

r equi re  a more de t a i l ed  knowledge of   the manner i n  which the  mine will 

be operated  and  the  future   operat ing  role   of   the   generat ing  plant .  

The s i z e  of t h i s  compacted p i l e  is such tha t  it would not be eco- 

nomic t o   l o c a t e  it a t   t h e  power p l a n t   s i t e .  In addi t ion ,   the  mine requi res  a 

s torage  area f o r  a mi l l ion   tons   o f   coa l   in  i t s  early  stages  of  development, 

long before   the power p lan t  commences operation. I t  is thus evj.dent t h a t  a 

la rge  compacted coal   pi le   should be loca ted   a t   t he  mine  mouth. 

Some l ive   surge   capac i ty  i s  r equ i r ed   a t   t he  mine mouth t o  accommo- 

d a t e   v a r i a t i o n s   i n  mine f e e d   r a t e  and the  operation  of  the  remahder  of  the 

coal  handling  system. The coal  could  not be fed from mine to   overland con- 

veyor  continuously  without some l ive   s to rage .  The options,  whic:h a re   t he re fo re  

ava i l ab le   a r e   t o   p rov ide   l i ve   s to rage   a t   bo th   t he  power plant  and the  mine, 

o r  a t   t h e  mine only. 
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I t  i s  n o t   c o n s i d e r e d   r e a l i s t i c   t o   i n s t a l l   o n l y  a s ingle   overland convey- 

or ,  if t h e r e  were  only 2 o r  3 days power p lan t   s torage .  

The study compared 3 schemes: 

Scheme A - Main coal  handling a t  mine, 2-100 overland 
conveyors, no open coa l   s to rage   a t  power p l an t .  

overland  conveyors  with 2-3 days   l i ve   s to rage   a t  
power p l an t .  

overland  conveyor  with 10 days   l ive   s torage  
at  power p l an t .  

Scheme B - Dead and surge  coal   s torage  a t   mine.  2 x 100% 

Scheme C - Dead and surge  coal   s torage a t  mine.  1-115% 

Scheme A was se lec ted  as t h e  most economic  and the  one  pro- 

viding  the  least   environmental   d is locat ion.  I t  will, however, be 

necessary  to   ensure  that   labour   disputes  which  might a f f e c t   t h e  mine 

would not  immediately  shut down the  coal   handl ing  plant .  During t h e  

de ta i l   des ign   phase ,  i t  may be  found  desirable  to  maintain some l i v e  

c o a l   s t o r a g e   a t   t h e  power p l an t .  

5 . 3 . 7  Location  of  Beneficiation  Plant 

A benef ic ia t ion   p lan t   could   be   loca ted   c lose   to   the  mine 

or  a d j a c e n t   t o   t h e  power p l an t .  A case  can  be  developed  in  support 

o f   e i ther   choice .  On the  one hand t h e  power p lan t   loca t ion  would 

br ing  the  beneficiat ion  plant   under   the power p lan t  management. Most 

mine  mouth  power p l an t s  depend on a separa te ly  owned mine opera tor   for  

t he i r   fue l   supp ly ,  and t h e   i n t e r e s t s   o f   t h e  mine  and  power plant  manage- 

ment a r e   o f t e n   i n   c o n f l i c t .  I n  such a s i t u a t i o n  it is c l e a r l y   b e t t e r  

tha t   the   benef ic ia t ion   p lan t   should   ca te r   p r imar i ly   to   the  power p l a n t ' s  

needs. A t  Hat Creek, B . C .  Hydro will manage both  the mine  and t h e  

power plant ,   hence  the  coal   t reatment   plant   located  a t   the  mine could 
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5 . 4  ASH - 

The pr incipal   factors   involved i n  the  design  of   the a.sh plant  

a r e  : 

- the  methods by which ash is  removed 

- the   disposal   area 

- water  consumption for   ash  removal purposes. 

These f ac to r s   a r e   c lo se ly   i n t e r r e l a t ed .  

5.4.1  Available  Alternatives 

The opt ions  avai lable   a t   the   Harry Lake s i t e   a r e   l i s t e d  i n  

Table  5.4.1 Ash Handling & Disposal  Alternatives.  

Table  5.4.1 

ASH HANDLING & DISPOSAL  ALTERNATIVES 

Method of  Transport Wet Sluicing Dry Transport - 

Equipment or 
I n s t a l l a t i o n  Pipeline Conveyor o r  Truck 

Disposal  Location Lagoon i n  Mine Upper Sale o r  
Medicine Creek spoil  Medicine  use f o r  

dumps Creek mads 
Val ley 
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The ash may be   t ranspor ted   to   the   d i sposa l   a rea  by a wet s l u r r y  

system,  normally  with a r a t i o  by weight  of 15-20 percent  ash.   Alterna- 

t i v e l y ,  it may be  conveyed i n  a semi-dry s t a t e ,   w i th  1 pa r t   wa te r   t o  

about 6 o r  7 par t s   a sh ,  fo r  dust  suppression. 

a) Wet Sluicing 

The o n l y   s u i t a b l e   s i t e  f o r  an  ash  lagoon  with  an  adequate 

capac i ty   for  20 o r  30 years  of  ash  production is the  upper  Medicine  Creek 

va l ley .  If a 300 f t .  high dam were loca ted   a t   t he  3900 f t .  l e v e l   i n   t h e  

narrow p a r t  o f  the  val ley,   an  area o f  jus t   over  1000 acres  could be 
impounded. 

The s torage  capaci ty  which would be  provided by such a 
dam is shown in  Figure  5 .4 .2 .  

The form of the  curves  i n  t h i s   F i g u r e   r e f l e c t   t h a t   t h e  

Medicine  Creek va l l ey  i s  narrow  and r e l a t i v e l y   s t e e p  between t h e  3900 

f t .  and 4100 f t .  contours  but  widens  out  between t h e  4100 and 4200 ft. 
contours.  The majori ty   of   the   s torage  capaci ty  i s  therefore  impouned 

by the  top 100 f t .  o f   t he  300 f t .  high dam. 

During the  conceptual  study, no map of  the  upper  Medicine 

Creek va l l ey  was avai lable   with  contours   c loser   than 100 feet so t h e  

est imates   of   s torage  capaci ty  and area  are  necessarily  approximate.  

Although t h e  wet sluicing  system would r equ i r e  a l a rge  

amount of  water t o  t ranspor t   the   ash  t o  the  lagoon,   in  normal p rac t i ce ,  

most of   the  s luicing  water  would be  recovered  from  the  ash pond. 

The shape  of  the  Medicine  Creek  valley would preclude 
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the   bui lding  of  a b a r r i e r  o r  wei r   to   separa te   the   par t s  of  t h e  :!agoon 

where t h e   s l u r r y  would be  discharged from t h e   p a r t  where the  water  could 

be recovered. However, s a t i s f ac to ry   s epa ra t ion  of the  water and  ash 

would probably be achieved by recovering  water  via a f loa t ing   i n t ake  

a t   l e a s t  2000 f t .  from the  point  of  ash  discharge.  

The principal  disadvantages  of  the wet sluicing  system 

which have l ed   t o  i t s  r e j ec t ion   a r e :  

- I t  would involve  higher  water  consumption  than  dry  removal. 

- The f ly   a sh  might n o t   s e t t l e   s a t i s f a c t o r i l y  from the  water 

i n  a reasonable  time. 

- There might be  seepage  or  leaching from the  lagoon, 

unless  it were l ined .  

- About 1000 hp would be  required  to  return  recycled  water 

t o   t h e  power p l an t .  

- Foundation  conditions  for  the dam are   uncertain.  

- I t  would  be unsight ly .   Par ts   of   the   area  of   ash would 
be  exposed  drying  banks  liable t o  cause  dusting :in 

dry windy weather. 

- The t o t a l   c o s t  f o r  wet s lu i c ing  would be considerably 

higher  than  for  dry  ash  removal. 

b) Dry  Removal 

The ash  can  be removed from t h e   s i t e  "dry" ( i . e . ,   conta in ing  

only enough moisture   to   suppress   dust) .  The most economical method i s  

to   t r anspor t   t he   a sh  by conveyor t o  one of t h e  mine spoi l   a reas ,   p referab ly  

the   a rea   loca ted  in the  lower  Medicine  Creek va l l ey ,  f o r  mixing k i t h   t h e  

mine waste.  Figure 5.4.1 i l l u s t r a t e s  t h i s  method which has been selected 

i n  t h i s  study. 
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Pneumatic  transport  or  trucking  were  considered  but  were.found 

more costly.  Furthermore, as the   d i s t ance   t o   t he   d i sposa l   a r ea   i nc reases ,  

t rucking becomes even less   compet i t ive.  Although t rucks would normally 

allow more f lex ib le   ash   d i spers ion   than  a conveyor, i n   t h i s   c a s e   t h e  

ash will be   d i spersed   in to   the  mine s p o i l  by t h e  equipment a l ready 

i n s t a l l e d   f o r  mine spo i l   d i sposa l .  

5 . 4 . 2  Water  Consumption 

The 'dry'   ash  system  requires  water  for  wetting  the  ash and 
there  may be  need  for   l imited  spraying  to   prevent  local  dusting a t  

the   d i sposa l   po in t .  The estimated  water  consumption of the   ash   d i s -  

posal  system i s  about 500 USgpm. 

5 . 4 . 3  Disposal  Areas 

In 35 years,   assuming  an  overall   average  station  capacity 

f a c t o r  of  50 percent ,   the   p lan t  will produce some 3 b i l l i on   cu .  f t .  

of ash,   equivalent   to  a cube  with  sides  of 1475 f t .  The only   su i tab le  

d isposa l   a reas   appear   to   be   the   s i tes   se lec ted   for  mine s p o i l  dumps, o r  t h e  

upper  Medicine  Creek va l ley .  

Three mine disposal   areas  are contemplated a t   p r e s e n t .  Two 

of  them are  northwest and n o r t h e a s t   o f   t h e   p i t  some 

dis tance from t h e  Harry Lake s i t e .  The t h i r d  i s  i n   t h e  lower  Medicine 

Creek va l ley  and i s  c l o s e   t o   t h e  power plant.   This  provides  the most 

convenient   loca t ion   for   p lan t   ash   d i sposa l   subjec t   to   s tab i l i ty   o f   the   a rea  

being  proven. 

5 . 4 . 4  Ash  Removal from Steam Generator 

In the   suspens ion   f i r ing  of  pulverized  coal,   about 70/80 percent 
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of  the  ash  normally  passes  through  the  steam  generator and is  removed 

i n  t h e   p r e c i p i t a t o r  as f l y   a s h ,  a l igh t   mater ia l   wi th   average   par t ic le  

sizes  of  about .01  t o  .06  nun. The remaining 20/30 p e r c e n t   f a l l s   t o   t h e  

bottom  of  the  steam  generator  as  bottom  ash o r  c l inker ,   general ly  i n  
a semi-fused  state.  The proportion of  bottom  ash i s  dependent 'on the  

ash  propert ies  of  the   coa l  and may be as   high  as  45 percent,   as  experi-  

enced a t   C e n t r a l i a  G.S. i n  t h e   s t a t e   o f  Washington. 

To provide  margins  for  the  variance i n  the  percentage;  of  the 

ash which become bottom  ash  and f ly   ash,   th is   conceptual   design  a l lows 

f o r  up t o  55 percent  as  bottom  ash, and. fo r  up t o  85 percent as f l y   a s h .  

Thus the  design can a l so  accommodate f luc tua t ions  i n  the   ash   conten t  

of the  coal  which i s  being  burned. 

Table 5 . 4 . 2 ,  Design Ash Quant i t ies ,  shows the   e f fec ts   o f   the  

vari ,ous  assumptions,   on  calculated  quantit ies  of  ash  to be  hand:led. 

TABLE 5 . 4 . 2  
DESIGN ASH QUANTITIES - (2092 MW net Stalzion) 

Bottom Ash Fly Ash 

Normal: average  coal 
28% ash   ( l )  

30% 70% 
158 tons/hr  368 tons/hr 

Design:  average  coal 
28% ash   ( l )  

55% 85% 
289 tons/hr  446 tons/hr 

Design: worst  coal 
35% ash (l) 
(with 15% margin) 

55% 85% 
487 tons/hr  753 tons/hr  

(1) A l l  ash  percentages  are on a 20% moisture  basis.  

The  manner i n  which t h e  wide va r i a t ion  i n  possible  ash 

q u a n t i t i e s  will be  handled i s  detailed  in  subsequent  paragraphs.  
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a )  Bottom Ash 

The bottom  ash f a l l s   i n t o  a water f i l l e d  hopper below the  

steam  generator. 

I t  is normal p r a c t i c e   t o  remove the  ash from the  bottom 

hopper by crushing it and then   s lu ic ing  it on a cycle   of  up t o  4 hours 

operat ion  per  8 hour   sh i f t .  The Hat Creek  ash  hoppers  and  water j e t  

pumps must be  designed f o r  a maximum ash volume  which is  about 3 times 

a s   g rea t   a s   t he   an t i c ipa t ed  normal  volume. 

The  proposed  ash  removal  system is  designed  to  handle what 

i s  judged t o  be  the  highest   reasonable  bottom  ash  quantity,   with a 100% 

duty  cycle,  i .e .  t h a t  from 35% ash  coal,   with up t o  55% as  bottom  ash 

and using a 15% margin. The system  can remove t h e  normal design  quant i ty  

of  ash shown in   Table  5 . 4 . 2  with a 60% duty  cycle  o r  by operating  about 

5 hours p e r   s h i f t ,  and ord inar i ly   opera tes   about  3-4 hours p e r   s h i f t  i n  
accordance  with  normal  practice. 

Using the  philosophy  developed  above,  the  bottom  ash  hopper 

is designed  to  accommodate 12 hours  accumulation o f  ash when burning 28% 

ash  coal and on the  assumption  that  55% o f  the  ash i s  bottom  ash.  This 

represents  a capaci ty  o f  870 tons/unit.  Should a uni t   burn 35% ash  coal 

continuously,   the minimum bottom  ash  hopper  capacity will be 7 hours. 

Although t h e  amount of  ash which will be  produced i s  high, 

t h e  Hat Creek u n i t s  do not  present  unique o r  extreme  design  problems. 

Naturally,   the  design  of  the  boiler  throat,   ash  hopper and de ta i l ed  

provisions  for  clearing  "bridging" i n  the  hopper  require a r e a l i s t i c  

approach  in  respect o f  the  ash  quant i t ies   considered f o r  design, and  due 

a t ten t ion   to   des ign   de ta i l   in   l ine   wi th   ex is t ing   exper ience .  
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A shor tage   o f   fue ls   has   forced   u t i l i t i es   th roughout  North 

America t o  look a t   coa l   sources  which  have much higher  ash  content  than 

was common i n  pas t   p rac t ice .  A s  a r e s u l t ,  a number of  proposed  stations 

of 2000 MW and l a r g e r   a r e  now under  construction or being  designed  for 

cond i t ions   a t   l ea s t  as arduous as  those  expected at  Hat Creek. 

b) Fly Ash 

The v a r i a t i o n   i n   t h e  amount of f l y  ash which t h e  units may 

produce is no t   a s   g rea t   a s   t he   va r i a t ion   i n  bottom  ash. Each uni t   pro-  

duces  approximately 110 tons/hr   of   f ly   ash,   a t   the   design  condi t ion  as  

shown in  Table   5 .4 .2 ,   for  28% ash  coal.  Most o f   t h i s  i s  co l lec ted  

i n   t h e  hoppers a t   t he   e l ec t ros t a t i c   p rec ip i t a to r .   Excess ive   r e t en t ion  

t ime  in  these  hoppers may cause   t he   f l y   a sh   t o  "pack" o r  "bridge"  with 

r e s u l t i n g  problems i n  removal. I t  is therefore  customary  to  specify a 

fly  ash  system removal capacity  of  about  twice  the  accumulation  rate, 

and to   opera te   the   sys tem  cont inuous ly .   This   a l lows   suf f ic ien t  margin 

for   the   des ign   condi t ion   for  35% ash  coal. 

A pressure o r  vacuum pneumatic  conveying  system  provides 

t h e  most convenient method of  handling  f ly  ash.  The  vacuum system 

involves  fewer components  and a lower first cos t ;  however, fo r   t he  

Harry Lake s i t e  a vacuum system would  be severely  l imited by the  reduced 

atmospheric  pressure. The largest "standard" vacuum fly  ash  system 

ava i lab le  would have a capacity  of 50 tons/hr   near   sea  level .  For operation 

a t  4600 f t  elevation  the  manufacturer would predic t  a capab i l i t y  of  only 

35 tons/hr ,  and mult iple   paral le l   systems would be required.  This must 

be compared with a maximum capaci ty   of  80 - 100 tons /hr   for  a pressure 

conveying  system, which would not   be  s ignif icant ly   affected by a l t i t u d e .  
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The vacuum system would a l so   be   l imi t ed   t o  a conveying  distance  of  about 

500 f t ,  in   o rder   to   main ta in   reasonably  low l i n e   v e l o c i t y  a t  the  terminal  

end. For grea ter   d i s tances ,  it would be   necessary   to   d i scharge   to  a 

t r ans fe r   s i l o ,   fo l lowed  by a second  stage  of  conveying. The required . 
conveying l i n e   d i s t a n c e   f o r   t h i s   s t a t i o n  i s  over 800 f t ,  which would 

necess i t a t e   t he  two stage  arrangement. . 
Accordingly,  the  proposed  design  has a pressurized  pneumatic 

conveying  system  including  either 2 o r  3 p a r a l l e l   t r a i n s   t o   a c h i e v e   t h e  
necessary  design  capacity of about 220 tons/hr .  I t  empties  the  hoppers 

on an  automatic ,   cont inuous  sequencing  basis   and  t ransports   the  f ly   ash . 
t o  one  of  the two s t o r a g e   s i l o s   ( p e r  unit) fo r   d i sposa l .  

. 

. 
5.4.5 Ash Transportation and Disposal . 

The concept  for  ash  disposal i s  t o  remove it dry,  with  only 

enough water  to  ensure  dust   suppression. I t  i s  estimated  that   between 

400 and 500 l b  of water are required  per   ton  of   ash.   This   water  i s  
re ta ined  by the  ash.  

m 

. 
a )  Bottom Ash 

The  bottom ash is  dewatered  in  dewatering  bins  si tuated 

c l o s e   t o   t h e   p l a n t .  The required  dewatering  bin  capacity is obviously I 

dependent on the  ra te   of   set t lement   of   the   ash  and  the amount of  bottom 

ash which will be  produced,  but  the major f a c t o r  i n  s i z ing   t he   b ins  i s  I 

the  planned  cycle of  loading,  dewatering and unloading. Many generation 

s t a t i o n s  have  dewatering bins  s ized s o  t h a t   t h e  ash need  not  be removed 

from t h e   s i t e   d u r i n g   t h e  weekend o r   t he   n igh t   sh i f t .   Th i s  i s  an important 

consideration if  the   ash  i s  removed  by truck. However, assuming t h a t  



r 5 .  CONCEPTUAL  DESIGN OF PRINCIPAL SYSTEMS 

m 

.. 
I) 

1 

.I 

- 
- 
m 

I 

I 

5-42 

55 percent   of   the   ash will be  bottom  ash  with a wet densi ty   of  65 lbs/  

cu f t ,  the  dewatering  bin  requirements would be a s  shown i n  Table 5 . 4 . 3 ,  

Dewatering Bin Capaci t ies ,  

TABLE 5 . 4 . 3  

DEWATERING B I N  CAPACITIES 

Ash volume 
p e r   u n i t  No. Bins Approx. 
,000 cu f t  per  Unit Bin Sizes,. f t  - 

Weekend, 64 hours  capacity 176 5 45 d i a  x 55 
Overnight, 16 hours  capacity 44 3 35 d i a  x 38 
Continuous, 12  hours  capacity 33 2 35 d i a  x 40 

It is q u i t e   c l e a r  from Table 5 . 4 . 3  tha t   the   quant i ty   o f   ash  

produced by t h e  Hat Creek units  merits   continuous removal of  the  ash from 

t h e   s i t e  and that  the  dewatering  bin  capacity  should be the  minimum which 
allows  sufficient  dewatering  t ime and does  not compromise t h e   r e l i a b i l i t y  

o r  ease of operat ion of the p l an t .  

I t  will be  necessary  to  provide two dewatering  bins  per  unit 

so tha t   s e t t l i ng -ou t  can take   p lace   in  one while  the  other f i l ls .  Experience 

a t   C e n t r a l i a  shows t h a t  a good ash  can be  dewatered t o  a l eve l  o f  15%-20% 

water i n   t h e   a s h  i n  four  hours.  However, considerations of  r e l i a b i l i t y  make 

the  choice  of a 12  hour  capacity more acceptable   for   this   conceptual  

design. On t h i s  basis, the  probable mode of  operation i s  shown i n  

Table 5 . 4 . 4 ,  Dewatering  Bins - Mode of Operation,  assuming  that  the 

ash i s  removed  from the  boi lers   during 4 hours   per   shif t .  
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Hour 0 - 4 

Hour 4 - 8 

Hour 8 - 1 2  

Hour 12  - 14 

Hour 14  - 16 

Hour 16 - 20 

Hour 20 - 22 

Hour 22 - 24 

TABLE 5.4.4 

DEWATERING BINS - MODE OF OPERATION 

Per Unit 

Bin 1 

Empty 
Fills 
Dewater 

Dewater 

Discharge 

Empty 
Fil ls  

F i l l s  

Bin 2 

Dewater 

Dewater E Discharge 

Empty 
F i l l s  

Fil ls  

Dewater 

Dewater 

Discharge 

Dewatering  bins can d ischarge   ash   a t  500 tons/hr ,  which allows 

the   s e l ec t ed   b ins   t o  empty i n  about 1% hours. The cycle shown i n  Table 

5.4.4  allows  each  bin  to  receive  the  bottom  ash  corresponding  to an 8 hour 

sh i f t ,   dewater  it and discharge it dur ing   the   next   sh i f t  and be  avai lable  

to   accep t   t he   a sh   f rom  the   t h i rd   sh i f t .  If the   b ins  were  designed 

fo r  8 hours  accumulation  of  ash it would be  possible   to   overload them, 

whereas  designing them f o r  1 2  hours   ensures   that   there  is capaci ty  

ava i l ab le  i n  case   o f   in te r rupt ion   in   opera t ion   of   the   d i scharge  o r  

disposal  system. 

Accordingly, two b i n s  of  about 35 f t .  diameter, 40 f t .  high 
are   required.  

Water from the  dewatering  bins  passes t o  a surge  tank and 

from t h e r e   t o  a s e t t l i n g  tank, a s  shown  on Drawing M115 a t   t h e  back of 
t h i s  volume. 
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b)  Fly Ash 

The f l y   a s h  i s  s to red   i n   s i l o s   nea r   t he   p l an t .  The f l y  

ash  si los  can  be  unloaded  while  being  f i l led so t h a t  it i s  not  essential 

t o   i n s t a l l  two fo r  each  generating  unit .  However, the   requi red   s torage  

volume would be 54,000 cu. f t .  i f  s i zed   fo r  1 2  hours and therefore ,  two 

s i l o s  of 35 f t .  diameter and 45 f t .  height  are  proposed. 

c)  Disposal 

The dry  ash i s  t r anspor t ed   t o   t he  Medicine  Creek  valley by 

conveyor  dedicated to   a sh  removal.  Fly  ash i s  sprayed  with  water  as it i s  
placed on the  conveyor,  and  subsequently  the damp bottom  ash  placed  over 

i t .  I t  i s  then  discharged  evenly  over  the  selected  areas. In dry  weather, 

the   ash  will be  sprayed by t ruck,   with a moisturizing  agent o r  s e a l e r ,  

which w i l l  prevent  dusting u n t i l  the  ash  can  be  covered by  mine waste 

o r  mixed with it. 

5 .4 .6  Medicine  Creek  Diversion 

A diversion  of  Medicine  Creek i s  necessary   for   the  lower 

Medicine  Creek v a l l e y   t o  be used fo r   a sh  and waste  disposal. I n  f a c t ,  

a l l   the   concepts  which a r e  reviewed i n  t h i s  report   require  that   Medicine 

Creek  be d iver ted   in to   the   reservoi r  which i s  formed by the  Hat Creek 

divers ion.  The diverted  creek would be c a r r i e d   i n  a closed  pipe  large 

enough to  handle  the  highest   probable  f low. 

5 .4 .7  Conclusions 

The recommended method of ash  disposal i s  a dry  ash  system  via 

conveyor t o   t h e  lower  Medicine  Creek mine disposal  area.  Should t h i s  area 

be shown t o  be  unacceptable f o r  mine waste  disposal,   the mine waste  area 

northeast  of the  mine could be used. The ash  represents  about a 10% addi t ion 
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t o   t h e  to ta l  volume of t h e  mine waste  material. 

Design for removal  of  the  ash  from  the  boilers i s  cor:ventional, 

a l though  the  ash  quant i t ies   are   unusual ly   large.  No unusual 01' unproven 

technology is required  but   the   magni tude  of   the  ash  quant i t ies ,  and t h e i r  

va r i ab i l i t y ,   r equ i r e   r ea l i s t i c   a s sumpt ions  on s i z ing  and ca re fu l   a t t en t ion  

t o   d e t a i l   d e s i g n .  

5.5 WATER - 

Although  the  Harry Lake s i t e  is i n  an a rea  of  low r a i n f a l l  and 

high  natural   evaporation it is within 15 miles  of two of B . C . ' s  major 

r i v e r s ,   t h e   F r a s e r  and t h e  Thompson.  The minimum flows  of  these two 
r ivers   a re   1 .8   mi l l ion  and 2 . 0  mill ion USgpm respec t ive ly ,  and .the maximum 

ant ic ipa ted   p lan t  demand will represent  less  than  1.5%  of  the minimum flow 

of e i t h e r   r i v e r .  The problem of  obtaining  water from these   r i ve r s  is 

complicated by the   d i f f e rence  i n  e levat ion between intake and  p:lant s i t e ,  

and t h e  commercial importance  of  fish i n  both  r ivers .  

5.5.1 Plant Water Consumption 

In  reviewing  the amount of  water which the   p lan t  consumes it is  

important   to   dis t inguish between  systems i n  which water is consumed, and 

l o s t  from the  system, and those i n  which it i s  used and recycled. The 

plant  is t o  be  designed  for  zero  discharge, and t h i s  d ic ta tes   tha t   water  

can only  be consumed  by evaporation,  cooling  tower  drift ,   or by disposal  

of  water mixed with  ash. O f  these  three  consumptions  only  the t h i r d ,  

disposal  of  water  with  the  ash,  can be  altered  with  reasonable freedom 

by the  plant  designer,   because  evaporation and d r i f t   a r e   l a r g e l y   f i x e d  

by the  type  of  cooling  system  used. 
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The t o t a l  water consumption of the   p l an t  is shown in Table 

5.5.1, Water Consumption Summary for  the  worst   design  condition of 57OF 
wet bulb. TABLE 5.1.1 

WATER CONSUMPTION SUMMARY (USgpm) 

Capacity  Factor of 2000 MW (nom.) Plant 

100% 70% 50% 

Cooling Tower Evaporation 17600 
Cooling Tower Drift 100 
Cooling Tower Blow  Down 1360 
Less Water Supplied From 

Boiler Blow  Down and 

Net Consumption  (Cooling  Towers) 18380 
Domestic Use (e.g.  480 c 200)  680 

Boiler  Blow  Down 480 
Soot Blowing  460 
Water  Treatment 

Regeneration 240 
Less From Cooling Tower 

Blow  Down 1000 
Net  Consumption (Demin System) - 180 

Domestic Water 
Make-up Reservoir 

Evaporation 

200 

90 

- 
- 

Ash System 600 
Less From Cooling Tower 

Blowdown and Water 

(e.g. 360 + 240) 
Treatment  Regeneration 

600 
Net Consumption (Ash System) - 0 

TotaI  Plant Consumption  18850 

12320 
70 

952 

536 
12806 - 

336 
322 

168 

700 
126 - 
200 

90 

- 
- 

420 

420 
0 - 

13222 

9240 

714 
52.5 

452 
9554.5 

252 
242 

126 

525.5 
94.5 - 

200 

90 

- 
- 

315 

315 
0 - 

9939 

NOTE: In a coal  washing  plant, 300 t o  600 USgpm more would be  required.  
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I t  is obvious   tha t   the   p r inc ipa l   fac tor   a f fec t ing   water  

consumption i s  the  type  of  cooling  system which is se lec ted .  A . t  r a ted  

capac i ty ,   t he   p l an t   r e j ec t s  2900 MW of   heat  o r  10 x 10 Btu/hr and i f  an 

evaporative  system is  used, this alone would require  17,600 USgpm during 

the  summer months when ambient air conditions were 65 F dry  bulb,  57'F 

wet bulb.  During  winter,  the  consumption  of  the  cooling  system a t   r a t e d  

plant   output  is about  13,500 USgpm.  The average  annual  consumption  of  the 

p l a n t  a t  70% capaci ty   factor  will be less than 12,000 USgpm, and will depend 

on the  average  load  produced  in   the  different   seasons.  

9 

0 

5.5.2  Alternatives  Considered 

In the   ana lys i s   o f   the   overa l l   p lan t   water   ba lance  and supply 

system,  the  following  alternatives were  considered: 

Types o f  Cooling: 

Water Sources: 

Modes o f  Operation: 

Evaporative Towers 

Dry Cooling Towers 

Wet/Dry Cooling Towers 

Pond 

Spray Pond 

Thompson River 

Fraser  River 

Local: Hat Creek,  Medicine  Creek, Mine drainage 

Design f o r  50% up t o  70% capaci ty   factor . ,  

wi th   capabi l i ty   to  run a t  100% capacity 

f a c t o r   f o r  up t o  s i x  months. 

It  was found tha t   t he  most economic and pract ical   system 

employs evaporative  cooling and i s  supplied wi th  water from the  

Thompson River,  supplemented, i f  possible ,  by local   water   suppl ies .  
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5.5.3 Water Sources 

Only t h e  Thompson and Fraser  Rivers  are  capable  of  producing  ap- 

proximately 20,000 USgpm which the   p l an t   r equ i r e s  if an  evaporative 

cooling  system is  se lec ted .  A study by Sandwell and Company considered 

routes  f o r  supplying  water  to  the  Harry Lake s i t e  from t h e s e   r i v e r s ,  by 

overland  pipe  and  tunnel. The route   se lec ted  by Sandwell i s  from an 

in take  on t h e  Thompson River  above  Ashcroft  via  an  overland  pipeline 

passing  up  the  north  side  of  Cornwall  Creek. The r i s e   i n   e l e v a t i o n  

of   the   p ipe l ine  is 3650 f t .  from  an  intake a t  1000 f t .  

The conceptual  design  of t h e  p ipe l ine  was based on a capac i ty  

of 30,000 USgpm which was l a t e r   mod i f i ed   t o  25,000 USgpm. These  capac- 

i t i e s  were  determined  during  the  early  part   of  the power plant  conceptual 

study when the  exact  power p lan t ,   coa l   p repara t ion  and  mine  needs  were 

unknown. An excess  capacity was included  to  provide  for  maintenance  t ime 

and to   a l low  the   l a rge   water  pumping capac i ty   t o  be shut down a t  times  of 

peak  system demand. This  concept  does  not now appear economic because of 

the   h igh   cos t   o f   the   p ipe l ine .  The pipel ine  should  be  designed  to   the 

minimum capaci ty  which i ts  engineers  consider is compatible  with  providing 

abso lu te ly   r e l i ab i l i t y   o f   supp ly .  

In  paragraph  5.5.1 it is  noted  that  the  average  consumption Over 

the   year  i s  l e s s   t han  12,000 USgpm while at  ra ted   load   in  summer, t h e  con- 

sumption is 18,850 USgpm. 

On t h i s   b a s i s ,  it seems probable   tha t   the   p ipe l ine  from t h e  

Thompson need only be rated  for  about  18,000 USgpm, but   the  exact   s iz ing 

will depend on the  f inal   water   requirements  of  t h e  power p'lant,  mine, and 

possible   coal   beneficiat ion  plants .  

The  power p lan t   reservoi r   has  a t o t a I   capac i ty  o f  4700 a c r e   f e e t  

and can  supply  the power p l an t  w i t h  enough water f o r  30 days   opera t ion   a t  

ra ted  output   in  summer, without  the  level  dropping  too low f o r   t h e   f i r e  
pump in takes .  
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A f i l l  dam of 130 f t .  maximum height impounds a loca l   gu l ly   t o  

approximately  elevation 4500 f t .  

A number of a l t e r n a t e   s t o r a g e   s i t e s   a r e   a v a i l a b l e   c l o s e   t o   t h e  

power plant   s i te   should  the  rock  condi t ions  prove  to   be  unsui table   a t   the  

se lec ted   loca t ion .  

The l o c a l   r i v e r s ,   i n   p a r t i c u l a r   t h e  Hat Creek,  have e r r a t i c  

flows, and may almost  dry  up i n  summer.  However, i t  will be  necessary 

t o   d i v e r t   t h e  Hat  Creek a s   p a r t  of t h e  mine development, and  some s torage  

will be  provided  above  the mine to   prevent   f looding  during  high  runoff .  

Monenco Pac i f i c  i s  cur ren t ly   inves t iga t ing   the   d ivers ion .  

Monenco estimates  that   the  average  f low  of Hat Creek j u s t  below 

the  Medicine  Creek  confluence i s  24 cfs br 10,800 USgpm. An average  annual 

flow  of as l i t t l e  as 8 c f s   h a s  been  recorded,  but Monenco propose  suff ic ient  

s torage  to   maintain a minimum acceptable  flow  through  such  dry  p,eriods. 

The o f f i c i a l   r eco rds  of  Hat Creek  flow  are shown in  Table  5.5.3,  but  these 

do not  present a complete  picture  because  the  records  post-date  -the 

or iginal   val ley  water   l icences.  

I t  i s  Monenco's prel iminary  opinion  that  up t o  16-18 c f s  o r  7200 
USgpm could be removed from Hat Creek on a continuous  basis, i f  s u f f i c i e n t  

s torage were provided. The remaining 6-8 c f s  would be  supplemented by 

downstream t r i b u t a r i e s   t o  a level  of 10  c f s ,   a s   t h e  Creek  flowed  north- 

east  towards  Carquile. Th i s  would be s u f f i c i e n t  f o r  existing  1ic:ences. 

Medicine Creek flows will be d iver ted   in to   the  Hat Creek reservoi r  

a t  3200 f t .   e l e v a t i o n .  The estimated  average  flow from Medicine  Creek i s  

3-4 cfs   a f te r   a l lowance  is made fo r   ex i s t ing   l i cences ,   bu t   t h i s  i s  included 

i n  t h e  Hat Creek flows shown in   Table  5 . 5 . 2 ,  Monthly and Mean Annual Dis- 

charges. 
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Mine drainage may y i e l d  a s ignif icant   water  f l o w ,  and a study 

by Golder Brawner  and Associates  to  determine  the  magnitude  of  it ,  i s  now 

underway. The mine a rea  will co l l ec t   p rec ip i t a t ion   equ iva len t   t o   an  

average  flow  of up t o  1000 g p m ,  ignoring  seepage and evaporation. 

I t  i s  therefore   tentat ively  concluded  that   local   sources  

could  produce  the  quantities  of  water shown in  Table 5 . 5 . 3 ,  Local Water 

Quant i t ies .  

TABLE 5 . 5 . 3  

LOCAL WATER QUANTITIES 

USgpm - AVERAGE FLOW THROUGH YEARS 

SOURCE FLOW USgpm 

Hat Creek 1 

Medicine Creek 1 
1 7,200 

Mine drainage 

Total  

Possibly 
1,000 

8 ,200  

Clearly,   the  use  of  local  water and possible  use  of  the power 

p lan t   reservoi r  t o  provide  storage  for Hat Creek,   require   fur ther   invest i -  

gation, i n  p a r t i c u l a r  when an estimate  of mine water i s  ava i lab le ,  and 

when the  Hat Creek diversion  study i s  complete.  For  the  present,  the 

conceptual  design makes the  conservative  assumption  that no local  water 

i s  ava i lab le  and the   p lan t  i s  suppl ied   en t i re ly  from the  Thompson River. 

5 . 5 . 4  Plant Water Balance 

The plant  water  balance is shown i n  Figure  5.5.1 - 
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Water Balance: Dry  Ash Removal System  and  Evaporative  Cooling. 

In  Figure  5.5.1  cooling  tower blowdown corresponding  to 14 

concentrations i s  used. The b a s i s  for  t h i s  assumption i s  t h a t  Thompson 

River  water  has  an  average  total   dissolved  solids  level  of  about 55  ppm, 

(although  data  received  just   before  submission of  t h i s   r epor t   i nd ica t e s  

t h a t  i t  may reach 100-110 ppm during  spring runof f ) .  If t h i s  is 

concentrated 14 t imes   to  770-1400 ppm, the   resu l t ing   water  i s  s t i l l  
qui te   acceptable  f o r  tower  operation - up t o  2000 ppm f o r  cooling  tower 

blowdown is  considered  normal. 

I t  is proposed  that   the  blowdown be  upgraded by a reverse  

osmosis  system which is t h e  most economic technique  avai lable   to   upgrade 

water of  t h i s   q u a l i t y .  A t  the   de ta i led   des ign   s tage   the   l eve l  of 

blowdown and consequently  the amount of  water  requiring  reverse  osmosis 

treatment will be evaluated. 

The conceptual  design  concludes  that it is  undesirable for 
economic  and environmental   reasons  to   instal l  a la rge   d i sposa l  pond 

i n   t h e  Medicine Creek va l l ey  i f  it i s  poss ib le   to   avoid  it. 

The water  balance  in  Figure  5.5.1 shows t h a t   t h e   p l a n t  can  be 

designed for zero  discharge  without  requiring a large  evaporation 

pond f o r  water   disposal .  The surplus "clean"  water  such  as  treated 

domestic  waste and b o i l e r  blowdown is rec i rcu la ted   to   the   cool ing   towers .  

"Dirty"  wastes  are  neutralized and the  water   re jected by using it t o  

wet the  ash.  
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5.5.5 Coal Preparation  Plant Water 

If a heavy  media  coal  preparation  plant were requi red ,   to  

upgrade some o f  the  coal by  removal of  c lay ,  a discharge of  water w i t h  

a high  clay  content would  be produced. 

Bir t ley  Engineer ing  es t imated  that   th is   discharge wou1.d be 

300 USgpm i f  the  worst 30% of  the  coal were washed. This water would 

be disposed  of  through  evaporation i n  a pond of  about 300 acres,  through 

disposal  with mine waste, o r  possibly  through  the  use  of a c l a r i f i e r  

o r  other  cleansing  technique. The c lay  would se t t l e   s lowly ,  so i t  would 

i n  any case  not   be   pract ical   to   re ject   th is   waste   to  an ash  disposal 

pond because it would make water   recyc l ing   d i f f icu l t .  
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5 . 6  EFFECT OF COAL ON BOILER  DESIGN 

5.6.1 General 

While  the  Hat  Creek  coal  can  be  classified  as  mainly  sub- 
bituminous,  the  deposit  is  heterogeneous.  Many  of  its  characteristics 
vary  widely  across  the  width  and  depth of the  deposit  but  some  blending 
can  be  expected  from  mining  and  stock-piling  the  fuel. 

The coal  study  programme has not  advanced  sufficiently to  permit 
design  of  the  steam  generating  unit  but  information  developed  to  date 
has  been  supplied  to  Canadian  boiler  manufacturers  to  enable  them  to 
initiate  preliminary  designs  suitable  for  use in this  conceptual  design. I 

I 

The Hat  Creek  steam  generators  must  be  designed  to  handle a 
range  of  coals  since  all  the  desirable (or undesirable)  characteristics 
of a coal  have  yet  to  appear  in  any  one  coal  sample. A set of coal 
analyses  will  therefore  be  necessary  to  define  the  variations  in  the  char- 
acteristics  of  the  coal t o  be  burned. 

5.6.2 Discussion of Variables 

The coal  quality  variables  that  affect  boiler  design  can  be 
listed  as  follows: 

Ultimate  analysis 
Proximate  analysis 
Petrographic  analysis 
Burning  profiles 
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Grindabi l i ty  

Abrasive  Index 

AGh fusion  temperature 

Ash ana lys i s  

Slag  and  viscosity 

The ul t imate ,  o r  elemental   analysis,  is used  as a bas i s  f o r  
the  combustion ca lcu la t ions ,  which determine  the  air   requirements,   the 

weight  of  the  products  of  combustion,and  heat  losses o r  e f f ic iency .  

The proximate  analysis   gives   the  volat i le   mat ter ,   f ixed 

carbon,  ash, and coal  heating  value,  and together  with  the  petrographic 

ana lys i s  and burning  prof i les   gives   an  indicat ion  of   the  react ivi ty   of  

the   coa l ,  and how it behaves when i t  is hea ted   in   the   furnace .  

The grindabili ty,   expressed  as  the Hardgrove Grindabi l i ty  

Index (H.G.I.) is a measure  of  the power requi red   to   pu lver ize   the  

coal,  and is  used to   de te rmine   the   s ize  and number of   pulver izers  

required.  

The abrasive  index,  used in conjunction  with  the  actual amount 

of  ash,   determines  the  allowable  velocit ies  that  can be  used  throughout 

the  boi ler   to   prevent   unacceptable   erosion.  

The ash  fusion  temperature,   the  ash  analysis and the   s l ag  

v iscos i ty   a re   a l l   used   to   de te rmine   the   s lagging  and fouling  character-  

i s t i c s   o f  a coal.   Together  with  the  actual  quantity  of  ash  present  in 

the  coal,   these  i tems  are  used  to  determine  the  exit  gas  temperature 

t h a t  can sa fe ly  be  used- in   the  furnace  design.  
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5.6.3 Steam  Generator  Design 

Steam  generator  design  is  a  combination of art  and  science. 
Experience  gained  fromunits  burning  similar  coals  is  used  in 

the  design of a  new  steam  generator.  A  steam  generator  includes  a 
number  of  separate  (but  mutually  dependent)  components  such  as  the 
furnace,  superheater  and  reheater,  economizer,  air  heaters,  pulverizing 
equipment  and  burners. 

a) Furnace  Design 

The  function of the  furnace  is  to  complete  the  combustion of 
the  coal  in  such  a  way  that  gases  entering  the  later  sections of the 
unit are sufficiently  reduced  in  temperature  to  minimize  deposition of 
ash on the  convection  tubes.  In  addition,  the  furnace  must  also  be 
designed so that  operation  will  not  be  limited  by  ash  formations  (slag) 
on its  wall  tubes. 

The  most  important  criteria  used  in  furnace  design  are 
the  heat  release  rates  which  determine  the  exit  gas  temperature,  slagging 
potential,  and  retention  time  required  to  ensure  complete  combustion. 

The heat  available  to  the  furnace  includes  heat  input  by 
the  fuel,  primary  air,  secondary  air,  and  gas  recirculation (if  used) 
less  the  unavailable  heat  due  to  carbon  losses  and  latent  heat of 
evaporation of moisture  in  the  fuel. 

Heat  release  rates  are  customarily  expressed  per  unit  of 
furnace  volume o r  area  and  defined  as  follows: 
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1. Volumetric Heat Release  (Btu/hr/cu. f t . )  i s  def ined  as   the 

heat  available  divided by the  furnace volume, and i s  a 

measure  of the  completeness  of  combustion  before  the  flue 

gas  enters  the  convection  passes.  Furnace volume is  d.efined 

a s   t h a t  volume enclosed by the  furnace  peripheral   walls from 

the  lower  furnace  headers to  the  furnace  gas  exit .   Furnace 

gas   ex i t  is the  point  where the  platen  tube  transverse  spacing 

is less   than 18 inches.  

2 .  Furnace  Plan  Area  Heat  Release,  (Btu/hr/sq. f t . )  thj .s  i s  
the  heat  available  divided by the   a rea   o f  a rectangle  formed 

by the   ver t ica l   furnace   wal l  boundary and a horizontal.  plane 

a t   the   burner   l eve l .  Th i s  parameter is an indicator  of how 

much s l ag  may form i n  the  burner zone. 

3 .  Net Furnace Heat Release  Rate  (Btu/hr/sq. f t . )  of  Effective 

Projected  Radiant  Surface (EPRS). i s  a measure of 1:he 

average  heat  released  per  square  foot  of  furnace  water  cooled 

surface,  and the  heat  absorbed by the  furnace,  and thus  the 
furnace  exit  gas  temperature. T h i s  also  has an e f f ec r  on 

the  nature  of  the  furnace  wall   slag  deposits f o r  a given 

coal  ash  analysis.  EPRS i s  def ined   as   the   f la t   p ro jec ted  

area  of  al l   furnace  wall   heat  absorbing  surface from  .the lower 

furnace  headers  to  the  furnace  gas  exit .  EPRS includes  the 

f la t   p ro jec ted   a rea   o f   a l l   par t i t ion   wal l s .   P la ten   tubes  

calculated  as  EPRS must be on 18 i n .  o r  g rea te r   t ransverse  

spacing. 

4.  Burner Zone Basket  Area Heat Release ,   (Btu /hr / sq .   f t . )   i s  
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a measure  of  the  intensity  of  combustion  local  to  the  burners. 

This  parameter  affects  the  flame  temperature,and  consequently 

slagging in the   burner  zone  and formation  of  nitrogen  oxides. 

The burner zone basket  area is defined as an open t o p ,   f l a t  

bottom box whose sides  include  the  burner zone area  plus  10 

f e e t  above and  below the   top  and bottom burner cen te r l ine .  

Comments f o r  t h i s  parameter  are  the same as   for   furnace  plan 

a rea   hea t   re lease   ( see  2 above). 

m 

I 

- 
.r 

Table 5 .6 .1 ,  Comparable  Design Parameters, a t   t h e  end o f   t h i s  

sec t ion ,  shows the  range of pre l iminary   furnace   hea t   re lease   ra tes   se lec ted '  

by the   bo i le r   manufac turers   for  Hat Creek coal   as  compared with a 

Western  Canadian  sub-bituminous, a Montana sub-bituminous and an  Eastern 

U.S. bituminous  coal.  These  data  for  the Hat Creek case   a re   necessar i ly  

t e n t a t i v e .  

I 

- 
Figure  5.6.1  (produced by  Babcock & Wilcox) shows the  t rend 

towards  lower  Furnace  Plan  Area  heat  release  rates and r e f l e c t s   t h e  

increased  use  of a broader  range  of  coals w i t h  low ash  fusion  charac- 

t e r i s t i c s .   P r i o r   t o  1970, the  average  Furnace  Plan Area hea t   re lease  

r a t e  was approximately 2 . 1  mill ion  Btu/hr/sq.  f t .  After  1970, t h e  

average was reduced to  approximately  1.8  mill ionBtu./hr/sq.  f t .  

Major  Canadian boiler  manufacturers have  quoted  prelimi- 

nary   furnace   a rea   hea t   re lease   ra tes  between 1.6 and 1 .7  mi l l ion  

Btu/hr/sq. f t .  However, Combustion Engineer ing  s ta te   that   current  

designs  for  low rank  fuels can use up t o  1 .8  million Btu/hr/sq. f t .  

A l l  of   the  manufacturers  are recommending furnace  exit   gas 

temperatures below 1950°F HVT (high  velocity  thermocouple), which i s  
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TABLE 5.6-1 

COMPARABLE  DESIGN  PARAMETERS  AND  PERTINENT  DATA 

HAT CREEK SUBBITUMINOUS 
ALBERTA 

Proposed  Range from High  Slagging 
Boiler  Manufacturers  and  Fouling 

' (Wide  Coal  and 
Ash  Analyses 

Range) 

- Units  (Actual  Design) 

1) Furnace  Heat  Release  Rates: 
a) Volumetric Btu/hr./cu.ft. 
b) Net,  Furnace 
c )  P l a n  Area 

Btu/hr./sq.ft. 

d) Burner  Basket 
Btu/hr./sq.ft. 
Btu/hr./sq.ft. 

OF 2) Furnace  Exit Gas Temperature 

4) Transverse Tube Spacing at 
3) Conv. Pass. Cas Velocity  Range fPS 

5) Excess Air Leaving  Economizer % 
6) Flue Gas Temp.  Leaving A.H.  (uncorr.) , OF 
7)  .'lax. Input  per  Burner (1 spare  mill) 
8) Predicted  Boiler  Efficiency 

Btu/hr. 
I 

9) Max.  Pulv.  Inlet  Air  Temperature OF 

Furnace  Exit  inches 

10) Ash  Fusion  Temperature - Minimum 

11) Pulverizer  Selection  Coal 
IO (redwing) 

a) Iteating  Value  (as  received)  Btu/lb. 
b)  tlardarove  Grindability  Index 

OF 

c j P:oisture 
12) Nominal T.G. Unit  Size MW 

4 

10,000 - 13,500 
54,800 - 70.000 
300,000 - 332,000 1.61 - 1.7 x 10 

1850 - 1950 
40 - 60 
18 - 36 
18 - 25 
285 - 325 
81 - 84 

630 - 750 
2300 (raw) 

115 - 250 x 106 

2053 ;iie%shcd: 

5000 
35 

500 
35 

18,000 

1.325 x lo6 
65,000 

360,000 
1750 

45 - 58 
21 
17 

115  x  lo6 
300 

83.7 
715 
1960 

7250 
31 

28.5 
375 

SUBBITUMINOUS 
NONTANA 

High  Slagging 
and  Fouling 

(Wide  Coal  and 
Ash Analyses 

Range) 
(Actual  Design) 

9.500 

1.7  x  10 
70;OOO 

328,000 
1850 
43 - 55 

30 
25 

290 x 10 
270 

87.6 
700 
1900 

8000 
42 

31.4 
500 

EASTERN 
BITlJMINOUS 

(Ohio,  West  Va., 
and  Kentucky) 
(Wide  Coal  and 
Ash  Analyses 

Range) 
(Actual Design1 

10.600 

1.8  x 10 
82,700 6 
393, OLiO 
1900 

40 - 65 
20 

260 
22 

141 x 10 
89.4 
500 
1950 

10.500 
42 

600 
15 
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below t h e  i n i t i a l  deformation  temperature  of 97% of  the  coal  samples 

taken. The un i t  will be  designed  with  major  consideration  given t o  

the  e l iminat ion o f  problems associated  with  slagging and fouling. 

Canadian  manufacturers  believe  that   the  furnace  size  for Hat 

Creek  coal will be  determined by the  retention  t ime  required  for  complete 

combustion rather  than  requirements  of  furnace  exit   gas  temperature.  

b) Superheater  and  Reheater  Design 

In  general,  Canadian  manufacturers  favourthe  tower  type  unit, 

using  drainable  superheater and reheater   surfaces .  For cycling  opera- 

t i on ,   t he   d ra inab le   f ea tu re  may al low  the  turbine  generator   to   be 

synchronized  sooner  than a unit  with  pendant  type  surfaces. With  pen- 

dant   type   sur faces ,   the   f i r ing  rate i s  l imited  unti1,condensate i n  t h e  

tube  legs  has  been  evaporated. 

Wide spaced platen surface will be  used in   the   a reas   o f  
highest  gas temperature,with a minimum of  18  in.  side  spacing,  and 

with  the  tubes  tangent i n  the   d i rec t ion   of  gas flow. 

c) Convection Pass 

The design  of  convection  passes  considers  the  minimization 

of  fouling and tube  erosion  together  with  the economics  of  heat 

transfer. 

In  o rde r   t o  minimize  erosion,  gas  velocit ies  of 40-60 f t / s e c  
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have  been  selected  by  the  manufacturers.  This  will  be  more  closely 
specified  when  further  information on the  abrasive  characteristics of 
the  ash  is  developed. 

d) Pulverized  Coal  System 

The function of a  pulverized  coal  system  is  to  dry  and  pulverize 
the  coal,  and  deliver  it  to  the  fuel  burning  equipment so that  complete 
combustion  will  occur  in  the  furnace  with  a  minimum of excess  air.  The 
system  must  operate  as a continuous  process  and  within  the  specified 
design  limitations,  the  coal  supply  or  feed  must  be  varied  as  rapidly  and 
as widely  as  required f o r  the  combustion  process  whether  this  be  due to 

load  change o r  change in heating  value of the  fuel.  A  small  portion of 
the  air  required for combustion  is  used  to  transport  the  coal  to  the 
burners.  This  is known as  primary  air.  In  the  direct  firing  system, 
primary  air is also  used  to  dry  the  coal  in  the  pulverizers. The 
remainder of the  combustion  air  is  introduced  at  the  burner  and  is known 

as  secondary  air. 

All  steam  generator  manufacturers  have  included  medium  speed 
mills  in  their  design.  Due  to  the  low  heating  value of the  raw  coals  a 
large  number of mills  will  be  required.  All  manufacturers  have  offered 
100  ton  pulverizers.  Although  there are.no 100  ton  mills  in  operation, 
several  are on order,  and  some  will  be  operating  in  1977. The 
manufacturers  have 80 and 90 ton  mills  operating so that  it  is  not 
expected  that  extrapolation  to  100  ton  units  will  create  any  design 
problems. 

Pulverizer  performance  with  actual  ranges of coal  samples 
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should  be  tested  by  the  boiler  manufacturers  before  pulverizer  selection 
is  made,  as  conventional  manufacturers’  test  procedures  are not: suffici- 
ently  valid  for  developing  proper  performance  characteristics.  This  is 
also  needed  to  ensure  correct  knowledge of the  ability  to  cope  with  the 
range of moisture  and  hardness  variation of the  fuel. 

In order  to  ensure  reliability,one  spare  mill  per  unit  will  be 
furnished  additional  to the-number .required  to  meet  full  load  when 
burning  the  poorest  coal. 

e) Sootblowing 

Either  air or steam  can  be  used  for  sootblowing.  The  results 
of  a  study  slightlyfavour  air  blowing  but  the  difference in economics 
is  small. 

Combustion  Engineering  accept  that  air  blowing  can  be  used 
effectively  in  nonadhesion  zones if reduced  water  consumption :is 

important.  Babcock E Wilcox  and  Foster  Wheeler  consider that (either 
steam  or  air  is  acceptable.  The  question  should  be  considered  more 
fully  when  large  full  scale burn tests  have  been  carried  out. For the 
present  conceptual  design,  steam  sootblowing  has  been  included. 

f) Fan  Design 

Centrifugal  fans  have  been  used  almost  exclusively i:1 North 
America  for  both  forced  and  induced  draft  service.  Recently,  however, 
variable  pitch  blade  axial  fans  have  been  purchased  for  a  numb,sr of 
plants.  Axial  fans  become  more  attractive  for a cycling  type  plant. 



5. CONCEPTUAL DESIGN OF PRINCIPAL  SYSTEMS 5-62  

Alterna t ive   p r ices  will be  obtained  during  the  bidding  stage and a 

decision made a t   t h a t  time. 

5.6.4 NO Control 
-X 

NO formation  can  be  controlled by burner and  windbox design 

and is p a r t l y  a function of  burner  flame  temperature.  Current 

designs of burners and  windboxes  have as the i r   ob jec t ive   the   lower ing   of  

flame  temperature.  Several  techniques  are  used: 

X 

a)  Off-Stoichiometric  Firing 

Se lec ted   burners   a re   opera ted   a t   a i r -def ic ien t   condi t ions   whi le  

the  remaining  burners  are at  a i r - r ich   condi t ions .  

b) Two-Stage F i r ing  

A l l  burners   are   operated  a t   less   than normal  excess a i r  and i n  
some cases   ac tua l ly   a t   a i r   de f i c i en t   ( sub - s to i ch iomet r i c )   r a t io s .  The 

balance  of  air   required  to  complete  combustion i s  admitted  through 

s e p a r a t e   o v e r f i r e   a i r   p o r t s .  

C )  Flue Gas Recirculat ion 

A gas   rec i rcu la t ion  

fan can  be supplied.  Flue  gas from the  economizer  outlet i s  in j ec t ed  

in to   t he  combustion  process so  t h a t   t h e   f u e l  will burn w i t h  a l e s s   i n t ense  

flame and consequently a lower  flame  temperature. 

The Hat Creek coal will probably  burn  with a low 

flame  temperature which should a l so   cont r ibu te   to   reduct ion  i n  NOx 

formation, and it is  unl ike ly   f lue   gas   rec i rcu la t ion  will be  required.  
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5 . 6 . 5  Ash Deposition - Slagging E Fouling 

In the  design  of modern coa l   f i r ed  steam  generators,   me  of 

t h e  most important   factors   that  must be  considered is the  deposi t ion 

of ash  that   occurs on high  temperature  surfaces. Ash deposi t ion is  
important,   since  the  deposits  act   as  insulation  to  retard 

hea t   t r ans fe r  and  thereby  upset  the  overall  thermal  balance  within  the 

steam  generator.  Furthermore,  large  accumulations  in  the  upper  furnace 

may f a l l  and damage pressure   par t s .  In convection  tube  banks, accum- 

u l a t ions  may also  block  gas   passes ,   thereby  increasing  the  draf t   loss .  

Sometimes, the  accumulation may completely  plug  the  gas  passes and 

requi re  a steam  generator  outage  for manual cleaning.  Uncontrolled 

accumulations  in  either  area  can  reduce  steam  generator  capability. 

Ash deposi t ion is a very complex phenomenon. I t  depends 

la rge ly  on type  and, t o  some ex ten t ,   t he   quan t i ty  of  mineral  matter 

i n   t he   coa l ,   bu t  it can  also be influenced by operating  conditions 

within a given  steam  generator. The steam  generator  design is  based 
on the   ava i l ab i l i t y   o f   r ep resen ta t ive   coa l  and coal  ash  analyses. 

The formation  of  deposits i s  caused  primarily by the  physical  

transportation  of  molten o r  par t ia l ly   fused   par t ic les   en t ra ined  by t h e  

gas  stream. When t h e   p a r t i c l e s   s t r i k e   t h e   w a l l  o r  tube  surface,   they 

become ch i l l ed  and s o l i d i f y .  The s t rength  of   their   a t tachment  i s  

influenced by the  temperature and physical  contour  of  the  surface, and 

the   d i r ec t ion ,   fo rce  of  impact, and mel t ing   charac te r i s t ics  of the 

ash. The time i n  place and the  gas   analysis   a lso  affect   the   adhesion.  
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There a r e  two types  of  high  temperature  ash  deposit ion  that  

occur  on  gas-side  surfaces  of  steam  generators when f i r i n g  bituminous 

coals  : 

- Slagging:  fused  deposits  that   form on furnace walls and 

other  surfaces  exposed  to  predominantly  radiant  heat. 

- Fouling:  high  temperature bonded depos i t s   t ha t  form on 
convection  tube  banks,  especially  the  superheaters  and 

rehea ters .  

Based on t h e  known indices   ava i lab le   to   da te ,   the   s team 

generator  manufacturers  have  classified  the  slagging and foul ing 

p rope r t i e s  of  Hat  Creek coal as follows: 

- Washed coals :  Medium to  high  s lagging,  medium to  high  foul ing.  

- Raw coals :  M e d i u m  slagging and medium foul ing.  

In   order   to   minimize  possible   c l inker   plugging,   the   specif ied 
hopper throat  opening  between  tubes  should be a t   l e a s t  48 inches.  

a) . Slagging  Indices 

Slagging  indices  have  been  developed t o  determine  the 

p r o b a b i l i t y   t h a t  a pa r t i cu la r   coa l  will o r  will not   s lag .  The base- 

to-acid (B/A) ratio  determined  from a coal   ash  analysis  i s  a rough 

ind ica to r  o f  the   s lagging   po ten t ia l  f o r  tha t   par t icu lar   coa l   ash .  

If the  B/A ratio  of  coal  ash  ranges  between 0.5 and 1 . 2 ,  t he re  i s  
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a poss ib i l i t y   t ha t   s l agg ing  problems  might  be'experienced. The Hat 

Creek da ta  shows t h a t  more than 95% of t h e  samples  have a B/A r a t i o  

l e s s   t h a n  0.3. The slagging  indices  used f o r  sub-bituminous  western 

coals   are   based on t h e   i n i t i a l  deformation  temperature  (IT), and 

hemispherical  softening  temperatures (HT), o r   t h e   p l a s t i c   v i s c o s i t y -  

temperature   re la t ionship o f  a coal  ash. The temperatures  at  which 

p l a s t i c  (semi  molten) s l ag  forms in   the   furnace   as  a coal burn:;, and 

the  range  of  temperatures  over which the  ash will be   p l a s t i c ,   a r e  

indicators   of   the   severi ty   of   s lagging.  

An important  indicator  of  potential   slagging  for  western 

coals  i s  the   v i scos i ty- tempera ture   re la t ionship   o f   the   coa l   ash .  Con- 

siderable  information  can  be  obtained from a viscosi ty   curve  s ince it 

clear ly   def ines   the  plast ic   temperature   range  in   both  oxidizing and 

reducing  atmospheres. 

b)  Fouling 

The vola t i le   cons t i tuents   in   coa l   ash   ( i . e .  Na2S04 o:r 

CaS04-Na So ) cause  fouling, and can  be  used  as  an  indicator o:F t h e  

foul ing   po ten t ia l  of  a given  coal. These consti tuents  condense on 
f l y   a s h   p a r t i c l e s ,  and on boi le r   tubes ,  and deposit  in areas  where 

the  temperatures   are   in  a range where the  consti tuents  remain Liquid. 

These  const i tuents   react   chemical ly   with  f ly   ash  to  form  bonded 

depos i t s .  

2 4  

Considerable  research  has  been done on obtaining a foul ing 

index  that   can be  used  with low rank  sub-bituminous  coals havi:ng 

l i gn i t i c - type   a sh   cha rac t e r i s t i c s .  A r e l a t ionsh ip  was developed 
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between  sodium (Na20) conten t   in   the   ash  and t h e   v o l a t i l e   c o n s t i t u e n t s  

of  the  coal  ash.  A s  the  sodium content   increased ,   the   vo la t i le  con- 

s t i tuents   a l so   increased ,   p rovid ing  a bas i s   fo r   u s ing  Na 0 content  of 

a coal   with a l i gn i t i c   t ype   a sh  as an ind ica tor   o f  i t s  foul ing 

poten t ia l .   Foul ing   c lass i f ica t ion  as a funct ion  of  Na 0 in   the   ash  

is as   fol lows:  

2 

2 

Fouling  Classif icat ion % Na 0 -2- 

Low t o  Medium less than 3 

High t o  Severe 3 t o  6 

Severe grea te r   than  6 

The Hat Creek coal may on t h i s   b a s i s  be   c l a s s i f i ed   a s  medium 
foul ing ,   bo th   in   the  raw and  washed s t a t e .  

The design  parameters  for  the  convection  pass  relate con- 

vect ion  sect ion  spacings  to   gas   temperature   levels ,and  these  are  

correlated  with  sootblower  placement and required  input   pressure from 

the  blowers. Bank depths (rows in   para l le l   wi th   the   gas   s t ream)   a re  

a l s o   e s t a b l i s h e d   t o   s u i t   t h e  amount of   ash,  i t s  s in te red   s t rength ,  

and the  blower  cleaning  radius.  

Cont ro l   o f   fou l ing   res t s  
on f u l l  knowledge of   the   range   of   fue l   charac te r i s t ics  so t h a t  

the  furnace  exi t   gas   temperatures   can  be  maintained  a t   predicted 

l e v e l s   s u f f i c i e n t l y  below minimum fusion  temperature   across   the  ent i re  

width  and  depth  of  the  furnace  exit  area.  This  keeps  the  convection 

deposi ts   a t   design  temperatures ,  and allows  the  blowers  to  achieve 

the i r   des igned   e f fec t iveness .  
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5.6.6  Operational  Considerations 

I t  i s  an t ic ipa ted  by  Combustion Engineering t h a t  with  the 

spec i f ied   coa l   the   un i t s   could   opera te  down t o  15%  load  without  the 

use   o f   s tab i l iz ing   fue l   such  as o i l  o r  gas.  This would represent  

two pulverizers  each  operating  at   approximately 50% load. 

Combustion Engineering  note  that   the  large number of mills 

provides good turn-down. For s t a r t - u p ,   o i l  is f i r e d  

until  approximately 12% load is achieved at  which time  one  pulverizer 

can  be  s tar ted and o i l  and coa l   f i red   s imul taneous ly   un t i l  25% load 

is  achieved, from which s tage  coal  can  be f i r ed   a lone .  

5.6.7 Steam Generator  Designs  Offered 

Three  North American steam  generator  manufacturers  offered 

designs  based on the  prel iminary  coal   data   avai lable .  

Th6 uni t   des igns   o f fe red  were as  follows: 

Two of the  manufacturers  offered  balanced  draft ,  open 
furnace,   tower  design  units,  where the  superheater ,   reheater ,  and 

economizer  tubes a re   ho r i zon ta l  and drainable .  The superheater and 

reheater  tube  banks  are  located  above  the  furnace  with  flue  gas  flowing 

upward. The down flow  gas  pass  section  includes  the  economizer,  with 

the   f lue   gas   d i scharg ing   in to  a s ingle   regenerat ive  type  pr imary  a i r  

hea t e r  and two secondary  regenerative  type  air   heaters,   arranged  in 

p a r a l l e l  i n  the   d i rec t ion   of   f lue   gas   f low.  Each u n i t  is equipped 

with &medium speed air-swept pressur ized   pu lver izers in   whichhea ted  
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primary a i r  is used t o   d r y   t h e   c o a l  and se rves   a s   t he   t r anspor t  

medium for   the   f ine   coa l   pass ing   th rough  the   burner   p ipes  and t o   t h e  

bu rne r s   fo r   i gn i t i on .  The u n i t s   d i f f e r   i n   t h a t  one is  a na tu ra l  

c i rcu la t ion   type   un i t   wi th   c i rcu lar   burners   ins ta l led   in   bo th   the  

f r o n t  and rear   furnace  walls, with  possible   gas   recirculat ion  for  

steam  temperature  control. The other  manufacturer  offered a con- 

t r o l l e d   c i r c u l a t i o n  unit where c i rcu la t ing   water  pumps are   used   for  

furnace   wal l   tube   c i rcu la t ion ,   wi th   t i l t ing   t angent ia l   corner   f i red  

burners.  They a l s o   d i f f e r   s l i g h t l y   i n   t h a t  one  takes   hot   f lue gas 
from between the  economizer  tube  banks for f l u e  gas feed t o  the  primary 

o r  pu lve r i ze r  a i r  hea te r   w i th   t he   f l ue  gas to   the  secondary a i r  hea ters  

taken  from  the  bottom  of  the  economizer  flue gas o u t l e t .  The o the r  

manufacturer  takes  flue  gas  from  the  bottom  of  the  economizer  gas 

o u t l e t  and  feeds  directly  into  the  primary  and  secondary a i r  hea ters .  

Both manufacturer ' s   uni ts   u t i l ize   "cold"  pr imary  a i r   fans   for   supplying 

the   requi red   pu lver izer  air  a t  the  proper  temperature.  

F ina l   r a t ed   r ehea t   ou t l e t  steam temperature  at   reduced 

boi le r   loads  i s  main ta ined   wi th   the   t i l t ing   burners  by t i l t i n g   t h e  

burner  flame upward.  The other  manufacturer  offers  an  option  of 

e i t h e r  gas r e c i r c u l a t i o n  o r  increased  excess air f o r   r e h e a t   o u t l e t  

steam  temperature  control a t  reduced  loads. 

The third  steam  generator  manufacturer  offered a  balanced 

d r a f t  open  furnace  natural   circulation  unit ,   designed so t h a t   t h e  

high  temperature  superheater  behind  the  furnace  nose is a  pendant 

non-drainable  type. The f lue   gas  makes a t u rn  downward t o  a s p l i t  

downflow para l le l   gas   pass ,  which cons is t s   o f   hor izonta l   rehea ter  

tube  banks  in one downflow pass  and hor izonta l  low temperature 
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superheater  tube  banks  in  the  other downflow pass.  Reheat  steam 

temperature a t  reduced  loads i s  maintained by passing more flue  gas 

through  the  reheater downflow gas  s ide by modulating a se t   o f   f l ue  

gas  dampers located below the   r ehea te r  and low temperature  super- 

heater  banks. The flue  gas  then  f lows downward through a f u l l  width 

horizontal  economizer  and  into two regenerat ive  type  pr imary  a i r  

hea te rs  and two regenerat ive  type  secondary  a i r   heaters ,   a l l   arranged 

i n  pa ra l l e l   w i th   r e spec t .   t o   f l ue  gas flow. The u n i t  i s  equipped  with 

twelve medium speed  a i r -swept   pressurized  pulver izers   in  which :heated 

primary a i r  is used to   d ry   the   coa l  and serves   as   the  t ransport  

medium f o r   t h e  f i n e  coal  passing  through  the  burner  pipes and t o   t h e  

burners   for   ign i t ion .   Ci rcu lar   burners   a re   ins ta l led   in   bo th   the  

furnace  f ront  and rear   wal l s .  "Cold" primary a i r   f a n s   a r e  used fo r  

supply ing   the   requi red   pu lver izer   a i r   a t   the   p roper   t empera ture .  

When a complete  determination  of  the  range  of  fuel  properties 

is ava i lab le ,  it will enable   the   bo i le r   manufac turers   to   def ine   the i r  

design  parameters more accurately,  and provide   su i tab le   o f fe r ings  for  

f i na l   eva lua t ion  and se l ec t ion .  
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5.7 MAIN CYCLE OPTIMIZATIONS 

5.7.1 Steam Conditions 

Turbine  s team  inlet   condi t ions  re levant   to   the Hat Creek p ro jec t  

fa l l  within  the  following  ranges: 

Main s team  in le t   p ressure  Ps ig  1800 - 3500 

Main steam in le t  temperature OF (OC) up t o  1000 (538) 

Reheat steam in le t   t empera ture  OF (OC) up. t o  1000 (538) 

As t h e  steam in le t   p re s su re  and  temperature  and  reheat 

temperature  increase,the  turbine  efficiency  also  increases  with  the 

result t h a t   s u b c r i t i c a l  units grea te r   than  350 MW generally  have 

u t i l i zed   the   s tandard   cyc le   wi th  main s team  in le t   p ressure  and  temperature 

of 2400 ps ig  and 1000°F (538OC) and reheat  temperature o f  1000°F  (538OC), 

i . e .   t h e  2400/1000/1000 cycle .  

These  conditions  represent  the  highest   pressure and  temperature 

which current  North American p rac t i ce  would  employ on a s u b c r i t i c a l  

unit. However, because  of   the  re la t ively low cos t   o f  Hat  Creek coal ,  

t h e  1800/1000/1000 cycle   could  possibly  be  just i f ied  economical ly   despi te  

i t s  efficiency  being  about 2% l ess   than   the   s tandard   cyc le .  

The main ob jec t ion   t o   t he  1800/1000/1000 cycle  i s  t h a t  i t  

would requi re  a non-standard  turbine  with  larger   inlet   s tages  and 

valves  and which would operate at higher  exhaust  wetness.  Consequently, 

the  1800/1000/1000 cycle was re jec ted .  

The supercr i t ica l   cyc le   involves  a once  through  boiler which 

does  not employ a steam drum. Although  experiencewith  this  type of unit 
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e x i s t s  i n  the  U.S. and  Europe,  such a b o i l e r  would be an innovation  for 

Canadian boiler  manufacturers.  

A fur ther   d i sadvantage   wi th   the   supercr i t ica l   bo i le r  i s  the  

inhe ren t   d i f f i cu l ty  of operating it i n   t h e  two s h i f t  regime  anticipated 

f o r   t h e   l a t e r   l i f e   o f  Hat Creek. Two sh i f t   c apab i l i t y   can  be obtained 

by a steam  bypass  system  but t h i s  i n  tu rn  is a r e l a t i v e l y  complex system. 

In  keeping  with  the  philosophy  that  the Hat  Creek p ro jec t  should.  not 

include  novel or unconventional  items of  p lan t ,   the   supercr i t ica l   cyc le  

is re jec ted .  

For the  above  reasons,  the  standard 2400/1000/1000 cycle,  i s  

se lec ted  as t h e  most acceptable   technical ly  and economically. 

5.7.2 Optimization  of  Cooling  System 

A 2000 MW thermal power p l a n t   r e j e c t s  a l a rge  amount o f  heat 

(approximately 10 x 10 Btu/hr) to   the   cool ing   water  i n  the  turbine 

condensers and th i s   hea t  must be r e j e c t e d   t o   t h e  environment by one 
of several   possible  schemes. These  are: 

9 

- A once  through, o r  open,  system  where  cooling  water i s  

taken from some la rge  natural body of  water and returned 

t o  it a t  a higher  temperature. 

- A closed  system where cooling  water  absorbs  heat  in  the 

condensers ,   re jects   the  heat  i n  cooling  ponds,  spray ponds 

or cooling  towers and then i s  recirculated  to   absorb more 

heat i n  the  condenser. 
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The  absence of a  suitable  natural  body of water  near  the 
Harry  Lake  site  precludes  the  use of an  open  cycle.  Table 5 . 7 . 1 ,  

Summary Of Comparative  Costs of Cooling  Alternatives,  summarizes  the 
total  capital  and  operating  costs of the  various  closed  cycle  cooling 
system  alternatives,  while  Table 5 . 7 . 2 ,  Cooling  System  Alternatives, 
gives a  rough  comparison of the  other  factors  which  must  be  reviewed 
in  making a  choice. 

TABLE 5 . 7 . 2  
COOLING  SYSTEM  ALTERNATIVES 

- Item Ponds - 
- Environmental 
Considerations: 
Plumes 

1 Ground  Fog 
5 

4 Drift/Icing 
Noise 5 
Aesthetics 5 
Water  Consumption 3 

- Operating 
Considerations: 
Flexibility 

4 Experience 
2 

EVALUATION  POINTS 

Sprays  Towers 

I 

2 4 

EVALUATION  POINTS  SCALE: 

1 - Poorest 
2 - Below  average 

4 - Above  Average 
3 - Average 
5 - Best 

Mech.  Draft 
Towers 

3 

4 
5 

Wet/Dry Dry 
Towers Condenser 

5 5 
5 5 
2 5 
2 2 

--"-- 
4 
1 



TABLE 5 .7 .1  

SUMMARY OF COMPARATIVE COSTS OF COOLING ALTERNATIVES - ($ m i l l i o n s )  

I. 

Rectangular 

Towers (Concrete) (Wooden) 
Draft Towers 

Supplemented By Mechanical Mech. Draft 
Cooling Pond Rectangular 

Mechanical  Draft 

Base 18.1  5.1 

Base 8.0 - 
Base I + 5.1  I + 26 .1  

Draft Natural 
Tower Draft 
Round Towers 

I ”- 
+ 7.5 + 7.4 

Capital  costs  include  items  such  as  land,  the CW system, 

f i re   protect ion,   the   condenser  and make-up water  system. 

Operating  costs  include  fan and  pumping  power, maintenance 

cos ts  and h e a t   r a t e   p e n a l t i e s .  

t GEA 
Cooled A i r  Cooled 
GEA Air 

14% Higher Base Size 
Condenser w i t 1  Condenser 

Capacity 

13.8  23.4 

4.7 

+ 2 3 . 6  + 18.5 

0 . 2  
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A scheme  based  on a cooling  pond  located  in  Medicine  Creek 
might  conceivably  be  adapted  as a local  pumped  storage  plant  with 
capacity of up  to 300 MW over a 6-hour period.  However,  the  complica- 
tions  in  the  cooling  system,  such  as  high-lift  pumps  and  recovery 
turbines,  necessitated  by  the  difference  in  elevations  between  plant 
and  cooling  pond,would  be  unwelcome.  In  view of the  implications  for 
system  reliability,  and  some  present  uncertainties  regarding  the  cost 
and  feasibility of the  necessary  Medicine  Creek  dam,  this  scheme  is 
rejected. 

A spray  pond  system  would  cost  slightly  less  than  the  wooden 
rectangular  mechanical  draft  scheme.  Against  this,  spray  ponds  do  not 
have  proven  reliability  in a severe  climate  for a large  installation, 
and  there  would  be a layout  problem  due  to  the  limited  available  land 
near  the  plant.  Problems  of  ground  fog  and  icing  would  be  much  more 
predominant  with  the  spray  pond  system. For these  reasons  the  spray 
pond  system  is  rejected. 

Wet/dry  cooling  has  attractions  because  the  required  water 
supply  from  the  Thompson  would  be  reduced o r  eliminated  and  cooling  tower 
plume  formation  could  be  controlled o r  even  obviated.  Current  estimates 
received  from  manufacturers  indicate  the  wet/dry  cooling  option  is  not 
economic. 

Adoption  of  dry  cooling,  such  as  the  direct  air  cooled 
condenser  arrangement  offered  by GEA, would remove  the  need  for  the 
water  pipeline  from  the  Thompson  River.  However,  when  ambient 
temperatures  were  above 50°F the plant  capability  would  be  severely 
reduced,  as  shown in Figure 5 . 7 . 5 .  An  important  disadvantage  of  the 
dry  cooling  system  is  its  very  high  capital  cost. For these  reasons 
it is  rejected. 
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The hyperbolic  natural  draft  cooling  tower  system  has  less 

f l e x i b i l i t y  and i ts  h igh   cap i ta l   cos t  more than   of fse t s   the   va lue   o f  

fan  energy as shown in  Table  5.7.1. The hyperbolic  cooling  tower may 

be more a t t r a c t i v e  for  environmental  reasons  because  of i t s  superior  

plume dispers ion.  The conceptual  study  has  not  selected  the  hyperbolic 

tower  but it is recognized  that  environmental  studies now undenqay,may 

favour it. 

By the  above reasoning  the  preferred  system is the  mechanical 

draft   cooling  tower.  The  more economical  conventional  rectangular 

form is  adopted a t   th i s   s tage ,   bu t   cons idera t ion  might  be  given t o  

the  round  tower  with i t s  superior  plume d ispers ion   charac te r i s t ics  

during  the  project   implementation  stage.   This  detail   does  not  affect  

cycle  optimization. 

Mechanical draf t   evaporat ive  towers   are   s ized  for   spec-  

i f i e d  ambient  wet-bulb  temperature,  approach,  range and c i r cu la t ing  

water  flow. The range is the   d i f fe rence   in   t empera ture  between. incoming 

hot  water and cooled  return  water. The approach i s  the  difference i n  
temperature between the  cooled water leaving  the  tower and t he  wet- 
bulb  temperature  of  the  air   entering  the  tower.  

Figure  5.7.1 shows wet bulb  design  temperature  versus 

percentage  of  year  that   the  actual  plant  capacity would f a l l  sbmt of   ra ted 

output,  and also  average  monthly wet bulb  temperatures. For t:he 

selected  value  of  57'F, output would be  res t r ic ted  only  during  the 

warmest 5% of   the   year ,  which would not be a s i g n i f i c a n t   l i m i t a t i o n .  

The required  optimization  deals  with  cooling  tower  si ,ze,  

condenser  size,  circulating  water  flow and turbine back pressure.  

The procedure is a complex one invo lv ing   a t   l ea s t  25 var iab les ,  and 

was carr ied  out   using an establ ished computer p r o g r m e .   E s s e n t i a l l y  
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it involves  the  trade-off  between  the  value  of  cycle  efficiency, which 

is  d i r e c t l y   a f f e c t e d  by turb ine  back pressure,  and the   cos t   o f   the  

system  components. A s  t h e  back pressure  goes down, the   tu rb ine   cyc le  

eff ic iency  improves,   but   the   s izes   of   the   turbine  exhaust ,   condenser ,  

and cooling  towers  increase and t h e  amount of   c i rcu la t ing   water   a l so  

r i s e s .  

The  programme c a l c u l a t e s   t h e   t o t a l  annual cos t   fo r  a la rge  

number of  permutations  of  cooling  tower,   condenser  size and  configura- 
t i o n ,  and circulat ing  water   f low,  making allowance for t h e   v a r i a t i o n s   i n  

hea t   ra te   cor responding   to   the   par t icu lar   sys tem and the  year-round 

v a r i a t i o n s   i n  ambient  temperatures. 

Two typ ica l   t u rb ines  were assumed in   the   op t imiza t ions ,   having  

exhaust  areas of about 220 square   fee t  and 266 squa re   f ee t .  These 

correspond to   four   exhausts   of   about  30 in .  blades or four  exhausts  of 

33% in .  blades;   exhaust   areas   of   about   this   s ize  would be  offered by 

most of  the  major  turbine  manufacturers.  

The following main var iab les  were f ed   i n to   t he  computer: 

Cooling  tower  design  approach 13'F - 28'F 
Cooling  tower  design  range 20°F - 35'F 

Condenser configurat ion Single  and Double Pass 

Condenser length 40 f t . ,  50 f t . ,  60 f t .  

Condenser tube  outside  diameter 1.00 i n . ,  1.25 i n .  
Condenser tube   ve loc i ty  7 f t . / s e c .  - 9 f t / s e c .  

A t  valves wide open and 5% overpressure and with a design wet- 

bulb  temperature  of 57'F, t h e  maximum circulat ing  water   temperature  
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entering  the  condenser will be 80°F and the  turbine  backpressure will 

be  3.5 i n .  Hg. Abs. A t  low ambient  temperatures,  which  occur  over more 

than  half   the   year   a t   Harry Lake, the   c i rcu la t ing   water   in le t   t empera tures  

will be  between 45'F and 6S°F and the  turbine  backpressure will be  between 

approximately 1 .5  i n .  Hg. Abs. and 2.5  in.  Hg. Abs. 

Figure  5.7.2 shows turbine  backpressure  plot ted  against  

condenser  cooling  water  inlet  temperature  for  the optimum system wi th  

t h e  50 f t .  double  pass  condenser.  Figure  5.7.3 shows the   t yp ica l  

var ia t ion  i n  turbine  capabi l i ty   with  exhaust   pressure.   Figure  5 .7 .4  

shows the   var ia t ion   o f   to ta l   annual   cos t   for   the  optimum system  against 

cooling  water  flow  for  different  design  approaches. 

The selected  design  approach is  2 3  O F  and the  selected  design 

cool ing   water   c i rcu la t ion   ra te  is 640,000 USgpm. 

5.8 PLANT LIQUID WASTES 

The pr incipal   p lant   l iquid  wastes   are:  

- Water treatment  regeneration  chemicals 

- Boiler  chemical  cleaning  wastes 

- General  in-plant  drainage 

5.8.1 Water Treatment  Regeneration  Chemicals 

The water  treatment  plant is designed to   opera te  on the   bas i s  

of one regeneration  per day p e r   t r a i n .  Each regenerat ion  requires  

approximately 3 hours a t  a flow ra t e   o f  1920 USgpm, i . e .  a tota.1  of 
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345,600 US gallons  of  water and chemicals  per  regeneration. The chemicals 

used would be  caustic  soda and sulphuric   acid,   each  di luted  to   . the  

required  regeneration  concentration. 

Spent  chemicals  and  r inse  water  are  collected i n  a neut ra l iz ing  

sump, which holds  the  mixture until t h e  pH becomes neut ra l .  The waste 

is then  discharged  to  the  ash  disposal  system  at  the  bottom  ash  dewatering 

bin.  

5 . 8 . 2  

High pressure   bo i le rs   requi re   regular   chemica l   c leaning   to  

remove accumulations  of  iron  oxide  and  copper  from  the  internal  heating 

surfaces.  Cleaning i s  generally  required  every two to   three  years   of  

operation. The  most common solvent  used is d i lu t e   i nh ib i t ed  hydro- 

ch lo r i c   ac id   a t  a concentration  of  approximately  5%, while the  spent 

acid  drained from the   bo i le r   has  a concentration of  about  3%.  After 

dra in ing ,   the   bo i le r  is flushed,  neutralized  with a d i lu t e   caus t i c  
soda  solution and re f lushed   to  remove remaining  traces  of  neutralizing 
so lu t ion .  For t h e  Hat Creek units t h e  volume t o  be  discharged,  including 

the  r inse  water ,  i s  approximateIy 300,000 US gal lons  per   c leaning,   per  

bo i le r .   This  i s  discharged  to  a t a n k  fo r   neu t r a l i z ing  and monitoring 

prior  to  discharge  into  the  bottom  ash  disposal  system. 

5.8.3  General  Drainage 

The e f f luen t s  from a l l   in -p lan t   f loor   d ra ins  togc :the:c h i i th  
water  used  for  motor,  bearing and compressor  cooling  purposes,  are 

d i r ec t ed   t o   t he  bottom  ash  dewatering b i n  for   incorpora t ion  i n  the 

re-circulat ing  ash  s luicing  water .  
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A l l  i n - p l a n t   d r a i n s   l i k e l y   t o   r e c e i v e   o i l   s p i l l a g e  or contam- 

ina t ion   a re   p rovided   wi th   o i l   in te rceptors  where t h e   w a s t e   o i l  i s  
co l l ec t ed   fo r   s to rage   i n   t anks .  When s u f f i c i e n t   q u a n t i t i e s  have  been 

c o l l e c t e d   t h i s   o i l  i s  sold  for   reclaiming.   After   oi l   removal ,   the  

water component is d i r e c t e d   t o   t h e  bottom  ash  dewatering  bin. 

In  summary it is  p lanned   tha t   a l l   p lan t   l iqu id   d i scharges  

would be  disposed  of  through  the  bottom  ash  sluicing  system,  as  noted 

in   Sec t ion  5 . 5 .  

5 . 9  PARTICULATE AND GASEOUS  EMISSIONS 

5 . 9 . 1  Relevant  Standards 

The function  of air  quali ty  control  systems is  t o   c o n t r o l  

emissions of f l y   a s h   p a r t i c u l a t e s  and the  gaseous  oxides  of  nitrogen 

and sulphur,  formed during  combustion of the   coa l ,   wi th in   acceptab le  

limits. 

This   sect ion examines  emissions  from  the power p lan t  chimney 

but  does  not  consider  ambient  concentrations  of  particulates or gases. 

Ambient levels  are  dependent on local  meteorological and  topographic 

cons idera t ions   d i scussed   in   the   s i te   eva lua t ion   repor t  and a r e   a l s o  

the  subject   of   on-going  s tudies .  

The ex is t ing   Provinc ia l   po l lu t ion   cont ro l   ob jec t ives   tha t  

apply  to  industrial   coal  combustion were drawn up t o  cover  the  food 

process ing ,   agr icu l tura l ly   o r ien ta ted  and other  miscellaneous  indus- 

tries. Spec i f i c   ob jec t ives   r e l a t ing   t o   t he   pa r t i cu la r   ca se   o f   t he  

power generat ion  industry do not   ye t   ex is t .  

.” 
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I t  i s  useful t o  compare the  B.C. standards  with  those  of 

other  provinces  and  countries. A comparison  of in-stack concentrations 

set  by various  regulatory  agencies is shown i n  Table  5.9.1. 

TABLE 5.9.1 

IN-STACK  CONCENTRATIONS 

Regulatory Agency 

Br i t i sh  Columbia 

Alberta 

Ontario 

Puget Sound 
Washington S ta t e  

Environmental 

- Federal (U.S.) 
Protection Agency 

Environment Canada 
- For  1985 

implementation 

Parameter Level 
I 1 

Sulphur  Dioxide 

.1 gr/SCF Par t icu la tes  
600 ppm Nitrogen  Oxides 
300 ppm 

Sulphur  Dioxide 

I ,  Par t icu la tes  
9 ,  Nitrogen  Oxides 

Not Specified 

Sulphur  Dioxide 

I, Par t icu la tes  
I ,  Nitrogen  Oxides 

Not Specified 

Sulphur  Dioxide 

.OS gr/SCR @ 12% CO, Par t icu la tes  
Not Specified Nitrogen  Oxides 

1000 ppm @ 
50% excess a i r  

.I 

Sulphur  Dioxide *520 pprn @ 20% exce:js 
Nitrogen  Oxides *304 ppm @ 20% exce!js 
Par t icu la tes  *. 05 gr/SCF 

Sulphur  Dioxide 800 ppm @ 3% o2 dry 
Nitrogen Oxides 500 ppm @ 3% O2 dry 
Par t icu la tes  0 . 2  gm/kg 

* Levels converted from units spec i f ied   in   po l lu t ion   cont ro l  
regulations,   using Hat Creek combusion parameters. 

I t  should  be  noted  that  several American States  propose limits which a re  
more stringent  than  those  of B.C. 
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5.9.2 Nitrogen  Oxides (NOx) 

The formation of nitrogen  oxides  occurs  in  al l   high  temperature 

combustion  processes  using a i r  as the   ox idant .  The concentration  of 

nitrogen  oxides (NO ) increases   with  increased  excess   a i r ,   h igher  flame 
temperatures and increased  furnace  residence  time. 

X 

Modern b o i l e r  burner-windbox  designs are   arranged  to   provide 

minimum a i r   t o   t h e  primary  ignit ion and  combustion  zone. The remainder 

of t h e  combustion a i r  is added v ia   separa te   a i r -only   por t s ,  and. mixes 

with  the  fuel  within  the  furnace  to  cause  complete  combustion  ttefore 

the   furnace   ex i t .  Design provis ions  such  as   these  reduce  excess   a i r  

and flame  temperature  to a minimum, as   noted  in   Sect ion 5 . 6 . 4 .  

The re la t ive ly   h igh   ash  and moisture  contents of t h e  Hat 

Creek coal  are  such  that  flame  temperatures will be  comparativedy low. 

Low flame  temperatures  have  been  confirmed by t h e  CCRL burn   t es t s .  

There i s  no doubt t h a t  a modern boi ler   can  burn  the Hat 
Creek coal  and meet the  Provincial   regulat ions on NOx emissions. The 

conceptual  design  provides f o r  in-stack  gas  analysis  equipment. Com- 
pl iance  with  the  Provincial   object ives  will be  confirmed by in-stack 

analyses  performed a t  a frequency  determined by the   Di rec tor  of 
Pollution  Control.  
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5.9.3  Particulate  Emissions 

I t  is est imated  that  a co l lec t ion   e f f ic iency   of ’99 .4% i s  
requi red   to  meet t he   Br i t i sh  Columbia Pol lut ion  Control  Board objec t -  

i v e   f o r   p a r t i c u l a t e s   ( 0 . 1   g r a i n   p e r  SCF) using  the  average  coal 

(28% ash) and assuming t h a t  70% of   the   ash  i s  f l y   a s h .  I t  will be 

n e c e s s a r y   t o   a t t a i n  a p rec ip i t a t ion   e f f i c i ency   o f   abou t  99.7% t o  meet 
the   Provinc ia l   ob jec t ive   for   the   poores t   coa l   in   the   range  assumed i n  

paragraph  2.5,  i .e. a coal  with 35% ash.  The exac t   p rec ip i ta tor  
e f f ic iency  which i s  required  depends on the  proport ion  of   ash becoming 

f l y   a s h  and t h e  coal handl ing/preparat ion  system  f inal ly   selected.  

The re   a r e   t h ree  methods  of  achieving  these  high  collection 

efficiences.   These  are:  

- Cold - s ide   e l ec t ros t a t i c   p rec ip i t a to r s ,  

l o c a t e d   a f t e r   t h e   a i r   p r e h e a t e r s .  

- Hot-s ide   p rec ip i ta tors ,   loca ted   before   the  air  
preheaters .  

- Baghouse air  f i l t e r s ,   l o c a t e d   a f t e r   t h e   a i r  

preheaters .  

Based on p r e l i m i n a r y   p a r t i c l e   s i z e  and r e s i s t i v i t y   d a t a ,   t h e  

baghouse a i r   f i l t e r   a p p e a r s   u n s u i t a b l e .  The very  small   par t ic le  sizes, 
indicated by the   dus t  samples  obtained  during  the CCRL t e s t s ,  would 

necess i t a t e  a low a i r - t o - c l o t h   r a t i o   t h u s  making t h e   f a b r i c   f i l t e r  

uncompetitive. The i n t e n d e d   u s e   o f   o i l   f o r   a u x i l i a r y   f i r i n g  would 

lead   to   f requent   p lugging   of   the   f i l t e r   mater ia l .  A baghouse i n s t a l l a -  



5. CONCEPTUAL DESIGN OF PRINCIPAL SYSTEMS 5-83 

t i o n   f o r  a 500 MW c o a l   f i r e d   b o i l e r  would incidental ly   be  larger   than 

any yet  ordered,  although  not  fundamentally  different from exis t ing  

sma l l e r   i n s t a l l a t ions .  

Pre l iminary   resu l t s  from t h e  CCRL t e s t  burns  indicate   ash 

r e s i s t i v i t i e s  such  that   there  is l i t t l e   t o  choose  between a hot 

p rec ip i t a to r  and a cold  precipi ta tor   in   respect   of   necessary  col lect ing 

p l a t e   a r eas .  However, the  cold  precipi ta tor   offers   approximately 20% 

lower cap i t a l   cos t  and i s  t h e r e f o r e   t h e   a l t e r n a t i v e   s e l e c t e d   a t   t h e  

present   s tage.   This   decis ion is subject  to  review when t h e   p i l o t  

p r e c i p i t a t o r   t e s t   r e s u l t s   a r e   a v a i l a b l e  from the   l a rge   s ca l e  t e s t  

burn. 

A ho t   p rec ip i ta tor  i s  only  economically more a t t r a c t i v e  

than a co ld   p rec ip i ta tor  when e l e c t r i c a l   r e s i s t i v i t i e s  i n  the  cold 

temperature  range  exceed  10l2 ohm - cm. In t h i s   c a s e ,   r e s i s t i v i t i e s  

are  about l o l o  ohm - cm, i n  the  optimum range  for  a co ld   p rec ip i ta tor .  

There i s  therefore  no jus t i f ica t ion   for   the   h igher   duc t ing ,   c ladding  

and s t r u c t u r a l   c o s t s  of a hot  precipitator.   Furthermore,   the  cold 
type i s  more to l e ran t  of  load  changes and has   bet ter   par t - load 

e f f ic iency .  

5 . 9 . 4  SULPHUR  EMISSIONS 

In   th i s   sec t ion   the   approximate   l eve l   o f  SO emission:;  from 2 
t h e  power plant   are   es t imated and a r e  compared w i t h  t h e  limits and 

objectives  published by the   Br i t i sh  Columbia Pollution  Control I3oard 

and other Provincial ,   Federal  and U.S. agencies. 
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The emphasis which d i f fe ren t   count r ies ,   no tab ly   the  U.S. and 

Japan,  place on cont ro l  o f  sulphur  dioxide  emissions  can  be  understood 

by referring  to  Table  5.9.2  Projected  Total   Emissions  of SO 
2 '  

TABLE 5.9.2 

PROJECTED TOTAL EMISSIONS OF SO2 

1968-1980 without  special  abatement  measures 

Finland 

Sweden 

Norway 

U.K. 

Germany 

Turkey 

Canada 

U.S.A. 

Japan 

1968 

.23 

.52 

.10 

- 

5.7 

3.2 

.I8 

1 . 2  

25.4 

4 .0  

(33) * 

MILLIONS OF TONS 

1980 1985 2000 - - - 
.36 

1.1 

.15 

6.0 

5.4 

.65 

1.5 (1) 

51.7 (75) (2) (100)  (3) 

14.0 

(1)   o f   th i s ,  0 .71 i s  p r o j e c t e d   t o  come from  power plants.   Source - 0.E.D.C 

(2)  Source - E l e c t r i c a l  World May 15, 1971 

(3)  Source - EPA Interview Power Engineering  June, 1971 
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In   o rder   to   es t imate   the   l eve l   o f  SO emissions it i s  2 
necessary  to:  

- Estimate  the  average  sulphur  content  of  the  coal 

i n   t h e  proposed 600 f t .  p i t ,  and the  range  in  

content 

- Determine  whether it is prac t icable   to   reduce   e i ther  

t h e  amount o r  the   var iab i l i ty   o f   su lphur   conten t  

- Determine the  proport ion  of   the  sulphur   enter ing 

the   bo i l e r  which is oxid ized   to  SO 2 

a)  Estimate of  Sulphur  Content  of Coal - 600 f t .  P i t  

Sampling of s p e c i a l   d r i l l   h o l e s  135 and 136 indica tes  

that   the   sulphur   content   of   the   coal   var ies   through  the  different   coal  
s t r a t a .  Dolmage Campbell have  divided  the  deposit   into  four main 

zones, and their   estimate  of  the  average  sulphur  content  in  these 

zones is shown in  Table  5.9.3,  Sulphur  Content  of Zones A, B,  C ,  D. 

5 
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TABLE 5.9.3 SULPHUR CONTENT OF ZONES A, B ,  C ,  D .  

No. 1 Deposit - 20% moisture 
(coal w i t h  more than 44% ash  re jected)  

Sulphur  Content % 

Zone A (highest  zone) 0.58 

B 0.66 

C 0.35 

D (lowest zone) 0 . 2 2  

Figure  5.9.1 shows the   r e l a t ionsh ip  between  sulphur  content 

and coal  heating  value  for  each  of  the  zones. The r e l a t ionsh ip  i s  

general ly  random for   three  of   the  zones,   but  i t  appears   that   the   sulphur  

content   drops  s l ight ly   with  heat ing  value.  

A t  constant load the  coal   heat   energy  enter ing  the  boi ler  is 
constant ,   therefore   the  important   cr i ter ia   in   determining  the  level   of  

SO emissions i s  the  sulphur  content as a proportion  of i t s  heat ing 

value.  This  index is  lower f o r  samples of  Hat Creek coal  with  higher 

heat ing  value and thus a mining  technique which t e n d s   t o   s e l e c t i v e l y  

re jec t   coa l  o f  low heat ing  value will lead  to   lower SO2 emissions. 

2 

Dolmage Campbell estimate t h a t  when t h e  sulphur  content i s  
weighted by the   ove ra l l   s i ze   o f   t he   zones ,  a mean value  of  0.41% is 
obta ined   for   the  whole deposit  (based on 20% moisture) .  This includes 

0 .11%,   i . e .  27% of   the   to ta l   su lphur ,  which is p y r i t i c .  

Dolmage Campbell es t imate   that   the   average  sulphur   content   of  

a 600 f t .  deep  open p i t  is about  0.43%,  reflecting  the lower proportion 

of  zone D coal  which  such a mine will y i e l d .  

L 
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A s  t h i s   f i g u r e  is based on an  extrapolat ion  of   data ,  t h i s  

repor t  i s  based on an  average  sulphur  content  of  0.45%  with 0.12% 

p y r i t i c  (based on 20% moisture).   This  corresponds  to  the mean 

figure  quoted i n  paragraph  5.2.7. 

The average  sulphur  content  per  million Btu of  heating  value 

i s  therefore  0.76  lb,  o r  0.55 lb   excluding  pyri t ic   sulphur .  

b) Sulphur  Content  Reduction o r  Averaging 

Sulphur  occurs i n  coa l   i n   t h ree  forms: o rgan ic ,   py r i t i c  

(FeS2)  and sulphate.  Over 70% o f  to ta l   su lphur  i n  Hat Creek coal i s  

organic  sulphur, which a s   p a r t  of the  coal  molecule i s  not  removable 

by present  technology. Most of  the  remaining  sulphur i s  p y r i t i c .  

Whereas the  organic  sulphur  content i n  t h e  Hat Creek coal i s  r e l a t i v e l y  

constant,   the  pyrit ic  content  varies  quite  widely,  and causes ,a few 

samples t o  show high   to ta l   su lphur   conten ts .   S ince   pyr i tes  i s  near ly  

four  t imes  as heavy as   coa l ,  it is usua l ly   p rac t icable   to   separa te  

n e a r l y   a l l   o f  it from the  coal .  However, the  c lay which occurs i n  
H a t  Creek coal w i l l  make the removal of pyr i te rmore   d i f f icu l t .  

The al ternat ive  approaches  to   coal   preparat ion have d i f f e ren t  

e f f e c t s  on sulphur  content.  The dry  coal  blending  process will average 

the  sulphur  content,  thereby  moderating  occasional  peak  values. A 

coal  washing  plant will remove some of t h e  pyrit ic  sulphur,   reducing 

the  total   sulphur   content   per   mil l ion Btu of   heat ing  value.   I t  is 
poss ib le   tha t  some pyr i t ic   su lphur  will a l so  be removed i n  the  mills 

o r  the  rotary  breakers .  

The t o t a l  amount o f   py r i t e s  which will be removed will 

depend on the  coal   preparat ion method which i s  se lec ted .  The e f f e c t s  

of  removing a l l   p y r i t e s o r   h a l f  or none of i t ,  are  considered. 
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In sec t ion  5 . 3  it was noted   tha t  it will b e   d i f f i c u l t   t o  

s e l e c t i v e l y  mine,  blend o r  b e n e f i c i a t e   f o r   t h e   o p t i m i z a t i o n   o f  more 

than  one  var iable  or q u a l i t y .  If coa l  of a cons is ten t   hea t ing  value is 
t o  b e   d e l i v e r e d   t o   t h e  power p l a n t  it may b e   d i f f i c u l t  t o  maintain a 

consis tent   sulphur   content .  

The  range  of  sulphur  content,  on a 20% mois tu re   bas i s ,   va r i e s  

from  about 0.1% to   about  2% while 95% of the   coa l   appears   to   have  

between 0.1 and 0 . 9 2 %  sulphur.  

If successful blending is assumed i n  two s tages :  

1) Mixing i n   t h e   s h o v e l  and t r u c k   t o   t h e   e q u i v a l e n t   o f  

a two l a y e r   p i l e .  

2) Pi le  blending  with s i x  l aye r s .  

95% of the  coal  should  have a sulphur  content  between 0.35% 
and 0.61%. This would b e   v a l i d   f i r s t l y  if blending  proves  to   be 

poss ib le   and   a l so  i f  t h e   v a r i a t i o n  i n  sulphur i s  s t a t i s t i c a l l y  random. 

This is far from the   case  because  the  average  sulphur   content   in  Zone 

D is  0 . 2 2  while i n  Zone B it is 0 . 6 6 % .  In  a p i t  which contains  about 

200 mil l ion   t ons  of Zone D coa l  and about SO mil l ion   tons   o f  Zone B 
coa l  it is ha rd   t o   be l i eve   t ha t   t he   r ange   o f   su lphur   de l ive red   t o   t he  

p l an t  w i l l  be  narrowerthan 0 . 2 2  t o  0 . 6 6 ,  on a 20% mois ture   bas i s .  

Obviously until a mine p lan  is completed the   range   of   su lphur  

content which will be  del ivered  cannot   be  predicted  with  confidence.  In 
addi t ion  only when a mine plan is a v a i l a b l e  will it b e   p o s s i b l e   t o  

i nves t iga t e   t he   du ra t ion  of swings in   sulphur   content ;   obviously if  
the  excursions  represent  a few  minutes   of   boi ler   feed  they  are  of  l e s s  

concern  than i f  they  represent   several   hours .  
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P 

c)  Percentage  of  Sulphur  Converted t o  SO2 

To provide a conservative estimate of  SO2 emissions it i s  
assumed t h a t  a l l  the   su lphur   en te r ing   the   bo i le r  becomes SO2. In 
f a c t  Dolmage Campbell have shown t h a t   i n   l a b o r a t o r y   t e s t s ,   p r a c t i c a l l y  

a l l  of   the   pyr i t ic   su lphur   remains   in   the   ash ,   bu t   these  tests may 

not   be  representat ive  of   f i r ing i n  a f u l l   s c a l e  unit. In addi.tion some 

SO3 may be  absorbed i n   t h e  calcium  which  occurs in   t he   a sh ,   e spec ia l ly  

i n  view of   the  high  ash  content   of   this   coal .  

d) Estimated Level of  Emissions 

SO2 emission  levels may be  quoted i n  3 di f fe ren t  ways: 

- Amount of  emission  per  ton  of  fuel  burned. 

- Concentration  of  emission i n  par t s   per   mi l l ion  by volume 

- Amount of emission  per  million Btu of f u e l  burned. Y 

These three  bases  are  reviewed  in turn: 

p r  by  weight. 

Emission per  ton  of  coal 
The B . C .  Pollution  Control Board has  published  an  objective 

f o r  new plan ts   o f  20 lb .  o f  SO2 per  ton of coal  burned. The zalculated 

emission level for  the  average  coal  with 0.45% sulphur is about  18  lbs. 

per  ton of coal.  This i s  s l i g h t l y  below the   ob jec t ive  withoue  any*remo- 

Val of   pyr i t ic   su lphur  even  assuming a l l  the  sulphur  i s  oxidized  to  
SO.,, as shown in   Tab le  5 . 9 . 3 .  I t   i s  l i ke ly   t ha t   t he   ac tua l  a’Jerage 

level of  emissions would be  lower. 
L 

The emissions  under   this   def ini t ion  are   not   effected by 

the  heat ing  value  of   the  coal .  
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TABLE 5 .9 .3  SO2  EMISSIONS 

Lbs. SO2 Per Ton of  Fuel 

PCB Objective 20 

Emission  with  average 
Sulphur  content  0.45% 

- No p y r i t i c  removed 18 

- A l l  p y r i t i c  removed 13.2 

Emission i n  ppm 

Figure  5.9.2 shows calculated SO2 emissions  in ppm, assuming 

t h a t  a l l ,  o r  none of  t h e   p y r i t e s  removed,  and assuming  any  sulphur 

not removed is  converted t o  SO2. From t h i s   f i g u r e  it can  be  seen 

t h a t  even i f  a l l  t he   py r i t i c   su lphur  i s  removed the  average  emission 

leve l  will exceed  Level A o f   the   s t r ingent   Br i t i sh  Columbia object ive 

which i s  300 ppm.  To meet this   object ive  the  sulphur   content /mil l ion 
Btu  must be  l imited  to   0 .40 lb . ,  a leve l  which few coals  meet. In f a c t  

even Alberta   plains   coals  which typically  have  about 0.65 lbs .  of 
sulphur  per  mill ion Btu at  s i t e s  such as Battle  River and Sheerness, 

produce  emissions of 500-600 ppm. I t  i s  in t e re s t ing   t o   no te   t ha t  

Zone D coal,  on average,does meet the B.C. object ive,  even  without 

py r i t e s  removal. 

The average  coal would meet Level B o f  t h e  B . C .  object ive which 

i s  600 pprn provided  that a l l  t he   py r i t e s  i s  removed. 

Emissions  per  million Btu of  Coal 

The U.S. EPA limit i s  1 . 2  l b .  SO2 per   mil l ion Btu. T h i s  
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corresponds t o  0 .6  lb.   of  sulphur  per  mill ion  Btu,  on the   bas i s   t ha t  a l l  

sulphur   in   the  furnace becomes SO2. Table  5.9.4 shows emissions  under 

t h i s   d e f i n i t i o n   f o r   t h e  0.45%  sulphur  coal  with  different  degrees of 

pyrites  removal. 

TABLE 5.9.4 SULPHUR  EMISSIONS 

Average  Emission  1b.SO2/10 Btu 

Sulphur % removed  removed removed 

6 

Total No pyr i t e s  k of   pyr i tes  A l l  p y r i t e s  

Average o r  performance  coal 0.45 1.52 1.31 1 .10  

EPA emission  standard 1 . 2  1 . 2  1 . 2  

This   t ab le  shows that ,   based on the  assumed 0.45%  sulphur  content, 

the  average  coal  from t h e  600 f t .  deep p i t  will meet t h e  EPA leve l  if a l l  

the   py r i t e s  i s  removed. If any  sulphur o r  SO2 i s  re ta ined  o r  absorbed i n  

the   a sh ,  as i s  l ike ly ,   the   emiss ion   leve ls  shown in  Table   5 .9 .4  would be 

reduced. 

I t  should  be  noted  that EPA limits are not  applied t o  average 

va lues ,   bu t   to   peaks ,which   qua l i f ies   the   resu l t s  o f  Table  5.9.4. 

The r e l a t ionsh ip  between  sulphur  content,  coal  heating  value 

and SO emission level is a l s o  shown i n  f igure   5 .9 .3 ,   aga in   wi th   the  

EPA limit shown as a reference  point .  
2 

Environment Canada has  produced a new recommendation  which 

is  to   be   app l i ed   i n  1984.  This limit i s  800 ppm, dry,   corrected  for  

0 .3% oxygen.  Figure 5.9.2 shows that   the   average  coal  and average  sulphur 

content meet t h i s  limit almost  exactly  with no py r t i e s  removed. 



5 .  CONCEPTUAL  DESIGN OF PRINCIPAL SYSTEVS 5-92 

e)  Conclusions 

Further work is necessary  to  confirm  the  average and range 

of  sulphur  content  of  the  pit  and t h e   p o s s i b i l i t y  of re jec t ing   pyr i tes  

i n  a coal   beneficiat ion  plant ,   or  i n  t h e  mills. In addi t ion   the  

bene f i c i a t ion   t e s t  programme will confirm  whether the  coal  can  be 

blended o r  upgraded to   reduce   the   var ia t ion   in   su lphur   conten t .   Tes ts  

must also  be  conducted t o  show  how  much, if  any,  of  the  pyrites will 

remain i n  the  ash.  

A t  present it appears   that   the   average  coal  and average  sulphur 

content will meet most regulat ions o r  objectives  with  the  exception  of 

t h e  B . C .  level  A of 300 ppm. 

Although the  sulphur  emissions will vary  with  the  qual.ity  of 

coal and the  sulphur  content,  the  importance  of  emission  standards 

r e l a t e s   u l t i m a t e l y   t o  ambient  levels. Even t h e  U.S. Environmental 

Protection Agency limits are aimed a t  reducing  ambient  sulphate and 

SO2 levels  through  the  reduction  of  total   emissions.  The consideration 
of  average  emission  levels  contained in t h i s  sect ion is therefore  of 

some va l id i ty .  

f )  SO Scrubbers -2 

The conceptual  design  does  not  include SO2 scrubbers  but  has 

a l lowed  space   for   the i r   ins ta l la t ion  i f  this  proves  necessary.  The 

cap i t a l  and operating  costs  of  scrubbers  are  exceptionally  high and a t  

present  they  suffer from poor r e l i a b i l i t y  and severe waste disposal 

problems. 
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5 . 9 . 5  Chimney 

The funct ion  of   the chimney is  to   e f f ec t   adequa te   d i lu t ion   o f  

t he   f l ue   gases  i n  the  atmosphere and to   enab le   t he   gases   t o   pene t r a t e  

any inversion  layers .  

During t h e   s i t e   s e l e c t i o n   s t u d y  a chimney 1100 f t .  high was 

considered f o r  pre l iminary   ca lcu la t ions ,   bu t   the   ca lcu la t ion   of  ground 

level   concentrat ions  of   pol lutants ,  for various chimney heights ,  i s  a 

p a r t  of f u r t h e r   s t u d i e s  now i n  progress .  Chimney optimization will not 
be  completed u n t i l  some t ime   i n   t he   fu tu re .  For the  purposes of t h e  

conceptual  design  study a chimney 800 f t .  high,   containing  four   separate  

21 f t .  diameter   f lues ,  is proposed. 
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Nei ther   the  height  nor  the   p rovis ion   of   mul t ip le   f lues  i s  
unique. The Pullman-Kellogg Company has  recently  completed two multiple 

f l u e  chimneys f o r  Ebasco pro jec ts ,  one a 550 f t .  two f l u e  chimney  and 

the   o the r  a 500 f t .  t h ree   f l ue  chimney. 

Single chimneys  from  550 f t .  t o  850 f t .  high  have  been  provided 

f o r  a large number of  plants  over 2000 MW in  Ontario and i n  t h e  U . K .  

In   the   pas t  l i t t l e  rel iable   information was avai lable  on 

design  of steel  l i n e r s   f o r  chimneys. Recently,  the ASCE 

published  the  f indings  of  their   Task Committee on s t e e l  chimney liners, 
e n t i t l e d  "Design & Construction  of  Steel Chimney Liners".  This 

describes some previous  problems  and  proposes  guidelines  for  conceptual 

and s t ructural   design.  A t  a he ight   o f  800 f ee t   t he   conc re t e   she l l  

design  presents no unusual  problems.  There are a t  least a dozen power 

plant  chimneys with a height  equal  to or exceeding 800 f e e t .  

Accessories  for  such chimneys include  ladder,  monitoring 

equipment  platforms,  aviation  obstruction  l ights and  access  platforms, 
and inspection  platforms  within  the  annular  space.  

A personnel  hoist  i s  provided  for   access   to   the  var ious 

in te r ior   p la t forms .  The annular  space is vent i la ted  by means of 

louvres   a t   the   top  and  bottom o f   t he  chimney. With the   l iners   p roper ly  

insulated  the  temperature  within  the  annular  space  under normal  opera- 

t i n g  and maximum ambient  temperature will not  exceed  approximately 

140°F (4OOC) .  The proposed  design makes it poss ib l e   t o   s e rv i ce  an 
individual   l ines   while  a l l  o the r   l i ne r s   a r e   i n   ope ra t ion ,  and allows 

access   to   the   annular   space   wi th   a l l  un i t s  i n   s e rv i ce .  
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5.10 DESIGN FOR WINTER CONDITIONS 

Plant  design will requi re   carefu l   cons idera t ion   of  t h e  e f f ec t   o f  

winter  conditions.   This i s  a normal par t   of   the   design  of   thermal  

p l an t s  i n  Canada, and the  winter   condi t ions  a t   the   Harry Lake s i t e   a r e  
not  expected  to be as   severe   as   those  a t   o ther   plants   such  as  Sundance 

i n  Alberta.  

In t h i s   s e c t i o n ,  comments a r e  made on t h e  normal a reas   t ha t  

requi re   a t ten t ion  f o r  winter  conditions,  and more de ta i led   cons idera t ion  

is  given t o  problems  which a re   pecu l i a r   t o   t he   Har ry  Lake s i t e .  

5 .10.1 Usual  Aspects 

The following  discussion  covers  those  systems  and  items  of 

p l an t  which  have  given  problems i n  severe  winter   condi t ions,  and normally 

r equ i r e   de t a i l ed   a t t en t ion  i n  Canadian  generating  plants. 

a)  Water  Intakes 

Reservoir  intakes must be  protected  against   ic ing by 

loca t ing  them a t  a sui table   depth,  o r  by the  provis ion  of   re-circulated 

warm water. The  make-up wa te r   r e se rvo i r   a t  Hat Creek would be f i t t e d  

w i t h  a water   intake  that  i s  below the   an t ic ipa ted   l eve l  o f  t h e   i c e .  
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as water is drawn out   o f   the   reservoi r ,   the   i ce  will t end   t o  cNJllapse, 

and it will never build up t o  a great   th ickness .  

b) The Coal  Handling  System 

The coal  handling  system a t  Lambton  G.S. o r ig ina l ly  

su f fe red   d i f f i cu l t i e s   due   t o   t he   f r eez ing   o f   t he   s to red   coa l .  The top 

c rus t  of t h e   c o a l   p i l e  was frozen,  and  the  coal below was damp and 

f roze  on contact   wi th   the  chi l led  s teel   of   the   s tack  reclaimer  bucket ,  

wheels,   chutes,   belt   pulleys,  and reclaim  hopper  plating.  There i s  

however no shortage  of  experience i n  successful design  and  detail ing 

t o  avoid  such  problems. 

A t  Hat  Creek a l l  coal  bunkers  are  indoors  with  the ex- 
ception  of  the  surge  bin at the   t op  of  the  overland  conveyors.  Stain- 

less s teel   buckets  are provided  for  the  stacker/reclaimer  wheel,  and 

chutes a t  t ransfer   po in ts   a re   l ined   wi th   s ta in less  steel .  Rubber 

sk i r t i ngs   a t   t r ans fe r   po in t s  minimize spi l lage.   Provis ion i s  a l so  made 

f o r  heating  the  storage  bunkers,  and cer ta in   t ransfer   po in ts  a:; well as 

many vulnerable  points on the  conveyors. 

c) Building and  Combustion Air Heating 

The design  of  the a i r  hea t ing   sys tems  for   the   Ha~ry  
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Lake condi t ions  requires   care   to   ensure  that   heat ing  coi ls  will not 

f reeze  up during  an  outage o r  when they  are   shut  down. 

d)  Spring Break-up 

Construct ion  and  operat ing  act ivi t ies  must be  scheduled 

so t h a t   t h e r e  i s  no requirement t o  move heavy  loads on rural   roads 

during  the  break-up  period. 

e) Outside Water Lines 

There will be a number of  outs ide  water   l ines  which will 

requ i r e   p ro t ec t ion   aga ins t   f ro s t  by e l e c t r i c   t r a c i n g .  

f)   Construction  Access:  Use of Doors 

Stations  designed f o r  very  cold  climates must have a t t en -  

t ion   pa id   to   the   e f fec t   o f   opening   doors   dur ing   the   cons t ruc t ion  o f  

l a t e r   u n i t s .  Main equipment doors  can  often be  open f o r  a l imited  t ime 

only  during  winter.  
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5.10.2 Problems  Requiring  Particular  Attention a t  Hat Creek 

The two potential  winter  problems a t  Hat Creek  which a r e  

s i t e - r e l a t ed  are t h e  main water supply  l ine from t h e  Thompson River 

and the  cooling  towers.  

a )  Thompson River  Pipeline 

I 

I 

I 

I 

m 

P 

3 

Protection  of  the Thompson River  pipeline  against   icing 

i s  par t   o f   the   s tudy  by Sandwell & Co. who recommended tha t   t he   p ipe -  

l ine  be  buried,   that   a l lowance  be made for  continuous  flow, and t h a t  

it be  drainable.  

b)  Cooling Tower Fogging 

The problem of  cooling  tower  fogging  requires  investi-  

gat ion as part   of  the  environmental   studies.  In the  conceptual  de- 

sign  the  cooling  towers will generally  be downwind of   the  plant  and 

if  fogging  develops it should  not  affect  the  switchyard,  the  coal 
handling  plant or other  vital  outdoor  equipment. If fur ther   s tud ies  

show that  fogging may be a danger  and may a f f ec t   t he   p l an t ,   f u r the r  

consideration  should be given  to  hyperbolic o r  mechanically  assisted 

towers,  above t h e  ground. 

c)  Cooling Tower Winter  Operation 

During  periods  of low temperature  operation ( 3  2 F and  be !low), 

i c e  may form on t h e  wet p a r t s  of t h e  tower in   contact   wi th   the incoming 

air .   This   includes  the  louvres  and adjacent  structural   framing. 

Ice-forming  characterist ics on any  given  tower will 
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vary,  depending on ve loc i ty  and d i rec t ion   of  wind, c i rcu-  
l a t ing   wa te r   r a t e  and heat  load.  Ice  formation  can  be  controlled by 

r e g u l a t i n g   a i r  and water  flow  through  the  tower. The means employed 

include  reducing  fan  speed  or even revers ing   the   fans ,   to   reduce   the  

cool ing  effect  and raise   the  water   temperatures .  I t  i s  a l so   poss ib le  

t o   d i r e c t   a d d i t i o n a l  warm water  adjacent t o  the  louvres .  

d) Cooling Tower Winter Shutdown 

The cooling  towers  are  connected on a s t a t i o n   b a s i s  so  

t h a t  warm water  can  be  circulated  through  the  basin  of  each, 

when less   than 4 uni ts   are   operat ing.   Provis ion i s  made t o   d r a i n  

the   bas in  and a l l  water  l ines,   should any  tower  be  shut down 

f o r  an  extended  period. 

5 .11 MAJOR EQUIPMENT TRANSPORTATION 

5.11.1  General 

To ensure  that   the  major  pieces  of equipment f o r  t h e  4 - 
500 MW generat ing  uni ts  can  be  shipped t o   s i t e   s p e c i a l   a t t e n t i o n  

i s  g ivento   the   t ranspor ta t ion   rou tes  and t r anspor t  methods ava i lab le .  

Some major  equipment  such a s   t h e  main t ransformers ,   the  

gene ra to r   s t a to r s  and the  steam drums a re   t oo  heavy t o  be  transported 

over most of t he   ex i s t ing   P rov inc ia l  highways owing t o   r e s t r i c t i o n s  

imposed by the  Department  of  Highways. Rai l   t ranspor t  must t he re fo re  

be  used t o  move such  equipment t o  Ashcroft o r  Lilooet from where it 
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m would b e   s h i p p e d   t o   t h e   s i t e  by road. 

5.11.2 Dimensions of Major Components 

L 

Table  5.11.1,  Weights  and  Sizes  of Major  Components, swnmar- 
izes the  weights  and  dimensions  of  typical items of  major equi.pment: 

TABLE 5.11.1 

WEIGHTS AND SIZES OF MAJOR COMPONENTS 

Equipment Length - Width - Height Weight 

Toshiba  Generator  Stator 28 f t .  13 f t .  1 4  f t .  260 tons 

Combustion Eng. Steam Drum 75 f t .  7.5 f t .  275 tons 

Westinghouse  Transformer 35 f t .  25 f t .  18.5 f t  . 342 tons 

The above  components  cannot  generally  be sp l i t   f o r   sh ipp ing ,  

a l though  the  s ize   of   the   generator   s ta tor   can  be  reduced by a few inches 

by making a separate  outer  case,  which a c t s  as the   p ressure   vesse l .  

These are t h e   l a r g e s t  and heaviest  components requi red   for  a 

generating  plant.  A l l  o ther  components,  such as the   tu rb ine ,  'can be 

dismantled  for  shipment. The dimensions shown above a r e  typial f o r  

a l l  manufacturers. 

5.11.3  Availabil i ty  of  Railcars 

Special   railcars must be  used to   t r anspor t  equipment of t h i s  
type.  Depressed f l a t  r a i l c a r s  o f  very  large  capacity  are  not  available 

i n  Canada, except  that  a  number of  manufacturers  such  as CGE own t h e i r  

own r a i l c a r s  which can  be  used for  shipping  items of t h e i r  own manufacture 
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Offshore  manufacturers of  genera tor   s ta tors  o r  power transformers must 
use a l imited number o f   r a i l c a r s  which a r e   a v a i l a b l e   t o  Canadian r a i l -  

way companies  through  agreements  they  have  with U.S. companies  such a s  

Penn Central  (Conrail Corp.) . 

The steam drum  may be  transported on two spec ia l  Penn Central  

r a i l c a r s  having  bols ter   centres  i n  the  middle  of  each  car  to  support   the 

ends  of t h e  d m .  

Generator   s ta tors  may be  transported on Schnabel o r  depressed 
f l a t   r a i l c a r s .  A Penn Central   car   has  been  used f o r  most major s t a t o r  

shipments  across Canada. 

Such types  of  car must  be  ordered at  least   one  year i n  advance 

t o   g u a r a n t e e   a v a i l a b i l i t y  when t h e  equipment i s  t o  be  delivered. 

5.11.4 Terminals 

Two ra i l   t e rmina ls ,   Ashcrof t  and Pavi l ion ,   a re   ava i lab le   near  

t h e   s i t e   f o r   t r a n s f e r  of  equipment t o  heavy t rucks   for   t ranspor t   over  

l oca l   roads   t o   t he   p l an t   s i t e .  Mobile l i f t i n g  and jacking equipment 

will be   requi red   to   t ransfer   the  equipment  from t h e   r a i l   c a r s  on t o  

the   t rucks .  

Sui tab le  heavy t rucks   a r e   no t   a t   p re sen t   ava i l ab le  and 

one may have t o  be specially  purchased. 
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5.11.5  Transport  Routes 

Three   po ten t ia l   rou tes   appear   p rac t icable   for   ra i l   t ranspor t  

of  heavy  equipment.  These  routes  are: 

- C . N .  r a i l  from  Centennial  Pier i n  Vancouver 

to   Ashcroft .  

- Barge from Centennial   Pier  to Squamish, then B . C .  

r a i l  from Squamish to   Pavi l ion .  

- C.N.  r a i l  from Eastern Canada [Manufacturers’ 

works or Montreal  docks). 

A l l  t h e  above  routes  have  tunnel o r  cu t t ing   res t r ic t i .ons .  

The B.C.  Rail limit is about 1 2  f t .  10 i n .  while C.N.  Rai l   l imits   loads 

t o  13 f t .  6 i n .  width. B.C.  Rai l   tunnel   prof i les   appear   t ight   for   the 

generator   s ta tor ,   but  it seems l i k e l y   t h a t   t h e   t y p i c a l   s t a t o r  shown i n  

Table  5.11.1  could  pass up t h e  B.C .  Rail route .  I t  is poss ib le   tha t  
minor  widening would be requi red   a t  some spots ,   to   permit   c learance.  

The two C.N. rou tes  do not  pose  a  problem f o r  t h e  equipment 

sizes  chosen. 

Specif icat ions f o r  t h e  major equipment must have  regard t o   t h e  

r e s t r i c t i o n s  imposed by r a i l   t r a n s p o r t a t i o n .  
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6.1 TECHNICAL SUMMARY 

Table  6.1.1,  Technical Summary, provides  principal  technical 

da ta   o f   the  power p l an t .  The p lan t  heat balance and materials  balance 

a r e   i l l u s t r a t e d  i n  Figures  6.1.1 and 6.1.2. 

TABLE 6 .1 .1  

TECHNICAL SUMMARY 

S i t e  

Location: 

- 

Si t e   a r ea :  

Manpower 

Average construct ion  force 

Approximate number of  operating 
s t a f f   ( fou r   un i t s )  

Building 

Total length of powerhouse 

Total  width  of powerhouse 

Height  of  boiler room roof 

Height  of  turbine room roof 

Chimney 

Number of chimneys 

Number o f  f l ues  

Height o f  chimney 

Diameter  of  inner  flues 

Near Harry Lake i n  Trachyte 
Hills east   of  Hat Creek va l ley ,  
a t   e l e v a t i o n  4600 f t .  

625 acres  

1000 

171 

928 f t .  

290 f t .  

300 f t .  

110 f t .  

1 

4 

Provis ional ly  800 f t .  

2 1  f t .  
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TABLE 6.1.1  (cont 'd.)  

Inside  diameter   of   s tack 66 f t .  

Flue  gas   exi t   veloci ty  90 f t  . /sec.  (@ 300°F E MCR) 

E l e c t r i c a l  Power Output 

Net output   (4   uni t   s ta t ion)  m MW @ WR* 
2100 

Generator  voltage 

Transmission  voltage 

Frequency 

24 kV 

500 kV 

60 Hz 

Steam  Generator  (per  unit) 

Design  steam  output @ MCR* 3,960,000  Ib/hr 

Superheater   out le t   pressure @ MCR* 2620 p s i g  

Superheater  outlet   temperature 1,00S0F 

Reheat  steam  temperature 1,005'F 

Coal consumption @ MCR* 1877 tons/hr  

Number of   pulver izers  8 per  unit ( t en ta t ive )  

Water temperature  to  economizer 485'F 

Igni t ion  System 

Fue 1 No. 2 f u e l   o i l  

Capacity  of  fuel  tank (2 tanks/ 
s t a t i o n )  250,000 US gal . / t ank  

Turbine 

Steam pressure @ t h r o t t l e  2520 ps ig  

Steam temperature @ t h r o t t l e  1000°F 

* Maximum continuous  rating at VIVO, 5%  overpressure. 
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TABLE 6.1.1  (cont 'd.)  

Reheat  temperature 

Condenser vacuum 

Number of  ex t rac t ion  
poin ts  f o r  feedwater 
heating 

Turbine  heat  rate 
including BFP turbine 

Rating 

Boiler Feed Pumps 

Number of  main pumps/unit 

Capacity  of  the 50% pumps @ MCR 
(without  capacity  allowance) 

Discharge  pressure @ MCR 
(without  head  allowances) 

BFP t u rb ine   r a t ing  @ MCR 

Normal r p m  

Coal Handling 

Capacity  of  overland  conveyors 
( t o t a l )  

Bunker s torage 

Dust E Ash Handling 

Flue gas  flow @ MCR (20% excess 
a i r )  

Flue  gas  temperature 

1000°F 

ambient  of 57 F 
3.5 in.Hg. Ab;.for design 

7 

8000 Btu/kWhr 

583 MW a t  VWO and  5% overpressure 

2 main + 1 s t a r t -up  @ 20% cap. 
@ 50% capacity 

4,500 USgpm 

7,290 f t .  

17,360 hp 

5000-6000 rpm 

4,600  tons/hr. 

8 h r s .  

5,949,000 lb . /h r .  from 1 unit 

300°F 
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TABLE 6.1.1  (cont'd.) 

Type o f   f l y   a s h   p r e c i p i t a t o r  E l e c t r o s t a t i c  ("cold") 

Ef f ic iency   of   p rec ip i ta tor  99.7% 
Bottom ash Approx. 158 tons  per  

hour from 4 u n i t s  
Fly  ash Approx. 368 tons  per 

hour from 4 u n i t s  

S ta t ion  Heat Rate 

Est imated  turbine  heat   ra te  

a t  maximum cont inuous  ra t ing 8000 Btu/kWhr. 

Calculated  boi ler   eff ic iency  with 

average  coaldefined in paragraph  5.2.4  83.5% 

S ta t ion   hea t   r a t e   i nc lud ing   p l an t  

aux i l i a r i e s   on ly  ( 4 3 ~ )  10,344 Btu/kWhr. 

S ta t ion   hea t   ra te ,   inc luding   as  above, 10,538 Btu/kWhr. 

plus  overland  coal  conveyor 

and water pump power (53MW) 

Sta t ion   hea t   ra te ,   inc luding  as above,  10,639 Btu/kWhr. 

a l so   p lus  mine power* (58MW) 

*Note - Mine power cost  is also  included  in   the  coal  

price  used i n  th i s   s tudy ,  which i s  derived from t h e  

PD-NCB work. 
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Table  6.1.2, Motor List, shows the   der iva t ion  o f  the   p lan t  

auxiliary  load. 

TABLE 6.1.2 MOTOR LIST 

No. per  
Unit 

2 x 50% 

2 x 50% 

2 x 50% 

8 

1 x 25% 

3 x 33% 

3 x 50% 

4 

1 

8 

4 x 100% 

3 x 50% 

16 

UNIT LOADS 

Motor 
E q u i p m e n t  HP - 
F.D. Fan 3,500. 

I.D. Fan 6,500 

P.A. Fan 4,500 

Pulverizers  1,250 

Standby B.F.P. 4,000 

Cond. Pump 700 

Ash Slu ice  Pwnp 900 

Boiler Circulat- 
ing Water Pump 800 

B.F. Booster  1,200 
Pump 

Connected 
HP 

7,000 

13,000 

9,000 

10,000 

4,000 

2,100 

2,700 

3,200 

1,200 

1500 KVA 1,500 12,000 
Power Centre 

TOTAL HP 

STATION  LOADS - 

C.W.Pump 5,000 20,000 

Crusher 1 ,000  3,000 

1500 KVA 1,500 24,000 
Power Centre TOTAL HP 

Norma 1 
Running Load  (HP) - 

5,100 

9,500 

7,300 

8 , 7 5 0  
- 

;!,loo 
I. ,800 

I., 600 

:I, 200 

37,350 

6,000 

43,350 

" 

" 

" " 

l I ~ , O O O  

" 
2,000 

20,000 

- 13,000 

- 33,000 - 
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Shared  load,  per  unit  = 3300 = 8250 HP - 
4 

Tota l   auxi l ia ry   load/uni t  = 43,350 + 8250 = 51,600 HP 

Assume 0.90 e f f ic iency  and 0.9 demand f a c t o r  

Actual  load = 5 1 , 6 0 0 ~  0.746 x 0.9 = 39 MW (approx.) 
0.90 x 1000 

Contingency 4 - 
TOTAL: 43 MW pe r   un i t  
- 

6.2 PLANT ARRANGEMENT 

6 . 2 . 1   S i t e  Layout 

The s i te   se lec ted   for   the   thermal   p lan t  i s  a gent ly   s loping 

plateau  s i tuated  a lmost  due eas t   o f   t he  mine s i t e  and 1600 f t .  higher .  

South   o f   the   s i te   the  ground  drops  steeply  to  the  Medicine Creek 

va l ley  some 700 f t .  below. Drawing M-100 a t   t h e  back  of   this  volume 

shows the  local  topography. 

The e x a c t   s i t e   l o c a t i o n  was se lec ted  from t h e   e x i s t i n g  100 f t .  

contour map, and visual observations of t h e   t e r r a i n .  When an accurate  survey 

has  been  completed, and geological   data  becomes ava i l ab le ,  it may be  neces- 

s a ry   t o   ad jus t   t he   exac t   p l an t   l oca t ion .  

The pr incipal   s ta t ion  bui ldings  are   a l igned  approximately  north-  

south,  with  the  switchyard a t   t h e  west s i d e .  

The b o i l e r s  and chimney are   loca ted  on the   ea s t   s ide .  The s i n g l e  

chimney s e r v e s   a l l   f o u r   u n i t s ,  t o  achieve maximum poss ib le  plume r i s e  and 

d i s p e r s i o n .   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   a r e   l o c a t e d   a t   t h e   r e a r  of t h e  

b o i l e r s .  Space f o r  poss ib le   fu ture  equipment  designed t o  remove SO2 i s  

also  provided,  aIthough  such  equipment i s  not   in   the  present   concept .  
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A water   s torage  reservoir  i s  impounded  by a dam to   enc lose  a 

natural   basin  located  northeast  of  t he   p l an t .  Cooling  towers  are  also 

loca ted   to   the   nor theas t ,  which is general ly   the downwind s i d e  o f  t h e   s i t e ,  

par t icu lar ly   dur ing  t h e  cold months which a r e  of most concern.  This 

loca t ion  i s  also  convenient   for   the makeup water  supply  line. 

There i s  no coal  yard a t   t h e   p l a n t   s i t e .   F a c i l i t i e s   a r e  

confined  to  those  required  for  termination  of  the  overland  conveyors 

and t r ans fe r   t o   t he   p l an t   coa l   hand l ing  system. 

Drawing MI01 at  the  back  of t h i s  volume, shows the  general  

arrangement  of the   genera t ing   s ta t ion .  

Drawings MI00 and MI01 a r e  based on  wind da ta  which i .s  ava i lab le  

from the  Hat Creek val ley  meteorological   s ta t ion,  and it may be  necessary 

t o  modify the   p l an t   o r i en ta t ion  when wind da ta  from t h e  Harry Lake a rea  

becomes ava i lab le .  

6 . 2 . 2  Plant Arrangement 

The layout of one un i t  o f  t he   s t a t ion  is  shown on the  general  

arrangement Drawings included a t   t h e  back o f   t h i s  volume. These  depict 

t he   p r inc ipa l   f ea tu re s  and configuration  of  the  major  components,  as 

well as   the  locat ions  of   var ious  i tems  of   anci l lary equipment. By 

n e c e s s i t y ,   t h e   l a t t e r  may change when specific  information i s  ava i lab le  

on each  i tem.  In  general ,   priority i s  given  to  minimizing  the  :length 

of  pipe  runs,   with  particular emphasis on large-bore  and  high  temperature 

systems. However, i n  some ins t ances ,   f l ex ib i l i t y  and proper  drainage 

of   these   l ines  will require  additional  length.   Other  considerations i n  
equipment layout   are   provis ion o f  suff ic ient   access   for   maintenance,  

avoidance  of  obstruction t o  o the r   un i t s ,  and the  most prac t icable  

arrangement  of  building  structural   steel .  
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The p lan t   i s land  is arranged  with  the  four  turbine  generators 

on a common centrel ine  running  the  length  of   the  turbine  hal l .   This  

layout  provides a short   span  for   the  overhead  s ta t ion  crane.   Overal l  

length i s  actually  determined by the   wid th   o f   the   bo i le rs .   the  

length  of   turbine  generator   uni ts  i s  not   l imit ing,  i t  will probably  not 

be  necessary  to  overlap  generator  rotor  withdrawal  spaces.  The r e su l t i ng  

design  allows a turb ine   opera t ing   f loor   wi th  ample laydown a rea   fo r   un i t  

maintenance. A shared  control room is  located between  each p a i r   o f   u n i t s .  

The turb ine   genera tors   a re   a r ranged   in  a "mirror image" configurat ion 

wi th   the   genera tors   toge ther .   This   resu l t s  i n  a subs tan t ia l   sav ing  i n  
cable  runs between generators  and the   cont ro l  room. It a l s o   o f f e r s  a 

s i g n i f i c a n t  improvement in  plant  layout  because  these  major  cable runs 

do  not  cross  the main piping  corridor  running between  each b o i l e r  and 

turbine.  An unloading  bay is  provided a t  each end of   the   tu rb ine   ha l l .  

I t  will permi t   the   l a rges t  components o f   t he   t u rb ine   gene ra to r s   t o   be  

lowered t o  o r  be  recovered  from  ground  level by the   s t a t ion   c r anes .  

The main boi le r   feed  pumps and  turbines  are  located on t h e  

opera t ing   f loor   to   fac i l i t a te   main tenance  by the   s ta t ion   c rane .   This  

a lso  permits  a bottom  exhaust from the   t u rb ine   t o   be  xun t o  a conven- 

ient   locat ion  in   the  condenser   neck,   thereby  re l ieving  the need f o r  

i n t e rna l   ba f f l i ng ,  and providing good drainage. 

The s tar t -up/s tandby  boi ler   feed pump and boi le r   feed   boos te r  pump 

a re   l oca t ed  on the  ground f l o o r  and a re   s e rv i ced  by an  overhead  monorail. 

These  barrel-type pumps r e q u i r e   l i t t l e  overhead  clearance  for  maintenance. 

The two lowest  pressure  feedwater  heaters  are  posit ioned  in  the 

condenser  neck,  with  the  advantages  of  shorter  lengths  of  their   large 

extraction  steam  l ines  and economy of  space. The remaining  feedwater 

hea te r s   a r e  i n  the  "heater  bay" between t h e   b o i l e r  and turb ine .  
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Some items  of  equipment on the  mezzanine and ground :floors 
may requi re   l a rge  headroom f o r  removal. Examples a re   the   tu rb tne  

s top  and governor  valves, combined rehea t   va lves ,   lubr ica t ing   o i l  

coolers  and the  condensate pumps. In these  cases  removable gra t ing  

i s  provided,  to  allow  withdrawal up to   the   opera t ing   f loor  by  .the 

s ta t ion   c rane .  

Air compressor f a c i l i t i e s  w i l l  be  grouped p e r   p a i r  o:€ un i t s .  

The associated  receivers and d r i e r s  will be i n   t h e  same vicini- ty .  

A s ing le  "Batch Lube O i l  Tank" i s  provided t o   s e r v e  ,111 four 

turbines .  I t  will be  located  indoors and a s m a l l   t r a n s f e r   p q ?  will 

supply any required  clean make-up o i l  from t h i s   t a n k   t o   t h e   l u l r i c a t i n g  

o i l   r e s e r v o i r   a t  each  turbine. 

In  the  boiler  area,  the  arrangement  of  pulverizers and coal 

s i l o s  has   the  greatest   inf luence on the  configurat ion  of   the  s . ta t ion.  

In t h i s   ca se ,   t he  number and volume of  bunkers  prohibits  the mst  
convenient  arrangement - a s ing le  row across   the   f ront   o f   the   .>oi le r .  
The pulver izers   are   arranged on e i t h e r  s i d e  o f  t h e  boi le r  with a 

generous  access a is le  outboard.  Routine  maintenance  of  the  pulverizers 

i s  performed  with  the  assistance  of a permanent  monorail  systeln  serving 

four   uni ts .   This  i s  pr inc ipa l ly   for   the   rep lacement   o f   roller,^. For 
a major  overhaul  there i s  suf f ic ien t   c learance  f o r  a small  mobile 

crane  to   enter   through  the  rear   doors ,   for  removal of t he   l a rges t  

components. 

Access f o r  removal of   the  forced  draf t  and primary a i r   f a n  

ro tors  i s  also  through  these  rear  doors of  the  boiler  house.  !However, 

t h i s  infrequent  requirement  does  not  warrant  permanent l i f t i n g   f a c i l i t i e s .  

1 
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A c lea r   ve r t i ca l   access   sha f t  i s  provided  in  the back corner  

of  each  boiler  house.  With su i t ab le   ho i s t ing   appa ra tus ,   t h i s   p rov ides  

for  maintenance  and  removal  of  equipment  around the  coal  conveyors 

above the  bunkers,   the a i r  preheater  baskets,   coal  feeders,   sootblowers,  

e t c .  

A common water t r e a t m e n t   f a c i l i t y  is provided   for   the   en t i re  

s t a t i o n ,  and is s i t u a t e d  on the  ground f loor   o f   the   adminis t ra t ion  and 

service  building.  This  provides a convenient   locat ion  for   the  rout ine 
del ivery o f  chemicals  by t ruck,  without  obstructing any area  around 

the   p lan t   i s land .   S ince   these   fac i l i t i es   a re   normal ly   under   the   ju r i s -  

d i c t ion  o f  spec ia l ized   opera tors ,  it i s  not  necessary t o  loca te  it i n  

the   v i c in i ty   o f   t he   un i t s .  

6.2.3  Civil   Engineering 

The general   graded  level   for   the  plant   area i s  a t   e l e v a t i o n  

4600 f t . ,  with  concrete   foundat ions  for  a l l  major   s t ructures  and 

equipment cons t ruc ted   d i rec t ly  on sound  rock. 

Turbine  foundations, and f loo r s   gene ra l ly ,   a r e  i n  reinforced 

concrete.  Main supers t ruc tures  are steel-framed,  with  insulated  metal  

cladding. 

The powerhouse i s  equipped  with 2 main overhead  travell ing 

cranes,  each of  90 tons maximum l i f t i n g   c a p a c i t y .  

6 .3  TURBINE GENERATOR 

6.3.1  Rating 

The tu rb ine   r a t ing  will not   be   f ina l ized   un t i l   de ta i l   des ign   has  
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commenced,  because  it  depends on an  accurate  knowledge of the  plant 
auxiliary  load.  The  breakdown of the  unit  auxiliary  requirements  on 
which  this  report  is  based  is  shown  below  in  Table  6.3.1,  Auxiliary  Loads. 

TABLE  6.3.1  AUXILIARY  LOADS 

Nominal  output  (unit) 
Station  auxiliaries 

500 Mw 

43 Mw 

Mine  and  conveyor  power  (per  unit) 7Mw 

Water  pumping  power  (per  unit) 6 M W  
Transformer  losses 2MW 

558 Mw 

Allowance  for  possible  future SO2 scrubber 10 MW 

Allowance  for  possible  coal  preparation 
plant 5Mw 

Contingency  10 Mw 

583 MW 

The normal  European  concept for determining  the  turbine  generator 
rating  which  is  normally  used  in  Western  Canada,  is  to  provide  a 
guaranteed  turbine  rating  equivalent to the  gross  output  required. 
In  fact all manufacturers  provide  a  margin  above  the  guaranteed 
rating,  but  while  European  manufacturers  often  do  not  quote  the  margin, 
which  may  be 2-3%, U.S. manufacturers  quote  a  bona-fide 5% extxa 
capability  which  is  referred  to  as  the  valves  wide  open (VWO) rating. 

In addition  the  rating of all  turbines  increases  in  almost  exact 
proportion  to  the  inlet  pressure  and  it  is  common U.S. practice  to 
rate  the  turbine  for 5% overpressure  and  valves  wide  open. Thus on 
this  basis  the  calculated  gross  turbine  rating  is  often  about 10% 

above  the  guaranteed  figure. 
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The  disadvantage of the  European  concept  is  that  purchase of a U.S. 

designed  and  rated  turbine  would  not  utilize  the VWO margin of the  machine I 

or its  ability  to run at 5% overpressure.  However, if the  station  is de- 
signed  for 5% overpressure  the  cost of the  boiler  would  increase  slightly 
(in  terms of dollars  per  unit  of  heat  output). 

The exact  turbine  rating  is  not  vital  in  the  conceptual  design 
because  the 4 exhaust  machine  which  has  been  selected  is  economic  in  the 
range 530-600 MW plus.  Until  the  auxiliary  load  is  known  more  accurately, 
the  conceptual  design  is  based  on a machine  which  is  rated  for 583 MW at 
the VWO overpressure  condition.  The  same  machine  will  therefore  produce 
about 560 MW at  the VWO condition  and  will  have a guaranteed  rating  of 
532 MW at  steam  conditions  of  2400  psig,  1000°F/lOOOOF (558/538OC) with 
final  feedwater  temperature (FFW) of 480'F (249'C), and 3.5 in.  Hg.  Abs. 
back  pressure. The  guarantee  condition  is  shown  in  heat  balance BCH 

6802 "120. 

The net  output of the  power  plant  is  2100 MW based on  the 58 MW 

normal  auxiliary  load  shown  in  Table 6.3.1. 

Final  selection of the  specified  net  and  gross  ratings  per  unit, 
and  the  preferred  rating  basis,  should  be  based on more  detailed  discus- 
sions  with  boiler  and  turbine  manufacturers  in  the  project  implementa- 
tion  phase. 
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6.3.2  Turbine  Data 

In   the  process   of   select ing a turb ine ,  a l imi t ing   fac tor  is t h e  

provis ion  of   suff ic ient   exhaust   area i n  the   l as t   s tage   b lad ing , .  The 

volume of  steam  flowing t o   t h e  condenser  for t h i s  unit will require  a 

total   exhaust   area of  about 220 sq. f t .  This i s  conveniently  achieved 

by four  flow  configuration  with 30 inch last stage  blades,  which i s  

standard w i t h  one manufacturer.  Other  manufacturers'  standards  vary 

s l i g h t l y  from t h i s   s i z e .   T h i s   r e s u l t s   i n  a mass flow  of  approximately 

11,600  lb/hr/sq. f t .  of  exhaust  area,   as compared wi th  the  maxtmum of 

15,000  allowed by most manufacturers. The  30 i n .  blade  design  has 

been  well  proven  in  service. The turbine will probably  have a combined 

HP/IP  cyl inder ,  which o f fe r s  a s ign i f i can t   s av ing   i n  first cost  and a 

reduction in overa l l  unit length  of  about  15 f t .  The combined H P / I P  

configuration is a t   p resent   o f fe red  i n  units up t o  600 MW r a t i n g   f o r  

both  base  load and cycl ing  service.  

With the  requirement  for  two-shift  operation,  the  prswision 

of  a steam  bypass  system w i l l  reduce  the  turbine  thermal  stresses on 
s t a r tup  and prolong component l i f e .  A two-stage  system,  providing 

steam flow from the  main steam  pipes  through  the  reheater and thence 

to  the  condenser will a l low  fas te r   bo i le r   s ta r t -ups   as   wel l  as per- 

m i t t i n g  optimum matching  of main and reheat  steam  temperatures t o  
the  turbine  metal  temperatures. Based on the  turbine  cooling  curve 

for  a typ ica l  500 MW unit, it  can  be shown t h a t  a bypass  capacity  of 

about 25% MCR steam  flow will permit  accurate  steam  temperature  matching 

a f t e r  a 6 hour shutdown. Certif ied  curves  of  boiler  steam  temperature 

versus   load  are   required  for   the  precise   s iz ing  of  this f a c i l i t y ,   b u t  

a typical   system  for  a 500 MW turbine i s  shown on Figure  6.3.1. 

Table  6.3.2, Summary o f  Turbine  Data,  gives  typical .performance 

da ta  f o r  the  turbine.  
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Rating (MW) 
Thro t t l e  Flow ( lb/hr)  
Heat Rate (~Btu/kWhr) 
Steam Pressure  (psig) 

TABLE 6.3.2 

SUMMARY OF TURBINE DATA 

Nameplate vu0 
(Guaranteed) VIVO 5% overpressure 
Rating  Rating  Rating I 

532 560 (approx) 583 I 
3,582,000 3,750,000 " 3,960,000 

8,017 8,007 7,972 
2,400 2,400 2,520 

m 

Steam  Temperature P F  (OCi] 1,000 (538) 
Number of s tages   of   feedheat ing 7 
Condenser  design  back  pressure  (in. Hg 3.5  at  design  ambient m 

No. of  rows of   l as t   s tage   b lades  4 
Last   stage  blade  length  ( in.)  30 
Number of cyl inders  3 

Ab s ) 

I 

Net Turbine Heat Rate = QT(HT-hffw) + Qr(Hro - Hri) I 

KWE 

Where: QT = Throt t le   f low,   lb /hr  

HT = Throttle  enthalpy,  Btu/lb 

hffw = Final  feed  water  enthalpy,  Btu/lb 

Qr = Reheat  flow,  lb/hr 

Hro = Enthalpy  out  of  reheater,   Btu/lb 

Hri = Enthalpy  into  reheater ,   Btu/ lb  

KWE = Generator  output a t   t h e   t e r m i n a l s ,  KW I 

The h e a t   r a t e   o f   t h e   t u r b i n e   a t  VlVO + 5% OP will be  approx- 
imately 7970 Btu/kWhr. For the  purpose of this  conceptual  design a 

turb ine   hea t   ra te   o f  8000 Btu/kWhr i s  u t i l i zed .   Sub t r ac t ing   s t a t ion  

aux i l i a ry  power  and allowing f o r  t he   bo i l e r   e f f i c i ency ,  which i s  

es t imated   to  be 83 .5%,   t he   s t a t ion   ne t   hea t   r a t e  will be  10,344 

Btu/kWhr. 

m 
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If the  water  supply and mine power are  also  considered,  the 

design  heat   ra te  becomes 10,639 Btu/kWhr. 

The cycle  optimization  has  confirmed  the economic j u s t i f i c a -  

t ion  for   seven  s tages  o f  feedwater  heating by extraction  steam.  This 

inc ludes   f ive  low pressure   hea te rs ,   the   l as t  one being  the  deaerating 

s t a g e .   I t  is followed by 2 - 50% duty  turbine  dr iven  boi ler   feed 

pumps and two high  pressure  heaters.  The arrangement is conventional 
f o r   u n i t s  above 400 MW. Two 25% duty motor dr iven  s tar t -up  boi ler   feed 

pumps. are  provided. Feedwater heater  drains  are  handled by a 

cascading  system,  without  the  use  of  drain pumps. 
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6.3.4  Generators 

Each generator is p rov i s iona l ly   r a t ed   a t  648 MVA a t  0.9 power 

f a c t o r ,  24 kv 3 phase 60 Hz and has a s t a t i c   exc i t a t ion   sys t em.  Final 
parameters o f  the  generator  and t h e   c h a r a c t e r i s t i c s   o f   t h e   e x c i t a t i o n  

system will be   se lec ted   to  meet system s tab i l i ty   requi rements .  

The neutral   of  each  generator is grounded  through a r e s i s -  

tance  loaded  dry  type  dis t r ibut ion  t ransformer.  

Generator  protection  includes  surge protection and a con- 

vent iona l   p ro tec t ive   re lay ing  scheme, t yp ica l   fo r   t h i s   t ype   o f  machine. 

6.4 ELECTRICAL SYSTEMS AND EQUIPMENT 

6.4.1 Main Connect  ions 

Power from t h e  four  main genera tor   un i t s  is de l ive red   t o   t he  

B.C. Hydro 500 kv switchyard  through  step-up  transformer  banks,  as 

shown on the  block  diagram  Figure  6.4.1. 

Each main transformer bank cons i s t s  of th ree   s ing le   phase  

transformers,   with  isolated  phase  bus  connections from the   genera tors  

Each transformer is ra t ed  a t  approximately 200 MVA t o  match t h e  
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genera tor   ne t   ou tput ,   a l lowing   for   the   poss ib i l i ty   o f   fu l l  

output  operation  with 50% of  t h e  auxi l ia ry  power supplied  from a start- 

up/standby  transformer,  should a uni t   auxi l iary  t ransformer be out of 

se rv ice  for any  reason. 

Power t o   t h e  mine and the  overland  conveyor  system  is  trans- 

mitted by two 60 kV t ransmission  l ines .  Power to   t he   coa l  conveyors i s  
tapped  off  these  l ines  through two step-down transformers.  

6. 4.2 Auxi l ia ry   E lec t r ica l  System 

During normal ope ra t ion ,   e l ec t r i ca l  power t o   u n i t   a u x i l i a r i e s  

i s  supplied by the  generator   via  two uni t   auxi l iary  t ransformers .  

During s t a r t -up  and shutdown, e l e c t r i c a l  power is supplied 

from t h e  500 kV switchyard  to   the  s ta t ion  auxi l iary  t ransformer,  and 

the  start-up/standby  transformers.  Each of  the  start-up/standby 

transformers is s ized   as  a full   capacity  replacement for one of' the  
unit   auxiliary  transformers.   During normal operat ion,   the   s tar t -up/  

standby  transformers  supply power only t o  t hose   aux i l i a r i e s  not d i r e c t l y  

associated  with  the  running o f  t he   un i t .  There a r e  two s t a t ion   aux i l i a ry  

transformers and each is  s ized   to   t ake   the   load   of  two start-up/standby 

transformers and t h e  mine and conveyor  load. 

In  the  event  of loss  o f  supply from a main generator   uni t  or 
a unit auxi l iary  t ransformer,  power supply t o   t h e  unit a u x i l i a r i e s  is 

t ransferred  automatical ly  from the  uni t   auxi l iary  t ransformer t o  one 

o f   t he  two start-up/standby  transformers.  
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The  medium  voltage  4.16 kV systems  provide  the  primary  power 
distribution  for  the  unit  and  station  auxiliary  loads  including 250 

hp  and  larger, 

The  low  voltage 600 volt  systems  are  radially  fed  from 4.16 
kV buses. The 600 volt  supplies  are  distributed  by  power  centres  and 
motor  control  centres  located  at  strategic  locations  as  close  as 
possible  to  the  centre of load  groupings  they  supply.  The 600 volt 
systems  supply  the  lighting  systems  and  transformer  rectifier  loads 
associated  with the electrostatic  precipitators.  120/208  volt  systems 
are  also  provided f o r  miscellaneous  small  loads  and  for  non-vital 
control  requirements. 

6.4.3 Transformer  Fire  Protection 

Transformer  fire  protection  will  be  provided  for  large 
transformers  by a permanently  installed  automatic  spray  system  having 
automatic  deluge  valve,  water  spray  nozzles,  temperature  detectors, 
supervisory  control  panel,  and a signal  alarm  to  actuate  the  central 
control  room  annunciators. 

6.4.4 Emergency  Diesel  Generator 

Each  unit  is  provided  with  an  emergency  diesel  generator 
set  rated 600 kW, 0.8 p.f., 600 volt, 3 phase, 60 hz, for  supply of 
certain  auxiliary  equipment  considered  vital  to  safety of personnel 
and  equipment  during  the  loss  of  all  external  ac  power  from  the 
system.  Start-up of the diesel  generator  is  automatic.  The  provision 
of large  diesels  to  supply  more  than  one  unit  does not lead  to  signi- 
ficant  cost  savings. 
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6.4.5 Uninterruptible  Power  Supply  Systems 

120  volt  ac  uninterruptible  power  supply  systems  are  provided 
for  vital  ac  loads  such  as  boiler  analog  controls,  burner  controls, 
turbine  electro-hydraulic  controls,  computer  systems,  transducers  and 
other  Vital  instrumentation.  These  systems are supplied by the  batteries 
or unit  diesels. 

6.4.6 125  Volt  DC  Supply  Systems 

125  volt  dc  supply  systems  will  be  provided  consisting o f  

lead-calcium  batteries,  solid  state  battery  chargers,  125  volt  dc 
switchgear  and  dc  panels  to  provide  stored  power  to  vital  dc  loads 
such  as  emergency  bearing  oil  pump,  hydrogen  seal  pump,  emergency 
dc  lighting  switchgear  controls,  protective  relaying  controls, 
communications  and  alarms,  and  other  vital  control  systems. 

6.4.7 Black  Start of  Units 

The  predominance of hydro  electric  power  generation  in  the 
B.C.  Hydro  system  makes it unnecessary  to  provide  "black  start" 
facilities  for  this  installation.  It  is  presumed  that if power  cannot 
be  imported  into  the  Hat  Creek  station  to  start  the  units,  there  would 
be no available  transmission  lines  to  export  the  resulting  power. 
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6.4.8 Wiring System 

A l l  conduit  above  ground is standard  galvanized  steel   or 

aluminum. A l l  underground  conduit is p l a s t i c ,   u t i l i z i n g   s p e c i a l   r e i n f o r c -  

ing  under  roads o r  other  heavy  equipment crossings.   Conduits  entering 

equipment enclosures   are   sealed where necessary  to   prevent   ingress  of 

water o r  moist a i r   i n t o  t h e  equipment. 

Wherever poss ib le   use  i s  made of  overhead  cable  trays and racks 
rather   than  condui t .  Where required,   t rays   have  covers   to  keep out  sun- 

l i g h t ,   d i r t  and fore ign  matter o r  to   provide  an  addi t ional   shield.  

Sepa ra t e   t r ays   fo r  power, cont ro l  and instrumentation  ore  provided. The 

v e r t i c a l  and hor izonta l   t rays   have   f i re   s tops  below and above the   f l oo r  

and on both  sides of the  wal l   penetrat ion  respect ively.  

Power and cont ro l   cab le  r u n s  between t h e  p lan t  and outlying 

a r e a s   a r e   i n s t a l l e d  i n  underground  concrete-encased PVC duct  banks a s  

required.  They are   re inforced  under   roads and i n  a reas  where  heavy 

equipment may be moved over  the  duct bank. 

6 .4 .9  Lighting 

Normal ac ,  normal/emergency ac ,  and emergency dc l i g h t i n g  i s  
provided f o r  the   genera t ing   s ta t ion ,   assoc ia ted   a reas ,  roadways, pumphouse, 

coal  handling  plant,   etc.   as  necessary.  

6.4.10  Grounding and Cathodic  Protection 

The conceptual  design  envisages  provision of  appropriate  

grounding and ca thodic   p ro tec t ion ,   to  be based on a survey which will be 

carr ied  out  i n  the  project   implementation  stage.  The survey will  
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determine  the  grounding  requirements  for  the  safety  of  personnel and 

equipment as  well   as  the  corrosion  suppression  requirements  for  such 

equipment as buried  metal l ic   s t ructures ,   p iping and condensers. 

6.4.11 S i t e  Telecommunications 

A complete s i t e  telecommunications  systems i s  provided and 

cons is t s  of an  electronic PAX/PBX dial  telephone  system, sound t e l q ~ h o n e  

intercom  system,  solid  state  paging  system and FM radio communication 

system. 

6.5 INSTRUMENTATION AND CONTROLS 

6.5 . I  Basic  Philosophy 

The bas ic   ob jec t ives   a re   the   cont ro l  of the  power p l a n t   f o r  

optimum operation and to   ensure  maximum p l a n t   a v a i l a b i l i t y  and p e r f o n -  

ance  consistent  with  safety.  The e f f ec t ive  development  of  instrumerlta- 

t i o n  and cont ro ls  f o r  these  objectives requi res  the co-ordination and 
in tegra t ion   of   severa l   re la ted   cont ro l  systems r e l a t e d   t o   t h e   b o i l e r ,  

tu rb ine  and generator.  The control  of t he   p l an t  is integrated by t h e  

provision  of  central   control rooms from which a l l  major equipment i s  
control led.  

To achieve maximum advantages  of  operatine.  ease  and  flex- 

i b i l i t y   c o n s i s t e n t   w i t h   r e l i a b i l i t y ,   s a f e t y  and ease of  maintenance  of 

plant  equipment,  operationally  oriented  computer  systems  are  applied 

and integrated  into  the  overal l   scope  of   plant   inst rumentat ion.  

To ma in ta in   r e l i ab i l i t y ,   t he  equipment i s  arranged f o r  
environmental  protection and ready  access  for  maintenance and ca1ibra.- 

t i on .  As an  example, all   instrumentation  located  outdoors is mounted 
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i n  temperature-controlled and dust-t ight  enclosures.   Indoor  instruments 

a r e  mounted on racks or panels  depending on the  degree  of   protect ion 

required.  An ins t rument   shop   wi th   fac i l i t i es   for   repa i r  and t e s t i n g  

of  instruments i s  provided. 

An important  aspect i s  that   the   control   systems and equipment 

are   consis tent   with  the  preferences  and  pract ices  of B.C. Hydro. The 

design of t h e  cent ra l   cont ro l  rooms i s  based on the   cons idera t ion   tha t  

the  operator  is an i n t e g r a l   p a r t  o f  the  control   of   the   plant .  

6 . 5 . 2  Central  Control Rooms 

Two air-condi t ioned  central   control  rooms, one f o r  each two 

uni ts ,   are   provided  to   serve  as   the  nerve  centres   for   the  respect ive 

u n i t s .  These  contain a l l  cont ro ls ,   ind ica t ions  and records needed by 

t h e   o p e r a t o r   t o   s t a r t  up. shut down, change  load and to  handle  emergencies.  

The control  room f a c i l i t i e s   a r e   d e s i g n e d   t o   e n s u r e  t h a t  t h e  

operator   can  carry  out   his   tasks   expedi t iously,   and  la id   out  w i t h  d i s t i n c t  

func t iona l   a reas   for  normal  and  emergency operat ions,   infrequent   operat ions,  

and h i s to r i ca l   r eco rds ,   e t c .  

Main features   include:  

- Control  boards  and  panels  designed  compactly  with  functional 

groupings  to  permit  rapid  scanning by the   opera tor .  

- Forms o f  presentation  including  analog and d i g i t a l  

ind ica t ion  and recording,   s ignal  lamps and  alarm 

annunciators,  and se l ec t ab le  CRT displays  of  data.  
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- A computer  system  an  an  operating  tool  and  for 

monitoring  plant  functions  and  performance. 

Each control  room i s  the  central core  of a la rger   a re ,%  in   the  

control  building  for  each two u n i t s ,  which includes  e lectronic  (equip- 

ment rooms, a computer room and instrument  shop. 

The cen t r a l i zed   con t ro l   f ac i l i t i e s   fo r  each unit  cons.ist 

o f   t h e  BTG (boiler-turbine-generator)  board,   auxiliary  control Iyoard, 

soot  blower  control  panel,  and  computer  console, w i t h  alarm and logging 

typewriters.  These fac i l i t i es  are designed  to  reduce  the burden on 

the  operator  of  continued  regulation  duties,  and are backed up by 

separate   inter lock o r  safety  systems. 

The BTG board i s  a compact,  functional  board combining 

a l l  the  important  operating  controls and  instruments  required  to 

accomplish  start-up, shutdown, load  change  and to   handle   var ious 

emergencies. The board is the   opera t ing   cen t re   for   tu rb ine  and b o i l e r  
controls  ( including  feedwater  control,   fuel   f ir ing rate,  main and 

reheat steam temperature  control, a i r  preheater   temperature ,   s tar t  and 

stop  control  of  turbine  generator) and switching  control  of mairl and 

auxiliary  transformers and auxiliary  buses.  Major  motor  and  valve 

controls  together  with  necessary  indications  of  plant  conditions,  
such as b o i l e r  drum water level,  a r e   a l so   l oca t ed  on these  boards. 

Lamp-window type annunciators  provide  indication  of abnormal operating 

condi t ions  for  any of   the   un i t  equipment,  and CRT's associated  with 

the  computer  give  detailed  information  to  the  operator. A message 

CRT is provided   to   a id   the   opera tor   dur ing   the   s ta r t -up  and shutdown 

of   the  turbine and other  major  equipment. 

A l l  instruments on the  BTG board are e l ec t r i c   r ece ive r  
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type.  Miniature  recorders  are  used  for  trend  recording  of  steam  tempera- 

ture ,   excess  02, steam,  feedwater  and a i r  flow readings,  steam  pressure, 

turbine  load and other   selected  values   obtainable  from the  computer. The 

board  contains  the  manual/automatic  stations  for  the main analog  control 

systems, and provides  for  the  remote  operation and s t a tus   i nd ica t ion  
of o the r   e s sen t i a l   un i t   aux i l i a r i e s .  

6 .5 .3  Major Unit  Controls 

The major controls  systems  for  each  unit  include: 

- Boiler  analog  control  systems - These are  designed 

t o  perform  start-up and on-l ine  regulat ion  of  drum 

level,  feedwater  flow,  fuel  feed, a i r  flow,  superheat 

and reheat  temperature. 

- Burner  control  system - The function  of t h i s  system i s  
to  provide  remote manual o r  automatic  operation  of 

igni t ion  system,  pulver izers  and feeders .  

- Fuel safety  system - This   provides   for   t r ipping  the 

minimum necessary amount of  equipment, upon reaching 

unsafe  boiier  operating  conditions.   This  system is 
fully  integrated  with  the  systems  described  above, 

f o r   s t a r t - u p  and shutdown i n   t h e   s a f e s t  manner. 

- Monitoring  and  results  computer  system (MARC) - This 

computer i s  included  as an in tegra l   par t   o f   the   overa l l  

des ign   for   each   pa i r   o f   un i t s .   I t   moni tors   the   s ta tus  

of  a l l  major  equipment,  reduces  data  for  presentation 
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t o  t h e  control   operator ,   logs   necessary  his tor ical  

da t a ,   d i sp l ays   c r i t i ca l   t r ends  and gives  alarm  for 

"out-of-limit"  conditions. A group  of "demand func-, 

t ions"  permits  the  operator  to  follow any important 

plant  readings or group  of  related  readings from the: 

control  room. Some plant  performance  calculation 

f ac i l i t i e s   a r e   i nc luded .  

6.  5.4 Miscellaneous  Controls 

The necessary  equipment for  automatic  control  of  heater  levels,  

condenser  hot well level,  condenser  hot well f i l l  and r e j e c t ,   b o i l e r  

feed pump recirculation,  condensate  recirculation,  condensate mttkeup, 

generator  hydrogen  temperature,  turbine  lube  oil  temperature and other  

miscellaneous  sub-loops  normally found i n  a power plant  is included. 

Adequate  margins are  incorporated i n  the  design and s i z ing  

of  the  various  control  systems t o  maintain  proper  operation  under  all 
operating  conditions.  

6.6 WATER TREATMENT 

6.6.1 Make-up Water  Treatment 

The  make-up water  treatment  system is designed t o  supply  four 

steam  generators  producing a to t a l   o f  15 mil l ion pounds o f  steam  per 

hour. The water from t h e  Thompson River i s  r e l a t i v e l y  h igh  qua l i ty :  

55 t o  110 ppm to ta l   d i sso lved   so l ids ,  and moderate  suspended 
s o l i d s .   F i l t r a t i o n  i s  required i n  the  pretreatment  cycle, and carbon 

f i l t e r s   a r e   u s e d   t o  remove residual   organics  and t r ace   ch lo r ide   r e s i -  

duais .  
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The demineral izers   consis t  o f  3 para l le l   t ra ins ,   each   wi th  a 

nominal capaci ty   of  400 USgpm, and de l iver ing  313 USgpm ( n e t ) ,   s u f f i c i e n t  

for   se rv ice ,   ou tages  and regeneration. Each t r a i n   c o n s i s t s   o f  a ca t ion  

u n i t  of 8% f t .  d iameter   de l iver ing   water   to  a common deaera tor  where 

carbonic  acid i s  s t r i p p e d   t o  a l eve l  below 10 ppm. The decarbonated 

water falls i n t o  a 10,000  gallon  clearwell   storage  tank, from  which 

it is  pumped in to   t he   an ion   un i t .  This is a l so  an 8% f t .  diameter 

vessel ,   furnished  with  strong  based  resin.   Effluent i s  then  polished 

with a mixed-bed u n i t   t o   r e d u c e   t h e   s i l i c a   l e v e l   t o  below 0 . 0 2  ppm and 

the   spec i f ic   conduct iv i ty   to   l ess   than   0 .1  micromho. 

The system is fu l ly   au tomat ic   in   opera t ion  and regeneration. 

A r in se   r ecyc le  is used t o  economize on rinse water and minimize t h e  

volume of  wastes  discharged.  Following  regeneration,  the  operator 

p l aces   t he   un i t  back in  service  manually.  

6 . 6 . 2  Condensate  Polisher 

Two-shift  operation  places  considerable  emphasis on condensate 

pol i sh ing ,   s ince   h igh   leve ls   o f   d i sso lved   s i l i ca  and metal   oxides  are 

prevalent  on s t a r t -up ,  even a f t e r   on ly  an  overnight  shut down. Two 50% 

capacity powdered r e s in   po l i sh ing   un i t s  are provided  for  each  boiler.  

Each uni t   inc ludes  a pre-mix  batch  tank  with  transfer  and  holding pumps, 

and  an 8 f t .  diameter   vessel   for   the  bed.  A run  of  about two weeks 

i s  expected  between  reagent  changes. 
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Since  the  pol ishing  uni ts   are   only  required  during and 

s h q r t l y   a f t e r  a start-up,  the  duty  cycle  al lows ample time for  regenera- 

t i o n ,  and no standby  capacity i s  needed. I t  may a l so  be  advantageous 

to   arrange  for   s ide-s t ream  pol ishing by one  of  the 50% units  during 

normal operat ion  of   the  boi ler  and turb ine ,  o r  recycl ing  to   the  hot-  

well  during a unit   outage.  

The a l t e r n a t i v e   t o   t h i s  sytem would be a deep  bed demineralizer 

s ized   for   fu l l   condensa te  flow. As against   the  proposed  unit ,  it 

would have  considerably  longer  regeneration  time, an increased  space 

requirement, and addi t iona l   cap i ta l   cos t  of approximately $300,000 

pe r   bo i l e r .  

6.7 COOLING SYSTEM 

Evaporative  rectangular  mechanical  draft  cooling  towers  have 

been se lec ted   as   the  most economical means o f  heat   re lease f o r  t h e  
condenser  cooling water system.  Studies   to   dare   indicate   that   hyperbol ic  

natural   draft   towers  could  only be j u s t i f i e d  by considerable  emphasis 

on plume dispers ion,  and the  current ly   avai lable   c l imat ic   data   does  not  

ind ica te  t h i s  t o  be a problem. 

Four towers  serve  the  station,  each wi th  9 cel ls .   Their   basins  

discharge  into a common channel, from which four  v e r t i c a l  pumps 

withdraw c i rcu la t ing   water .  These pumps are  powered from a s t a t i o n  
service  bus,  and are  thus  independent  of  the  operation of  any one un i t .  

They discharge  into a common header and two separate  120 i n .  diameter 

reinforced  concrete  conduits convey the  cooling  water  to  the  condensers.  

A similar   pair   of   condui ts   re turn  the warm water  to a header, from 

which it  can  be d i r ec t ed   t o  any o r  a l l  of the  towers. The cooling  tower 

fans   a re   a l so   fed  from a s t a t ion   s e rv i ce  bus. 



6. DESCRIPTION OF POWER  PLANT 6-28 

The  provision of a  common  circulating  water  system  allows  the 
optimum  number of cooling  towers  and  pumps  to  be  operated f o r  the 
seasonal  variations  in  ambient  conditions.  The  cooling  tower/condenser 
optimization  study  has  shown 3 . 5  in.  Hg.  Abs.  back  pressure  to  be  the 
most  economic  balance  between, on the  one  hand,  cooling  tower  and 
condenser  size  (capital  investment),  and  on the  other  hand,  increased 
generating  capability  and  efficiency. The ambient  temperature  conditions 

adopted  during  this  study  were  those  that  will  be  exceeded  only  during the 
warmest 5% of the time.  During  these  rare  occasions  the  back  pressure 
will  vary  between  about 3 . 5  and  4.0'in.  Hg. Abs., with  a  corresponding 
reduction  in  generating  capability of up  to 5 MW per  unit. 
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7. PLANT  OPERATION  AND  STAFFING 7-1 

7.1 REGIME OF OPERATION 

An  operating  regime  for  the  generating  station  has  not  been 
clearly  defined  in  terms of estimated  duration of each  mode.  It  has, 
however,  been  established  that  the  plant  must  be  capable  of  operating  in 
the  base  load o r  two  shift  modes,  and  eventually on either one or  two 
shift  basis  with  seasonal  lay-up.  Features  are  incorporated j.n the 
design  to  facilitate  each of these  modes of operation,  and  to  ensure 
that  they  will  have  minimum  impact on the  service  life  of  equj.pment. 

7.1.1  Base  Load 

Base  load  operation  requires no design  features  whic:h  would  be 
considered  special  in  a  modern  power  plant.  Emphasis  is on generation 
at  the  best  practicable  heat  rate  and  with  minimum  operating  labor. 
Selection  of  the  cycle,  monitoring  and  control  equipment,  auxiliary 
plant  equipment  and  the  plant  arrangement  all  have  this  purpose  in  view. 

7 . 1 . 2  Two  Shift  Operation 

Two  shift  operation  may  involve  weekend  shutdowns as well  as 
the  nightly 6-8 hours  interruptions.  Following  a  weekend  shutdown,  the 
start-up  is  classified  as  merely  "warm"  and  the  problems  more  nearly 
approach  those  involved  in  cold  starting.  However,  because  of  the  fre- 
quency  of  warm  and  cold  starts  operating  aids  for  turbine  temperature 
matching  and  run-up  are  justified. 

The  start-stop  cycles of two  shift  operation  are  among  the 
principal  factors  affecting  the  service  life of equipment,  particularly 
the  boiler  and  turbine.  Severe  local  stresses  are  created  by  relatively 
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moderate  temperature  differentials  in  large  metal  sections  and  the 
emphasis  is  on  reducing  such  differentials. 

The  daily  problem  in  two  shift  operation  is  the  relatively  hot 
start  encountered  after  an  overnight  shutdown.  A  large  high  pressure, 
high  temperature  steam  turbine,  well  insulated,  will  cool  quite  slowly. 
Indeed,to  reduce  the  severity of temperature  cycling,  and  to  reduce 
starting  and  loading  time,  it  is  advisable  to  hold  the  first  stage  steam 
temperature  to  a  value  as  high  as  possible  during  shutdown. The appli- 
cation of variable  pressure  capability  to  the  boiler  reduces  steam 
temperature  loss  due  to  throttling. 

Owing  to  the  slow  turbine  cooling  rate,  the  steam  normally 
would  be  too  "cold"  for  proper  temperature  matching  after  an  overnight 
shutdown.  The  solution  to  this  problem  is  to  fire  the  boiler  at  a  rate 
sufficiently  high  to  provide a proper  steam  temperature. A number of 
steam  bypassing  schemes  are  available,  all of which  are  essentially 
turbine  bypasses,  in  which  steam  from  the  superheated  steam  line  by- 
passes  the  high  pressure  cylinder  with  appropriate  pressure  and  tempera- 
ture  regulation.  This  steam  then  flows  through  the  reheater  and  thence, 
with  further  pressure  and  temperature  regulation,  to  the  condenser. 
Sufficient  bypass  capacity  is  provided  to  permit  a  steaming  rate 
appropriate to the  steam  temperature  required.  This  scheme  permits 
starting  and  loading  in  a  relatively  short  period of time,  generally 
less  than  one  hour. 
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7.1.3 Long-Term and  Seasonal Lay-Up 

Long term shut-down is i n t e r p r e t e d ,   i n   t h i s  case, as  exceeding 

three  months. I t  i s  further  understood  that   the  system peak i s  i n  

winter so  that  long  lay-up will occur   in   the  summer  when freezing will 

not  be a consideration.  For  these  reasons "wet" lay-up i s  recommended. 

The pr incipal   object ive is to   prevent ,  o r  a t  l e a s t   i n h i b i t ,  

corrosion by oxygen attack. To accomplish t h i s  it is proposemi t h a t  a l l  

water and steam systems  be filled  completely  with  condensate  suitably 

t r ea t ed   fo r  oxygen scavenging.  This  requires some spec ia l   a t t en t ion   t o  

items  such as pump seals to  prevent  excessive  leakage,  but neseds l i t t l e  

equipment except  for  extra  condensate  storage  capacity.  

The turbine and  condenser are not  included i n  t h e  "wet" section 

but would be f i l led  with  iner t   gas .   Ni t rogen i s  most commonly used f o r  

t h i s  purpose and will be  stored a t  t h e   s i t e  i n  bulk  cylinders.  

Attention must a l so   be   g iven   to   anc i l la ry  f ac i l i t i e s  such  as 
the  condenser  circulating water system, which should be kept f i l l e d  and 

a low level of  circulation  maintained. Common f a c i l i t i e s  may not  have 

t o   b e   l a i d  up i f  one or more of   the  generat ing  uni ts  is re ta ined   in  

operation. No special   consideration need  be  given t o   t h e  make-up water 

supply  l ine as it must be  maintained  full  under a l l  circumstances. Pumps 

are provided  for  this  purpose.  

These  lay-up  procedures are not   intended  for   uni ts  which a r e  

on a cold  standby  basis. After lay-up, a number of  days will be  required 

to   prepare and t e s t  each  system  pr ior   to   re turning  to   operat ion.  

Operating  and  maintenance  instructions must include  lay-up 

and  re-commissioning  procedures f o r  each  piece of  equipment. 
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7.2 STAFFING 

No d i f f e ren t i a t ion   i n   s t a f f ing   r equ i r emen t s  i s  made between 

base  load  and two s h i f t  ope ra t ions   s ince   t he   p l an t  i s  designated t o  
be  capable  of  both modes from t h e   s t a r t .  During  extended  lay-up  only 

a skeleton  operat ing  s taff  wouId be required  but  maintenance work 

undertaken  during  such  periods  might  require a substantial   maintenance 

crew . 

B. C.  Hydro have  es tabl ished  their  own s t a f f i n g   l e v e l s  and t h e  
matter  i s  not   reviewed  in   this   report .  
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8.  SCHEDULE AND INVESTMENT  ESTIMATES 8" 

8.1 PROGRAMME OF DEVELOPMENT 
The latest B.C. Hydro  load  growth  forecasts  indicate  that 

the  Hat  Creek  units  should  be  brought  on  line  in  the  following  sequence:- 

Unit #1 January  1984 
Unit # 2  January  1985 
Unit #3 January  1986 
Unit #4 January  1987 

The detailed  project  schedule  and  specification  writing, 
procurement  and  drawing  office  schedules  which  have  been  prepared  are 
geared  to  commercial  operation of the  first  unit  on  January 1, 1984. 
These  schedules  are  summarized  in  the  milestone  schedule  shown  on 
Figure S - 101  at  the  back  of  this  section. 

It may  still  be  possible  to  achieve  commercial  operation 
of  the  first  unit  by  January 1, 1983 if  circumstances  necessitate  this. 
A Proposed  Milestone  Schedule  showing  how  this  date  can  be  met  is  shown 
on Figure  S-100. It should  be  noted  that  detailed  engineering  would 
have t o  begin early  in 1977 and that  two  major  items of equipment  (i.e. 
main  turbine-generator  and  boiler)  should  be  ordered  by  October,  1977  to 
achieve  this  earlier  schedule  without  serious  problems. 

The milestone  schedules  are  derived  on  the  basis  that: 

- Time  from  start  of  construction  to  trial  operation 
(first  steam  to  turbine)  is  48  months. 

- Commissioning time from  trial  to  commercial  operation 
would be six months. 
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- S t a r t  of detai led  engineer ing would precede  the 

s t a r t   o f   c o n s t r u c t i o n  by a period  of 1 2  t o  18 

months. 

Applying  these  precepts  to  the.  January 1, 1984 un i t   i n -  

service  date   resul ts   in   the  fol lowing  milestone  schedule:-  

- Star t   de ta i led   engineer ing  January 1 - July 1, 1978 

- Sta r t   cons t ruc t ion  Ju ly  1, 1979 

- Trial operat ion Ju ly  1, 1983 

However, s ince  it would  be prudent t o  take  m a x i m u m  advantage 

of t h e  summer months i n   t h e  first construction  season, A p r i l  1, 1979 

appears   to   be  the optimum d a t e   f o r   t h e   s t a r t  of construct ion and these  

milestones become: 

- Star t   de ta i led   engineer ing  October 1977 - April  1, 1978 

- Sta r t   cons t ruc t ion  Apri l  1, 1979 

- Trial operat ion J u l y  1, 1983 

Considerable  detailed  engineering  could  be  accomplished 

before  October 1, 1977 t o   f a c i l i t a t e   p e r m i t   a p p l i c a t i o n s  and to   ensure 

readiness  of key a spec t s   o f   des ign   p r io r   t o  start of construction.  This 

would appear a prudent  policy  affording maximum assurance  of  meeting  the 

desired  in-service  date .  

8.2 ESTIMATED  CAPITAL  COST 

Table  8.2.1  Capital  Cost  Estimate summarizes t h e   c a p i t a l  

cost  estimate  dated  October  1976. I t  i s  expressed  in  1976 do l l a r s .  These 

f igures  do not   include  cost   of   t ransmission  l ines ,   in terest   dur ing 
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construction,  land  acquisit ion  costs,  B.C. Hydro overheads, 0;: t h e  

cos t  o f  preliminary  investigations and s tudies .  

TABLE 8.2.1 

CAPITAL COST ESTIMATE ($1,000) 

TOTAL DIRECT  CONSTRUCTION 
COST 

INDIRECT CONSTRUCTION 
COST 

SUBTOTAL 
CONTINGENCIES 1 2 %  

TOTAL CONSTRUCTION COST 
ALLOWANCE  FOR ENGINEERING 

TOTAL PLANT COST 
WATER SUPPLY SYSTEM 
COAL  TRANSPORTATION 

SYSTEM 

243,692 171,890  175,803  172,013  763,398 

4,067 3,011 3,011 3,048 13,137 

247,759 174,901 178,814 175,061 776,535 

30,368 20,700 21,796 20,816 93,680 

278,127 195,601 200,610 195,877 870,215 

12,175 7,565 7,565 7,659 34,964 

290,302  203,166  208,175  203,536  905,179 

55,000  55,000 

41,169  14,500  55,669 

TOTAL  PROJECT  COST 385,471  217,666  208,175  203,536 1,015,848 
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8.3 SUMMARY CASH FLOW ESTIMATE 

TABLE 8.2.2 
CASH REQUIREMENT ESTIMATE ($1,000) 

$1 #2 #3  #4 - - - - 

1978 

1979 

1980 

1981 

1982 
1983 

1984 

1985 

1986 

4,000 3,000 

15,000 6,000 

57,000 9,000 

118,000 27,000 

162,000 68,000 
29,000 8L,O00 

1,471  22,000 

1,666 

1,000 

3,000 

5,000 

9,000 

18,000 
63,000 

86,000 

22,000 

1,175 

1,000 

2,000 

5,000 

6,000 

9,000 

65,000 

87,000 

21,000 

7,536 

TOTAL - 

9,000 

26,000 

76,000 

160,000 

257,000 

238,000 

196,471 

44,666 

8,711 

386,471  217,666  208,175  203,536  1,015,848 

Unit #1 Includes $ 55,000,000 f o r  water supply 

$ 41,169,000 f o r  mine s i t e  coal  handling and 
one  oi;erland  conveyor 

Unit # 2  Includes $ 14,500,000 f o r  one  overland  conveyor 

Costs, as per   es t imate  BCH1523  MC-2 of January 21,  1977, are based 
on  October  1976 p r i ces  and are  unescalated.  

Commercial Operation  Dates - 

Unit #1 January 1, 1984 
# 2  
#3 

October 1, 1984 
October 1, 1985 

#4 J u l y  1, 1986 
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9 .1  BASE DATA 

The calculations  contained i n  t h i s  study and appendices  are 

based on f inanc ia l   base   c r i t e r i a  which have been establ ished wi th  

B.C.  Hydro. 

The most important   f inancial   cr i ter ia   adopted  are   as   fol lows:  

- A l l  cos t s   a r e  based on October, 1976 pr ices .  

- Auxiliary power costs  are  charged  at  20 mills/Kwhr. 

- No capi ta l   cos t   pena l ty   to  be appl ied   to   auxi l ia ry  poww 

needs. The 20 mill power cost   includes  the  capital  component. 

- The following  annual  charge  data  have  been  applied: 

Operations G Maintenance - 1.45%  of  capital   cost  

Administrationandgeneral  - 0.36% ' I  I, ,! 
Insurance - 0.25% 1' 

Interim Replacement - 0.35% " I t  1 1  

Taxes - 1 . 0  % " 

In t e re s t  Expense - 10 % If I t  !, 
Depreciation - 0 . 3 7 %  " 1 ,  1, 

I! I, 

I ,  11 

In   addi t ion,  a variable  maintenance  charge  of . 3  mills/Kwhr 

has been applied.  

- No allowance  has  been made f o r  B.C.  Hydro corporate  ove-rheads. 

- Debt: equ i ty   r a t io  - I t  has  been assumed tha t   t he   f i nanc ia l  

s t ruc ture   represents  100% debt.  

- Federal  and  Provincial  sales  taxes - No Federal   sa les   tax 

i s  included. The amount of   Provincial   sa les   tax (which would 

apply i f  not  tax-exempt) i s  shown separately.  
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- In f l a t ion  - In   calculat ions which  have included  inf la t ion 

the  fol lowing  ra tes  have  been  used: 

Fiscal   year  
(Apr-Mar) 

1976/77 

1977/78 

1978179 

1979/80 

1980/81 

1981/82 
Thereafter 

Rat e - 
Base 

11 

9 

8 

7 

5 
5 

- Base date  October, 1976. 
- Method of  comparing a l t e r n a t i v e s  - Alternatives  have  been 

compared by p lo t t i ng   t he   t o t a l   d i f f e ren t i a l   p re sen t   wor th  

(a l lowing   for   in f la t ion)   versus   in te res t   ra te .   Present  

worth includes  discounted values o f   a l l   c a p i t a l  and operating 

c o s t s   f o r  a 35 y e a r   l i f e .  

9.2 INFLATION 

Recogniz ing   the   fa i lure   o f   f inanc ia l   au thor i t ies  worldwide t o  

p r e d i c t   i n f l a t i o n   r a t e s ,  B . C .  Hydro have  adopted  the  philosophy  that 

h i s t o r i c a l l y ,   i n t e r e s t   r a t e s  exceed i n f l a t i o n   r a t e s  by about 5 % .  There- 

fo re ,  i n  discounted  present  worth  calculations  involving  inflation, an 

i n f l a t i o n   r a t e  of  5% and an i n t e r e s t   r a t e   o f  10% has  been  used. 

It i s  an t ic ipa ted   tha t   cont rac t   p r ices  f o r  most of t h e  equipment 

in   t he  power p l an t  would be  f ixed,   but   subject   to   par t ia l   adjustment  

f o r   i n f l a t i o n  on the  basis  of  published  Federal   indices  together  with 

increases  i n  s i t e   l abour   cos t s  which a re   t i ed   t o   i nd ices   o f   p rov inc ia l  

I 
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construction wage rates .   In   general   terms  this  means t h a t   i n f l a t i o n   f o r  

purchased  equipment w i l l  i f  anything  usually  be  lower  than  the  national 

rate o f   i n f l a t i o n .  

9.3 RELIABILITY 

I t  is an t ic ipa ted   tha t   the  uni,ts will a t ta in   the i r   des ign   capac i ty  

f ac to r  i n  t h e  first 1 2  minths  of  operation af ter  the  commercial i n  

service  date  of  January 1, 1984. 

The s ta t i s t ica l  fo rced   ou tage   r a t e   fo r   un i t s   o f   t h i s   s i ze  i s  9.5% 

based on U.S. Edison  Electr ical   Inst i tute  (EEI) S t a t i s t i c s .  Ca.nadian 

E l e c t r i c a l   A s s o c i a t i o n   s t a t i s t i c s   f o r  1965-1973 f o r   u n i t s  o f  500-599 MW, 

while  having a much smaller data  base,   indicate a forced  outage rate 

of  only 5 . 7 % .  I t  i s  in t e re s t ing   t o   no te   t ha t   t he  equipment f ig ,ure   for  

1965-1970 was 11.9%. The Canadian f igures  show the   e f fec t   o f   matur i ty  

on t h e  first units instal led  with  Ontar io  Hydro. 

In  both cases the  forced  outage rate i s  defined, i n  approximate 

terms as: Number of hours  of  unit  outage (FOH) x 
Number of  hours  of  operation + FOH 

This   def ini t ion  favours   base  load  uni ts  

I t  should  be  expected  that units burning a r e l a t ive ly  low grade 

and highly  variable  coal would experience a higher  than  normal  forced 

outage  ra te .  However the  forced  outage  ra te   of   the  Hat Creek un i t s  

will gain, when compared with EEI's h i s t o r i c a l   s t a t i s t i c s ,   t h r o u g h  

advances in  technology  in a number of   a reas .  

Thus considering  the  opposing  effect   of  these  factors an overal l  



9. ECONOMIC  FACTORS 9-4 

forced  outage  rate  similar  to  the  quoted EEI's figure o f  9.5%  is  anticipated. I 

9.4 INTEREST DURING CONSTRUCTION 

Interest  During  Construction (IDC) charges  have  not  been  applied 
to  the  estimates  in  this  study. 

Multi-unit  stations  suffer  proportionally  higher IDC charges  than I 

a  single  unit plats,because it is  usually  economic  to  provide  common 
facilities,  such  as  the  stack,  which  are  built  with  the  first  unit. I 

Offsetting  the  higher IDC charges  the  multi-unit  station  gains from 

economy of scale  in  the  common  facilities,  in  the  ability of con- I 

tractors  to  complete major civil  and  structural  works  at  one  time, 
and  in  the  case of  equipment  manufacturers,  to  build  up  and  maintain 
a  staff site  team. 

I 

9.5 EFFICIENCY 

The  total  present  worth of 1% efficiency  used  in  these  studies  is 
about $5 million.  This  has  been  calculated  from  an  estimated  price 
of coal  of $5.60 per  ton  and  the  financial  criteria  in  Section  9.1. 

A number of the  more  critical  financial  analyses  have  been  per- 
formed  using a coal  cost of $11.20  per  ton  to  determine  the  effect 
on results.  The  use of such  a  coal  price  would  put  a  premium on 
efficiency.  This  would  lead  to  an  optimized  cooling  system  employing 
a lower  back  pressure,  and  would  favour  the  substitution of hyperbolic 
cooling  towers. It would  not  have  other  major  effects on the  design 
of the plant. 
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9.6 CAPACITY FACTOR 

The f inanc ia l   ca lcu la t ions  i n  the  s tudy  are   based on a cap,acity 

f a c t o r  of  72% where capaci ty   factor  i s  def ined  as :  

Total  MW produced in   yea r  
Rated  Output x 8760 

Long term  calculations  of  the amount of  coal which will be  consaned, 

and of  ash  production,  are  based on  an overa l l  50% capaci ty   factor .  

The lower   f igure   re f lec ts   the   fac t   tha t   the  units will probably  be 

operated on a two s h i f t   b a s i s   a f t e r  15 o r  20 years.  

Using the  higher   f igure f o r  discounted  present  worth  calculations 

is valid,  because  of  the  weighting which such   ca lcu la t ions   g ive   to  

the   ear ly   years .  The maximum prac t ica l   capac i ty   fac tor   for  uni?s of  

t h i s   s i z e  i s  estimated  to  be 78%. 
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9.7 OPERATING COSTS 

Table 9.7.1 shows p lan t   es t imated   opera t ing   cos ts   us ing   the   c r i te r ia  

de t a i l ed  i n  paragraph  9.1.  These  charges  are  based on a cap i t a l   cos t   o f  
1,015,848  with 25% in te res t   dur ing   cons t ruc t ion  added. 

TABLE 9.7 .1  

OPERATING COSTS  MILLS/KWR - 2092 MW (NET) STATION 

(1) Using s t a t i o n   h e a t   r a t e  of 10,679 Btu/Kwhr. 

(2) Does not  allow for par t   l oad   e f f i c i ences .  
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