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SECTION 1 .O - SUMMARY 

1 . 1  PURPOSE OF STUDY 

The purpose o f   t h i s   s t u d y  i s  t o   e v a l u a t e   a l t e r n a t i v e   a i r   q u a l i t y   c o n t r o l  

systems fo r   t he   Ha t  Creek powerplant  on  the  basis o f  the i r   compara t ive  

b e n e f i t s  and cos ts .  Tie a i r   q u a l i t y   c o n t r o l  systems  evaluated  are  intended 

to   reduce  su lphur   d iox ide and part iculate  emissions  which  would  ensure 

acceptable air q u a l i t y   c o n d i t i o n s  i f  the  Yat  Creek  Project  were b u i l t .  

There  are no dev ices   spec i f i ca l l y   des igned t o  con t ro l   t race   e lements ,   bu t  

su lphur   d iox ide  and p a r t i c u l a t e   c o n t r o l  methods  have va ry ing   e f fec ts  on 

trace  elements and consequen t l y   a re   d i scussed   w i th in   re levan t   sec t i ons   o f  

the repor t .   Emiss ion o f  NOx (Oxides o f   N i t r o g e n )  will be c o n t r o l l e d  by 

appropr ia te   des ign  and o p e r a t i o n   o f   t h e   b o i l e r s  and a u x i l i a r i e s  and, thus, 

th is   contaminant  i s  n o t   d i s c u s s e d   i n   t h e   r e p o r t .  

. 

The bene f i t - cos t   eva lua t i on   p rov ides  a mechanism f o r   t h e   s e l e c t i o n   o f  

those  cont ro l   systems  o f fer ing  the  greatest   ach ievable  env i ronmenta l   benef i ts  

cons is ten t   'w i th  an e f f i c i e n t  use of energy  and c a p i r a l .   S p e c i f i c   c r i t e r i a  

used i n   t h e   b e n e f i t - c o s t   e v a l u a t i o n  o f  t h e   f e a s i b l e   a l t e r n a t i v e   s t r a t e g i e s  

i nc lude   eng inee r ing   e f f i c i enc ies ,   aux i l i a ry  power requirements,  environmental 

cons idera t ions  and economics. Also t o  be k e p t   i n  mind   a re   the   cons t ra in ts  

imposed by t he   un ique   cha rac te r i s t i cs  o f  the  Hat Creek coa l   depos i t .  

This  study  includes a review o f  the cos ts  and b e n e f i t s  o f  p o l l u t i o n  

control  equipment  desianed t o  meet: 

a )  t he   l eve l s  assumed f o r  the   p re l im inary   des ign   o f   the  
powerplant; and 

b)   the  leve ls   issued by the   Po l lu t ion   Cont ro l   Board   in  i t s  
Object ives  for   Min ing,   Smel t ing and Re la ted   indus t r ies   o f  
B r i t i s h  Columbia i n  1973. 



1 . 2  SULPHUR O[OXIOE CONTROL 

Coal beneficiation,  meteorological  control ( K S ) ,  and f lue  gas 

desulphurization ( K O )  a l t e rna t ives  have been compared. Coal benei ic ia i ion 

provides  benefits i n  the form 0.f powerplant cap i ta l  and  operating C O S E  

savings; IFGO a n d  MCS do n o t  pro'lide  powerplant  benefits. A l l  three 

SO2 control methods o f f e r  environmental  benefits t h r o u g h  reduced  emissions 

thereby  lessening  the  potential  for ground level  concentrations t o  exceed 

acceptabl I? 1 eve1 s . 
Tabla 1-1 sumarizes   the  benefi ts  and costs  i n  quant i ta t ive  and 

q u a l i t a t i v e  terms for the  various SO2 control  configurations.   Hetecrclogical 

cont ro l  , w i t h  a 244m chimney wou'ld  be the most cos t  e f f ec t ive  method. Coal 

washing i:; estimated t o  be over  twice  as  expensive  as  meteorological 

control b u t  s t i l l   considerably  cheaper than any f lue  gas desulphurization 

system. ';he FGD system is  the  nost  expensive SO2 control o p t i o n .  The 

net  environmental  benefits  associated w i t h  resource  value  savings  are  not 

suf f ic ien t ly   l a rge  t o  support   t i le  installation Of any control  system  for 

SO2 on benefi t -cost  grounds. However, t o  avoid  exceeding ground level 

concentrations  considered  necessary t o  protect   the  environment some con t ro l  

measure i r ;  necessary for the  powerplant.  Meteorological  control  is  the 

best  method t o  c3ntrol SO2 from a n  overall  benefit-cost  viewpoint. 

Far t h e  "base scheme" powerplant, a s ing le  chimney w i t h  f o u r  separate 

f lues  has been proposed i n  order t o  enhance  the  thermal l i f t  o f  the plume. 

The comparative economics of the!  t a l l  chimneys of 2 4 4 1  and 366m i n  height 

a r e  i n  P w o u r o i  the 2441 s tack.  The 366m/MC5 a l t e rna t ive  would  cost  a n  

additional 919.5 mill ion.  However, a 

w i t h  more predicted  generation  losses 

assumed tP,at a11 predicted  generation 

244miKS system would be associated 

than a 366m/PCS system.  If i t  is 

losses  bculd have t o  be replaced by 

1 - 2  



TABLE 1-1 

COMPARATIVE BENEFITS AND COSTS 
BASE SCHEME AOCS ALTERNATIVES 

PIjWFHPI AN1 
f i i i i i i i iS -CGSi j  (E-<; 

. -. . - . .. -. .. . . 

CONTAMINANT  ALTERNATIVE ( M i l l i o n s  o f  1979 $) ENVIRONMEHTAL  CENEFITS  AND COSTS 

P a r t i a l  Coal 
Washing 

Sulphur 
-76 0 umeasured  resource  in jury  and damage r e d u c t i o n  

0 reduc t i on   o f   po ten t i a l l y   I l a r l a fu l   t r ace   e lemen ts  
0 Btu losses 

e f f e c t  on ESP performance 
a e n v i r o n m e n t a l   e f f e c t s   o f   t a i l i n g s   o r   e f f l u e n t s  

D i o x i d e   F u l l  Coal 
Washing -191 

244lll/MCS -22 a l ow  o r   ins ign i f i can t   i l l l pac t   on   a i r   qua l i t y / lne teoro logy ,   ep iden l io logy ,  
w i l d l i f e ,   wa te r   resources ,  and beef   indus t ry  

- 
3661dMCS -33 0 s y n e r g i s t i c   e f f e c t   o f  S O 2  and NO2 on , i r r i g a t e d   l a n d   f o r   a l f a l f a  

p r e d i c t e d   f o r e s t r y  damages o f  $12,557/a  and  $11,655/a f o r  244u1/MCS 
p roduc t i on  - 16 ha f o r  244m/MCS and - 13 ha f o r  366m/MCS 

0 l l l easu rab le   po ten t i a l   i n ju ry  t o  c e r t a i n   n a t u r a l   v e g e t a t i o n   s p e c i e s  
and 3661n/MCS r e s p e c t i v e l y  with probab le   f luor ide   e l lh iss ions   leve l  

0 p r e d i c t e d   f o r e s t r y  damges o f  $2,80O/a and  $1,898/a due t o  SO2 
f o r  244/n1MCS and 3661n/MCS r e s p e c t i v e l y  

36611/FGD -300 0 l o w   o r   i n s i g n i f i c a n t   i n ~ p a c t  on a i r   qua l i t y l l r e teo ro logy .   ep iden l i o logy ,  
w i l d l i f e ,   w a t e r   r e s o u r c e s ,   a g r i c u l t u r e  and n a t u r a l   v e g e t a t i o n  

0 p r e d i c t e d   f o r e s t r y  dalltages o f  $99/a  due t o  S O 2  
0 p r e d i c t e d   f o r e s t r y  dacnages o f  $9,056/a w i t h   p r o b a b l e   f l u o r i d e  

0 reduc t i on  o f  poten t ia l l y   harn l fu l   t race   e leu len ts  
e l l r iss ion  leve l  

I l o t - s ide  ESP - 104 0 s a t i s f i e s  assuwed PCB o b j e c t i v e s  
a i n s i g n i f i c a n t   o r   l o w   e n v i r o n r u e n t a l   i w p a c t   o f  24 hr. and  annual 

0 e x p e c t e d   t o   p r o v i d e   s u f f i c i e n t   n l i t i g a t i o n   f r o l a   t h e   e f f e c t s   o f   t r a c e  

0 co ld -s ide  ESP i s   p r e f e r a b l e  to ho t -s ide  ESP based on energy,  techni-  

ground  leve l   ,concentrat ions 

elenlents 

ca l ,   and  per forwance  factors   for  a l l a t  Creek a p p l i c a t i o n  

I 'ar t icu-   Cold-s ide ESP -92 
I d  tes  



(continued) 
TABLE 1-1 

BENEFITS-COSTS(6-C) 
POUEHPLANl 

CONIAMItlANT ~ _ _ _  ALTERNATIVE ( M m n s  o f  1979 4 )  ENVIROE!r!ENTAL BENEFITS A.ND COSTS "" 

FoIJric -93 . 0  can achieve  generally  higher  particulate  collection  efficiencies 
Filter 

0 potential  to  collect more trace  eleuents than ESP 
a could  achieve assuuted PCB objectives 
0 insignificant or low environmental impact from 24 h r .  and annual 

than CSP 

concentrations would  be expected 
" - 

Source: Ebasco Services of Canada Ltd. Environmental Consultants,  1979. 
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alternative  energy  sources such  as hydro reserves,  thermal  plants, or imoorted 

power,  the 244m/FlCS a l te rna t ive   i s  s t i l l  estimated  to be a t  l e a s t  53.3 m i l l i o n  

cheaper  than  the 366mlMCS a l t e rna t ive .  The cos t   d i f f e ren t i a l  i n  favour a i  the 244m 

chimney should be fur ther  reduced by the  value o f  additional  environmental  resource 

losses associated w i t h  the 244m chimney over  the 366111 chimney. However, fores t ry  

losses  are  the o n l y  major  environmental  resources t h a t  could be measured i n  

do l la r  terms. Tne additional  forestry damages of the 244m/MCS o o t i o n  over  the 

366m/MCS o p t i o n  are  estimated to be siTghtly  iess t h a n  S1000/a i n  constant 1979 

dollars  over  the  30-year  operating  life of  the  powerplant. I t  i s  evident,   there- 

fore ,  thar  the 244m chimney i s   p referab le  t o  the 366m chimney in  terms of mini- 

mizing t o t a l  c a p i t a l ,  energy and environmental  costs. 

1 . 3  PARTICULATE CONTROL 

Elec t ros ta t ic   p rec ip i ta tors  ( E S P )  and f a b r i c   f i l t e r s  ( F F )  or baghouses were 

compared a s  alternative  control  systems.  Table 1-1 sumarizes  the  benefits  and 

costs   for   these  a l ternat ives .  ‘The net  powerplant  benefits and costs  are  negative 

for EfPs cand the FF with  the  cold-side ESP h a v i n g  a s l i g h t  advantage  over  the 

FF.  From an environmental  perspective, a l l  systems  could  achieve 0.1 grains/SCF. 

The resu l tan t  TSP ground level  Iconcentrations were assessed by E3T t o  have low 

or insignificant  environmental  impacts. Although EF(T d i d  not evaluate  the 

impact from TSP emissions from $3 f a b r i c   f i l t e r ,   i t  would be reasonable  to  con- 

clude from the l i t e r a tu re   t ha t  ,% f a b r i c   f i l t e r  i n  operation  could  achieve a t  

least  the  environmental  benefit:;  obtained w i t h  an ESP. Fabr ic   f i l t e rs   a re  not  

proposed for i(at Cre?k for technical  reasons. The technology i s   s t i l l  being 

developed and has not been demoqstrated on many large  generating  statjons  using 

coals w i t h  charac te r i s t ics   s imi la r  to  % a t  Creek coal .  

Trace  elements a re  n o t  exolxted to  cause  adverse  health  risks or impacts 

on the local or regional b i o l o g i c a l  comnunities, a n d ,  therefore  the 



SECTIOPI 2.0 - 1i~lTROOUCT:OM 

The terms of  reference  for this s tudy  require   that   a l ternat ive Air Ouality 

Control 8ys::ems (AQCS) f a r  the Hat: Creek project  be evaluated  through a benefit-cost  

ana lys i s .  This study  evaluates  various a i r  quali ty  control  devices  for s u l p h u r  

dioxide and particulates.  Trace  element  considerations  are  discussed  as  part of 

the par t iculate   control  system evaluation  section. The major s u l p h u r  dioxide 

control  alternatives  include  several  combinations  of chimney height ,   f lue gas de- 

sulphurirat ion and meteorological   control .   Electrostat ic   precipi ta tors  and 

f a b r i c   f i l  ters (baghouses)  are the primary a1 ternative  systems  evaluated  to  control 

par t iculate   emissions.  Oxides of Hitrogen (NO,) control  'will be by appropriate 

design and operation  of the boi le rs  and auxi l ia ry  equipment.  Benefit/Cost  Analysis 

of NOx control   a l ternat ives  i s  therefore  not  included. 

The evaluations of the various AOCS systems  took into  considerat ion the 1975 

"Pollution  Control  Objectives  for  Food-Processing,  Agriculturally  Oriented, 

and Other Ciscellaneous  Industries  of British Columbia"1, the 1973 "Pollution 

Control  Objectives  for the : d i n i n g ,  Mine- milling and Smelting Industries  of 

British Columbia"Z, and the sugge!;ted guidelines  for  coal-fired  powerplants 

presented by E . C .  Hydro and Power Authority  in a 1978 brief submitted  to the 

Poilution Control Branch3. The 1079 "Pollution Control Objectives f o r  the 

Mining,  Smelting and Related  Industries o f  British Co l~mbia"~   i nc luded ,  for the 

first time, objectives specifically  for  coal-fired  powerplants.  They were issued 

a f t e r  the "base scheme" proposed .For the Hat  Creek project  had been f ina l ized .  

These pollut ion  control   object ives   ref lect  ;Wo philosophies  or  aoproaches t o  

protect  the environment from airborne  contaminants:  (1)  emission  control  of  all 



contaminants a t  the  source and ( 2 )  ambient a i r   q u a l i t y  c o n t r o l .  Because emissions 

a re  n o t  the o r l y  determining  variable o f  ambient a i r   q u a l i t y ,  i t  c o u l d  be argued 

that  emission  levels  should be s e t  c 'n a g ro jec t  or s i t e   spec i f i c   bas i s .  I n  r*Jral 

areas w i t h  unpopulated  elevated  termin, some variance from '.he ambient a i r  qual i ty  

guidelines woLlld seem reasonable i f  impacts a re  judged t o  be consis tent  w i t h  

protection 3f public  health and the  environment. 

I n  the 1973 b r i e f ,  8.C. iiydro recornended a n  ambient a i r   q u a l i t y  approach 

as opposed t o  emission  control a t   the   source  for sa t i s fac tory   o ro tec t ion  of  

the  environment. 8 . C .  Hydro also  suggested  that an one-hour  averaging  period 

f o r  ambient  sulphur  dioxide  levels was not  practicable for  coal-fired  powerplants 

b u t  a three-hour  averaging  period w i t h  a maximum average  concentration of 

655)g/m (0.215ppm)  'was appropriate and  prac t icable .  A three-flour  sulphur 

dioxide  guidel ine,   l ike   the  exis t ing one-hour guide l ine ,   i s   so le ly   re la ted  t o  

economic protect ion  ra ther  than  health  considerations  for which the  guidelines 

of  24 hours and grea te r  have been developed.  Also, E.C.  Hydro considered  that 

the 1973 Pollution Control  Objectives  for  gaseous and part.iculate  emissions 

(Appendix I ,  Table 11) are  suitable  for  coal-fired  powerplants b u t  tha t  a n  

exclusion t o  the 80% sulphur removal c r i t e r i o n  be given for coal-fired  powerplants 

provided  the  proposed ambient  a i r   qua l i t y   l eve l s   a r e  met. 

3 

Since the  submission of E.C.  ilydro's  brief t o  the Pollution Control Branch, 

new objectives, f o r  coa l - f i red  powerrllants i n  S r i t i s h  Columbia were adopted by 

the P o l l u t i o n  Control  aoard.  Ccnpliance %with the 1979 "Pol lui ion  tontrol .Cbject ives  f o r  

Mining, Smelting and Related  industries of  S r i t i s h  Columbia" is  examined i n  

Appendix A .  The introductory  secticn of these  recent  Pollution  Control  Objectives 

- 
L 

1- s t a t e s  t h a t :  

d 2-2  



The aim of these  Objectives i s  t o  J ro tec t   the  

qua l i ty  o f  British  Columbia's  mvironrnent  far 

the benefit o f  present and fu ture   c i t i zens  o f  

t h i s  Province and Canada. The Objectives pro- 

vide, f i r s t l y ,  for use o f  the  environment's 

ass imilat ive  capaci ty  ' w i t h i n  l imi t s  which do 

not  lead  to  unacceptable  conditions,  and, 

secondly ,   for   adapt ing   rea l i s t ic   cos t -benef i t  

pol lut ion  control   s t ra tegies .  4 

The  aim o f  the 1979 Objectives  3ppears t o  be cons is ten t  ' w i t h  the in ten t  of  

the ambient a i r   q u a l i t y  approach to   j e t t ing   ob jec t ives   p resented  i n  3 . C .  Hydro's 

brief.  Table 2-1 provides a comparijon o f  the  various  ambient a i r   q u a l i t y  

guidelines discussed i n  t h i s  sect ion.  

T h i s  study i s  an appl icat ion of benefit-cost ana lys i s   t o   eva lua te   a i r   qua l i t y  

control  systems  as well a s   t o  measure the net benefits   or  costs  of  achieving 

s t r i c t e r   l e v e l s  o f  a i r   qua l i t y   con t ro l   fo r  the Hat Creek project.  Engineering 

judgement including  constraints  impo:;ed by the unique  prooerties o f  Hat Creek 

coal were also  considerat ions  in   eva"uat ing  a l ternat ives .  

2-3  
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SECTION 3 .o - BENEFIT-COST METHODOLOGY arqo EVALUATION CRITERIA 

I 

Benefit-cost  methodology requires   thar   a l l   present  and future   social   costs  

and benefits  associated  with a proposed a c t i o n   o r   s e t  of a l te rna t ive   ac t ions  

be compared and appropriately  discounted. The methodology i s   appl ied  i n  t h i s  

s tudy  to  assess the most appropriate   a i r   qual i ty   control   technologies   consis tent  

w i t h  protection  of  the  environment. The benefi t -cost   evaluat ion has to  be 

combined w i t h  o ther   considerat ions such as  engineering,  f inancial  and pubiic 

acceptabi l i ty   before  a f i n a l   s e l e c t i o n   i s  made. 

Any AOCS a l t e rna t ive  must be capable  of  achieving  acceptable  ambient a i r  

qua l i ty   l eve ls .  The energy  requirements and economic impacts o f  a i r   q u a l i t y  

control Systems are  detennined and  compared to   ident i fy  the environmental,  energy 

and economic tradeoffs  associated w i t h  the  various  pollution  control  systems. The 

benefit-cost   evaiuation  provides ?I mechanism for  the assessment of those  systems 

offer ing the greatest  achievable  environmental benefits consis tent  w i t h  an 

e f f i c i e n t  use of energy and capi ta i .   Spec i f ic   c r i te r ia   in tegra ted  i n t o  the 

benefi t -cost   evaluat ion o f  the feasible   a l ternat ive  s t ra tegies   include  engineer-  

i n g  e f f i c i enc ie s ,   aux i l i a ry  power requirements,  environmental  considerations and 

economics. I n  addition  to  lookinq  at  systems  for  achieving  acceptable  ambient 

a i r   q u a l i t y ,  the economic impacts of attaining  the  nore stringent 1979 PC3 

emission  objectives  are  also  evaluated. 

The conceptual framework underlying th i s  benef i t -cos t   s tudy   i s   i l lus t ra ted  

i n  f igure  3-1 .  Tine ambient a i r  contaminant concentration i s  measured  along ;he 

horizontal   axis and the associated  cost   (kenefi ts j   3 img the ve r t i ca l   ax i s ,  
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FIGURE 3-1 

AIIR QCALITY CONTROL 
AND COST-BENEFIT 

Ambient  Airborne  Contaminant  Concentration 

Source: Ebasco j e r v i c e s  o f  Canada Ltd.  Environmental  Consultants, :979 .  
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I 

w i t h o u t   t h e   s p e c i f i c   U n i t s  O f  mea: iurment   be ing  ident i f ied.   [n   genera l ,   the 

environmental  resource  (values 10s:: o r  damage costs  would  tend t o  be ? o s i t i v e l y  

re la ted   t o   t he   amb ien t   po l l u tan t   concen t ra t i on  as denoted i n   f i g u r e  3 - 1 .  

On the o t k r  hand, the   cos t   o f   remov ing   o r   reduc ing   the   a i rborne   cmtaminant  

i n   t he   amb ien t   a i r   wou ld   t end  t o  be i n v e r s e l y   r e l a t e d   t o   t h e   a m b i e n t   p o l l u t a n t  

concent ra t ion .  rire a i r   p o l l u t i o n   p r o b l e m  can be viewed as economic i n   n a t u r e  

because  increased a i r   q u a l i t y   c o n t r o l   c o s t s  must be weighed  against   the  benef i ts 

o f   increased  resource  va lues saved  and v i c e  'versa. On the  assumption  that  all 

s o c i a l   c o s t s   ( b e n e f i t s )  have  been appropr ia te ly   accounted   fo r ,   the   to ta l   cos t  t o  

s o c i e t y   o f   m a i n t a i n i n g  a g iven  leve l   o f   ambien t   po l lu tan t   concent ra t ion  ,would be 

the sum o f   t h e   c o n t r o l   c o s t s  and damage cos ts  a t  t h a t   l e v e l .  The optimum l e v e l   o f  

ambient  contaminant  concentrat ion  would be a t  "b" as denoted i n   f i g u r e  3-1  where 

to ta l   cos ts   a re   min imized.  If the  ambien t   leve l  o f  the  contaminant was a t  "a" ,   the 

control  cosfs  would  exceed  the damage costs  denot ing an i n e f f i c i e n t   a l l o c a t i o n   o f  

soc iety 's   scarce  resources.  As the  ambient   leve l   increased  f rom " a "  t o  " b " ,  the 

b e n e f i t s  o f  reduced  control  costs  exceed  the  costs of  increased  environmental 

damage. Analogously, i f  the  ambient   leve l  was a t  "c",  there  would be an i n e f f i c i e n t  

a l l o c a t i o n  of resources  wi th damage costs   exceeding  cont ro l   costs  a t  t h a t   l e v e l .  

I n   t h i s  case,  reducing  the  ambient  level  from  "c" t o  "b"  would  denote a t   t h e  

marg in  that   the  benef i ts  of  resource  values  saved  would  exceed  the  costs  of 

increased  contro l .   Therefore,   on ly  a t  "e" where c o n t r o l  c o s t s  equal damage costs 

would to ta l   soc ia l   cos ts  be minimized and the optimum po l l u t i on   con t ro l   expend i -  

t u r e  be a t ta ined .  

The pocent i31   n f fec t   o f   po l lu t ion   con t ro l   ob jec t ives  on a i r   q u a l i t y   c 3 n t r r i i  

cos ts  i s  a l s o   i l l u s t m t e d   i n   f i g u r e  3-1. I f  f o r  a g i v e n   p r o j e c t ,   i n   p a r t i c u l a r  
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.I rural development,  the  real  control and damage COST re lat ionships   are   accurately 

represented by the  curves i n  f igure  3-1 the  appropriate   a i r  q u a l i t y  control 

exoenditure r o u l d  be measured by the   l ine segment G. A n  assumed ambient a i r  

' q u a l i t y  object ive for the  province 1 s  shown on f igure  3-1. I f  the  objective must 

be achieved  irrespective o f  :he costs-benefi ts  o f  th i s   spec i f ic   p ro jec t ,   cmtro l  

costs  measured by the  distance 3 m i o h t  be required and a n  i ne f f i c i en t   a l l oca t ion  

of  resources would r e s u l t .  I n  this  simple example the   e f fec t  of  meeting t h e  

assumed ambient  objective has resulted  in  control  expenditures  greater t h a n  the 

o p t i m a l  amount:. 
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.I 
SECTION 4 . 0  - GENEFIT-COST EVALUATION OF ALTERNATIVE AIR QUALITY CONTROL S Y S 7 3 S  

im 
The benefi t -cost   evaluat ions f o r  the  sulphur  dioxide and o a r t i c , ~ l a t e  

control  systems f o r  the  "base scheme" powerplant are  oresented i n  sections 4.1 

and 3 . 2 .  respect ively.  I n  each sect ion,   the  systems t o  be evaluated  are  described 
-. 

I br ie f ly  and then  the  benefits and costs are  presented f o r  each  system  in  relation 

t o  the  applicable air  qual i ty   object ives .  The comparison of  the  benefits  and  

L costs of various  technologies  provides an economic basis f o r  the  selection o f  

the  preferred a i r  quali ty  control ?,ystem as well as t o  measure the  net  benefits 

or costs  of  various a i r  qual i ty   ob;ect ives .  
I 

ill 

There a re  two specif ic   evaiuat ions of importancs tha t   a r e  made in 

I 
conjunction w i t h  the  primary  evaluations  outlined  above: ( 1 )  determination of the 

appropriate  stack  height;  and ( 2 )  the  control of  trace  elements. The stack or .. chimney height  evaluation i s  presented i n  sub-section  a.1 ( b )  ( i i ) ,  and t race 

element  concerns a re  covered  in  sub-section 4 . 2  ( d ) .  - 

C 



4 . 1  - SLiLPHUR OIOXIDE CONTROL S Y S T E S  

j u l p h u r  dioxide  emissions can be control led by removal of  sulphur from the 

coa l  p r io r  t o  combustion  (coal beneficiation),   conversion of  sulphur  dioxide i n  

the  boiler,  meteorological  control  systems  (:KS), or by removal of sulphur  dioxide 

from the  flue  gases (FGD). Coal. beneficiation  is   evaluated i n  sub-section 4 .1  ( a ) ;  

meteoro.bgica1 c o n t r o l ,  an intermit,tent  control  measure,  in 4.1 ( b ) ;  and f lue  gas 

desulphurization, a technology t o  remove SO2 from the flue gases  is   assessed i n  

:ub-section 4 . 1  ( c ) .   F lu id i zed  bed combustion and other  coal  conversion  technolo- 

gies  not  considered  suitable for a Hat Creek application  are  presented i n  

Appendix 8 .  The f inanc ia l   c r i t e r i a  used For economic eva lua t ions   a re   l i s ted   in  

Pppendix C .  

( a )  Coal Beneficiation 

The fundamental  purpose o f  beneficiat ion would be t o  improve the 

qua l i ty  of  coal.  This can be achieved by means of 3 number o f  

a l t e rna t ive  methods which  would variously  reduce  the  ash  content, 

minimize the  moisture  percentage, and decrease  the  sulphur  content. 

( i )  Senef i t s  of Coal Seneficiat ion 

The benefi ts  of coal  beneficiation  are  the  capital  and  operating 

cost  savings to  the  powerplant and the  reduction i n  emission of  

some contaminants. The removal of some trace  elements, e . g .  

fluorine  concentrated i n  clay  mat ter   night   a lso  resul t  i n  

environmental  benefit^.^ aene i ic ia t ion  wauld reduce  the  total 

capi ta l  and operating  costs of the  powerplant by increasing 

powerplant efficiency;  lessening  ash  handling and disoosal 

prgblems; decreasing  the s i ze  of  required  boilers an3 coal 

handling f a c i l i t i e s ;  and easing operat:on snd Taintenance 
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problems. Tine e s t i r a t e d  monetary  values o f  these  potentiai  

powerplant  savings  are  i l lustrated i n  figure  4-1.  Powerplant 

costs  would be reduced by S53.Ji million i f  the  coal 'was up-  

graded from 17.33 MJ/kg to   18.03 :4J/kg and 5142.17 mill ion i f  

the coal was upgraded to  21.02 MJ/kg. Tinese values  are based 

on 1977  do1:ar estirrates  escalated by 9% and then 8:: t o   a r r i v e  

a t  1979 do l l a r  amounts. The calculat ions assumed a 35 year 

l i f e   f o r  the 2000 Mw powerplant.  "Availability"  differences 

w i t h  varying  ccal  quality  have been allowed  for i n  the evalu- 

a t ion by appropriate  values o f  capi ta l  and operating  costs.  

Also, because the Hat Creek project  i s  a  mine-mouth develop- 

ment, " t ransport"   benefi ts   are   not   re levant .  The benefi ts  t o  

be obtained from the effect  of  coal washing o n  pa r t i cu la t e  

control  cost  savings  have been taken  into  account i n  the 

computation of powerplant benefits. 

The major  environmental benefits that  should be obtained 

from beneficiat ion would be the savings i n  environmental 

resource  values  that  m i g h t  result from the reduction o f  f l y  

ash and sulphur  dioxide  emissions. i t  i s  denoted on figure 4-1 

t h a t  washing  uould  reduce the ash content from 36.3 percent  for 

blended raw coal  to 32.5 and 24.5 percent   for   par t ia l  and ' u l l  

washing respect ively.  T'nerefore, 3 given level of oa r t i cu la t s  

emission  can be a t ta ined  w i t h  washed coal and a lower eff ic iency 

e l x t r x t a t i c   p r e c i p i t a t o r  than  with raw blended coai.  Also, 

beneficiation has the potential  of reducing the s u l p h u r  contznt 
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by 3 t o  20 percent 3s denoted i n   f i g u r e  4-1 .  The sulphur 

d iox ide   emiss ion   ra tes   cor respond ing   to   the   par t ia l l y  and 

f u l l y  washed coa ls  >would  be  about  1.2 l b  /10  3 tu and 1 lb/;06 

B t u   r e s p e c t i v e l y  compared t o  the r a w  coal SO2 m i s s i o n  of about 

1 . 3  l b /106   8 tu   (ass lm ing   a l l   su lphu r   i n   t he   coa l  goes t o  S O Z ) . ~  

6 

A recen t  Canmet study  concluded,  on  the  basis of  washing a 7 

bu lk  sample o f   a b o u t  82 tons,   that   Hat  Creek coa l   con ta in ing  

6500-6600 E t u / l b  and 41-42% ash, d ry   bas i s ,   cou ld  be upgraded 

t o  a t  l e a s t  8125 B t l U l b   w i t h  a 8 tu   recovery  of  a t   l e a s t  90%. 

The upgraded Btu  c o n t e n t   o f   t h e   c o a l  was assoc ia ted   w i th  

improved  coal   qual i ty  and a s i g n i f i c a n t   r e d u c t i o n   i n   v a r i a b i l i t y  

o f  all const i tuents .   A lso,  an  average  reduct ion  o f  25:; i n  

s u l p h u r   c o n t e n t   w i t h   t h i s   t e s t  sample was achieved,  from 1 .67 

t o  1.26 lb/106  8tu.  

( i i )  Costs o f  Coal B e n e f i c i a t i o n  

The c a p i t a l  and o p e r a t i n g   c o s t s   o f   t h e   b e n e f i c i a t i o n   p l a n t  

f o r  p a r t i a l  and f u l l  washing  are  denoted i n   f i g u r e  4-1.  The 

t o t a l   c a p i t a l i z e d   c o s t s   o f   u p g r a d i n g   t h e   c o a l   t o  18.30 N / k g  

would  be  about S135 m i l l i o n  and $333 m i l l i o n  t o  upgrade  the 

coa l   to  21.92 MJ/kg. 

The benef ic ia t ion   p rocess  'would  produce t a i l i n g s   o r  

e f f luen ts   wh ich   migh t  cause  environmental damage i f  they  are  not  

handled,  t reated  or  d isposed o f  i n  an appropr ia te  manner. 

Because coa l   rash ing  'would r e s u l t   i n   3 t u  :asses as a consequence 



of  reduced  coal  resource  uti l ization,  greater  quantit ies 

o f  coal would be required to  offset   process   losses .  As 

noted i n  figure 4-1 ,  resource  ut i l izat ion  decreases  from 

94.9% fo r  the blended raw coal t o  92.68% and 86.6% for   the 

par t ia l  and f u l l y  washed coal  respectively. 

Although beneficiation t o  reduce  sulphur  content i n  the 

coal has potential  environmental  benefits  associated w i t h  i t ,  

some problems i n  operation , e . g . :  a )  the  concentration of 

sodium which can cause  foulin;  is  increased; and b )  t h e  oer- 

fotmance of  the proposed e l ec t ros t a t i c   p rec ip i t a to r s  could 

be adversely  affected by sulphur  reduction  in  the  coal .8 

( i i i )  Conclusions 

The benefit-cost   elements  that  have been measured i n  

do l la r  amounts a re   i l l u s t r a t ed   i n   f i gu re  4-1. The benef i t -  

c o s t   c r i t e r i a   a r e   l i s t e d  below: 
Coal Beneiiciation 

Benefit-Cost Criterion Par t ia l  To ta 1 
Benefits/Costs (8,'C) 
Net Benefits  

0.43 0.43 
( 5 4 )  -S76.39~106 -S19O.97x1O6 

The environmental benefi ts  o f  coal  beneficiation have n o t  been 

quantified.  Nevertheiess,  the  net  benefits would have t o  be worth 

a t  l e a s t  $76.39 n i l l i o n  on a cap i ta l ized   bas i s   to   jus t i fy   par t ia l  

washing and camnensurately  greater  in  *orth t o  j u s t i f y   t o t a l  

washing. Thus ,  even i f  coal  washing  appeared technical ly   feasible  

to  reduce SO2 emissiorls, i t  would n o t  be a cost-2ffec:ive method 

and therefore  cannot tle reconended  for  incgrporaciov i n t o  tne  

"base scheme" fo r  the Hat Creek 2ro jec t .  



(b)   Met :eoro log ica l   Contro l  Systems . 
( i  ) I n t r o d u c t i o n  

IVnder noma1   c l ima t i c   cond i t i ons ,   t he  base scheme proposed 

i s  expected  to  provide  acceptable  ambient SO2 l e v e l s .  A 

meteoro log ica l   cont ro l   system (MCS) i s  a systemat ic   p lan o f  

procedures  for  reduc.ing  contaminant  emission  to  the  atmosphere 

i n  response t o   p r e d i c t e d  or observed  adverse  meteorological 

condi t ions  that   are  conducive  to   h igh  ground- level   ambient  

conccnt ra t ions .  MCS i s  n o t   i n t e n d e d   t o   p r o v i d e   p r o t e c t i o n  

f rom  long-range  t ranspor t   e f fects .  Load reduc t i on  and f u e l  

swi tch ing  dur ing  ep isodes of  adverse  meteoro l   oa i   ca l   condi t ions 

have  been se lec ted  f o r  eva lua t ion .  

C l o s e l y   r e l a t e d   t o   t h e  assessment of  an MCS system  would 

be the   de te rm ina t ion   o f   s tack  or chimney he igh t .   In   the   "base 

scheme" fo r   the   powerp lan t ,  a s i n g l e  chimney w i th   f ou r   separa te  

f l u e s  i s  proposed i n   o r d e r  t o  enhance the  thermal l i f e   o f  the 

plume. The costs and b e n e f i t s   o f  a 244m (800 f t . )  versus a 

366m (1200 f t . )  chimney i s  undertaken i n  sub-section 4-1 ( b )  (ii). 

There a re  two o p e r a t i o n a l   p o s s i b i l i t i e s   f o r   r e a c t i n g  t o  un- 

favourab le   d ispers ion   cond i t ions :  The f i r s t   i n v o l v e s   f u e l  

sw i tch ing   f rom  the   p r imary   coa l   to  a secondary f u e l   w i t h   l o w e r  

sulphur  content  which  could be s tockp i led   fo r   use   dur ing   per iods  

o f  adverse  dispersion  potent ia l .   Fuel   switching  would  probably 

be t h e   J r e f e r r e d   a c t t o n ,   i n   t h e   w i n t e r  months (Xovember through 

February) .   Dur ing  the  o ther  months o f  the   year ,   load   reduc t ion  

o f   genera t ing   un i ts   wou ld   p robab ly  be the p r e f e r r e d   c o n t r o l  
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method.-  Table 4-1 grovides the ilCS parameters  utilized 3y i n v i r o n -  

mental h e a r c h  and Technology,  Inc. ( E m )  and "new-periormanca"  coal 

characterist ics  detsrmined  in 1979. The heating  value has 

rorsened to  5,955 Btu/lb and the mean S% has f a l l e n  from 

0.455 t o  0.39%. I t  i s  es t imated  that  the daily  emission, 

assuming a l l  S goes to  SO?, would be less than ERT's value 

by about 9% under normal conditions.  Also, ERT assumed the 

ambient SO2 guidelines proposed i n  the then  current 1978 B . C .  

Hydro b r i e f .  

a 

10 

( i i )  Cost o f  Meteorological  Control 

Table 4-2 provides  cost   data developed by Integ-Ebascoll  for 

the various chimney, meteorological and flue  gas  desulphurization 

systems. The amount,s are stated  in  1979 do l l a r s  and a r e  based on 

the   f inanc ia l   c r i te r ia  found i n  Appendix C .  Table 4-2 shows t h a t  

the 244m/YCS configuration would have a to ta l   cap i ta l ized   cos t  o f  

almost 522 mill ion,  and the 366m/MCS configuration would have a 

comparative  cost of about 5 3 2 . 5  mill ion.  These f igures  would 

suggest   that  the 244n/MCS configuration would be preferred.  'Ahen 

MCS operation is included, the  evaluaticn must include  the  costs 

associated w i t h  redwed  powerplant  output  operation due to  MCS 

cons t ra in ts .  The following  analysis  attempts  to  estimate the cos t  

of generation  losses  as a r e s u l t  of fuel  switching and load  rhed- 

ding  for  the two c h i m e r  heights. 

Estimation of  Annual Generation Losses Due to *ICs 
Tine S a t  Creek wwerplant is  proposed as a s ign i f icant   addi t ion  

to  an axtensive  hydrc-electric  system. The powerplant nouid be 



TABLE 4-1 

METEOROLOGICAL CONTROL SYSTEM PARAMETERS 

Original Fuel Nea Performance 
P r i m a r m  ("as   received"  basis)   Character is t ics  (1) Fuel Character is t ics  ( 2 )  

Fuel type  coal 
S u l p h u r  content - 3 
Heating Value - MJ/kg ( B t u / l b )  1 4 . 7  (5,300) 13.85 (5,955) 

coal 
0 .45  0.39 

Ash - 5 26 2 5 . 6  
H20 - ': 20 23.5 

Secondary Fuel ("as received"  basis) 

Fuel tvnp coal  "0" caai ". 
S u l p h u r  content - ?: 
Heatinq Value - :4J/kg ( 8 t u / l b )  

-, r- .. - .~ ." 
0.21 

17.51 (7 ,550)  15.08  (6,315) 
0.23 

20 24.5 

Ambient SO2 Control Cr i t e r i a  
" - 

3 - hour averaging tim -,ug/m3 3 665 
24 - hour averaging  time -,uq/m 260 

Source: 
(1)  Environmental  Research and Technology, Inc. ,  "Air Qual i ty  and 

Barbara, Ca., A p r i l  1978, P5074F. 
Climatic  Effects of the Proposed ilat Creek Project,  Santa 

( 2 )  Paul Weir Co., 1979, Report Forthcoming 

1 



TABLE 4-2 

CHIEINEYS  AND EMISSION CONTROL SYSTEMS COST ESTIMATES 
(1979 $)  

(36fa1) 
Chimney 

:api ta l   Cost2 = A 

Operating  Cost D = 8 + C 
Tota l  Annual Owning and 

:ap i ta l ized  Value of To ta l  
Iwning and Operating  Cost 
: = 0 t 0.152 14,500,641 25,057,828 

21,641,130 
-. 

44,399,020 

434,474,670 

(53%) 
FGU 

"" 

203,623,340 

10,839,109 

41,789,857 
_" 

274,933,270 

MC s I 

658.1  35 

1,132,241 
." 

7,448,951 

MCS costs  exclude  costs due t o  reduced  Hat  Creek  output  operation due t o  MCS r e s t r a i n t s .  

' Capi ta l   cost lpp ices, inc lu t Ie   escalat ion,   d i rect  and ind i rec t   cons t ruc t i on ,   con t i ngenc ies  and 
engineer ing  costs.  

Operat ing and maintenance cos ts  for 100% K O  i nc lude a consunlption of  200 US~PIII per  unit 
for ulakeup water a t  a cos t  o f  $3.70 per  1000 USgal. 

Operating and mainlcnance  costs for 53% FGO inc lude a consumption o f  100 USgpo~ per  unil f o r  
IllakeUp waLer a t  a cos t  o f  $3.70 per 1000  USyal. 

Source:  Intey-Ebasco, 1977; k : S C l X ,  1979. 



essen t i a l ly  a base  "oad  plant. In addition,  the power;ilant 

would sometimes operate on  a t ro - sh i f t   and ,   l a t e r ,  on a 

cycling  oasis.  

The MCS sysrem may c a l l   f o r  fuel switching from the primary 

coal  to low sulphur coal d u r i n g  the months of Yovember through 

February. ERT9 pred ic t s   t ha t ,  i f  the four-uni t   p lant  i s  required 

to   operate   a t   ful l   load  cont inuously,   switching may be required 

for  about 195 hours from November through  February w i t h  a 244m 

chimney. With  a 36th  chimney,  switching nay only be required 

f o r  a  few periods i n  November. During the remaining  eight  months, 

reducing  plant  generating  capacity  to 80 percent  load  for  about 

80 hours and to  60 percent  load  for  about j hours may be 

required w i t h  a 244 m chimney. Load reduction  with a 366m 

chimney a r e  expectecl t o  be n i l .  These figures are  presented i n  

Table 4-3.  

In order  to  supply  customer  loads,  alternative  generating 

sources would be required,  e . g .  thermal,   hydro-electric,   or 

imported e l ec t r i ca l   ene rgy .   I t  i s  assumed that   the   appropriate  

mill  rates for thermal and imported e l e c t r i c a l  energy are 20 and 

25 rnills/kWh.  For hydro-eiectric  energy, a case can be made for 

a zero mi l l  ra te   and/or  for analytical   reasons,  a mi l  1 r a t s  o f  

15  mills/kNh. 

If i t  i s  assumed t h a t  the system i s   c a p a c i t y   c r i t i c a l ,  :he 

+ydro  reserve system would normally be selected  as  an a 1 t e r r c t i . e  

4-1 1 
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t o   o f f s e t  a r e d u c t i o n   i n   l o a d  by  the  proposed  Hat  Creek power- 

p l a n t .  The incremental c o s t  m igh t  be zero i f  the  reserve  capaci ty  

i s  drawn  upon. The r e a s o n   f o r   t h i s  i s  that   the  Hat  Creek  power- 

plant  might,   subsequent  to  the  removal   of   meteorological   con- 

s t r a i n t s ,   o p e r a t e   a t  a h igher   load,  or :or a longer   per iod ,  oer- 

m i t t i n g   h y d r o - e l e c t r i c   g e n e r a t i o n  t o  be reduced an equ iva len t  

amount u n t i l  water l e v e l s   i n   t h e   r e s e r v o i r s   a r e   r e s t o r e d .   A l t h o u g h  

there  may appear t o  be no a d d i t i o n a l   c o s t   i n   d r a w i n g  upon reserve  

capac i t y ,  i t  i s  app rop r ia te  t o  a t t a c h  an "oppor tun i t y   cos t "  t o  

such  an opera t ion .  The hydro-reserves  used  night have been 

s o l d   f o r   e x p o r t   e n e r g y   a t  15 mi l ls /kWh. 

.. -. 

The es t imated  cos ts   o f   rep lac ing   the   p red ic ted   annua l   load  

shed a t  Hat Creek a re  shown i n  Table  4-3. The t o t a l  annual  gener- 

a t i n g   c a p a c i t y   l o s s   f o r   t h e  244m/MCS c o n f i g u r a t i o n   i s  40,420 M:lK and 

0 f o r  the 366m/MCS a1 t e r n a t i v e .  The capi ta l ized  energy  rep lacement  

cos ts   a re   about   $4 .0   mi l l ion  f o r  t he   hyd ro -e lec t r i c   sou rce   a t   t he  

" o p p o r t u n i t y   c o s t "   r a t e  o f  15 mil ls/kWh; S5.3 m i l l i o n   f o r   t h e  

thermal   Genera t ion   a l te rna t ive  and $6.6 m i l l i o n   f o r   t h e   i m p o r t e d  

energy a1  t e r n a t i v e .  

Table 4-3 shows t h a t   f u e l   s w i t c h i n g  with 244m/MCS con i i gu ra -  

t i o n  i s  est imated  to   occur   fo r  an a d d i t i o n a l  120 hours and t o  

consume an a d d i t i o n a l  190,000 tons  for   low  sulphur  coal   than  the 

366m/MCS a l t e r n a t i v e .  It i s  expec ted   tha t   the   add i t iona l   coa l  

consumpt ion  assoc iat ,?d  wi th   the  24*n/ fG  a l ternat ive  should  not  

r e s u l t   i n  any a d d i t i ~ ~ n a l   c o s t   m a l t y  because  the  cost per Btu 

rould  renain  constan' t   (assuming a cgns tan t   heat   ra te ) .  



The comparative  casts o f   t h e  MCS conf igura t ions   a re   sumar ized 

i n  Table 4-4. 

TABLE 4-4 

SUMMAFY OF METEOROLOGICAL 
CONlROL  SYSTEMS  COSTS 

ALTERNATIVE MCS 
COSTS (1979 $ )  

CAPITALIZED COST  COVPOllENTS 
244m/MCS  366m/MCS 

KCS Owning & Operating  Plus 
Hydro  Replacement of Energy 
(0 Mil ls/kWh) 21,957,592 32,506,779 

MC5 Owning & Operating  Plus 
Hydro  Replacement of Energy 
( 1 5  i.lills/kWh) 25,946,408 32,506,779 

MCS Owning & Operat ing 
Plus Thermal  Replacement 
of Energy 
(20   X i l l s /kNh)  27,276,013 32,506,779 

MCS Owning & Operating  Plus 

Energy 
Import  Replacement o f  

( 2 5  Mi 11 s/kWh)  28,605,618  32,506,779 

Source: Ebasco S e r v i c e s   o f  Canada, Ltd.,  Environmental  Consultants, 
1979. 
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Based on the  data  contained i n  Table  4-4,  the 244m 

chimney 'would be p r e f e r r e d   t o   t h e  366 chimney w i t h  MCS a t  :he 

Hat  Creek  powerp1an.t. 

( i i i )   B e n e f i t s   o f   M e t e o r o l o g i c a l   C o n t r o l  

The benef i ts  which  might  accrue  f rom use of su lphur   d iox ide  

abatement  equipment  would be the savings  value  to the prov ince  

o f  any damage wh ich   migh t   o therw ise   accrue   to  all environmental 

resources,   whether   publ ic   or   pr ivate owned. 

A .  Air Q u a l i t y   E f f e c t s  

The assumed ( o r i g i n a l  ERT study) base load  emission 

ra tes   f o r   va r ious   con taminan ts   w i th  an uncont ro l led   Hat  

Creek   genera t ing   s ta t ion   a re   p resented   in   Tab le  4-5. 

The ERT repor t ! '   p red ic ted   tha t  some form o f   i n t e r m i t t e n t  

cont ro l   dur ing  br ie f   adverse  weather   condi t ions may be 

necessary t o  ensure fu l l   comp l iance   w i th   t he  3-hour and 

24-hour  ambien.t gu ide l ines ;  e.g., me teo ro log i ca l   con t ro l  

or f l u e  gas desulphur izat ion.   Table 4-6 contains  the  maxi 

mumground leve ' l   concent ra t ions ,   w i th in  25km of t h e   s i t e ,  

o f  selected po ' l l u tan ts  f o r  var ious MCS and f l ue  gas de- 

su lphu r i za t i on   con f igu ra t i ons .  

S ign i f i cance  o f  Annual SO7 Concentrat ions 

Table 4-7 provldes a sumnary impact  assessment  matr ix  indicat-  

ing  the  predic ted  i r ipact   o f   the  proposed  powerp lant  on ;he a i r  

r2sourcz as 3 resu l t  o f   su lphu r   d iox ide   em iss ions ,  

?-1 5 
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TABLE 4-6 

a 

1 

m 

I 

YAXIMUM PREDICTED  GROUND-LEVEL  CONCENTRATIONS 
DUE TO THE  HAT CREEK GENERATING  STATION 

Maximum Concentrat ion 

Averaging Time (ug/m3) 
Contaminant (A r i t hmet i c  Means) 244m/MCS  366m/MCS  366m/ FGo 

Sulphur  Dioxide  3-hours 
24-hours 

1  -year 

Tota l  Suspended 
Par t i cu la tes  

24-hours 
1  -year 

Carbon  Monoxide 
8-hours 
1 -hour 

F luo r ide  (Gaseous)  24-hours 
1-year 

Lead ( P a r t i c u l a t e )  24-hours 
1  -year 

Z inc   (Pa r t i cu la te )  24-hour 
1 -Year 

Cadmium ( P a r t i c u l a t e )  24-hours 
1 -Year 

Mercury  24-hours 
1 -Year 

Arsenic 24-hours 
1 -Year 

622 !647 $66 

9.3 

3Z1 
1.1 

96.1 
18.6 

91.3 188.2 
17.9  31.4 

0.008 
0 .4  

0.004 

0.005 1 0.004 1 0.004 
0.00009 0.00007 0.00009 

0.00025 I 0.0002 1 0.0003 
0.000005 0.000004 0. OOOOOf 

0.01 
0.0002 0.00015 0.00017 
0.008 0.0075 

0.03 I 0.024 1 0.03 0.0005 0.0005 0.0006 

'Concentrat ions above assumed background  levels of 10 TO 20 ug/m 3 . 

Source:  Environmental  Resource and Technology,  Inc., 1978. 

Assumed 
PCB 

Guidel ines 
B r i e f  

655 
260 

53 

150 
60 

1,300-60,000 
j,O00-20,000 
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The amount o f   t h e  air resource  "used" by t h e   p r o j e c t   i s   d e f i n e d  

by ERT i n   t e r n s  o f   the   f rac t ion   o f   the   appropr ia te   ambien t   gu ide l ine  

corresponding t o  the maximum pred ic ted   concent ra t ion .  The s i g n i f i -  

cance o f  impacts  corresponds p o s i t i v e l y   w i t h  changes i n  t h e   f r a c t i o n .  

ERT asserts  that   the  annual   average  would  probably be the  most 

app rop r ia te   va lue   f o r   j udg ing   t he  amount o f   t h e  air qua l i t y   resource  

t h a t   m i g h t  be "used"  by  powerplant  operation. 

9 

Impacts  are  assessed  for  four  zones: -- Zone A inc ludes  the 

s i t e  and  immediate  environs; Zone 8 i s  an e l l i p s e   c e n t e r e d   a t   t h e  

s i t e   w i t h  a n o r t h / s o u t h   a x i s   o f  30 km and an eas t /wes t   ax i s   o f  20 

!an; Zone C i s  a c o n c e n t r i c   e l l i p s e   e n t e r e d  a t  t he  s i t e  w i t h   n o r t h /  

south and east/west  axes o f  60 and 32 km r e s p e c t i v e l y ;  and Zone 0 

i s  a c i r c l e   c e n t e r e d  a t  t h e   s i t e   w i t h  100 km radius.   Table 4-7 

shows t h a t ,   f o r   a l l   c o n f i g u r a t i o n s ,   t h e   s i g n i f i c a n c e   o f   i m p a c t s  

would be i d e n t i c a l .   I n s i g n i f i c a n t   i m p a c t  i s  p red ic ted  f o r  all con- 

f i g u r a t i o n s   i n  Zone A and o n l y  l o w  s i g n i f i c a n c e   i n  Zones 8, C and 0. 

8. Fores t ry  Damages 

The es t ima ted   po ten t i a l   phys i ca l   l oss  of  

t imber  growth with the  Hat Creek pro jec t   a re   p resen ted  

i n  the   rev ised  Re id   Co l l ins  S Associates,   L td .   Forest ry  

r e p o r t . ' *  The losses due to   p red ic ted  S O 2  ground l e x 1  

concentrat ions  are as f o l l ows :  

1-1 9 



Volume Economic  'Value (1979 V a )  

Conf i qura ti on  (m3/a) ( s s . s / ~ ~  * m3/a) 

244m/MCS 509 2800 

366m/MCS 345 1898 

366m/FGD 18 99 

Analogously  the  losses due t o   f l u o r i d e  ground  level   concentra- 

t i o n s  have been predic ted  by  Reid  Col l ins  & Associates,   Ltd.   accord- 

i n g   t o  a "probable" and a "wors t   p robab le"   f luor ide   emiss ion   leve l  

as shown below: 
Annual 

Timber  Growth  and  Ecmomic  Value 
Predicted/Physical  Losses o f  

Worst  Probable 
SO2 Control  
Conf igura t ion  - Probable  Fluor ide  Emission  Level   Emission  Level  

F l u o r i d e  

- m3/a S/a m3/a S/a 
244m/MCS 2283 1 2  557 25135  133 243 

366m/MCS 

366m/FGD 

The va lue  o f  t imber  growth  losses has  been  est imated  by  taking 

the  appropr iate  annual   loss amount (m3/a) and m u l t i p l y i n g  by a 

cons tan t   rea l   va lue   o f   t imber   equa l  t o  S5.5 /m3.  The S5.5/m3 f i g u r e  

i s  assumed t o  be representat ive  o f   the  present  and future  average 

value o f  s tanding  t imber   author ized f o r  c u t t i n g   i n   t h e   H a t  Creek 

reg ion .  On an annual   basis,   the  forest   resource  losses  would  be 

m a r g i n a l l y   g r e a t e r   w i t h  a 244m/MCS than with a 366m/MCS a1 terna- 

t i v e .  The  maximum arid  minimum phys ica l  damage 'with a MCS con f ig -  

u ra t ion   wou ld  be 513H,243/a w i t h  a 244 m chimney  under  the  worst 

probable  scenar io anc! $ l l , 6 5 5 / a   w i t h  a 366m chimney  under  the 

4- 20 



j robable  scenar io .  :'ne present  value of  these  losses  are 

l i s t e d   b e l o w : I 3  

Present 'Value o f  Losses a t   I n d i c a t e d  
Discount  Rate 

( S I  
Fores t ry  Damage 6% .a% 103 12:: 

24Um/YCS (maximum) 1525 1107 832 643 

366m/MCS (minimum) 122 a3 61 47 

C. Sumnary o f  Environmental  Effects 

Table 4-8 provides an  environmental  comparison 

o f  t h e   s u l p h u r   d i o x i d e   c o n t r o l   a l t e r n a t i v e s .  The 

r e s u l t s   o f  numerous environmental   studies,  as i n d i -  

cated i n   t he   re fe rences   t o   t he   t ab le ,   deno te  some 

amounts o f  damage o r   i n j u r y   b u t   n e v e r t h e l e s s ,   i n  

almost all cases  the q u a l i t a t i v e  and q u a n t i t a t i v e  

evidence  leads  to a c o n c l u s i o n   o f   i n s i g n i f i c a n t  

impact and p ro tec t i on   o f   t he   env i ronmen t .  

( c )   F l u e  Gas Oesul p h u r i   z a t i o n  

( i )   I n t r o d u c t i o n  

F lue  gas desu lphur i za t i on  systems (:XI) provide  cont inuous 

control   over  powerplant  emissions  at   the  source. There are  several  

FGD tecnnologies i n  use ou ts ide  Canada a t  var ious  s tages  o f   develop-  

ment.14  Although  major  engineering  issues  must be addressed i n  a 

complete  analysis 01' the   poss ib le  use o f  FGD a t   a a t  Creek, f o r   t he  

purposes 'o f   th is   s tudy  nonregenerat ive-wet   type o f  ?GO system  using 

1 



TAOLE 4-0 

ENVIRONMENTAL  COMPARISON OF ALTERNATIVE 
SULPHUR OlOXlDE CONTROL SYSTEMS 

RESOURCE AREA 
ENV I RONMENTAI. 

CONSIOERATIONS 

A i r r  ~ u a l i  ty/Heteorology '* 149 15 

* Loca l  ( 25km) Ai rshed C c m i  tment 
(maximum annual  average so2 ' . 

o f  the  proposed  ambient 
concentrat ion  as a percent  

gu ide l i ne )  
- . Regional  Ground L ve l   Concentrat ions 

P 

N 
N 

I ( 25km; 100km) ( 1  . 7pg/ll3 - maximum) 

Cumulative  Concentrat ions o f  
Air Contanlinants  (incremental 
e f fec t  o f  I l a t  Creek  plume) 

C l i m a t i c   A c i d  Rain 

V i s i b i l i t y   D e g r a d a t i o n  
(6% reduc t ion)  

Global  Atmospheric  Processes 
(teaperature;  energy  balance) 

Stratospheric  Process 
( chemica l   rad ia t i on )  

L or I 

(4.5pg/n13; 18%) 

I 

1 

I 

I 

I 

I 

L or I 

8.3pg/m3;  33%) 

_____ 

I 

I 

I 

I 

I 

I 

L o r  I 

[9.3pg/n?; 372) 

__ 

I 

I 

I 

I 

I 

I 



(Continued) 
TABLE 4-8 

W i l d l i f e  17,  10 
"" 

N 

P 
I 

w 

ENV!RONMENTAL 
CONSIOERATIONS 

Guide l ines   fo r  SO , TSP, & 
E f f e c t   o f  Proposed  hnbient 

co on tiulaan I leal  t6  

D i r e c t   e f f e c t  o f  SO & t race  
elements i n  terms o f  measurable 
t e r r e s t r i a l   w i l d l i f e   i n j u r y  

inha la t ion ,   inges t ion ,   e tc .  
CI'.Y"'J" ,nY",c3: ,,,""I, 'LLILion, 

r e s u l t  o f  vegeta t ion   s t ress  
I n d i r e c t   w i l d l i f e   i n j u r y  as a 

thrnnanl. h = # . < &  - . - . A 4 C Z - - A '  

Mater  Resources 15, 19, 20 
" 

b o d i e s   p o t e n t i a l l y  
(43 o u r   o f  205 water 

vu lnerab le   to   aud i -  
f i c a t i o n )  

AJricul  Lure 21 

A c i d   p r e c i p i t a t i o n   o f   w a t e r  
resources 
Aquatic  ecological  inlpacts  frotu 
a c i d   p r e c i p i t a t i o n  

E f f e c t  o f  SO and NO on i r r i g a t e d  
l a n d - r e d u c t i l n   o f   a l ? a l f a   p r o d u c t i o n  

E f f e c t  on Beef  Industry 

I 

I 

? 

I 

I 

-16 ha 

I 

I 

I 

? 

I 

I 

0 ha 

I 



(Continued) 
TADLE 4-8 

RESDIJRCE AREA - CONSIDERATIONS _.___ 

Natura l   Vegetat ion 

ENVIRONMENTAL 

2 2  - 
Species i n j u r e d  by S02/N02 

P o t e n t i a l   I n j u r y   t o   . A l p i n e  fir 

o f  p r o j e c t  
v e y r l a t i o n   w i t h i n   2 5 k r  , Engelmann spruce 

1 Lodgepole p ine  
r Ponderosa- p ine  

c Tretubl i n g  aspen 
.Douglas- f i r  * 
: Serviceberry 
.-Fringi(J  sagebush 
-Willow * 
-Kentucky  Bluegrass * 

Pleuroz iu~~t   schreber l  
Orepanocladus unc ina tur  

. -A lector ia   jubata 
* 

p o s s i b l e   v i s i b l e  damage; 
p e r s i s t a n t   i n j u r y  @@J cause 
die-back o f   w i l l o w  and  decreased 
p r o d u c t i v i t y   i n   o t h e r  cases. 

Affected 
Vegetat ion  Associat ion Areas 

A --- TOTAL VEGETATIVE COVER AFFECTED (kln2) 

U -- PREDICTED INJURY RANGE ( X )  

L -- LOW 

I - -  INSIGNIFICANT 

244mfMCS 
!MPACT 

324.4 1 kin2 

7.8 1-9 
53.2 1-4 
43.6 1-4 
0.4 1-4 

19.7 1-5 
0.1 9 
1.8 !-5 

26.9 12-65 
0.2 1-5 

2.1 2-26 
62.5 1-13 

2.0 1 
17.0 1-5 

\ 



(Continued) 
TABLE 4-8 

ENVIRONMENTAL 
" ItESOURCE AREAS CONSIDERATIONS 

(r-mks deLennined  by 
resource  consul tant  ex- 

orde r ing  by  preparer o f  
tended to   a   preference 

L h i  s r e p o r t )  

Econq ic   va lue   l os t  due 
t o  SO (annual)  

Econallic  value l o s t  due t o  
f l u o r i d e   i n  plullle path  (annual)  

--probable  case 
-.-worst probable  case 

Re la t i ve   i l l pac t  on r e c r e a t i o n  
a c t i v i t i e s  
--preference  order i n  terms o f   l e a s t  
overa l l   impact  

2,800 

12,557 
138.243 

2 

$ 11,655 
$ 137,341 

3 

$ 99 

$ 9.056 
$ 135,542 

1 



lime/limestone  as a :-eagent is lused for comoarative  analysis.  ,ne 

par t ia l  FGO scheme  wculd  ,trash about one half  of  the  f lue  gases,  and 

the f lue  FGO scheme would rash   a l l  of the flue qases. 

-. 

( i i )  Costs of Flue Gas Oesulphur4zation 

.. - - The costs  of  the  par t ia l  and F u l l  scrubbing schemes a re  item- 

ized i n  Table 4-2. ‘;he annual to ta l  owning and operating  costs  for 

the  par t ia l  and full  scrubbing schemes w i t h  a 366111 chimney are  a b o u t  

$46 mill ion and 570 mil l ion  dol lars .  On a s ta t ion   to ta l   k i lowat t  

basis,  the  total  cap.italized  costs of  the  par t ia l  and fu l l  FGO 

systems a re  approximately  SllZ/:W and S157/KW respect ively.  11 

( i i i )  Benefits of  Fiue Gas Cesulphurization 

A f lue  gas desulphurization  system does not have a n y  assaciated 

powerplant benefi ts  b u t  rather  comolicares  the  operation o f  :he 

powerplant, rpsults .in increased  costs and  consumes considerable 

quant i t ies  of water,  lime/limestone, and energy. An FGO s y s t m  

may actually  increase  particulate  emissions and aggravate  the  solids 

disposal problems. 

The enviromen.:al benefits  of  flue Gas desu1phuri:ation uould  

be the  resource  savings  identified and measured i n  sub-section ( b )  

above.  Table 4-8 suqgests  that   f lue gas desulpnurization would have 

less  of an impact  than would rneteorologicai  c3nrrol b u t  mast  impacts 

a re   ins igni f icant ,  undetermined, and cannot be ?xorPssed i n  money 

terms. 
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( d )  Sumary Analysis of S u l p h u r  Dioxide Control Systems 

Three  major methods  have  been evaluated i n  this  sub-section 

f o r  control of sulphur  dioxide:  coal  beneficiation,  meteorological 

cont ro l ,  and f l u e  gas desulphurization. The approximate  comparative 

cos ts   o f   the   a l te rna t ives   a re   l i s ted  below: 

. . .  CAPITALIZED COST 

ALTERNATIVE (9106) 

244mlMCS 
366m/MCS 
366m/FGO (53:) 

Coal Washing ( f u l l )  
Coal Mashing ( p a r t i a l )  
Coal  Washing ( p a r t i a l  & 

244mlMCS) 

22 

300 
33 

332 
135 

157 

The MCS a l t e rna t ives  have obvious financial  advantage  over  the  coal 

washing and FGO a l t e rna t ives .  The pa r t i a l  FGD system i s  the most 

expensive  control  system and r e l a t i v e   t o  a NCS system i t  would  not 

be cost   effect ive  in  terms o f  incremental  reduction of  sulphur  dioxide 

per do l l a r  of  expenditure  for  abatement. T'ne s m a r y   t a b l e  shown 

above i n  conjunction w i t h  the detailed  evaluation i n  sub-section ( b )  

leads t o  the  conclusion  that  the 244m/MCS configuration would be the 

leas t   cos t ly  system for the  "base  scheme". 

The environmental and powerplant benefi ts  have been compared 

w i t h  the costs of the  sulphur  dioxide systems and integrated i n t o  the  

benefi t -cost   calculus  where expressed i n  money terms. Although the 

sulphur d i o x i d e  systems have d i f f e ren t  environmental e f f e c t s   a t   t h e  

4-2 7 



prooosed  ambient SO2 guidel ines,   the  potent ia l   impacts   are a1 1 con- 

s idered  low or i n s i g n i f i c a n t   w i t h  few except ions.  The p o t e n t i a l  

f o r e s t  damage due t o   i u l p h u r   d i o x i d e  and f l uo r ides   a re   con t ras ted  

w i t h   c o n t r o l   c o s t s  on an annual  basis  below: 

Fo res t r y  Fo res t r y  Damage (F) 
SO2 Control  Control  Cost Damages (SO2) Probable 'Worst Probable 
Con f igu ra t i on  S/a Sla  Sla S/a 

244mf MCS 3,337,555 2,800 12,557 138,243 

366mIMCS  4,941,031, 1,898 11,655 137,341 

366mIFGO 45,598,647 99 9,856 1 35,542 

The est imated  costs  o f  su lphur   d iox ide   remova l   a t  H a t  Creek  exceed  the 

forest ry   benef i ts   for   the  worst   probable  case  by a f a c t o r   o f  24, 36, 

and 336 f o r   t h e  244m/lrlCS,  366m/MCS and 366m/FGD con f igu ra t i ons .  

4 . 2  - PARTICULATE  CONTROL  SYSTEMS 

Ash i n  the   f ue l  i s  e i t h e r  removed f rom  the   bo t tom  o f   the   bo i le r  as 

bottom  ash or c a r r i e d   w i t h   t h e   f h e  gas as f l y  ash. The ac tua l   p ropor t ions  o f  

t h e   t o t a l  ash  generated as  bo t tom  ash   var ies   w i th   the   ash   p roper t ies   o f   the   coa l  

and the   bo i le r   des ign .  Ash p roduc t i on   ra tes   a t   Ha t  Creek  'would be 29.3  kg/s per  

u n i t ,  o f  wh.ich about 80% may be f ' l y  ash. 

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  (ESP) and f a b r i c   f i l t e r s  (FF)  (baghouses) 

ara compared on a cos t /bene f i t   bas i s  as a l t e r n a t i v e   c o n t r o l  systems. The f u l l  

e v a l u a t i o n   o f   a l t e r n a t i v e s  has included  engineer ing  issues  such as  the  degree 

to  which baphouses are  proven as 1-el iable on l a rge -sca le   apo l i ca t i ons .  
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(a)  Costs of 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  and F a b r i c   F i l t e r s -  75, 26 

The compara t ive   cap i ta l i zed   p resent   wor th  of  c a p i t a l  and annual 

opera t ing   charges   fo r   ho t  and c o l d   s i d e   p r e c i p i t a t o r s  and a baahouse 

a r e   l i s t e d   i n   T a b l e  4-9  below. The c o s t s  i n  Table  4-9  are  the  average 

cos ts  based  on a l t e r n a t i v e   m a n u f a c t u r e r ' s   s y s t m s .   F i g u r e  4-2 d i s -  

,zggregates  costs  into :spital, power, and o t h e r   r e l e v a n t  components 

for  comparative  purposes. The cost   est imates s u g g e s t  t h a t   c o l d   s i d e  

ZSP and  baghouses  would  be  about  equal i n   c o s t   b u t   l e s s   e x p e n s i v e  

than a h o t   s i d e  ESP i n s t a l l a t i o n   a t   H a t  Creek. 

TABLE 4-9 

COMPARATIVE  PARTICULATE  CONTROL COSTS 

Par t i cu la te   Con t ro l  System 

E l e c t r o s t a t i c   P r e c i p i t a t i o n  

Capi ta l izcd  Costs  
(106 o f  1979 S) 

Hot - s i d e  

Cold - s ide  

F a b r i c   F i l t e r  

104 

92 

93 

Source:  Integ-Ebasco, 1977 

The baghouse cas t  of  593 m i l l i o n  assumes a tm-year b a g l i f e .  I t  

i s  es t ima ted   t ha t  a three-year  bagl i fe  would  reduce  the  average 

cap i ta l i zed   p resen t   wor th   o f   t he  baghouse to   about  S86 mill ion.  A 

d i s c o u n t   r a t e  of 10 percent  has been used i n  the   ca l cu la t i ons .  T h e  



FIGURE 4-2 
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haghouse would become re la t ive ly   l ess   cos t ly  t h a n  ESP's i f  the  discount 

ra te   is   increased or the p-oposed load fac tor  of  the Hat Creek s t a t ion  

i s  reduced.  Also, the cost calculat ions  are  based on  e f f ic ienc ies  o f  

99.52: fo r  cold-s ide  precipi ta tors  and a t  l ea s t  99.925 for baghouses. 

( b )  Benefits of E lec t ros ta t ic   Prec ip i ta tors  and Fabric  Fil ters 27-32  

High co l lec t ion   e f f ic ienc ies  have been achieved  with  fabr ic   f i i ters  

on a n  industr ia l   scale  and some u t i l i t y  appl icat ions.  The primary 

a,dvantage of a f a b r i c   f i l t e r   ( b a g h o u s e )   i s   i t s   i n s e n s i t i v i t y  t o  f l y  

a,sh chemical properties and t h a t  e l e c t r i c a l   r e s i s t i v i t y   i s  n o t  a 

c:onsideration  in baghouse design. I n  a d d i t i o n ,  col lect ion  eff ic iency 

is not  affected by part: icle  size.  However, the porous fabrics  have 

not  been reliably  demonstrated on  l a rge   coa l - f i r ed   u t i l i t y   bo i l e r s .  

N i t h  very  high inlet   grain  loadings,  about  18 gr / scf ,   as  a t  Hat Creek, 

the baghouse i s  a n  unproven technology, and actual  operating  costs can 

only  be estimated. Applendix D contains a c u r r e n t   l i s t  of actual and 

proposed  baghouse ins ta , l l a t ions  on  u t i l i t y  boilers i n  the United 

S ta tes .  

The conventional rrlethod f o r  f l y  ash removal i n  the  e l e c t r i c  u t i l i t y  

industry i s  by e lec t ros ta t ic   p rec ip i ta tors .  The select ion of  a hot-side 

or cold-s ide  precipi ta tor  depends on many s i t e - spec i f i c   p rec ip i t a to r  

va r i ab le s ,   e spec ia l ly   t he   e l ec t r i ca l   r e s i s t i v i ty  of  the f l y  ash.  I.lith 

otner factors  held constant,   hot-side  precipitators would a l l e v i a t e  

t,he r e s i s t i v i t y  concern better t h a n  cold-s ide  precipi ta tors .  3owever, 

Southern  Research  Institute33  (SRI) has recomnended against   hot-side 

1- 31 
r 



r. 

I 

prec ip i ta tors  based on burn  t e s t s   u t i l i z i n g  Hat Creek coal .  S21 c i ted  

the  uncertainty i n  e lec t r ica l   condi tons   tha t  would be expected for 

the h i g h  altitude  (lo'#  atmospheric pressure, h i g h  temperature  install-  

at ion)  as  the  reason f o r  their   recomendation. Also,  problems  have 

been encountered on hi t - s ide   p rec ip i   t a tors   ins ta l led  on powerplants 

b u r n i n g  low-sulphur uestern coals .  I n  addition,  the  operating power 

consumption of  hot-s ide  precipi ta tors  tend to  exceed tha t  o f  cold- 

side  precipitators  as  denoted below for the Hat Creek powerplant: 

Operating Power (KW) 

Prec ip i ta tor  Averaoe Minimum Maximum 

Hot-side 3,812 2,046 4,528 

Cold-side 2,945 1 ,379 4,099 

As s t a t ed   ea r l i e r ,   t he   e l ec t ros t a t i c   p rec ip i t a to r  would  be 

designed t o  meet the assumed Provincial  particulate  emission  objective 

(0.1 grains/SCF). The proposed  ambient 24-hours guideline i s  

150pg/m3, and the  annual  guideline i s  60,ug/m3 for to ta l  suspended 

par t icu la tes  (TSP). The maximum annual TSP ground level  concentration 

predicted by ERT i s  1 . 2 ~ g / m 3 ,  and the maximum 24-hour TSP concentra- 

t i o n  i s  32,ug/m3 f o r  controlled  emissions  except f o r  an ESP. ERT 

considers t h a t  these ground level concentrations are ins igni f icant  

or low. The predicted  par t ic le  or f l y  ash  emission r a t e  by ERT i s  

0.17 l b  / lo6  B t u  f ue l .  

(c )   Se lec t ion  o f  Preferred  Par t iculate  Control Alternative 

A t  the ? r e s e n t   t h e ,  ESP's a re ,   in   genera l ,  the best  device fsr 

large-scale ut i l i?]   appl icat ions.  Recent aoolication of f ab r i c  f i ! t m  



(baghouses) on l a r g e   c o a l - f i r e d   g e n e r a t i n g   s t a t i o n s  will prov ide  

economic and technica'l  performance  data  based  on  experience.  There- 

fo re ,   recogn iz ing   the   overa l l   cos ts  and bene f i t   cons ide ra t i on ,   t he  

co ld -s ide  ESP would be t h e   p r e f e r r e d   p a r t i c u l a t e   c o n t r o l  system for 

the  "base scheme" powerplant. 

(d)  Trace  Element  Considerations 

Trace  elements i n   c o a l  have  been de f ined by ERT18 as any elements 

i n   c o n c e n t r a t i o n s   v a r y i n g  from t h e   l o w e s t   l e v e l   c a p a b l e   o f   a n a l y t i c a l  

d e t e c t i o n   t o   0 . i   p e r c e n t  (1000 mg/kg or  p a r t s   p e r   m i l i i o n   ( p p m ) ) .  

The release  of   t race  elements  . f rom  source  mater ia l   such as stack 

emiss ions  in to   the  env i ronment   could be a potent ia l   hazard  to   env i ron-  

mental  resources. ERr studied  nine  elements ( A s ,  Cd, Cr, Cu, F, 

Pb, Hs, V,  and Zn) i n   d e t a i l  based on assumed va lues   ( f rom  l im i ted  

samp l ing )   o f   concen t ra t i ons   i n   t he   Ha t  Creek  coal  deposit.  Tables 

4-5 and 4-6 con ta in   p red ic ted  t r a c e  element  emissions and maximum 

ground  leve l   concentrat ions.  The Epidemio1ogyl6  and  Trace  Element 

Repor ts1*   for   Hat  Creek  conclude  that no adverse  heal th r i s k  i s  

foreseen; and bar r ing   ex t raord inary   events ,  no s i g n i f i c a n t   i m p a c t  

on l o c a l  or reg iona l   b io log ica l   comnun i t ies  i s  expected  from  trace 

elements.   Therefore,   the  select ion  of  ES?s f o r   p a r t i c u l a t e   c o n t r o l  

s h o u l d   a l s o   p r o v i d e   s u f f i c i e n t   m i t i g a t i o n   f r o m   t h e   e f f e c t s   o f   t r a c e  

elements. 

Coal  washing m i g h t   h e l o   i n   r w o v i n g  some trace  elements i n  

organic   combinat ions  wi th   miners1s. j  A recent  trace  element 



3s performed by the U.S. Environmental ?rotect ion Agency, 

concluded tha t  a wet *;crubber,   installed f o r  pa r t i cu la t e  removal 

i s  an e f f i c i e n t   t r a c e  element co l l ec to r  and that   the  wet scrubber 

has a n  advantage  over  dry  collection methods i n  co l lec t ing  more o f  

the   f ine-par t ic le   s ize   t race  e lement  and vapour stage  trace  elements 

Because fabr ic   f i l t e r . ;  can achieve  greater mass c o l l e c t i o n   e f f i c i -  

encies  than ESP and are n o t  s ens i t i ve  t o  p a r t i c l e   s i z e ,  they should 

be more e f f i c i e n t  than ESPs i n  trace  element  removal. I n  general ,  

greater  concentration!;  of  particulates  are  deposited  closer  as  stack 

height  is  reduced. 
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SECTION 5.0 - ECONOMIC EFFECT OF 1979 PROVINCIAL POLLUTION CONTROL OBJECTIVES 

This sec t ion   i s  concerned  with the economic impact of  the new ?oi lut ion 

Control Board (PCS) object ives  o n  the Hat Creek Project  related  to s u l p h u r  dioxide,  

t o t a l   pa r t i cu la t e  and opacity  emission  levels. The emission  levels  for S O 2  and 

pa r t i cu la t e s   a r e   l i s t ed  below and i l lustrated  in   Figure 5-1; the  opacity  emission 

level has  a range between 10 and 40: 

Emission  Parameter - Units Ranqe 

Total  Particulate mg/kJ fuel  0.01 0.04 
1b/1O6 B t u  fuel 0.02 0.09 

S u l p h u r  Dioxide mg/kJ6fuel 
l b / 1 0  B t u  fuel 

0.09 0.34 
0.2 0.8 

The AQCS systems selected by Integ-Ebasco to   a t t a in   t he  extremes of  the 

emission  ranges  include  electrostatic  precipitators or f a b r i c   f i l t e r s ,  d ry  spray 

or wet f lue  gas desulphurization  devices. The systems  evaluated would be in s t a l l ed  

w i t h  each  powerplant u n i t  development. The base scheme powerplant  incorporated 

co ld-s ide   e lec t ros ta t ic   p rec ip i ta tors  and space  allowance for r e t r o f i t t i n g  a f l ue  

gas  desulohurization  system. 

The spec i f i c  assumptions made  by Integ-Ebasco i n  t he i r  1979 AQCS study 

a r e   l i s t e d  below: 

1) Coal Qua l i ty :  Worst  Blended HHV (as   received) '  12.21 MJ/kg (5250BTU/lb) 

Ash content 29% (as received) 

Moisture  content 25: 

2 )  Flue Gas F l o w  corresponding t o  105% Load (Turbine  Valves Wide Open) 

3)  Inlet   par t iculate   loading:  80% to ta l  ash as   f ly  ash 

4 )  I n l e t  SO FGD loading: 0 .6  mg/kJ (1.34 1b/1O6 B t u )  based on 35% to t a l  
S i n  coa? ( i . e . ,  5Z S assumed removed w i t h  mil l   re jects  and 5ottom ash) 

5 )  Base Scheme Precipi ta tor   Eff ic iency:  99.49% 

6 )  Base Scheme Prec ip i ta tor  Emission: 0.1 mg/kJ (0.225 1 b ; d  Std f u e i )  
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FIGURE 5-1 

Source: :n:ec-Ebas;o, 1979. 



I 

( a j   P a r t i c u l a t e   C o n t r o l  

( i )   S e l e c t e d  Air Q u a l i t y   C o n t r o l  System 

A summary o f   t h e  AQCS a l t e r n a t i v e s  and t h e   a s s o c i a t e d   l e v e l  

o f   e m i s s i o n   c o n t r o l   a t t a i n e d   i s   p r e s e n t e d   i n   T a b l e  5-1. I n  

cases 1 t o  3, an e l e c t r o s t a t i c   p r e c i p i t a t o r  i s  i n tended   fo r  

p a r t i c u l a t e   c o n t r o l .  Case 1 represents   the   "base scheme" co ld -  

s i d e   p r e c i p i t a t o r   w h i c h  has a n   e x p e c t e d   c o l l e c t i o n   e f f i c i e n c y  

o f  99.49%;  cases 2 and 3 correspond with ESPs des igned   to   ach ieve  

t h e   h i g h e r   c o l l e c t i o n   e f f i c i e n c i e s   d i c t a t e d   b y   t h e  1979 PCB 

o b j e c t i v e s   b y  means o f   i n c r e a s e d   s u r f a c e   c o l l e c t i o n   a r e a s  (SCA). 

The l i s t  presented  below  provides a comparison o f  SCA and e f f i -  

c i e n c i e s   f o r   p r e c i p i t a t o r s  when f i r i n g   w o r s t   q u a l i t y   b l e n d e d   c o a l .  

/. 

Case 

Sou the rn   Research   I ns t i t u te  
SCA Data 

E f f i c i e n c y  ( X )  m*/m3/s ( f t 2 / 1 0 0 0  acfm) 

1 
2 
3 

99.49 
99.8 
99.95 

Source:  Integ-Ebasco,  1979. 

1 

In teg-Ebasco  expec t   tha t  the range o f  p a r t i c u l a t e   e m i s s i o n s  

i d e n t i f i e d  in t h e  1979 PCB o b j e c t i v e s   c a n  be a t t a i n e d   w i t h  ESPs 

p r o v i d i n g   d e s i g n  (and o p e r a t i o n a l   c o n s i d e r a t i o n s   a r e   t a k e n   i n t o  

account.  

Case 4 c o n s i s t s   o f  a f a b r i c   f i l t e r ,   i n s t e a d   o f  an ESP, p l u s  a 

m e c h a n i c a l   c o l l e c t o r .  The m e c h a n i c a l   d u s t   c o l l e c t o r  has  been  added 

on t he   p resumpt ion   t ha t  due t o   t h e   h i g h   i n l e t   a s h   l o a d i n g ,   t h e y  

would  be  needed to   p re -c lean   t he   gas  and r e d u c e   t h e   i n l e t   l o a d i n g  



TABLE 5-1 

HAT  CREEK  PROJECT 

SUFWARY OF AQCS ALTERNATlVES 
- 

" PLANT  EMlSSlONS 
(Worst Quality Blended C o a l )  

" 

PAII'I'ICULATE IIECULATION 

!so2 e*iSsinr\ ::::c=ntra:ledj 

Case 1 - (Uase Scheme) Elec t ros ta t ic   Prec ip i tor  

Case 2 - Electrostat ic   Precipi tor  

Case 3 - Electrostat ic   Precipi ta tor  

Case 4 - Fabric  Filter + Mechanical Collector 

PARTICUIATE (UASE ESP) t so? REGULATION (wer FGD) 
Case 5 - Par t ia l  Gas Treatwent 

Case 6 - F u l l  Gas Treatment 

SO2 CONTRO 

rg/kJ (lb/MU) 

0 . 5 8  (1.34) 

0.58  (1.34) 

0 . 5 8  (1.34) 

0.58 (1.34) 

0.34 (0 .8 )  

0.09 ( 0 . 2 )  

0.34 (0 .8 )  

0 .09  ( 0 . 2 )  

~. 

PARTICULATE C, 

m&kJ (lb/MU) 

0.1 ( 0 . 2 2 5 )  

0.04 (0.09) 

0.01 ( 0 . 0 2 )  

< 0.01 (0 .02)  

0.1 ( 0 . 2 2 5 )  

0 .1  ( 0 . 2 2 5 )  

0.015  (0.035) 

0.02  (0.05) 

frR01. 
% __ 

99.49 

99.8 

99.95 

99.97 

99.49 

99.49 

Source: Integ-Ebasco, 1979 



t o  the  fabric  filtc?r.  This  combination employing  gas pre-cleaning 

i s  expected  to  ach,ieve the 99.95% eff ic iency needed t o  comDly 

with  the  lower PC3 par t icu la te   ob jec t ive  o f  .31 mg/kJ (3.21 I b i l i i B t u ) .  

( i  i ) Costs  of  Selected  Air  Quality  Control Systems 

Table 5-2 provides a comparative  cost  evaluation o f  the 

selected AQCS systems  discussed i n  sub-section ( i ) .  Eased on the 

s to ta l  annual owning and operating  costs,   the  increased  cost   over 

the "base scheme'' ':o achieve  the .09 lb/t.lBtu emission  level would 

be about 52 .4  rnil1.ion and e i t h e r  $5.3 mill ion  or  50.4 mill ion to  

achieve  the .02  lb,"Btu level w i t h  the  higher  efficiency ESP or 

FF respect ively.  

( b )  Combined S u l p h u r  Dioxide and Par t icu la te  Control 

( i )  Selected  Air  Ouality  Control Systems 

Cases 5 and 6 represent a pa r t i a l  and  fu l l  (wet) f lue gas 

desulphurization system respect ively.  !*lith the par t ia l  FGD 

system, 50 percent o f  the f lue  gas i s  washed resul t ing  i n  a 42 

percent overall  SO;! removal eff ic iency;  reheating of the f lue  gas 

is n o t  required t o  prevent  water  fallout w i t h i n  the  plant  area. 

I n  case 6 ,  100 percent of  the   f lue  gas i s  washed for  a n  85:: 

removal o f  502; reheating i s  required.  Cases 5 and 6 include  the 

"base scheme" ESP fo r   pa r t i cu la t e  control .  The par t ia i  FGD 

system (case 5)  i s  expected t o  comply with :he  PC3 objective o f  

0.34 mg/kJ and the f u l l  F6D S y S t m  (case 6 )  w i t h  'J.09 mg/'tJ. 
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CASE NO. rit l lout  1 

1 -- 

ESP 
[99.49%) 

202,000 
? ,006 

(104) 

"_ 

209,000 

Uasc 
(Rase) 

25,000 

800 
- 
- 
- 
- 

I00 

. 

- 
- 

1 .g!0 
3 1 0  .- 

27,710 
(2.43) 

Ihse 
(Uase) 

E CONI'IIOL 
ret roEi t) 

A 

COblUINED PAIIT. 4 SO? (:ONllIkll, 

Source: Integ-Ebasco, 1979 



Ory scrubbing and f a b r i c   f i l t e r s   a r e  combined i n  cases 7 

( p a r t i a l )  and 8 ( f u l l )   f o r  s u l p h u r  dioxide and pa r t i cu la t e   con t ro l .  

Tine dry  scrubbing  systems can achieve 85 to 90 percent SO2 removal 

e f f ic ienc ies   for  the oortion of  flue gas  treated and i s  3ften 

used w i t h  f a b r i c   f i l t e r s .  The s ize   o f  t h i s  AQCS plant  would 

necess i ta te  the relocation of the chimney. The par t ia l   dry FGD 

system would t reat   about  50 percent  of  the  flue  gas  to  satisfy 

the PCB SO2 emission  l imit  of  0.34 mg/kJ (0.8 l b / M B t u ) ;  and i n  the 

f u l l  dry FGO system, a l l  the f l u e  gas would  be  washed to  comply 

w i t h  the lower l i m i t  of  0.39 mg/kJ ( 0 . 2  lb/?lBtu). 

( i i )  Costs of Selected  4ir  Ouality  Control System 

Based on the to t a l  annual owning and operating  costs  contained 

i n  Table 5 - 2 ,  the increased  cost  over the  "base scheme" to  achieve 

the 0.34 mg/kJ emission  level for SO2 would be about 531 mill ion 

w i t h  an ESP and p a r t i a l  wet FGC and about S22 mil 1 ion w i t h  a FF 

and  a par t ia l   dry FGO system. The increased  cost  over the  "base 

scheme'' t o  comply w i t h  the 0.09 mglkJ emission  objective  for S O z  

would be approximately S48 million and 535 mill ion  for  the ESP and 

f u l l  wet FGO combination, and FF and ful l   dry FGO configuration 

respectively.  

;- 7 



SECTION 6 .0  - CONCLUSIONS 

For  the  base scheme eva lua t ions ,   the   conc lus ions   a r r i ved  a t  i n  the 

benef i t -cos t   s tudy   a re :   (1 )   meteoro log ica l   con t ro l   w i th  a t4dm chimney  would 

be t h e   p r e f e r r e d   a l t e r n a t i v e  f o r  t h e   c o n t r o l   o f   s u l p h u r   d i o x i d e ;  ( 2 )  an e l e c t r o -  

s t a t i c   p r e c i p i t a t o r  would be t h e   p r e f e r r e d   o p t i o n   f o r   t h e   c o n t r o l   o f   p a r t i c u l a t e s .  

A1 though  there i s '  some concern  about  the  environmental   ef fects  of  some t r a c e  

e lements,   f luor ine f o r  example, the  Detai led  Environmental  Studies  concluded 

t h a t  no s ign i f i can t   impac t   t o   t he   t e r res t r i a l   o r   aqua t i c   env i ronmen t   wou ld   occu r .  

Therefore,  no addi t ional   removal  of  trace  elements  over  that  provided by e l e c t r o -  

s t a t i s   p r e c i p i t a t o r s  appears  warranted. 

The 1979 Po l l u t i on   Con t ro l   ob jec t i ves   wou ld   e l im ina te   me teo ro log i ca l  

c o n t r o l  as a method to   con t ro l   su lphu r   d iox ide  and would  necess i ta te  greater  

investment and operat ing  expendi tures on h i g h   e f f i c i e n c y  equipment i n   o r d e r   t o  

sat isfy  the  designated  ambient and e m i s s i o n   c r i t e r i a   f o r   s u l p h u r   d i o x i d e  and 

p a r t i c u l a t e   c o n t r o l .  Because these  increased  costs  associated  ,wi th  comglying 

w i t h   t h e  1979 P o l l u t i o n   C o n t r o l   o b j e c t i v e s   a r e   n o t   o f f s e t  by a grea t -  or o r  even 

equal amount of  environmental  resources damage sav ings  or   powerp lant   benef i ts ,  

publ ic  investment  of   scarce  capi t ,a l   resources on the  roquired  abatement  equipment 

cannot  be j u s t i f i e d  on the  b a s i s  of benef i t -cost  ana lys i s .  
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APPEFIDIX A 

Cornpl iance w i t h  1979 

pollut ion Control Objectives 



( a )  Ambient Concentrations 

( i )  Sulphur  Dioxide 

The 244m stack  with the MCS would be ab le  t o  comply w i t h  the  

a n n u a l ,  24-hour, and 3-hour  upper  ranges. The ERT predict ion for 

1-hour  concentrations was considerably  in  excess (170a~g/m ) of the 

upper range (90%g/m' ) . 

3 

3 

(i i ) Asbestos 

ERT d i d  not  ana' iyse  for  this;  the p r o j e c t   i s  not expected t o  

produce  s ignif icant  asbestos emission. 

( i i i )   D u s t f a l l  

Although ERT did n o t  ana lyse   d i r ec t ly   fo r   dus t f a l l ,   dus t  from the  

powerplant stack would probably not exceed one ton per square mile  in 

an  e n t i r e  year  fo r  less than  the 15 tons i n  a mon th .  Dustfall  i s  not 

expected t o  be a problem. 

( i v )  Trace  Elements 

ERT analysed f a r  a l l  b u t  two of the trace  elements  in  the PCB t a b l e  

(antimony and molybdenum). I t  i s  n o t  c l e a r  whether the PCB ob jec t ives  

( * )  Personal  comrmication 15 Awpst 1979. Memorandum of K.E. Winges of ERT t o  
E . C .  Lesnick of ESCLEC. 
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I 

II 

I 

I 

5 

I 

are  for   1-hour  concentrat ions,   24-hour  concentrat ions,  o r  annual 

average  concentrat ions. However,  assuming the  'worst  case  (1-hour 

concent ra t ions)   the   p ro jec t   sz i l l   compl ies   w i th   the   upper   leve l   fo r  

a i  1 elements. 
/ 

Element RanoebJa/m 
ERT Pred ic t ions  
For H a t  Creek  (1-hour) 3)  

Antimony 
Arsenic 
B e r l i i u m  
Cadmi um 
Chromium 
Copper 
F1 u o r i  ne 

Mercury 
Lead 

Molybdenum 
Nicke l  

Uranium 
Selenium 

Vanadium 
Zinc 

0.25 2 .5  
0.1 2.0 
1.0 2 . 5  
0.1 1.0 
0.1 2 . 5  

0.1 0 .5  
0.01 0.1 

9.01 6.0 
0.05 1 . 0  
1.0 2.5 

( v )  Tota l  Suspended P a r t i c u h t e s  

I f  the  mine i s  taken  in to   cons id  

Not  analysed 
0.1 
0 1003 
0.001 
0.012 
0.000 

0.039 
1.522 

Not  analysed 
0.031 

0.016 
0.001 

0.001 
0 

0.016 

on,  the  Proj  e c t  d c  n o t  

comply w i t h   t h e  PC8 ob jec t i ves   f o r   e i t he r   annua l   o r  24-hour  concentra- 

t i o n s .  However, recent  re-examination o f  the  mining  impacts has l e d  

t o  t he   conc lus ion   t ha t   pa r t i cu la te   concen t ra t i ons  were  undoubtedly 

undu ly   conserva t ive   in  ERT's w i g i n a l   a n a l y s i s .  The powerplant m i s s i o n s  

c e r t a i n l y  comply wi th  ambient TSP o b j e c t i v e s  and the  conc lus ion was t h a t  

mining  should  comply a s  we l i  i f  all fac to rs   a re   t aken   i n to   cons ide ra t i on .  

I 

( v i )  Tadon Oaughter  Concentration 

This was not  analysed by ERT. 
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I 

II 

( 5 )  E:niss lon Sbjec t ives  

Table I 1  of  the 1979 PCB ob jec t ives  presents control   object ives  n o t  

s p e c i f i c  t o  coa- f i red   genera t ing   s ta t ions .  The following l i s t  compares 

predicted  levels   with these ob jec t ives :  

Po l lu t an t  Ranae(mg/mol) Projected Hat  Creek  Level  (mg/mol) 

P a r t i c u l a t e s  
Antimony 
Arsenic 

1 . .  8 
0:16 0.27 
0.16 0.27 

Asbestos - 
Cadmium 0.16  0.27 
Copper 
f l u o r i d e   a s  HF 

0.16 0.27 
0.02 0.20 

- 

Lead 0.16  0.27 
Mercury 0.03  0.27 
N O x  a s  NO2 14 46 
Opacity 

Z.inc 
so2 

- 
16 64 

- 
0.16  0.27 

4.9 
Not Analysed 

0.002 
Not Analysed 

0.000 
0.000 
0.037 ' 

0.001 
0.001 
30.8 

Not Analysed 

0.000 
39.8 

In addition  Table 111 of  the  1979 PCB ob jec t ives   p l aces   fu r the r  

r e s t r i c t i o n s  on coa l - f i r ed   bo i l e r s .  
.. 

- Pol lu t an t  Units Range ERT Predicted Hat Creek  Levels 

TSP 1b/ lO6Btu fuel  0.02 - 0.09 0.17 
NOx as NO2 l b / l O  Btu  fuel  0.35 - 0.70  1.07 

lb /1068 tu  fuel 0 . 2  - 0.8 1.39 

Opacity  percent  10 - 40 Not Analysed 
Trace elements " - " " 

The data  presented just above denote t h a t  Hat Creek does not comply with 
( c )  Conclusions 

TSP and SO2 levels. The boiler would be designed  to  achieve the NO mi5sion 

level  of .71b/TO B t u .  l'he ambient o b j e c t i v e  f o r  SO2, p a r t i c u l a t e s ,  and t r a c e  

eltrnents  levels  can be achieved w i t h  exceptions as denoted i n  sub - sec t ion   ( a ) .  

6 

5% 

6 
X 

6-3 



APPENDIX B 

COMMERCIAL  AVAILABILITY OF AIR  QUALITY  CONTROL 

AND  OTHER  TECHNOLOGIES  FOR 

THE  ELECTRIC  UTILITY  INOUSTRY 



7.  , n 1 s  . apoendix  contains  information  about the 2rogress o f  developing a i r  

quali ty  contra1  as  well   as  other  technologies  in  the  electric u t i l i t y  industry.  

The timecable and data 'were obtained from EPRI Special  Report PS-830-SR, 

J u l y  1 ,  1978 e n t i t l e d  Research and  Development Program Plan f o r  1979-1983. 

A number of  important a i r   qua l i t y   con t ro l  systems  such as advanced FGD and 

E S P ,  atmospheric  fluidized bed combustion, and low NO, coal burner and their 

ant ic ipated  dates  of comerc ia l   ava i l ab i l i t y   a r e   p re s sn ted   i n  figure 6-1. Key 

events   resul t ing i n  commercial a v a i l a b i l i t y   a r e   l i s t e d .  EPRI mentions t h a t  

caution must be exercised i n  in te rpre t ing  the term  "comnercial ava i l ab i l i t y" .  

On page I\ / -2  of t he i r   r epor t ,  IIPRI s t a t e s   t ha t   " comerc ia l   ava i l ab i l i t y"  i s  

the time when u t i l i t i e s  could  , ; tart   placing  orders  for the f i r s t  corrmercial 

u n i t s  , w i t h  reasonable  confidence  of  acceptable economic  and technical  performance." 

The t r iangles   in   f igure  6-1 indicate  the range  of  uncertainty  in  the  estimate. 
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TIMETABLE FOR NEW  ELECTRIC UTIL ITY TECIINOLOGY OPTIONS 
FIGURE 8-1 

Advanced  Flue Gas Desullurizalion 
Advanced Eleclroslatic Praccpllalor 
Fabrlc Flller 
Low NO, Coal Burner 
Aulomaled Dlslribulion System 
UllrahlOh Vollage Transmisslon 
Faull Currenl Limiler 
Compacl DC  Terminal 
Fluriblo Gas Cable 
I’lalarrad Solar Healing a ~ d  Cooling 
T~ar~slurmer Irnprovements 

i l y  Coollng 
S:a:ic ’JAR Genecakx 

Gasilicallon Comblned Cycle (Texaco) 
Gasilier Fired  Boiler  (CE) 
Solvenl Relined Coal 
Liquelaclion 
Almospherlc Fluidized Bed Combuslion 
Geolharmal  (hydro-lhetmal) 
Fuel Calls 
Eneray Sloraga (eledrachamnkal) 
Eneray Sloraya (lhernlal-nlecllanlcal) 
t lioh lioliabilily Cornbuslion  Turbine 
LMFBn 
Solar Tlmrmal 
MI 10 
Suparconducllng Cable 

Superconducllng Generator 
Fusion 

I I I I 
Available lor Commercial Order  (longlh ol Iriangle indicsles uncertainly) 

~ ~~~ 

V llo{~re%nnls hey e:y~nIs. Numerals relar lo evenl dcscriplions beginnlng on  nexl paue 



Number 
Event 

1 

2. 

3 

4 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

NEW ELECTRIC LJTlLlTY TECHNOLOGY 
KEY EVENT DESCRIPTIONS 

OPTIONS 

Complete  state-of-the-art design guidelines lor alkali scrubbing system. 
These are beingprepared  wrfh fhe  cooperafm  offhe Prime  Mover Commree. The guloerines willoro- 

flons together wrfh fhe cosfs.  reliabiiify, and mainfenance reduiremenfs whrch can be expecfed. 
vide ufilifies  with maferral lo prepare  site speallc scrubber system aesign and ooerafmg specllica- 

Complete utility cosponsorecl prototype develooment of advanced regenerable scrubber Proces- 
ses. 
Pilorscaledeveiooomentofsfeamsfrr~pfngand RESOXregeneraflonsubsysfem currently underway. 

Complete  prototype  development of Hlgh Intensity lonlzer. 

unrfs designed tor refrofif info commercial  planfs. 
Guldeiines tor use by ufilif~es and EPRI-licensed vendors are being developed. Two ufilifies are having 

Complete  prototype  demonstration of fine Particulate agglomerator for eiectrostatlc DreCipltatOr. 
Successful prlof scale  development is baing  complefed a1 Stanford Universify. ?rototype  fests  began 
rn 1978 at EPRl's Advanced Particulate Confml Oevelopmenf and Tasf Facllify (Arapahoal. 

Evaluate the Colorado-Ute Nlx la Coal-fired Plant. 
Superior particulafe conhof oi' bag  tillers eflec:ed. 

Complete  labric filter optimization for utility use. 
Fabric fllfer module developmanf underway af  EPRl's advanced Particulate tontroi Oevelopmenf and 
Tesf Facilify (Arapahoe). 

Complete EPRI-sponsored prototype  demonstration of low NOX coal combustion technology. 

levels of 750 - 185 ppm. 
tosoonsored laborafofy devel'opmenf work has successlully shown  combustion  can  achleve NOx 

Complete field demonstrations of communlcation equipment for automated distribution  system. (a) 
Four menutacfurerufilify feants performing field fests of lour altemaffve communlcafion systems. 
each Suitable lor merering up IO 750 cusfomers. 

Complete Project UHV research on corona phenomena. insulation requirements. and electric  fields 
and publish the second  edition of the EPRl Transmission Line Reference Book - 345 kV and Above. 

schedule a1 fhe EPRl Transmrssion Research Faciiify in Pimlield, Mass. 
Three-phase resting ot rransmission lines in fhe voltage range UD lo 1500 k V  is proceeding O n  

circuits rated to 1503 kV. (a)  
Optimize  design. construction and maintenance criteria available for three phase transmission 

Tesfmg is In orogress ~tc i rcu i ts  up fhrough 1200 kV. Tests oldiflerentconductor bundle configurations 
include corona measuremenfs. r a d i a n  interference. audible noise, and elecfnc field intensify. 

Pmfofype. switched resisfor. liwlf currenf llmifarunder construction. Also. a tuned circuit  lauit  current 
Oeslgn Initial field test of a prototype fault  current limtter tor transmission system  application. 

limrfer has been modeled in me laboratory and preliminafy design dafa is available. 

Complete initial test plan for :he DC Prototype Link (a) 
AN main c~rcuit equipment in ptece a1 Asloria Sfation. Queens. N.Y.. a1 end 01 1977. Partial 
commissioning  planned tor June. 19 78. 

la) Program jointly funded with DOE andlor Other sartles. 
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Number 
Even1 

13. 

14. 

1 5. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24 

25. 

25. 

27. 

29. 

Oemonstrate prototype.  solated phase. flexible gas cable. 
I 00 rnefer iengfh of rne llex!ble gas cable 6300 mm outside  diameterl  manulactured tn Germany and 
sntoped on a reel ro the U.S. lor instailaaon at Waltz Mtli In !ate 7977. Evaluation imtiated in 1978. 

Oemonstrate preferred solar heating and ccoling systems for residential  appiJcation. 

Mexrco and New York. 
Ten  demonstfarion homes  mccrporating more than I oil experiments under construction in New 

Complete dernonstralion  testing of preferred commercial and light industly solar heating and 
cooling. 
Project proceeding lo procure CommerciHf buildings. so ia  systems and test equipment. 

Fieid test hot-soof detectors. 

ot  defectors  inslalled in ultliiy translormers will  commence In early 19 79. 
Two dterent hot-Spot deleclors are now undergoing laboratory resfs. It is anricipaled  lhal  lield lesls 

Estabiish  advanced  solid insulation for power transformers. 
Research actiwles pertaining to this technoiogical mtiestone wtl/ commence in late 1979. 

Demonstrate 1 MVA and SMVA vaporzooled transformers. 
Fabrrcatlon and  lab tests are now in progress. 

Complete  laboralor, studies on feastbility Of vapor-cooled transformers of uo to 1 0 0  MVA size. 
Research acrtwties pertarntng to Ihts technclogicai mrlestane wtll cummence in late 1979. 

Evaluate tank designs of transformers fitted  with external noise she ik  

acceplable un!L is in labncalhn and scneduied lor installation in a ultlity sysfem currng rhe third 
The lirsl engtneering prolotype has been tuccesslully lested. The next unit. a  commemaliy 

quarter of 7978. 

Field test prototype  static VAR generator. 
lnslallalion ot the generalor on a utility System Is complete. Eeld tests are Scheduled lo begIn by mId- 
19 78. 

Complete lwo and Onehaif  yearscf teStl~gOfdrycoOlingwithammonia. phasechangeintermediate 
loop and conventtonal. low back pressure  turolne at utrlity site. 
Ompcnent mesh now underway. Dentonstration site selection and planning proceeding under 
EPRi/DOE direction. 

Oemonstrate operation of slagging bo':tOm Lurgl gasifier.  (a) 
Two SucceSslUl 8day runs 01 the 6-1001' diameter BGC slaggtng Oasilier  'were completed in f t e  iirxf 
hail 01 :976. Furrher develOD~ent IS oerng h u e d  OY OOE and a  consorbum  ot coal and  gas 
companres. 

?%-form a  Ihree year lest of the Gasdicaflon  Comblned Cycle Test Factilty (Powerton). la)  
Oeladed des!gn underway. 

T?st the 120 T/D ComDustron Enginerring gasdrier for one yew.  la) 

Compiefe SRC combusuon tests. (a)  

Operate fhe SRC demonstration planf. ib) 

Cornolete 250 tonlday H-Ccal otiot ~ I a n t  tests. (a) 
Pilot Dim1 at Catiemburg. Ky. under conslmclion. 



.I 

i 
2 9 .  lnltiate test program at  the e x o n  Donor Solvent. 250 tonlday  pilot plant. (a) 

Inrfial lest program  compiefe. Deagn and consfruction of pllof plant underway. 

w 
30. Operate DOES Rivesvllle.  30-MW fluidized bed pilot piant. (b) 

Rivesvrlle tluidized bed boJer prlot  Plant  Preparing  for  100 hf. teSf run. 

31 

- 1  
32. 

m 
34, 

36 

I 

37 

I 
33 

I 

33 

m 
.In 

41 - 

Cgerate 200 MWe  atmosohenc fluidized bed combustion (AFBCI plant. (a) 
E?RI 6’1 6’ Flurdized  Bed  Development  Factlify  operational. 

lnltlate deslgn of gecrhermai  demonstration  plant. 
Heber. Calilornla stfe selected lor me low-salinity hydrofhemal plant 

Operate a geothermal  demonstration. (b) 
Design  underway. 

Complete FCG-1  fuel cell (4.8-MWe)  tests.  (b) 
1 MWe “breadboard”operaftona1; CmsoVdafed idison seiected  as host ufilify for 4.8 MWe  demo. 
Demo plant under Construction. 

Fabricate second generation fuel cell demonstration  module (1-5 M Y .  
19-ceff  molten  car4onafe  stack operated successfuIIy in 1976. 

Operafe the  Battery  Energy  Storage  Test (BEST) Facility. (b) 
Desrgn complefed and  construcfion 01 the  BESTFacllity inifiated with Public  Service  Electric and Gas 
Company 01 New  Jersey.  Joint DOWEPR/ project. 

Test one  candidate  advanced battery sy:stem  at 10 MWh scale  in BEST Facllity. 
Research on lour Uilferenf  advanced  bandry  concepls  proceeding on scnedule. 

Complete Crelimlnary  designs for an underground  pumped  storage  and  compressed  air  Sorage 
demonstration plant (250-500 MW). (b) 
EPRl and DOEaresponsoringurlii~ied teamsin lhepreilmlnaty,  site-soectlic  designs  olcornpressed 
a n  and underground  hydro  storage plants. 

Operate Compressed  alr storage  demonritration  plants. 
CperanonaJ 

Ooerate first underground  pumped  hydro  storage commercial plant. 

Comolete filll-scale tests of hlgh reliabilitf. luel ilexlble combustion !urblne ;&st tnglne. 
Cunfract  negotlafions  are m progress wifh I’lree lirms who vril comolete  dtfferenf  Ccnceotuat  deslgns 
01 Ihe  engme. 

Complete  the  deslqn  for  :he Exoenmenlal Large  3r2eaar 2eac:or iEUR) 
Oestgn  studies ?or the i L 3 R  are conttnu~n~;l  under E?Rl SPOnsOrShrp. 

Camolere  !he  SCec:iicatlOns.  englneennq. iicenslng and  Sale@/ requirements for fhe SUR. 

Cperate the Soermental Large  Breeder  Reactor Ilant. 

Begun oceratmn or first COmmercIal scale liquld metal fast breeder reac:or  plant. 

Camolere  13  MWe. central  recelver  Rankine  (steam) cycle ptlot  plant and  insttale  the plant !est 
program. 101 
DOE has  se!ec:ed Jantow. C.4 as planr  sile. 
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47 

.LY 

49 

50. 

51 

52. 

53. 

54. 

55 

36. 

57 

sa. 
59. 

60. 

61 

Construct 10 MWe  scale. Brayton  (gas  turbine) cycle central recetver pdot plant and comolete 
checkout. 

Albuquerque  Solar  Thermal  Tesf  Facility. 
Two conlfactofs are budding I MW bench-scale receiver.  Recerver  resfs wrll begin in 19 78 a1 DOES 

Ooerate commercial-scale, solar thermal. central receiver power plant. 

comoonents. !b) 
DOES MHO Comoonent  Oevelooment  and Integration Factlity (COIF) avatlable  tor  tests  of MHO 

Comolete DOES otlot-scale MHO Engtneering  Test  Facllity  and initiate test  program. (3) 
EPRl rs monrforrng  the federal MHD reseerch  program. conducfing analyses of MHO operations in 
electrrc ufrlity SYSfems 10 help  set  design  requiremenfs and devefopmg  power condlfloning and 
control equrpmenf lor the CDlF. 

Comolete pmtotyoe.  commercial-scale (500 M W  MHO plant  and initiate lest program. (b) 

Make  avatlable  orototvoe of an  advanced. efficient helium refriaerator and install in  a  suoerconduct- - 
lo00 for testtng. 
Abrlity to accomplish  key  evenf is dependenf upon major funding in period beyond 1983. 

. ,  

aoolicatlon (69-4V - 138.kV). 
lnttlate performance  tests on a shon length of superconducting cable sized for transmisston 

Abdify  to  aCCompllSh  key  event is dependenf upon major funding in period beyond 7983. 

Install first long  length of a  superconducting cable in a utility system  tor field  evaluation. 
Abrlity  to  accomplish  key  evenf is dependenf upon major lunding in perrod  beyond 1983. 

Cornolete lnltial tests on a  prototype.  300 MVH superconducting generator. 
Two compefrtlve  desrgn sfudies  have &een Conipleled for a 300-MVA  superconduc!ing  machine. 

(Jtlhty  needs. 
Complete lnttial  evaluation of alternative confinement configurations for  tusion  systems to  meet 

Eiqhf  alfernafwea  are  now being evaluated. 

Comolete Phase I evaluatlon of ooerattonal  and  envlronmental  issues related lo fuston 

Achtave reactor Grade  plasma. (b) 

Ooerate the  Pilot  Scale  Power Reacfor or  1gni':ton  Test Reactor. ib) 

Ooerate :he  Engtneertng  Power Reactor (E?% olant. :bl 

Doerate a tuston  demonstratton  glant. ib) 

' 11 Program lomtly funded  .wrh COE and/or orner Oanlcs. 

01 Program  currently funded or  planned 5~ the  2overnment.  or orher  oanies.  not WRI. 

Timetable for New Eectric 
Utility Technology Options 
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APPENDIX C 

FINANCIAL  CRITERIA 



ECONOMIC FACTORS 

- Net U n i t  Rating 
- Capacity  Factor  (lifetime  Average) 
- Annual Net Generation 
- Base  Oate for Costs 
- Indirect  Construction Cost ( Ind i r ec t  A Contingency 

+ Engineering  as Y. of  Direct C0s.t) 
- Leveliring  Factor ( 5 . 7 5 %  in f l a t ion   r a t e ,  10% i n t e r e s t  

r a t e ,  38 y e a r   l i f e )  
- Fixed  Charge  Rate  (Not including ORM Costs) 
- Levelized  Fixed  Charge  Date (:!ot. includinc C&:: Costs) 
- Coal Cost (1978  Dollars) 

- Limestone Cost (1978  Oollars) 
- Lime Cost (1978  Dollars) 
- F . F .  Bag Cost (1978  Dollars) 
- Labour Cost  (1978  Dollars) 
- Incrementa,l Energy Cost (1978  Dcllars) 
- 'dater Cost (1978  Dollars) 
- Levelired  iiater  Cost  (1978  Dollars) 
- Cost of Steam (1978 Dollars) 
- Incremental  Capacity Cost (1978 
- Plant  In-Service Date 
- In f l a t ion  Rate:  (Yearly  Percent,) 

1977 - 70 
1978 - 79 
1979 - ao 
1980 - 81 
1981 - a2 
1982 - a3 
Thereafter 

Source:  Integ - Ebasco 
NA = Not Applicable 

Updated 
Values (1978) 
4 x 500 MW 

65: 
11,388 SWh 

October 1978 

28% 

1.98 
12.33% 
14.25% 

$0.679/GJ 
SO. 717/MB 
S10.08/tonne 
$52.30/tonne 

S60 .OO/ea 
$18.3/hour 

9.55 Mills/k!dh 
SO. W m 3  
SO.  71/m3 
SO. 36/MB 
S450/k!4 
1986 

Base 
7.5% 

7.25% 
6.25: 
5.75% 
5 . 7 %  

FIA 

1.78 
12.33% 
13.85;; 

SO. 5/GJ 
SO.  53/MB 
N A 
NA 
NA 
PIA 
?4 A 
?IA 

SO. 96/n3 
>I A 
IiA 

1084 
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APPENDIX 0 

BAGHOUSE INSTALLATIONS 
ON (1.5. UTILITY  BOILERS 
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