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SECTION 1.13 - SUMMARY 

c 

c 

0 

c 

I 

0 

d 

1 . 1  PURPOSE OF STUDY 

I The purpose of t h i s  study i s  t o  eva lua te   a l te rna t ive   a i r   qua l i t j r  c o n t r o l  

systems for the Hat Creek powerplant on the  basis of t he i r  comparative 

0 benefits  and costs .  The air   qual i ty   control  systems  evaluated  are  intended 

t o  reduce  sulphur  dioxide and particulate  emissions which  would ensure 

acceptable   a i r   qual i ty  cond i t ions  i f  the Hat Creek Project were bu i l t .  

There a re  no devices  specifically  designed t o  control  trace  elements, b u t  

sulphur  dioxide and particulat ,e  control methods have varying e f fec ts  on  

t race elements and consequently  are  discussed w i t h i n  relevant  sections of  

the report .  Emission o f  NOx (Oxides o f  Nitrogen)  will be controlled by 

appropriate design and operation of the  boilers and  auxi l ia r ies  and ,  thus, 

t h i s  contaminant is not  discussed  in  the  report. 

I 1 

The benefit-cost  evaluation  provides a mechanism for the  selection of 

those  control systems offering  the  greatest  achievable  environmental  benefits 

consis tent  'wi th  a n  e f f i c i en t  use o f  energy and capi ra l .   Spec i f ic   c r i te r ia  

used i n  the  benefit-cost  evaluation o f  the   feasible   a l ternat ive  s t ra tegies  

include  engineering  efficiencies,  auxiliary power requirements,  environmental 

considerations and economics. Also t o  be ke?t i n  mind are   the  constraints  

imposed by the unique charac te r i s t ics  o f  the Hat  Creek coal deposit .  

This  study  includes a review of the  costs and benefits  o f  pollution 

control equipment designed  to meet: 

3 )  the levels assumed far the  oreliminary  design of the 
powerplant; and 

b )  the levels  issued by the  Pollution Control Board i n  i t s  
Objectives fo r  Iq in ing ,  Smelting and Related  Industries of  
Bri t ish Columbia i n  1979. 

1-1 



rn 
1 . 2  SUL?HUR DIOXIDE CONTROL 

m Coal beneficiation,  meteorological  control ( M C S ) ,  and flue gas 

desulphurization (FGD) al ternat ives  have been compared. Coal beneficiation 

m grovides  benefits i n  the form of powerplant capital  and operating  cost 

savings; FGD and MCS do not  provide  Jowerplant benefits. All three 

SO2 control methods of fe r  environmental benefits  through  reduced emissions 

thereby lessening  the  potential   for ground level  concentrations t o  exceed 

acceptable   levels .  

'c 

- 
Table 1-1 summarizes the benefits and costs i n  quant i ta t ive and 

qua l i ta t ive  terms for  the various SO2 control  configurations.  Neteorological 

control  with a 244m chimney would be the most cost   effective  nethod. Coal 

washing i s  estimated  to be over twi.ce as  expensive  as  meteorological 

control b u t  still   considerably  cheaper  than any f lue  gas  desulphurization 

system. The FGD system i s  the aost  expensive SO2 control  option. '  The 

net  environmental benefits associated  with  resource  value  savings  are  not 

suff ic ient ly   large t o  support the ins ta l la t ion  o f  any control system f o r  

SO, on benefit-cost  grounds. However, to  avoid  exceeding ground level 

concentrations  considered  necessary  to  protect the environment some control 

measure i s  necessary  for the powerpiant.  Meteorological  control i s  the 

best method to  cgntrol SO2 from an overall  benefit-cost  viewpoint. 

- 

For t h e  "base scheme" powerplant, a s ingle  chimney w i t h  four ssparate 

flues has been proposed i n  order t o  enhance the thermal 1 i f t  o f  the plume. 

The comparative economics of  the  tal l  chimneys of 244m and 366m i n  heiaht 

a r e  i n  favourof the 2441 stack. The 366m/MCS a l te rna t ive  would cost  an 

additional S1O.j million. However,  a 244m/MCS system would be associated 

w i t h  more predicted  generation losses than a 366m/MCS system. I f  i t  i s  

assumed that  al l   predicted  generation  losses would have to be replaced by 

1-2 



TABLE 1-1 

COMPARATIVE EENEFITS AND COSTS 
BASE SCIIEME AOCS ALTERNATIVES 

OENEFITS-COSTS (E-C) 
POWEKPLANT 

CONTAMINANT  ALTERNATIVE ( M i l l i o n s   o f  1979 6) ENVIRONMENTAL  CENEFITS  AND COSTS 

P a r t i a l  Coal 
Washing 

Sulphur 
-76 0 unnleasured r e s o u r c e   i n j u r y  and damage r e d u c t i o n  

0 r e d u c t i o n   o f   p o t e n t i a l l y   h a r m f u l   t r a c e  elenbents 
0 Btu losses 

e f f e c t  on ESP performance 
0 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 
Wdshing -191 

244m/E!CS -22 0 l o w   o r   i n s i g n i f i c a n t   i m p a c t  on a i r  qual i   ty/meteorology,  epidelniology. 
w i l d l i f e ,   wa te r   resources ,  and bee f   i ndus t r y  

366m/MCS -33  0 s y n e r g i s t i c   e f f e c t   o f  SO2 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  
e- produc t ion  - 16 ha f o r  244m/MCS and - 13 ha f o r  3661r/MCS 
w 0 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  244w/MCS 

and 366m/MCS r e s p e c t i v e l y  with p robab le   f l uo r ide   em iss ions   l eve l  
0 m e a s u r a b l e   p o t e n t i a l   i n j u r y   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  
0 p r e d i c t e d   f o r e s t r y  damages o f  $2,800/a  and  $1,898/a  due t o  S O 2  

f o r  244/mMCS and 366m/MCS r e s p e c t i v e l y  

366m/FGD -300 

I l o t - s ide  ESP - 104 

I 'a r t i cu-  
l a   t e s  

Cold-side ESP -92 

0 l o w   o r   i n s i g n i f i c a n t   i m p a c t  on a i r   qua l i t y / re teo ro logy .   ep idemio logy ,  

0 p r e d i c t e d   f o r e s t r y  damages o f  $99/a  due t o  SO2 
e p r e d i c t e d   f o r e s t r y  damages o f  $9,856/a with p r o b a b l e   f l u o r i d e  

0 reduc t i on   o f   po ten t i a l l y   ha rmfu l   t race   e lemen ts  

w i l d l i f e ,   wa te r   resources ,   ag r i cu l tu re   and   na tu ra l   vege ta t i on  

emiss ion   l eve l  

"" 

0 s a t i s f i e s  assumed PCB o b j e c t i v e s  
0 i ns ign i f i can t   o r   l ow   env i ronu le r r ta l   impac t   o f  24 hr. and  annual 

ground  level   ,concentrat ions 
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 m   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   t o   h o t - s i d e  ESP based on energy,  techni-  
elements 

c a l ,  and  per formance  factors   for  a t la t  Creek a p p l i c a t i o n  
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(con t i nued ) 
TAOLE 1-1 

OENEFITS-COSTS(B-C) 
POWEHPLANT 

CONTAMINANT ~ ALTERNATIVE ( M i l l i o n s   o f  1979 $ 1  ENVIROEItlENTAC REE(EF!TS AND COSTS 

Fabr ic  
F i  1 t e r  

-93 . a  c a n   a c h i e v e   g e n e r a l l y   h i g h e r   p a r t i c u l a t e   c o l l e c t i o t l   e f f i c i e n c i e s  

L p o t e n t i a l   t o   c o l l e c t  more  trace  elell lents  than ESP 
6 could  achieve assumed PC0 o b j e c t i v e s  
L i ns ign i f i can t   o r   low  env i ro rnnenta l   i l npac t  fro111 24 tw. and  annual 

than CSP 

concentrat ions  would be expected 

F Source: Ebasco Serv ices  o f  Canada Ltd.  Environmental  Consultants. 1979. 
c1 
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a1 ternat ive energy  sources such as hydro reserves,  thermal p lan ts ,  or imoorted 

power, the 244m/NCS a l te rna t ive   i s   s t i l l   es t imated  t o  be a t  l ea s t  53.9 m i l l i o n  

cheaper than the 366m/MCS a l te rna t ive .  The cos t   d i f fe ren t ia l  i n  favour of  the 244m 

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

losses  associated ‘ w i t h  the 244m chimney over  the 366m chimney. However, forestry 

losses  are  the  only major environmental  resources tha t  c o u l d  be measured i n  

do l la r  terms. Tire additional  fctrestry damages of the Z44m/NCS ootion  over  the 

366mlMCS option are estimated to be sl<htly  less :han 31000/a i n  constant 1979 

dollars  over the 30-year  operating l i f e  of  the  powerplant. I t  is   evident,   there- 

fore ,   that   the  244111 chimney is  preferable t o  the 366m chimney i n  terms o f  m i n i -  

m i z i n g  t o t a l   cap i t a l ,  energy and environmental costs .  

PARTICULATE CONTROL 

Electrostat ic   precipi 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 as alternative  control  systems.  Table 1 - 1  sumarizes  the  benefits and 

costs  for these a1 ternat ives .  :‘he net  powerplant  benefits and costs  are  negative 

for ESPs and the FF w i t h  the  co’:d-side ESP having 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  concentrations were assessed by E3T t o  have low 

or insignif icant  environmental  .impacts. Although ERT d i d  not  evaluate  the 

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

clude from t h e  l i t e r a tu rc   t ha t  i> 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. Fabric f i l t e r s   a r e   no t  

prcposed for # a t  Creek for  technical  reasons. The technology is  s t i l l  being 

develooed and has not been demonstrated o n  many large  generating  stations using 

coals w i t h  charac te r i s t ics   s imi la r  t o  Hat  Creek coal.  

Trace  elements a re  not  expected t o  cause  adverse  health risks o r  impacts 

on :he iocai or regional  biological  comunities,  and, therefore the 

m’ 
i - 5  



SECTION 2.0 - INTROOUCTION 

The terms of  reference  for  this  study  require t h a t  a1 ternative Air Ouali  t y  

Control Systems ( A Q C S )  for  the Hat: Creek project be evaluated  through a benefit-cost  

analysis.  This  study  evaluates  various a i r  q u a l i t y  control  devices  for s u l p h u r  

dioxide and par t iculates .  Trace  element  considerations  are  discussed a s  p a r t  of 

the  particulate  control system evaluation  section. The major s u l p h u r  dioxide 

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

sulphurizat<on and meteorological cont ro l .  Electrostat ic   precipi ta tors  and 

fabr ic   f i l ters   (baghouses)   are   the primary al ternat ive systems  evaluated t o  control 

particulate  emissions. Oxides of tjitrogen (NO,) control w i l l  be by appropriate 

design a n d  operation of the  boilers and auxiliary equipment.  Benefit/Cost  Analysis 

o f  !IOx conti-ol a l ternat ives   is   therefore  not  included. 

The evaluations of  the  various AOCS systems took i n t o  consideration  the 1975 

"Pollution i:ontrol Objectives for  food-Processing, Agr i cu l tu ra l ly  Oriented, 

a n d  Other  Viscellaneous  Industries of Bri t ish Columbia'll,  the 1973 "Pollution 

Control  Objectives f o r  the Min ing ,  Mine-Nilling and  Smelting  Industries of 

Bri t ish Columbia"Z, and the  sugge:jted  guidelines for coal-fired powerplants 

presented by B.C.  Hydro and Power Authority  in a 1978 brief  submitted t o  the 

P o i l u t i o n  Cont ro l  Branch3. The 1,379 " P o l l u t i o n  Control Objectives f o r  t h e  

Mining,  Smelting and Related Industries of  Brit ish C ~ l u m b i a " ~  included,  for  the 

f i r s t  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 finalized. 

These pollution  control  objective:  reflect  two philosoohies o r  approaches t o  

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

2-1 



contaminants a t  the source and ( 2 )  mbient  a i r   qua l i t y   con t ro l .  Because emissions 

are   not  the only  determining  variab'ie of ambient a i r   q u a l i t y ,  i t  could be argued 

that  emission  levels  should be set  on  a p ro jec t   o r   s i t e   spec i f i c   bas i s .  I n  rural 

areas w i t h  unpooulated  elevated  terrain, some variance from the ambient a i r   q u a l i t y  

guidelines would seem reasonable i f  impacts a r e  judged t o  be consistenr w i t h  

protection of  public  health and the environment. 

I n  the 1873 b r i e f ,  B . C .  Hydro  ,-ecormnended an ambient a i r   q u a l i t y  approach 

as opposed to  emission  control a t  tile source  for  satisfactory  protection of  

the  environment. B . C .  Hydro a i so  SlJggeSted tha t  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  with a maximum average  concentration  of 

655yg/m (O.!Sppm) 'was appropriate and practicable.  A three-hour  sulphur 

dioxide  guideline,   l ike the existing one-hour guideline, is solely  related  to 

economic protection  rather than  health  considerations  for which the guidelines 

of 24 hours and Greater have been developed.  Also, B . C .  Hydro considered  that 

the 1973 PolllJtion  Control  Objectives  for  gaseous and particulate  emissions 

(Appendix I ,  'Table 11) are  suitable  for  coal-fired  powerplants b u t  t ha t  an 

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

provided the proposed  ambient a i r  qilali ty  levels  are met. 

3 

I 

Since  the  submission o f  B.C.  ilydro's brief t o  the Pollution  Control Branch, 

new object ives   for   coal-f i red powerplants i n  Sr i t i sh  Columbia were adopted by 

the Pollution  Control  aoard.  Ccnplimce $:!it5 :he 1979 "?ollution  Contro1,Cbjectives  for 
I 

" ?lining. Smelting and Related  Indust:-ies o f  British Columbia" is  examined i n  

Appendix A .  .The introductory section of  these  recent  Pollution Control Cbjectives 

I s ta tes   tha t :  



The aim o f  these  Objectives  is t o  Jrotect  the 

q u a l i t y  o f  Brit ish Co lumbia ' s  environmenr f o r  

the  benefit o f  present and  future  cit izens o f  

this Province and  Canada. The Objectives  pro- 

v ide ,   f i r s t l y ,   fo r  use o f  the  environment's 

assimilative  capacity ' w i t h i n  l imits which do 

not lead t o  unacceptable  conditions,  and, 

secondly,  for a d o p t i n g  real is t ic   cost-benefi t  

pollution  control  strategies.  4 

The aim o f  the 1979 Objectives  appears t o  be consistent with  the intent  o f  

the  ambient air   quali ty.approach t o  setting  objectives  presented i n  3.C. Hydro's 

b r i e f .  Table 2-1 provides a comparison of  the  various  ambient a i r  q u a l i t y  

guidelines  discussed i n  this  section. 

This study i s  an application o f  benefit-cost  analysis to  evaluate  air   quaii ty 

control systems as well as t o  measure the  net  benefits  or  costs o f  achieving 

s t r ic ter   levels .  o f  air   quali ty  control  for  the Hat Creek project.  Engineering 

judgement including  constraints impo!;ed by the unique prooertiss o f  Hat Creek 

coal were also  considerations  in  evaluating  alternatives. 

2-3 





SECTION 3.0 - BENEFIT-CO5T METHOOOLOGY AN0 EVALUATION  CRITERIA 

Benefit-cost methodology requires  that   al l   present and future  social   costs 

and benefits associated w i t h  a prcposed ac t ion   or   se t  of  a l ternat ive  act ions 

be compared  and appropriately  discounted. The methodology i s  apolied  in  this 

study  to assess the most appropriate  air   quali ty  control  technologies  consistent 

w i t h  protection  of the environment. The benefit-cost   evaluation has to  be 

combined w i t h  other  considerations such as  engineering,  financial and pubiic 

acceptabi l i ty  before a f ina l   se lec t ion   i s  made. 

Any AQCS a l te rna t ive  must be capable  of  achieving  acceptable ambient a i r  

qual i ty   levels .  The energy  requirements and economic impacts o f  a i r   q u a l i t y  

control  systems  are  determined and  compared to  identify  the  environmental,  energy 

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

benefit-cost  evaluation  provides a  mechanism for the assessment of those  systems 

gffering the greatest   achievable environmental benefits consis tent  $wi th  an 

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

benefit-cost   evaluation of  the feasible  al ternative  strategies  include  engineer- 

i n g  eff ic iencies ,   auxi l iary power requirements,  environmental  considerations and 

economics. I n  addition  to  looking a t  systems f o r  achieving  acceptable ambienr 

a i r  qual i ty ,   the  economic impacts of a t ta ining the more st r ingent  1979 PCB 

emission  objectives  are  also  evaluated. 

The concepcual framework underlying t h i s  benefi t -cost   s tudy  is   i l lust rated 

i n  f igure 3-1 .  i n e  ambient a i r  contaminant  concentration i s  measured along  the 

horizontal  axis and :he associated  cost  (benefits) along the vercical   axis ,  

3-1 
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Source: Ebasco Services o f  Canada Ltd. Environmental  Consultants, 1979. 



without  the  Soecific Units of  meaSUrement being ident i f ied .  [n general,  the 

environmental  resource  values 1051: or damage costs would tend t3 be posi t ively 

related t o  the  ambient pollutant  concentration  as  denoted i n  f igure 3-1. 

On the  other hand, the  cost of removing or  reducing  the  airborne  csntsminant 

i n  the ambient air would tend t o  be inversely  related t o  the  ambient ool lutant  

concentration. Tire a i r   po l lu t ion  problem can be viewed as economic in  nature 

because  increased a i r  quality  control  costs must be \weighed against  the  benefits 

of increased  resource  values  saved and vice  versa. On the  assumption  that  all 

social  costs (bene f i t s )  have been appropriately  accounted  for,  the  total  cost t o  

society of  maintaining a given  level of ambient pollutant  concentration would be 

the sum of  the control costs and  damage costs a t  that   level .  The optimum level of  

ambient  contaminant  concentration would be a t  "b"  as  denoted i n  f igure 3-1 rhere  

total  costs are  minimized.  If  the ambient  level of the  contaminant was a t  "a",   the 

control  costs would exceed the damage costs denoting a n  inef f ic ien t   a l loca t ion  of  

society 's   scarce  resources.  As the ambient  level  increased from "a" t o  "b",   the 

benefits  of reduced control costs exceed the  costs of. increased  environmental 

damage. Analogously, i f   the  ambient level was a t  "c" ,  there would  be an inef f ic ien t  

a l locat ion of  resources w i t h  damage costs  excseding  control  costs a t  tha t   l eve l .  

I n  this  case,  reducing the ambient level from "c" t o  "b"  would denote a; the 

margin that  the  benefits  of resource  values saved would exceed the costs of  

increased  control.  Therefore, o n l y  a t  "e" where control costs equal damage costs 

would total   social   costs be minimized and the optimum p o l l u t i o n  control  expendi- 

ture be a t ta ined .  

The potent ia l   effect  of pollution  control  objectives on air  Quality  control 

Costs i s   a l so   i l l u s t r a t ed  i n  f igure 3-1. ? f  !or 2 given groject ,  i n  par t icu lar  



d rural  development, the real  control and damage cost relationships  are  accurately 

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

expenditure u o u l d  be measured by the  l ine segment z. An assumed ambient a i r  

.quality  objective  for  the  province  is shown on figure 3-1. I f  the  objective must 

be achieved i r respect ive o f  the  costs-benefits of  this   specif ic   project ,  concrol 

costs measured by the  distance m m i g h t  be required and a n  ineff ic ient   a l locat ion 

of  resources would r e su l t .  I n  this  simple example the  effect  o f  meeting t h e  

assumed ambient objective has resulted i n  cont ro l  expenditures  greater t h a n  the 

o p t i m a l  amount.  

3-4 



SECTION 4.0 - BENEFIT-COST EVALUATION OF ALTERNATIVE AI2 $JALITY CONTROL S'IS7EMS 

The benefit-cost  evaluations for the  sulphur  dioxide and particalace 

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

a n d  1 . 2 ,  respectively.  I n  each section,  the systems to  be evaluated  are  described 

br ief ly  and  then  the  benefits and costs are  presented  for each system  in  relation 

t o  the appl icable   a i r   qual i ty   object ives .  The comparison of  the benefits and  

costs of  various  technologies  provides an economic basis  for the selection of 

%he preferred a i r  quality  control system as well as t o  measure the net benefits 

or  costs of  various a i r  q u a l i t y  objectives.  

There are  W O  specific  evaluations of  importance that   are  made i n  

conjunction  with  the  primary  evaluations ou t l ined  above: ( 1 )  determination of  the 

appropriate  stack  height; and ( 2 )  the  control of  trace  elements. The stack or 

chimney height  evaluation  is  presented i n  sub-section 4.1 ( b )  ( i i ) ,  and trace 

element  concerns are  covered i n  sub-section 1 . 2   ( d ) .  

. 4-1 



4.1 - SULPHUR DIOXIDE CONTROL SYSTD’S 

ju lphur   d iox ide  emiss ions  can be c o n t r o l l e d  by removal o f   s u l p h u r  from the 

coa l   p r i o r   t o   combus t ion   ( coa l   bene . f i c i a t i on ) ,   conve rs ion   o f   su lphu r   d iox ide   i n  

the   bo i l e r ,   me teo ro log i ca l   con t ro l  ‘systems (NCS), o r  by  removal o f   su lphu r   d iox ide  

f rom  the   f lue  gases (FGO). Coal. b e n e f i c i a t i o n  i s  evaluated i n  sub-sec t ion   4 .1   (a ) ;  

me teo rok ig i ca l   con t ro l ,  an i n t e r m i t t e n t   c o n t r o l  measure, i n  4.1 (b); and f l u e  gas 

desu lphur i za t i on ,  a techno logy   to   rwove SO2 f rom  the   f lue  gases i s  assessed i n  

sub-sect ion 4 .1  ( c ) .  F l u i d i z e d  bed  combustion  and  other  coal  conversion  technolo- 

g ies   no t   cons ide red   su i tab le   f o r  a : {at  Creek a p p l i c a t i o n   a r e   p r e s e n t e d   i n  

Appendix 8 .  The f i n a n c i a l   c r i t e r i a  used f o r  economic e v a l u a t i o n s   a r e   l i s t e d   i n  

Pppendix C .  

( a )  Coal E e n e f i c i a t i o n  

The fundamental  purpose o f  benef ic ia t ion   wou ld  be t o  improve  the 

q u a l i t y   o f   c o a l .   T h i s  can  be  achieved by means o f  a number o f  

a l t e r n a t i v e  methods  which  would  variously  reduce  the  ash  content, 

minimize  the  moisture  percentage, and  decrease  the  sulphur  contenc. 

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

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

cost  savings  to  the  powerplant and the   reduc t ion   in   emiss ion   o f  

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

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

environmental  benefit^.^ E e n e f i c i a t i o n   r a u l d   r e d u c s   t h e   t o t a l  

c a p i t a l  and operat ing  costs  of  the  powerplant by inc reas ing  

powerplant  ef f ic iency;   lessening  ash  handl ing and disoosal  

problems;  decreasing :be s i ze  o f  r e q u i r e d   b o i l e r s  and coal  

hand l ing  :aci:i:ios; x d  ?%:no operat jon and naintenance 



Jroblems. Tine est imated  monetary  values  of   these  potent ia i  

powerp lan t   sav ings   ? . re   i l l us t ra ted   in   f igure  4-1 .  Powerplant 

costs  would be reduced by S53.41 m i l l i o n  if the  coal  'was up-  

graded  from  17.03 MJ/kg t o  18.03  :?J/kg and  5142.77 m i l l i o n  i f  

the  coai  was upgraded t o  21.02 I U i k g .  These values  are  based 

on 1977 dol lar   est imates  escalated  by 9%  and then 88 t o   a r r i v e  

a t  1979 d o l l a r  amounts. The c a l c u l a t i o n s  assumed a 35 year 

l i f e   f o r   t h e  2000 MW p o w e r p l a n t .   " A v a i l a b i l i t y "   d i f f e r e n c e s  

w i th   va ry ing   cca l   qua l i t y   have  been a l l o w e d   f o r   i n   t h e   e v a l u -  

a t i o n  by   appropr ia te   va lues   o f   cap i ta l  and operat ing  costs .  

Also, because  the  Hat  Creek p r o j e c t   i s  a mine-mouth  develop- 

ment, " t ranspor t "   bene f i t s   a re   no t   re levan t .  The b e n e f i t s   t o  

be obtained  f rom  the  ef fect   of   coal   washing on p a r t i c u l a t e  

cont ro l   cos t   sav ings  have  been  taken i n t o   a c c o u n t   i n   t h e  

computat ion  of   powerplant  benef i ts.  

The major   env i ronmenta l   benef i ts   that   should be obtained 

f rom  benef ic ia t ion  would be the  sav ings  in   env i ronmenta l  

resource   va lues   tha t   m igh t   resu l t   f rom  the   reduc t ion  o f  f i y  

ash and sulphur  d ioxide  emissions. i t  i s  denoted on f i g u r e  4-1 

t h a t  washing would reduce the  ash c o n t e n t  from 36.3 percent for 

blended  raw  coal t o  32.5 and 24.5 p e r c e n t   f o r   p a r t i a l  and full 

washing  respecti,Jely.  Tinerefore, 1 g iven   l eve l   o f   ua r t i cu la te  

emission  can be a t ta , i ned   w i th  washed coa l  and a lower   e ic ic iency  

e l e c t r o s t a t i c   p r e c i p i t a t o r   t h a n  $with *:w blended  coai.  Also, 

b e n e f i c i a t i o n  has t t le   po ten t ia !   o f   recuc ing   the   su l9hur   con ten t  
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by 3 t o  20 percent ,as denoted i n   f i g u r e  4-1.  The sulphur 

dioxide  emission  rates  corresponding t o  t h e   p a r t i a l l y  and 

f u l l y  washed c3als  would be about  1.2 15 /10 3 t u  and 1 1b/;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 emiss ion  o f   about  

1.3 lb/106  8tu  (assl lming a l l   s u l p h u r   i n   t h e   c o a l  goes t o  

6 

A recent  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 B 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 l / l b   w i t h  a Btu recovery o f  a t  l e a s t  90%. 

The upgraded Btu c o n t e n t   o f   t h e  coal 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  reduction o f  2% i n  

su lphur   content  wit:? t h i s   t e s t  sample was achieved,  from 1 . 6 7  

t o  1.26 lb/106  Btu. 

( i i )  Costs o f  Coal 8 e n e f i c i a t i o n  

The c a p i t a l  and opera t i ng   cos ts   o f   t he   bene f i c ia t i on   g lan 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 ~ S  of upgrading  the  coal  to  18.30 XJ/kg 

would  be  about 5135 m i l l i o n  and $333 m i l l i o n  t o  upgrade  the 

coa l   to  21.02 W k g .  

The benef ic ia t , ion   p rocess   wou ld   p roduce  ta i l ings   o r  

e f f l u e n t s  'which migh t  cause  environmental damage i f  they are no t  

handled,  treated or d i s p o s e d   o f   i n  an appropr ia te  manner. 

Becacse  coal  rashing 'would r e s u l t   i n   B t u  :asses as a consequence 



I 

o f  reduced   coa l   resoLrce   u t i l i za t i on ,   g rea te r   quan t i t i es  

o f   coa l   vou ld  be requ i red  t o  of fset   process losjes.  As 

noted i n   f i g u r e  4-1 ,   resource   u t i l i za t ion   decreases  from 

94.9% for   the  b lended r a w  coal   to  92.68: and 86.6% f o r   t h e  

p a r t i a l  and f u l l y  washed coa l   respec t i ve l y .  

A l though   bene f i c ia t i on  t o  reduce  su lphur   content   in   the 

coal  has po ten t ia l   env i ronmenta l   benef i t s   assoc ia ted   w i th  i t ,  

some problems i n   o p e r a t i o n  , e . g . :  a)   the   concent ra t ion   o f  

sodium  which  can  cause  fouling i s  increased; and b)   the   per -  

formance o f  t he   p roposed   e lec t ros ta t i c   p rec ip i t a to rs   cou ld  

be adversely   a f fected by s u l p h u r   r e d u c t i o n   i n   t h e   c o a l  

( i i i ) Conclusions 

?he benef i t -cos t   e lements   tha t  have been measured i n  

d o l l a r  amounts a r e   i l l u s t r a t e d   i n   f i g u r e  4-1. The b e n e f 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 B e n e i i c i a t i o n  
B e n e f i t - C o s t   C r i t e r i o n   P a r t i a l  To t a  1 
Benef i ts/Costs  (BjC) 0.43 0.43 
Net Benef i ts  (K-C)  -S76.39~106 -S190.97x106 

The env i ronmenta l   benef i t s   o f   coa l   benef ic ia t ion  have no t  been 

quant i f ied.   Never the less,   the  net   benef i ts   would have t o  be worth 

a t   l e a s t  576.39 n i l l i o n  on a c a p i t a l i z e d   b a s i s   t o   j u s t i f y   p a r t i a l  

washing  and c m e n s u r i ~ t e l y   g r e a t e r   i n   r o r t h   t o   j u s t i f y   t o t a l  

washing. Thus, even coa l   rash ing   appeared  techn ica l l y   feas ib le  

t o  reduce SO2 ~ i S S i O f l S ,  i t  v o u l d   n o t  be a c o s t - e f f e c t i v e  method 

and therefore  cannot  be recornended f o r  i nco rpo ra t i on   i n to   t he  

"base scheme" f o r  the YaC. Creek p r o j e c t .  



( b )  Yeteorological Control  Systems . 
( i )  Introduction 

IJnder  normal climatic  conditions, :he base scheme proposed 

i s  expected t o  provide  acceptable a m b i e n t  SO2 levels .  A 

meteorological  control system (MCS) i s  a systematic p l a n  of 

procedures for reducing  contaminant  emission t o  the atmosphere 

i n  response t o  predicted or observed  adverse  meteorological 

conditions  that   are conducive t o  h i g h  ground-level  ambient 

concentrations. MCS i s  n o t  intended t o  provide  protection 

from long-range  transport  effects. Load reduction and fuel 

switching dur ing  episodes of adverse  meteorological  conditions 

have  been selected f o r  evaluation. 

Closely  related t o  the  assessment of  an MCS system would 

be the determination  of  stack or chimney height. I n  the  "base 

scheme" fo r  the  powerplant, a s ingle  chimney w i t h  fou r  separate 

f lues   i s  proposed i n  order t o  enhance the thermal l i f e  of  the 

plume. The costs and benefits  of a 244n (800 f t . )  'versus a 

366m (1200 f t . )  chisney i s  undertaken i n  sub-section 4-1 ( 5 )  (ii). 

There a re  tlwo operat ional   possibi l i t ies  f o r  reacting t o  u n -  

favourable  dispersion  conditions: The f i r s t  involves  fuel 

switching from the primary  coal to a secondary  fuel w i t h  lower 

sulphur  contcnt which could be stockpiled  for use dur ing  periods 

of adverse  dispersion  potential. Fuel switching would probably 

be the  ?r*ferred  action,  in the  winter months (?lovember t h r o u g h  

February). During the  other months of  the  year,  load  reduction 

of  generating  units would probably be :?e preferred  control 



method.'  Table 4-1 provides  the IYCS parameters u t i l i z e d  by i n v i r o n -  

mental Xesearch and Technoloqy,  Inc. ( S T )  and "new-performance"  coal 

charac te r i s t ics  det,ermined i n  1979. The heating  value has 

worsened t o  5.955 8 tu / lb  and  the mean 8; has f.allen from 

0.45X t o  0.39%. I t  i s  estimated  that  the  daily  emission, 

assuming a l l  S goes t o  802, would be less  t h a n  ERT's value 

by about 9Z under normal conditions.  Also, ERT assumed t h e  

ambient 802 guidelines proposed i n  the t h e n  current 1978 B . C .  

Hydro b r i e f .  

Q 
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(ii) Cost of Meteorological  Control 

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

the  various chimney,  meteorological and f lue  gas desulphurization 

systems. The amounts a re   s ta ted  i n  1979 dol la rs  and are  based on 

the  f inancial   cr i ter ia  found i n  Appendix C .  Table 4-2 shows t h a t  

the Z44m/XCS configuration would have a total   capi ta l ized  cost  o f  

almost j22 million, and the 366m/MCS configuration \would  have a 

comparative cos t  o f  about $32.5 million. These figures would 

suggest  that  the 244m/MCS configuration would be preferred. When 

MCS operation is included,  the  evaluation must include  the costs 

associated w i t h  reduced powerplant o u t p u t  operation due t o  MCS 

constraints .  The following  analysis  attempts to  estimate  the  cost 

o f  generation  losses  as a result of  fuel swi tch ing  and load  shed- 

d i n g  f o r  the two chimney heights. 

Estimation of Annual Generation Losses Due to YCS 

The iiat Creek powerplant i s  proposed as a signislcant  addition 

to  a n  extensive  hydro-electric  system. Tire power7lanr d u i d  be 

4-3 



TABLE 4-1 

FIETEOROLOGICAL CONTROL SYSTEM PARAMETERS 

?rimary Fuel ("as  received"  basis)  - Characterist ics (1) Fuel Characterist ics ( 2 )  
Original Fuel New Performance 

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

coal  coal 
0.45 

13.a5 (5 ,955)  
0 . 3 9  

(Ash - 26 2 5 . 6  
id 0 - 3 20 2 3 . 5  2 

Secondary Fuel ("as received"  basis) 

Fuel type  coal 
! S u l p h u r  content - :A 
Heatinq Value - 14J/kg : B t u / l b )  17.51 (7 ,560)  16.08  (6,315) 

"D" coai 
0.23 0.21 

Ash - ? 
H20 - v ,a  20 24.5 

Ambient SO2 Control Cr i te r ia  - 
3 - hour averaging time ->g/m3 3 665 

24 - hour averaging  time -,uq!m 260 

Source: 
( 1 )  Environmental  Research and Technology, Inc.,  "Air  Quality and 

Barbara, Ca., April  1978, P5Oi4F. 
Climatic Effects of the Prouosed ilat Creek Project, Santa 

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



TABLE 4-2  

CHIEINEYS AN0 EMISSION CONTROL SYSTEMS COST ESTIMATES 
(1979 $ )  

-__ 
( 3 6 h )  

Chintney 

Capi ta l  Cost' = A 
-~ 

Operating and Haintcnance 
Annual Cost  = U 627,802 

S tixed  Char  e  Rate ( 15.22) - C = A x  0. 1 52 
a u 

Total Annual Owning and 
Operating  Cost 0 = E + C 

Capi t a l i zed  Value o f  Tota l  
Owning  and  Operating  Cost 
E = 0 5 0.152 25,057,828  14,508,641 

"" 

FGII 
(100%) 

"- 

"I 44,399,020  30,950.748 

66,640,150  41,789,857 

434,474,670 274,933,270 

ElCS1 
" 

4,329,838 

4 7 4 . 1 ~  
____.- 

6511.135 
~- 

1,132,241 
." 

7,448,951 

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

Cap i t a l   cos t lp r : i ca s , inc lu t l e   e sca l a t ion ,   d i r ec t  and i n d i r e c t   c o n s t r u c t i o n ,   c o n t i n g e n c i e s  and 
engineer ing   cos ts .  

Operating and sa in t enance   cos t s   fo r  '100% FGO inc lude  a consuniption o f  200 Usgpt~~  per   uni t  
fo r  makeup walcr a t  a cost   of   13.70  per  1000 USgal. 

' Operating and maintenance  costs  for 53% FGD inc lude  a consumption of 100 U S ~ ~ I I I  per  u n i t  for 
IlIakeUp waLer a t  a c o s t  o f  $3.70 pe r  1000 USgal. 

Source:  Integ-Ebasco,  1977; E S C l E ,  1979. 
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essent ia l ly  a base  load p l a n t .  I n  addition,  the power;rlanx 

would sometimes operate on a t%o-shif t   and,   la ter ,  on a 

c y c l i n g  oasis .  

The MCS system may call  for  fuel  switching from the primary 

coal t o  low sulphur  coal dur ing  the months of  !lovember t h r o u g h  

February. ERT9 p red ic t s   t ha t ,   i f  the f o u r - u n i t  plant  is   required 

t o  operate a t  f u l l  load continuously,  switching may  be required 

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

chimney. With a 366111 chimney, switching nay o n l y  be required 

for  a few periods  in November. During the remaining eight  months, 

reducing  plant  generating  capacity t o  80 percent  load for about 

80 hours and t o  60 percent  load  for  about 5 hours may  be 

required w i t h  a 244 m chimney. Load reduction w i t h  a 366111 

chimney are  expected t o  be n i l .  These figures  are  presented i n  

Table 4-3. 

I n  order  to  supply customer loads,   al ternative  generating 

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

imported e l ec t r i ca l  energy. I t  i s  assumed t h a t  the  appropriate 

mill rates for  thermal and imported e lec t r ica l  energy are  20 and 

25 mills/kWh. For hydro-electric  energy,  a  case can be  made for 

a zero mill  rate  and/or  for  analytical  reasons,  a m i l l  r a t e  of  

1 5  mills/klih. 

I f  i t  i s  assumed tha t  the system is   capac i ty   c r i t i ca l ,   the  

hydro reserve system would normally be selected as a n  a l te rna t ive  



" 



I 

to o f f se t  a educ t ion  i n  load by the proposed Hat Creek power- 

plant.  The incremental cos t  might  be zero i f  the  reserve  capacity 

is  drawn upon. The reason f o r  t h i s   i s   t ha t   t he  Hat Creek power- 

plant m i g h t ,  subsequent to  the removal of meteorological con- 

s t ra in ts ,   opera te  ai: a higher load, or :or a longer period, oer- 

m i t t i n g  hydro-electric  generation  to be reduced an equivalent 

amount until  water  "evels  in the reservoirs  are  restored. Although 

there may appear t o  be no additional  cost  i n  drawing upon reserve 

capacity,  i t  i s  appropriate t o  a t tach a n  "opportunity  cost" t o  

such a n  operation. T h e  hydro-reserves used n i g h t  have  been 

sold for export energy a t  15 mills/kNh. 

.. - 

The estimated  costs of replacing  the  predicted annual load 

shed a t  Hat Creek are shown in  Table 4-3. T h e  to ta l  annual gener- 

a t i n g  capacity  loss for  the 244m/MCS configuration is  40,420 !WH and 

0 fo r  the 366mlMCS  2:l ternat ive.  The capi ta l ized energy  replacement 

costs  are  about $4.0 million for the  hydro-electric  source a t  the 

"opportunity  cost"  rate of 15  mills/kWh;  S5.3  million for the 

thermal generation  alternative and 56.6 mill ion  for  the imported 

energy a1 ternat tve.  

Table 4-3 shows that  fuel  switching w i t h  244m/MCS configura- 

t ion i s  estimated t o  occur for an additional 120 hours and t o  

consume an additional 190,000 tons  f o r  low sulphur  coal  than  the 

366m/MCS a l te rna t ive .  I t  i s  expected :hat the  additional  coai 

ccnsumotion associated w i t h  the 244m/MCS a l te rna t ive  should  not 

resu l t  i i  any additional  cost  penalty  because  the  cost  per  3tu 

r c u l d  remain constant (assuming a constant  heat  rate). 

r.) 
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The comparative  costs  of  the ElCS conf igurat ions  are  sumnarized 

i n  Table  4-4. 

TABLE 4-4 

SUMMARY OF METEOROLOGICAL 
cwr"nL SYSTEMS COSTS 

ALTERNATIVE MCS 
COSTS (1979 5 )  

CAPITALIZED COST  COMPOIIENTS 
244n/MCS  366m/MCS 

E?CS Owning & 0perat. ina  Plus 
Hydro  Replacement 0.f Energy 
( 0  Mi l ls /kWh) 21,957,592  32,506,779 

MCS Owning & Operat'ing  Plus 
Hydro  Replacement 00 Energy 
(15  Ni l ls /kWh) 25,946,408 32,506,779 

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

MCS Owning & Operatlng  Plus 
Import  Replacement of 
Energy 
( 2 5  Mil ls/kWh) 28,605,618 32,506,779 

Source: Ebasco Services of Canada, Ltd.,  Environmental  Consultants, 
1979. 



Based on the  data  contained i n  Table 4-4, the Z44m 

chimney uou ld  be p r e f e r r e d   t o   t h e  366 chimney w i t h  MCS a t  the 

Hat  Creek  powerplant. 

( i   i i )   B e n e f i t s  o f  Meteorological   Control  

The benef i ts  which  might  accrue  f rom use o f   s u l p h u r   d i o x i d e  

abatement  equipment  would be the  savings  value  to  the  province 

o f  any damage wh ich   migh t   o therw ise   accrue   to   a l l   env i ronmenta l  

resources,  whether  gubl ic or p r i v a t e  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 i i i g   s ta t ion   a re   p resented   in   Tab le  4-5. 

The ERT r e p o r t ' 3   p r e d i c t e d   t h a t  some form o f  i n t e r m i t t e n t  

con t ro l   dur ing   b r ie f   adverse   weather   cond i t ions  may be 

necessary t o  ensure f u l l  compl iance  wi th  the  3-hour and 

24-hour  ambiemt gu ide l i nes ;  e . g . ,  meteoro log i ca l   con t ro l  

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

mumground leve ' i   concent ra t ions ,   w i th in  25km o f  the s i t e ,  

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

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

S iqn i f i cance  o f  Annual $07 Concentrat ions 

Table 4-7 prov.ides a sumnary impact  assassment  matr ix  indicat-  

ing   the   p red ic ted   impact   o f  the proposed  powerplant  on  the a i r  

rosourc? as 3 resu l t   o f   su lphur   d iox ide   emiss ions .  



TABLE 4-5 

T- 
P a r t i c u l a t e  

so ODD* 

7 .  I34 

0.55' 

0.195' 

2.29' 

0.094* 

2s. 7' 

2.59' 

4.4' 

t.B* 

3.145 

0.03375 

0. u 
3.5 

Gasaour 

324 768 

82 489' 

u4 753' 

18 043' 

5 413' 

u. 9' 

0. E' 

255' 

4.95' 

3.57' 

0.132 

no emission 

no rmiss ion  

no emission 

no emission 

no m i s s i o n  

i o t a 1  i 

324 x a  
82 489' 

124 7 G a  

40 ooo* 
18 043' 

5 413' 

Is. 0' 
0.66' 

0.195' 

2.29' 

0.09b4 

290.7' 

7. j4' 

4.4' 

5.95' 

3.14' 

0.1657 

0. K 
3.0 
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TABLE 4-6 

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

il 

Maximum Concentrat ion 

Averaging Time ( ug/m3 ) 
Contaminant  (Ar i thmet ic Means) 244m/MCS  366m/MCS  366m/ ;Go 

Sulphur D iox ide  
24-hours 
3-hours 

1 -year 

To ta l  Suspended 24-hours 
P a r t i c u l a t e s  1 -year 

Carbon  Monoxide 
8-hours 
1 -hour 

F l u o r i d e  (Gaseous) 24-hours 
1 -year 

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

Z inc  (Par t icu la te)   24-hour  
1 -Year 

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

Mercury 

Arsenic 

24-hours 
1 -Year 

24-hours 
1-Year 

622 
260 

9.3 

32' 
1.1 

96.1 
18.6 

0.42 
0.0075 

0.0042 
3. ooao8 

a. oaoag 

0. oaoao 

o.00017 

0.0005 

0.005 

0.00025 

0.01 

0.03 

47 
60 
8.3 

32l 
0.91 

91.3 
17.9 

0.006 
0.33 

0. a03 
0. a0007 

a. 00007 

a. 0002 
0. ooooa 

o.00015 

a. a005 

0.004 

0.0075 

0.024 

56 
38 
4 . 5  

26' 
1.2 

38.2 
31 . 4  

0.4 
0. o m  
a.ao4 
0. aaam 

a. aoaog 
0. a04 

0.0003 
0. ooaooe 
0. a m  a. aooz 

a. 0006 
0.03 

'Concentrations  above assumed background  levels of 10 t o  20 ug/m3. 

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

Assumed 
PCB 

Guide1 ines  
3ri e f  

655 
260 

53 



Table 4 - 7  
IHPACI )(hlUlX FOP INCRfllf l l lAL AHIWL SULPWR DICXIOE COtKftl lPAllDWS 

WE I0 (UT CREEK POHfIIFlNII 

! 

- 

366 dfGD 

brolul4 
(wid "_ 

0 

4 . 5  

4.0 

2.1 

2.5 

0.6 

1.2 

1.2 

0.5 

0 . 1  

1 .3  

1.1 

0.3 

ii 

" 

" 

X(, J l X S  

@solst$ 

" 

(pil/a=: 

0 

3.6 

5 . 1  

8.3 

1.0 

0.6 '  

1.2 

1 .2  

0.5 

0.4 

1.3 

1.3 

0 . 1  - 

UIro"rc4 

0 

6 

9 

14 

12 

1 

2 

2 

1 

1 

2 

2 

1 

244 J W S  
.__- 1- "_ 

tllrulul, 
l,UJ/d 

a 

4.5 

6.8 

5.3 

1.7 

0.6 

1.2 

1.2 

0.5 

0.4 

1 . 3  

1.3 

0.1 

" 

; Reruurco 

0 

n 
11 

16 

13 

1 

2 

2 

1 

1 

2 

2 

1 

" 
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The amount o f  ithe air resource  "used" by t h e   p r o j e c t  i s  de f ined 

by ERT i n   t e n s  o f  t h e   f r a c t i o n  o f  the  appropr ia te  ambient   gu ide l ine 

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

cance  of  impacts  corresponds p o s i t i v e l y   w i t h  changes i n  the   f rac t i on .  

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 q u a l i t y   r e s o u r c e  

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

9 

Impacts  are  assessed f o r  f o u r  zones: -- Zone A includes  the 

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

s i t e  with a no r th / sou th   ax i s  o f  30 km and an east /west   ax is  o f  20 

h; 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 h e   s i t e   w i t h   n o r t h /  

south and east/west  axes o f  60 and 32 km respec t i ve 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  with 100 km radius.   Table 4-7 

shows t h a t ,   f o r  all con f igu ra t i ons ,   t he   s ign i f i cance   o f   impac ts  

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 r e d i c t e d  f a r  all con- 

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

8. Fores t r y  Damages 

The w t i m a t e d   p o t e n t i a l   p h y s i c a l   l o s s  o f  

t imber  growth with the Hat  Creek  project   are  presented 

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

r e p o r t . l 2  The losses due t o  p red ic ted  $02 ground  level  

concent ra t ions   a re  as fo l lows:  
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Volume Economic Value  (1979  S/a) 

Con f iau ra t i on  (m3/a) ( SS. 5/m3 * m3/a) 

244m/MCS 509 2800 

366mjMCS 345 1 a98 

366m/FGO 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 p red ic ted  by Re id   Co l l i ns  & Associates,  Ltd.  accord- 

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

as shown below: 

Annual 
Pred ic ted lPhys ica l  Losses o f  

Timber  Growth  and  Ecmomic  Value 

Worst  Probable 
SO2 Cont ro l   F luor ide  
Conf igura t ion  - Probable  Fluor ide  Emission  Level   Emission  Level  

- m3/a S/a m3/a S/a 

244m/MCS 2203 12 557 25135 133 243 

366m/MCS 2119 11 655 24971 137 341 

366m/FGO 1792 9 856 24644 135 542 

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

the   appropr ia te  annua,l loss amount (m3/a)  and m u l t i p l y i n g  by a 

constant   rea l   va lue  o f   t imber   equal  t o  S5.5/m3. The 55.5/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  standing timber au thor ized  fo r  c u t t i n g   i n   t h e   H a t  Creek 

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

marg ina l l y   g rea te r  with a 244m/WCS than  ,with a 366m/MCS a1 terna- 

t i v e .  The  maximum and  minimum phys ica l  damage 'with a MCS c o n i i g -  

u ra t ion   wou ld  be S138,243/a with a 244 m chimney  under  the  worst 

probable  scenar io and S11,655/a w i t h  a 366m chimney  under  the 
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orobable  scenario. The present   va lue  o f   these  losses a r e  

l i s t e d  be1ow:l3 

Present  Value o f  Losses a t   I n d i c a t e d  
Oiscount  Rate 

( $ 1  
Fores t ry  Damage 6% .8% 103 12:: 

244m/YCS (maximum) 1525 1107 a32 643 

366m/MCS (minimum) 122 83 61 47 

C. Sumnary o f  Envi ronmenta l   Ef fects  

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 -  

ca ted   in   the   re fe rences   to   the   tab le ,   denote  some 

amounts o f  damage or 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 t o  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 Desu lphur iza t ion  

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

Flue gas desu lphur i za t i on  systems (FW)  prov ide  cont inuous 

control   over  powerplant  emissions a t  the  source.  There  are  several 

FGD technologies i n  use ou ts ide  Canada a t  var ious  stages  of   develop- 

ment.14  Although  ma,jor  engineering  issues  must be addressed i n  a 

c m p l e t e   a n a l y s i s  o f  the   poss ib le  use o f  FGD a t  Hat  Creek, f o r  the 

purposes 'o f  th is  study  nonregenerative-wet  type  of ?GO system  using 
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TABLE 4-0 

ENVIRONMENTAL COMPARISON OF ALTERNATIVE 
SULPHUR DIOXIDE CONTROL SYSTEMS 

ENVIRONMENTAL 
RESOURCE AREA CONSIDERATIONS 

Ak-Qua l i   t y /Meteoro loyy  9 s  14, l5 

* L o c a l  ( 25k1n) Airshed Conwi tlnent 

concent ra t ion  as a percent  
(maximulr annual  average so2 ' . 

o f  the  proposed  arbient 
gu ide l i ne )  

- 

Reyional  Ground L ve l   Concentrat ions 
P 

N 
I ( 25kn1;  1OOkm) (1 .7py /3  - maximunl) 

C l i m a t i c  

Air Contalllinants  (incremental 
Cumulative  Concentrations of 

e f f e c t  o f  I lat  Creek  plume) 

Acid  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 
(tttcnperature; e w r g y   b a l a n c e )  

Stratospher ic  Process 
(cheo l ica l   rad ia t ion)  

244nl/MCS 

L o r  I 

( 4. +y/ni3 ; 18%) 

I 

I 

I 

I 

I 

I 

L o r  I 

[8.3py/n1~; 33%) 

______ 

I 

I 

I 

I 

I 

I 

L o r  I 

(9.3pg/n13; 37%) 

__ 

I 

I 

1 

I 

I 

I 
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(Continued) 
TABLE 4-8 

RESOURCE AREA 
ENV!RONMENTAL 

CONSIOERATIONS 

W i l d l i f e  17, 10 

l i  

N 
w 

Ud t e r  Resources 15,  19, 20 _ _ _  
( 4 3  o u r   o f  205 water’ 
b o d i e s   p o t e n t i a l l y  
vu lnerab le   to   aud i -  
f i c a t i o n )  

A l l r jcu l   Lure 21 

E f f e c t   o f  Proposed  Ambient 
Gu ide l ines   fo r  SO , TSP. h 
co on tiuman Ileal ti; 

D i r e c t   e f f e c t  o f  SO h t r ace  
elements i n  terms o? 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 .  

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

t!:ro-9!: b a h f t a t  ;;;sd::ica:ion, 

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 
Aquat ic   ecolog ica l   impacts  from 
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 i 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   Indust ry  

I 

I 

? 

I 

I 

-16 ha 

1 

I 

I 

? 

I 

I 

-13 ha 

I 

0 ha 

I 



(Continued) 
TABLE 4-8 

P 
I 
N 
P 

IESMIRCE A R L  

Natura l   Vegetat ion 

@ Po te t r t i a l  Injury t o   ' A l p i n e  fir 

EN! I R@EIMENTP.L 
C O N S I O E R A T I O N ~  

2 2  __ 
Species i n j u r e d   b y  S02/N02 

*Lodgepole  p ine 
Ponderosa. p i n e  
Doug las- f i r  * 
Trenlbl i n g  aspen 
: Serviceberry 

*Wi l low 
.. Fr ing iP  sagebuslt 

o f   p r o j e c t  
v e g e t a t i o n   w i t h i n  25ka - Engeltltann spruce 

Kentucky  Bluegrass 
Pleuroziuut  schreberi 

* 

* Orepanocladus unc ina tu r  
+ -A lec to r ia   j uba ta  

* 
p o s s i b l e   v i s i b l e  dalnage; 

p e r s i s t a n t   i n j u r y  ,night 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  other  cases. 

Vegetat ion  Associat ion  Areas 
Af fec ted  

A - - -  TOTAL  VEtiETATIVE COVER AFFECTED  (k1112) 

n -- PREDICTED INJURY RANGE ( x )  
L " LOW 

I - -  INSIGNIFICAN~ 

2441nlMCS 
!?PACT 

324.4 1 k~t? 

- A -  B 

53.2  1-4 
7.8 1 -9  

43.6  1-4 

19.7  1-5 
0.4  1-4 

0.1 9 
I ."  : -5  

26.9  12-65 
0.2 1-5 

2.1 2-26 
62.5 1-13 
2.0 1 

17.0 1-5 

1 0  



(Continued) 
TABLE 4-8 

ENVIRONMENTAL 
lW;OllHCE AREAS . - " - "" " 

CON5 I OERAT IONS 

_Forestry 12 

P 
I 
N 
cn Recreat ion 23 

(ranks  detennined  by 
resource  consul tant   ex- 

o r d e r i n g  by preparer  of  
tended to   a   preference 

l h i  s r e p o r t )  

E c o n y i c   v a l u e   l o s t  due 
t o  SO (annual )  

Econouic  value  lost  due to 
f l u o r i d e   i n  plume path  (annual )  

--probable  case 
-.-worst probable  case 

Relat ive  i tupact  on  recreat ion 
a c t i v i t i e s  
"preference  order i n  terms o f   l e a s t  
o v e r a l l  inlpac t 

t 

IMPACT MEASURES il SIGNIFICANCE 
'44llI/McS 

I 2.aoo 

; 12,557 
; 138.243 

2 

36611/MCS 

$ 11,655 
$ 137,341 

J 

36611/FGO 

$ 99 

$ 9,056 
$ 135,542 

1 



lime/limestone as a reagent i s  used for camparative analysis.   ,ne 

partial  FGO scheme would  wash about  one half of the  f lue  aases,  and 

the flue FGO scheme would *ash a l l  o f  the  flue  qases. 

-t 

( i i )  Costs of Flue Gas Oesulphurjzation 

/ - The costs of  the par t ia l  and f u l l  scrubbing schemes a r e   i t m -  

ized  in  Table 4-2. The annual total  owning and aperating  costs for 

the  partial and f u l l  scrubbing schemes w i t h  a 366m chimney are a b o u t  

$46 million and 570 nril l ion dol lars .  On a s ta t ion to ta l  kilowatt 

basis,   the  totai  cap:taTired  costs o f  the p a r t i a l  and fu l l  FGO 

systems  are  approximately SllZ/KN and S1571KM respectively. 11 

( i i i )  Benefits of Cue  Gas Cesulphurization 

A f lue  gas desulphurization system  does no t  have any associated 

powerplant  benefits b u t  rather  complicates  the  operation o f  the . 

powerplant, resul ts  ' in  increased  costs and consumes considerable 

quantit ies o f  wacer,  lime/limestone, and energy. An FGD s y s t m  

may actually  increase  particulate  emissions and aggravate  the  solids 

disposal  problems. 

The environmenral  benefits o f  f lue  gas desulphurization v o u l d  

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

above.  Table 4-8 su(!gests t h a t  flue  gas  desulphurizarion would have 

less o f  an impact :him would meteorological  cmtrol b u t  most impacts 

are  insignificanc,  undetermined, and cannot be expressed i n  money 

terms. 

.. . . 



( d )  Sunnnary Analysis  of  Sulohur  Dioxide  Control Systems 

Three  major  methods  have been evaluated i n  t h i s   sub -sec t i on  

f o r  con t ro l   o f   su lphu r   d iox ide :   coa l   bene f i c ia t i on ,   me teo ro log i ca l  

c o n t r o l ,  and f l u e  gas desu lphur i za t i on .  The approximate  comparative 

c o s t s   o f   t h e   a l t e r n a t i v e s   a r e   l i s t e d   b e l o w :  

CAPITALIZED COST 
ALTERNATIVE ( S106) 

244mIMCS 
366mIMCS 
366mIFGD (53:) 

Coal Washing ( f u l l )  
Coal Hashing ( p a r t i a l )  
Coal !dashing ( p a r t i a l  & 

244mIMCS) 

33 
22 

300 

33: 
135 

157 

The MCS a l t e r n a t i v e s  have  obvious  f inancial  advantage  over  the  coal 

washing  and FGO a l t e r n a t i v e s .  The p a 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 MCS system i t would  not 

be c o s t   e f f e c t i v e   i n  terms o f  inc rementa l   reduc t ion   o f   su lphur   d iox ide  

p e r   d o l l a r   o f   e x p e n d i t u r e   f o r  abatement. Tine sumnary t a b l e  shown 

above i n   c o n j u n c t i o n   w i t h   t h e   d e t a i l e d   e v a l u a t i o n   i n   s u b - s e c t i o n   ( b )  

leads   to   the   conc lus ion   tha t   the  244m/MCS conf igurat ion  would be the  

l e a s t   c o s t l y  system for  the  "base scheme". 

The environmental  and  powerplant  benefits  have been  compared 

,w i th   the   cos ts   o f   the   su lphur   d iox ide  systems and i n t e g r a t e d   i n t o  the 

b e n e f i t - c o s t   c a l c u l u s  where  expressed i n  money terms.  Although  the 

su lphur   d iox ide  systems  have d i f f e ren t   env i ronmen ta l   e f fec ts   a t   t he  



prooosed  ambient SO2 gu ide l ines,   the  potent ia l   impacts   are all con- 

s i d e r e d   l o w   o r   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 to   su lphur   d iox ide  and f l uo r ides   a re   con t ras ted  

with con t ro l   cos ts  on an annual  basis  below: 

Fo res t r y  Fo res t r y  Damage ( F )  

SO2 Control  Control  Cost Oamages ( S O 2 )  Probable  'Norst  Probable 
Con f igu ra t i on  $ /a  S/a 4/a SI3 

244mIMCS 3,337,555 2,800 12,557 138,243 

366m/MCS 4,941,031, 1,898 11,655 137,341 

366m/FGO 45,598,647 99  9,856 135,542 

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

fo res t ry   benef i t s   fo r .   the   wors t   p robab le   case  by  a f a c t o r  of  24, 36, 

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

4 . 2  - PARTICULATE  CONTROL  SYSTEMS 

Ash i n  t h e   f u e l   i s   e i t h e r  removed from  the  bottom o f   t h e   b o i l e r  as 

bottom  ash or c a r r i e d   w i t h   t h e   f l u e  gas as f l y  ash. The actua l   p ropor t ions  of  

t h e   t o t a l  ash  generated as bot tom  ash  var ies  wi th   the  ash  proper t ies o f  the m a l  

and the   bo i l e r   des ign .  Ash p roduc t i on   ra tes   a t   Ha t  Creek uou ld  be 29.3  kg/s  per 

u n i t ,  o f  which  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.) 

are 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  

eva lua t i on  o f  a l t e r n a t i v e s  has ir lcluded  engineering  issues  such as  the  degree 

t o  which  baghouses are  proven as r e l i a b l e  on l a rge -sca le   apo l i ca t i ons .  

4-2 a 
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(a)  Costs o f  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  25, 26 

The compara t ive   mp i ta l i zed   p resent   'wor th  o f  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 baghouse 

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

costs  based  on  al ternat ive  manufacturer 's  systems.  Figure 4-2 d i s -  

agg rega tes   cos ts   i n to   cap i ta l ,  power, and other   r21evant  components 

for  comparative  purposes. The cost   est imates  suggest   that   co ld   s ide 

ESP and baghouses  would  be  about  equal in cost   but   less  expensive 

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

TABLE 4-9 

COMPARATIVE  PART?CULATE  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  

Capital ized  Costs 
(106 o f  1979 S )  

H o t  - s ide  

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  o f  S93 m i l l i o n  assumes a two-year  bagl i fe.  It 

i s  est imated  tha t  a three-year  baglife  would  reduce  the  average 

cap i ta l i zed   p resent   wor th  o f  the baghouse to   about  586 mil 1 ion .  A 

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



FIGURE 4-2 

PAeTICULATE CONTROL 
COMPARATIVE 

SYSTEM  COSTS 
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Source:  Integ-Ebasco, 1979. 
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baghouse  would become r e l a t i v e l y   l e s s   c o s t l y   t h a n  ESP's i f  the  d iscount  

r a t e  i s  increased  or   the  proposed  load  factor  o f  the  Hat Creek s t a t i o n  

i s  reduced. Also, t he   cos t   ca l cu la t i ons   a re  based  on e f f i c i e n c i e s  of 

99.52: f o r  c o l d - s i d e   p r e c i p i t a t o r s  and a t  l e a s t  99.92% f o r  bashouses. 

( b )   B e n e f i t s  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  27-32  

H i g h   c o l l e c t i o n   e f f i c i e n c i e s  have been ach ieved   w i th   f ab r i c  fiiters 

on a n   i n d u s t r i a l   s c a l e  and some u t i l i t y   a p o l i c a t i o n s .  The pr imary 

advantage  of a f a b r i c   f i l t e r  (baghouse) i s   i t s   i n s e n s i t i v i t y   t o   f l y  

ash  chemical  propert ies 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  no t  a 

c o n s i d e r a t i o n   i n  baghouse d e s i g n .   I n   a d d i t i o n ,   c o l l e c t i o n   e f f i c i e n c y  

i s  n o t   a f f e c t e d  by p a r t i c l e   s i z e .  However, the  porous  fabrics  have 

no t  been r e l i a b l y  demonstrated  on l a r g e   c o a l - f i r e d   u t i l i t y   b o i l e r s .  

Vith ve ry   h igh   i n le t   g ra in   l oad ings ,   abou t  18 g r / sc f ,  as a t  Hat  Creek, 

the baghouse i s  an  unproven  technology, and actual   operat ing  costs  can 

o n l y  be estimated.  Appendix D conta ins  a c u r r e n t  list o f  ac tua l  and 

proposed  baghouse i n s t a l l a t i o n s  on u t i l i t y   b o i l e r s   i n   t h e   U n i t e d  

States.  

The convent ional   nethod  for  f l y  ash ranoval i n  t h e   e l e c t r i c  u t i l i t y  

i n d u s t r y  i s  by 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 .  The s e l e c t i o n  of  a ho t -s ide  

o r   c o l d - s i d e   p r e c i p i   t a t , o r  depends on many s i  t e - s p e c i f i c   p r e c i p i t a t o r  

va r iab les ,   espec ia l l y  t,he e l e c t r i c a l   r e s i s t i v i t y  of  the f l y  ash. !? l i th  

o the r   f ac to rs   he ld   cons tan t ,   ho t - s ide   p rec ip i t a to rs  would a l l e v i a t e  

t h e   r e s i s t i v i t y  concern b e t t e r   t h a n   c o l d - s i d e   p r e c i p i t a t o r s .  Sowever, 

Southern  Research  Inst i tute33 (SRI) has recomnended aga ins t   ho t - s ide  



precipi ta tors  based on burn t e s t s  u t i l i z i n g  Hat Creek coal.  S 2 I  c i t e d  

the  uncertainty i n  elt?ctrical  conditons  that would be expected for 

the h i g h  a l t i t ude  ( low atmospheric pressure, h i g h  temperature i n s t a l l -  

a t ion)   as  the reason ,for their  recornendation.  Also, problems have 

been encountered on hl t - r ide   p rec ip i ta tors   ins ta l led  on powerplants 

burning  low-sulphur  western coals.  In addition,  the  operating power 

consumption of hot-side  precipitators tend to  exceed tha t  of cold- 

s ide   p rec ip i ta tors   as  denoted below f o r  the Hat Creek powerplant: 

Operating Power (K!4) 

Precioi  tator Averaae Minimum Naximum 

Hot-side 

Cold-side 

3,812 2,046 4,528 

2,945 1,579  4,099 

As s t a t ed   ea r l i e r ,  the e lec t ros ta t ic   p rec ip i ta tor  would be 

designed t o  meet the assumed Provincial   particulate emission objective 

(0.1  grains/SCF). The proposed  ambient 24-hours guidel ine  is  

150pg/m3, and the annual guidel ine  is  60,ug/m3 for total  suspended 

par t iculates  (TSP) .  The  maximum annual TSP ground level concentration 

predicted by ERT i s  l .Z ,ug /mJ ,  and the maximum 24-hour TSP concentra- 

t ion i s  32flg/m3 for  cantrolled  emissions  except f o r  an ESP. ERT 

considers t h a t  these ground level concentrations are insignif icant  

lor low. The predicted  particle or f l y  ash  emission r a t e  by ERT i s  

'1.17 lb   / lo6  B t u  fue l .  

( c )  Selection o f  Preferred  Particulate Control .Ai ternative 

A t  the  present tinie, ESP's a re ,  i n  general, :he best device :or 

'large-scale u t i l i t y  apPi ica t ions .  Recent am1lc::lon o f  fabr ic  fi1,tzrs 

4- 32 



(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 

t h e  "base scheme'' powerplant. 

(d)  Trace  Element  Considerations 

Trace  elements i n  coal  have  been  defined 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   f r o m   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  0.1  percent  (1000  mg/kg or  p a r t s   p e r   m i l l i o n   ( p p m ) ) .  

The re lease  o f   t race   e lements   . f rom  source   mater ia l  such as stack 

emissions  into  the  environment  could be a po ten t ia l   hazard   to   env i ron-  

mental  resources. ET: studied  nine  elements ( A s ,  Cd, C r ,  Cu, F, 

Pb, Hs, V, and Zn) i n   d e t a l  1 based on assumed values  ( f rom 1 imi t e d  

sampling) o f  concentrat ions i n   t h e   H a t  Creek coal  deposit.   Tables 

4-5 and 4-6 conta in   predic ted  t race  e lement   emiss ions and maximum 

ground  leve l   concentrat ions.  The Epidemiology16 and Trace  Element 

Reports1* fo r   Ha t  Creek  conclude t h a t  no adve rse   hea l th   r i sk  i s  

foreseen;  and  barr ing  extraordinary  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   t l i o log ica l   comnun i t ies  i s  expected f r o m  t race  

e lements .   There fore ,   the   se lec t ion   o f  ESPs 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  from t h e   e f f e c t s   o f   t r a c e  

elements . 

Coal washing  might  help i n  removing some trace  elements i n  

organic  combinat ions with  mineral^.^ A recent  trace  element 
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35 performed by the U.S. Environmental Protection Agency, 

concluded tha t  a wet scrubber,   installed for par t icu la te  removal 

i s  an e f f i c i en t   t r ace  element co l lec tor  and that   the wet scrubber 

has a n  advantage  over  dry  collection methods i n  col lect ing more o f  

the   f ine-par t ic le   s ize   t race element and vapour s tage  t race elements 

Because f a b r i c   f i l t e r s  can achieve  greater mass co l l ec t ion   e f f i c i -  

encies than ESP and a re  n0.t sens i t ive  t o  pa r t i c l e   s i ze ,  they  should 

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

greater  concentrations of particulates  are  deposited  closer  as  stack 

height i s  reduced. 

1-34 
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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 Poilution 

Control Board (2CS) objectives on the Hat Creek Project   re la ted t o  sulphur  dioxide, 

to ta l   par t icu la te  and opacity  emission  levels. The emission  levels  for SO2 and 

par t icu la tes   a re   l i s ted  below  and i l l u s t r a t ed   i n  Figure 5-1; the  opacity  emission 

level has a range between 10 and 40:: 

Emission Parameter - Units Ranqe 

Total  Particulate mg/kJ fuel 
1b/1O6 B t u  fuel 

0.01 0.04 
0.02 0.09 

S u l p h u r  Dioxide mg/kJ fuel 
lb/106 B t u  fuel 

0.09 0.34 
0 .2  0.8 

The AQCS systems selected by Integ-Ebasco to   a t ta in   the extremes o f  the 

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

or r e t   f l u e  gas  desulphurization  devices. The systems  evaluated would  be ins ta l led  

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

cold-s ide  e lectrostat ic   precipi ta tors  and space  allowance  for  retrofitting a flue 

gas desu lohur i za t ion  system. 

The spec i f ic  assumptions made  by Integ-Ebasco i n  the i r  1979 AQCS study 

a re   l i s t ed  below: 

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

Ash content 29% ( a s  received) 

Moisture  content 25% 

2 )  Flue Gas Flaw corresponding t o  105% Load (Turbine Valves !Wide Open) 

3 )  Inlet   particulate  loading: 80% total  ash as f l y  ash 

4 )  In l e t  SO FGD loading: 0.6 mg/kJ (1.3a 1b/1O6 B t u )  based on 353 total  
S in coa? ( i . e . ,  5: 5 assumed  removed w i t h  mill   rejects and bottom ash) 

5 )  Base Scheme Precipitator  Efficiency: 99.49% 

6 )  Base Scheme Precipi ta tor  Emission: 0.1 mg/kJ ( 0 . 2 2 5  lb/106 St.4 fue l )  



0 . G  i 

Source: Integ-Ebasco, 1979. 
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( a )  P a r t i c u l a t e  Contr31 

( i )   Se lec ted   Ai r   Qual i ty  Control System 

A summary of the AQCS a l t e rna t ives  and the associated  level 

of  emission  contr31  attained i s  presented  in  Table 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  intended  for 

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

s ide   p rec ip i t a to r  which has a n  expected  col lect ion  eff ic iency 

of  99.49%;  cases 2 and 3 correspond w i t h  ESPs designed  to  achieve 

the higher co l l ec t ion   e f f i c i enc ie s   d i c t a t ed  by the 1979 PCB 

ob jec t ives  by means of increased  surface  col lect ion areas (SCA).  

The l i s t  presented below provides a comparison  of 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 ing   wors t   qua l i t y  blended  coal. 

Southern  Research I n s t i t u t e  

/. 

SCA Data 
Case ;Efficiency (%)  m2/m3/s ( f t * /  1000 acfm) 

1 
2 99.8 

99.49 

3 99.95 

Source: Integ-Ebssco,  1979. 

126  (640) 
91.9 (467) 

- 198.8 (1010) 

Integ-Ebasco  expect  that t h e  range o f  part iculate   emissions 

i d e n t i f i e d  i n  the 1979 PCB objectives can be a t t a ined  w i t h  ESPs 

providing design iind operat ional   considerat ions  are   taken  into 

account. 

Case 4 consists of a f a b r i c   f i l t e r ,   i n s t e a d  of  an ESP, plus a 

mechanical co l l ec to r .  The mechanical d u s t  co l l ec to r  has been added 

on the presumption t h a t  due t o  the high i n l e t  ash  loading,  they 

would be needed to  pre-clean  the  gas and reduce the i n l e t  loading 
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TABLE 5-1 
I lAT  CREEK PROJECI 

S ! 3 W l R Y  OF 'AQCS ALTERrtATIVES 

PLANT EMISSIONS 
(Worst Quality Blended Coal) 

I'AII'I'ICULATE  REGULATION 

( S G i  scl:;ten ;iscostroiiedj 

Case 1 - (Base Scheme) Electrostatic  Precipitor 

Case 2 - Electrostatic  Precipitor 

Case 3 - Electrostatic  Precipitator 

Case 4 - Fabric F i l t e r  + Mechanical Collector 

PAIITICUIATE (DASE ESP) t SO? REGULATION (WET FGO) 
Case 5 - Partial Gas Treatment 

Case 6 - F u l l  Gas 'Treatment 

PAIWIC1II.ATE + SO?  REGULATION (DRY FGD F/FILTER) 

Case 7 - Partial Cas Treatment 

Case 8 - I:ull Gas 'rreatlaellt 

- 

0.58 (1.34) 

0 . 5 8  (1.34) 

0.58  (1.34) 

0.58  (1.34) 

0.34 (0.8) 

0.09 (0.2)  

0.34 (0 .8)  

0 .09   (0 .2 )  

.. . ~ 

PAR7ICULATE C 

mg/kJ (lb/MII) 

0.1  (0.225) 

0.04 (0.09) 

0.01 (0.02) 

< 0.01 ( 0 . 0 2 )  

0 . 1  (0.225)  

0 .1  (0.225) 

0.015 (0.035)  

0.02 (0 .05)  

~. 

'rllol, 

% 

___ 
__ 

99.49 

99.8 

99.95 

99.97 

99.49  

99.49 

Source: Integ-Ebasco. 1979 



t o  the  fabr ic   f i l t i r r .  This combination employing gas  pre-cleaning 

i s  expected t o  ach,ieve the 99.95% efficiency needed to comDly 

w i t h  the lower PC3 part iculate   object ive of  .01 mg/kJ (3.21 lb/liiBtu) 

( i i )  Costs of Selected  Air  quality  Control Systems 

Table 5 - 2  provides  a  comparative  cost  evaluation of the 

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

* total  annual owning  and operating costs, the  increased cost over 

the !'base scheme" ':o achieve  the .09 lb/MEtu emission  level would 

be about $2.4  million and e i the r  $5.3 m i l l i o n  or 50.4 million t o  

achieve  the .02 lb,"Etu level w i t h  the higher  efficiency ESP o r  

FF respectively.  

( b )  Combined S u l p h u r  Dioxide and Par t iculate  Control 

(i) Selected Air Ouality Control  Systems 

Cases 5 and 6 represent a par t ia l  and full   (wet)  f lue gas 

desulphurization system respectively.  !*lith the  partial  FGD 

system, 50 percent of the f lue  gas i s  washed result ing i n  a 42 

percent overall SO;! removal efficiency; reheating of  the flue gas 

is n o t  required  to  prevent  water  fallout  within  the  plant  area. 

I n  case 6 ,  100 percent of the  f lue gas i s  washed for a n  851: 

removal of 502; reheating  is  required. Cases 5 and 6 include  the 

"base scheme" ESP f o r  par t icu la te   cont ro l .  The par t ia l  FGD 

system (case 5 )  i s  expected t o  comply w i t h  the PCB objective of 

0.34 mg/kJ and the fu l l  FGO system (case 6 )  'with '3.09 mg/kJ. 
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TAOLE 5 - 2  

'&I. UALUEIT ION. EnQ.MCSLIASES - 

c a p i t a l  c o s t s  e x c l u s i v e  of  corporate  overhead and IDC) 
(per 4 u n i t s ,  $1000, 197n p r i c e  level .  m l c v r l i z e d ,  

r PARTICULATE CONFllOL 
' - D r e  

3 

ESP 
'99.9S%) ". . . . . . . . . . -. 
!40,000 

0.  COO 
!19,000 

40,000 
(20) 

(125) 

"- 
30,700 

1,030 
- 
- 
- 
- 

I00 

. 

- 
. 

1,200 
2 330 "- 

33,030 
(2.9)  

5,320 
(0 .5)  

Source: Integ-Ebasco, 1979 



Dry  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 i )  and 8 ( f u l l )   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 .  

The dry  scrubbing  systems  can  achieve 85 t o  90 percent S O 2  renovai 

e f f i c i e n c i e s   f o r   t h e   o o r t i o n  o f  f l u e  gas t r ea ted  and i s  o f ten  

used w i t h   f a b r i c   f i l t e r s .  The s i z e   o f   t h i s  AQCS p l a n t  would 

necess i ta te   t he   re loca t i on  o f  the  chimney. Tine p a r t i a l   d r y  FGO 

system  would t rea t   abou t  50 pe rcen t   o f   t he  flue gas t o  s a t i s f y  

the PCB SO2 emissism limit o f  0.34 mg/kJ (0 .6  1biMBtu); and i n  the 

f u l l   d r y  FGO system, a l l   t h e   f l u e  gas  would be washed t o  comply 

w i th   t he   l ower  limit o f  0.39 mg/kJ ( 0 . 2  lb/!lBtu). 

( i i )  Costs o f  Selected Air Oual i t y   Cont ro l  System 

Based on  the  total   annual   owning and operat ino  costs   conta ined 

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

the 0.34 mg/kJ emi!;sion l e v e l  f o r  802 would be about $31 m i l l i o n  

w i t h  an ESP and p a r t i a l  wet FGC and about $22 m i l l i o n   w i t h  a FF 

and a p a r t i a l   d r y  IFGO system. The increased  cost   over  the  "base 

scheme" t o  comply with the 0.09 mg/kJ emiss ion   ob jec t i ve   f o r  S O z  

,would be approximarely $46 m i l l i o n  and 535 m i l l i o n   f o r   t h e  ESP and 

f u l l  wet FGO combination,  and FF and f u l l   d r y  FGO con f igu ra t i on  

respec t i ve l y .  
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SECTI3FI 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  are: ( 1 )   m e t ~ ? o r o l o g i c a l   c o n t r o l   w i t h  a 244m 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 the  preferred 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 r e s .  

A l though  there i s '  some concern  about   the  env i ronmenta l   e f fects   o f  some t r a c e  

e lemen ts ,   f l uo r ine   f o r  example, the  Detai led  Environmental   Studies  concluded 

t h a t  no s i g n i f i c a n t   i m p a c t   t o   t h e   t e r r e s t r i a l  or aquatic  environment  would  occur. 

Therefore, no addi t ional   removal  IO? 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 t o  cont ro l   su ' lphur   d iox ide  and  would necess i ta te   g rea te r  

investment and opera t ing   expend i tu res   on   h igh   e f f i c iency   equ ipment   in   o rder   to  

sat is fy   the  des ignated  ambient  and e m i s s i o n   c r i t e r i a  f o r  su lphur   d iox ide  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  complying 

w i th   t he  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 te r  or even 

equal amount o f  environmental resources damage savings or power? lant   benef i ts ,  

publ ic  investment  of   scarce  capi ta l   resources on the  required  abatement  equipment 

cannot be j u s t i f i e d  on the  bas is  of bene f i t - cos t   ana lys i s .  
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APPENDIX A 

Comrr1 i a n c e   w i t h  1979 

P O l l U t i O f l  Control Objec t ives  



( a )  Ambient Concentrations 

( i )  Sulphur  Dioxide 

The 244111 stack  with the MCS would be able t o  comply w i t h  the 

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

1-hour  concentrations was considerably i n  excess (170q?lg/m ) of  the 

upper range ( 90qg /m3) .  

3 

(ii ) Asbestos 

ERT d i d  not  ana lyse   for   th i s ;   the   p ro jec t   i s  n o t  expected t o  

produce significant  asbestos  emission. 

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

Although ERT d i d  not ana lyse   d i r ec t ly   fo r   dus t f a l l ,  d u s t  from the 

powerplant stack would probably n o t  exceed one ton per  square  mile  in 

an en t i r e   yea r  f o r  less  than  the 15 tons i n  a month .  Dustfall i s  not 

expected t o  be a prot'lm. 

( i v )  Trace  Elements 

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

(antimony and molybdenum). I t   i s  not  clear  whether  the PCB object ives  

(*)  Personal  comnunication 15 August 1979. Memorandum of K.E. Winges o f  ERT t o  
E . C .  Lesnick  of ESCLEC. 
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are  for 1-flour  concentrations, 24-hour concentrations, or a n n u a l  

average  concentrations. However, assuming the  worst  case (1-hour 

concentrations)  the  project  sTill  complies w i t h  the upper  level for  

a l l  elements. 
/ 

Element Ranoe(ua/m 
ERT Predictions 
For Hat Creek (1-hour) 3 )  

Antimony 0.1  0.5 Not analysed 
Arsenic 
Berllium 

0.1  1.0 
0.0005 0.1 

0.1 

Cadmi um 
0.003 

0.05 0.03 0.001 
Chromium 0.05 0.1 0 .012  
Copper 0.25 2 . 5  0.000 
F1 uori ne 0.1 2.0 1 ,522 
Lead 1.0 2 . 5  0.039 
Mercury 0 .1  1.0 0.031 
Molybdenum 0.1 2.5 
Nickel 

Not analysed 
0.01 0.1 0.016 

Selenium 
Uranium 

0.1 0 .5  0.001 
'3.01 6 .0  0 

Vanadium 0.05 1 .0  
Zinc 

a .  001 
1 .0  2.5 0.016 

( v )  Total Suspended F'articubtes 

I f  the mine i s  taken into  consideration, the Project does not 

comply w i t h  the PCB ot, jectives f o r  e i ther  annual or 2d-hour concentra- 

tions. However, recent  re-examination o i  the m i n i n g  impacts has led 

t o  the  conclusion t h a t  particulate  concentrations were undoubtedly 

unduly conservative i n  ERT's wiginal   analysis .  The powerplant emissions 

cer ta inly comply with  ambient ifP objectives and the  conclusion was that  

mining should comply as *well i f  a l l   fac tors   a re  taken i n t o  consideration. 

i 

( v i )  ?adon Daughter  Concentration 

This was not  analysed by ERT. 



( h )  E:!!ission Sbjectives 

Table 11. of  the 1979 PCB objectives  presents  control  objectives n o t  

spec i f i c  t o  coa-f i red  generat ing  s ta t ions.  The following l i s t  compares 

predicted  levels  w i t h  these  object ives:  

Pol lutant  Range(mg/mol) Projected Hat Creek  Level  (mg/mol) 

Antimony 
Pa r t i cu la t e s  

Arsenic 

1 . .  8 
0.'16 0.27 
0.16 0.27 

Asbestos - - 
Cadmi urn 0.16  0.27 
Copper 0.16  0.27 
Fluoride  as HF 0.02 0.20 
Lead 0.16  0.27 
Mercury 
N U x  a s  NO2 

0.03 0.27 
14 46 

Opacity 
so2 

- - 
16 64 

Not Analysed 
4.9 

0.002 
Not Analysed 

0 * 000 

0.037 ' 
0.000 

0.001 
0.001 

30.8 

39.8 
Not Ana 1 ysed 

Zinc  0.16 0.27 0.000 

In  addition  Table 111 of the 1979 PCB object ives   places   fur ther  

r e s t r i c t i o n s  on coal - f i red   bo i le rs .  

- Pollutant  Uni  t.s Ranqe ERT Predicted Hat Creek  Levels 

TSP lb/106Btu  fuel 0.02 - 0.09 0.17 
NO, as NO2 lb/lIl B t u  fuel 0.35 - 0.70 1.07 

l b / l l l  B t u  fuel 0.2 - 0.8 

Opacity  percent 10 - 40 
Trace elements 

Not Analysed 

( c )  Conclusions 
The da t a  presented just  above denote t h a t  Hat Creek does not comply w i t h  

TSP and SO2 l eve l s .  The bo i l e r  would be designed  to  achieve the NO emission 

level o f  .71b/10 Btu. The ambient   object ive  for  SO2, p a r t i c u l a t e s ,  and t r ace  

elements levels can be achieved w i t h  exceptions as denoted  in  sub-section  (a).  

6 

502 
6 1.39 

" - " " 

6 X 
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APPENDIX B 

COMMERCIAL  AVAILABILITY OF AIR  QUALITY  CONTROL 

AND  OTHER  TECHNOLOGIES  FOR 

THE  ELECTRIC  UTILITY  INDUSTRY 



Tinis apoendix  contains  information about the  progress o f  developing a:r 

quality  contr31 as well  as other  technologies in the  electric  utility  industry. 

The  timerable and data were obtained  from EPRI Special  Report PS-830-SR, 

July 1 ,  1978 entitled  Research and Development Program  Plan f o r  1979-1983. 

A number of important air quality  control  systems  such  as  advanced FGD and 

ESP, atmospheric  fluidized bed combustion, and  low NO, coal burner  and  their 

anticipated  dates of commercial  availability are presented in figure 3-1. Key 

events rsulting in commercial  availability are listed.  EPRI  mentions  that 

caution must be exercised in interpreting  the  term  "commercial  availability". 

On  page IV-2 of their report, IEPRI states  that  "commercial  availability" is 

the  time  when  utilities  could !;tart  placing orders for the  first  commercial 

units wi:h reasonable  confidence of accqtable economic  and  technical  performance." 

The triangles in figure 8-1 indicate the range of uncertainty in the  estimate. 

3-1 



FIGURE  E-1 
TIMETABLE FOR NEU  ELECTRIC  UTILITY TECHNOLOGY OPTIONS 

Tachnology 1975 I980 I985 1990 I995 2000  2005 
- 

Advancad  Flua Gas Desullurizalion 
Advanced  Eleclros1a1ic  Prectpilator 
Fabric Flller 
Low NO, Coal  Burner 
Automalad Dlslribulion  Syslanl 
Ullrahlgh Vollage  Transmlssion 

. 11.- Faull  Currenl Limiter 
94-10 

Flexible Gas  Cable 
Compact DC Terminal 12.. ... . . 

Prelerred Solar Healing and  Cooling 
Translornwr  Improvements 16- 7 . 
Siaiic viui Generator 

1 2 - - 
3 4 .. . 

5 - ~ . ' '  

:..... 6 t  - 
8 '  

14 
13 

17  18 

7 ... 
15. . .  

.,. - - . 18 LG 

COOiillQ 21 22 

Gasilicallon Combined  Cycle  (Texaco) -23- 

Solvenl  Relined Coal 
2 5 7  Gasifier Fired  Boller (CE) 

24 . 

" 3 2 t 3 3 "  Geolhermal (hydroll~ermal) 
.. I 31. -307 Almospherlc Fluidized  Bed Combuslion 

Llquelaclion 

Energy  Storage  (eleclrochemical) 
36-37- 3y 

Enway Sloraye (thernlal-mecltanlcal) 38 . I . . 40. c- 

1 liuh Huliubilily Cornbusllon  Turblne 

Solar Tltemal 
MI 11) 

Superconducling Cable 

Superconductitg Generator 
Fusion 

26 27 
28  29 

Fuel  Cells 
34 35 

.. . 

Lwun 
41.  

-427 43 . 44 . 45 

46-477 48 : 
49" 50 + 

52-534' 
51 . 
54 * 

56 57 58 
55- 

Y ..I 59 I '  61 *' 60 -* 

.. Available lor Comlnerclal Order (longlh 01 lriartgle ir#dicsles uncerlainly) 

V nopresellls  key auenls.  Numerals  reler lo evenl  descriplions  begillnlng  on  nexl page 
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Number 
Event 

1. 

2. 

3 

4 

5. 

6. 

7. 

8. 

9. 

to. 

11. 

12. 

NEW  ELECTRIC lJTlLlTY TECHNOLOGY 
KEY  EVENT  DESCRIPTIONS 

OPTIONS 

Complete state-of.the-arl design  guideiines for alkali scrubbing System. 

vide uti1it;es wrth mateiral lo p,repare s;le spec!lic Scmbber system oesrgn and ooerafjng  specllica- 
These are  beingorepared with the cooperarion 01 the  Prime  Mover Commmee. The gumelines wrllpro- 

tlons rogether w t h  Ihe cosrs. reliabiiify. and mamtenance reouirernents whrch can be expecred. 

Complete uttlity cosoonsorec:  prototype develooment of advanceo regenerable scrubber Proces- 
ses. 
Pi/otsca/e developoment of sfeamstr~ppmp anCRESOXregeneratlon subsystem currentlyunderway. 

Comolete  prototype  development of Hlgn Intensity lontzer. 
Gurdeitnes lor use by urililles a,od EPRI-licensed vendors are being developed. Two utrlilles are having 
unrts designed lor retrolit into commercial piants. 

Complete prototype demonslration of fine  oanicuiate agglomerator for eiectrostatlc  orecioltator. 
Successlul prlot scale developmenr is being  completed at Stanford  Univenity. ?rotofme tests began 
In 1978 at EPR13 Advanced Partfculale Control Oevelopmenr and Tast Facllify (Arapahoe). 

Evaluate the Coiorado-Ute NlJCla Coal-fired Plant. 
Superior paniculate  confrol 01' bag lilfers effec:ed. 

Complete fabric  filter optimization for utility use. 
Fabnc lilter module development underway at EPRI's advancad Particulate Control Oevelopment and 
Test Faciiity [Arapahoe). 

Complete EPRI-sponsored prototype  demonstration of low NOx coal combustion technology. 

levels of 150 - 185 ppm. 
Cosponsored laboratory development work has successfully shown combustion  can  achieve NOx 

Complete field demonstrations of communication equipment for automated distribution system. (a) 
Four manufacturerulilify r e a m  performing  lield tests 01 tour allemafive  communication systems. 
each suirable lor metering up to 750 cusromen. 

Complete Project UHV research on corona ohenomena. insuiatlon  requirements. and electric fields 
and publish the second  edition Of the EPRl Transmtssion Line Reference Book - 345 kV and Above. 

schedule at lhe EPRl Transmission Research Facilify in Piftslieid, Mass. 
l3ree-phase testing of transmission lines in the voltage range up to 1500 kV is proceeding on 

Optimize  design,  construction and maintenance criteria available for three phase transmission 
circulls rated to 1500 kV. (a) 
Tesringls in progress of circuits up through 1200 kV. Tests of different  conductor  bundle conligurations 
include corona measurement::. rad1oPf inrerference, audible noise, and electric  lield intensify. 

Pmtofyoe. switched resistor. Iault current limiter under construction. Also. a tuned circuit  fault  current 
Oeslgn Initial field  test of a prototype fault current limiter for transmission system  aopiication. 

IImIlW has been modeled in the laboratory and preliminary design data Is avalleble. 

Complete initial test plan for ':he OC Prototype Link (a) 
All main CrIcW1 equipment in placa at Astoria Starion. Queens. (V. Y.. at end of 7977. P:fija/ 
comrnlssr0nrPg planned lor June. 19 78. 

1.1 Program ;omtty funded witn DOE andlor other Danies. 
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Number 
Evenr 

13. 

14. 

15. 

1 6. 

17. 

1 a. 

19. 

20. 

21. 

22. 

23. 

24 

25. 

25. 

27. 

29. 

Demonstrate  prototype.  isolated phase. flexible gas cable. 
IO0 mefer length 01 me llextble gas cable (300 rnm outside diameler) manutactured in Germany and 
snfoped on a reel to Ihe U.S. /or tnsfallafifln at Waltz ,Mill in /ale 1977. Evaluatfon fniliafed in 1978. 

Oemonsrrate preferred solar heating and cooling systems lor residential  application. 

Mexrco and New York. 
Ten demonsrration homes incorporating more lhan 100 experiments under consfrucrion in New 

Complete demonstrarion  testing of prelerred  commercial and light industry solar heating and 
cooling. 
ProJecf pmceeding to procure  commercial buildings. solar systems and lest equipment. 

Field lest hot-spot detectors. 

01 deteclors insla/led in ufilify /rans/ofm€m wrll commence in early 1979. 
Two diflerenl  hot-spot defecfors afe now undergoing  laborafofy tests. M is anficigaled thaf field :ests 

Establish  advanced  solid insulation for CIOWW transformers. 
Research activifes pertaining to fhis lechnological  milestone will commence in late 1979. 

Oemonstrare 1 MVA and  SMVA vaoor-cooled transformers. 
Fabricaficrn and lab  fesfs are now in progress. 

Comolete laboratory  studies on feasibilliy of vapor-cooled transformers of uo to 1CO MVA sue. 
Research activrties perraining lo lhis fef:hnological milestone wIll Commence in /ale 1979. 

E-/aluate lank designs of transformers  fitted with external noise sheils. 
The llrsl engmeering pmfofype has been  successlvlly tested. The next unit. a commemally 
accepfable unft. is in fabrication and scheduled lor installafion in a ulilify system durrng Ihe thrd 
quartef o/ 19 78. 

Field test prototype  static VAR  genera.tor. 
Insta//ation of lhe generator on a uti/itys'/stem is complete. Field fests are  scheduled ro begin by mrd- 
19 78. 

Complete hvoandonchalfyearscites:ingoidrycoolingwithammon~a,phasechange~ntermediate 
loop and conventional. low back pres!rure turome at utility site. 
Qmponenf rests now undemay. Oeinonsrralion site selection and planning poceealng under 
EPRWJOE direcfion. 

Demonstrate  ooeration of slapsing ovttam Lurgi gasifier. (a) 
Two successlul &day runs of the 6-locjl Ciamerer BGC slagging gasifier 'were COmOtered in me rirsr 
hall of 1976. Further development IS 3eng  :weed OY DOE and a consoroum 01 coal and  Gas 
companies. 

?ertorm  a  three year lest of :he Gasliicatlon Comblned Cycle Test FacIliLy IPovrerlon). la1 
Oefaded design undernay. 

T9st the 120 T/D Comousrlon Eng!neenng gasiiier for  one yezr. (at 

Comniere SRC combustion :e&. (a;! 

Operate the SRC demonstration plant. ib) 

Comnlere 250 fon/day H-Ccal otbt plant tests. la) 
Pilot plantar Cat/erfsburg. Ky.  under consfrucfion. 



.I 

I 

c 

- 1  

L 

29. 

.?O. 

31 

32. 

33. 

3 . 1 .  

35. 

36. 

37 

rl 

39. 

a 
al 
41 

I 

lnlllale  test program a1 the  Erxon Oonot‘ Solvent. 250 ton/day pilot plant. (a) 
lnrtial test program complete. Design and constmction of prlot plant undenvay. 

Operate OO€s Rivesvllle. 30-MW fludiz.ed bed pilot plant. (b)  
Rivesvrlle tluidlzed bed borler prlot plant preparing lor 100 hr. lest run. 

Operate 200 MWe atmospheric fluidized bed combustion (AFEC) plant. (a) 
E.?RI 6‘ x 6’ Flurdized Bed Development Facrliw operational. 

lnltiate desagn 01 georhermal demonstration plant. 
Heber. Calllornia srte selected lor lhe low-salinity hydrothermal plant. 

Operate a geothermal demonslralion. (b) 
Oeslgn undernay. 

Comolete FCG-1 fuel cell  (4.8.MWe) tests. (b)  
1 MWe ‘‘breadboard” operational: Cansolidated Edison selected as host utility lor 4.8 MWe demo. 
Demo plant under constmctron. 

Fabncale second generation fuel cell demonstration module (1- i  MW). 
19sell molten carbonate stack Operated successlully in 1976. 

Operate fhe Battery Energy Slorage Ted;t (BEST) Facility. (b)  
Desrgn completed and construction ot the BEST FacfliW initiated with Public Servrce  E/ec:r;c and Gas 
Company ol  New  Jersey. Joint DOUEPRI project. 

Test  one candidate advanced battety  system at 10 MWh scale in 8EST Facility. 
Research on lour dilferent advanced banery concepts proceeding on scnedule. 

Complele crelimtnary deslgns for an underground pumped storage and compressed alr s:orase 
demonstralton plant (250-500 MW). (b) 
EPRIandOOEaresponsonngut~Ii~Iedte~msInthepreIimIna~, site-soecrlicdesignsalcompressed 
arr and underground hydro storage plants. 

Ooerale compressed air Storage demonstration  plants, 
Operational 

Ooerate  first underground 3umoed hydrcl Storage commerctal plant 

Comolete full-SCale tests of high reliabtlily, iuel ilexlble combustion turblne ;e51 tngtne. 
Contract  negotlations are m progress wrth ihree lirms wno wrll comglete  dfllerent csncepruar designs 
d the  engrne. 

Comolete the deslgn lor :he Exoerlmentiil LarSe 3raeaer 2eac:or [ E U R )  
Oesrgn studies ror  rhe i i 3 R  are contrnurng under E.?RI sponsorshrp. 

Complete the soec:ficatlons. engmeermg. iicenstng and saiety requirements ior the ELaR. 

Cperale :he Ercerlmental Large Sreeder  Reactor plant. 

8egm  operaflon of i irst commerctal scale liquid metal last breeder reactor plant. 

program. (b) 
Complete 10 MWe. central recelver  Ranl(ine (steam)  cyc!e 0110t plant and inltiare the plant test 

OOE has selected aarslow. W as plant srte. 

I 
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47 

1 8 .  

49 

so. 

51 

52. 

53. 

54. 

55. 

56. 

57 

sa. 
59. 

tj0. 

61 

Construct 10 MWe  scale.  Brayton  (gas  turbine) cycle  central recelver pilot plant  and  complete 
checkout. 

Albuquerque  Solar Thermal  Test Faciliiy. 
Two contractors are  budding 1 MW bench-scale  recerver.  Receiver  tests will begin in 1978 at OOE's 

Operate commerclal-scale. solar thermal, central receiver  power  plant. 

0013s MHO Componenr  Development and Integration Facility (COIF) avaflable for tests of .MHO 
components. Ib) 

Complete DOE'S pllot-scale MHO Engtneering  Test Facility and initiate test program. (b) 
EPRl is monrroring  fhe  federal ,WHO research  program.  conducring  analyses 01 MHO operations in 
elecfrrc urriity sysfems to help  set  design  requirements and developing  power  conditioning and 
control equlpmenr lor the COIF. 

Comolete prototype,  commercial-scale (500 MW)  MHO plant and initiate test  program. (b) 

loop for testing. 
Make available prototype of an advanced,  effiCiHnt  helium refrigerator and install in a superconduct- 

Ability lo accomplish  key  event is dependent upon major lunding in perrod  beyond 1983. 

lnttiate performance  tests on a shon  length of superconducting cable sized for transmission 

Abdily to accomplish  key  event is dependent upon major  lunding in period beyond 1983. 
application 169-kV - 138-CV). 

Abrlity lo accomplish  key  event is dependenr upon malor lunding in penod beyond 1983. 
Install first long 'ength of a superconducting cable in a utility system  for field evaluation. 

Complete mtial tests on a prototype. 300 MVA suoerconducting generator. 
Two compelrtrve  desrgn  studies  have teen conrpleted lor a 300-MVA  superconduc!ing  macnme. 

Complete lnllial evaluation of alternative  confinement configurations for  fusion  systems to meet 
sutllity needs. 
Eignr  altematwes are now  being  evaluated. 

Comolete Phase I evaluation of operarlonal  and  environmental  issues related to fuslon. 

Achlave reactor grade Dlasma. (bj 

Operate the Pilot Scale  Power  Reactor or lgnltlon Test  Reactor. (b) 

Ooerale :he  Engmeering  Power  Reactor (EP% Ilant. 1b1 

Ooerate a fustorl demonstratlon jlant.  (bl 

' 11 Prggram lotntly funded ,wth OOE andlor Other  oamc!s. 

01 Program  ,zurrenlly  funded or olanned  by  the  government. or other parties. not WRI. 

Timetable inr New Eectric 
Utility Tachnology Options 
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APPENDIX C 

FINANCIAL  CRITERIA 



ECONOMIC FACTORS 

- Net U n i t  Rating 
- Capacity  Factor ( l i fe t ime Averaqe) 
- Annual Net Generation 
- Base Date for Costs 

, -  Indirect  Construction Cost (Ind'irect A Contingency 
+ Engineering as of  Direct Cost) 

- Leveliring  Factor (5.75% i n f l a t ion   r a t e ,  10% i n t e re s t  
r a t e ,  38 y e a r   l i f e )  

- Fixed Cnarge Rate (Not  including OW4 Costs) 
- Level ized Fixed Charge Date (?!ai: includi nc C&:: Costs) 
- Coal Cost (1978 Dollars) 

- Limestone Cost (1978 Dollars) 
- Lime Cost (1978 Dollars) 
- F . F .  Bag Cost (1978 Dollars) 
- Labour Cost (1978 Dollars) 
- Incremental Energy Cost (1978 Dollars) 
- 'dater Cost (1978 Dollars) 
- Levelired  Siater Cost (1978 Dolle.rs) 
- Cost of Steam (1978 Dollars) 
- Incremental  Capacity Cost (1978 
- Plant  In-Service Date 
- Inf la t ion Rate:  (Yearly  Percent) 

1977 - 7a 

197a - 79 
1973 - 80 
1980 - 81 
1981 - 82 
1982 - 83 
Thereafter 

Source:  Integ - Ebasco 
r.ia = riot Applicable 

Updated 
'Values (1978) 
4 x 500 MW 

65': 
11,388 SWh 

October 1978 

28% 

1.98 
12.33% 
14.252 

$0.679/GJ 
S0.717/M8 
S10.08/tonne 
952.301 tonne 

560 .OO/ea 
S18.3/hour 

9.55 Mills/k!ih 
SO. %/m3 
SO. 71/m3 
SO. 36/MB 
S450/ k# 
1986 

- 
Base 
7.5: 
7.2% 
6.25': 
5.752 
5.752 

\/a: ues (157) 
I n i t i a ?  

4 x 500 i.lV 

6 5:; 
11,388 (Gdh 

Sept. 1977 

>IA 

1.78 
12.33% 
13.85% 

SO. 5/65 
SD.53/MB 
NA 
N A 
r u ,  
NA 
3 A 
a 
SO. 96/m2 

?4 A 
IIA 
I984 
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APPENOIX 0 

8AGHOUSE INSTALLATIONS 
ON 11.5. UTILITY BOILERS 



1979 

I979 

1980 

!978 

I979 

! 9 7 e  

1978 

1981 

I971  , 

1977 ~ 

1975 . 

1980 

1982 

1978 

1981 

1978 , 

1982 

0-1 



PA PC IS0 2 . 1 l / 1  1.2 . 105 1980 

M. .a PC 1V 2.111 210.000 197s -. 
PA (P)-?c (s)-IlS 1.911 988.300 1971 - 
PA ?C 11 1 . 8 S 1 1  !7O.i00 !978 

- i o  b. d*t.~~le.d 

Source: U.S. EP4, 1979, Research Triangle Park, N.C. 
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