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- HAT CREEK PROJECT 

- f i I R Q i A L I T Y  CONTROL STUDY 

A .  . SUil?l4RY 

The purpose  of   this   s tudy is t o   i d e n t i f y  and c o s t   a l t e r n a t i v e  methods 

of   cont ro l l ing  par t iculate  and   su lphur   d ioxide   emiss ions   for   the   four  

500 XW u n i t  Kat Creek  power  plant .   The  levels   to   be met i n   t h e   s t u d y  

are   the  upper   and lowtar emiss ion   leve ls   def ined  i n  the   r ecen t ly  

r ev i sed   ob jec t ives   o f   t he   Po l lu t ion   Con t ro l  Board (PCB) of B r i t i s h  

Columbia. 

T h e  s tudy  is required t o  5e based on coal   def ined  as "worst q u a l i t y  

blended"  of  as-fj.red  higher  calorific  value  12.21 MJ/kg (5250 BTU/lb) 

and  29%  ash  with 25% moisture .  

The s t u d y   c o n c l u d e s   t h a t   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 wet f l u e   g a s  

desu lphur iza t ion   sys tems are the  only  methods  of   par t iculate  and SOz 

emission  control   considered a t  present  to  be  proven.  These,   and 

o t h e r  methods c o n s i d e r e d   c l o s e   t o   t h i s   s t a t u s ,  are l i s t e d   i n   t h e  

fo l lowing   t ab le   wh ich   g ives   t he   a s soc ia t ed   d i f f e ren t i a l   o f   t he   cap i t a l  

c o s t s ,  t h e  c a p i t a l i z e d   o p e r a t i n g  and  maintenance  costs  and  the owning 

and ope ra t ing  C O S , ~ S .  A l l  d i f f e r e n t i a l s  are r e l a t i v e   t o   t h e   b a s e  
schcme u t i l i z i n g  e lec t ros ta t ic  p r e c i p i t a t o r s  of 99 .49% e f f i c i ency .  

A l s o  l i s t e d   i n   t h e   t a b l e  are  combinations of p a r t i c u l a t e  and SO2 
emission  control  equipment  which  the  study  indicates  could meet the  

combined u p p e r  limits and t h e  combined  lower limits g i v e n   i n   t h e  PCB 

ob jec t ives .  

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

equipped w i t h  su i tab le :   par t icu la te   cont ro l   equipment   ra i ses   the  

c a p i t a l   c o s t  of t h e  ccmbined a i r  qua l i ty   cont ro l   sys tem by t h e   o r d e r  

of 3 - 8% dependent on the   selected  combinat ion.  
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8. DISCUSSION 
The cos t s   e s t ima ted  i n  t h i s   s t u d y   r e f l e c t   t h e   q u a l i t y  of coal  used as 

a des ign   bas i s  and a l s o   t h e   i n c l u s i o n  oE spare   f lue   gas   desu lphur iza-  

t i o n  modules. 

The c o a l   q u a I i t y  used as a b a s i s   f o r   c a l c u l a t i o n s  was s p e c i f i e d  by 

B.C.  Hydro. 

I n  conformance  wi.th  normal i n d u s t r y   p r a c t i c e  a spare   sc rubber  module 

i s  inc luded   i n   t he   f l ue   gas   desu lphur i za t ion   sys t ems   t o   pe rmi t   fu l l  

load  operat ion  during  an  outage of  one  module while   maintaining 

conformance  with t h e  spec i f i ed  SO2 emiss ion   leve ls .  

Should SO, emission  control   equipment   be  re t rof i t ted  then  the  increased 

e l e c t r i c a l   a u x i l i a r y  'consumption  would r e s u l t  i n  a r educ t ion   i n   t he  

t o t a l   n e t   o u t p u t  of t'ne power p l an t .  For comparison  purposes  the 

r e t r o f i t   a l t e r n a t i v e s   c o n s i d e r e d   i n   t h i s   s t u d y  assume the  power p l an t  

g r o s s   o u t p u t   ( a n d   t h e r e f o r e   d i f f e r e n t i a l   c a p i t a l   c o s t )  is increased 

to   ma in ta in  a cons t an t   t o t a l   ne t   ou tpu t  of 2000 MW. 

I t  is also  emphwized  that  only wet f lue   gas   desu lphur iza t ion   sys tems 

c w  p r a c t i c a l l y  'be r e t r o f i t t e d   t o  a p l a n t   a l r e a d y   u t i l i z i n g   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 .  If f a b r i c  f i l ters  a r e   i n i t i a l l y   i n s t a l l e d   f o r  
p a r t i c u l a t e  control w i t h  s u i t a b l e  prov i s ions .  then  e i t h e r  w e t  or  d r y  

f lue   gas   desu lphur iza t ions   sys tems can f e a s i b l y  be r e t r o f i t t e d .  
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NUI IS:  0 ESP - Cold Side  Electrostat ic   Precipitators ,  FF m Fabric F i l t e r s  - 
0 FCD - Flue Cas Derulphuriration 

Capital c o s t s  for the four uni t  plant are In October 1978 dollar5 excluding corporate  overhead and i m e r e s t  during construction. 

Costs are based on o r i g i n a l l y   f i t t e d  equipment - i . e .  not   retrof i t ted .  
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1.0 INTRODUCTION 

In  March 1979,  r e v i s e d   d r a f t   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  were 

i s s u e d  by the  POLLUTION CONTROL BOARD (PCB) of B r i t i s h  Columbia. 

Subsequently,   the B.C. HYDRO & POWER AUTHORITY requested INTEG-EBASCO 

t o   i n v e s t i g a t e   a i r   q u a l i t y   c o n t r o l  system (AQCS) a l t e r n a t i v e s  which 

meet t h e s e   o b j e c t i v e s ,   a p p l i e d   t o   t h e  Hat Creek  Project   condi t ions.  

During t h e  course  of   prel iminary  engineer ing,   the  Hat Creek AQCS 

design  has   proceeded  on  the  basis  of t h e   a v a i l a b l e  PCB O b j e c t i v e s   f o r  

o t h e r   i n d u s t r i e s  or on  the  basis   of  assumed levels. To d a t e ,   t h e  

P r o j e c t  Rase Scheme  power p l a n t   i n c o r p o r a t e s   c o l d   s i d e   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) fo r   con t ro l   o f   pa r t i cu la t e   emis s ions ,  and space 

a l lowance   for  t h e  f u t u r e   r e t r o f i t t i n g  of f lue   gas   desu lphur i za t ion  

(FGD) equipment  should i t  become necessary   for   cont ro l   o f  SO2 emiss- 

ions .  

For c o a l   f i r e d   p l a n t s   t h e   r e v i s e d  PCB Objec t ives   p rescr ibe   very  

s t r ingen t   r anges  of e m i s s i o n s   f o r   p a r t i c u l a t e s  and SO Exhib i t  1-1 

i l l u s t r a t e s   t h e s e   r a n g c s ,  the approximate AQCS remova l   e f f i c i enc ie s  

requi red   to  meet the  upper and  lower limits of the  ranges  referenced 

to   worst   qual i ty   blended  coal ,  and the   p re sen t  Base Scheme powerplant 

emiss ion   leve ls .  

2'  

T h i s  Report  brief1.y  reviews  the  major AQCS technology  appl icable   to  

the  U t i l i t y  I n d u s t r y ,   i d e n t i f i e s  a number  of primary AQCS a l t e r n a t i v e s  

s u i t a b l e   f o r   t h e  c:ombu:rtion of  "worst  quality  blended  coal" i n   t h e  

f o u r  500 MW u n i t  Hat  Creek power p l a n t ,  and   inc ludes   cap i ta l  and 

o p e r a t i n g   c o s t s   f o r   e a c h .  The a l t e r n a t i v e s  are designated Group A or 

Group 8. Group A a p p l i e s   t o  AQCS p l a n t  which  would  be i n s t a l l e d   w i t h  

each power plant  unit   development,   while Group B a p p l i e s   t o   t h e  

i n i t i a l   i n s t a l l a t i o n  of part iculate   control   equipment   with later 

r e t r o f i t t i n g  of FGD equipmen:. 
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Within  the  constraints ,  of the  Study,   the  a l ternat ives   have  been 

developed  consistent  with  the Base Scheme des ign   ph i losophies  and 

c o s t i n g   s t r u c t u r e s .  The Base Scheme component p l a n t   c o s t s  are used 

where  possible   and  the 'cost   cont ingency  a l lowances are r e t a ined  

f o r  consis tency  with 1:he Base Scheme, notwithstanding a lower  level  

of confidence and lesser degree   o f   de t a i l ed   de f in i t i on .   O the r  compo- 

nent  costs  have  been  derived  from a number  of sources ,   including in- 
house   in format ion   re la ted  t o  vendor  proposals  received  from  recent 

i n v e s t i g a t i o n s ,  o r  act . ive  projects .   Vendors '   proposals   have  a lso 

been   r ece ived   i n   r e sponse   t o   spec i f i c  ESP e n q u i r i e s  which  include 

c o s t s  and opinions  concerning  problems  and  possible  l imitations 

a s soc ia t ed   w i th   t he   r ev i sed   Ob jec t ives .  

? 

The Report  concludes  with  an  assessment of f lue   gas   cond i t ion ing  

(FGC); t h i s  is reviewed as a mechanism  which could assist t o  improve 

t h e  e f f e c t i v e n e s s  of p a r t i c u l a t e   p r e c i p i t a t i o n  and  lead t o  an o v e r a l l  

reduct ion  of ESP system  costs .  An ESP-FGC combination  has  been 

included  separate  from  the  primary AQCS cases ,   s ince   gas   condi t ion ing  

has  mainly  been  used as  a means t o  upgrade  the  performance of ESP 

equ ipmen t   p rev ious ly   i n s t a l l ed ,   r a the r   t han   a s  an accepted method t o  

b e  adopted a t  the   ou tse t   o f  the AQC p lan t   conceptua l   des ign .  

Appendices t o  th i s   repor t   enumera te   the  US u t i l i t y   i n d u s t r y ' s  and 

Ehasco  Service I n c ' s  exper ience   wi th   the  a i r  qua l i ty   cont ro l   sys tems 

a n d  US i n s t a l l a t i o n s  of  bag  houses ( f a b r i c   f i l t e r s ) .  

1 .1  PCR OBJECTIVES 

II 

This  Study is concernr!d with  evaluat ing  only  the  impact  of t he  PCB 

emission  levels   on the! Hat   Creek   Pro jec t   wi th   spec i f ic   re fe rence  t o  

p a r t i c u l a t e s  and  sulphur  dioxide  emissions.  The report   does   not  

s tudy   t he   s ign i f i cance  of the  opaci ty   requirements   of   the   Object ives .  

For re ference ,   the   rev ised  PCB Ohjeccives from  Table I11 - Gases and 

Pa r t i cu la t e   Emiss ions   fo r   Spec i f i c   P rocesses ,   Coa l   F i r ed   Bo i l e r s  - 
are as fol lows:  
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PARAMETER . - UNITS RANGE 

T o t a l   P a r t i c u l a t e  mg:/kJ f u e l  0.01 0.04 

lb/lO BTU f u e l  0.02 0.09 

Sulphur   Dioxide  mg/U  fuel  0.09 0.34 

6 

1t,/106 BTU fue l   0 .2   0 .8  

The emission  values  are i l l u s t r a t e d   g r a p h i c a l l y   i n   E x h i b i t  1-1 which 

a l s o   i n c l u d e s   t h e  Basf: Scheme having a pa r t i cu la t e   emis s ion  of 0.225 

Ib/MBTU and  uncontroll .ed  sulphur  dioxide  emission. 

1.2 REFERENCES 

1 

I 'I 

I 

B . C .  Hydro h Power Author i ty  l e t t e r  t o   I n t e g  Ebasco  dated 15 

May 1979 s u b j e c t  Hat Creek   Pro jec t ,  Power P lan t  Air Qual i ty .  

Recommendations fo r  the  Design of a n   E l e c t r o s t a t i c   P r e c i p i t a t o r  - 
Firs t  and Fina l   Repor t ,   Southern   Research   Ins t i tu te ,  2000 9 t h  

Avenue,  Birmingham, Ala. 35205, SORIEAS77668 39231 6 F. 

P r e c i p i t a t o r   S t u d y   f o r   t h e  Test Burn  of Hat Creek  Coal a t  

Alber ta  Power Ltd. ,   Forestburg,   Western  Research and  Develop- 

ment,  Job 34152,  Nov 77.  

P i lo tSca le  Combustion Tests B.C. Hydro 6 Power Authori ty ,  

Canmet J o i n t  Program,  Canadian  Combustion  Research  Laboratory 

(CCRL), Energy  Research  Laboratories.  Reports  EW/ERl  76/79, 

101103, 1051:36, 138140,  142144,  146148,  150152,  154156,  158160, 

162164,  166168,  170171, 7 7 / 1 ,  77/7. 

P i l o t S c a l e  Combustion Tests with Kat Creek  Coal, B.C. Hydro 

Canmet Joint  Research  Project,   Canadian  Combustion  Research 

Laboratory  Report  ERL 7796 (TR),  October 1977. 

Flue Gas Desulfur izat ion  Study,   Ebasco  Services   Incorporated,  

May 1977. 
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7 )  Znteg-Ebasco S.D.M. Sec t ion  72.1-a  Rev. 3 - Financ ia l  Criteria. 

8) Integ-Ebasco S.D.M. Sec t ion  74.1-a Rev. 1 - Boiler  Coal  Consumption 

Rate, Ash and  Emission Rates. 

9) Integ-Ebasco S.D.M. Sec t ion  20.1-a Rev. 0 - Design Criteria f o r  

Co ld   S ide   E lec t r c s t a t i c   P rec ip i t a to r   (w i thou t   F lue  Gas Condi- 

t i o n i n g ) .  

10) Integ-Ebasco S.D.M. Sec t ion  5.92-a, Rev. 0 - Chimney Sizing.  

11) Integ-Ebasco S.D.M. S'ection 5.92-b, Rev. 0 - Chimney Design and 

Construct ion.  

12 )  Integ-Ebasco S.D.M. Sec t ion  8.5-c, Rev. 1 - F.D., I .D .  and PA 

Fan Horsepower. 

1 
W 

13) Integ-Ebasco S.S.D.M. S e c t i o n  20.1-a Rev. 0 - Review of Technical 

Information I 'rovi(ded  by  Manufacturers  of  Cold  Side  Electrostatic 

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

14)  Integ-Ebasco S.S.D.M. Sec t ion  20.1-c Rev. 0 - Review of  Technical 

Information E'rovided  by  Manufacturers  of  Fabric  Filters. 

1 5 )  hteg-Ebasco S.S.1I.M. Sec t ion  20.2-a, Rev. 0 - Review of  Technical 

Information on sub jec t  of Trace Element Removal by Wet Scrubbers 

Provided by Manufacturers. 

16) A l t e rna t ive  "B" - Ash Disposal  Study - Integ-Ebasco  Study  dated 

November 1978. 

17)  Intrg-Ebasco S.D.M.. Sec t ion  74.1-c, Rev. 1 - B o i l e r   P a r t i c u l a t e ,  

SO2 and NOx Emission. 
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18) Air Qual i ty   and  Cl imat ic  Effects of the  proposed Hat Creek 

P r o j e c t ,  Documenl:  P-5074-F, prepared by  Environmental  Research 6 

Technology, Inc.,. Apr i l  1978. 

1.3  SPECIFIC ASSUMPTIONS: - 

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

Ash content  29%  (as  received) 
Moisture   content  25% 

2)  Flue Gas Flow cor re spond ing   t o  105% Load (Turbine  Valves Wide 

Open). 

3)  I n l e t   p a r t i c u l a t e   l o a d i n g :  80% t o t a l   a s h  as f l y   a s h .  

4) Inlet SO2 FGD loaciing: 0.6 mg/U  (1.34  lb/10  Btu)  based on 95% 6 

t o t a l  S i n   c o a l  (:L.e. 5% S assumed removed with mill rejects 

and  bottom  ash). 

5 )  Base Scheme P r e c i p i t a t o r   E f f i c i e n c y :  99.49%. 

h) Base Scheme Prec ip i ta tor   Emiss ion:  0 .1  mg/W (0.225  lb/10 Btu 6 

f u e l ) .  
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2.0 A I R  QUALITY C O N T R O L  REVIEW OF TECHNOLOGY 

r. 

ic 

a 

By mutual  consent of B.C. Hydro & Integ-Ebasco,   this   s tudy  addresses  

means  of  meeting t h e  PCB Object ives   with,  among o the r s ,  ESP’s and wet 

calcium  based  f lue  gas   desulfur izat ion  (being  the  predominant   techno-  

logy i n   t h e   i n d n s t r y l   a n d   a l s o   f a b r i c   f i l t e r s  and dry lime scrubbing 

(which  would  appear 1:o o f f e r  economic  advantages  for low sulphur   coal  

a p p l i c a t i o n s ) .  

2 . 1  PARTICULATE CONTROL - 
II 

m 

I 

m 

A number  of p a r t i c u k t e   c o n t r o l   d e v i c e s   a r e  employed  by t h e  Elec- 

t r i c a l  U t i l i t y  I n d u s t r y  €or r e g u l a t i o n  of f lyash  emissions  including 

mechanical   dust   col lectors  (MDC) of the   mul t icyc lone   type ,   e lec t ro-  

s t a t i c   p r e c i p i t a t o r s ,  wet ven tu r i   s c rubbe r s  (WS), and f a b r i c   f i l t e r s  

(FF) i . e .  baghouises. 

Mechanical  Dust  Collectors 
” 

Mechanical  dust   collectors,   which remove f l y a s h  by ine r t i a l   impac t ion  

i n   m u l t i p l e   s m a l l  cyc.Lones, e x h i b i t  removal e f f i c i e n c i e s  of t y p i c a l l y  

60 t o  85 percent   a t   system  pressure  drops of about 1.0 kPa ( 4  in. 
Wg.). A MDC wauld  no~rmally  be  installed  upstream of wet v e n t u r i  

scrubbers  t o   c o l l e c t   p a r t  of t h e  ash in  dry form to s impl i fy   u l t ima te  

waste   disposal .  

Co l l ec t ion   e f f i c i ency  is s e n s i t i v e   t o   p a r t i c l e  s ize  of t he  i n l e t  

f l y a s h  and sequen t i a l   s t ages  of c o l l e c t i o n  do n o t   s i g n i f i c a n t l y  

improve the  overal l   col lect ion  performance.   Because of its Inherent ly  

low efficiency,  t’he  mechanical  collector  alone  cannot  be employed t o  

meet the  current  low l e v e l s  of emission now  commonly required by 

regulatory  agencies .  
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Combination MDC a n d a r t i c u l a t e  Removal P l a n t  

I n  the  1950's and 196'0's t h e  industry  used  mechanical   dust   col lectors  

a s  a pre-cleaning  device  instal led  ahead of t h e   e l e c t r o s t a t i c   p r e c i -  

p i t a t o r  t o  ach ieve   ove ra l l  removal e f f i c i e n c i e s  of up t o  95 percent .  

The performance of bc th   the  MDC and t h e  ESP is  p a r t i c l e   s i z e   d e p e n d e n t .  

Multiclone t y p e  mechanica l   dus t   co l lec tors  show low c o l l e c t i o n  

e f f i c i e n c i e s  of less than  about 30 percen t .   f o r   pa r t i cu la t e s  below 2 

microns, and  moderate e f f i c i e n c i e s  of 40 percen t   t o  85 p e r c e n t   f o r  

i n t e r m e d i a t e   p a r t i c l e   s i z e s  of 2 t o  10 microns. The ESP e x h i b i t s  a 

s imi l a r   pe r fo rmance   r e l a t ionsh ip  of l o w e r   e f f i c i e n c y   f o r  the smal le r  

p a r t i c l e s  and h i ; t h e r   e f f i c i e n c y   f o r   l a r g e r   p a r t i c l e s .  

The cu r ren t   pe rmi t t ed   emis s ion   l eve l s ,   c a l l i ng   fo r  v e r y  h igh   pa r t i -  

c u l a t e  removal e f f i c i e n c i e s  of  99 percent  and grea te r ,   has   necess i -  

t a t e d  a s u b s t a n t i a l   i n c r e a s e   i n   t h e   s i z e  of p r e c i p i t a t o r s   t o   p r o v i d e  

adequate  removal  of  p,srt iculates 1 micron  and  below.  The  mechanical 

d u s t  c o l l e c t o r  as a precleaning  device would   reduce   l a rge   par t ic le  

i n p u t  t o   t he  ESP but would not  appreciably  reduce  the  input of smal l  

p a r t i c l e s  which lis now the  governing  design  cr i ter ion.   Therefore  no 

apprec i ab le   s i ze   r educ t ion   o r   s ign i f i can t   cos t   s av ings   fo r  ESP p lan t  

could be a n t i c i p a t e d .  The use of MDC-ESP combina t ions   has   essent ia l ly  

disappeared and XNTEG-EBASCO is  not  aware of  any  major u t i l i t y  which 

has   incorporated t h i s  combination  within the last 5 t o  8 years. 

The mechanical   col lector  i n  c o m b i n a t i o n   w i t h   f a b r i c   f i l t e r s  is 

discussed i n  sub-,sectj.on 3 . 2 . 2  of th i s   Repor t   where ,   for  a high 

c o l l e c t i o n   e f f i c i e n c y  and high d u s t  in le t   loading ,   the   mechanica l  

c o l l e c t o r  would contri.bute  to  improve  performance. 

Wet Venturi  Scrub+ 

Wet v e n t u r i  scrubbers remove f l y a s h  by high  velocity  impaction  with 

water   droplets ,  and have  been  applied 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  

in combination wi!S wet FGD systems.  The  inherent  disadvantages of 
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this  technology  : inclu,ie  the need f o r   a l k a l i n e   r e a g e n t   a d d i t i o n   f o r  

chemistry  control ,   extensive  dewater ing  equipment   i f   ash is t o   b e  

used f o r  l a n d   f i l l ,   a n d   h i g h   f a n   h o r s e p o w e r   t o  overcome the   l a rge  

nonrecoverable  pressu're  drop  required a t  t h e   v e n t u r i   t h r o a t .  

For the   typ ica l   range   of   removal   e f f ic ienc ies  of 99.0-99.5 percent ,  

p ressure   d rops  in the   o rde r  of 3.23 t o  6.22 W a  (13 t o  25 in.  Wg.) 

a r e   t o  be  expected.  Although  there is no genera l ly   accepted  model 

for   p red ic t ing   sc rubber   per formance ,  i t  is expected  that   substan-  

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

g rea t e r   t han  99.5 perc:ent. Th i s  would g r e a t l y  increase the p o t e n t i a l  

for   furnace   implos ion .  

Wet scrubbing for p a r t i c u l a t e   c o n t r o l   r e p r e s e n t s  a complex  technology 

which is more d i f f i c u l t   t o   s u c c e s s f u l l y   a p p l y  than alternative d ry  

col lect ion  techniques.   With  the  advent  of lower  regulatory  emission 

limits in  North  America, i t  i s  expec ted   tha t   ventur i   sc rubbers  will 

be   p rec luded   f rom  ex tens ive   fur ther   appl ica t ion   wi th in   the   indus t ry .  

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  

~ 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  have  been  the common method  employed f o r  

t h e  higher  f lyash  removal efficiencies w i t h i n   t h e  las t  decade; i t  is 
estimated t h a t  a p p r o x h a t e l y  90 percent  of a l l  I n s t a l l a t i o n s  committed 
du r ing   t h i s   pe r iod  employ p r e c i p i t a t o r s .  

D 

The e l e c t r o s t a t i c   p r e c . l p i t a t o r   e n j o y s  wide  acceptance i n   t h e   i n d u s t r y  

and i s  cons ide red   t o   be  a f e a s i b l e  method for   meet ing  the  upper  PCB 

par t icu la te   emiss ion   0 l ) jec t ives .   Meet ing   the  lower emiss ion   ob jec t ives  

will r e q u i r e  an eatens: lon  to   proven  precipi ta tor   technology  but  

Integ-Ebasco  bel ieve  this  will be  achieved  in   the  near   future .  

U 

a 
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F a b r i c   F i l t e r s  
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F a b r i c   f i l t e r   i n s t a l i a t i o n s   h a v e   b e e n  used by  t h e  u t i l i t y  indus t ry  

fo r   sma l l  u n i t s  of less   than  40 MW over t h e  l a s t  5 years .  A s  a 

r e s u l t  of  development  work  on f a b r i c   m a t e r i a l s ,  many of t h e s e  ins ta l l -  

a t i o n s  now show accep tab le   pe r fo rmance   w i th   r e spec t   t o   f ab r i c   l i f e  

d u r a t i o n   a t  low g r a i n   l o a d i n g s .   C o l l e c t i o n   e f f i c i e n c i e s   f o r  t h i s  
t echnology  a re   typ ica l ly  i n  t h e  range  of  99.8 t o  99.9  percent  and, 
f o r   c e r t a i n   f l y a s h e s  which a r e   d i f f i c u l t   t o   c o l l e c t  by 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 ,   f a b r i c   f i l t e r s   c a n   o f f e r  economic  advantages Over 
ESP's. 

F a b r i c   f i l t e r s   a r e  viewed as  an  emerging  technology  which is possibly 

a t e c h n i c a l l y   f e a s i b l e   a l t e r n a t i v e   t o  ESP's f o r  tlie Hat Creek  project  

and i s  accepted   for  t h i s  study as such. However, i t  is f e l t   t h a t  a 

more d e f i n i t i v e   d e t e n n i n a t i o n   o f   f e a s i b i l i t y  would require   an  assessment  

of t h e   i n i t i a l   o p e r a t . l o n  of t h e   l a r g e r   f a b r i c   f i l t e r   i n s t a l l a t i o n s  

expected  onl ine i n  the  1979 t o  1981  period i n  conjunction  with  bench 

or  p i l o t s c a l e   t e s t s  of f a b r i c s  on the   Hat   Creek   f lyash   to   def ine   the  

o p e r a t i n g   c h a r a c t e r i s t i c s .  

c 
Others 

I 

e 

I n  a d d i t i o n   t o  t h e  technology  previously described, a number of o t h e r  

types  have  been  applied i n  spec i f i c   i n s t ances ,   o r   a r e   be ing   deve loped .  

These  include  suc 'h   appl icat ions  as  wet 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 ,  

e l ec t r i ca l   augmen ta t ion  of ven tu r i   s c rubbe r s ,  low energy foam scrubbers ,  

mobile bed scrubbers,   chemical  conditioning of a s h   f o r  ESP's, and 

h i g h  energy   pre- ioniza t ion   or   pu lsed   ion iza t ion   for  ESP's. Although 

some of these  pr0cesse.s  have merit, they  would  generally  require 

further  technical  development OK p i l o t  work s p e c i f i c  t o  the  Hat  Creek 

coa l   before  a sound  assessment  could  be'made.  Also,  suitable  economic 

and o p e r a t i o n a l   r e l i a b i l i t y   d a t a  is general ly   lacking.  
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W Chemical  conditio,ning of f l y   a s h  and ESP's are reported i n  s e c t i o n  5. 

o f   t h i s   s t u d y .  

2 . 2  SULPHUR DIOXIDE CONTROL 

U 

I 

W u 

I 

Control  of su lphur   d ioxide  (SO ) emissions by f lue   gas   desu l fu r i -  

z a t i o n  (FGD) is  more  complex  and p r o j e c t   s p e c i f i c   t h a n   f l y a s h   c o n t r o l  

and h i s t o r i c a l l y  many more types of process   o r   var ian ts   have   been  

appl ied   to   cont ro l   emiss ions .  However, probably  over 90 percent  of 

a l l   r e c e n t   u t i l i t y   a p p l i c a t i o n s   i n c l u d e  some form of  calcium-based 

wet absorpt ion  system in which t h e   g a s  comes i n t o   d i r e c t   c o n t a c t   w i t h  

a lime o r  l imes tone   s lu r ry  i n  an open  spray tower 

absorber .  SO2 i n   t h e   f l u e   g a s  is absorbed  by  the  slurry  and  forms 

c a l c i u m   s u l f i t e / s u l f a t e  salts. These calcium waste products  are 

disposed  of by ponding or by   dewater ing   wi th   subsequent   l andf i l l .  

2 

An a l t e r n a t i v e   d r y  FGD system  technology is being  act ively  developed 

i n  which a lime s l u r r y   s p r a y  i s  in t roduced   to  remove SO2 from t h e  

f l u e   g a s .  

Although  addition.al FGD processes  and reagents  have  been  proposed, 

t e s t e d ,  O K  are i n  the   cour se  of development,  the two more common 

calcium-based  technologies  mentioned are se l ec t ed   fo r   t he   pu rposes  of 
assessing the impact of the revised PCB Objec t ives .  

Wet FGD System 

I 

The w e t  FGD calcium  ab,sorption  system is capable  of  providing SO 

r emova l   e f f i c i enc ie s   t yp ica l ly  in  the  range of 70 t o  90 percent .  

Higher   e f f ic ienc ies   have   been   ob ta ined   in   spec i f ic   cases .  The 

technology  has  evolved  to a greater  degree  than  competing  processes,  

but is sub jec t   t o   h igh   cos t ,   p l an t   complex i ty ,  and o p e r a t i o n a l   d i f f i -  

c c l t i e s .  A t  p resent  i i :  r ep re sen t s   t he   sys t em  wi th   t he   g rea t e s t  

waerience level and is t h e r e f o r e  an accep tab le   cand ida te   fo r   con t ro l -  

;zag the  SD emissiions of t h e  Hat Creek  plant .  

2 

2 
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Dry FGD System 

With  dry FGD systems, t h e   f l u e   g a s   c o n t a c t s   t h e   l i m e   s l u r r y  i n  a 

spraydryer  t y p e  of dawn-flow vesse l .  The water   content  of the  

s l u r r y  i s  l e s s   t han   t ha t   necessa ry   t o   ach ieve   s a tu ra t ion ,   and   t he  

resu l tan t   ca lc ium  reac t ion   products   appear   as  a  powder  which is 

s u i t a b l e   f o r   c o l l e c t i o n  i n  a d r y  type   pa r t i cu la t e   co l l ec t ion   dev ice  

such   as  a f a b r i c   f i l t e r .   T h i s   s y s t e m   c o n s e q u e n t l y   r e s u l t s   i n  a 

h i g h e r   p a r t i c u l a t e   i n l e t   l o a d i n g  on the  downstream P a r t i c u l a t e  

co l l ec t ion   dev ice .  a f ac to r   de t r imen ta l  i n  cases  which  are  required 

t o  comply with  very low pa r t i cu la t e   emis s ion .  

T h i s  process  has  yet   to be f u l l y   a s s e s s e d   i n   o p e r a t i o n  on l a rge  

u t i l i t y  u n i t s ,  b u t  s e v e r a l   l a r g e   f a c i l i t i e s   a r e   e x p e c t e d   t o  be 

o p e r a t i o n a l  i n  1!?80 a,nd 1981. This   process  is considered  to  be an  

emerging  technology i:n the   Western  United  States   as  i t  gives  indica- 

t i o n s  of being  econom:Lcally  more a t t r a c t i v e   t h a n  wet scrubbing,  and 

the  waste   products   are   sui ted  to  d r y  disposal .   Thus,   a l though  the 

technology  has   yet   to   be  ful ly   es tabl ished  for  u n i t  sizes comparable 

to   the   Hat   Creek   p lan t ,   the   d ry   p rocess  i s  considered  to  be a s u i t a b l e  

cand ida te   fo r  SO2 removal  and o f f e r s   a n   a l t e r n a t i v e   t o   t h e  wet calcium 

scrubbing  system. 

a 
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3.0 A I R  QUALITY CONTRRYSTEM ALTERNATIVES 
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C e r t a i n   a i r   q u a l i t y   c o n t r o l   t e c h n o l o g i e s   i d e n t i f i e d  i n  Sec t ion  2.0  

are   cons idered  tO be s u i t a b l e  methods f o r   t h e  Hat Creek   P ro jec t   t o  

c o n t r o l   p a r t i c u l . s t e  and SO emissions.   These  technologies  include 

the  use 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 ,  and t h e  

d r y  and  wet FGD processes .  They are   se lec ted   having   regard  for  t h e  

p r e s e n t   s t a t e  of development  and  compatibi.lity  with  the Hat Creek 

design. With t h e   f a b r i c   f i l t e r  and dry FGD systems,  these  emerging 

technologies  have  been  selected i n  the   expec ta t ion   tha t   favourable  

operat ing  experience will s h o r t l y   b e   a v a i l a b l e  on a s c a l e   a p p r o p r i a t e  

t o   t h e  Hat  Creek  size of u n i t .  

2 

The pa r t i cu la t e   con t r31   and /o r  FGD processes   have  been  arranged  in  

various  combinations #of p l an t   t o   p roduce   e igh t   p r imary   a l t e rna t ives  

o r   c a s e s .  The emissi4ms correspond  with  the PCB Objectives  upper  or 

lower  emission limits f o r  SO2 and p a r t i c u l a t e s .  The except ions   a re  

Case 1, and  Cases 7 and 8; Case 1 appies   to   the   p resent  Base Scheme 

pa r t i cu la t e   emis s ions  (SO2 uncon t ro l l ed ) ,   wh i l e   t he   pa r t i cu la t e  

emissions of Cases 7 and 8 a r e   r e s t r i c t e d  when combined w i t h   f a b r i c  

f i l ters and r e s u l t   i n   v a l u e s  somewhat  above the  lower PCB emission 

limit. The emiss ion   da ta   for   the   e ight   cases   a re   p resented  i n  Exhib i t  

3-1. 

Design  and cos t   a ' p t imiza t ions   fo r   t he  Power P l a n t  - AQCS system 

combinations  have  not  been  performed.  For  example,   an  optimization 

of AQCS - Chiwey  comhinations  might  produce ultimate des ign  improve- 

ments   and  cost   savings:   over   the  present   four   f lue,   s ingle  chimney 

design  concept.  

Design  margins  have  been  incorporated i n  t h e   s i z i n g  of t he  main AQCS 

components  e.g. ESP's. f a b r i c   f i l t e r s ,  wet  and dry  scrubber  modules. 

I n  a d d i t i o n  FGD sys t em  inco rpora t e   r edundan t   modu les   t o   pe rmi t   fu l l  

load  operation  while  maintenance is being  performed. 
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The r o l e  of  low su lphur   coa l   and   the   necess i ty  of the above  margins 

and  redundancies  would  require review when the power plant   emissions 

s p e c i f i c a l l y   a p p l i c a b l e   t o   t h i s   p r o j e c t  are e s t ab l i shed .  Such a re- 

view  should  a lso  consider   the  technical   experience  avai lable  a t  t h a t  

time . 

3. I  DEFINITION OF ALTERNH'IVES 
" 

Two groups of AQCS alternatives are ident i f ied ;   the   per formance  

l e v e l s  and  block  diagram  plant  arrangements are i l l u s t r a t e d   i n  

E x h i b i t s  3-1 and 3-2 : respect ively.  

Group A Cases - 1:ntegrated  Systems 

w 

W 
W 

The "A" group set. of tl cases   p resume  tha t   the   par t icu la te  and SO2 

regulatory  requirements  would  be i n  e f fec t   a t  t h e   p r o j e c t  commence- 

ment/approval  stage,   and  that   equipment would  be i n s t a l l e d  con- 

cu r ren t   w i th   t he  power p l a n t  i n  an in tegra ted  mode. Cases 1 A  t o  4A 

ident i fy   par t icu la te   c :ont ro l   sys tems  on ly ,  wirh SO2 emissions  uncontrol led.  

Cases 5 A  t o  SA p r o v i d e   p a r t i c u l a t e  and SO2 con t ro l .  Cases 1.4 (Base 

Scheme) t o  3A inco rpora t e  electro-static p r e c i p i t a t o r s ;  Case 4A 
i n c l u d e s   f a b r i c   f i l t e r s  i n  combination with multi-cyclone  mechanical 

d u s t   c o l l e c t o r s   t o   r e d u c e   t h e   i n l e t   d u s t   l o a d i n g .  Cases 5A and 6A 

identify p a r t i a l  ,and f u l l  gas w e t  scrubbing FGD opt ions ,  each in 

combination  with  the Base Scheme 99.49% (Case 1A) 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 .  Calses 7A and 8 A  i d e n t i f y   p a r t i a l  and f u l l   g a s   d r y  

scrubbing FGD opt . fons,   each  with  the  fabr ic  f i l t e r  - d u s t   c o l l e c t o r  

combination similar t o  Case 4A. Thus t h e  "A" group of AQCS a l t e r n a t i v e s  

a re   comple te   and   s tand   a lone   to   p rovide   var ious  levels of p a r t i c u l a t e  

and/or  SO2 emiss ion   cont ro l .  

Group B - R e t r o f i t  Sys.:ems 

The "Btr group set  refers t o  AQCS p l a n t   a d a p t e d   f o r   t h e   r e t r o f i t t i n g  

of e i t h e r  wet or d ry  FGD opt ions .  The emission  performance  levels  
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fo'r t h e  "B" group a r e  the same as g i v e n   f o r   t h e  A group  except that  

t h e  FGD op t ions ,  Cases; 5B t o  8B. exclude   par t icu la te   cont ro l   sys tems.  

Thus the  FGD opti.ons are "add-on" systems  and  must  be combined wi th  

one   o f   the   par t icu la te   cont ro l   cases ,  1 B  t o  4B. 

1, I ,  

I n s t a l l i n g  a t o t a l  AQCS system in two s t a g e s   ( p a r t i c u l a t e   c o n t r o l  

i n i t i a l l y  and FGD r e t r o f i t t e d )   r e s u l t s  in some technical  changes & 

c o s t   i n c r e a s e s  which are descr ibed  i n  Sec t ion  4.2. 

Other AQCS Al t e rna t ives  
" 
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F u r t h e r   t o   t h e   e i g h t  c.ases introduced  under  Group A with emission 

per fo rmance   l eve l s   i den t i f i ed   i n   Exh ib i t  3-1, o t h e r  AQCS alternatives 

can  be  developed  involving  addi t ional   combinat ions of p a r t i c u l a t e  and 

SO2 emissions.  The Ba.se  Scheme ESP i n  Case 5A or 6A. or the f a b r i c  

f i l t e r s   i n  Case ?A or 8A,  can be  replaced  with  any  one  of  the ESP's 

o r  t h e   f a b r i c   f i l t e r s   r e s p e c t i v e l y  of Cases 1 A  t o  4 A .  To a first 

o r d e r  of accuracy ,   the   cos ts  of these new AQCS a l t e r n a t i v e s  can be 

developed by adding t h e  c o s t  of t h e  new par t icu la te   cont ro l   sys tem 

t o  - and deduct ing   the   o r ig ina l   par t icu la te   sys tem  cos t   f rom - t h e  

appropr i a t e  Case, 5A through 8A. The c o s t s  of certain new a l t e r n a t i v e s  

involving ESP's and f a b r i c  f i l ters,  in   combina t ion   wi th   the  w e t  scrubber  

cases only,  are included i n  Sec t ion  4.0, Exhib i t  4-8 and 4 - 9 .  The 

c o s t s  are present,ed i n  bar-chart  form. 

L i k e w i s e   f o r   t h e   r e t r o f i t  Group B cases  where a p a r t i c u l a t e   c o n t r o l  

system, Case 1 B  tlhrough 4B, can  be  added t o  an FGD system case, 5B 

through 8B, t o  produce   o the r   a l t e rna t ives .  The c o s t s  of t h e s e  

combinations  have not  been spec i f i ca l ly   i nc luded  but t h e   p a r t i c u l a t e  

and FGD component  system c o s t s  of Exhib i t  4-4 and 4-6 can be  used in 

t he i r   de t e rmina t ion .  
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Technical   Surnmaryof , l ternat ives  

Design  and  performance  parameters of the  primary AQCS a l t e r n a t i v e s  

se lec ted   a re   p resented  i n  Exhib i t  3-3. 

3.2 DISCUSSION OF AQCS PLANT 
" 

a 

1 

This   Sec t ion   d i scusses   spec i f i c   ope ra t ing  and des ign   cons idera t ions  

f o r  t h e  pr imary plant  components  incorporated i n  t he  AQCS a l t e r n a -  

t i v e s .   S i n c e   i n  'most mater ia l   respec ts   the   p r inc ipa l   p lan t  components 

i n  t h e  "A" and "B" groups   o f   a l t e rna t ives   a r e   s imi l a r ,   r e f e rences   t o  

cases   a r e   abb rev ia t ed   t o  number indent i f ica t ion   on ly   except  where 

s p e c i f i c   d i s t i n c t f o n s   a r e   n e c e s s a r y .  

3 .2 .1   E lec t ros t a t i c   P rec ip i t a to r s   (Cases  1 t o   3 )  

9 

1 

" 

The present  ,engineering  for  the  Hat  Creek  project   incorpo- 

r a t e s   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  which r ece ive   f l ue   gas  

from t h e   b o i . l e r   a i r   h e a t e r   o u t l e t s .  The p r e c i p i t a t o r s  

d i scharge   to   induced   draf t   fans  and  from the re   t o   an   i nd iv i -  

d u a l   f l u e  of a f o u r   f l u e  common chimney.  This chimney 

arrangement i s  maintained for  a l l  AQCS a l t e rna t ives   cons ide red  

i n  t h i s  s tudy .  

This  Base Scheme co ld   s ide   p rec ip i t a to r   des ign   (Case   1 )  is 

based on rece iv ing   f lue   gas   in   accordance   wi th   the   c r i te r ia  

s p e c i f i e d   i n  SDM 20.1 - a ,  Rev. O., For t h i s  S tudy  the  

c r i t e r i a   a r e   m o d i f i e d  by the  re levant   assumptions  ident i f ied 

i n  Sect ion  1 .3  of t h i s  repor t .  The p r e c i p i t a t o r   d e s i g n ,  

based on t h e  average of seven  vendors'  proposals,  has a 

s p e c i f i c   c o l l e c t i o n   a r e a  (SCA) of 112.4  m2/m3/sec. (571 
f t . ' /  1000  acfm) for an   expec ted   par t icu la te   co l lec t ion  

e f f i c i en ' cy  of 99.49% when f i r ing   wors t   qua l i ty   b lended  

coal .  

P 
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To a c h i e v e   h i g h e r   p r e c i p i t a t o r   c o l l e c t i o n   e f f i c i e n c i e s  

necessary f o r  the  lower  emission  levels of t he  PCB Objectives.  

h igher  SCA's  are required.  The des ign   condi t ions   for  t h e  

c a s e  2 and 3 par t i cu la t e   emis s ion   l eve l s  were presented t o  

a number of vendors   w i th   r eques t s   fo r   cos t s  and opinions 

concerning  possible   problem  areas  which  might  be a n t i c i p a t e d  

from t h e  combination of h i g h e r   e f f i c i e n c y   p r e c i p i t a t o r  

performance  requirements  and  the  use of low-sulphur  Bat 

Creek  coals.  The following  reviews  the  vendors '   responses.  

For th,e  Case 2 condi t ions ,   the   requi red  ESP performance 

e f f i c i e n c y  of 99.8 percent was considered  to  be r e a d i l y  

achiewble ,   in   combina t ion   wi th   cur ren t  good des ign   prac t ices  

t o   c a t f a r   f o r   t h e   h i g h   i n l e t  d u s t  loadings.  An e x t r a   f i e l d  

i n   t h e   d i r e c t i o n  of gas  flow was the  general  recommendation, 

although on,e proposal  advocated a p r e c i p i t a t o r   d e s i g n  of 

increased  width and p l a t e   he igh t .  

For the  Case 3 condi t ions,   the   required  performance  eff ic iency 

of 99.95 pe'rcent was r ece ived   w i th   r e se rva t ions   pa r t i cu la r ly  

concern ing   , the   d i f f icu l t ies  and c o s t l i n e s s  of meeting  the 

performance and main ta in ing   th i s   l eve l   dur ing   opera t ion ;  

however,  the  performance was general ly   considered t o  be 

t echn ica l ly   ach ievab le .  One manufacturer (WHEELABRATOR 

CORPORPXION) s t a t e d   t h a t   t h e   o u t l e t   d u s t   l o a d i n g  is about 

t h e  mindmum l e v e l  which  can be  guaranteed. It c la ims   t o  

have a number of major u t i l i t y   i n s t a l l a t i o n s   ( e . g .  American 

E l e c t r i c  Power) i n   t he   Un i t ed   S t a t e s   ach iev ing   l ower   ou t l e t  

loadings but. in  combina t ion   wi th   s ign i f icant ly   lower   in le t  

loadings.  

JOY XANUFACTURING COMPANY h a s   a t t e m p t e d   t o   c o r r e l a t e   t h e  

Hat  Creek  requirements  with  operational  experience  gained 

in A u s t r a l i a  using coal  of a p p a r e n t l y   s i m i l a r   p r e c i p i t a t i n g  

charact 'eris: ics.  I t s  advice is t .hat ,   al though t h e  perfor-  
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mance .is achievable  with co ld   s ide   p rec ip i t a to r s ,   r app ing  

losses   or   other   causes   of   re-entrainment  would r e s u l t   i n  

non-compliance. From p r e v i o u s   i n v e s t i g a t i o n s   f o r   t h e  Hat 

Creek  project ,  J O Y  ind ica t ed  a t  t h a t  time tha t   the   per formance  

of a c o l d   s i d e  ESP u n i t  of 99.52% e f f i c i e n c y  would  be 

v a r i a b l e ;  f.com t h i s  i t  may be  concluded  that  J O Y  would  have 

s i g n i f i c a n t l y   g r e a t e r   r e s e r v a t i o n s   w i t h   r e g a r d   t o   t h e  Case 

3 condi t ions .  

American Ai:: F i l t e r   a d v i s e   t h a t  the des ign   of   co ld   s ide  

e1ec t ros t a t : i c   p rec ip i t a to r s   unass i s t ed  by f l u e  gas  condition- 

i n g  (FGC) are uneconomic. Research Cottrell concur  and 

b e l i e v e  thal: FGC shou ld   be   u t i l i zed   i n   t he   des ign  of t h e  

p r e c i p i . t a t o r s   f o r   t h e  case 3 a l t e r n a t i v e .  

The  ven,dors'  information  does  not  give good c o r r e l a t i o n  

concern ing   the  number of a d d i t i o n a l   f i e l d s   r e q u i r e d   f o r   t h e  

Case 3 conditions;   quotations  vary  between  one  and  four 

e x t r a   f i e l d s ,  i n  combinat ion  with  var ia t ions i n  the he igh t s  

and  widths c'f c o l l e c t i o n   p l a t e   d e s i g n s  to achieve   the  

requi ted c o l l e c t i o n   a r e a s .  The width of p r e c i p i t a t o r  w i l l  

i n   p r a c t i c e   b e   r e s t r i c t e d   t o  some. degree by the proximity 

of neig'hbouring  plant. Thus the   l eng th  of t h e   p r e c i p i t a t o r s  
can  be expected t o  increase accordingly.  

For Cases 2 and 3 ,  t h e  average of three  vendors '   quotat ions 

f o r   s p e c i f i c   c o l l e c t i o n  areas a re   t abu la t ed ,   t oge the r   w i th  

t h a t   f o r  Case 1. For  comparison, SCA va lues  have a l s o  been 

estimated  and  included,  based on SOUTHERN RESEARCH INSTITUTE 
(SRI) c o l d   s i d e   p r e c i p i t a t o r   d e s i g n  parameters. 
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PRECIPITATOR SCA DATA 

m2/m3sec (ft2/1000  acfm) 

CASE - EFFICIENCY ADJUSTED SRI VENDORS' AVERAGE - 
1 99.49 91.9 (467) 112.4  (571) 

2 99.8 126  (640) 158.8 (807) 
3 99.95 198.8 (1010) 212.5  (1080) 

The estimated SCA's,  based  on SRI  design  parameters ,   are  

minima  and exclude a design  margin  allowance of  20 percent 

ind ica ted  by SRI i n  previous  Hat   Creek  precipi ta tor   invest i -  

ga tory  work.  The average of  Vendors' data   has   been used i n  
t h i s   s t u d y .  

Summarising, it is expected  that   the   range of p a r t i c u l a t e  

e m i s s i o n s   i d e n t i f i e d   i n   t h e  PCB Objectives  can be met using 

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   g i v e n   t h a t   c a r e f u l   a t t e n t i o n  is 
paid t o  design and ope ra t ion   f ac to r s .  The phys ica l   s i ze ,  

i n  combination w i t h  s p a c e   r e s t r a i n t s   f o r   t h e   C a s e  3 u n i t s ,  
has   not   been  ful ly   resolved.  More d e t a i l e d   i n v e s t i g a t i o n s  

of t h i s  aspec t   could   l ead   to  t h e  exposure of a d d i t i o n a l  

plant  complexity  and  costs  which  have  not  been  allowed for 

beyond t h e  cost contingency  allowance of 15 percent  incorpo- 

r a t e d  in t h e  AQCS equipment   cap i ta l   cos t s .  

For  the Case.s involving ESP and w e t  FGD systems i n  com- 

b i n a t i o n ,  no allowance  has  been made f o r   f u r t h e r   p a r t i c u -  

l a t e  removal in   the  scrubbing  process .  

3.2.2  Fabric Fi l ters  (Case 4 )  - 
For  Case 4 the  arrangement of the   p lan t   e lements  is s i m i l a r  

to t h a t   f o r   t h e  ESP cases   except   tha t   fabr ic  f i l ters rep lace  

t h e  ESP's.  Ilue t o  the  high  inlet   ash  loading,  i t  is provis- 

iona l ly   cons idered  t h a t  mechanical dus: c o l l e c t o r s  would be 
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r equ i r ed   i n   o rde r   t o   p re -c l ean   t he   gas  and r e d u c e   t h e   i n l e t  

d u s t   l o a d i n g   t o   t h e   f a b r i c   f i l t e r s .   T h i s  would reduce  the 

in l e t   pa r t i c :u l a t e   concen t r a t ions   t o   va lues  which are regarded 

to   be   wi th in   the   p resent   exper ience  of Indus t ry ,  and a t  t h e  

same time would reduce the f a l l -ou t  of c o a r s e r   p a r t i c u l a t e s  

i n   t he   ho r i z :on ta l   i n l e t   duc twork ,   r educe   ab ras ion  on i n l e t  

dampers, anc lower the   f requency  of bag  cleaning. 

There is evidence,   a l though by no means conclus ive ,  that  

the c o l l e c t i o n   e f f i c i e n c y  of f a b r i c   f i l t e r s  is no t   s t rong ly  

dependent upon particle s i z e ,  and that  pre-cleaning of t he  

f l u e  ga;s will l e a d   t o  a reduced out le t   loading   f rom  the  

f i l t e rs .  T y p i c a l   e f f i c i e n c i e s   f o r   f a b r i c  f i l ters  are in 

the   range  of  99.8 t o  99.9 percent ,   therefore   pre-cleaning 

appea r s   t o  bt? e s s e n t i a l   f o r   m e e t i n g   t h e   o v e r a l l  99.95 

percent  performance level d i c t a t e d  by the  PCB Objec t ive  

lower   par t ic l r la te  limit. 

The ef fec t iveness   o f   p re-c leaning  i s  a c c e p t e d   f o r   t h i s  

s tudy  as: a valid  approach  for  meeting  the  lower limit, wi th  

the   unders tanding   tha t   conf i rmat ion   f rom  the   resu l t s  of 

p i l o t   a n d / o r  bench s c a l e  tests on Hat Creek  f lyash will be 

necessary.  Such tests should be conducted i n  the   course   o f  

e s t a b l i s h i n g  the design c r i te r ia  for  f i l t e r  e f f i c i e n c y  and 

p res su re   l o s s .  

The  mechanical  dust   collector - f a b r i c   f i l t e r  combination 

is  subs t an t i a l ly   l onge r   t han   t he  Base Scheme p r e c i p i t a t o r ,  

thus   the  ID f a n s  and  chimney r e q u i r e   t o  be moved f u r t h e r  

ou t .  Tho sys tem  would   incur   an   increased   pressure   d rop   in  

the   o rder   o f  i1.25 @a  (9 i n .  Wg) greater   than  the  comparable  

ESP i n s t a l l a t . l on .  The cor responding   increase   in  I D  f a n  

power is take11 i n t o   a c c o u n t   i n   t h e   o p e r a t i n g  and  maintenance 

costs. 
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c The  above comments app ly   equa l ly   where   t he   f ab r i c   f i l t e r  

p a r t i c u l a t e   s y s t e m  is combined with  one of t he  FGD processes .  

Howeve:c, i n   t h e  case o f   t h e   f a b r i c   f i l t e r  i n  combination 

wi th   the   spray   dryer   sys tem  (dry  FGD) the   mechanica l   co l lec tor  

would  be located  upstream  of   the  spray  dryers  as no ted   i n  

Exh ib i t  3-2, Sheet  4 ,  Plant  Arrangement  Block  Diagram. 

3 . 2 . 3  FGD Systems - Wet Scrubbing (Cases 5 and 6 )  

il 

I 
W 

The wet sc rubb ing   sys t em 'a l t e rna t ives  are e s s e n t i a l l y  

similar (Ca:ses 5 and 6)  d i f f e r i n g   m a i n l y   i n   t h e   s i z e   o f  

p lan t   necessary  to p r o v i d e   p a r t i a l  or f u l l   f l u e   g a s  scrub- 

bing.  Flue  gas leaves the   pa r t i cu la t e   con t ro l   sys t em and 

passes  to t h e  FGD absorber   modules   for  SO2 removal with 

subsequent   d i scharge   to   the  chimney. 

Reagent: i s  d e l i v e r e d   t o   t h e  FGD modules i n  s l u r r y  form  with 

p r e p a r a t i o n   i n  a sub-system  consisting  primarily of dry 

s to rage !   s i l o s ,  wet b a l l  mills, s l u r r y   s t o r a g e   t a n k s  and 

transfelr  pumps.  Blowdown w a s t e   s l u r r y  is dewatered i n  

g rav i ty   t h i ckene r s  and vacuum f i : l t e r s ,  and is then  blended 

wi th   f l yash  and a small quan t i ty  of lime t o  produce an 

e s sen t i a l ly   d ry   p roduc t  which  can  be  handled  by the dry   ash  

conveyi ,ng  system  incorporated  in   the  project  base p l a n t  

design.  

For Case 5 -. p a r t i a l  wet scrubbing - 50 percent  of the f l u e  

gas   passes   th rough  the  FGD absorber  modules ( 2  opera t ing  

p l u s  1 spare)   having an 85 percent  SO2 removal   eff ic iency,  

g iv ing   an   ove ra l l   e f f i c i ency   o f  4 2  percent  relative t o  

t o t a l   g a s  Elow. One ha l f   o f   the   to ta l   gas   f low  bypasses  

t h e  FGD modules a t  a l l  times and  re-combines  with t h e  

t r e a t e d   f l u e   g a s  at  the  domstream  mixing chamber.  For 

t h i s  ca,se r ehea t ing   o f   t he   f l ue   gas  i s  not   required.  
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For  Case 6 - f u l l  wet scrubbing - a l l   t h e   f l u e   g a s   p a s s e s  

through the: FGD absorber  modules (3 opera t ing   p lus  1 

spa re )  t o  remove 85 percent  of t h e  SO2. Hot air  is i n j e c t e d  

i n t o  t h e  t r e a t e d   f l u e   g a s   i n  a downstream  mixing  chamber t o  

raise t h e  m , i x  temperature above s a t u r a t i o n  and prevent 

water f a l l - o u t   w i t h i n   t h e  p lan t  a rea .  The FGD module 

f a c i l i t y  is equipped  with a f u l l   f l o w   b y p a s s   f o r   u t i l i z a t i o n  

d u r i n g   s t a r t u p ,  shutdown or  upse t   condi t ions ;   th i s   bypass  

is not  used  under  normal  operating  conditions. 

With r e t r o f i t t i n g   ( C a s e s  5B and 6B) t h e  FGD absorber 

modules  could  be  planned  for  locating  beyond  the chimney 

r e s u l t i n g   i n  no major rearrangement of p l a n t .  As o r i g i n a l  

o r  new plane,  however,  the  modules  would  be  placed  ahead of 

t h e   c h h n e y   f o r   r e a s o n s  of economy and convenience of 

layout .  

The reagent  handling and w a s t e   d i s p o s a l   f a c i l i t i e s   a r e  

common f o r  6 \11  u n i t s  and  can  be  located  remote  from  the 

scrubber  modules. 

3 . 2 . 4  FGD Systems - Dry Scrubbing  (Cases 7 and 8) 

c 
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II 

The dry scrubbing process  is capable of achieving 

an  85 t o  90 percent SO2 removal   e f f ic iency   re la ted  t o  the  

p o r t i o n  of t h e   f l u e   g a s   t r e a t e d .  It is more commonly 

employed i n  ' combina t ion   wi th   fabr ic   f i l t e rs .  

For  combinat:lons  of ESP and  dry FGD sys tems,   spec i f ic  

in format ion   has   no t   been   so l ic i ted  from ESP vendors  concerning 

t h e   e f f e c t   t h a t   t h i s  would have on the  ESP d e s i g n   c r i t e r i a  

o r  performanc:e.  With dry  scrubbers   instal led  upstream of 

t h e   p r e c i p i t a t o r s ,   t h e   f l u e   g a s   t o   t h e  ESP w i l l  have  exper- 

ienced  changes i n  temperature ,   moisture   content ,   par t ic le  

s i z e   d i s t r i b u , t i o n .   a s h   r e s i s t i v i t y ,  d u s t  loading and volu- 
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metric flow  rate.  One manufacturer, BABCOCK 6 WILCOX, is 

known t o  be  pursuing  the ESP - dry FGD combination  and, 

from p i l o t   t e s t s   u n d e r t a k e n   a t   B a s i n   E l e c t t r i c   U t i l i t y ,  i s  

i n d i c a t i n g   t h a t   p r e c i p i t a t o r   s i z i n g   r e m a i n s   t h e  same. This  

apparent ly   for tu i tous   combina t ion  of changes in   gas   condi t ions  

as   to   cause  no mod i f i ca t ions   t o  ESP performance  requires 

f u r t h e r   v e r i f i c a t i o n .  

Whereas t h e  approximate   cos ts   for   th i s   combina t ion   can   be  

i n f e r r e d  from t h e   t a b l e s   ( E x h i b i t s  4 .0 )  Integ-Ebasco  consider 

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

i n v e s t i g a t i o n   i n t o   t h e   p r e c i p i t a t o r   d e s i g n   a s p e c t s   t o  be 

necessa ry .   Un t i l   such   f ac to r s   a r e   s a t i s f i ed   t he   combina t ion  

cannot   be   t rea ted   wi th   the  same degree of technical   confidence 

as   the   d ry   sc rubber  - f a b r i c   f i l t e r  combination. 

The dry  scrubber  system i s  located  upstream  of   the  par t i -  

culate   control   device.   For   combinat ion w i t h  f a b r i c   f i l t e r s  

t y p i f i e d  by Cases 7A and 0A, the   spray   dryer  vessels would 

be  located  between  the  mechanical  collectors and f i l t e r s .  

The mechanica l   co l lec tors  remove  an estimated 85 percent  of 

the  par t icu: la tes .  The l ime   s lu r ry   i n j ec t ed  in t he   sp ray  

d r y e r s   r e a c t s  wi th  t h e  SO2 t o  produce  calcium  sulphite  and 

s u l p h a t e   i n  a dry powder  form; t h e   r e a c t i o n  is considered 

t o  0ccu . r   dur ing   or   shor t ly   a f te r   evapora t ion  of t h e   i n j e c t e d  

s l u r r y  water. The f a b r i c   f i l t e r s   r e c e i v e   t h e   f l u e   g a s  

leaving  the  spray d r y e r s  t o  remove the  calcium salts and 

f u r t h e r   f l y   a s h   q u a n t i t i e s .  

The waste   ma. ter ia1  f rom  fabric   f i l ter   hoppers  i s  i n  d r y  

form  and  cac.  be  pneumatically  conveyed  to a c e n t r a l   l o c a t i o n  

fo r   d i sposa l   v i a   be l t   conveyors ,  which i s  cons i s t en t   w i th  

the  Base P lan t   d ry   ash   d i sposa l  scheme. 
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The combined  system  of  mechanical  dust  collectors,  spray 

d rye r s ,  and f a b r i c  f i l t e rs  i s  s u b s t a n t i a l l y   l a r g e r   t h a n   t h e  

Base Scheme p lan t ,   requi r ing   re loca t ion   of   the  chimney. 

For Ca:se 7 approximately 50 percent  of t h e   f l u e   g a s  must be 

t r e a t e d  to achieve  the  upper  PCB emission limit f o r  SO2 of 

0 . 3 4  mg/kJ (0.8 lb/MB).  The remaining 50 percent  is bypassed 

and   re -mixed   wi th   the   spray   dryer   ex i t   gas   p r ior  to t h e  

f a b r i c   f i l t ' e r s .  The  mixed gas   temperature  would  be  approxi- 

mately 11OoC (230-F). With a c o n s t a n t   f a b r i c   f i l t e r   d e s i g n  

c r i t e r i a   a i r - t o - c l o t h   r a t i o  of 0.01 m3/sec/m2 (2 acfm/f t2) ,  

t h e   e f f e c t  of the  lower  gas  i n l e t  temperature  is to reduce 

t h e   f i l t e r   s i z e   r e q u i r e d  by approximately 5 percent  compared 

w i t h   t h e  Case 4 f a b r i c   f i l t e r   ( p a r t i c u l a t e   c o n t r o l   o n l y ) .  

For  Case 8 2 \ 1 1  f lue   gas   mus t   be   t rea ted  i n  order  to achieve 

the   lower  PCB limit f o r  SO2 of 0.09 mg/kJ (0.2 Ib/MB). The 

s p r a y   d r y e r   f a c i l i t y  is equipped  with a by-pass f o r  s tart  

u p ,  shutdown  and upse t   condi t ions   bu t  i s  not   used  during 

normal  operation. The f i l t e r  inl .et  gas  temperature would 

be  approximately 7 7 O C  (170°F) r e s u l t i n g  i n  a f i l t e r  some 10 

percent   smal le r   than   for   the  Case 4 condi t ion .  

The genteration of calcium salts i n   t h e   f l y   a s h   i n c r e a s e s  

the   dus t   loading  to t h e  f i l ters which  has an adverse 

e f f e c t  on t h e   e f f i c i e n c y  of particulate  removal.   For  both 

Case 7 and 8 i t  i s  e x p e c t e d   t h a t   t h i s  will prevent   the 

lower PCB pa . r t i cu la t e  limit from  being  attained. The 

p red ic t ed   pax icu la t e   emis s ions   co r re spond ing  to  Case 7 

and 8 ( w i t h   f a b r i c   f i l t e r s )  are 0.015 mg/kJ (0.035 lb/MB) 

and 0.02 mg/VJ (0.05 lb/MB) r e spec t ive ly .  
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Drv FGD Lime U t i l i s a t i o n  
" 

The i n p u t s  of lime and w a t e r   t o  t h e  spray  dryers  must  be 

separa te ly   . ad jus ted  t o  provide   cor rec t   s to ich iometry  and 

temperature.  Both  lime u t i l i s a t i o n  and SO2 removal  effec- 

t i v e n e s s   a r e  improved a t  lower  temperatures so t h a t   t h e  

water   content  is increased beyond s lurry  composi t ion 

requirement!; i n  order   to   ach ieve   th i s   condi t ion .  The 

expected ga:r operat ing  temperature   in  t h e  spray   dryers  i s  
77'C (170'F) o r  about 17'C (30'F) above  the  water dew 

poin t .   This   t empera ture  is low  enough t o   a c h i e v e   b e t t e r  

u t i l i s a , t i o n  of l ime  but  high enough t o   a v o i d   p o s s i b l e  dew 

point  problems Ln t h e  downstream f a b r i c   f f l t e r s .  

Dry  FGD systems  have  demonstrated  high lime use  during 

p i l o t   t e s t i n , g   w i t h   s t o i c h i o m e t r i c   r a t i o s  of 2 or g r e a t e r  

be ing   r ea l i s ed   fo r   t he   h ighe r  removal e f f i c i e n c y   l e v e l s  of 

85 t o  90 percent.  Recycling of unreacted lime reagent  from 

the   f ab r i c   f i l t e r   hoppe r s   back   t o   t he   sp ray   d rye r s   has   been  

proposed  as  one method of reducing lime consumption. 

Although th i s   i nc reases   t he   complex i ty  of t h e   o v e r a l l  

process,   Cases 7 and 8 have  incorporated  this   probable  

near-term  process  development  feature;  improvements i n  
s toichiometry  to  t h e  1.1 t o  1.4 level,   based  on i n l e t  SOz, 
are   expec ted .  

For  recycling of unreacted  reagent,  a p o r t i o n  of t he  

f a b r i c   f i l t e r   h o p p e r   c o n t e n t s  is pneumatically  conveyed t o  

t he   r eagen t   p repa ra t ion   a r ea  and blended  with  the  l ime 

s l u r r y  in mixing  tanks at  the   s l ake r   d i scha rges .  The use 

of  nechanical. d u s t  co l l ec to r s   p rov ides  an a d d i t i o n a l  

advantag? by reducing   the   burden   of   iner t   f ly   ash   (due   to  

low calcium  <:ontent)  which must be  recycled  through  the 

spray  dryers   a long w i t h  t h e  unreacted  lime. 



3-14 

il 

1 

1. 

m 

m 

m 

a 

Y 
W 

1) 

3 . 3  OTHER FGD RELATED " FACTORS 

Th i s   Sec t ion   d i scusses   o the r   f ac to r s   r e l a t ed  t o  the   i nco rpora t ion  O f  

FGD sys t ems ,   i nc lud ing :   r eagen t   p rope r t i e s ,   ava i l ab i l i t y  and c o s t ;  

FGD s ludge as a by-product;  and  chimney  design  considerations. 

3.3.1  Reagents 

FGD systems consume s u b s t a n t i a l   q u a n t i t i e s  of r e a g e n t s   i n  

t he   p rocess  of  removing SOZ. Depending  on the p a r t i c u l a r  

process   these  reagents   chemical ly  combine wi th  SO2 and 

reappear  as e i t h e r  a d ry  or wet waste product .   Further  

t reatment  of t he  wet FGD scrubber  waste product  (sludge) 

makes i t  s u i t a b l e   f o r   d r y   d i s p o s a l ,   u s i n g   t h e  Base Scheme 

dry  ash  disposal   system. 

I n  view of t h e   l a r g e   q u a n t i t i e s   o f   r e a g e n t s   r e q u i r e d   f o r  

t h e  Hat Creek   Pro jec t ,   the  respective sources  of reagent ,  

c o s t s ,   a v a i l a b i l i t y  and q u a l i t y  are important   factors .   The 

fo l lowing   r epor t s   b r i e f ly   on   t he   p r i c ipa l   f i nd ings  of 

i n v e s t : l g a t i , m s   i n t o   t h e s e   f a c t o r s  which are tabula ted  i n  
Exh ib i t  3-4. 

The three m(3re common chemical reagents  used  with  desul-  

phur iza t ion   processes  are soda  ash  (sodium  carbonate), 

l imestone a~nd lime. Ei ther   soda   ash  o r  lime can  be  used 

f o r  SO:! adsorp t ion  i n  the   d ry  FGD process  (Gases 7 and 8 ) .  

Lime could  (also  be  used  for SO2 absorp t ion   wi th  wet FGD 

systems  but  th i s  a p p l i c a t i o n  has genera l ly   been   l imi ted  t o  

high  sulphur   coals .  Lime i s  a l s o  used a s   a n   a d d i t i v e   f o r  

waste s t ab i : l i za t ion   w i th  wet l imestone FGD systems. 

The  primary  commercial  source  of  soda  ash  in  North America 

is  Green River, Wyonning, and the  lowest  quoted  delivered 

b u l k   p r i c e  t o  Vancouver is approximately  $143/tonne  ($130/ton); 
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w i t h   f i n a l   t r a n s p o r t a t i o n   t o  s i te ,  t h e   p r i c e  of soda  ash i s  

est imated t ( 3  be about  $150/tonne  ($1361  ton). 

The r e a d y   a v a i l a b i l i t y  of lime  from  the  Pavilion Lake lime 

plan t   c lose   to   the   Hat   Creek  si te,  w i l l  depend on t he  

quantity  required  which i s ,  in   tu rn ,   dependant  upon t h e  FGD 

a l t e r n a t i v e   u l t i m a t e l y   s e l e c t e d .  It i s  understood  with 

present .   supply   commitments ,   tha t   addi t iona l   k i ln   fac i l i t i es  

w i l l  be   required  to  meet t he  demand f o r  lime a r i s i n g   w i t h  

Cases 6, 7 or 8. Up t o  2 years  advanced  notice may t h e r e f o r e  

be  necessar:r. Fo r  lime t h e  de l ive red   p r i ce  F.O.B. s i t e  is 

approximately  $53/tonne  ($48/ton). 

The s ign i f icant   p r ice   d i f fe rence   be tween  soda   ash  and  lime 

e f f e c t i v e l y  limits t h e   u s e  of sodium r e a g e n t s   t o  Wyoming 

and   ad jacent   S ta tes .  

L i m e s t m e   f o r   t h e  wet FGD process  is a v a i l a b l e   i n   s u f f i c i e n t  

q u a n t i t i e s  from  the  Pavilion  Lake  plant.  The de l ivered  

p r i c e  is approximately  SlOItonne  ($9.15/ton)  for a product 

s i z e  of 9 mnl (318 in) minus, or $16/tonne  (S14.601ton)  for 

a product 50 mm x 9 mm ( 2 in .  x 318 i n ) .  The 9 mm minus 

s i z e  is s u i t : a b l e   f o r   t h e  SO1 removal   p rocess .   Par t ic le  

s i z e  reduct ion  w i t h  70 percent of par t ic les   pass ing   th rough 

a No. 200 Mesh provides good r e a c t a n t   s u r f a c e   a r e a  and 

s c r u b b e r  performance  and  grinding a t   t h e  power p l a n t  is 

cons ide red   l i ke ly   t o  be  t h e  most  economical  choice. 

Reagent   Qual i ty  

I 

The following  typical  compositions of lime and limestone 

have  been  reported  appl icable   to   the  Pavi l ion  Lake Lime 

Plan t :  
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cai, 54.5 

MgO 0.2 
S i l i c a  0.4 

b o 3  0.2 
L.O.I .   42.7 

0 t he r s  2 . 0  
- 
100.0 

(L.O.I. - Loss  on  Ignition) 

Lime (%) 

Tota l  CaO 95 .O 

MgO 0.5 

SiO, 0.3 

R2°3 0.8 
L.O.I. 0.9 

Others 2.5 
- 
100.0 

These ame typical  high  calcium  products  which are genera l ly  

a c c e p t a b l e   f o r  wet scrubbing  processes.  The major require-  

ment fasr l imestone i s  a low dolomite (CaC03. MgCO3) content  

a s   t h i s ,  is non-reac t ive   for  SO, removal.   Other  consti tuents 

may r e q u i r e   c h e c k i n g   f o r   t h e i r   e f f e c t  on the  FGD process .  

The c o s t s  used i n  t h i s  s tudy   a re   those  for reagent  supply 

from t h e  Pavi l ion  Lake L ime  P l a n t ,  which a r e  assumed t o  be 

s u i t a b l e  for. t he  FGD p r o c e s s   a l t e r n a t i v e s .  

a 
3 . 3 . 2  FGD W a s t e - P r o d u c t   U t i l i s a t i o n  

1 

I 

There   a r e   s eve ra l   poss ib l e  uses f o r  the  anhydrous  calcium 

s u l p h a t e  prclduced by f u l l  wet FGD scrubbing  at   an  approximate 

r a t e   f o r  the.  plant of  160,000  Mglyear  (176,000  Tonsfyear). 

The p o s s i b i l i t i e s   a r e   v e r y   s i t e   s p e c i f i c  and t h i s   s t u d y  

does   no t   address   the i r   feas ib i1 i t .y   o r   po ten t ia l .   Cos t  

c red i t s   for   the   p roduct   have   therefore   no t   been   appl ied .  
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3.3.3 Chimney Design  Considerations 

The  chimney des ign   incorpora tes  a s i n g l e   c o n c r e t e   s h e l l  

with  four   independent   mild  s teel   l iners   which is considered 

t o  be s a t i s f a c t o r y   f o r   a l l  b u t  t h e  w e t  scrubber   cases .  

Mi ld  steel l i n e r s   a r e  common wi th in  t h e  Indus t ry  and 

provide   adequate   p ro tec t ion   aga ins t   ac id   cor ros ion  when the  

f l u e  gas is above, o r  not s u b s t a n t i a l l y  below,  the  acid dew 

poin t .   These   condi t ions   normal ly   ex is t   wi th   d ry   par t icu la te  

co l l ec t , i on  and a l s o   w i t h  semi-dry FGD processes .  The 

acceptance of m i l d  s t e e l   f o r  t h e  l a t t e r   c a s e  is evidenced 

by  the   exc lus ive  use of m i l d   s t e e l   c o n s t r u c t i o n   f o r  components 

such   as  s p r a y  d r y e r  v e s s e l s ,  and f a b r i c   f i l t e r   c a s i n g  and 

t u b e  s h e e t s ,  which a re   i n   d i r ec t   con tac t   w i th   t he   gas  

stream. 

With the wet FGD process,   not  only SOZ is  removed but   a l so  

about 50 percent  of t he  SOs i n  t h e  t reated  gas   s t ream i s  
bel ieved t o  be  removed. A r e d u c t i o n   i n  SO3 lowers  the 

su lphur ic   ac id  dew po in t ,  which is t y p i c a l l y  1 2 1  t o  149OC 

(250'F t o  30OoF) i n   t h e  FGD i n l e t   g a s ,  by  14 t o  28OC (25'F 

to 50°1?). Since it  is not   general ly   economical ly   feasible  

t o  r e h e a t   f l u e   g a s   a f t e r   t h e  wet process  t o  t h e   l e v e l  of 
107 t o  135O~:: (225-F to 275'F) in order  t o  avoid  acid  conden- 

s a t i o n ,   o p e r a t i o n  below the   ac id  dew poin t  is accepted and 

s t e p s  must b e  t a k e n   t o   p r o t e c t   t h e  chiinney l i n e r  from 

corros.fon. 

H o s t  oi t h e  ea r ly   a t t empt s   a t   co r ros ion   p ro t ec t ion   i nvo lved  

t h e  a p p l i c a t i o n  of t h i n   f i l m  (30 t o  60 mi l l s )   coa t ings  of 

f l a k e   g l a s s - f i l l e d  epoxy o r   v i n y l  esters. Many of t h e s e  

a?? l i ca t ions   have   f a i l ed   due   t o   poor   qua l i t y   con t ro l   du r ing  

caa t inp   o r  from  chemical  at tack  at   gas  temperatures  above 

t h e  water dew point  [about 5 5 O C  (130'F)I but below the 
su ipnur i c   ac id  dew point.   Organic  coatings  containing 
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f l a k e   g l a s s   a r e  no longer recommended by the  major  chimney 

manufac turers   for   cor ros ion   cont ro l  and these  products   are  

not generally  guaranteed by the  coat ing  manufacturer   for  

t h i s   a p p l i c , s t i o n .  The use of a new type of t h i n   f i l m  

c o a t i n g ,  a fluoro-elastomer by PULLMAN-KELLOGG, shows 

super ior   chemica l   res i s tance  and has   received  l imited 

a t t e n t i o n  i n  the  United  States .  However, t he   cos t  of t h i s  

coa t ing  i s  about 377 t o  430 $/m2 (35 t o  4 0  Si f t . ' ) ,  which 

is comparable t o   t h e   e n t i r e  chimney c o s t  and  would t h e r e f o r e  

appear   to  bme l i m i t e d   t o   " l a s t   r e s o r t "   r e t r o f i t   a p p l i c a t i o n s .  

The c u r r e n t  recommendation by the  major  chimney manufacturers 

i s  to   u se   ac id - r e s i s t an t   b r i ck  and mortar   construct ion  with 

a p r e s s u r i z ' e d   a n n u l u s   t o   p r e v e n t   e x f i l t r a t i o n  of gas  through 

mortar   cracks.  The manufac tu re r s   i nd ica t e   t ha t   t h i s   t ype  

of  design i s  r e p r e s e n t a t i v e  of 90 percent  of t he  chimneys 

s o l d  in t h e   l a s t   s e v e r a l   y e a r s   f o r   u s e   w i t h  wet FGD systems. 

For those  reasons,  a b r i c k   l i n e d  chimney has been se lec ted  

f o r   t h e  wet scrubbing  systems,  Cases 5 and 6 .  

Brick  ]Liners  cost  about  10  percent more than  mild steel 

l i n e r s , ,  how(aver they would  be  about 5 percent   l ess   than  

m i l d  s t e e l  >using a lower cost casing.  

Although tht: b r i c k   l i n e r   o f f e r s  good a c i d   a t t a c k   r e s i s t a n c e  

i t  should  not  be  considered t h e  "un ive r sa l "   l i ne r   ma te r i a l  

s u i t a b l e   f 0 . r   a l l   a p p l i c a t i o n s .  Acid r e s i s t an t   mor t a r s  do 

not  perform well under   a lka l ine   condi t ions  in the   p resence  

of  sodium, ;and a r e   n o t  recommended f o r   u s e   a f t e r  dry 

scrubbing s:rstems  employing a sodium reagen t .   Th i s   f ac to r  

d i c t a t e s   t h a t  a decis ion  regarding  the  use of  a  sodium 

reagent. for   dry  scrubbing must be confirmed  pr ior   to  commit- 

ment t o  a s p e c i f i c  l iner mater ia l .  
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Chimney c o s t s   r e l a t i n g   t o   l i n e r ,   e x t e r n a l   s h e l l ,  and 

foundation,  have  not  been  adjusted  for  the  effects  of 

reduced  gas  flow volume and plume buoyancy resu l t ing  from 

FGD system  operation. 
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Exhibit 

3-1 (2  shee t s )  

I 

a 

3-2 ( 4  shee t s )  

3-3 (2   sheets )  

3-4 (2   sheets )  

AQCS PLANT EMISSION DATA 6 REFERENCE 
K W G E M E N T  

BLOCK DIAGRAMS - AQCS PLANT ARRANGEMENT 

T:ZCHNICAL SUMMARY OF ALTERNATIVES 

FCD REAGENTS - QUANTITIES 6 COSTS 

a 
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HAT CREEK  FROJECT 
SUbbIARY OF  AQCS  ALTERNATIVES - A  GROUP 
PLANT  EMISSIONS  AND  ARRANGEMENT  DATA 

(Norst Quality  Blended  Coal) 

PAR'I'ICULATE REGULATION 
( S O 2  emission  uncontrolled) 
Casu 1A - (Base  Scheme)  Electrostatic  Precipitor 
C:k:,c 'A .. Electrostatic  Precipitor 
(:as(: JA - Electrostatic  Precipitator 
Case 414 - Fabric  Filter + Mechanical  Collector 

PARTICULATE (BASE  ESP) + SO7 REGULATION  (WET  FGD) 
Case SA - Partial  Gas  Treatment 
Case 6A - Full Gas  Treatment 

PARTICULATE + SO? REGULATION (DRY FGD  F/FILTER) 
u Case 7A - Partial Gas  Treatment 
4 Case  SA - Full Gas  Treatment r-( 
m 

w 

r SO2 CONTRO 

mg/kJ  [lb/MB) 

0.58  (1.34) 
0.58  (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) 

I F PARTICULATE Cl mg/kJ  flb/MB) 

0.1  (0.225) 
0.04 (0.09) 
0.01  (0.02) 

< 0.01 (0.02) 

0.1  (0.225) 
0.1  (0.225) 

0.015  (0.035) 
0.02 (0.05) 

TROL 

% 
__ 

- 

99.49 

99. n 
99.95 

99.97 

99.49 

99.49 

99.9(2 
99.856 ___ 

i 

 BLOCK(^) 
ARRGT. 
PLANT 

Sheet 1 

Sheet  1 
Sheet  1 
Sheet  2 

Sheet  1 & 3 
Sheet  1 6 3 

Sheet 2 & 4 
Sheet  2 E 4 

I 
I.- 

Notes: (l)For combinations of AQCS  Block Plant  Arrangement,  refer  to  Exhibit 3-2 and  the  sheet  numbers " 
v) identified  in  column. 
?i z 
71 outlet  load  from  F/Filter. 
- .  
0 

("The F/Filter  'sees'  a  higher  inlet  dust  loading due to  calcium  salts  additions  from spray dryers (SD) 
The efficiency  quoted for reference  applies  to  system  overal1i.e..  is  based  on  inlet  load to SD and 

v 
N 



HIT CREEK PROJECT 

SU$LlL.\RY OF AQCS ALTERNATIi'ES - B GROUP  (RETROFIT) 
PLANT EbIISSIONS AN0 ARRANGENENT  DATA 

(Worst Qmlity Blended  Coal) 

PARTICULATE  REGULATION 
(SO emission  uncontrolled) 
Case 1B - (Base  Scheme)  Electrostatic Precipitor 
Case 28 - Electrostatic  Precipitator 
Case 3B - Electrostatic  Precipitator 
Case 4B - Fabric  Filter + Mechanical Collector 

2 

(2)  

- SO2 REGULATION  (WET FGO) 
Case 58 - Partial  Gas  Treatment 
Case 68 - Full Gas Treatment 

S O ,  RE(;III.ATION - (DRY FGO F/FILTER) 
Case 78 - Partial  Gas  Treatment 
Case 88 - Full Cas  Treatment 

(3J 
(3) 

m Notes: 
;.(- s 
r; 
W 

w 
I 
I- 

h 

m m 
r 
-3 
N 

:: 
N 
v 

SO2 CONTROL 

mg/k.J (lb/MB) 

0.58 (1.34) 
0.58 (1.341 
0.58  (1.34) 
0.58  (1.34) 

0.34 ( 0 . 8 )  

0.09 ( 0 . 2 )  

0.34 (0.8) 
0.09 ( 0 . 2 )  

r PARTICULATE  CONTROL 

0.1 (0.225 
0.04 (0.09) 
0.01 ( 0 . 0 2 )  

< 0.01 ( 0 . 0 2 )  

not incl. 
not incl. 

(1) 

not  incl. 
not  incl. 

1 
% - 

99.49 
99.8 

99.95 
99.97 

- 
- 

- 
- - 

PLANT 
ARRGT. 

Sheet  1 
Sheet 1 

Sheet 1 
Sheet 2 

Sheet  3 
Sheet 3 

Sheet 4 
Sheet 4 

(l)Cases 58 to 88, FGD  systems, require  to  be added t o  any  one of Cases 18 to 48 to  achieve 
combined SO2 and  particulate  control. 

("The combination of Case 48 (particulate  control)  with  either Case 78 or 88 results in an 
increase in particulate  emissions  to  0.015 (0.035) -99.9% - and 0 . 0 2  (0.05) - 99.85% - 
respectively. 

(3)The combination of Case 78 or 8B with  electrostatic  precipitor  Cases 1B to 3B is  assumed  not 

(4)For combinations of AQCS  Block  Plant  arrangement,  refer  to  Exhibit 3-2 and  sheet numbers 
to  affect  the  particulate  control  performance. 

identified  in  column. 
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PLANT  ARRANGEMENT BLOCK DIAGRAMS 
" 

EL.ECTROSTATIC PRECIPITATORS 

1. Flue Gas from  Air  Heater Exits or Dry FGD  System 

2. Electrostatic  Precipitator 

3. Induced Draft Fans 

4. Chimney 

5. Pneumatic  Ash Handling 

6. Fly Ash to Disposal Via Conveyor 

EXHIBIT 2-2 (SHEET 1 OF 4) 



PLANT ARI?ANGEMENT BLOCK DIAGRAMS 
" 

1 

II 

W 
W 

- 'W 

a 

FABRIC  FILTER 

1 .  Flue Ga:; from Air  Heater  Exits 

2 .  Mec:hanical Dust Collectors  

3. Fabric  I : i l ters 

4. Induced Draft  Fans 

5 .  Chimney 

6 .  Pneumatic Ash Handling 

7 .  Cly Ash to  Disposal Via Conveyor 

EXHIBIT 3-2 (59EiT 2 C i  4) 



PLANT  ARRANGEMENT  BLOCK  DIAGRAMS 
" 

HET  SCRUBBING  FGD 

fi 

a 

a 

w 

I 

H 

II 
W 

1 

1. Flue Gas from Particulate Control/ID Fans 

2. Booster  Fans 

3. SO2 Ab'sorbws 

4. Gas  Reheat 

5. Chimney 

6. Bypass  (used  for  partial  scrubbing  cases only)  

7. Reagent Prcsparation 

8. Sludge Dewa:ering/Stabilization 

9. Waste  to  Dijsosal  Via  Conveyor 

,- 
/ \ 

- 5 1  
\ /  

\ 

.J 

EXHIBIT 3-2 (SHEET 3 OF 4) 
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" PLANT ARRANGEMENT BLOCK DIAGRI  

DRY SCRUBBING 
I I  

"1  

I I 
I I I i 7 

1. 

2. 

3. 
4. 

5. 
6. 
7. 
8. 
9. 

10. 
11. 

"- 

Flue Gas from Air Heater Exits 
Necharlical Dust Collectors  
(Only w i t h  Fabric F i l t e r s )  
Spray  Dryers 
Fabric: F i l t e r  or E lec t ros t a t i c  
P rec ip i t a to r  
Induced Draft Fans 
Chimney 
Reagent Preparation 
Pneumatic Ash Handling 
Partial  ,Product  Recycle 
Waste t o  Disposal Via Conveyor 
Bypass (for  Partia:  Tre3tment 
Cases Only) 

EXHIBIT 3-2 (SHEET 4 OF 4)  
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I 50% E51 
0 . S k -  " .  

__ 
133.502 
112.4 

__ 
__-. 

" - 
- J.t(l.1 
None 
0.1 

None 
Flyarh 
635,036 

"" 

__ 
Id Steel  

0.979 

0.164 
833.39 
146 
27.4 

__ 
I.\ 'I 28 

ESP 

0.0387 
0.576,- 
2-50\ €SI 

__- 
155.520 

130.5 

- 3.7(4.1 
0 . 5  

None 

None 

Flyash 
535.036 

-" 

l i ld  Steel 

0.979 

0.066 
033.39 
146 
27.4 -__ 

t 
rli -L%" 

0.0086 

I 501 ES 

" 

255,609 
214.5 

~ 

" - 3.7(4. 
0.5 

None 

None 
Flyash 
635.036 

"_ 
__ 

- 
l i l d  Stce 

0.979 

0.015 
833.39 
146 
21.1 ___ 

131.502 
112.4 

Flyash  635.036 

340 

ludge Dry Basis 23.587 
,fer 0.76 I / S  

Brick  

0.556 

0.164 
850 
102 

11.4 

~ "" 

112.4 
13S.502 

0.0102 
127.2 (133.6) 

3 operating + I spar 
0.622 

4 - 4.1 
Lime 9979 
2.75 a 1 

"" ." 

-. " " . . . 
Flyrrh 035,036 

250 

w r o d u e f r  19.9Sp 
Wild Srcol 

0.556 

845 
I04 

0.026 

15.0 

FF 

119.8 (153.01 
0.0i02 

0.622 
5 operating * I s p r c  

. . . . 
si0 

Flynrh 635.036 

502 Producis 39.917 
Mild S fee l  

0.139 

u. 037 
858 
68 
23.2 



1.437.000 
571 

4410 

6 . 7 5  x IO6 
1304 

215 
80 

1.437.000 
5 7 1  

a3 

67  

Flyarh 700.000 
~- 

6 . 7 1  x IOb 
203 

220 
82 



' I  "" CllLCllCAL .CASE ( IONSIYEAK)  7 VENUOU 
Q l l A N l l l Y  

I.imestfiCCosc 5 I 60.000 I Canadian 

159,900 

73.800 
Canada Ltd. 

~~~ 

159,900 

56.151Ton in  
25 Ton Trucks 3/8" Minus $3.00/ton 

at   Pavi l ion Lake Plant 

- WOTES: 1) Cases 5 and 6 use limestone for M absorption. 2 
Lime is used for sludge s tab i l i za t ion .  



, \ IR QU,\LI'I'Y CO<TROI. SYS11.31 

FGO RLAGChlS 

1 NOT 

i I N C L U D E n  
I 

109.470 

Canada Ltd. 

35,000 

43,050 

tO 

I NOT 

INCLUDED INCLUDED CP - $S.OO/Ton 
All Cases 

Case 5 - is presently possible. 
Case 6 - cxpmdinl: markets 

cov1d crci1te cuncern 
in 3,  J or 5 years 

Case 7 and 8 - would require 
time. 

another  kiln  with a 
minimum two y e n s  
notice being required. 

NOTCS: 1) Cares 5 and 6 use lime only for sludge  stabilization. - 
2) Cases  7  and 8 use line for SO absorption. 

2 
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4.0 AQCS COSTS 

Th i s   s ec t ion   p re sen t s   cap i t a l   cos t s  and de ta i l ed   cos t  breakdown; 

leve l ized  and unlevelized owning and operat ing (0 h 0) cos ts ;  AQCS 

capi ta l   cost   cash  f lows;  and AQCS consumption q u a n t i t i e s   f o r  power, 

reagents,   water and S D  fo r th .  

The economic f a c t o r s  used i n  the   eva lua t ions  are tabula ted   in   Exhib i t  

4-1 and include  reagent,   labour,   energy, and o ther   cos t s .  

The es t imated   quant i t ies  of power, energy, and materials consumed by 

t h e  AQCS p lan t s  are tabula ted  i n  Exhibi t  4-2. 

Cost  evaluations are presented   in   Exhib i t s  4-3 and 4 - 4 ,  app l i cab le   t o  

Group A and Group B pr imary  a l ternat ives ,  and inc lude   bo th   cap i ta l  

c o s t s   ( t o t a l  $ and Unit  $/kW) and the  owning and operat ing  costs  

(mills/kwh)  unlevelizsed.  Differential   costs of t h e  a l t e r n a t i v e s  

r e l a t i v e   t o   t h e  Base :Scheme Case 1 AQCS system  are shown. The c a p i t a l  

costs   include  an  incr 'emental   capabi l i ty   cost   as   descr ibed  in  4.1 of 

t h i s  repor t .  

Levelized owning and ,opera t ing   cos ts   for  Group A and Group B a r e  

i l l u s t r a t e d  i n  Exhibi t  4-5 and 4-6 respectively.   These  Exhibits 

i n c l u d e  cap i t a l i zed  v;alues  of the  l eve l i zed  0 6 0 c o s t s ,  and a l so  

d i f f e r e n t i a l s   r e l a t i v e   t o   t h e  Base Case. 

*I 
W 

Engineering and Const:ruction  expenditure  cash  flows,  expressed  as 

percentages of t he   t o . t a l   cap i t a l   cos t   fo r  a 4-unit  development,  are 

presented   in   Exhib i t  4-7. The t o t a l   c a p i t a l   c o s t s   a r e   t o  be found in 
e i the r   Exh ib i t  4-3 o r  4-4 for t h e   p a r t i c u l a r  AQC system and Group 

chosen. I t  must be  recognised.  that   these  costs  exclude I D C ,  and 

corporate  overhead,  escalation-during-construction (EDC).  To derermine 

actual   cash  f lows,   these  factors   should be accounted for ,   us ing  t h e  

given  cash f lot .  percentages  as   the  basis .  
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Each FGD system  of Case 5A t o  8A could  be  combined  with an alterna- 

t i v e   p a r t i c u l a t e   c o n t r o l   d e v i c e   ( o f   d i f f e r e n t   e f f i c i e n c y ,   t y p e )  t o  

t h e  pa r t i cu la t e   (dev ice   spec i f i ed   i n   t he   Cases .   Thus ,   fo r   example ,  

t h e  99.49% ESP of Case 5A c a n   b e   s u b s t i t u t e d  by t h e  99.95% ESP of  

Case 3A t o   g i v e  rise t o  a new AQCS a l t e r n a t i v e ,   d e s i g n a t e d  Case 5/3A. 

T h i s  new a l t e r n a t i v e  .will meet   the  bot tom of t h e   p a r t i c u l a t e   e m i s s i o n  

range  and  the  top of t h e  SO2 r ange   o f   t he  PCB O b j e c t i v e s  . Other  new 

AQCS a l t e r n a t i v e s  can b e   o b t a i n e d   i n  similar f a s h i o n   a n d   t h e i r   c o s t s  

would  be  developed by deduct ing   and   adding   the   appropr ia te   va lues  for  

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

C o s t s   f o r   v a r i o u s  of these o t h e r  AQCS alternatives, t o g e t h e r  with the 

Croup A a l t e r n a t i v e s ,  are p resen ted  i n  b a r - c h a r t   f o r m   i n   E x h i b i t  4-8 

and 4-9. Not a l l  p o s s i b l e   a l t e r n a t i v e s   h a v e   b e e n   i n c l u d e d ;  some  combina- 

t i o n s   o f   d r y  FGD and :ZSP systems are n o t  shown,  because  of the h i g h  level 

o f   u n c e r t a i n t y   r e g a r d i n g   t h e i r   o v e r a l l   p e r f o r m a n c e .   E x h i b i t  4-8 

i l l u s t r a t e s   t h e   r e s p e c t i v e   u n i t   c a p i t a l   c o s t s .   w i t h   t h e   c a p i t a l i z e d  0 

6 0 cos t   added ,  fo r  t h e  AQCS A Group  of a l t e r n a t i v e s .   E x h i b i t  4-9 

shows  leve l ized  0 & 0 c o s t s  and d i f f e r e n t i a l s  i n  mills/k!Jh. 

I n  E x h i b i t  4-10, d e t a : t l e d   c a p i t a l   c o s t  estimates f o r   t h e  A Group  of 

a l t e r n a t i v e s ,  Cases 1 t o  8,  are t a b u l a t e d .  

Embedded spare  FC:D module c o s t s  are shown in E x h i b i t  4-11. The FGD 

systems incorporate   redundancy i n  t h e  form of   spare   modules   to   a l low 

f o r  module  outages. Yo assess the  impact  of  designed  plant  redundancy, 

t h e  embedded c a p i . t a 1   c o s t s   f o r   s p a r e   m o d u l e s ,   e x p r e s s e d   i n   t o t a l  

d o l l a r s  and $/kW, are included f o r  r e fe rence   pu rposes .  

4 . 1  AQCS EXTENT OF PLANT - 6, BASIS OF COSTS 

The AQCS p r i m a r y   a l t e r n a t i v e s  of t h e  A Group,  and Cases 1B t o  4B of 

t h e  B G r o u p ,   i n c l u d e   t h e   t o t a l  "back-end'' p l an t   ex t end ing  from t h e  

b o i l e r   a i r   h e a t e r   o u t l . e t   t o   t h e   c h i m n e y   i n c l u s i v e .  A l l  of these 

a l t e r n a t i v e s  are complete and stand  a lone.   The  remaining Cases 58 
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through 8B ident i . fy  FGD systems  only, which i n s e r t  between t h e  

b o i l e r  and chimney;  each requires  t o  be combined with one of the 

Cases 1 B  through 4 B  t o  produce  the  total  AQCS (pa r t i cu la t e   p lus  SO2 
con t ro l ) .  

The c a p i t a l  and operaldng  costs   for  a l l  A and B a l t e r n a t i v e s   a r e  

developed  accordingly.  Regarding  the  Base Scheme c a p i t a l   c o s t  (Case 

1A) a s   d e t a i l e d   i n   E x h i b i t  4-10, the  total   cost   exceeds  the amount 

included  in  Account 2CI of the Hat  Creek Power Plant   Project   Est imate  

s ince   t ha t  Account  dor!s not include for a l l  equipment  such a s  I D  

fans ,   breeching,   s t ruc: tural   s teel  and chimney. Amounts fo r   t hese  

items have  been  abstracted from the   appropr ia te   de ta i led   ca tegor ies  

and are  included t o  provide  the  Case 1 c a p i t a l   c o s t :   s i m i l a r l y   f o r  

the   o ther   cases   as   appropr ia te .  

To determine  the  impact  of a p a r t i c u l a r  AQCS a l t e r n a t i v e  on the  

overa l l   Pro jec t   cos t ,   the   to ta l   cos t   (e .g .   cap i ta l ,  0 h 0, mills/kWh 

e t c . j  of  the Base Scheme (Case 1A) is  deducted  from t h a t  of the  

p a r t i c u l a r  AQCS a l t e r n a t i v e  and t h i s   d i f f e r e n t i a l  added t o   t h e  Base 

Scheme Power Plant   cost .   These  different ia l  amounts in various forms 

are  included  in  E:Khibits 4-3, 4-4, 4-5 and 4-6 for  the  primary 

cases .  

Capi ta l  Costs 

The c a p i t a l   c o s t s  f o r  the  var ious  a l ternat ives   include  the  fol lowing 

p lan t   as   appl icable :  

- AQCS Equipment: precipitator,   mechanical  dust   collector  and 

f a b r i c   f i l t e r ,   : f l y a s h  removal  system, FGD system. 

- Flue  gas  ductwork and support:   boiler  house  to AQCS equipment, 

between AQCS equipment, from AQCS equipment t o  chimney. 

- I D  fans ,  ID booster   fans  and  chimney. 
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- s i t e  improvemen t ,   ea r thwork ,   p i l i ng ,   conc re t e ,   s t ruc tu ra l  

b u i l d i n g ,   p i p i n g ,   i n s u l a t i o n ,   i n s t r u m e n t a t i o n ,  e lectr ical  

a n d   p a i n t i n g   f o r  the above. 

- I n c r e m e n t a l   c o s t   f o r   t h e  waste t r a n s p o r t a t i o n   a n d   d i s p o s a l  

system  from  Power  Plant  to Mid Medicine  Creek  Valley.  

No te   w i th   r ega rd   t o   t he  last item, the   d ry   ash   d i sposa l   scheme 

( A l t e r n a t i v e  "B") f o r   t h e   P r o j e c t   h a s   b e e n   a s s u m e d .   I n c r e m e n t a l  

c o s t s   a r e   i n c l u d e d   f o r   e a c h  Case t o   c a t e r   f o r   t h e   e f f e c t  of i nc reased  

q u a n t i t i e s  of waste p roduc t s   gene ra t ed .  

S e p a r a t e l y   c a l c u l a t e d  and t a b u l a t e d  is t h e   i n c r e m e n t a l   c a p a b i l i t y  

c o s t .   T h i s  represents the   cos t   o f   ad jus t ing   t he   power   p l an t  gross 

o u t p u t   t o   s a t i s f y   t h e   r e q u i r e m e n t s  of t h e  e lectr ical  a u x i l i a r i e s  and 

power consumpt ion   for   the  AQC system a p p l i e d   w h i l e   p r e s e r v i n g   t h e  net  
s t a t i o n   o u t p u t  at: 2000 NW. 

C a p i t a l   c o s t s   f o r   p r e c i p i t a t o r   a n d   f a b r i c   f i l t e r   c a s e s  were ob ta ined  

from  vendors '   quotat ions  supplemented  with INTEG-EBASCO in-house 

d a t a .   C o s t s   f o r   t h e  wet FGD sc rubbe r   sys t ems   a r e   based   on   t he  

EBASCO FGD s t u d y 6   f o r   t h e  Hat C r e e k   P r o j e c t ,   a d j u s t e d   t o   s u i t   w o r s t  

q u a l i t y   b l e n d e d   c o a l ,  the d ry  ash disposal  scheme,  and the s p e c i f i c  

emission limits of t h e  PCB O b j e c t i v e s .   C o s t s   f o r   t h e   d r y  FGD scrubbing 

c a s e s  were d e r i v e d  f rc lm INTEG-EBASCO estimates f o r  o t h e r   p r o j e c t s ,  

in-house  vendor   quotat ions,   and  publ ished  data .  

A l l  c o s t s  are i n  1978  Canadian  dol lars ;  US p r i c e s  and cos ts   have   been  

converted a t  the  exchange rate: 

$1.00 US = $0.85  Canadian 

The i n d i r e c t   c o n s t r u c t i o n   c o s t   f a c t o r  of 28 percent   which  includes 

i n d i r e c t  (5%). cos t   con t ingency  (15%), and  engineer ing (6%). has   been  

a p p l i e d  t o  t h e   d i r e c t   c o s t s .  The cost   cont ingency  value is c o n s i s t a n t  

wfth the Pro jec t   a l low.snce  ( 1 4 . 4 % )  f o r   t h e   B a s e  AQCS system,  and  has 

been   main ta ined   for  ot'ler a l ternat ives ,  no twi tns ' and ing   t he   g rea t e r  

u n c e r t a i n t y  of t h e   c o s t s   f o r   t h e s e  alternatives. 
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Annual  Costs 

The annual  owning  and o p e r a t i n g   c o s t s  are incremental v a l u e s ,   a p p l y i n g  

o n l y   t o  AQCS p l a n t   o p e r a t i o n   a n d   n o t   t h e   t o t a l   p o w e r   p l a n t .  0 & 0 
c o s t s   c o n s i s t   o f   f i x e d   c h a r g e s   p l u s   o p e r a t i o n   a n d   m a i n t e n a n c e  (0 & M) 

c o s t s .   T h e   f i x e d   c h a r g e  ra te  ( u n l e v e l i z e d )  of  12.33  percent  used 

e x c l u d e s   t h e   f i x e d  0 & M component. The 0 & M c o s t s  are s e p a r a t e l y  

der ived   based   on   the   consumpt ion   da ta   and   cos ts  of E x h i b i t  4-1 and 4- 

2 ,   a n d   a r e   i l l u s t r a t e d   i n   E x h i b i t  4-3, to 4-6. 

4.2 RETROFIT OF FGD SYSTEMS 
" 

For   ca ses  1 B  t o  3B, (ESP p a r t i c u l a t e   c o n t r o l ) ,  i n  o r d e r  to achieve 

t h e   f l e x i b i l i t y  of r e t r o f i t t i n g   e i t h e r  wet o r   d r y  FGD systems,  an 

u l t ima te   p l an t   a r r angemen t  i s  assumed  which  makes i t  n e c e s s a r y   f o r  

the  ESP's   and  downstream  plant   to   be  located a f u r t h e r   5 2  metres (170 

f e e t )   f r o m   t h e   b o i l e r   b a c k   e n d .   T h i s   s h i f t  of p l a n t  i s  r e q u i r e d   t o  

provide  space  upstream i n  o r d e r   t o  re ta in  t h e   o p t i o n  of r e t r o f i t t i n g  

dry   sc rubber   sys tems.   Therefore  Cases 1 B  t o  3B i n c u r   i n c r e a s e d  i n l e t  

duc twork   and   addi t iona l  electrical  cab le / r aceway   l eng ths   fo r   ex t end ing  

t h e  ESP and I D  f a n s .   A d d i t i o n a l   c o s t s  are i n c l u d e d   f o r   t h e s e   f e a t u r e s  

toge the r   w i th   an   a l lowance   fo r  an inc reased  waste d i sposa l   sys t em,  

l a r g e r  I D  f a n s   t o  accommodate f u t u r e  FGD s y s t e m   l o s s e s ,   a n d   a l t e r n a t i v e  

chimney l i n e r s  s u i t e d  t o  the c o r r o s i v e   e f f e c t s  of low temperature 

f l u e   g a s   w i t h  wet FGD systems. 

The c a p i t a l   c o s t   i n c r e a s e s ,   a m o u n t i n g   t o   a b o u t  6 o r  7 percent   o f  

which   about   th ree   quar te rs  is as s igned  to ductwork, are a p p l i e d   t o  

t h e  ESP p a r t i c u l a t e   s y s t e m   c o s t s .  They r e p r e s e n t  a s h i f t  o f   c o s t s   t o  

t h e   p a r t i c u l a t e   s y s t e m s   a l t h o u g h   t h e  costs are a c t u a l l y   d u e   t o  FGD 

r e t r o f i t t i n g .  

For Case 4 3 ,  ( F a ' b r i c   f i l t e r s  with d u s t   c o l l e c t o r s ) ,   t h i s   a l s o   r e q u i r e s  

a s h i f t  i n  t h e   l o c a t i o n   o f  t h e  I D  f ans   and   ch imney ,   bu t   t he   quan t i ty  

of   addi t iona l   duc twork  is less. The e s t i m a t e d   c o s t  increase t o  i n -  
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m 

1 

c o r p o r a t e   a l l o w a n c e s   f o r  FGD r e t r o f i t t i n g   f o r   t h i s  case i s  approxi- 

m a t e l y  6 p e r c e n t .  

With  Cases 5B and 68, ( P a r t i a l   a n d   f u l l  wet sc rubb ing  FGD systems 

o n l y ) ,   t h e   t o t a l   c o s t s  are i n c r e a s e d   i n   t h e   o r d e r   o f  2 p e r c e n t   t o  

c o v e r   a d d i t i o n a l   d u c t w o r k   t i e - i n   s e c t i o n s ,   e l e c t r i c a l   s y s t e m   m o d i f i -  

ca t ions ,   and  premium time f o r   t i e i n g   i n   d u r i n g   t h e   r e t r o f i t ,   b u t  

exclude  amounts   ;a l ready  included  for  i n  t h e   p a r t i c u l a t e  Group B cases 

for t h e  chimney l i n e r  and I D  f a n   s i z i n g .  

For t h e   t o t a l  AQCS p l a n t  - i n c o r p o r a t i n g   s u i t a b l e   p a r t i c u l a t e   c o n t r o l  

p l u s   r e t r o f i t t e d  wet FGD systems - t h e   c o s t  i s  i n  t h e   o r d e r  of 3 t o  

5 p e r c e n t   g r e a t e r   t h a n   f o r   t h e   c o m p a r a b l e   s y s t e m   i n s t a l l e d   w i t h   t h e  

power p l a n t .  

The Cases 7 B  and 8B ( : P a r t i a l   a n d   f u l l   d r y   s c r u b b i n g  FGD sys tems)   in -  

c o r p o r a t e   s p r a y  dryer:;  and r eagen t   hand l ing   on ly ,   w i th   no   pa r t i cu la t e  

c o n t r o l .  In c o m b i n a t L o n   w i t h   f a b r i c   f i l t e r s ,   t h e   t o t a l  AQCS c o s t s  ~ 

w i t h   r e t r o f i t t i n g  wou:Ld be i n  the o r d e r  of 8 p e r c e n t   h i g h e r   t h a n  the 

comparable   system  dedgned for i n s t a l l a t i o n   i n t e g r a l   w i t h   t h e  power 

plant   development .  An important  component  of t h e   e x t r a   r e t r o f i t  

s y s t e m   c o s t s  arises f r o m   t h e   n e e d   t o   i n i t i a l l y  i n s t a l l  a f a b r i c  

f i l t e r  which is 5i t o  :LO percen t   l a rge r   t han   wou ld   o the rwise   be  necessary 
w i t h  i n t e g r a t e d  p lan t  development. The lower gas temperature ,  and 

hence  volume flow t h r o u g h   t h e   f i l t e r s ,  i s  n o t   a c h i e v e d   u n t i l   t h e  FGD 

systems a r e   r e t r o f i t t e d .  
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EXHIBITS 4.0 

E x h i b i t  

ai. 

..I W 

4-1 

4-2 

4-3 

4-4 

4-5 

4-6 

4-7 (2 s h e e t s )  

4-8 

4-9 

4-10 ( 4   s h e e t s )  

4-1 1 

ECONOMIC FACTORS 

AQCS CONSUMPTION  DATA 

COST EJALUATION (UNLEVELIZED 0 6 0) - GROUP A 

COST FIALUATION (UNLEVELIZED 0 6 0 )  - GROUP B 

LEVELIZED OWNING & OPERATING  COSTS - GROUP A 

LEVELIZED OWNING & OPERATING  COSTS - GROUP B 

4-4JNIT CASH FLOWS (PERCENTAGE) 

BA.R MART, CAPITALISED COSTS ($/kW) - GROUP A 

BAR CHART, LEVELISED 0 & 0 COSTS (mills/kWh) - GROUP A 

DETAILED CAPITAL COST ESTIMATES (GROUP A) 

FGD  PLANT  REDUNDANCY - EMBEDDED COSTS 
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A I R  (IUALITY CONTROL STUDY 

E:CONOMIC FACTORS 
- 

- 

- Net U n i t  Ra t ing  

- Capacity  Factor  (Lifetime  Average) 

- Annual Net Generation 

- Base Date  for  Costs 

- Indirect   Construct ion  Cost   ( Indirect  + Contingency 

+ Engineering  as % of Direct Cost) 

- Levelizing  Factor (5.75% i n f l a t i o n   r a t e ,  10% i n t e r e s t  

r a t e ,  38 y e a r   l i f e )  

- Fixed  Charge  Rate (Not including O&M Costs) 

- Levelized  Fixed  Charge Rate (Not including O&M Costs) 

- Coal C o s t  (1978 Dollars)  

- Limestone  Cost (197;3 Dollars)  

- Lime Cost (1978 Dollars)  

- F.F. Bag Cost  (1978 Dollars)  

- Labour  Cost  (1978 Dollar,s)  

- Incremental Energy  Cost  (1978 Dollars)  
- Water C o s t  ( 1 9 7 8  Do:llars) 

- Levelized Water  Cost  (1978 Dollars)  

- Cost of Steam  (1978 Dollars)  

- Incremental  Capacity  Cost (1978 Dollars)  

4 x 500 MW 

65% 

11,388 GWh 

October 1978 

28% 

1.98 

12.33% 

14.25% 

$0.679/G.J 

($0.717/MB) 

$10.08/tonne 

$52.30/tonne 

$60.00/ea. 

$18.3/hour 

9.55 Mills/kWh 
S0.56/m3 

$0.71 /m3 

$0.36/ME 

$450/kW 

EXHIBIT 4-1 



r 
CASE NO. 

EQUIPMENT 

Capabi l i ty  

Power - kW 
Steam - GJfhr 

O p r a t i o n  I 

h e r g y  - 10 kWhr/yr 

Steam - GJfyr 

Water - m / y r  3 

Limestone - Tonne/yr 

Lime - Tonnefyr 

Labour - man h r fy r  

6 (1) 

Maintenance  (Mat. 6 Labor) 

Bag Replacement - nofyr ( 2 )  

O t h e r  - % Cap. Costfyr (3) i! 

f l- 
I 

;AIR QU:\LI'lY CONTROL STUDY 

CONSUhIPTION DATA FOR AQCS  CASES 
(PER UNIT BASIS) 

i CONTR 

3.4 

:99.951 
ESP 

4,800 

- 

27 

- 
- 
- 
- 

1,400 

- 
0.5 

4A 

FF 
(99.97)  

5,000 

- 

34 

- 
- 
- 
- 

1,400 

5,000 

0 .5  
+I m 
r; Inc ludes   Di f fe ren t ia l  Power/Energy consumed by IO Fans. ._. 

I I  COhIB 1 

5A 

ESP ( 9 9 . 5 )  

Wet FGO 
+ P a r t .  

3 ,  290 
- 

52 
- 

340,000 

14,500 

2,000 

25,400 

- 
1.5 

30 PART. & 

bA 

3SP ( 9 9 . 5 )  

Wet FGD 
+ F u l l  

14, :OD 

42  

80 

243,000 

680,000 

29,900 

4 ,100 

31 ,400 

- 
1.5 

32 CONTF 

7A 

FF 
+ Par t .  
Dry FGD 

7 nnn 
I , vvu 

- 

40 
- 

250,000 

- 
10,000 

8,000 

4,750 

1.0 

8A 

FF 
Ful l  

Iry FGD 

8,300 
- 

47 

- 

510,000 

- 
20,000 

10,000 

4 ,500 

1.0 

P 
8 
N 

('' Bag Replacement Labor - 1 man h r  pe r  bag. 
(3) 1.5%  for  Wet FGD system, 1.0% f o r  Dry FGD System  and 0.5% f o r   o t h e r  equipment. 

Notes: a )   Q u a n t i t i e s   f o r  Cases 1B to  4 8  a r e   s i m i l a r   t o   t h e  above for  Cases 1A t o  4A r e spec t ive ly ,  - 
b)   Quant i t ies   for  Crise 58 t o  68 may be  obtained  dy  deducting  Case 1 A  values  from those  of  Case SA o r  6A above 

c )   Quan t i t i e s   fo r  Case 7B or 8B  may be  obtained  by  deducting  Case 4A values  from those of Case 7A or 8A above 



CASE NO. 

EQUIPMENT 

AQCS  Capital  Cost 
Incremental  Capabilitv  Cost 
Total Cqital Cost 

Differentia1  Capital  Cost 
($/kW 

($/kW) 
AIIIIIGI~ Vixed Charges (@ 12.33%) 
111t11ml Operation & Maintenance 

. " "" 

- flllclgy 
- St ealu 
- W2tt.r 

- i,i~ses t o r w  
- Lime 
- Operating  Labour 
- Rag  Replacement 

Material 
Labour 

- Waste  Disposal 
rn - Other 0 & M 
s Total 0 & M 
m Total Annual Owning 4 Operating 
7 (Elill/kWh) 

L . Operating 
P Differential  Annual  Owning 

x 

(Mill/kWh) 

t 

AIR QUALITY CONTROL  STUDY 
COST EV.4LU.4TIOS (UYLEVELIZED 060) - GROUP A 

Capital  Costs exclusive of  corporate overhead and IOC) 
(per 4 units, $1000,  1978 price level, levelized, 

T PARTICULATI 

!09,000  227,000 
(104)  (114) 

Rase 
(Base) 

18,000 
(9) 

25,800  28,000 

800  920 - - 
- - 
- - 
- - 
100 100 

- - 
- - 
- - 
1 ,LlO 1,100 
1.910  2,120 

(2.43)  (2.6) 

Base 
(Base) 

2,410 
(0.2) 

27,710  30,120 
__ 

: COhTROL lr 
r Dry FG 

3A 

ESP 
(99.95%) 

240,000 
9.000 

249,000 

40,000 

~" 

(125) 

(20)_ 

30,700 

1,030 
- 
- 
- 
- 
100 

- 
- 
- 

2,330 
1,200 

33,030 
(2.9) 

( 0 . 5 )  
5,320 

letrofit) 
4A 

FF 
[99.97%) 

L85,OOO 
I"_ 

A- 
,. nnn 

i96,OOO 

(13,000) 
(98) 

- (6) 
24,200 

1,300 - 
- 
- 
- 
100 

1,200 
370 

930 
3,900 
28,100 

- 

(2.5) 

(0.03) 
390 

CONBINED PART. E SO? CONTROL 

SA 

ESP  (99.49%) 
+ PARTIAL 
WET FGD 

382,000 

398,000 

189,000 

" 
(199) 

(95) 
49,100 

1,990 

660 
580 

1,860 
420 

- 

- 
- 

3,700 
60 

58,370 
9,270 

(5.1) 

30,660 
(2.7) 

:egrated ins 
6A 

SSP  (99.49%) 
+ FULL 
WET FGO - 
467,000 

2 : .  000 
492,000 

283,000 
(246) 

(142) 
60,700 

3,060 
660 

1,420 
1.210 
860 

2,300 

- 
140 

4,980 
14,630 
75,330 
(6.6) 

7A 
FF 

- PARTIAL 
DRY FGD - 
i23,OOO 
1 -  nnn 

i35,ooo 
1 L .  vvv  

(168) 

(63) 
L26,OOO 

41,300 

1,530 

470 

2,090 
590 

1,140 
350 
50 

2,140 
8,360 
49,660 

- 
- 

(4.4) 

21,950 
(1.9) 

- 
.allation) 

- 

I 

8A 
FF 

+ FULL 
DRY FGO 
P 

193,000 
i5.OX 
108,000 

(204) 
199,000 

(100) 
50,300 

1,800 

1,040 

4,180 
730 

1,080 
330 
120 

2,840 

62,420 

- 

- 

12,120 

(5.5) 

34,710 
(3.0) 



AIR  QUALITY COXTROL STUDY 

COST  EVALLI-\TIO!i (UXLE!'ELIZED O & O )  - GROGP B 

c a p i t a l   c o s t s   e x c l u s i v e   o f   c o r p o r a t e  oveiTEad and IDCj 
(per 4 u n i t s ,  $1000, 1978  pr ice  leve l ,  n o t  level ized 

CASE NO. 

EQUIPMENT 

AQCS Cap i t a l   Cos t  
lncrcmental C a p a b i l i t y   C o s t  

T o t a l   C a p i t a l   C o s t  
($/kl'il 

n i f f e r e n t i a l   C a p i t a l   C o s t  
( $ / W  

Annual   Operat ing E Maintenance 
Annual  Fixed  Charges (@ 12.33%) 

- Energy 
- Steam 
- Water 
- Limestone 

- Oprat  ing Labour 
- Lime 

.' bag Coplacement 
!l:ttcrial 
I,nbour 

- !J~I?I e i t i  spos;rl 
- iJLller 0 f, M 
T < : i a l  0 4 ti i'] 

2 Total   Annual  Owning F, Operat ing ,.. (Mil I/kWh) 
"I Uif fe ren t i a l   Annua l  Owning & Operat ing 
I /Mill /kWh) 
t.- 

. -. 
m 

P 

(with PI 

1 B  

ESP 
199.49';) 

!16,000 
7,000 

223,000 

Base 
(Base) 

27,500 

800 

(112) 

- 
- 
- 
- 

100 

- 
- 
- 

1,080 
1 ,980  

29,480 
(2.6)  

(Base) 
Base 

" 

PARTICULATE CONTROL 
r i s i o n   f o r  Dry FGD 

7,000 8,000 

241.000 I 263,000 

2,510  5,420 
( 2 . 8 )  (3.1) 

(0.2) (0.5) 

1 
1 
" 

" 

" 

- 

t t r o f i t )  

JB 

FF 
;99.97%) 

~~ 

196,000 
11,000 

207,000 

. j16,0001 
(103) 

- ( 8 )  

25,500 

1,300 - 
- 
- 
- 

100 

1,200 
370 

- 
980 

29,450 
3,950 

(2.6) 

(0 .0 )  
- (30) 

n- 
5B 

PARTIAL 
WET FGD 

187,000 
10,000 

197,000 
(98) 

24,300 

1,190 

660 
580 
420 

1,760 

- 

- 
- 

60 
2,810 

31,780 
7,480 

___ "_ 
(2.8) 

, CONTROL (RETROFIT) 

PARTIAL 

I 

290,OCO 140,000 
(145)  (70) 

35,700  17,300 

2,260 230 
660 - 

1,420 470 
1,210 - 

860 2,090 
2,200 490 

1,380 
4 ,710  

(1.9) 

I 

88 

DRY FGD 
FULL 

!10,000 
5.000 

215,000 

" ~~~ 

(107) 

26,500 

so0 

1,040 

4,180 
630 

- 

- 

- 
- 

2,100 
120 

8,570 
35,070 

(3.1) 

NOTE: ~ For compar ison   purposes ,   the   Capi ta l   and   Energy  Costs f o r  R e t r o f i t  SO Con t ro l  Cases i n c l u d e   C a p a b i l i t y   a n d  
Energy  Costs a t   t h e  Same r a t e  ($450/kW and  9.55  mills/klVh) as Group A Cases. 2 



AIR QUALITY  C8..ROL  STUDY 

LEVELIZED OKNISC .\SD OPEWTISG COSTS - GROUP X 

(per 4 Units, $1000,  1978 price level.  Capital costs exclusive of corporate overhead and IUC.) 

c 

Levelized  Annual  O&M  Costs 
- Energy 
- Steam 
- Water 
- LiiileSivllF 
- Lime 
- Operating  Labour 
- Uag Replaccmcnt 

" 

Material 

- Waste  Disposal 
Labour 

- Other O&M 
Total  OGM 
Total  Levelized  Annual  Owning 
Operating 

"___ (Mi 1 l/kWh) 
Total  Owning & Operating 
(Levelizez & Cgpitaliied) 

Differential  Cost  to  Case 1A 
($/W 

< Levelized  Annual  Owning & Operating 
\a  (Mi I 1  /kwh)  
:; Total Owning & Operating ,- ( l ,cvcl i .ml I; Capitalized) 
l>  I . . . . . {$ /h . l / )  - - . - " 

i.., 

PARTICULATE  CONTROL 
'ithout pr 

1A 
ESP 

(99.49") 

29,800 

1,550 
- 
- 
- 
- 
200 

- 
- 
- 
3,750 
2,000 

33,550 
(2.91 

(118) 
235,000 

Base 
(Base) 

Base 
(Base) 

ision for dry FG 

+--" 
(99.8%)  1(99195%) 

32,300 35,500 

1,800  2,000 - 
- - 1 :  
- - 
200 200 

f I . .  
2,170 

4,580 4,170 
2,380 

36,470  40,080 
(3.2) (3.9 f 56,000  281,000 
(128)  (141) 

2,920  6,530 
(0.3)  (0.6) 

21,000  46,000 

retrofit 

4 A  

FF 
99.97%) 

27,900 

2,500 
- 
- 
- 
- 
200 

2,380 
720 

1,840 
7,640 

35,540 

- 

(3.1) 

49,000 
(125) 

1,990 
( 0 . 2 )  

14,000 
( 7) 

CO 

S A  

SP (99.49"' 
Part. Wet 

56,700 

5.850 

830 
i ,  ibu 

3,980 
830 

- 

- 
- 
7,330 
120 
" 

18,100 

74,800 
(6.6) 

525,000 
(262) 

41,250 
(3.6) 

290,000 
(145) 

INED PART. 
tegr.lted I 

6 A  

SP (99.498 
Full Wet 

70,100 

5,920 
1,310 
1,810 
2,390 
1,700 
4.550 

- 
- 
280 

27,820 
9,860 

97,920 

- 

(8.6) 

687,000 
(343) 

64,370 
(5.7) 

452,000 
(226) 

SO CONTROL 
tallntion) 

47,700  58,100 

2,960  3,500 

1,320 

4,140 
1,160 

8,280 
1,450 

2,260 
690 

2,140 

100 
650 
240 

- - 

4,240 
16,140 

5,650 
23,230 



AIR 0U.ILITY COSTROL STUDY 

LE!.ELIIEO OItSIKG ,\NO OPERATIKG COSTS - GROUP B 

(Per .I u n i t s ,  $1000, 1 9 7 8   p r i c e   l e v e l .   C a p i t a l   c o s t s   e x c l u s i v e  o f  corporate   overhead  and I D C . )  

CASE NO. 

". . - Energy 
Lcvelizrd  Annual OGM Cos t s  

- StCillIl 

- Water 
- I.ilnc.stolle 

- Operat ing  Labour  
- Lime 

- Bag Replacement 
Material 
Labour 

- Waste  Disposal 
- Other 0GM 
T o t a l  OGM 
'rota1  Lcvclized  Annual Owning & 

PARTICULATE CONTROL 

I 

I 

(with r e t r o f i t   p r o v i s i o n   f o r   d r y  FGD) 1 
I 

. Opera t ing  
(Mill/kWh) 

35,690 

To ta l  Owning & Opera t ing  
(3.1) 

E (Level ized & Capi t a l i zed )   2 so .nnn  - 
u 
W ( $ / W  
:____ D i f f e r e n t i a l   C o s t   t o   C a s e  1 B  

~~ 

iiis) 
Levelized  Annual Owning & Operating Base -~ -~ ~ 

I 
m (Mill/kWh) 

- 
T o t a l  Owning & Opera t ing  

(Level ized & C a p i t a l i z e d )  

SO, CONTROL (RETROFIT) 

28 38 48  58 

ESP  ESP FF P a r t i a l  
(99.8%)  (99.95%)  (99.97%) wet 

34,300 I 
1 37,500 1 29,500 I/ ,, 28;100 

2.340 

830 
1,160 

3,780 
830 

- 

42,710 

!71,000  296,000  261,000 
(135)  (148j ( 1 3 0 ~  

2,930  6,530  1,550 42,710 
(0.3) (0.6)  (0.15) (3.8) 

21,000  46,000  11,000 300,000 
(10)  (23) (5) (150) 

60 

: u l l  Wet 

4 1 ;  300 

4,460 

1,810 
1,310 

2,390 
1,700 
4,350 

- 
- 
280 

8,040 
24,390 

65,690 
( 5 . 8 )  

65,690 
( 5 . 8 )  

161,000 
(230) 

7B 8B 

P a r t i a l  
IVct 

19,900 

F u l l  Dry 

1,000 Am 

3n,600 

- - 
590 

8,280 4,140 

1,320 

1,250 960 

- - 

- - 
- - 
100 240 

" 
NO' I ' I :  For comparison purposes, t h e   I e v e l i z e d  Arlnual Fixed  Charges  and  the  Energy Cost f o r   R e t r o f i t  SO2 Cont ro l   Cases  

inc lude   Capabi l i ty   and   Energy   Cos ts  a t  t h e  same rate as Group A c a s e s .  
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AIR QUALITY CONTROL  STUDY - 
" 
4-UNIT CASH  FLO!IIS  (PERCENTAGE) 

( T o t a l   c a p i t a l   c o s t  o f  4 un i t s   ( exc lus ive  of corporate   overhead  and IDC = 100%; 
ll*ll i n d i c a t e s  AQCS i n i t i a l  opera t ion   on   January  1 of  y e a r   i n d i c a t e d . )  

CASII FLOIV # 1  (For a l l  P a r t i c u l a t e   C o n t r o l  Cases 1A t o  4A and 
1 B  t o  48) 

F isca l   Year  1 
" 
Unit  1 

4.6 

1.1.1 

8.0 

5.4* 

0.4 

Unit  2 
- 

5.6 

1 0 . 0  

4.5 

3.1* 

0 .3  

Unit  3 
- 

5 .8  

9.8 

4 .5  

3. I* 
0.3 
- 

29.5 23.5 23.5 

Unit  4 
- 
- 
- 

5.9 

9 .7  

4.4 

3.0* 

0.5 

23.5 

T o t a l  

4 .6  

16.5 

23.8 

25.6 

17.7 

7 . 8  

3 . 3  

0 .5  

100.0 

- 

- 

a 
W 

(:AS11 FLOW # 2  (For Combi.ned Cases SA and 6A, ESP 99.5% + P a r t i a l  
o r  F u l l  I V e t  FGD) 

I 

I 

F i s c a l  Year 1 

2 
3 

4 

5 

6 

7 

8 

" 
U n i t  1 

4 . 3  

10.9 

8 .8  

3.7* 

0 .3  

Unit  2 
- 

4.7 

10.0 

6 .6  

2 . S *  

0.2 

Unit  3 
- 
- 

4.9 

9.9 

6 .6  

2.4* 

0.2 
- 

28.0 24.0 24.0 

Unit  4 
- 
- 
- 

5 .0  

9 . 8  

6 .5  

2.3' 

0.4 

24.0 

T o t a l  
4 . 3  

15.6 

23.7 

25.5 

19.2 

9 . 1  

2.5 

0.4 

100.0 

m 
EWI?IT 4-7 (SHEET 1 OF 2) 
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A I R  QUALITY CONTROL STUDY - 
" 
4-iUNIT CASH  FLOWS  (PERCENTAGE) 

CASH FLOW # 3  (For Combined Cases 7A and 8A. FF + P a r t i a l  or 
F u l l  Dry Scrubbing) 

Fiscal Year 1 
2 

3 

4 

5 

6 

7 

8 

" 
Unit 1 

4 . 1  

11.0 

10.0 

2.7' 

0.2 
- 
- 
- 

28.0 

Un i t  2 
- 

3.5 

10 .2  

8 .2  

2. o* 
0.1 
- 
- 

I__ 

24.0 

U n i t  3 - 
- 
- 

3 . 7  

10.1 

8 . 2  

1.9* 

0.1 
- 

24.0 

Unit 4 
- 
- 
- 

3.8 

10 .1  

8 .9  

1.9* 

0.2  

24.0 

CASH FLOlV # 4  (For  Retrofit  SO Control  Cases 5B t o  88) 2 

-__ Uni t  1 Unit 2 U n i t  3 U n i t  4 - - 
Fiscal Year 1 4.0 3.7  - - 

2 1'0.8 9.8 3.9 3.9 

3 '3. 8 9 . 0   9 . 9  10.0 

4 1.7* 1.9* 8 . 9   8 . 8  

5 IO. 2 0 . 1  1.7* 1.6* 

6 - - 0.1 0 . 2  

26.5  24.5  24.5  24.5 
" - 

Total 
4 . 1  

14 .5  

23.9 

24.8 

20.5 

10.0 

2 .0  

0 .2  

100.0 

- 

- 

Total  

7 .7  
28.4 

38.7 

21.3 

3.  b 

0.3  

100.0 

- 

- 

m EXHIBIT 4-7 (SHEET 2 OF 2) 



.AIR QU.AI.ITY COSTROL STUDY ___. - 
U.AR CIIART CO\lP.ARISO% OF .AQCS  C.APIT.ALISED  COSTS ($/kl\') (GROUP A CASES E CO!IRIS.ATIOSS) 

0.225 

0.09 

0.02 

0.02 

0.225 

0.09 

0.02 

0.02 

0.225 

0.09 

0.02 

0.02 

0.035 

0.05 

i 
P 

P 

P 

P 

F 

F 

FI 

FI 

P 

F 

- 

so: 
PROCESS 

None 

None 

None 

None 

a r t .  We1 

art. We1 

art .  Wei 

art. We1 

u l l  Wet 

u l l  Wet 

u l l  iVet 

u l l  Wet 

a r t .  Dr) 

u l l  Dry 

1.34 

1.34 

1 .34  

1.34 

0 . 8  

0.8 

0 . 8  

0 .8  

0.2 

0.2 

0 . 2  

0 . 2  

0.8 

0 . 2  

100 200 306 
CAPITALISED  COSTS ($/kl!) 

Notes:-  1 )  The AQC Systems  extend  between  thc hoilcr a i r   h e a t e r   o u t l e t   t o   t h e  ch imney  inc lus ive .  

F u r  o thc r   t han   t he   Base  Scheme, Casc l A ,  i nc remen ta l   cos t s   a r e   i . nc luded  f o r  a d d i t i o n a l   s u p p o r t i n g   s e r v i c e s .  



r- 

4A FF 

5A ESP 

5/2A ESP 

5 / 3 A  IiSP 

5 / 4 A  I:F 

CiA 151' 

6/2A LSI' 

6/3A ESP 

6/4A FF 

7A FF 

8A FF 

UALTE CONTROL 1 so; 
EbIISSION ( # / b I l 3 )  PROCESS 

0 . 2 2 5  

0.09 

0.02 

0.02 

0 .  2 2 5  

0.09 

0.02 

0.02 

0. 225 

0.09 

0 .02  

0.02 

0.035 

0 .05  

None 

None 

None 

I None 

Part. We1 

Part. We1 

P a r t .  We1 

P a r t .  We1 

Full  Wet 

F u l l  Wet 

F u l l  Wet 

Ful l  Wet 

Part ,  Dr) 

F u l l  Dry 
I 

1 .34  

1 . 3 4  

1 . 3 4  

1 .34  

0.8 

0.8 

0.8 

0.8 

0 .2  

0 . 2  

0 . 2  

0 . 2  

0.8 

0.2 

0 

I" 

. . I  
, . .  

0 1 2 ~ 4 5 6 7 S 9 1 0 1 1 1 2  

AOCS LEVELISED 0 fi 0 COSTS (mills/kWh) 
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AIR QUALITY CONTROL  STUDY 

DETAILED  CAPITAL  COST ESTIMAES (GROUP A) 

($1000,   1978  pr ice   level)  

1) Case 1A (Base  Scheme) - 
- P r e c i p i t a t o r  

- Flyash  Handling 

- ID Fans 

- Chimney and Chimney Foundation 
- S t r u c t u r a l   S t e e l   I n c l u d i n g  Ductwork 

- I n s u l a t i o n  

- Electrical  

- Others 

15,520 

3,720 

2,400 

2,350 

5,720 

3,340 

3,310 

3,130 

T o t a l  Direct Cost  39,490 

Ind i r ec t   Cos t  (28%) 11,060 

Tota l   Cos t   50 ,550  

T o t a l   f o r  4 Units  202,200 

( O t h e r s   i n c l u d e :   h p r o v e m e n t   t o  s i te ,  ea r thwork   and   p i l i ng ,   conc re t e ,  

b u i l d i n g s ,   p i p i n g ,   p a i n t i n g . )  

- P r e c i p i t a t o r  

- Flyash  Handling 
- ID Fans 

- Chimney and Chimney Foundation 

- S t r u c t u r a l   S t e e l   I n c l u d i n g  Ductwork 

- I n s u l a t i o n  

- E l e c t r i c a l  

- Others 

Total  Direct Cost 

I n d i r e c t   C o s t  (23'4) 

Total Cost 

T o t a l   f o r  4 Un i t s  

17,550 

4,100 
2,400 

2,350 

5,780 

3,530 

3,740 

3,450 

42,900 

12,010 

54,910 

219,640 

rl 
EXHIBIT 4-10 (SHEET 1 OF 4 .  



A I R  Q,UALITY CONTROL  STUDY 
a .- 

DETAILED CAFITAL COST  ESTIMATES  (GROUP A) 
U 

- 
3) Case 3A (ESP 99.958,) - 

I - P r e c i p i t a t o r  

L 

1 

I 

m 

I 

I 

I 

I 

- Flyash  I landling 

- ID Fans 
- Chimney and Chimney Foundation 

- S t r u c t u r a l   S t e e l   I n c l u d i n g  Ductwork 

- I n s u l a t i o n  

- E l e c t r i c a l  

- Others 
Total  Direct 

Indi rec t   Cos t   (28%) 

T o t a l  Cost 
T o t a l   f o r  4 Un i t s  

4)  Case 4A (Mech. Coll- + F a b r i c   F i l t e r )  

- Fabr i c  F i l te r  

- Mechanica l   Col lec tors  

- Flyash  Handling 

- ID Fans 
- Chimney and Chimn.ey Foundation 

- S t r u c t u r a l   S t e e l   I n c l c d i n g  Ductwork 

- I n s u l a t i o n  
- E l e c t r i c a l  

- Others 

19,880 

4,530 

2,400 

2,350 

5,850 

3 ,720  

4,230 

4,000 

46,960 

13,150 

60,110 

240,440 

9,880 

1,400 

4,210 

3,990 

2,350 

6,750 

3,080 
1,590 

2,970 

T o t a l  Direct Cost  36,220 

Indirect   Cost   (28%)  10,140 

Total   Cost   46,360 

T o t a l  fo r  4 Units   185,440 

EXHIBIT 4-10 (SHEET 2 OF 4; 

3 
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.- AIR CUALITY CONTROL STUDY 

DETAILED CAPITAL- COST  ESTIMATES  I:GROUP A) 

5 )  Case SA (ESP + P a r t i a l  Met FGD) 

- Base  Schcme Cost (ESP11 

- Wct FGD System  (Including Ductwork t o  Chimney) 

- Incremental  Chimney Cost 

- Incremental  Waste Transpor ta t ion   and   Disposa l  

System  Cost 

- Adjustment   to   Base Scheme Cos t   (Dele te  Ductwork 

from ID Fans t o  Chimney) 

T o t a l  Direct Cost 

Ind i rec t   Cos t   (28%) 

T o t a l  Cost 
T o t a l   f o r  4 U n i t s  

6 )  Case 6A (ESP + F u l l  Wet FGD) 
” 

- Base Scheme Cost (ESP) 

- Wet FGD System  (Inclucing  Ductwork  to  Chimney) 

- Incremental  Chimney Cast 

- Incremental  Waste Transpor ta t ion   and   Disposa l  

System  Cost 

- Adjustment t o  Base Scheme Cost (Delete Ductwork 

from ID Fans t o  Chimney) 

T o t a l ,  Direct Cost 
Indirect .   Cost  (28%) 

T o t a l  Cost 
T o t a l   f o r  4   Units  

39,490 

35,960 

300 

100 

-(1,300) 
74,550 

20,870 

95,420 

381,680 

39,490 

52,510 

300 

200 

-(1,300) 

91.200 
25,540 

116,740 

466,960 

EXHIBIT 4-10 (SHEET 3 OF 4) 
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A I R  QUALITY CONTROL  STUDY 

DETAILED CAFITAL COST  ESTIMATES (GROUP A) 
- 

7 )  Case 7A (FF + P a r t i a l  DIy Scrubbing) 
I 

- Case 4 Cost 

- Dry FGD System 

- Incremental  Waste Tra r spor t a t ion   and   D i sposa l  

System  Cost 

- Adjus tment   to  Case 4 F a b r i c  F i l t e r  Cost 

(Reduce  Size) 

To ta l   D i rec t   Cos t  

Ind i rec t   Cos t   (28%) 

Tota l  Cost 
T o t a l  f o r  4 Uni t s  

8) Case 8A (FF + F u l l   m c r u b b i n g )  

- Case 4 Cost 

- Dry FGD System 

- Incremental   Waste  Transportation  and  Disposal 

System  Cost 

- Adjustment   to   Case 4 F a b r i c   F i l t e r   C o s t  

(Reduce  Size) 

Total  Direct Cost 

Indi rec t   Cos t   (28%) 

To ta l   Cos t  
T o t a l   f o r  4 Uni t s  

36,220 

27,510 

100 

- (800) 

63,030 

17,650 

80,680 

322,720 

36,220 

42,020 

200 

-(1,650) 

76,790 

21,500 

98,290 
393,160 

ZL!IBIT 4-10 (SHEET 4 OF 4) 
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AIR QUALITY CONTROL  STUDY 

- FGD PLANT REDUNDANCY 

EMBEDDED CAPITAL  COSTS - 

- SPARE MODULE 

CAPITAL COST(') 

SIZE UNIT 
CASE(') " ( i W )  ($/Kw) ($ x 106) 

TOTAL 

SA 144 26.6 53.2 

6.4 192 30.7 61.4 

7A 96 13.7 27.4 

8A 11s 15.5 31 .O 

- NOTES : ('"To EL first order  of  accuracy  the 

Cases. 
cos1:s can be appl ied   to   the  Group B 

( '"Capital  costs  are  in $ 1978, and a re  
inc:lusive  of  direct  and ind i r ec t  con- 
s t ruc t ion   cos t s  but exclude  corporate 
overhead, IDC and EDC. 'These cos t s   a r e  
embedded i n  the   cap i ta l   cos t s   g iven  i n  
Exhitbit 4-3 and 4-4 .  

il EXHIBIT 4-11 
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5.0 PRECIPITATION W 1 : E U E  GAS CONDITIONING 

As a measu re   o f   t he   d , ?ve lop ing   conf idence   i n   t he   pa r t   t ha t   f l ue   gas  

c o n d i t i o n i n g  (FGC) can p lay  in prec ip i t a to r   des ign   and   pe r fo rmance ,  

FGC-ESP technology is now being  promoted a s  a s e r i o u s   c o n t e n d e r   f o r  

new u t i l i t y   p r e c i p i t a t o r   a p p l i c a t i o n s .  In t h a t  a p r o p e r l y   s e l e c t e d  

FGC sys tem  can   somet ines   cont r ibu te  to s i g n i f i c a n t   r e d u c t i o n s   i n   s u c h  

f a c t o r s  as prec ip i ta t sDr   s ize ,   cos t ,   and   poss ib ly   power  demand; 

h i g h e r   a v a i l a b i l i t y   o f  FGC equipment i s  now being  observed  with 

r e t r o f i t t e d   i n s t a l l a t i o n s   i n   t h e   U n i t e d   S t a t e s ;   a n d   o n e  or two Utili- 

t i e s  are known to b e   ( o p e r a t i n g   w i t h   o r   i n s t a l l i n g  FGC-ESP combinations 

as o r ig ina l   equ ipmen t ;  it is c o n s i d e r e d   a p p r o p r i a t e   t o  review f l u e  

g a s   c o n d i t i o n i n g  as an AQCS a l t e r n a t i v e   f o r  Hat Creek. 

FGC i s  regarded as  an   emerg ing   t echno logy   ce r t a in ly   fo r  new p r e c i -  

p i t a t o r   a p p l i c a t i o n s   b u t   d o e s  not rank a t  t h e   p r e s e n t  time w i t h   t h e  

o t h e r  AQCS alternatives concerning i t s  stage  of  development or 

p r o b a b l e   a p p l i c a t i o n  for t h e  Hat Creek   P l an t .  I t  is  t h e r e f o r e  

rev iewed  apar t  from t h e   o t h e r   a l t e r n a t i v e s   c o n s i d e r e d  here. 

The i n v e s t i g a t i o n  of FGC technology  included an assessment   of   the  

c u r r e n t   s t a t e   o f  deveLopment i n  the   Uni ted   S ta tes   and ,   based   on  

vendors '   r ecommenda t ions ,   has   i den t i f i ed   su lphur   t r i ox ide  (SOj) as a 
s u i t a b l e  gas c o n d i t i o n i n g   r e a g e n t  for the  low su lphur  Hat Creek  

c o a l s .   T h i s   s e c t i o n  $;urnmarises t h e   p r i n c i p a l   c o n s i d e r a t i o n s ,   t h e  FCC 

mechan i sms   ac t ing   t o   f i np rove   co l l ec t ion   e f f i c i ency ,   an   ou t l i ne  of a 

t y p i c a l  SO3 gas  condi t ioning  system,  and  concludes  with  order-of-  

m a g n i t u d e   c o s t s   f o r  a FGC-ESP (co lds ide)   des ign   combina t ion  of 99.95 

per c e n t   e f f i c i e n c y ,   c . o r r e s p o n d i n g   t o   t h e   l o w e r  PCB p a r t i c u l a t e  

limit. 

5 . 1  FLUE GAS CONDITIONING - 
Flue   gas   cond i t ion ing  as a n   a i d  to i m p r o v i n g   t h e   c o l l e c t i o n   e f f i -  

c i e n c y   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   h a s   b e e n  known a b o u t   s i n c e   t h e  
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1920's.  More rec:entl:r, FGC systems  have  been  f i t ted-not   a lways 

success fu l ly - to   e .x i s t : i ng   p l an t   i n   o rde r   t o   upgrade   t he   pe r fo rmance  

of p r e c i p i t a t o r   i . n s t a : ; l a t i o n s ,   e i t h e r  as a r e s u l t   o f   t h e   o r i g i n a l  

u n i t s   b e i n g  unab1.e t o  meet t h e i r   g u a r a n t e e s ,  or i n   a t t e m p t s   t o  

comply  with more s t r i n g e n t  a i r  po l lu t ion   r egu la t ions .   The   body  of 

knowledge is con t inu ing   t o   g row as t h e   r e s u l t s   f r o m   p i l o t   e x p e r i -  

mentat ion  and  data  on f u l l  scale i n s t a l l a t i o n s  become a v a i l a b l e .  One 

vendor  of FGC sysitems h a s   s u p p l i e d  more than  90 r e t r o f i t t e d   s y s t e m s ,  

and two systems as or?:ginal  equipment,  one  of  which i s  now i n   o p e r a t i o n  

a n d   t h e   o t h e r  is i n   t h e   c o u r s e   o f   c o n s t r u c t i o n .  

C o n d i t i o n i n g   i n v o l v e s   t h e   i n j e c t i o n   o f   r e a g e n t s ,   m o i s t u r e   a n d / o r  

c h e m i c a l s ,   t o  the! f l u e   g a s   c a u s i n g  a m o d i f i c a t i o n  of t h e   f l y a s h  

p a r t i c u l a t e  a n d   b u l k   f l u e   g a s   c o n d i t i o n s   i n  a way which  can  improve 

t h e   c o l l e c t i o n   a n d / o r   p r e c i p i t a t i o n   o f   t h e   e n t r a i n e d   f l y a s h .   T h e  

causal  mechanisms are n o t   n e c e s s a r i l y   f u l l y   u n d e r s t o o d ,   n o r  are their  

e f fec ts   a lways   p red ic tab le .   The   composi t ion  of t h e   f l u e   g a s   a n d   t h e  

c o n s t i t u e n t s  of t h e   f l y a s h  a l l  p l a y  a p a r t   i n  a complex  and i n t e r r e l a t e d  

f a s h i o n  so t h a t   p r e d i c t i o n s  of  improvements in   per formance   wi th  FGC 

are by no means  secure!,  and  should u l t i m a t e l y   b e   c o n f i r m e d   b y   p i l o t  

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

o p e r a t i o n .  

F l y a s h   r e s i s t i v i t y  is a p r i n c i p a l   f a c t o r   a f f e c t i n g   p r e c i p i t a t o r  

performance. For e x a m p l e ,   t h e   h i g h   r e s i s t i v i t y   f l y a s h   t y p i c a l   o f  low 

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

c o s t l y   p r e c i p i t a t o r s   w i t h   h i g h   s p e c i f i c   c o l l e c t i o n  areas (SCA). FGC 

c a n   l o w e r   f l y a s h   r e s i s t i v i t y ;   t h e   a s h   p a r t i c l e   s u r f a c e s   a d s o r b  a 

po la r   subs t ance ,   e .g .   mo i s tu re ,   wh ich   r e su l t s  is an  improvement i n  

d u s t   d e p o s i t i o n   a n d   p r e c i p i t a t o r   p e r f o r m a n c e .   A l t e r n a t i v e l y ,   u t i l i z i n g  

FSC, a p r e c i p i t a t o r   d e s i g n   o f  smaller SCA c a n   b e   p r o v i d e d   t o   a c h i e v e  

a g i v e n   c o l l e c t i o n   e f f i c i e n c y .  

The presence  of SO a l s o   c o n t r i b u t e s   s i g n i f i c a n t l y   t o   t h e   c o n t r o l l i n g  

o f  r e s i s t i v i t y .   F r e e  so3 r a i s e s   t h e   a c i d   d e w p o i a t  of t h e   f l u e   g a s  
3 
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enab l ing  the f l g a s h   p a r t i c u l a t e s   t o   a d s o r b  more water, thereby 

r e d u c i n g   r e s i s t l v i t y .   C o n d i t i o n i n g ,  t o  l o w e r   t h e   a s h   r e s i s t i v i t y ,  

is also  achieved!  by Ithe i n j e c t i o n  of o t h e r   a d d i t i v e s   s u c h  as sodium 

compounds, H SO ammonia, a n d   c e r t a i n   p r o p r i e t o r y  chemical fo rmula t ions .  

Ammonia is understood t o  i m p r o v e   c o l l e c t i o n   e f f i c i e n c y  by i n c r e a s i n g  

the   cohes iveness ;  of the   f lyash   min imiz ing   re -en t ra inment .   Other  

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

s i z e ,  and  of  the: electrical  space  charge,   which i n  t u r n  raises t h e  

p r e c i p i t a t o r   o p e r a t i n g   v o l t a g e .  

2 4.' 

5.1.1  WAHLCOabhur  Trioxide Gas Condit ioning  System 

A t yp i . ca1   conf igu ra t ion  of t h e  WAHLCO SO gas   cond i t ion ing  

p l a n t  is i L l u s t r a t e d   i n   E x h i b i t  5-1. SO3 cond i t ion ing  a t  

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

conve r s ion  of vapourized SO2 i n t o  SO3 and i t s  i n j e c t i o n  

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

pentoxide is the ca t a lys t   u sed ,   and  the r e a c t i o n  is exothermic; 

t h e   o u t l e t   t e m p e r a t u r e   f r o m   t h e   c o n v e r t e r  would range 

between 54C-595°C (lOOO-llOOaF), well above   t he   ac id  dew 

p o i n t  of 26OOC (500'F). 

3 

Due t o  t h e  c o s t  of commerc ia l ly   ava i l ab le   l i qu id  SO2 and 

the d i f f i c u l t y   o f   s t o r i n g  i t ,  a sys t em  inco rpora t ing  a 

s u l f u r   b u r n e r  t o  make SO has   been   pa ten ted .   This   burner  

resembles   the   f ront   end   of  a small s u l f u r i c   a c i d   p l a n t .  

Much of t h e   h e a t   n e e d e d   f o r   t h e  SO t o  SO3 conver t ion   can  

be  provided by t h e   h e a t  of  combustion of t h e   s u l f u r .   S i n c e  

one   t on   o f   su l fu r   cos t s   abou t  a t h i r d  t o  a q u a r t e r  as much 

as a t 'on of SO2. and  produces two tons  SO the  investment  

c o s t s  of a su l fu r   bu rne r   cou ld   be   o f f se t   by   l ower   ope ra t ing  

c o s t s .  

2 

2 

2'  

C a r e f u l   a t t e n t i o n   n e e d s   t o   b e   g i v e n   t o   t h e   i n j e c t i o n  

r e n 7 e r u t u r e  of SO It must  be a s   f a r  f rom  the   ac id  dew 

p o i n t  as po,ss ible .   The  design  and  locat ion of t h e  Lnjec- 
3 '  

a 
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t ion   . sys tem i s  impor tan t   for   even  SO d i s t r i b u t i o n .  

S u f f i c i e n t   r e t e n t i o n  time is  needed f o r   t h e   i n t e r a c t i o n  of 

t h e  SO:) and   t he   f l ue   gas .  

3 

5.2  FGC-ESP HAT CREEK ALTERNATIVE - 
For   compar i son   w i th   co ld - s ide   p rec ip i t a to r   app l i ca t ions   des igned  

wi thou t   gas   cond i t ion ing ,  a FGC-ESP combination has b e e n   i n v e s t i g a t e d  

a p p l i c a b l e  t o  t h e  Hat C r e e k   p r o j e c t .   T h e   p a r t i c u l a t e   e m i s s i o n   f o r  

t h i s  AQCS i s  0.O:L mg/W (0.02 lb/MB), c o r r e s p o n d i n g   t o   t h e  99.95 p e r  

c e n t   c o l l e c t i o n   e f f i c i e n c y   o f  Case 3 .  

E n q u i r i e s  were i s sued  t o  va r ious   vendors   i den t i fy ing   t he   f l yash   and  

o t h e r   d e s i g n   c o n d i t i o n s ,   w h i c h   i n c l u d e d   r e q u e s t s   f o r  comments o n   t h e  

s u i t a b i l i t y   o f  gas cond i t ion ing  t o  a i d   p r e c i p i t a t i o n .   T h e s e   v e n d o r s  

i n c l u d e  WAHLCO, RESEARCH  COTTRELL (RC),  and AMERICAN A I R  FILTER 

(AAF): i n   a d d i t i o n ,  K?OLLO CHEMICAL CORPORATION, a v e n d o r   f o r   p r o p r i e t o r y  

FGC chemica l   addi t ive :s ,  was contacted.   The  quotat ions  f rom AAF and 

RC, a s   p r e c i p i t a t o r   m n u f a c t u r e r s ,   i n c l u d e d   t h e  FGC-ESP p lan t   combina t ion  

whereas,  WAHLCO q u o t e d   o n l y   f o r   t h e  FGC system. AAF a d v i s e d   t h a t  i t  

r e l i e s  on   the   exper ience  of WAHLCO a n d   o t h e r s   f o r   t h e   g a s   c o n d i t i o n i n g  

component.  The  majority of FGC sys t ems   quo ted   i den t i f i ed  SO3 gas  

c o n d i t i o n i n g   f o r   t h e   a p p l i c a t i o n .  

To d a t e ,  WAHLCO j.s understood t o  have  engineered  over 90 r e t r o f i t t e d  

FCC i n s t a l l a t i o n s ,  a1:L employing SO3 cond i t ion ing   ( e .g .  Iowa P u b l i c  

S e r v i c e ,  Commonwealth E d i s o n ) .   U t i l i t y   p r e c i p i t a t o r   i n s t a l l a t i o n s  

d e s i g n e d   s p e c i f i c a l l y   w i t h  SO3 condi t ion ing   by  WAHLCO inc lude   one   fo r  

the  Public  Service  Conpany,  Colorado  (Arapahoe Unit  No. 1, i n  

operation  since  1,976)  and  Wisconsin Electric Power ( u n i t   c u r r e n t l y  

u n d e r   c o n s t r u c t i o n ) .  

WAHLCO/AAF p r e d i c t e d  a SCA of between 84-89 m2/m3/sec (425-450 

f t z / l O O O  acfm)  with 5 0  p.p .m.  SO3 i n j e c t i o n .  These values  compare 

with  212.5 m2/m3/sec (:lo80 ft2/1000 acfm) f o r   t h e  ESP Case 3 c o n d i t i o n s  

g iven  i n  sub-sect ion 3 . 2 . 1 .  
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T h e   c o s t s   i n   1 9 7 8   d o l l a r s  for t h i s   a l t e r n a t i v e   h a v e   b e e n  

developed on a similar b a s i s   t o   o t h e r  AQC systems (refer t o  

S e c t i o n   4 . 0 ) ;   t h e   c a p i t a l   c o s t s   i n c l u d e  a 15   pe rcen t  

cont ingency   fac tor   and   exc lude   corpora te   overhead .  The 

e s t i m a . t e d   c a p i t a l   c o s t  f o r  t h e  FGC-ESP s y s t e m   i n s t a l l e d  as 

o r ig ina l   equ ipmen t ,  is $182,400,000 for the 4-uni ts ,  o r  $91 

/kW. 

The  esr imat ,ed  total   annual   and owning c o s t   ( u n l e v e l i z e d )  i s  

$25,000,000 for the 4-uni ts ,  o r  2.2  millslkWh. 

Relative t o  Case 3A, t h e   e s t i m a t e d   s a v i n g s   i n   c a p i t a l   c o s t  

f o r   4 - u n i t s  is $58,000,000 or  0.7 mills/kWh i n  owning  and 

o p e r a t i n g  costs a l though  a FGC-ESP combina t ion   des igned   for  

the   99 .49   percent   base   condi t ions   would   expec ted ly   p roduce  

much smal1e:r  savings.  The  costs of t h e  99.95 p e r c e n t  FGC- 

ESP combina.cion  compare  very  c losely  to   the  mechanical  

c o l l e c t , o r - f a b r i c   f i l t e r   c o m b i n a t i o n  of Case 4A which is of 

comparable   e f f ic iency .  
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5-1 SO3 PREPARATION & GAS CONDITIONING SCREMATIC 



.AIR QU.ALI'A' CONTROL STUDY 
SO. PREP.AR-\TIOX E GAS COSDITIONING SCI:EhLhTIC 

J 

HTA % 1OOOF I LTA % 775F HTA ?. 1000 

Q 7001: 

HTA - High Temperature Alarm 

LTA - Low Temperature Alarm 
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AQCS  PROCESS  STATUS 
I N  U S ELECTRIC UTILITY INDUSTRY 
" 

The following i s  a b r i e f  summary of the   ex ten t  of appl ica t ion  of t h e  

several AQCS processes which are under   considerat ion  for  t h e  Hat Creek p ro jec t  

of B C Hydro. 

A. FGD Wet Scrubbing 

The master document f o r  FGD s t a t u s  in  the  United  States  is t h e  "PEDCo 

Report" (EPA U t i l i t y  FGD S,urvey  EPA-600/7-79-022~. May 1979)  which i s  main- 

ta ined by PEDCo Environmental Company under   cont rac t   to   the  EPA. The follow- 

ing  information i s  ex:tract:ed from the   l a t e s t   annua l   r epor t  which is current  

through  January, 1979. 

No. of Units /Total  MW (1/79) 
Tota l  FGD Wet Calcium  Based  Scrubbing 

Operational 46/15 795 39/14  474 

Under Construction 45 /16  976 38/14 576 

Contract Awarded 21/11 051 161 a a43 

Planned L/ 46/26 382 101 6 3aa 

TOTAL 1 w 7 0  204 ~ ~ 4 4  281 

- 1/ 75 percent of   p lanned   un i t s   l i s ted  as "Process  not  Selected" 

Calcium  based  wet  scrubbing (lime or  limestone)  has  been  the  predominant 

method o f  SO2 removal. i n  Ithe U S f o r   t h e  last decade and t h i s  trend would be  
expected  to   cont inue for  ;It l ea s t   ano the r  10 years   or   longer .  

Ebasco  has  served as the   a rch i tec t /engineer  on 4 wet FGD type  systems 

which a r e   c u r r e n t l y  (or near)  operational.   These  include: 

. Kansas Ci ty  Power/Kansas Gas h E l e c t r i c  LaCygne Unit  No. 1 
840 n e t  Mw 6.0 percent   sulfur  Kansas Coal Limestone 

wet s c rubbhg   In i t i a l   Opera t ion  Ln 1972 

. P a c i f i c  Power & Light Company Dave Johnstone  Unit No. 4 

330 n e t  MW O. . j  percent   su l fur  Wyoming Coal Limelalkaline 

f ly   ash  wet: sc rubbing   In i t ia l   Opera t ion   in  1971 
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. Arizona  Public  :Service Company Cholla  Unit No. 2 

250 ne t  MW 0 3  percent   su l fur  New Mexico Coal  Limestone 

wet scrubbing In i t ia l  Opera t ion   in  1978 

. Minnesota I'ower & Light Company Clay  Boswell Unit No. 4 
500 ne t  MW 3.:3 percent   su l fur  Montana Coal  Lime/alkaline 

f l y  ash wet: scrubbing  Ini t ia l   Operat ion  expected late 1979 

The attached document "Ebasco Services  Incorporated Air Qual i ty   Control  

Systems  Experience 1970-1!378" provides   g rea te r   de ta i l  on t h e  Ebasco  extent of 

involvement with these 4 !rystems and a l s o  Lists work i n  progress on fu tu re  

systems. It is ant ic : ipa ted   tha t   cur ren t  work f o r  Houston L i g h t  and Power, 

Jacksonvi l le   Electr ic :   Authori ty  and General  Public Utilities ( including 

Pennelec) w i l l  r e su l t :   i n  an addi t iona l  3000 MW of operat ional  FGD by the  

la te   1980 's .  

B. FGD D r v  Scrubbirng 

PEDCo l i s t s  the  following  dry  scrubbing  systems which  have  been 

committed: 

. Ot te r  T a i l  Power Coyote Unit  No. 1 440 MW gross 

0.9 percent   su l fur  Dakota l i g n i t e   s p r a y   d r y e r / f a b r i c  

f i l t e r  by Wheelitbrator  Frye/Atomics In t e rna t iona l  

sodium carbonate  reagent  Init ial   Operation  expected mid-I981 

. Basin   E lec t r ic  I'ower  Coop Antelope  Valley  Unit No. 1 
440 MW gross 0 . 7  percent   su l fur  Dakota l i g n i t e  

spray d r y e r l f a b r i c   f i l t e r  by Joy/Niro l i m e  reagent 

In i t ia l   opera t icn   expec ted   l a te  1981 (Replicate  Unit  

No. 2 ,  1983,  has  not  yet  been  comnitted  to  dry 

scrubbing  process) 

. Basin   E lec t r ic  Power Coop Laramie  River Unit No. 3 

600 MW gros,s 0.5 percent  sulfur  subbituminous  coal 

spray  dryer/ESP by B&W l ime  reagent   In i t ia l   opera t ion  

expected  early 1982 

P 
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In addi t ion ,  2 lime dry  scrubbing  industr ia l   uni ts   (Celanese Corp, 25 

MW equivalent  and Stxathmore  Paper Co, 11 MW equivalent)   are   expected  to  be 

ope ra t iona l   i n   l a t e  1979. Severa l   subs tan t ia l   p i lo t   p lan t   d ry   sc rubbers   a re  

a n t i c i p a t e d   a t   t h e  J i m  Bridger (Wyoming) s t a t i o n  of Pac i f ic   Parer  and Light 

Company. 

Ebasco's  involvement  with  the  dry  scrubbing  process  has  been  limited  to 

study work only  with no formal  inquiries  issued and no operational  systems 

a n t i c i p a t e d   p r i o r   t o  1986. 

C. F a b r i c   F i l t e r   P a m i l a t e  Removal 

Reference is made to   the   a t tached   Exhib i t  No. 15 of the  Ebasco "East 

Kootenay  Thermal P ro jec t ,  300 MW Units No. 1 & 2,  P a r t i c u l a t e  Removal 

Equipment Study"  June 1978. This   Exhibi t  l ists  24 e l e c t r i c   u t i l i t y   a p p l i -  

ca t ions   to ta l ing   over  5000 hW. Eigh t   coa l   f i r ed   s t a t ions   t o t a l ing   ove r  

1000 MW a re   cu r ren t ly   i n   ape ra t ion   w i th   f ab r i c   f i l t e r s .  

Ebasco w i l l  be  i s su ing   fo rma l   i nqu i r i e s   fo r   f ab r i c   f i l t e r s  (and a l s o  

ESP's) fo r  2 x 750 hW l i g n i t e   u n i t s   f o r  Houston L i g h t  and Power i n  l a t e  1979. 

These uni ts   are   expected t o  be  operat ional   in  1985/86. 

D. ESP P a r t i c u l a t e  Removal 

This  has  been  the  predominant method f o r   p a r t i c u l a t e  removal for the  

U S e l e c t r i c   u t i l i t y   i n d u s t r y   w i t h   p r o b a b l y   g r e a t e r   t h a n  90 percent of a l l  

u n i t s   a f t e r  1970 so equipped. 

Operational (or 'near  operational)  systems by Ebasco on coa l   f i r ed  units 
include the following: 

. Carolina Power & Light Co 14 ESP r e t r o f i t s   t o  

exis t ing  uni ts   approximately 3000 MW 1973 

. Iowa Publ ic   Service Co Geo Neal  Units 3 & 4 

1100 MW to t<a l  1977 & 1979 

. Arizona Pub'Lic Service Co Cholla  Units 3 & 4 

650 MW t o t a l  1980 & 1982  expected 
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. Dayton Power and Light Co Killen Units 1 & 2 

1200 MW to t , a l  1981 & 1982 expected 

. P a c i f i c  Power and Light Dave Johnston  Units 1, 2 & 3 

440 hW t o t a l  1977 r e t r o f i t  

. General P u b l i c   U t i l i t i e s  Homer City Unit No. 3 

630 MW 1977 
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Since  the Air Quality Act of 1967, which authorized EP.4 t o   e s t a b l i s h  

sa fe   l eve l s   o f   a i r   po l lu t an t s  and apply  the  controls  necessaxy  to  achieve 

these  levels ,  Ebasc:o Services  Inc  has been  involved in   he lp ing   t he   E lec t r i c  

Ut i l i ty   Indus t ry  tci app1.y  new technology t o   a i r   p o l l u t i o n  problems and adapt 

these  control measu.res t:o be cons is ten t   wi th   the   h i s tor ica l   indus t ry   requi re -  

ment o f   h igh   f l ex ib i l i t y  and r e l i a b i l i t y .   S i n c e   a i r  and water   qual i ty  pro- 

visions  often  represent  over one th i rd  of new plant  investment, it i s  logica l  

that   the   archi tect-engineer   funct ion is a major aspect  of  successful  control 

equipment appl icat ion.  The complexity and cost of current   control  schemes 

require   careful   integrat : ion w i t h  the  balance  of  plant  not  only  to minimize 

the  impact on the  basic  power generation  function bl;t a l s o   t o   f a c i l i t a t e  

dealing w i t h  the "new" products of a power p lan t  - s o l i d  and l iquid  wastes.  

The fo l lowing   d i scuss ion   smar i zes   t he   s a l i en t   f ea tu re s   o f  s ix  spec i f i c  

a i r   q u a l i t y   c o n t r o l  systems  which i l l u s t r a t e  Ebasco's  involvement from  con- 

ceptual  design  through  preparation  of  specifications and engineering  of  system 

aux i l i a r i e s .  La  Cygne Unit 1 and Dave Johnston  Unit 4 are  operational  systems 

designed for par t i cu la t e  and SO2 removal. The remaining  units,  Cholla 2. Aomer 
C i t y  3 ,  Killen 1 & 2,  and Boswell 4 are   in   var ious  s tages   of   planning and 

engineering. A l l  of: these  systems  are  based on wet chemical technology  although, 

as is of ten  the  case w i t h  a i r   q u a l i t y   c o n t r o l  equipment, n o t   a l l  will proceed 

t o  completion i n  accordance w i t h  the  original  conceptual design. 

These un i t s  were se lec ted   for   d i scuss ion  here because  they are believed 

t o  be good examples  of the more complex type of systems  which  Ebasco and the 
E l e c t r i c  U t i l i t y  Indus t ry  a re   cur ren t ly   apply ing   to   i a rge  new coa l - f i red   un i t s .  

A b r i e f  sunrmary of  Ebasco's  related  experience and study work on other  un i t s  
i s  also  included. 

A - LA CYCNE UNIT 'i 

1. Svstem Descriorion 

La Cygne Unit 11 (840 MJ net)   of Kansas City Power and Light and Kansas 
Gas and E l e c t r i c  Company has a B6W cyclone  fired  balanced draft  bo i l e r   r a t ed  

a t  6 200 000 l b  steam pel: hour. The u n i t  was the  first i n s t a l l a t i o n  a t  8 

new mine mouth plant: a t  La Cygne, Kansas using  bituminous  coal of low qual i ty :  

9 000-10 000 Btu/lb,  Z O - X X  ash, and  up t o  6.07. su l fu r  
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The B&U-designed air qual i ty   control   system  consis ts  of seven  scrubber- 

absorber modules (subsequently  increased  to  eight)  wi th  each module containing 

a var iab le   th roa t   rec tangular   ventur i  for p a r t i c u l a t e  removal, a tray  type 

absorber   superf ic ia l ly   s imilar   to   the UOP turbulent  contact  absorber  for SO2 
removal,  chevron  demisters and an in- l ine  bare   tube  s team  reheater .  The 

bo i l e r  and AQCS are   d raf ted  by s ix  p a r a l l e l  induced draf t   fans   located down- 

stream of the AQCS and discharging  to  a 700 f t  chimney. Locally mined lime- 

stone i s  milled tD an  aqueous s lu r ry  i n  two wet b a l l  mills. Spent   s lurry of 

flyash and calcium  products is pumped t o  a 160 a c i e   s e t t l i n g  pond with  c lear  

l iquor  returned t r2  the  AQCS. 

2.  Svstem I u o s i b i l i t y  

Ebasco,   with  respmJnsibi l i ty   for   ovetal l  p l d n t  design and construction, 

a l so  was involved i n   t h e  AQCS. Study work associated  with  the AQCS included: 

1. 

2. 

3.  

4 .  

5 .  

6. 

7. 

Review of state-oE-the-art of a l ternat ive  systems and their  investment 

and operating  costs.  

S u i t a b i l i t y  of a l t e r n a t e  systems f o r   t h e  La Cygne Unit and t h e i r  impact 

on over-all  plant  performance and schedule. 

Determination  of  ambient SO concentrations  as a function of s tack  

height  with  recomaendation on required  height.  

Review of s ta te-of- the-ar t  and cos t  of  continuous  emission  monitoring 

equipment  componerts and systems. 

Determination. of adequacy of supply of local ly   avai lable   l imestone.  

Determination  of  t:echnical and economic, f e a s i b i l i t y  of on-si te  

calcining of  limestone i n  ro ta ry   k i lns .  

Preparation of system  specifications and evaluation of proposals. 

Addit ional   effor t  was expended on t h e  Montrose P i l o t  Test. In  1970, 

2 

p i l o t   r e s t s  of a Chemic0 two-stage  venturi  scrubber  were  conducted a t   t h e  

Montrose S ta t ion  on a 1500 cfm sl ip   s t ream  taken ahead of t h e   e l e c t r o s t a t i c  

prec ip i ta tors .  . h e  object ive was to   de te rmine   the   e f fec t  of operating  para- 

meters  such  as P :P, L/tZ, s t o i c h i w e t i c   r a t i o  and furnace  inject ion on 
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p a r t i c u l a t e  and SO2 removal  as a guide   to   sys tem  des ign  a t  La Cygne. Ebasco 

func t ioned   as  a t e s t   o b s e r v e r ,   i n c l u d i n g   r e v i e w  of t e c h n i c a l   r e s u l t s  and con- 

clusions.   Program rerul ts  were   incorpora ted   in to   eva lua t ion  of even tua l  

proposed  systems for La Cygne Unit  1. 

Ebasco-designed  system  auxi l iar ies   included:  

1. Limestone  s torage and handl ing,   including  general   equipment   arrangement  

w i t h i n  the millhouse.  

2. AQCS support  s t e e l  ( p a r t i a l )   p l u s  a l l  foundat ions.  

3 .  Piping and v a l v e s   ( p a r t i a l )   w i t h i n  AQCS b a t t e r y   l i m i t s .  

4 .  Pumps and  piping for s l u r r y  blowdown t o  s e t t l i n g  pond and c l e a r   w a t e r  

r e t u r n .  

3. b e r a t i o n a l   : E x u e r i e n c e  

Ebasco's  Plant  Optbrations  Department was r e s p o n s i b l e   f o r  startup and 

shakedown of t h e  entire p l a n t ,   i n c l u d i n g   t h e  AQCS (in conjunct ion with BhU). 

In i t i a l  o p e r a t i o n  of the AQCS was i n  late 1972,  al though only one  module was 

equipped   wi th   absorber   in te rna ls   and   rec i rcu la t ion  pumps, and n o t  a l l  i n s t r u -  

mentat ion  had  been  instal led.  Some i n i t i a l  operat ing  problems  included:  

1. 
2. 

3.  

4. 
5 .  

6. 
7. 
a. 
9. 

10. 

I D fan v i b r a t i o n  

Ventur i   spray  nozz: le   plugging and e r o s i o n  

Pump i n l e t  screen plugging 

S l u r r y   c o n t r o l  valve f a i l u r e  
Dmister plugging 

Reheater  corrsosion 

Instrument  sensor  pluggage 

Loss of  b a l l s  from l imestone mills 

Pluggage of area  d . ra inage sump pumps 

Darper   sca l ing  
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During  Ebasco's one year  shakedotm pe r iod   a t   t he   s i t e ,  some of the  

changes made were: 

1. 

2. 

3. 

4 .  

5. 

Steam tube  reheaters were  supplemented  with  hot a i r   d i v e r t e d  from 

the   a i r   hea t e r .  This minimized wet deposits  adhering to the  fans 

causing  imb,alance, and reduced damper and reheater   scal ing.  

Hydroclones  were ins ta l led   in   the   ventur i   recyc le   loops  to remove l a rge  

(50 mesh) p .ar t ic les  and minimize  nozzle and screen  pluggage and reduce 

valve and nozzle  erosion. 

Limestone mill o u t l e t  geometry was a l te red   to   p revent   ba l l  loss. 

Smnp  pumps were  converted to   j e t   pu l s ion   t ype  to improve  removal of 

s l u r r y   s p i l l s .  

Underspray  demister washers were  replaced  with  overspray  washers  to 

improve performance. 

The La Cygne sys::em has been shown to be  capable of achieving  0.1 l b  per  

mB part iculate   emission  with 80 percent SO2 removal. High a v a i l a b i l i t y  and 

r e l i a b l e  performance  can  be  achieved  provided c a r e f u l   a t t e n t i o n  i s  paid t o  
cleaning and established  preventative  maintenance programs. 

B - DAVE JOHNSTON UNIT 4 

1. S v s t e m  Description 

Dave Johnston No. 4 (330 MW ne t )  of Pac i f ic  Power & Light Company has a 

CE tangent ia l ly   f i red  balance d r a f t  b o i l e r   r a t e d   a t  2 450 000 l b  s,team per  hour. 
The un i t  i s  an extension at the Dave Johnston  Station a t  Glenrock, Wyoming, 

and  uses  local  sub-bit.minous  coal: 

7 500 Btul lb ,  127. ash, 0.57. su l fu r  

The Chemico-designed a i r   q u a l i t y   c o n t r o l  system  consists of three  scrubber 

t ra ins   o r  modules w i t h  each t r a in   cons i s t ing  of a var iab le   th roa t   cy l indr ica l  

venturi   for  particulate  removal,   chevron  denisters,  and a wet operation  induced 

draf t   fan .  The I D  fans   discharge  to  a 250 f t  low ve loc i ty  wet  chimney, Dilute  

f lyash  s lurry i s  blovn down from the   sc rubbers   to  an ash   se t t l ing  pond with 

clear  l iquor  reeurned to the  scrubbers.  
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2 .  D i v i s i o n   o f s u o n s i b i l i t v  

Although balance of plant  design and construction were within  Ebasco's 

scope,  the AQCS, includhg  ventur i   scrubbers ,  I D  fans and chimney were within 

the  scope  of Chemico. I:basco study work r e l a t ed   t o   t he  AQCS included: 

T 

I 

0 

I 

II 

1. 

2. 

3. 

4 .  

5 .  

6. 

Review of   s ta te-of- the-ar t  of p rec ip i t a to r s  and ventur i   scrubbers   for  

investment  costs and s u i t a b i l i t y   f o r  Dave Johnston 4 .  

Deteminat ion of  ambient concentrations as a function of s tack  height  

w i t h  recommendation. on required  height. 

Inspections of s imi l a r  Chemic0 i n s t a l l a t i o n s   a t  Holtwood and Four Corners 

to   de temine   re levance  of operating  experience. 

Design  of overall   plant  water  balance and ash  ponds. 

Preparation of I D  fan  specif icat ions.  

Determination 'of performance testing  procedures. 

3. Ouerationa-perience 

Ebasco's  Plant  Operations Department  cooperated  with Chemico during 

s t a r t u p  and shakedown of the  AQCS. I n i t i a l   o p e r a t i o n  was is t h e   f a l l  of 
1971 ,  and operating problems  included: 

1. Ash deposits on nowir r iga ted   in te rna l   por t ions  of the  scrubbers.  

2. Scaling of  discharge  l ines  to  ash ponds. 

3. Pluggage  of pump suctions  with  hard  scale. 
4 .  Excessive I D  fan vibrat ion.  

5. Leaky ductwork  expansion j o i n t s .  

The following  a.re some of the  changes  which were made d u r i n g   t h e   f i r s t  

three  years  of opera,tion: 

1. Fan  wash nozzle  system was replaced w i t h  upstream  "fogging" nozzles  and 

closer   control  was m,aintained  over wash water  quali ty  (cooling tower 

blowdown) in   order   to   prevent   deposi ts  from adhering  to   the  fan  rotors .  

2.  Discharge pump i?iping was resired  to   prevent   deposi t ion  of   sol ids  and 
scale. 
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4.  

5. 

6. 

Recycle pump suction  nozzles were raised  to   prevent   large  pieces  from 

plugging  lines. 

Ventur i   in le t  geometry was revised  to  minimize  buildup  of  deposits at  

wet/dry  interface.  

Tests were  conducted  with  lime  addition fo r  pH con t ro l   t o  minimize 

e r ra t ic   per fomanc(s  when burning  coal from two d i f f e ren t  seams with 

subs t an t i a l ly   d i f f e ren t  CaO contents   in   the  f lyash.  

Tests were conducted  with  chemical  additives t o  s e l e c t  compounds which 

would inf luence   sca le   charac te r i s t ics .  

The Dave Johnston Eiystem has  been shown t o  be  capable  of  achieving  0.1 l b  

per mB par t icu la te   emiss ion   ra te  and 30 percent of  SO removal re ly ing   so le ly  

on h i g h  f lyash   a lka l in i ty .  High a v a i l a b i l i t y  has been  achieved f o r  extended 

periods  provided  proper  attention i s  paid  to   per iodic   f lushing and manual 

cleaning of the  scrubbers.  

2 

C - CHOLLA UNITS 2 3  

1. System Description 

Cholla 2 & 3 (250 MJ net  each)  of  Arizona  Public  Service Co have CE 
tangent ia l ly   f i red  balanced  draf t   boi lers   ra ted at  2 000 000 l b  steam per 

hour. The u n i r s  are   extensions at  the   ex is t ing   p lan t  at Hoibrook,  Arizona, 

and w i l l  use  bituminous New Mexico coal of f a i r l y  good qual i ty :  

9 000 - 1.0 800 Btullb.  9-18% ash and 0.4-0.9 sulfur 

The Research Cottrell   designed a i r  qual i ty   control   system  for   Unit  2 

consists  of two mechanical  dust  collectors, two ID fans,   four   var iable   throat  

flooded disc  venturis  for  particulate  removal,   four packed bed SO absorbers 

w i t h  integral   demisters  and bare  tube  steam  reheaters, two booster ID fans 

and a 550 f t  chimney (common t o  Units 2 & 3) with two f r ee   s t and ing   s t ee l  

l i ne r s .  The reagent  system  consists  of two wet b a l l  mills sized t o  provide 

l imestone  s lurry  to   Units  1 & 2 and a fu tu re  Unir 4. 

2 
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The AQC system for  Cholla 3 cons is t s  of two UOP-designed ho t   p rec ip i t a to r s ,  

two I D  fans and the  shared chimney w i t h  Unit 2.  Compliance with  Arizona  State 

SO emission  regulations i s  achieved by averaging  the  emissions between Unit 2 

and 3. Although the  f lue  gas  streams from the two uni t s   a re   no t   phys ica l ly  

blended together,  p.rovision  has been made for future   addi t ion  of  a gas  mixing 

chamber upstream  of  the chimney i f  such  an  arrangement is required. 

2 

The waste  disposal  system is comon to   the   en t i re   p lan t .  D r y  f lyash 

from mechanical  dust  collectors and p rec ip i t a to r s  i s  pneunatically conveyed 

to  tanks and mixed w i t h  venturi/absorber blowdown. The mixed product is 
pumped four  miles b:y thr8ee  paral le l   p lunger  pumps t o  a pond located on the' 

s i t e .  The air   'qual i ty   control   system  takes   a l l  of i ts  makeup requirement 

from cooling tower blowdown  and any excess  cooling tower blowdown i s  mixed 

with  the  waste  sludge and pumped to   t he   d i sposa l  pond. Solar  evaporation 

r a t e s   a r e   su f f i c i en t ly   h igh   t ha t   a l l   wa te r  which i s  sent  t o  the pond (and 

t h i s  represents  the tota:: plant  waste  water  generation) is evaporated  with 

no water  returned from the  pond or blown down. 

The or ig ina l  RC:-desj.gned AQC system fo r  U n i t  1 (115 MU), which i s  bas i ca l ly  

t h e  same as t1;o Unit, 2 system, was modified  to  incorporate  water  balance, re- 

agent  supply and waste  dhposal  arrangements  consistent  with  overall   plant 

design  philosophy. 

2. System Responsibi l i tv  

Overall  plant  design  are  within  Ebasco's  scope and study work r e l a t e d   t o  
the AQCS included: 

1. Review of s ta te-of- the-ar t  of S02/par t icu la te  removal  Systems with  feasi-  

b i l i t y  and cost   for   the  Chol la   appl icat ion.  

2. Determination of ambient concentrations as a function  of  stack  height 

for  various  alternative  systems  with a recommendation on s tack  height .  

3 .  Determination o!F s u i t a b i l i t y  of ax ia l  flow  fans  for  abrasive/corrosive 

environments  associalred  with AQCS. 

4 .  Conceptual desigp  of  overall   plant  water  balance and waste  disposal 

schemes. 
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6. 

7. 

a, 

9. 

10. 

Recomendationri on Pound control  provisions.  

Preparation of Envi:romental Impact Statement and presentat ion of t e s t i -  

mony at   publ ic   hear ings.  

Examination  of coal  handling  system to   p rov ide   fo r   a l l oca t ion  between 

un i t s  based on coal   sulfur   content .  

Review of a l t e rna t ive   f l ue  gas reheat schemes including gas mixing 

betve5n u n i t s  a.nd oi.1 f i r i n g .  

Study  of  costs and p rov i s ions   t o  be  made for   segregat ion and c l a s s i -  

f i ca t ion  of flyash for poss ib l e   fu tu re   u se   i n  cement manufacture. 

Preparation of spec i f ica t ions  and evaluations  of  proposals  for  mechanical 

d u s t  co l lec tors ,  I D  fans,   booster ID fans,  venturi/absorber  system, lime- 

stone  handling equip:ment, and e l ec t ros t a t i c   p rec ip i t a to r s .  

Excluding the ventur i labsorbers  and l imestone  mill ing equipment,  which 

were  designed by Research C o t t r e l l ,  and t h e   h o t   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 ,  

which  were  designed by UOP, Ebasco specified  or  designed AQCS auxiliaries 

included: 
.. 

1. 

2.  

3 .  

4 .  

5 .  
6.  
7. 

6. 
9. 

Mechanical dust   col lectors  

ID and booster I D  farm 

Chinmey 

Waste disposal systen-pumps, piping,   tanks,   agi ta tors  

Pond dike  including  c lay  seal ing 

D r y  limestone  handling 'equipment 

Interconnecting (ductwork and bypass 

E lec t r i ca l   aux i l i a r i e s  and foundations 

AQCS conrrol  system  (;?artial) 

3. Svstem S t a t u s  

Scheduled t r ia l   opera t ion   da tes   for   Uni t s  2 and 3 a re  1st quar te r ,  1978 

and 1st quar te r ,  1979, respect ively.  The Unit 2 AQCS i s  e s sen t i a l ly   cmple t e  

and gas and s lu r ry  flcsws a r e  expected t o  be establ ished i n  March of 1978. 
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1. Svstem Descrintion 

Homer City U n i t  3 (630 N i )  of New York S ta t e   E lec t r i c  h Gas Corporation 

and Pennsylvania Electric Co:has a B&W pulverized  coal  (with CE Raymond Mills). 

balance  draft   steam  generator  rated  at  4 280 000 l b  steam  per  hour. The u n i t  

i s  an extension  of an ex i s t ing  mine mouth plant  at  Homer City,  Pennsylvania, 

which has  historically  u.cil ized  the  following  coal:  

10 900-12 700 Iltu/lb, 12-239. ash, 1.4-2.89. su l fu r  

The AQCS, as   def ined  in   the  or iginal   conceptual   design and developed t o  

the  contract   s tage  with equipment  Vendor, was t o   c o n s i s t  of h o t   e l e c t r o s t a t i c  

p rec ip i t a to r s ,  I D  fans ,  mobile bed SO absorbers   ut i l iz ing  l ime  reagent ,  in -  2 
l i n e  steam  tube  reheaters and dmmstream booster I D  f ans   ex i t i ng   t o  a 1200 f t  

chimney. Auxiliary equipment was to  include  conveyors,   si los and s lakers  for 
reagent  preparation and thickeners ,  vacuum f i l t e r s  and t ruck   l oad ing   f ac i l i t i e s  

for  waste  disposal.  

However, i n  view of :State  requirements  for  emission  reductions on the 

ex i s t ing  Homer City  Units 1 h 2, an approach was developed by NYSEM: and 

Dennelec as  an a l t e r n a t i v e   t o   t h e  AQCS just   descr ibed.  This was based upon 

a two  stage  coal  washing  process  which  reduced max imum coal sulfur from 2.8 wt9.  

to  1 . 7  w t %  and then  s:egregated  the  coal  into two streemsof 2 .1  wti !  su l fu r  and 

0.6 wt7. su l fu r .  These two streams would meet emission  requirements of both  the 

ex i s t ing  u n i t s  and a l so  U n i t  3 without  the  use of f l u e  gas desulfurfzacion. 
The planned  Unit 3 AQCS w a s  thus  modified t o   c o n s i s t  of ho t   p rec ip i t a to r s  

(supplied by Research Cottrell), ID fans, a 1200 f t  chimney and provis ion  for  
addi t ion of an SO removal  system i f  it were to be  required  in   the  future .  2 

2 .  Svstem Respnnsibi l i tx  

Overall p l a n t  design ,and construction  are  within  Ebasco's  scope and study 

work re la ted  to the K!CS includes: 

1. Deteminat ion of ambir!nt concentrations  as a function  of  stack  height,  

including a review of extensive ambient SO monitoring  data from the 

Homer City/Keystone/Ccaanaugh area,  with a recornendation on stack  height .  
2 
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2 .  

3 .  

4 .  

5. 

6 .  

Cost  comparison of increased  stack  height  vs  increased  f lue  gas  reheat 

as  a means of increasing plume height.  

Review of s t a t u s  of coal mill pyr i t e   r e j ec t ion   a s  a pa r t i a l   su l fu r   r e -  

moval techniqu.e. 

Visits to   a l l   oper i i t ing  FGD systems  within  the  industry  prior  to  develop- 

ment of conceptual  design of system. 

Conceptual  design  of  water  balance and waste  disposal schemes, but ex- 
cluding  ult imate  disposal which was intended  to  be o f f - s i t e  by trucking. 

Preparation of spec i f ica t ions  and evaluations of proposals   for   hot  

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 ,  I D  fans ,  SO absorbers,  lime  handling 

equipment, chimney and waste  disposal equipment, including vacuum 

f i l t e r s .  

3. System S t a x  

Homer City 3 comenced  operation i n  l a t e  1977 u t i l i z ing   h igh   su l fu r  run- 

2 

of-mine coal which  had been previously  stockpiled.  The f i rs t  s t age  of the  

wash plane i s  complete and has  supplied some coal for Units 1 h 2. Operation 

of the wash plant  and cons t ruc t ion   ac t iv i ty  on the  second wash s tage  have  been 

suspended for the  duration of the DMW s t r i k e .  

E - KILLEN 1 & 2 

1. Svstem Description 

Killen  Units 1 '5 2 (600 MW net  each)  of Dayton Power h Light Company and 

Cincinnat i  G a s . &  E l e c t r i c  Company have B M J  balanced  draf t   boi lers   ra ted  a t  

4 545 000 l b  steam/h:c. T:ie uni t s  are the  first i n s t a l l a t i o n s  a t  a new S i t e  

near  Manchester, Ohio. System  design  has  been  based on a high  ash  coal  with 

both  high and low sul!fur coal ,  IO 500-12 000 Btul lb ,  10-237. ash,  although 

the  actual  source and qua l i ty  have  not  been  finalized. 
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For i n i t i a l   o p e r a t i o n  on  low su l fu r   coa l ,   t he  AQCS will cons is t  of hot 

s ide   p rec ip i ta tors   ( suppl ied  by UOP) fo r   pa r t i cu la t e  removal  only. A con- 

ceptual  design was developed for  expansion  of  the AQCS to  include SO2 removal 

if conversion t o  h i ,& sulfur coal  is required. The conceptual  design  consists 

of h o t   e l e c t r o s t a t i c   p r e c i p i t a t o r s ,   a x i a l  flow I D  fans,  SO absorbers   u t i l i z ing  

limestone  reagent,  boost,er I D  fans ,  steam  tube  reheaters and a comwn 950 ft 

chimney w i t h  independent s t e e l   l i n e r s .  Absorber  water makeup would  be taken 

from cooling  tower blowdown with  both  absorber  sludge a n d  f lyash blown down 

to  on-si te   c lay  l ined pcnds with  recycle of water. The reagent  system would 

cons is t  of th ree  wet b a l l  mills for  l imestone slurry with  limestone  delivered 

to   the  plant  by barge. 

2 

2. Svstem  Re-ibilitv 

Overall  plant  ,design is within  Ebasco's  scope and study work re la ted  t o  

the AQCS included: 

1. 

2.  

3 .  

4. 

5. 

Determination  of  breakeven  coal  cost  as a funct ion  of   sulfur   content  for 

various  absorber   a l ternat ives .  

Determination of ambient concentrations as a function of s tadc  height  

with  recmendntion:s on s tack  height .  

Study of investment and operating  cost  comparison  between  wet and dry 

chimney operation. 

Conceptual  design of overall   plant  water  balance and waste  disposal 

schemes. 

Preparation of Envirowental  Impact  Statement and information  for  permit 

appl icat ions.  

3. Svstem S t a g  

Scheduled t ra i l   opera t ion   da tes   for   the   Ki l len   Uni t s ,   o r ig ina l ly  1979 and 

1980 have  been  postponed t o  1981 and 1982. Excluding  the  hot  precipitators,  

no spec i f ica t ions   for  major AQCS components have  been  prepared  pending  resolu- 

t i on  of coal  supply. 
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F - C W Y  BOSWELL 4 

1. Svstem DescripC- 

Clay  Boswell h i t  4 ( S O 0  MW) of  Minnesota Power h Light Co has a Combustion 

Engineering  tangentially  f ired  balanced  draft   boiler.  The un i t  i s  an extension 

to an existing  plant  at  Cohasset,  Minnesota, and w i l l  be f i r ed  w i t h  sub-bituminous 

Montana coal w i t h  the   fo l lowing   charac te r i s t ics :  

7 500 - 10 400 Btul lb ,  2-207. ash and 0.5 - 3.8% s u l f u r  

The f inal   design  for   the AQC system w i l l  include a fou r   t r a in  arrangement 

w i t h  each t ra in   consis t ing  of  a va r i ab le - th roa t   ven ru r i   fo r   pa r t i cu la t e ,   an  open 

spray tower u t i l i z i n g  l ime  for SO removal,  bypass  gas in j ec t ion   fo r   r ehea t ,  

and a downstream high  a l loy  fan  to   draf t   both  the  boi ler  and AQCS. Hot gas for 

reheat  (representing  about 5 percent  of  total   f low) is withdrarm  upstream  of 

the  Ljungstrom a i r   h e a t e r s  and cleaned  of  particulates in a ho t   e l ec t ros t a t i c  

p rec ip i t a to r   p r io r   t o   i n j ec t ion   i n to   t he   abso rbe r  exit gas. ID fans  are  equipped 

with wash sprays and t h e  I500 f t  chimney l iner i s  large  diameter,  low veloc i ty  

so that   operation  without  reheat i s  a lso  possible .  The Elyashlabsorber  sludge 

is pumped t o  a permanent s e t t l i n g  pond with  recycle of  wzter back to   t he  AQCS 

i n  a closed  loop mods. 

2 

This a l l  wet system was designed t o  maximize t h e   u t i l i z a t i o n  of natural 
a lka l in i ty   i n   t he   f l yash ,  which is qui te   h igh ,  and minimizes  the makeup lime 

requirement. 

2 .  Svstem ResDonsitiiitv 

Ebasco's scope of work re la ted  t o  the AQCS includes the following: 

1. Conceptual  design of the   overa l l  AQC system. 

2.  Preparation of spec i f ica t ions  and evaluation of proposals   for   ventur i  

scrubbers/S02  absorbers, small h o t   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 r e l a t ed  

auxi l ia ry  equipment. 

3 .  Stack  height opt:lmiza-.ion study. 
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4 .  Review o f   p i lo t   t e s t ,   r e su l t s   a s   r e l a t ed   t o   f i na l  system  design. 

5 .  Water management prclgram, including  three  exis t ing  uni ts .  

I n  addi t ion,  Ebasco i s  in  the  process of specifying  or  designing  the 

following components of the  AQC system. 

1. I D  fans 

2.  Chimney 

3 .  Waste disposal  system  (ponds,  piping, pumps) 

4 .  Limestone  handling and s torage equipment 

5 .  E l e c t r i c a l   a u x i l i a r i e s  

6 .  Foundations and enclosures 

3.  Svstem S t a k  

Scheduled t r i a l   ope ra t ion   da t e  i s  February 1980. Purchase  Orders fo r  

major components have  been  placed  including a v e n t u d a b s o r b e r  system  with 

Peabody and a small   hot e:sp with  Joy-Western. 

C - OTHER AQCS - RET- MERIENCE 
._ 

1. Recently I I u e e d  Work (197711978-In Progress1 

Ebasco w i l l  be o r  i s  in   the  process  of conducting N C S  re la ted   s tudy   e f for t s ,  

and engineering/desi~n/prl ,curment act ivi t ies   for   the  fol lowing  recent ly   acquired 

pro jec ts :  

. Houston Power h Light - 2 x 750 Mw l i g n i t e   u n i t s  (1982,1983) 

. General   Puhl ic   Uti l i t ies  - 1 x 650 MW coal   un i t  (1983) 

. Jacksonvi l l ,e   Electr ic   Authori ty  - 1 x 600 MW coal un i t  

2. W R Grace C U I 7 8  - In Proeress) 

Ebasco w i l l  develop  c:onceptual  arrangments and investment  estimates  for 

a l ternat ive  regenerable  AQC systems to be used on the  coal-fired  steam  supply 

system f o r  an annnonia from coal  gas  plant.  Pending  approval by ERDA, of   r e su l t s  

of  preliminary  phases,  project would proceed to   operat ion of a demonstration 

planc by 1982. In th i s   event ,  Ebasco would also  provide  engineeringldesfgnl 
procurement services   for   the AQCS. 
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3 .  British  Columbia  Hydro  (1977 - In  Progress) 
A joint  venture o f  Ebasco  and  Intercontinental  Engineering  has 

determined  the  technic21  and  economic  feasibility  of  alternative  parti- 
culate and SO2 removal  systems  for 4 x 500 NW coal-fired  units  where 

blending o €  coal  was  al,so  an  option. 

4 .  New York  Power  Pool  (1976/1977) 

Ebasco  developed  investment  estimates  for  air  quality  control  systems 

for 800 >KJ class  coal-fired  units in conjunction  with  preparation  of  testimony 
for  public  hearings on generic  cost  differences  between  fossil/nuclear  power 
generation. 

- 

5 .  Central  :Hudson  Gas  and  Electric Co. (1977) 

Ebasco  determined  the  technical  and  economic  feasibility  of  air  quality 

- 
control  systems  for  existing  units  under  consideration  by FEA for  coal  con- 
version  orders. 

6. Washington  Public  Power  Supply  System  (1976) 

Ebasco  developed  site-related  AQCS  investment  cost  correction  factors 
for  CONCEPT  site  selection  program  for  broad  screening  of  alternative  sites 
for  coal-fired  units. 

7.  Niagara  Efohawlc  Power  Corporation - (1975 - In  Progress) 
Lake  Erie  Generating  Station  Units 1 h 2 __. 

Ebasco prepared an Environmencal  Impact  Statement for two 850 MW coal- 
fired  units  includi.ng  conceptual  design  and  cost  estimates  for  alternative 

Air  Quality  Control  systems  for  low,  medium  and  high  sulfur  coals. 

8. Federal  E,nergy  Administration (FEA) - (1974) 
A Fuel  Conversion  Study  was  performed  by  Ebasco  in  1974  for  the  Federal 

Energy  Administration  entitled  "Practicality  and  Reliability  Assessment  Study" 
F W  Contract No. C-05-50095-00.  The  purpose  of  this  study  was  to  provide 
guidelines  for  identifying  the  potential  candidates  for  conversion  of  existing 
units  to  direct  firing of coals  and  to  determine  the  equipment  required,  approxi- 
mate  range of investment  involved  for  the  conversion,  construction  time  and  unit 
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outage  time  req:uired  for  conversion.  Investment and operating  cost   curves 

were  developed fo r   pa r t i cu la t e  and SOz control  equipment as  a function  of 

u n i t   s i z e  and r,emaining l i f e .  

9. Pac i f i c  Power h L i g h t  Co - (1974) 
" 
Dave Johnston  Pnits 1. 2. h 3 (440 MW Total)  

Ebasco determined  the  technical and economic f e a s i b i l i t y  of r e t r o f i t t i n g  

ventur i  sc-mbbers or 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   t o   e x i s t i n g   u n i t s   a t   t h i s  

s t a t ion .  Design/eng:ineeringfprocurement se rv ices  were  provided fo r   t he  

selected  precipI . ta tor   a l ternat ive which became operational i n  1977. 

10. Houston L i r h t i n e  and  Power Co - (197?1 

Ebasco  prepared a state-of-the-art   review of par t iculate   control   technolog 

fo r   o i l - f i r ed   un i t s .  

11. Iowa Public:  Service Co - (1972 - 19751 

George  Neal  Unit: 1 - Preparation of spec i f ica t ions  and analysis  of 

proposa ls   for   ho t   e1e :c t ros ta t ic   p rec ip i ta tor   for   re t rof i t   appl ica t ion .  

George  Neal  Unit 2 - I n i t i a t i o n  of f i e l d   t e s t  on gas condi t ioning  to  

upgrade p rec ip i t a to r  performance. 

George  Neal U n i t  3 - Preparat ion  of   specif icat ions and analysis  of 

proposa ls   for   co ld   e lec t ros ta t ic   p rec ip i ta tor   inc luding   superv is ion   of  

t e s t ing  on Unit 2 to  obtain  design  parameters  for  Unit  3. 

George  Neal Unit 4 - Preparat ion  of   specif icat ions and analysis  of 
proposals for hoc e l ec t ros t a t i c   p rec ip i t a to r s .  

12. C a r o l i n a m g e r  & L i g h t  Co - (197a 
Roxboro U n i t s  1, 2 & 3;  Cape Fear Units 5 & 6 ;  H F Lee Units 1, 2 & 3;  

Ashville  Units 1 h 2;  H B Robinson Unit 1; W H Weatherspoon Unit 1, 2 h 3;  

L V Sutton  Unit 1 h 2;; (3340 MW t o t a l ) .  Ebasco  determined technical feas i -  

b i l i t y  and prepared  investment  estimates for r e t r o f i t t i n g   e l e c t r o s t a t i c  

prec ip i ta tors   to   ex is t : ing   un i t s .  
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13. Allerhenv Power Service C o n  - (19721 

Unnamed Units :L & 2 (600 MW each). Ebasco estimated  ambient SO con- 2 
centrat ions for a l te rna t ive   a i r   qua l i ty   cont ro l   sys tems,   inc luding   coa l  

washing, fo r  two p o t e n t i a l   s i t e s .  An AQCS engineering backup repor t  vas 

prepared  for th.e construct ion  penni t   appl icat ion.  

14. Colmbus t' Southern Ohio E l e c t r i c  Co - (19711 
E M Poston S t a t i m   U n i t s  1, 2, 3 6 4 (220 MW t o t a l ) .  Ebasco  determined 

cechnical and economic f e a s i b i l i t y  of r e t ro f i t t i ng   pa r t i cu la t e /SO removal 

equipment t o   e x i s t i n g   u n i t s .  
2 

15. " Associated  Electric C o n  - (19721 

New Madrid Un'it 2 - Ebasco prepared an Environmental  Impact  Statement 

including  conceptual AQCS design. 

W 

I 



APPENDIX C 
Sheet 1 of 3 

.. . UB UTILITY M C  IIOUSE INSTALIATIONS 

a t e t i o n   a l a e  cod 1 

. nunbury No. 1 6 176 Nu ' hnthm'clte 
No. 2 (four b o l l e r a )  30% ash 

0.8% s u l f u r  

lloltvood No. 17 . 13 MU . . Anthrncl te  
D L l t  35% 06h 
0.7% aulfur 

2 eemsylvnnin 
power h Light 

Drunncr Island No. 1 3 5 0  mi 2.0-3.57. n t ~ l l t l k  
12-187. osh 

12 M 
(two bol le ra)  

10 M 

Dlv ,  EcolUlte Ihc 
l n d u a t r l n l  C l ~ n n  A I I  

zurn 

Retrotlt a tor tcd  up 
Dee 1977. 

I n s t a l l e d  1975. 

Krnmfr 125 mi 
(four boi ie ts j  

ICA - Ecolslra 

' Ylt~elabretor-Trye Inrt . l l lot lon on a "EW ""It 

l larrlngtan No. 3 350  tfd 9 S""tllvE.tEr" 
~ u b l l e  Scrvlce  

Hontlcello No. 1 h 2 575 Nu each Star t -up I n  1978 - r e t r o f i t .  

1 w e I 8 1 I; e I U 1; I; I 8 I I I I 
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US UTILITY BAG NOUSE INSTALLATIONS (Cont'd) 

Sheet 2 of 1 

l I t l11  t" 

Colorodo 
P u l ~ l l c  ScrvIce of 

s t a t l o "  

C a m 0  No. 1 

Con1 

Colorado  bltumln- 
oua 0.3-0.77. sulfur 

4.11% water 
4.182 ash 

Colorado b l t u -  
lnl"0"S 

0.3% sulfur 
15% Qsh 

S i z e  

12 Mi 

Colinlc" t 

1978 - retroflt. 

Publle Servlca of 
Colorado 

City of Colorado 
spt1,1p 

C l t y  of Colorado 
spring 

United Power 
Aaaoclation 

44 w 

85 nv 

200 W 

64 Mi 

W e s t e r n   R e c l p l t a t l o n  

Bue??-!!nrlrcL.ch 

wentern Precipttatot 

Research-Cattrsll  

1980 - r e t r o f i t .  

Nlxod 

Elk Rlvet  
( th ree  boiler.)  

4 . 2 4 0 %  anh 
0.1% eulfur e x i s t i n g  bollerr - hro 1978 - r e t r o f i t  a n   t i h e  

stokers .  

1978 - re t to f l t .  c1ty of Premont, 
Nebraskm 

Urlght No. 6 16.5 W 
20% ash (mar) 
1.5% aulfur  (wx) 

5-207. water 

Same aa Above 

Carborundum 

C I t y  of Yrewnt.  
Nebraska 

u1,,,,caora 
C i r y  of Rocitester, 

Wright NO. 7 

iiorrh Broadway 

22 ?In 

115 W 

Carborundum 

Carborundum 

1978 - r e t r a f l t .  

1978 - r e t r o f i t  

Ulnnesota 
Power f, Llght 

Clty  of  COllmmbl.. 
tllsrourl 

Clay  Baawell 
No. 1 6 2 

Columbla 

64 W esh 

38.5 w 

Watern Pree lp l ta t lon  

Cnrborundum 

1978. 

1.5-3.6'1 s u l f u r  
11.9-16% ash 
42% water 

West b i t m i n o u s  

1979 - r e t r o f i t .  

Ut l l l t l c s ,  Kansaa 
Bonrd of Public 

C t t y ,  Unsan 

Kansas C l t y  88 HW ICA - Ecolaire 1919. 
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I Utl l l tY  
. .  . 22 Otter Tall  

Power co 

23 S ierra  Pacif ic  

1 1 c I 

US UTILIn BAG IIOUSE INSTALLATION9 (Cont'd) 

Stat ion  S ire  Con 1 Barr llouae Supplier 

coyote  410 hU North Dakota . Mwelnbretor-Fcyol 
lignite Atomics I n t l  

Vnlmy No. 1 '' 250 MI , " Utah b l tun lnwa  Carborundum . 
0.3-1.52 sulfur 
J"lO2 as11 
3-32'1. water , 

.. 

Shawnee No. 1-10 1750 hU Varioae low aulfur he l l -Env iro tech  ' 

western  coal  types 

. .  

. .  

. .  . .  
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US UTILITY BAG HOUSE INSTALIATIONS 

nap. llouae Suppller 

Western P r e c l p l t a t l o n  
Div, Joy HI$ Co 

c m e n t  

R c t r o f I t   l n e t a l l r d  1973. 
First f i l t e r  0" c o a l - f i r c d  
u n l t   i n  US 

R c t r o f l t   i n s t a l l e d  1975. 
Runs I n  p o r o l l e l  with v c t  
scn l lbcr .  Another f l l t a c  
w l l l  rcplacc scrubber t o  
e l ln>lna te  opaci ty  problem. 

Re t ro f i t   i n t ended  no be i n  
service by 1980. 

I n s t a l l e d  1973. R e f r o t l t  on 
s toker - f l rcd  bollers. Flrst 
U S  I n s t a l l a t i o n  on bltmtln-  
ous coal .  

S t a t l o n  

. Sunbury No. 1 6  
No. 2 ( four   bo l le ra)  

Ilolruood No. I ?  Weelabrator-Frye 2 

Btunncr Ialand No. 1 3 

4 

Pennsylvania 
Pover 6 Llgbt 

Colorado Ute 
E l e c t r i c  Asan 

350 M) 

39 HU 
minous 12% aoh 
Colorado  bltu- 

0.1% s u l f u r  . 

Colorado  Ute 
E l e e t r l c  Assn 

Crlap County 
Power Cannlsdon 
Cordele, WL 

Nebroskd Public . 
rower o l s t r i c t  

Bullock 

c t i a p  

12 w 
(two bollerm) 

Colorado  bltu- 
mlnoua 

nltminous 
10% ash 
1.0% sulfur 

Uymlng sub- 
., bltuhiinoul) 
3-47. OSll 
0.75% s u l f u r  

Vyomlng sub- 
bltumlnoul 
5 4 %  ash 
1% s u l f u r  

. blturnlnour 
Wymlng nub- 

5-6% ash . 
k% s u l f u r  

tlgnlta 8.1% rah 
to 21% ash 
0.6% s u l f u r  

R e t r o f l t  acorted up 
Dec 1977. 

10 w I n s t a l l e d  1975. 

1 Ktnmer 
(four boiler.) 

125 Nu I U  - Ecalslra R e t r o f i t .   s t a r t e d  up 
March 1977. 

Harrlngton No, 2 ' Yheelabrator-Fryo I n s t a l l a t i o n  on a new unit Southweatern 
Publ ic  Servlce 

350 WW 
s l e t e d  t o  . t a r t   ope ra t ing  
i n  1978. 

Scheduled t o  otert up In 
1980. New u n i t .  

9 Hsrrlngton No. 3 350 HU Weelabrator-Fcye 

Hontlcel lo  No. 1 6 2 VheaI+brator-Frya S t a r t - u p   i n  1978 - r e t r o f i t .  IO Texas U t i l i t l c n  575 WW Each 
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US UTILITY BliO HOUSE INSULLATIONS {Cant'd) 

coa l  

Colorado  bitumln- 
ous 0.3-0.7% su? fu r  
4.187. ash 
4.17% water 

Colorado b i t u -  
minous 

6.5: suifur 
15% ash 

U t i l i t y  

Colorado 
Public Servlce of 

s ta t ion  

C-o  No. 1 

S l r e  

22 MU 

Cament  

1978 - r e t r o f i t .  

Publ ic   Serv lce  d 
Colorado 

Clty  of  Colormdo 
Spti".:._ 

C l t y  of  Colorado 
Spt l t l l  

Aasoclation 
Unilcd Puuer 

Arapahoe No. 3 44 tm 

05 MU 

200 nu 

64 MJ 

Weste rn   P rec ip i t a t ion  

Buel l -Envlratech 

Wes te rn   P rec lp l t s to r  

Resea rch -Co t t r e l l  

1980 - r e t r o f i t .  

p l ace  c o l d - a i d e   p r e c l p l t a t o r .  
1978 - r e t r o f i t .  U l l l  re- 

1980 - new unit.' 

Elk Rivet 
( t h r e n   b o i l e r s )  

4.2-202 ash 
0.7% s u l f u r  e x i s t i n g   b o i l e r s  - two 

1978 - r e t r o f i t  on t h r e e  

s tokera.  

1978 - r e t r o f l t .  C l t y  of  Fremont, 
Nebraska 

Wright No. 6 16.5 M1 
20% a s h  (max) 
1.5% sulfur (-x) 

5-20% v a t e ~  

Same as above 

Carborundm 

C l t y  of Premont, 
Nebraska 

C1ty of Rochester,  
Hlnnesata 

(Irlght No. 7 

North Broadway 

22 MI 

115 MI 

Carborundm 

Carborundm 

1978 - r e t r o f i t .  

0.5-2.52.eulfur 
5-10% ash  
5-28% water 

1978 * r e t r o f i t  

Htnnesota 
Paucr b Light  

Hlssourl 
City   o f   Colmbls .  

Clay B0swell 
No. 1 6 2 

Columbls 

€4 Hv eah 

38.5 M1 

Watern P r e e l p l t a t l o n  

Carbomndm 

1978. 

1.5-3.67. a u l f u r  

427. water  
11.9-162  aah 

West b i t m l n o u s  

1979 - r e t r o f l t .  

Board  of  Public 
U t i l l t l e r ,  Kansas 
CILY. Kansas 

Kansas Clty 88 hn ICA - Eco la i r e  1979. 



PLa Y- U t l l l t  Station 

22 Otter Tell  Coyote 
Power co 

23 Slerra  Paclf ic  Velmy No. 1 

24 Tennessee Valley  Shawnee No. 1-10 
Authority 
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US UTILIn BAG HOUSE INSTALUTIONS (Cont'd) 

S l r e  Coal ~ a a  House Supplier Cmmnent 

410 tW North Dakota 
lignite 

Uheelabrator-Fryel 
Atanics Intl 

Fllter t o  be used in  combina- 
tion  vlth new, dry sulfur 
scrubber - 1981  start-up. 

250 MI Utah  bitumlnous Carborundum 
0.3-1.57. sulfur 
3-20% ash 
3-327. water 

1981 - new unit. 

1750 Hu 
5 western  coal  types 

Various low sulfur Buell-Envirotech . Retrofit - completion  in 
1981 - largeat order t o  date. 



Telephone: (604)  682-7841 Telex: 04-51296 
Cables: Vaninteg Vancouver 

Joint  Venture 

1155 West Pender Street, Vancouver,  British  Columbia, 

17  October,  1979 
File: 0064.006 

* 150 
IE-79-82 

Mr. M.A. Favel l  
Manager, Engineering  Servic.es 4QlL5 Pep! 
B.C. Hydro & Power Authority 
Box 12121 1-P- ate 
555 West Has t ings   S t ree t  I" 
Vancouver, B.C. V6B 4T6 Z - h l  % 
Dear Mr. Favel l :  

Re: Hat Creek Pro jec t  
lQIl+q 

Air Quality  Control S t u d y  

!Ye'have p l easu re   i n   a t t ach ing   fou r   cop ie s   o f  our a i r   q u a l i t y   c o n t  
study. This i s  in   response   to   your   l e t te rs   da ted  15 May and 27 Ju ly ,  
1979  and o u r   l e t t e r  IE-79-L!9 dated  19  June, 1979. 

Throughout the   p rogress   o f   the   s tudy  and the   repor t   p repara t ion  we have 
kept you informed  of  our rc:sults by means o f   d ra f t   cop ie s  and informal 
meetingJ. Your comments emanating  from these  have  been  addressed and 
incorporated where appropriate .  

We b e l i e v e   t h e   t a b l e   i n   t h e   f r o n t   o f   t h e   r e p o r t   a l s o   p r e s e n t s   o u r  
results i n  the form you requi re .  

As agreed  with you the   s tudy   re la tes   so le ly   to   the   Pol lu t ion   Cont ro l  
Board emission levels and we have  not  considered  the  effects  of  ambient 

r epor t .  
l eve l s .  Likewise  opacity  considerations  have  been  excluded from t h e  

wc propose  that   the  abstract   comprising summary, discussion and t a b l e  
of results be made i n t o  a Supplementary SDM with a reference t o   t h e  

a ,.. . . .I L 



integ-ebasco 

L 

Mr. M.A. Favel l  
Manager, Engineering  ,Services 
B.C. Hydro E Power Authority -2 -  17 October, 1979 

complete  report. We :shal l   be   pleased  to  do t h i s  on r e c e i p t  of your 
c learance.  

Very t ru ly   your s ,  

INTEG-EBASCO 

P.R. Gurney 0 
Project  Engineer 

PRG/di 

A t t .  
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PCU ObJcctlvor  (Ib/MDN) 
Pitrticulntea E~nlrrion 

AyCS Equipncnr 

N CONTROL 11 COIIDINED PARTICUIATC G SO? IX ISSION CONTROI 

- LOIVER 

- 
0.2 
ESP + 
Pull 

- 
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0.2 - 
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142  

22. I 
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metric  f low  rate.  One manufacturer, BABCOCK & WILCOX, i s  

known t o  be pursuing  the ESP - d r y  FGD combination  and, 

Erom p i l o t   t e s t s   u n d e r t a k e n   a t   B a s i n   E l e c t t r i c   U t i l i t y ,  i s  

ind ica t ing   t ha t   p rec ip i t a to r   s i z ing  remains  the same. This  

apparently  fortuitous  combination of changes i n  gas  condi.tions 

a s   t o  ,cause no modif icat ions  to  ESP performance  requires 

f u r t h e r   v e r i f i c a t i o n .  

Whereas the  approximate  costs  for  this  combination  can be  

i n f e r r e d   f r m  t h e  tab les   (Exhib i t s  4 .0 )  Integ-Ebasco  consider 

t ha t   fu l l   s8ca le   ope ra t iona l   expe r i ence  and addi t iona l  

i n v e s t i g a t i m   i n t o   t h e   p r e c i p i t a t o r   d e s i g n   a s p e c t s   t o  be 

necessary .   Unt i l   such   fac tors   a re   sa t i s f ied   the   combina t ion  

cannot  be  t.reated  with  the same degree of technical  confidence 

a s   t h e   d r y   scrubber - f a b r i c   f i l t e r  combination. 

The dry  scrubber  system is  located  upstream  of  the  parti- 

cu la te   cont ro l   device .  For  combination w i t h  f a b r i c   f i l t e r s  

t yp i f i ed  by Cases 7A and BA, the   spray  dryer  vessels would 

be  located  between  the  mechanical  collectors and f i l t e r s .  

The mechanical co l l ec to r s  remove an  estimated 85 percent of 

t h e  par t icul .a tes .  The lime s lu r ry   i n j ec t ed  i n  the  spray 

dryers   reacts  w i t h  the SOz t o  produce calcium s u l p h i t e  and 

su lpha te   i n  a dry powder form; the   r eac t ion  is considered 

t o  OCCUK during  or   short ly   af ter   evaporat ion of t h e  in jec ted  

s lurry  water .  The f a b r i c   f i l t e r s   r e c e i v e   t h e   f l u e   g a s  

leaving  the  spray  dryers  to remove t h e  calcium s a l t s  and 

f u r t h e r   f l y   a s h   q u a n t i t i e s .  

The waste  material  from f a b r i c   f i l t e r  hoppers is i n  dry 

form ansd can be  pneumatically conveyed t o  a cent ra l   loca t ion  

for   disposal   v ia   bel t   conveyors ,  which is  consistent  with 

t h e  Base Plant   dry  ash  disposal  scheme. 
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The  combined  system  of   mechanical   dust   col lectors ,   spray 

d r y e r s ,   a n d   f a b r i c  f i l t e rs  i s  s u b s t a n t i a l l y   l a r g e r   t h a n   t h e  

Base S'cheme p lan t ,   requi r ing   re loca t ion   of   the   ch imney.  

For Case 7 approximately 50 p e r c e n t  of t he   f l ue   gas   mus t   be  

t r e a t e d   t o   a c h i e v e  the upper PCB emiss ion  limit f o r  SO2 of 

0 . 3 4  mg/kJ (0.8 lb/MB). The  remaining 50 pe rcen t  is bypassed 

and  re-mixe,d w i t h   t h e   s p r a y   d r y e r   e x i t   g a s   p r i o r   t o   t h e  

f a b r i c   f i l t ' z r s .  The  mixed gas   temperature   would  be  approxi-  

mately 11O0C (230'F).  With a c o n s t a n t   f a b r i c  f i l t e r  des ign  

c r i t e r i a   a i r - t o - c l o t h   r a t i o   o f   0 . 0 1  m3/sec/m' (2 acfm/ft2), 

t h e   e f f e c t  of the lower  gas i n l e t  t empera tu re  i s  t o   r e d u c e  

t h e   f i l . t e r  !size r e q u i r e d  by approximately 5 percen t  compared 

w i t h   t h e  Case 4 f a b r i c  f i l ter  ( p a r t i c u l a t e   c o n t r o l   o n l y ) .  

For Case S a11 f l u e   g a s  must b e   t r e a t e d  i n  o r d e r   t o   a c h i e v e  

the   l ower  PCB limit f o r  SO' of 0.09 mg/kJ (0.2 lb/MB).  The 

s p r a y   d r y e r   f a c i l i t y  is equipped with a by-pass f o r  s tart  
up,  shutdowr.  and  upset  conditions  but i s  no t   u sed   du r ing  

normal   opera t ion .  The f i l t e r  i n l e t  gas   temperature  would 

be  approximately 7 7 O C  (170'F) r e s u l t i n g   i n  a f i l t e r  some 10 

p e r c e n t  smaller t h a n   f o r   t h e  Case 4 c o n d i t i o n .  

The g e n e r a t i o n  of calcium salts i n  t h e   f l y   a s h   i n c r e a s e s  

t h e   d u s t   l o a d i n g   t o   t h e  f i l ters  which  has an adve r se  

e f f e c t  on  t h e   e f f i c i e n c y  of pa r t i cu la t e   r emova l .   Fo r   bo th  

Case 7 and 8 i t  is e x p e c t e d   t h a t   t h i s  will prevent   the  

lower PCB p a r t i c u l a t e  limit f rom  be ing   a t ta ined .  The 

p red ic t ed   pa r t i cu la t e   emis s ions   co r re spond ing   t o  Case 7 

and 8 ( c r i t h  :Eabric f i l t e r s )  are 0.015 mg/W  (0.035 lb/MB) 

and O . O i !  mg/lcJ (0.05 lb/MB) r e s p e c t i v e l y .  
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Dry FGLl L i m e  U t i l i s a t i o n  

The i n p u t s  of lime and water t o   t h e   s p r a y   d r y e r s   m u s t   b e  

s e p a r a t e l y   n d j u s t e d   t o   p r o v i d e   c o r r e c t   s t o i c h i o m e t r y  and 

tempera ture .   Both  lime u t i l i s a t i o n   a n d  S O 1  removal   effec-  

t ivenes , s   a re   improved  a t  lower   t empera tures  so t h a t   t h e  

water c o n t e n t  is increased  beyond  s lurry  composi t ion 

r e q u i r e m e n t s   i n   o r d e r   t o   a c h i e v e   t h i s   c o n d i t i o n .   T h e  

expec ted  gad; opera t ing   tempera ture  in t h e   s p r a y   d r y e r s  is 

77°C (170'F) or about 17°C (30'F) above   the  water dew 

poin t .   This ,   t empera ture  is low enough t o   a c h i e v e   b e t t e r  

u t i l i s a t i o n  of lime bu t   h igh   enough   t o   avo id   poss ib l e  dew 

p o i n t   p r o b l e m s   i n   t h e   d o w n s t r e a m   f a b r i c   f i l t e r s .  

Dry FGD systems  have  demonstrated  high lime u s e   d u r i n g  

p i l o t   t e s t i n g   w i t h   s t o i c h i o m e t r i c   r a t i o s  of 2 o r   g r e a t e r  

be ing  rmealised f o r  the   h ighe r   r emova l   e f f i c i ency  levels of 

85 t o  90 percent .   Recycl ing  of un reac ted  lime reagent   f rom 

t h e   f a b r i c  f i l t e r  hopper s   back   t o   t he   sp ray   d rye r s   has   been  

proposed as one  method  of  reducing lime consumption. 

Although thi,s increases the   complexi ty  of the o v e r a l l  

process!,  Caws 7 and 8 have   incorpora ted  t h i s  p robab le  

near-term  process  development  feature;   improvements in 
s t o i c h i o m e t r y   t o   t h e  1.1 t o  1.4 l eve l ,   based  on i n l e t  S O z ,  

are e x p e c t e d ,  

For  recyclini:  of unreac ted   reagent ,  a p o r t i o n  of t h e  

f a b r i c  f i l t e r  hopper   conten ts  is pneumatically  conveyed  to 

t h e   r e a g e n t   p r e p a r a t i o n  area and  blended  with  the lime 

s l u r r y   i n   m i x i n g   t a n k s  a t  the s l a k e r   d i s c h a r g e s .  The use  

of mechan ica l   dus t   co l l ec to r s   p rov ides  an a d d i t i o n a l  

advan tage   by   r educ ing   t he   bu rden   o f   i ne r t   f l y   a sh   (due   t o  

low ca lc ium  con ten t )  wh ich  must   be  recycled  through  the 

spray   dr :yers   a long   wi th   the   unreac ted  lime. 
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T h i s  S e c t i o n   d i s c u s s e s   o t h e r   f a c t o r s   r e l a t e d   t o   t h e   i n c o r p o r a t i o n  of 

FGD s y s t e m s ,   i n c l u d i n g :   r e a g e n t   p r o p e r t i e s ,   a v a i l a b i l i t y   a n d   c o s t ;  

FGD s ludge  as a by-product;   and  chimney  design  considerations.  

3 .3 .1   Reagents  

FGD systems;  consume s u b s t a n t i a l   q u a n t i t i e s   o f   r e a g e n t s   i n  

t he  process;  of  removing S O z .  Depending on t h e   p a r t i c u l a r  

process   these   reagents   chemica l ly   combine   wi th  SO2 and 

r eappea r  act e i t h e r  a d r y  o r  w e t  waste product .   Fur ther  

t r e a t m e n t  cff  t h e  wet FGD s c r u b b e r  waste product   (s ludge)  

makes i t  s c d t a b l e   f o r   d r y   d i s p o s a l ,   u s i n g   t h e  Base Scheme 

d r y   a s h  diEIposa1  system. 

In view of the l a r g e   q u a n t i t i e s  of r e a g e n t s   r e q u i r e d   f o r  

t h e  Hat C r e e k   P r o j e c t ,   t h e   r e s p e c t i v e   s o u r c e s  of r e a g e n t ,  

c o s t s ,   a v a i l a b i l i t y  and q u a l i t y  are impor tan t   fac tors .   The  

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

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

E x h i b i t  3 - 4 .  

The three n,ore common chemical reagents used w i t h  desul-  

p h u r i z a t i o n   p r o c e s s e s  are soda ash (sodium  carbonate) ,  

l imestone  and lime. E i t h e r   s o d a   a s h  o r  lime can be  used 

f o r  SO2 a d s o r p t i o n  i n  t h e   d r y  FGD process   (Cases  7 and 8). 
Lime  could   a l so   be   used   for  S O z  a b s o r p t i o n   w i t h  wet FGD 

sys t ems   bu t  t h i s  a p p l i c a t i o n   h a s   g e n e r a l l y   b e e n   l i m i t e d   t o  

h i g h   s u l p h u r   c o a l s .  Lime is a lso   used  as a n   a d d i t i v e   f o r  

waste : s t a b i l i z a t i o n   w i t h  wet l imestone FGD systems. 

The  primary  commercial   source  of  soda  ash i n  North America 

is Green River, Wyoming, and  the  lowest   quoted  del ivered 

bu lk   p r i ce   t o   Vancouver  is approximately  S143l tonne  ($130/ ton);  
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w i t h  f ina l   t r anspor t a t ion  t o  s i t e ,   t h e   p r i c e  of soda  ash is  

estimared t , D  be about  $150/tonne  ($1361 ton). 

The ready a v a i l a b i l i t y  of lime from the  Pavi l ion Lake lime 

plant   c lose  to   the  Hat   Creek site. w i l l  depend on the  

quantii:y  mquired which is .  in tu rn ,  dependant upon t h e  FGD 

a l t e rna t ive   u l t ima te ly   s e l ec t ed .  It is understood  with 

present  supply commitments, t h a t   a d d i t i o n a l   k i l n   f a c i l i t i e s  

will be requi red   to  meet the  demand f o r  l ime  ar is ing  with 

Cases 6 ,  7 o r  8. Up t o  2 years advanced not ice  may therefore  

be necessar:y.  For  lime t h e  de l ivered   pr ice  P.O.B. s i t e  is 

approximate:ly  $53/tonne  ($48/ton). 

The s ign i f i can t   p r i ce   d i f f e rence  between  soda  ash and lime 

e f f e c t i v e l y  limits the  use of sodium reagents   to  Wyoming 

and ad jacent   S ta tes .  

Limestone f o r   t h e  wet FGD process is ava i l ab le  in s u f f i c i e n t  

quant i t , i es  from t h e  Pavi l ion  Lake p lan t .  The del ivered 

p r i ce  i.s approximately  $lO/tonne  ($9.15/ton)  for a product 

s i z e  of 9 m n ~  ( 3 1 8  in) minus, or  Slbltonne  ($14.60/ton)  for 

a product 5CI mm x 9 mm ( 2 in. x 318 in). The 9 mm minus 

s i z e  is s u i t a b l e   f o r  t h e  SO2 removal  process.   Particle 
s i ze   r educ t ion   w i th  70 percent of part ic les   passing  through 

a No. 200 Mesh provides good reac tan t   sur face   a rea  and 

scrubber  performance and grinding a t  t h e  power plant  is 

considered l i k e l y  t o  be the most economical  choice. 

Reagent Qual i ty  

The following  typical  compositions of lime and limestone 

have be’en repor ted   appl icable   to   the   Pavi l ion  Lake L ime  

Plant :  

m 
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CaO 54.5 

MgO 0 . 2  
S i l i c a  0 . 4  

Rz03 0 . 2  
L.O.I. 4 2 . 7  

0 t h e r s  2 . 0  
- 
100.0 

(L.O.I.  - Loss on I g n i t i o n )  

Lime (%) 

T o t a l  CaO 95.0 

MgO 0 . 5  

SiOz 0 . 3  

RZO3 0.8 
L.O.I.  0.9 

Others  2 . 5  
- 
100.0 

These are t y p i c a l   h i g h   c a l c i u m   p r o d u c t s  which are g e n e r a l l y  

a c c e p t a b l e   f o r  w e t  scrubbing  processes .   The  major   require-  

ment for  l imes tone  is a low do lomi te  (CaCO3. MgC03) c o n t e n t  

as t h i s  is non- reac t ive   fo r  SO2 r emova l .   O the r   cons t i t uen t s  

may r e q u i r e   c h e c k i n g   f o r  their  e f f e c t  on the FGD p rocess .  

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

f rom  the   Pavi l ion   Lake  Lime P l a n t ,  which a r e  assumed t o  be 

s u i t a b l e   f o r   t h e  FGD p r o c e s s   a l t e r n a t i v e s .  

3 . 3 . 2  FGD Was-By-product U t i l i s a t i o n  

m 

There are several poss ib le   uses   for   the   anhydrous   ca lc ium 

sulphat*a  produced by f u l l  wet FGD sc rubb ing  a t  an approximate 

ra te  f0.c  t h e   p l a n t   o f  160,000 Mglyear (176,000 Tons fyea r ) .  

The p o s s i b i l i t i e s  are v e r y  s i te  s p e c i f i c   a n d   t h i s   s t u d y  

does  not a d d r e s s   t h e i r   f e a s i b i l i t y   o r   p o t e n t i a l .   C o s t  

credits for   the   p roduct   have   therefore   no t   been   appl ied .  
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3 . 3 . 3  Chimney Des ign   Cons idera t ions  

The  chimney d e s i g n   i n c o r p o r a t e s  a s i n g l e   c o n c r e t e   s h e l l  

wi th   four   independent   mi ld  steel  l i n e r s  which is considered 

t o   b e   s a t i s E a c t o r y   f o r  a l l  but t h e  wet sc rubbe r  cases. 

Mild s teel  l iners a r e  common w i t h i n   t h e   I n d u s t r y   a n d  

p rov ide  ademquate p r o t e c t i o n   a g a i n s t   a c i d   c o r r o s i o n  when t h e  

f l u e   g a s  is above, or  n o t   s u b s t a n t i a l l y   b e l o w ,   t h e   a c i d  dew 

p o i n t .   T h e s e   c o n d i t i o n s   n o r m a l l y   e x i s t   w i t h   d r y   p a r t i c u l a t e  

c o l l e c t i o n  and also  with  semi-dry FGD p r o c e s s e s .  The 

accep tance  of mild s teel  f o r   t h e  l a t te r  case is evidenced 

by t h e   e x c l u s i v e   u s e  of mild s teel  c o n s t r u c t i o n  for components 

such as s p r a y   d r y e r  vessels, and f a b r i c  f i l t e r  casing  and 

tube   shee t s ,   wh ich  are i n  d i r e c t   c o n t a c t   w i t h  the gas  

stream. 

With   the  wet FGD p r o c e s s ,  not on ly  SOz i s  removed b u t   a l s o  

about  !SO percen t   o f   t he  SO3 i n  t h e   t r e a t e d   g a s  stream is 
be l i evod  t o  be removed. A r e d u c t i o n   i n  SO3 l owers   t he  

s u l p h u c i c   a c i d  dew point ,   which is t y p i c a l l y   1 2 1  t o  149°C 

(250°F t o  3OOOF) in t h e  FGD i n l e t   g a s ,  by  14 t o  28OC (25'F 

t o  50':F). Since  i t  is  no t   gene ra l ly   economica l ly   f ea s ib l e  

t o   r e h e a t   f l u e   g a s   a f t e r   t h e  wet p r o c e s s  t o  t h e   l e v e l  of 
107 t o  135-C (225'F to 275OF) in order   to   avoid   ac id   conden-  

sa t ion ,   ope ra t ion   be low  the  acid dew p o i n t  is accepted  and 

s teps  lnust  be  taken t o  p r o t e c t   t h e  chimney l iner  from 

c o r r o s i o n .  

Most OF t h e   e a r l y   a t t e m p t s  a t  c o r r o s i o n   p r o t e c t i o n   i n v o l v e d  

t h e   a p . p l i c a t i o n  of t h i n  f i lm (30 t o  60 mills) coa t ings   o f  

f l a k e   g l a s s - f i l l e d   e p o x y   o r   v i n y l  esters. Many o f   t h e s e  

app l i c , a t ions   have   f a i l ed   due   t o   poor   qua l i t y   con t ro l   du r ing  

coa t in :g   o r   f rom  chemica l   a t tack  a t  gas   t empera tures   above  

t h e  water dew poin t   [about  55'C (130'F)I but below  the  

s u l p h u r i c   a c i d  dew po in t .   Organ ic   coa t ings   con ta in ing  
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f l ake   g l a s s   a r e  no longer recommended by the  major chimney 

manufacturers   for   corrosion  control  and these  products   are  

not generally  guaranteed by the  coating  manufacturer  for 

t h i s  appl icdt ion.  The use of a new type  of t h i n   f i l m  

coa t ing ,  a Eluoro-elastomer by PULLMAN-KELLOGG, shows 

super ior  ch'emical r e s i s t ance  and has  received  l imited 

a t t e n t i o n  i!n the  United  States.  However, t h e  cos t  of t h i s  

coat ing is about 377 t o  430 Sfma (35 t o  40 $ / f t . ' ) ,  which 

is comparable t o   t h e  entire chimney c o s t  and  would therefore  

appear   to  b e  l imi t ed   t o   " l a s t   r e so r t "   r e t ro f i t   app l i ca t ions .  

The current  recommendation by the  major chimney manufacturers 

is t o  use ac id- res i s tan t   b r ick  and mortar  construction  with 

a pressur ized   annulus   to   p revent   exf i l t ra t ion  of gas  through 

mortar  craclcs. The manufac turers   ind ica te   tha t   th i s   type  

of desfgn i:; representa t ive  of 90 percent of the  chimneys 

so ld  in the   l a s t   s eve ra l   yea r s   fo r  use with wet FGD systems. 

For these  reasons,  a br ick   l ined  chimney has  been  selected 

f o r   t h e  wet scrubbing  systems,  Cases 5 and 6 .  
r 

m 

Brick  1.inerr;  cost  about 10 percent more than  mild s t e e l  

l i n e r s ,  however they would  be about 5 percent   less   than 

mild st:eel   using a lower  cost  casing. 

A1thoug.h t h a   b r i c k   l i n e r   o f f e r s  good ac id   a t tack   res i s tance  

i t  should  not be considered  the  "universal"  l iner  material  

s u i t a b l e   f o r   a l l   a p p l i c a t i o n s .  Acid  res is tant   mortars  do 

not  perform well under a lkal ine  condi t ions i n  the  presence 

of  sodium,  and are   not  recommended fo r   u se   a f t e r   d ry  

scrubbing  systems employing a sodium reagent .   This   factor  

d i c t a t e s   t h a t  a decision  regarding  the  use of a sodium 

reagent  for  dry  scrubbing must be  c o n f i n e d   p r i o r   t o  commit- 

ment t o  a s p e c i f i c  l iner mater ia l .  
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Chimney c o s t s  re lat ing  to l iner ,  externa l   she l l ,  and 

foundation. have not  been  adjusted f o r  the e f f e c t s  of 

reduced  gas  flow volume and  plume buoyancy result ing from 

FGD system  operation. 
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EXHIBITS 3.0 

E x h i b i t  

3-1 (2 sheets) 

3-2 ( 4  sheets) 

3-3 (2 sheets) 

3-4 (2 sheets) 

AQCS PLANT EMISSION DATA h REFERENCE 
AIZRANGEMENT 

BLOCK DIAGRAMS - AQCS  PLANT  ARRANGEMENT 
TIXHNICAL SUMMARY  OF ALTERNATIVES 

FGD  REAGENTS - QUANTITIES h COSTS 



HAT CREEK  PROJECT 
SUbIMARY  OF  AQCS ALTERNATIVES - A GROUP 
PLANT  EMISSIONS AN0 ARRANGE!.lENT DATA 

(Worst Quality  Blended  Coal) 

PARTICULATE  REGULATION 
(J"2 C j l l l L > 3 1 U l l  UllCUrlLlUllrU, 

Case 1A - (Base  Scheme) Electrostatic  Precipitor 
Latic /A - Electrostatic  Precipitor 
Case 3A - Electrostatic  Precipitator 
Case 4A - Fabric  Filter + Mechanical  Collector 

. .  c1.n ". "." 1.1, 

" I'ARTICULATE  (BASE  ESP) + SO7 REGULATION  (WET  FGD) 
Case 5A - Partial  Gas  Treatment 
Case 6A - Full  Gas  Treatment 

i! PARTICULATE + SO2 REGULATION (DRY FGD F/FILTER) - Case 7A - Partial  Gas  Treatment 
2 Case 8A - Pull Gas  Treatment 
m 

w 
I ,.\ 

SO2 CONTRC 

ng/kJ  (lb/NB) 

0.58 (1.34) 
0.58 (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) 

PARTICULATE C 

mg/kJ  (lb/MB) 

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) 

lTROL 

$0 

99.49 

99.8 
99.95 

99.97 

99.49 

99.49 

99.9c2: 
99.850 

8LOCd1) 
PLANT 
ARRGT . 

Sheet  1 
Sheet  1 
Sheet  1 

Sheet  2 

Sheet 1 & 3 
Sheet 1 & 3 

Sheet  2 & 4 
Sheet  2 & 4 

" 

- 
cn 
X 

Notes: '"For combinations of AQCS Block  Plant Arrangement,  refer  to  Exhibit 3-2 and  the  sheet  numbers 
identified  in  column. 

m 
m 
1 (2)The F/Filter  'sees' a higher  inlet  dust  loading  .due  to  calcium  salts  additions  from  spray  dryers (SO) 
+ .  
0 

The efficiency  quoted for reference  applies  to  system  overall  i.e.,  is  based  on  inlet  load  to SD and 
n outlet  load  from  F/Filter. 
,.J 
v 



t1.U C R E E K  PROJECT 

SU>BL4RY OF AQCS  .ALTERNATI\'ES - 8 GROUP (RETROFIT) 

PLANT EbIISSIONS AN0 ARRANGEMENT DATA 

(Worst QJa l i ty  Blended  Coal) 

PARTICULATE REGULATION 

(SO emission  uncontrolled) 

Case  18 - (Base Scheme) E lec t ros t a t i c   P rec ip i to r  

Case 28 - 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  

Case 3B - 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  

Case  48 - Fabr i c   F i l t e r  + Mechanical Col lec tor  ( 2 )  

S O 2  REGULATION (WET FGD) 

Case  58 - P a r t i a l  Gas Treatment 

Case ti8 - F u l l  Gas Treatment 

501 IWXJIATION (DRY FGO F/FILTER) 

Case 7U - P a r t i a l  Gas Treatment 

Case & U  - Full  Gas Treatment 

2 

". 
(3) 

(3) 
". 

SO2 CONTROL 

ng/kJ (lb/MB) 

0.58  (1.34) 

0.58  (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) 

Notes:  (l)Cases 58 t o  88, FGD systems,  require t o   b e  added t o  any  one 
combined SO and pa r t i cu la t e   con t ro l .  ,-. 2 

PARTICULATE CONTROL 

mg/kJ (lb/hlB) 

0.1  (0.225) 

0.04  (0.09) 

0.01 (0.02) 

< 0.01  (0.02) 

no t   i nc l .  

no t   i nc l .  

(11 

no t   i nc l .  

no t   i nc l .  

% 

99.49 

99.8 

99.95 

99.97 

- 
- 

- 
- 

I li I 

t 

BI.OCK(~)  

ARRGT. 
PLANT 

Sheet 1 

Sheet 1 

Shcet 1 

Sheet 2 

Sheet 3 

Sheet 3 

Sheet 4 

Sheet 4 

f Cases  18 t o  48 t o  achieve 

IL'The combination of  Case 48 ( p a r t i c u l a t e   c o n t r o l )  w i t h  ei ther Case 78 o r  88 r e s u l t s  i n  an 

respect ively.  
increase i n  par t iculate   emissions  to0.015  (0 .035)  - 99.9% - and 0.02 ( 0 . 0 5 )  - 99.85% - 

(3)The  combination of Case 78 o r  88 w i t h  e l ec t ros t a t i c   p rec ip i to r   Cases   18   t o  38 i s  assumed not 

(4)For  combinations o f  AQCS Block Plan t   a r rangement ,   re fe r   to   Exhib i t  3-2  and shee t  numbers 

to   a f f ec t   t he   pa r t i cu la t e   con t ro l   pe r fo rmance .  

i d e n t i f i e d  i n  column. 
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PLANT  ARRANGEMENT  BLOCK  DIAGRAMS 
" 

ELECTROSTATIC  PRECIPITATORS 

a 

I 
-.I 

1 

1. Flue  Gas  from  Air  Heater  Exits  or  Dry  FGD  System 

2. Electrostatic  Precipitator 

3. Induced Dra.ft Fans 

4. Chimney 

5. Pneumatic A:jh Handling 

6. Fly  Ash  to  Dispojal Via Conveyor 

EXHISIT 3-7 !SHEET 1 OF 4) 



PLANT ARRANGEMENT  BLOCK DIAGRAMS 
" 

I 

1) 
W 

1 

FABRIC FILTER 

1 .  Flue Gas from Air Heater Exits 

2.  Mechanical Dust Collectors  

3 .  Fab'r ic   Fi l ters  

4.  Induced Draft Fans 

5 .  Chimney 

6 .  Fnecmatil: Ash Handling 

7 .  Fly  Ash ,to Disposal Via Conveyor 

EXHIBIT 3-2 (SHEET 2 CF 4 )  



" PLANT ARf(ANGEMENT BLOCK DIAGRAMS 

NET SCRUBBING FGD 
L 

11 

m 

L 

m 

I- 

*. 

m 

w 
'W 

l b I A  3 - 4 I - "" / \ /  ' ./ 5 -\ \ I 

E-- - -  
- a 

9 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Flue Giis f r m  Part iculate   Control / ID Fans 

Booster Fan,$ 

SOz Abr;orbe,rs 

Gas Reheat 

Chimney 

Bypass  (used f o r  part ia l   scrubbing  cases   only)  

Reagent Preparation 

Sludge Dewater iog iStab i l i za t ion  

Waste t o  Cisoosa: V i a  Conveyor 

EXHISIT 3-2 (SHEET 3 OF 4 )  
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" PLANT ARF!ANGEMENT BLOCK DIAGRAMS 

DRY SCRUBBING 

T"1 
I 

I I I 
I / ", 4 L - d  5 +--U 6 I 

U 

I 
Y 

1 .  
2.  

3. 
4 .  

5. 
6. 
7 .  
a. 
9. 

10. 
1 1 .  

Flue Gas from Air Heater Exits 
Mechanical Dust Collectors 
(Only w i t h  Fabric Filters) 
Spray  Dryers 
Fabric: F i l t e r  or E lec t ros t a t i c  
P rec ip i t a to r  
Induced Draft Fans 
Chimney 
Reagerlt Preparation 
Pneum2,tic Ash Hand1 i n g  
Par t ic1  Product Recyc;- 
Waste t o  Disposal Via Conveyor 
Bypasz, ( f o r   P a r t i a l   T x a t x e n t  
Cases  Only) 

EXHIBIT 3-2 (SHEET 4 OF 4 )  



TLOINICAL SWL%\\RY OF ALTCR!KTIVES 

A I R  QUALITV CONTROL S N O Y  

IS1 USI'IS) 

'A G 28 
LSP 

0.0381 
- 0.576 -~ 

? 11 501 ES 

155,520 
130.5 

_" - 3.714.1 
0 , s  

None 

None 

Flyash 
535.0% 

" 

- 
l l l d  5 t c e 1  

0.979 

0.066 
813.39 
146 
27.4 - -_ .L 

ESP 18rrc Alternative) 
SA I 118 f 581 

133,502 
112.4 

850 
102 

0.164 

24.4 

Hat Air Injection 
Reheat t o  68oC 

- .. 3 0pPPr.ating f 1 swrc 

2 - 3.7(4.1) 
2 - 3.n 

Limestone 29.937 
3 . 0  t 0.5  

680 

Flyarh  635.036 

ludge Dry Barlr 47.174 
L t e r  1 . 5 1  I / ,  

8rlck 

0. I39 

950 
65 
25.3 

0.164 

0.0102 
127.2 (133.6) 

0.622 
3 operating t 1 sp"f 

2 ~ 7 5  I 1 
4 - 4.1 

L i n e  9979 __ 
~- .. . ." 

Flyarh  635,036 

250 

0.556 

0.026 
845 
104 
2 5 . 0  



- I  - 

1.137.000 
511 

Brlck 

4410 

80 

1.437.000 
571 

Brick 

1103 

7.54 x 106 
1304 

150 
83 

6.71 I 10' 
203 291) 

220 
62 " 

70 



159,900 
to 

Case 5 I 60.000 1 S t e e l  Brothers 

m 
X 

5 
=i 
W 

W , a 

UXI'E 

NOT 

NOTES: I )  Cases 5 and 6 use limestone for SO absorption. - 
Lime is used for sludge stabilization. 

2 

ESCALATION 
Not AdVIScd Not Advised 

~" 

I 
AYAII.Allll.l'IY 



9, 8.111 

Case 6 18,000 

22,140 

109,470 

t o  

t o  

.anadtan 
Industr ies  
Limited 

\'ENDOR 

Steel Brothers 
Canada Ltd. 

" 

ENQlllHY 
DATE __ 

NOT 

ICLUDED 

__ 

NOT 

C L U D E D  

t : [NCLUDED 

I 
42.SWTon a t  

Cache Creek. D . C .  

i INCLUDED 

45.000 l h s .  

P e d  

Case 8 - $4.1S/Tan 
Trinac Transpor- 
ta t ion  System 

CP - ss.oo/Ton 
All Cascs 

I 

NOTES: 1)  Cases 5 and 6 use lime only far sludge s t a b i l i z a t i o n .  - 
21 Cases 7 and 8 use lime for SO absorpt ion.  

2 

b t  Advised 
A I I I . , \ I I I I . I I I '  

N 

0 

N 

-n 

u 
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c 

4.0 AqCS  COSTS 

I 

I 

m 

r -  

T h i s   s e c t i o n  presents! c a p i t a l   c o s t s   a n d   d e t a i l e d   c o s t   b r e a k d o w n ;  

leve l ized   and   un leve l ized   owning   and   opera t ing  (0 & 0) c o s t s ;  AQCS 

c a p i t a l   c o s t   c a s h   f l c w s ;   a n d  AQCS consumpt ion   quant i t ies   for   power ,  

r e a g e n t s ,  water and so f o r t h .  

The  economic f a c t o r s   u s e d  i n  t h e   e v a l u a t i o n s  are t a b u l a t e d   i n   E x h i b i t  

4-1 and   inc lude   reagent ,   l abour ,   energy ,   and   o ther   cos t s .  

The e s t i m a t e d   q u a n t i t i e s  of power,  energy,  and materials consumed  by 

t h e  AQCS p l a n t s  are t a b u l a t e d  i n  E x h i b i t  4-2. 

C o s t   e v a l u a t i o n s  are p resen ted  in E x h i b i t s  4-3 and 4-4, a p p l i c a b l e   t o  

Group A and  Group B primary alternatives,  a n d   i n c l u d e   b o t h   c a p i t a l  

c o s t s   ( t o t a l  $ and U n i t  $/kW) and  the owning  and o p e r a t i n g   c o s t s  

( m i l l s / k W h )   u n l e v e l i z e d .   D i f f e r e n t i a l   c o s t s  of t h e  alternatives 
r e l a t i v e   t o   t h e  Base Scheme Case 1 AQCS system are shown.  The c a p i t a l  

c o s t s   i n c l u d e   a n   i n c r e m e n t a l   c a p a b i l i t y   c o s t  as desc r ibed   i n   4 .1   o f  

t h i s   r e p o r t .  

Level ized owning  and o p e r a t i n g   c o s t s   f o r  Group A and  Group B are 

i l l u s t r a t e d   i n   E x h i b i t  4-5 and 4-6 r e s p e c t i v e l y .   T h e s e   E x h i b i t s  
i n c l u d e  cap i t a l i zed  v a l u e s  of t h e   l e v e l i z e d  0 h 0 c o s t s ,   a n d   a l s o  

d i f f e r e n t i a l s   r e . l a t i v e   t o   t h e  Base Case. 

1 

Engineer ing   and   Cons t ruc t ion   expendi ture   cash   f lows ,   expressed  as 

pe rcen tages  of t h e   t o t a l   c a p i t a l   c o s t   f o r  a 4-unit  development, are 

presented   in   Exh: ib i t  &-7. The t o t a l   c a p i t a l   c o s t s   a r e   t o   b e   f o u n d   i n  

e i t h e r   E x h i b i t  4-3 o r  4-4 f o r   t h e   p a r t i c u l a r  AQC system  and  Group 

chosen. I t  must   be  recognised,   that  these cos t s   exc lude  I D C ,  and 

co rpora t e   ove rhead ,  e:;calation-during-construction ( D C ) .  To determine 

ac tua l   ca sh   f l ows ,   t h (e se   f ac to r s   shou ld   be   accoun ted   fo r ,   u s ing   t he  

g iven   cash   f low  perce l l tages  as t h e   b a s i s .  



a 

4-2 

Each FGD system  of Case 5A t o  8A could  be  combined  with  an alterna- 

t i v e   p a r t i c u l a t e :  con1 : ro l   dev ice   (o f   d i f f e ren t   e f f i c i ency ,   t ype )   t o  

t h e   p a r t i c u l a t e   d e v i c e   s p e c i f i e d   i n   t h e  Cases. Thus,   for  example,  

t h e  99.49% ESP of Case 5A c a n   b e   s u b s t i t u t e d  by t h e  99.95% ESP of 

Case 3A t o   g i v e  rise t o  a new AQCS a l t e r n a t i v e ,   d e s i g n a t e d  Case 5/3A. 
T h i s  new a l t e r n a t i v e  will meet the bottom of the p a r t i c u l a t e   e m i s s i o n  

range  and  the  top of t h e  SO2 r ange   o f   t he  PCB O b j e c t i v e s  . Other  new 

AQCS a l t e r n a t i v e s  car: be  obtained in  similar fash ion   and  the i r  c o s t s  

would  be  developed  by  deducting  and  adding  the  appropriate  values for 
t h e   p a r t i c u l a t e   c o n t r o l   c o s t s   g i v e n .  

C o s t s   f o r   v a r i o u s  of t h e s e   o t h e r  AQCS a l t e r n a t i v e s ,   t o g e t h e r   w i t h   t h e  

Group A a l t e r n a t i v e s ,   a r e   p r e s e n t e d  in bar-chart  form i n   E x h i b i t  4-8 

and 4-9. Not a l l  p o s s i b l e   a l t e r n a t i v e s   h a v e   b e e n   i n c l u d e d ;  some combina- 

t i o n s   o f   d r y  FGD and ESP systems are not   shorn ,   because   o f  the h i g h  level 

o f   unce r t a in ty   r ( ega rd ing   t he i r   ove ra l l   pe r fo rmance .   Exh ib i t  4-8 

i l lust rates  t h e   r e s p e c t i v e   u n i t   c a p i t a l   c o s t s ,  with t h e   c a p i t a l i z e d  0 

& 0 cos t   added ,  :€or t h e  AQCS A Group  of a l t e r n a t i v e s .   E x h i b i t  4-9 

shows  leve l ized  0 & 3 c o s t s  and d i f f e r e n t i a l s   i n   m i l l s / k W h .  

I n   E x h i b i t  4-10, d e t a i l e d   c a p i t a l   c o s t  estimates f o r   t h e  A Group  of 

a l t e r n a t i v e s ,  Cases 1 t o  8 ,  are  t a b u l a t e d .  

Embedded spare FGD module c o s t s  are shown i n   E x h i b i t  4-11. The FGD 

sys tems  incorpora te   redundancy  i n  the form of spare  modules t o  a l low 

f o r  module  outages. To assess the  impact  of designed  plant  redundancy, 

t h e  embedded c a p i t a l   c o s t s  f o r  spare   modules ,   expressed in t o t a l  

d o l l a r s  and $/kW, are included f o r  r e fe rence   pu rposes .  

4 . I  AQCS EXTE!IT OF PL,ANT & BASIS OF COSTS 

The >.QCS p r imary   a l t e rna t ives   o f  t he  A Group,  and Cases 1B t o  4B of 

t h e  6 G r o c p ,   i n c l u d e   t h e   t o t a l  "back-end'' p l a n t   e x t e n d i n g   f r o =   t h e  

bo i l e r   a i :   hea t e r   ou t l e t   t o   t he   ch imney   i nc lus ive .  A l l  of t h e s e  

a l t a r ? a t i v e s  are complete   and  s tand  a lone.   The  remaining Cases 53 
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rr, 

m 

through 8 B  i d e n t i f y  FGD sys tems  on ly ,   which   inser t   be tween   the  

b o i l e r  and  chimney;  each  requires  to  be  combined  with  one of t h e  

Cases 1 B  through 4 B  to p r o d u c e   t h e   t o t a l  AQCS ( p a r t i c u l a t e   p l u s  SOz 
c o n t r o l ) .  

The c a p i t a l   a n d   o p e r a t i n g   c o s t s   f o r  a l l  A and B a l t e r n a t i v e s   a r e  

deve loped   accord ingly .   Regard ing   the  Base Scheme c a p i t a l   c o s t   ( C a s e  

la) as d e t a i l e d   i n   E x h i b i t  4-10, t h e   t o t a l .   c o s t   e x c e e d s   t h e  amount 

inc luded   in   Accoont  20 of   the  Hat Creek Power P l a n t   P r o j e c t  Estimate 

s ince   t ha t   Accoun t   does  not i n c l u d e   f o r  a l l  equipment  such as I D  

f a n s ,   b r e e c h i n g ,   s t r u c t u r a l   s t e e l   a n d  chimney.  Amounts f o r   t h e s e  

items have  been  abstracted  f rom the a p p r o p r i a t e   d e t a i l e d   c a t e g o r i e s  

a n d   a r e   i n c l u d e d   t o   p r o v i d e   t h e  Case 1 c a p i t a l   c o s t :   s i m i l a r l y   f o r  

t h e   o t h e r   c a s e s  as a p p r o p r i a t e .  

1 To determine the impact  of a p a r t i c u l a r  AQCS a l t e r n a t i v e  on the 

o v e r a l l   P r o j e c t   c o s t ,   t h e   t o t a l   c o s t  (e.g. c a p i t a l ,  0 6 0, mills/kWh 

etc . )  of  the  Base Sch,eme (Case 1A) i s  deducted   f rom  tha t  of t h e  

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

Scheme  Power P l a n t   c o s t .   T h e s e   d i f f e r e n t i a l   a m o u n t s  i n  var ious   forms  

are i n c l u d e d   i n  ECxhib:its 4-3, 4-4, 4-5 and 4-6 f o r   t h e   p r i m a r y  

c a s e s .  

C a p i t a l  C o s t s  

T h e  c a p i t a l  cost:i f o r   t h e   v a r i o u s   a l t e r n a t i v e s   i n c l u d e   t h e   f o l l o w i n g  

p l a n t   a s   a p p l i c a b l e :  

- AQCS Equipment: p r e c i p i t a t o r ,   m e c h a n i c a l   d u s t   c o l l e c t o r   a n d  

f a b r i c   f i l t e r ,   f 1 y a s ; t   r e m o v a l   s y s t e m ,  FGD system. 

- Flue  gas   ductwork  and  support :   boi ler   house to AQCS equipment, 

between AQCS equipment.  from AQCS equipment t o  chimney. 

- I D  f a n s ,  I D  booster  fans  and  chimney. 
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- s i te  improvemen t ,   ea r thwork ,   p i l i ng ,   conc re t e ,   s t ruc tu ra l  

s t e e l ,   b u i l d i n g ,   p i p i n g ,   i n s u l a t i o n ,   i n s t r u m e n t a t i o n ,   e l e c t r i c a l  

and   pa in t ing   fo r   t he   above .  

- I n c r e m e n t a l   c o s t   f o r   t h e  waste t r a n s p o r t a t i o n   a n d   d i s p o s a l  

system  from  Power Elant t o  Mid Medicine  Creek  Valley.  

No te   w i th   r ega rd   t o   t he  las t  item, the d r y   a s h   d i s p o s a l  scheme 

( A l t e r n a t i v e  "B") fo r   t he   P ro jec t   has   been   a s sumed .  Incremental 

c o s t s  are inc luded   fo r   each  Case t o   c a t e r   f o r   t h e   e f f e c t  of i nc reased  

q u a n t i t i e s  of waste products   genera ted .  

S e p a r a t e l y   c a l c u l a t e d  and t a b u l a t e d  i s  t h e  incremental c a p a b i l i t y  

c o s t .   T h i s   r e p r , e s e n t s   t h e   c o s t  of ad jus t ing   t he   power   p l an t   g ros s  

o u t p u t   t o   s a t i s f : y   t h e   r e q u i r e m e n t s  of t h e  e lectr ical  a u x i l i a r i e s   a n d  

power  consumption f o r   t h e  AQC sys t em  app l i ed   wh i l e   p re se rv ing   t he  net  
s t a t i o n   o u t p u t   a t  2003 HW. 

C a p i t a l   c o s t s  f o r  p remz ip i t a to r   and   f ab r i c   f i l t e r  cases were ob ta ined  

from  vendors '   quotati tms  supplemented  with INTEG-EBASCO in-house 

d a t a .   C o s t s  for  the wet FGD scrubber   sys tems  a re   based  on t h e  

EBASCO FGD s t u d y   f o r   t h e  Hat C r e e k   P r o j e c t ,   a d j u s t e d   t o   s u i t   w o r s t  

qua l i t y   b l ended   c :oa l ,   t he   d ry   a sh   d i sposa l   s cheme ,   and   t he   spec i f i c  

emission limits of  t h e  PCB O b j e c t i v e s .   C o s t s   f o r   t h e   d r y  FGD scrubbing 

cases were derived f r o m  INTEG-EBASCO e s t i m a t e s   f o r   o t h e r   p r o j e c t s .  

in-house  vendor   quotat ions,   and  publ ished  data .  

6 

A l l  c o s t s  are i n  1978  Canadian  dollars;  US p r i c e s  and costs   have  been 

c o n v e r t e d   a t  t h e  exchsnge   ra te :  

$1.00 US = $0.85 Canadian 

The i n d i r e c t   c o n s t r u c t i o n   c o s t   f a c t o r  of 18 percent   which  includes 

ind i r ec t   (5%) ,   co : s t   con t ingency   i l 5X) .   and   eng inee r ing  (621, has  been 

a p p l i e d   t o   t h e   d i r e c t   c o s t s .   T h e  c o s t  cont ingency   va lue  i s  c o n s i s t a n t  

w i t h  t h e  Project   ,a l lowance ( 1 4 . L ; )  f ? r  t h e  Base AQCS system,  and  has 

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

u n c e r t a i n t y  of t h e  c o s t s  f o r  t h e s e   a l t e r n a t i v e s .  
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Annual  Costs 

The annual  0wnin.g and o p e r a t i n g   c o s t s  are incrementa l   Values ,   apply ing  

o n l y   t o  AQCS p l a n t   o p e r a t i o n   a n d   n o t   t h e   t o t a l  power p l a n t .  0 6 0 

c o s t s   c o n s i s t  of f ixed   charges   p lus   opera t ion   and   main tenance  (0 6 M) 

cos t s .   The   f i xed   cha rge  rate (unleve l ized)   o f  12.33  percent   used  

exc ludes   the   f ix :ed  0 6 M component. The 0 6 M c o s t s  are s e p a r a t e l y  

der ived   based  on the   consumpt ion   da ta   and   cos ts   o f   Exhib i t  4-1 and 4 -  

2 .  and a r e   i l l u s t r a t e d  i n  E x h i b i t  4 - 3 ,  t o  4-6 .  

4 . 2  RETROFIT OF FGD SYSTEMS 
" 

m 

m 

II 

For cases 18 t o  3B, (ESP p a r t i c u l a t e   c o n t r o l ) ,  i n  o r d e r  t o  ach ieve  

t h e   f l e x i b i l i t y   o f   r e t r o f i t t i n g   e i t h e r  wet or d r y  FGD systems,   an 

ul t imate  plant   arrangement  i s  assumed  which  makes i t  n e c e s s a r y   f o r  

t h e  ESP's  and  downstream  plant t o  be   loca ted  a f u r t h e r  52 metres (170 

f e e t )   f r o m   t h e   b o i l e r   b a c k   e n d .   T h i s   s h i f t  of p l a n t  i s  r e q u i r e d   t o  

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

dry   sc rubber   sys tems.   Therefore  Cases 1 B  t o  3B i n c u r   i n c r e a s e d  i n l e t  

d u c t w o r k   a n d   a d d i t i o n a l   e l e c t r i c a l   c a b l e / r a c e w a y   l e n g t h s   f o r   e x t e n d i n g  

t h e  ESP and I D  f a n s .   A d d i t i o n a l   c o s t s  are i n c l u d e d   f o r   t h e s e   f e a t u r e s  

t o g e t h e r   w i t h  an allclwance f o r   a n   i n c r e a s e d  waste d i sposa l   sys t em,  

l a r g e r  ID f a n s   t o  accommodate f u t u r e  FGD sys tem  losses ,   and  alternative 
chimney l iners  s u i t e d  to t h e   c o r r o s i v e  effects  of low temperature 

f l u e   g a s   w i t h  wet FGL' systems.  

The c a p i t a l   c o s t   i n c r e a s e s .   a m o u n t i n g  t o  about  6 or 7 percent   o f  

which   about   th ree   quar te rs  is as s igned  t o  ductwork. are a p p l i e d   t o  

t h e  ESP p a r t i c u l a t e   s y s t e m   c o s t s .  They r e p r e s e n t  a s h i f t  o f   c o s t s   t o  

t h e   p a r t i c u l a t e   s y s t e m s   a l t h o u g h   t h e   c o s t s  are a c t u a l l y   d u e   t o  FGD 

r e t r o f i t t i n g .  

For Case 4 8 ,  (Fabr i c  f i l ters  w i t h   d u s t   c o l l e c t o r s ) ,   t h i s   a l s o   r e q u i r e s  

a s h i f t   i n  the l o c a t i o n   o f   t h e  I D  f ans   and   ch imney .   bu t   t he   quan t i ty  

of addi t iona l   du 'c twork  is less. The e s t i m a t e d   c o s t   i n c r e a s e  t o  i n -  
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I 

c o r p o r a t e   a l l o w a n c e s   f o r  FGD r e t r o f i t t i n g   f o r  th i s  case is approxi- 

mately 6 p e r c e n t .  

With Cases 5 B  and 6 8 ,  ( P a r t i a l   a n d   f u l l  wet scrubbing FGD systems 

o n l y ) ,   t h e   t o t a l   c o s t s  are i n c r e a s e d   i n   t h e   o r d e r  of 2 percen t  t o  

c o v e r   a d d i t i o n a l   d u c t w o r k   t i e - i n   s e c t i o n s ,  e lectr ical  system  modifi-  

c a t i o n s ,  and  premium time f o r   t i e i n g   i n   d u r i n g   t h e   r e t r o f i t ,   b u t  

exc lude   amoun t s   , a l r eady   i nc luded   fo r   i n   t he   pa r t i cu la t e   Group  B cases 

f o r  the  chimney  l iner   and I D  f a n   s i z i n g .  

For t h e   t o t a l  AQCS p l a n t  - i n c o r p o r a t i n g   s u i t a b l e   p a r t i c u l a t e   c o n t r o l  

p l u s   r e t r o f i t t e d  wet FGD systems - the cost is i n  t h e   o r d e r  of 3 t o  

5 p e r c e n t   g r e a t e ' e   t h a n   f o r   t h e   c o m p a r a b l e   s y s t e m   i n s t a l l e d   w i t h   t h e  

power p l a n t .  

The Cases 7 B  and 8B (:Partial and f u l l   d r y   s c r u b b i n g  FGD systems)   in-  

co rpora t e   sp ray   d rye r : ;   and   r eagen t   hand l ing   on ly ,   w i th   no   pa r t i cu la t e  

c o n t r o l .  I n  combina t : ion   wi th   fabr ic  f i l t e rs ,  t h e   t o t a l  AQCS c o s t s  , 
w i t h   r e t r o f i t t i n g ;  wou:ld be i n  t h e   o r d e r  of 8 p e r c e n t   h i g h e r   t h a n   t h e  

c o m p a r a b l e   s y s t e m   d e s i g n e d   f o r   i n s t a l l a t i o n   i n t e g r a l   w i t h   t h e  power 

plant  development:. An important  component  of t h e   e x t r a   r e t r o f i t  

sys t em  cos t s   a r i s : e s   f rom  the  need t o   i n i t i a l l y   i n s t a l l  a f a b r i c  

f i l t e r  which is 58 t o  1.0 p e r c e n t   l a r g e r  than would  otherwise  be  necessary 

w i t h  i n t eg ra t ed  plant   development .  The  lower^ gas temperature, and 

hence   vo lume   f low  th rough   t he   f i l t e r s ,  is n o t   a c h i e v e d   u n t i l   t h e  FGD 

systems are r e t r o f i t t e d .  
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E X H I B I T S  4 . 0  

E x h i b i t  

I 

w 

r -  

4-1 

4-2 

4-3 

4-4 

4-5 

4-6 

4-7 (2 sheets) 

4-a 

4 - 9  

4-10 ( 4  sheets) 

4-11 

ECONOP!IC FACTORS 

AQCS  CONSUMPTION  DATA 

CQST  EVALUATION  (UNLEVELIZED 0 6 0) - GROUP  A 

CIDST EVALUATION  (UNLEVELIZED 0 & 0)  - GROUP B 

LEVELIZED OWNING h OPERATING  COSTS - GROUP  A 

LEVELIZED OWNING & OPERATING  COSTS - GROUP  B 

4-UNIT  CASH FLOWS (PERCENTAGE) 

BAR CHART,  CAPITALISED  COSTS ($/kW) - GROUP  A 

BAR CHART. LEVELISED 0 & 0 COSTS (mills/kWh) - GROUP  A 

DETAILED  CAPITAL  COST  ESTIMATES (GROUP  A) 

FGD PLANT REDUNDANCY - EMBEDDED COSTS 
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A I R  CIUALITY CONTROL STUDY 
-I 

- E:CONOMIC FACTORS 

- Net Uni t   Rat ing  

- Capaci ty   Fac tor   (Li fe t ime  Average)  

- Annual Net Genera t ion  

- Base Date f o r   C o s t s  

- I n d i r e c t   C o n s t r u c t i o n   C o s t   ( I n d i r e c t  + Contingency 

+ Engineering as % of Di.rect Cost)  

- L e v e l i z i n g   F a c t o r   ( 5 . 7 5 %   i n f l a t i o n  rate, 10% in te res t  

r a t e ,  38 y e a r   l i f e )  

- Fixed  Charge  Rate (Not  i n c l u d i n g  OhM Cos t s )  

- Levelized  Fixed  Charge Rate (Not   including O&M Cos t s )  

- Coal   Cost   (1978  Dollars)  

- Limestone  Cost  (1978  Dollars) 

- Lime Cost   (1978  Dollars)  

- F.F. Bag Cost   (1978  Dollars)  

- Labour  Cost  (1978  Dfollars) 

- Incremental   Energy (Cost (1978  Dol la rs )  

- Water Cos t  (1978 D o l l a r s )  

- Level ized  Water   Cost   (1978  Dollars)  

- Cost of  Steam  (1978  Dollars) 

- Incrementa l   Capac i ty   Cos t   (1978  Dol la rs )  

4 x 500 MW 

65% 

11,388 GWh 

October  1978 

28% 

1.98 

12.33% 

14.25% 

$0.679/GJ 

($0.717/MB) 

$10.08/tonne 

$52.30/tonne 

$60.00/ea. 

$18.3/hour 

9.55 Mills/k!Jh 
$0.56/m3 

$0.71 /m3 

$0.36/MB 

$450/kW 

I EXHIBIT 4-1 



.AIR QUALITY CONTROL STUDY 
COSSWIPTION D.4TITA FOR AQCS  CASES 

(PER  UNIT  BASIS) 

PARTICULATE  CONTROL 

8A 7A 6A 5A 4A 3A ?A l A  

CONBINEO PART. 6 SO2 CONTROL 

FF FF ESP (99.5) ESP (99.5) 
"" CASE NO. 

EQUIPMENT + F u l l  + Par t .  + F u l l  + Par t .  FF ESP ESP ESP 
(99.5) Dry FGO Dry FGD Wet FGD ...__ Wet FGD (99.97)  (99.95)  (99.8) 

- Capabi l i ty  
- 1,n.v 

n,, 3,703 4,200  4,800  6,000  9,200 i 4 ,  i00 I I - 
8,300 

Steam - GJ/hr 1 - 1 - 1 -  I - II - 42 

Operation __ 
Energy - 10 kWhr/yr 

Steam - GJ/yr 

10.000 8,000 31,400 25,400  1,400  1,400 1,400  1,400 Labour - man hr /yr  
20,000  10,000 4,100  2,000 - - - - Lime - Tonne/yr 

- - 29,900 14,500 - - - - Limestone - Tonne/yr 

Water - m / y r  

- - 243,000 - - - - - 

6 (1) 21 4 1  40 80 52 34 2 7  24 

3 - 510,000 250,000 6U0,OOO 340,000 - - - 

Mdintennnce (Mat. & Labor) .. - . " - 
Bag Replacement - no/yr (2)  4,500  4.750 - - 5,000 - - - 

(3) .. n Utlier - % Cap. Cost/yr 1 .0   1 .0  1 .5  1 .5   0 .5  0.5 0.5  0.5 i > l  
-.. .I - ." 
3 
m 
c t  
-4 

( I )  Inc ludes   Di f fe ren t ia l  Power/Energy consumed by ID Fans. 

(3)  1.5% f o r  Wet FGD system, 1.0% for Dry FGD System  and 0.5% for  o the r  equipment. 

Notes: a )   Q u a n t i t i e s  for Cases 1 B  t o  48 a r e   s i m i l a r   t o   t h e  above  for  Cases 1 A  t o  4A r e spec t ive ly .  

P ( 2 )  Bag Replacement Labor - 1 man hr per bag. 
IJ 

b) Q u a n t i t i e s   f o r  Cdse 58 t o  68 may be  obtained  dy  deducting  Case 1 A  values from those  of Case SA o r  6A above 

C) Q u a n t i t i e s  for  Case  78 or 88 may be  obtained by  deducting  Case 4A values  from those  of  Case 7A or EA above 
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.AIR QUALITY CONTROL  STUDY 

COST  EVALUATIOS  (UNLEL'ELIZED O&O) - GROUP A 

Capi ta l   Cos ts   exc lus ive  of corporate   overhead  and IDC) 
(per  4 un i t s ,   $1000 ,   1978   p r i ce   l eve l ,   ne^ l e v e l i z e d ,  

PARTICULATE COhTROL 
b i t h o u t   p r o v i s i o n   f o r  Dry FGD r e t r o f i t )  

COMBINED PART. & SO? CONTROL 
( i n t e g r a t e d   i n s t a l l a t i o n )  

1 A  2A  3A 4A SA 

FF  FF ESP (99.49%) ESP (99.49%) 

8A 7A  6A 

+ PARTIAL + FULL + PARTIAL + FULL 
WET FGD DRY FGD DRY FGO WET FGD ~- ~ ~~~ ~ ~ ~ _ _  ~- - - 

AQCS Capi t a l   Cos t  I202,OOO I220,OOO I 240,000 I 1 8 5 , O O O  I 382,000 I 467,000  1323,000 I 
Inc remen ta l   Capab i l i t y  Cost 

~~ ~ ~~ 

393,000 
, 7.Clnn , ? * K ! C !  , 9.!!C!C! , 1 1  nnn . I L  nnn 25 * x!C! I ??."C I I C  .,."t,,, nnn - 

Total   L;pi ta l   Cost  

D i f f e r e n t i a l   C a p i t a l   C o s t  
( S / W  

( $ / W  
Annual  Fixed  Charges (@ 12.33%) 
Annual  Operation E Maintenance 

- Energy 
- Steam 
- Water 
- l imestone 
- Lime 
- Operat ing  Labour  
- Bag Replacement 

M a t e r i a l  

- Waste  Disposal  
Labour 

In - Other 0 6 M 

: 
01 1 o t . 1 1  h t u a l  Owning ti Opera t ing  

*ror21 o 6 M 

.i (Mi 1 I/klVh) 
c I ~ a f ~ , ~ m t i : t l  Annual Owning 
LA t, o p e r a t i n g  

x 

+ ~i 

(Mi I I,'~~WII) 

1 ,&lo 
1 910 

27.710 
I_ 

(2.43) 

Base 
! (Base) 

28,000 I 30,700 I 24,200 I 49,100 

1,100 
2,120 

30,120 
(2.6) 

2,410 
(0.2) 

1,030  1,300  1,990 

- - 660 
- - 580 
- - 420 

100  100  1,860 

- - - 

- 1,200 - 
- 370 - 
- - 60 

1,200 930 
2,330 3,900 

3,700 
9,270 

33,030  28,100  58.370 
(2 .9)  (2 .5)  (5.1) 

5.320 390  30,660 
(0.5) (0.03) , (2.7) 

492,000 

283,000 
(246) 

(142) 

60,700 

3,060 
660 

1,420 
1,210 

860 
2,300 

- 
140 

14,630 
4,980 

75,330 
(6.6) 

47,620 
(4.2) 

335,000 

(63) 

(204) (168) 
199,000 126,000 

408,000 

(100) 

41,300 

1,040 470 

1,800 1,530 

50,300 

2,090 4,180 
590 730 

1,140 1,080 
350 330 

50 120 

- - 

- - 

~~ 

2,140 

62,420 49,660 
12,120 8.360 
2,840 

(4.4) (5.5) 



AIR QUALITY COXTROL STUDY 

COST  EVALUATIOS  (UNLEI'ELIZED O&O) - GROGP B 

(per 4 u n i t s ,  $1000, 1978 p r i c e   l e v e l ,   n o t   l e v e l i z e d  
c a p i t a l   c o s t s   e x c l u s i v e   o f   c o r p o r a t e  oveiXKad  and IDCJ 

PARTICULATE CONTROL 
(wi th   p rov i s ion   fo r  Dry FGD r e t r o f i t )  

SO2 CONTROL (RETROFIT) 

CASE NO. . " 18 ?E I 38 48 58  68 78  88 

EQlJIPMENT ESP  ESP  ESP FF PARTIAL FULL PARTIAL FULL 
~ ". . . -~ ~ (99.49%)  (99.8%)  (99.95%)  (99.97%) WET FGD WET FGD DRY FGD DRY FGD 

" " - - " 
Al!CS  pi tal Cost 
-. I ~ ~ ~ - r ~ . ~ a c n t a I  .. . Capab i l i t y   Cos t  
' l ' o t & i  ( : a l B i r a l  Cost 

I ! i f F e ~ w ~ t i a l  Capi ta l   Cos t  

" .  .~ "" I ,  

(J/kW) I290,OCO 140,000  215,000 223,000  241,000  263,000  207,000  197,000 
(112) (120) (131) (103)  (98) (145)  (70)  (107) 

Base 18,000 40,000  -{16,0001 
( S / W  (Base)  (9) (201 - (8) 

AnlIuiJl Fixed Charges (@ 12.33%) 
Annual Opera t ing  & Maintenance 

27,500 29,800 32,500  25,500  24,300  35,700  17,300  26,500 

- Energy 800 9 20 1,030  1,300 1,190 2,260  230  500 
- Steam 
- Water 

660 

- Limestone 
660 1,420 470 1 ,040  

- Lime 
580 1,210 

' -  Operating  Labour 
420  860  2,090  4,180 

- Bag Replacement 

- - - - - - - 
- - - - 
- - - - - - 
- - - - 

100 100 100 100  1,760 2.200 490  630 

M a t e r i a l '  - - - - - - - 
Labour 

1.200 
- - - - - - - 

- Waste Disposal  
- Other  0 & M 1,080 

60  140  50 120 

T o t a l  0 & M 
1,170  1,270 980 2,810  4,070  1,380  2,100 

x 1,980  2,190 
29,480  31,990  34,900 

2,400 3,950  7  480 12.820 4,710  8 ,570 
29,450  31,780  48,520  22,010  35,070 

2,510 

370 - - - - 

5 Total  Annual Owning & Operating ' D i f f e r e n t i a l  Annual Owning & Operating Base 
a 
A -  

m 
-2" 

(Mi 1 l/kWh) ( 2 . 6 )  ( 2 . 8 )  ( 2 . 6 )  (2.8) (4.3) (1.9) (3.1) 

I (Mil l /kWh) (Base) ( 0 . 2 )  (0.5) 

" N O I ' L :  For   compar ison   purposes ,   the   Capi ta l   and   Energy   Cos ts   for   Ret rof i t  SO Control  Cases include C a p a b i l i t y  and 
f:rterk!Y Cost5 a t  t h e  Same r a t e  ($450/kW and 9.55 mills/kWh) as Group A Cases. 2 



AIR QUALITY Cl..ROL STUDY 
LEVELIZED OIWISG :\SD  OPERATISG  COSTS - GROUP A 

(Per 4 Units, $1000,  1978 price level. Capital costs exclusive of corporate overhead and IUC.) 

CASE NO. 

HIIIEF DESCRIPTION 

kvelized Annual Fixed 
Charges ( e  14.25%) 

Levelized  Annual  OEM  Costs 
- Enerw 

ILevrlizei & Ckita1i;ed) 
( $ / W  

. .  
Differential  Cost  to  Case 1A 

$ Levelized Annual  Owning & Operating 

7 Total Owning & Operating 
3 
W (Mill/klVh) 

(Levelized & Capitalized) 
01 ( $ / W  

'ithout pr 

1A 
ESP 

(99.49%) 

29,800 

1: 550 
- 
- 
- 
- 

200 

- 
- 
- 

2,000 
3,750 

33,550 
(2.9) 

235,000 
(118) 

(Base) 
Base 

(Base) 
Base 

PARTICULATE  CONTROI. 
.ision f 

2A 
ESP 

(99.8%) 

32,300 

1 I 800 - 
- 
- 
- 
200 

- 
- 
- 
2,170 
4,170 

36.470 
(3.2) 

'56,000 
(128) 

2,920 
(0.3) 

21,000 
(11) 

dry FG 

3A 
ESP 
99.95%) 

35,500 

2,000 
- 
- 
- 
- 
200 

- 
- 

2,380 
4,580 

40,080 

- 

___ (3.5) 

81,000 
(141) 

6,530 
(0 .6 )  

46,000 
(23) 

- 
I; I 

retrofit 

4A 
FF 

99.97%) 

27,900 

2,500 - 
- 
- 
- 

200 

2,380 
720 

1,840 
7,640 

35,540 

- 

(3.1) 

49,000 
(125) 

1,990 
( 0 . 2 )  

14,000 
(7) 

c 
SA 

SP (99.49": 
Part. Wet 

56,700 

3,850 

830 
I ,  LOU 

3,980 
830 

- 
~ ~,~ 

- 
- 
7,330 
120 

18,100 

74,800 

_ _ ~  

(6.6) 

525,000 
(262) 

41,250 
(3.6) 

290,000 
(145) 

tegr.tted I 

6.4 
SP (99.49% 
Full Net 

70,100 

5,920 

1,810 
i ,xx 

4,550 
1,700 

1,310 

- 
- 

280 
9,860 
27,820 

97,920 
(8.6) 

687,000 
(343) 

64,870 
(5.7) 

452,000 
(226) 

~~~~ 

CObIBINEO  PART. & SO CONTROL 
~~ 

nstallation) - +"p 
Part. Dry + Full Dry 

47,700  58,100 

2,960 

8 , 2 8 0  4,140 

1,320 

3,500 

1,160 1,450 

2,260  2,140 
690 650 
100 240 

-590 I - 

- - 

16,140 
4,240 

1 23,230 
5,650 

_" 



AIR QU.ALITY COSTROL STll0Y 

LE!.ELITED  OItSIXG AND OPERATIKC COSTS - GROUP B 

(Per  4 u n i t s ,  S l O O O ,  1978 p r i c e   l e v e l .   C a p i t a l   c o s t s   e x c l u s i v e   o f   c o r p o r a t e   o v e r h e a d   a n d   I K . )  

PARTICULAI 
(with r e t r o f i t  pro\ 

CASE NO. 

ESP ESP 

2B 1 B  

EQUIPMENT (99.8%) (99.49%) 
Levelized  Annual  Fj~xed  Charges 
- ( e  14.25%) 

X i i F r g y  
Levelized  Annual O&M Cos t s  

- Steam 
- Water 
- Limestone 
- Lime 
- Operat ing  Labour  
- Bag Replacement 

Material 
Labour 

- Waste  Disposal 
- O t l L C I '  041.1 
l',>k :: I 0t;h.I 

' T I > I : I ~  I . u v c l i z d  Annual Owning & 

1 ,800 

2,140 2,320 
3,890 4,320 -__ 

. .  . ,  
II.eveLizcd 6 c a p i t a l i z e d )  

I .  tu i$/w 

c- 1,cvelized  Annual Owning & Opera t ing  
(Mill/kWh1 

2,930 
m (Base) 

T o t a l  Ownina E ODerat ine 
(0.31 

CONTROL 
; i on  for  d r y  FGD) 

2,000 2.500 
- - 
- - 
- - 
- - 
200  200 

- 2,380 
- 720 
- - 

6,530  1,550 

5B 

P a r t i a l  
Wet 

28;  100 

2,340 

1,160 
830 

830 
3,780 

- 

- 
- 
120 

5,550 
14,610 

42,710 

~~ 

" __ 

(3. S l  

SO, CONTROL (RETROFIT) 
- - 

68 78 

: u l l  Wet 
P a r t i a l  

IVct 

4 1  300  19:  goo 

4 -460 460 

1,810 
11310 I ;90 
2,390 - 
1,700 
4,350 

4,140 
960 

I 

88 

F u l l  Dry 

30 I 600 

1,nnn 

1,320 

8,280 
1,250 

- 

- 

- 
- 

4,170 
240 

16,260 

46,860 

- 
_" 

(4 .1)  

NOTE: For  Comparison  purposes,   the  Levelized  Annual  Fixed  Charges  and  the  Energy Cost f o r   R e t r o f i t  SO Con t ro l  Cases 
inc lude   Capabi l i ty   and   Energy   Cos ts  a t  t h e  same ra te  as Group A cases. 2 
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- A I R  QUALITY CONTROL  STUDY 

" 
4-UNIT CASH  FLOWS (PERCENTAGE) 

( ' r o t ~ l   c a p i t a l   c o s t  o f  4 u n i t s   e x c l u s i v e  of  corpora te   overhead   and  IDC = 100%; 
1 1 * 1 1  i n d i c a t e s  AQCS i n i t i a l   o p e r a t i o n  on  January 1 of y e a r   i n d i c a t e d . )  

CASII FLOW #1 (For a l l  Particulate Con t ro l  Cases 1 A  t o  4A and 
1 B  t o  4B) 

Fiscal   Year  1 

2 

3 

4 

5 

6 

7 

a 

" 
U n i t  1 

4.6 

ll.1 

8.0 

5.4* 

0.4 
- 

Unit 2 
- 

5.6 

10.0 

4 .5  

3. If 
0 .3  
- 
- 

219.5 23.5 

Unit 3 
- 

5.8 

9 . 8  

4.5 

3. I* 
0.3 

~ 

23.5 

Unit 4 - 
- 
- 
- 

5.9 

9.7 

4.4 

3.0* 

0 .5  

23.5 

T o t a l  

4 .6  

16.5 

23 .8  

25.6 

1 7 . 7  

7.8 

3 . 3  

0 .5  

100.0 

- 

(:AS11 FLOW U 2  (For Combined Cases SA and 6A, ESP 99.5% + P a r t i a l  
o r  F u , l l  Wet FGD) 

F isca l   Year  1 

2 

3 

4 

5 

6 
7 

8 

" 
U n i t  1 

4 .3  

10 .9  

8. a 
3 .  ?* 

0 .3  

" 

28.0 

Unit  2 
- 

4.7 

10.0 

6 .6  

2.5' 

0 .2  
- 
- 

Unit  3 
- 
- 

4.9 

9.9 
6.6 

2.4* 

0 . 2  

24.0 24.0 

Unit  4 
- 
- 
- 

5.0 
9.8 

6 .5  
2.3* 

0.4 

24.0 

T o t a l  
4 . 3  

15.6 

23.7 

25.5 

19.2 

9 . 1  

2 . 5  

0.4 

100.0 

EXHIBIT 4-7 (SSEET 1 OF 2) 
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A I R  QUALITY CONTROL STUDY _. 

" 
4"UNIT  CASH FLOWS (PERCENTAGE) 

CASH FLOW # 3  (For Combined Cases 7A and 8A, FF + P a r t i a l  or 
F u l l  Dry Scrubbing) 

F isca l   Year  1 

2 

3 

4 

5 

6 

7 

8 

" 
Unit 1 

4 .1  

1.1.0 

1.0.0 

2.7* 

0.2 
- 
- 
- 
" 

i18.0 

U n i t  2 
- 

3.5 

10.2 

8.2 

2. o* 
0.1 
- 
- 

24.0 

Unit  3 
- 
- 

3 .7  

10.1 

8 . 2  

1.9* 

0 . 1  
- 

24.0 

Unit  4 - T o t a l  

4 .1  

14.5 

23.9 

3.8  24.8 

10.1  20.5 

8.9  10.0 

1.9*  2.0 

0 .2   0 .2  

24.0  100.0 

- 
- 
- 

CASH FLOW # 4  ( F o r   R e t r o f i t  SO2 Control  Cases 5B t o  8B) 

U n i t  1 

Fiscal Year 1 4 .0  
2 10.8 

3 9.8 

4 1.7' 

5 0 . 2  

6 

" 

- 
" 

26.5 

Unit  2 

3.7 
9.8 

9 .0  

1.9' 

0 . 1  
- - 

24.5 

Unit  3 
- 

3 .9  

9 .9  

8 . 9  

1.7* 

0 . 1  

24.5 

Unit  4 

- 
3 .9  

10.0 

8.8 

1.6* 

0.2 

24.5 

T o t a l  

7 .7  
28.4 

38.7 

21.3 

3 . 6  

0 .3  

100.0 
- 

EXHIBIT 4-7 (SHEET 2 OF 2 )  
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.AIR QUAI.1TY COSTROL  STUDY 

B.AR CIIART COWARISOY OF .AQCS C.4PITALISED  COSTS ($/kW) (CROUP A CASES E CO!IRIN.ATIOSS) 
__ - 

Jcc 

0 . 2 2 5  

0.09 

0.02 

0.02 

0.225 

0.09 

0.02 

0.02 

0.225 

0.09 

0.02 

0.02 

0.035 

0.05 

1.34 

1.34 

1.34 

1.34 

0.8 

0.8 

0.8 

0.8 

0.2 

0.2 

0 . 2  

0 . 2  

0.8 

0 . 2  

Rone 

None 

None 

I None 

P a r t .  We. 

Part. We. 

Pa r t .  We 

Par t .  We 

Ful l  lVet 

Ful l  Wet 

Ful l  Wet 

Ful l  Wet 

Pa r t .  D r  

Ful l  Dry 

. . .~ . 

I 

i 

t : 

~~. . I I 

I .  

, 

100 
I 

200 30C 
CAPITALISED COSTS ($/kli l  

Notes:-  1) T h e  AQC Systems  extend between t h e   h o i l c r  a i r  h e a t e r   o u t l e t   t o   t h e  chimney inc lus ive .  

For o ther   than   the  Base Scheme, Casc l A ,  incremental   costs   are   included fo r  addi t ional   support ing  services .  



t 

! CONTROL DIFFERENTIAL LE\'ELISED 0 & 0 COSTS (mil lS /kVh)  

1 A  ESP 

2 A  ESP 

S A  \ESP 

4 A  I FF 

S A  ESP 

S / 2 A  ESP 

5/3A ESP 

5/4A FF 

6 A  ESP 

6 / 2 A  i:sp 

6 /5A ESP 

b/4A 1;l: 

? A  FF 

8 4  F F  

:UALTE CONTROL so; 
ENISSION (d/Nl3) PROCESS 

0.225 

0.09 

0 102 

0.02  

0 .  22s 

0.09 

0 . 0 2  

0.02 

0 .  22s 

0.09 

0.02 

0 . 0 2  

0.035 

0 .os 

None 

None 

None 

I None 

Part .  Wet 

P a r t .  IVet 

P a r t .  Wet 

Par t .  Wet 

Ful l  Wet 

F u l l  Wet 

F u l l  Wet 

F u l l  Wet 

Part, Dry 

F u l l  Dry 

1.34 

1.34 

1 . 3 4  

1.34 

0.8 

0.8 

0.8 

0 . 8  

0 . 2  

0 . 2  

0 . 2  

0 . 2  

0 . 8  

0 . 2  

1 

0 1 2 3 4 5 6 7 S 9 1 0 1 1 1 2  

AQCS LEVELISED 0 6 0 COSTS (mills/kWh) 
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AIR QUALITY  CONTROL  STUDY 

DETAILED  CAPITAL COST ESTIMATES (GROUP A) 
($lOCIO, 1978  price level) 

1) Case 1A (Base Scheme) 

- Precipitator 
- Flyash  Handling 
- ID  Fans 
- Chimney and Chimney Fclundation 
- Structural  Steel  Including  Ductwork 
- Insulation 
- Electrical 
- Others 

15,520 
3,720 
2,400 
2,350 
5,720 
3,340 
3,310 
3,130 

Total  Direct  Cost  39,490 
Indirect  Cost (28%)  11,060 
Total  Cost 50,550 
Total for 4 Units  202,200 

(Others  include:  improlrement t o  site,  earthwork  and  piling,  concrete, 
buildings,  piping, painting.) 

2) Case 2A  (ESP  99.8%) 

- Precipitator 
- Flyash  Handling 
- ID  Fans 
- Chimney and Chimney  Foundation 
- Structural  Steel  Including  Ductwork 
- Insulation 
- Electrical 
- Others 

Total  Direct  Cost 
Indirect  Cost (28%) 
Total  Cost 
Total for 4 Units 

17,550 
4,100 
2,400 
2,350 
5,780 

3,530 
3,740 
3,450 

42,900 
12,010 
54,910 
219,640 

EXHIBIT 4-10 (SHEET 1 OF 4: 
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AIR QUALITY CONTROL STUDY 
DETAILED CAPITAL COST  ESTIMATES I:GROUP A) 

.- 

3) Case 3A (ESP 99.95%#) - 
- P r e c i p i t a t o r  

- Flyash  I landling 

- ID Fans 

- Chimney and Chimney Foundation 

- S t r u c t u r a l   S t e e l   I n c l u d i n g  Ductwork 

- I n s u l a t i o n  

- E l e c t r i c a l  

- Other s  

T o t a l  Direct 

Indi rec t   Cos t   (28%) 

To ta l   Cos t  

T o t a l   f o r  4 Un i t s  

4)  Case 4A (Elcch. C o l l e c t o r  + F a b r i c  F i l te r )  

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

- Mechanica l   Col lec tors  

- Flyash  Handling 

- ID Fans 
- Chimney and Chimney Foundation 

- S t r u c t u r a l   S t e e l   I n c l u d i n g  Ductwork 

- I n s u l a t i o n  
- E l e c t r i c a l  

- Others 
T o t a l  Direct Cost  

Ind i rec t   Cos t   (28%) 

Tota l   Cos t  

T o t a l   f o r  4 Un i t s  

19,880 

4,530 

2,400 

2,350 

5,850 

3,720 

4,230 

4,000 

46,960 

13,150 

60,110 

240.440 

9,880 

1,400 

4,210 

3,990 

2,350 

6,750 

3,080 
1,590 

2,970 

36,220 

10,140 

46,360 

185,440 

EXHIBIT 4-10 (SHEET 2 0; 4 )  
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A I R  QUALITY CONTROL  STUDY 

DETAILED CAFITAL-COST ESTIMATES  (GROUP A) 

5) Case SA (ESP + Par t : i a l  lVet FGD) 

- Base  Schcme Cost  (ESP:I 

- Wet FGD System  (1:ncluding  Ductwork t o  Chimney) 

- Incremental  Chimney Cost 

- Incremental  lVaste Transpor ta t ion   and   Disposa l  

System  Cost 

- Adjus tment   to  Base Scheme Cost (Delete Ductwork 

from ID Fans t o  Chimney) 

T o t a l  Direct Cost 

Indirect   Cost   (28%) 

T o t a l   C o s t  

T o t a l   f o r  4 U n i t s  

6 )  Case 6A (ESP + F u l l  Wet FGD) 

- Base Scheme Cost (ESP) 

- Wet FGD System  (Including  Ductwork  to Chimney) 

- Incremental  Chimney Cclst  

- Incremental  Waste Trarspor ta t ion   and   Disposa l  

" 

System  Cost 

- Adjustment t o  Base Sct.eme Cos t   (Dele te  Ductwork 

from ID Fans t o  Chimney) 

T o t a l  Direct Cost 

Indi rec t   Cos t   (28%) 

T o t a l  Cost 
T o t a l  for 4 Un i t s  

39,490 

35,960 

300 

100 

-(1,300) 

74,550 

20,870 

95,420 

381,680 

39,490 

52,510 

300 

200 

- (1,300) 

91,200 
25,540 

116,740 

466,960 

EXHIBIT 4-10 (SHEET 3 OF 4) 
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A I R  QUALITY CONTROL STUDY 

DETAILED CAPITAL COST  ESTIMATES (GROUP A) 

7) Case 7A (FF + Partial-y Scrubbing) 
I 

- Case 4 Cost  

- Dry FGD System 

- ~ n c r e m e n t a l  Waste Transpor ta t ion   and   Disposa l  

System  Cost 
- Adjustment t o  Case 4 F a b r i c  F i l te r  Cost 

(Reduce  Size) 

8)  Case 8A (FF + F u l l  !Dry Scrubbing) 

I 

W m 

T o t a l  Direct Cost 

Ind i rec t   Cos t   (28%) 

Tota l   Cos t  

T o t a l  f o r  4 Un i t s  

- Case 4 Cost 

- Dry FGD System 

- ~ n c r e m e n t a l  Waste Transpor ta t ion   and   Disposa l  

System  Cost 

- Adjustment  to  Cas,? 4 F a b r i c   F i l t e r   C o s t  

(Reduce  Size) 

T o t a l  Direct Cost 
Indi rec t   Cos t   (28%) 

T o t a l  Cost  

T o t a l  for  4 Un i t s  

36,220 

27,510 

100 

- (800) 

63,030 

17,650 

80,680 

322,720 

36,220 

42,020 

200 

-(1,650) 

76,790 

21,500 

98.290 

393,160 

EXHIBIT 4-10 (SHEET 4 OF 4) 
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A I R  QIJALITY CONTROL STUDY 

FGII PMhT REDUNDANCY 

EMBEDDED CAPITAL COSTS 
- 
- 

- SPARE NODULE 

CAPITAL COST(') 

SIZE UNIT 
 CASE(^) " ( M V )  ($/KW ($ x 106) 

TOTAL 

SA :144 26.6 53.2 

6A :I92 30.7 61.4 

7A 96 13.7 27.4 

aA :LIS 15.5 31.0 

__ NOTES : (l)To a. first order  of  accuracy  the 
costs can  be app l i ed   t o  the Group B 
Cases. 

("Capital  costs are i n  $ 1978, and are 
incl.usive of d i r e c t  and i n d i r e c t  con- 
s t ruc t ion   cos ts   bu t   exc lude   corpora te  
oveyhead, IDC and EDC. These  costs  are 
embedded i n  the capi ta l   cos t s   g iven  i n  
Exhibit  4-3 and 4-4. 

a 

EXHIBIT 4-11 
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5.0 PRECIPITATION WITHFLUE GAS CONDITIONING 

As a measure  of   the   developing  confidence i n  t h e   p a r t   t h a t   f l u e   g a s  

c o n d i t i o n i n g  (FGC) can p l a y   i n   p r e c i p i t a t o r   d e s i g n  and performance, 

FGC-ESP technology is now being  promoted a s  a s e r i o u s   c o n t e n d e r   f o r  

new u t i l i t y   p r e c i p i t a t o r   a p p l i c a t i o n s .  In t h a t  a p r o p e r l y   s e l e c t e d  

FGC s y s t e m   c a n   s o m e t i n e s   c o n t r i b u t e   t o   s i g n i f i c a n t   r e d u c t i o n s  i n  such 

f a c t o r s  as p r e c i p i t a t ~ r   s i z e ,   c o s t ,  and   poss ib ly  power  demand; 

h i g h e r   a v a i l a b i l i t y  of FGC equipment i s  now be ing   observed   wi th  

r e t r o f i t t e d   i n s t a l l a t i o n s  i n  t h e   U n i t e d   S t a t e s ;   a n d   o n e   o r  two Utili- 

t i e s  are known t o   b e   # o p e r a t i n g   w i t h   o r   i n s t a l l i n g  FGC-ESP combinations 

a s   o r i g i n a l   e q u i p m e n t ;  it is c o n s i d e r e d   a p p r o p r i a t e   t o  review f l u e  

g a s   c o n d i t i o n i n g  as a:n AQCS a l t e r n a t i v e   f o r  Hat Creek. 

FGC is regarded as an   emerg ing   t echno logy   ce r t a in ly   fo r  new p r e c i -  

p i t a t o r   a p p l i c a t i o n s  11ut does   no t   rank  a t  t h e   p r e s e n t  time w i t h   t h e  

o t h e r  AQCS a l t e r n a t i v e s   c o n c e r n i n g  its s t a g e  of  development o r  

p r o b a b l e   a p p l i c a t i o n   : f o r  the Hat Creek   P l an t .  I t  is t h e r e f o r e  

r ev iewed   apa r t   f rom  the   o the r   a l t e rna t ives   cons ide red   he re .  

The i n v e s t i g a t i o n  of I!GC technology  included an assessment   of   the  

c u r r e n t   s t a t e   o f   d e v e l o p m e n t  i n  the   Un i t ed   S t a t e s   and ,   based  on 

vendors '   recommer tda t ions .   has   ident i f ied   su lphur   t r iox ide  (SO ) as a 

s u i t a b l e  gas c o n d i t i o n i n g  reagent f o r  t h e  low s u l p h u r  Hat Creek  

c o a l s .   T h i s   s e c t i o n   s u m m a r i s e s   t h e   p r i n c i p a l   c o n s i d e r a t i o n s ,   t h e  FGC 

mechan i sms   ac t ing ;   t o   improve   co l l ec t ion   e f f i c i ency .   an   ou t l i ne  of a 

t y p i c a l  SO gas  condi1:ioning  system,  and  concludes  with  order-of- 

m a g n i t u d e   c o s t s   f o r  a FGC-ESP (co lds ide)   des ign   combina t ion   of  99.95 

p e r   c e n t   e f f i c i e n c y ,   c o r r e s p o n d i n g   t o  the lower PCB p a r t i c u l a t e  

limit. 

3 

3 

5.1 FLUE GAS COXDITIGNING - 

F l u e  gas   cosd ic ion lng  as an  a i d   t o   i m p r o v i n g   t h e   c o l l e c t i o n   e f f i -  

c i ency   o f   e : ec t ros : a tx   p rec ip i t a to r s   has   been  known about since t h e  

1 
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1920 's .  More rec:entl:r, FGC systems  have  been  fitted-not  always 

successfu l ly- to   ex is t ing   p lan t  i n  order  to  upgrade  the  performance 

of p r e c i p i t a t o r   i n s t a : l l a t i o n s ,   e i t h e r   a s  a r e s u l t  of t he   o r ig ina l  

u n i t s  being  unable  to meet t he i r   gua ran tees ,   o r  i n  a t tempts   to  

comply w i t h  more s t r ingen t   a i r   po l lu t ion   r egu la t ions .  The body of 

knowledge is cont:inuing t o  grow a s   t h e   r e s u l t s  from pi lo t   exper i -  

mentation and data  on f u l l   s c a l e   i n s t a l l a t i o n s  become ava i lab le .  One 

vendor of FGC systems  has  supplied more than 90 re t rof i t ted   sys tems,  

and two systems as  or:lginal  equipment,  one of which i s  now i n  operat ion 

and the   o the r  is in   the   course  of construct ion.  

Conditioning  involves  the  injection of reagents,   moisture  andlor 

chemicals ,   to   the  f lue  gas   causing a modification of the   f lyash  

p a r t i c u l a t e  and bulk Elue gas  conditions i n  a way which can improve 

the   co l lec t ion   and/or   p rec ip i ta t ion  of the  entrained  f lyash.  The 

causa l  mechanisms are   no t   necessar i ly   fu l ly   unders tood ,   nor  are t h e i r  

e f f e c t s  aIways  p~:edic.table. The composition of the   f lue   gas  and the  

cons t i t uen t s  of t h e   f l y a s h   a l l   p l a y  a part i n  a complex and i n t e r r e l a t e d  

fashion so tha t   p red i ' t t ions  of improvements i n  performance  with FGC 

a r e  by no means secur,?, and should  ult imately be  confirmed by p i l o t  

s c a l e   t e s t i n g  under  csmditions  representative of t h e   f u l l   s c a l e  

operat ion.  

F lyash   r e s i s t i v i ty  is a p r inc ipa l   f ac to r   a f f ec t ing   p rec ip i t a to r  

performance.  For  example,  the  high r e s i s t i v i t y   f l y a s h   t y p i c a l  of low 

s u l p h u r  coa ls  is norm.rlly d i f f i c u l t   t o   p r e c i p i t a t e  and requi res  

c o s t l y   p r e c i p i t a t o r s  ,with  high  specific  collection  areas (SCA). FGC 

can  lower f l y a s h   r e s i s t i v i t y ;  t h e  ash   par t ic le   sur faces   adsorb  a 

polar  substance,  e.g.  moisture, which r e s u l t s  is an improvement i n  

d u s t  deposi t ion and p r e c i p i t a t o r  performance.   Al ternat ively,   u t i l iz ing 

FCC, a p r e c i p i t a t o r  d'zsign of smaller SCA can  be  provided to   ach ieve  

a g iven   co l lec t ion  ef  Eiciency. 

The presence of !io a l so   con t r i j u t e s   s ign i f i can t ly   t o   t he   con t ro l l i ng  

o f   r e s i s t i v i ty .   F ree  so3 ra i ses   the   ac id  dewpoint of the f l u e  gas 
3 
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e n a b l i n g   t h e   f l y a s h   p a r t i c u l a t e s   t o   a d s o r b  more water, thereby 

r e d u c i n g   r e s i s t i v i t y .   C o n d i t i o n i n g ,   t o   l o w e r   t h e   a s h   r e s i s t i v i t y ,  

i s  a lso   ach ieved  by t h e   i n j e c t i o n  of o the r   add i t ives   such   a s   sod ium 

compounds, H2S04, ammonia,  and c e r t a i n   p r o p r i e t o r y   c h e m i c a l   f o r m u l a t i o n s .  

Ammonia is u n d e r s t o o d   t o   i m p r o v e   c o l l e c t i o n   e f f i c i e n c y   b y   i n c r e a s i n g  

t h e   c o h e s i v e n e s s  of t he   f l yash   min imiz ing  re-entrainment. Othe r  

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

s i z e ,  and  of  the e1ec:trical space  charge,   which in t u r n  raises t h e  

p r e c i p i t a t o r   o p e r a t i n g   v o l t a g e .  

5 . 1 . 1   W A H L C O a h u r   T r i o x i d e  Gas Condit ioning  System 

I 
t 

m 
v 

A t y p i c a l   < . o n f i g u r a t i o n  of t h e  WAHLCO SO gas   cond i t ion ing  

p l a n t  i s  i l . l u s t r a t e d  i n  E x h i b i t  5-1. SO3 c o n d i t i o n i n g  a t  

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

conve r s ion  of vapourized SO i n t o  SO3 and its i n j e c t i o n  2 
i n t o   t h e   f l u e   g a s   u p s t r e a m   o f   t h e   p r e c i p i t a t o r .  Vanadium 

pentoxide is  t h e   c a t a l y s t   u s e d ,   a n d   t h e   r e a c t i o n  is exothermic; 

t h e   o u t l e t   t e m p e r a t u r e   f r o m   t h e   c o n v e r t e r  would range 

between 540-595'C (lOOO-llOO°F), well above   the   ac id  dew 

p o i n t  of 26OoC (500'F). 

3 

Due t o   t h e   c o s t  o f   commerc ia l ly   ava i lab le   l iqu id  SO2 and 

the d i f f i c u l t y  of s t o r i n g  i t ,  a sys t em  inco rpora t ing  a 

s u l f u r   b u r n , e r   t o  make SO2 has   been   pa ten ted .   This   burner  

r e sembles   t he   f ron t   end  of a small s u l f u r i c   a c i d   p l a n t ,  

Much of t h e   h e a t   n e e d e d   f o r   t h e  SO2 t o  SO3 conver t ion   can  

be  provided by t h e   h e a t  of  combustion of t h e   s u l f u r .   S i n c e  

one   t on   o f   su l fu r   cos t s   abou t  a t h i r d   t o  a q u a r t e r  as much 

as a t o n  of SO2, and  produces two t ons  SO2. the   investment  

c o s t s  of a s u l f u r   b u r n e r   c o u l d  b e  o f f s e t  by  lower  operat ing 

c o s t s .  

C a r e f u l   a t t e n t i o n   n e e d s   t o  i e  gtrren t 3  t h e   i n j e c t i o n  

t empera tu re  of SO It must  be a s  f a r  f rom  the   ac id  dew 

p o i n t  ;as poss ib le .   The   des ign  and l o c a t i o n  of t h e   i n j e c -  
3 '  
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t i on   sys t em is i m p o r t a n t   f o r   e v e n  SO3 d i s t r i b u t i o n .  

S u f f i c i e n t   r e t e n t i o n  time is needed   fo r   t he   i n t e rac t ion   o f  

t h e  SO. and   t he   f l ue   gas .  .I 

5 . 2  FGC-ESP HAT C R E E I Z E R N A T I V E  

For  comparison with mid-side p r e c i p i t a t o r   a p p l i c a t i o n s   d e s i g n e d  

w i t h o u t   g a s   c o n d i t i o n i n g ,  a FGC-ESP combina t ion   has   been   inves t iga ted  

a p p l i c a b l e   t o   t h o  Hat C r e e k   p r o j e c t .   T h e   p a r t i c u l a t e   e m i s s i o n   f o r  

t h i s  AQCS is  0.011 mg/'iT (0.02 lb/MB), c o r r e s p o n d i n g   t o   t h e  99.95 p e r  

c e n t   c o l l e c t i o n   e f f i c i e n c y   o f  Case 3.  

E n q u i r i e s  were i s s u e d   t o   v a r i o u s   v e n d o r s   i d e n t i f y i n g   t h e   f l y a s h   a n d  

o the r   des ign   cond i t io .ns ,   wh ich   i nc luded   r eques t s   fo r  comments on t h e  

s u i t a b i l i t y   o f   g a s   c o n d i t i o n i n g   t o   a i d   p r e c i p i t a t i o n .   T h e s e   v e n d o r s  

i n c l u d e  WAHLCO, KESEAXCH  COTTRELL (RC) ,  and AMERICAN AIR FILTER 

(AAF): in a d d i t i o n ,  AI?OLLO CHEMICAL  CORPORATION, a v e n d o r   f o r   p r o p r i e t o r y  

FGC chemica l   add i t ives ,  was c o n t a c t e d .  The quota t ions   f rom AAF and 

RC, as p r e c i p i t a t o r   m a n u f a c t u r e r s ,   i n c l u d e d  the FGC-ESP p lan t   combina t ion  

whereas,  WAHLCO q u o t e d   o n l y   f o r   t h e  FGC system. AAF a d v i s e d   t h a t  i t  

relies on t h e   e x p e r i e n c e  of WAHLCO a n d   o t h e r s   f o r   t h e   g a s   c o n d i t i o n i n g  

component.  The  majority  of FGC sys t ems   quo ted   i den t i f i ed  SO g a s  

cond i t ion ing   fo r   t he   ; app l i ca t ion .  
3 

To date ,  WAHLCO f.s unders tood   to   have   engineered   over  90 r e t r o f i t t e d  

FGC i n s t a l l a t i o n s ,  a l l  employing SO3 condi t ion ing   (e .g .  Iowa P u b l i c  

S e r v i c e ,  Commonwealth E d i s o n ) .   U t i l i t y   p r e c i p i t a t o r   i n s t a l l a t i o n s  

d e s i g n e d   s p e c i f i c a l l y   w i t h  SO3 cond i t ion ing   by  WAHLCO inc lude   one   fo r  

t h e   P u b l i c   S e r v i c e  Corlpany, Colorado  (Arapahoe Unit No. 1, in 
o p e r a t i o n   s i n c e  1,976) and  Wisconsin Electric Power ( u n i t  c u r r e n t l y  

unde r   cons t ruc t ion ) .  

WAHLCO/uF p r e d k t e d  ;I SCA of  between 04-89 m'/m3/sec (425-450 

ft2/1000 acfm)  with 5 0  p.p.rn. SO3 in jec t ion .   These   va lues   compare  

wi::l 212.5 m'/m3/sec (1080 f t2/1000  acfm) f o r  the ESP Case 3 c o n d i t i o n s  

g iven   in   sub-sec t ion   3 .2 .1 .  
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5 .2 .1  cos t S  - 
The c o s t s  i 2  1978 d o l l a r s   f o r   t h i s   a l t e r n a t i v e  have  been 

developed on a s imi l a r   bas i s   t o   o the r  AQC systems ( r e f e r   t o  

Sec t ion   4 .01;   the   cap i ta l   cos t s   inc lude  a 15 percent 

cont ingency  factor  and exclude  corporate  overhead. The 

estimated capital  c o s t   f o r   t h e  FGC-ESP sys tem  ins ta l led  as 

o r i g i n a l  equipment, i s  $162,400,000 for   the  4-uni ts ,   or   $91 

/kW. 

The est imated  total   annual  and owning cost   (unlevel ized)  i s  

$25,000,000 f o r   t h e  4-units, or 2 . 2  mills/kWh. 

Relative  to  Case 3A, the  estimated  savings i n  c a p i t a l   c o s t  

f o r  4 - u n i t s  is $58,000,000 o r  0.7 mills/kWh i n  owning and 

ope ra thg   cos t s   a l t hough  a FGC-ESP combination  designed f o r  

the  99.49 percent  base  conditions would expectedly  produce 

much smaller  savings.  The cos t s  of t h e  99.95 percent FGC- 

ESP combination compare very  closely  to  the  mechanical 

co l lec tor - fabr ic   f i l t e r   combina t ion  of Case 4A which i s  of 

comparable  Elfficiency. 
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PQCS PROCESS  STATUS 
I N  U S E,'LECTRIC UTILITY INDUSTXY 
" 

The following is a b r i e f  summary of the   ex ten t  of appl ica t ion   of   the  

severa l  AQCS processes which are   under   considerat ion  for   the Hat Creek p ro jec t  

of B C Hydro. 

A. FGD Wet Scrubbing 

The master document :€or FGD s t a tus   i n   t he   Un i t ed   S t a t e s  is t h e  "PEDCo 

Report" (EPA U t i I i t y  FGD :iurvey EPA-600/7-79-022~, May 1979) which i s  main- 

tained by PEDCo Environmental Company under   contract   to  t h e  EPA. The follow- 

ing  information i s  ex t rac ted  from t h e   l a t e s t   a n n u a l   r e p o r t  which is current  

through  January, 1979. 

Tota l  FGD Wet Calcium Based Scrubbing 
No. of Units lTotal  MW (1179) 

Operational 46/15 795 39/14 474 
Under Construction 45/16 976 38/14  576 
Contract Awarded 21/11 051 161 a a43 

Planned L/ 46/26 382 101 6 3aa 

TOTAL 158170  204  103/44 281 

- 11 75 percent of  planned u n i t s   l i s t e d  as "Process  not  Selected" 

Calcium  based wet scrubbing  (lime  or  limestone)  has  been  the  predominant 

method o f  SO removal i n   t h e  U S f o r   t h e  last decade and t h i s   t r e n d  would be 
expected  to   cont inue  for  at l ea s t   ano the r  10 years   or   longer .  

2 

Ebasco has  served az. the  a rch i tec t /engineer  on 4 wet FGD type  systems 

which are currently  (or  near)  operational.   These  include: 

. Kansas Ci ty  Power/Kansas Gas h E l e c t r i c  LaCygne Unit No. 1 
840 n e t  MM 6.0 percent   su l fur  Kansas  Coal  Limestone 

wet  scrubbing I n i t i a l  Operation Ln 1972 

. Pac i f i c  Pave r  t s  Light Company Dave Johnstone  Unit No. 4 
330 n e t  MW 0..5 percent   su l fur  Wyoming Coal  Lime/alkaline 

f ly   ash  wet   scrubbing  Ini t ia l   Bperat ion  in  1971 
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. Arizona  Public  Service Company Cholla  Unit No. 2 

250 net  MW 0.9 percent   su l fur  New Mexico Coal  Limestone 

wet   scrubbing  Ini t ia l   Operat ion i n  1978 

. Minnesota Power h Light Company Clay  Boswell Unit No. 4 

500 n e t  MW 3.E; percent   su l fur  Montana Coal  Lime/alkaline 

f l y   a s h  wet   scrubbing  Ini t ia l   Operat ion  expected  la te  1979 

The attached document, "Ebasco Services  Incorporated Air Qual i ty   Control  

Systems  Experience 1970-1978'' p rov ides   g rea t e r   de t a i l  on t h e  Ebasco  extent of 

involvement  with  these 4 systems and a l s o  l i s t s  work i n  progress on fu tu re  

systems. It is an t ic ipa te !d   tha t   cur ren t  work f o r  Houston L i g h t  and Power, 

Jacksonvi l le   E lec t r ic   Author i ty  and General  Public Utilities (including 

Pennelec) w i l l  r e s u l t   i n  a n  addi t iona l  3000 MW of   operat ional  FGD by the 

la te   1980 ' s .  

B. FGD D N  Scrubbing 

PEDCo l i s t s  the  following  dry  scrubbing  systems which  have  been 

committed: 

. O t t e r   T a i l  Power Coyote  Unit No. 1 440 MW gross 

0.9 percent   su l fur  Dakota lignite spray   dryer / fabr ic  

f i l t e r  by Wheelabrator  Frye/Atomics In t e rna t iona l  

sodium carbonate  reagent  Init ial   Operation  expected mid-1981 

. Basin   E lec t r ic  Power Coop Antelope  Valley  Unit No. 1 

440 MW gross  0.7 percent   su l fur  Dakota lignite 
spray d rye r l f ab r i c  filrer by Joy/Niro lime reagent 

Ini t ia l   operat ion  expected  la te   1981  (Repl icate   Unit  

No. 2 ,  1983,  has  not  yet  been  comnitted  to  dry 

scrubbing  p.rocess) 

. Basin   E lec t r ic  Power Coop Laramie River  Unit No. 3 

600 MW gross 0.5 percent  sulfur  subbituminous  coal 

spray  dryer/ESP by B&W lime reagen t   In i t i a l   ope ra t ion  

expected  early 1982 
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In addi t ion ,  2 lime d r y  scrubbing  industrial   units  (Celanese Corp, 25 

hW equivalent  and Strathmctre  Paper Co, 11 MW equiva len t )   a re   expec ted   to  be 

ope ra t iona l   i n   l a t e  1979. Seve ra l   subs t an t i a l   p i lo t   p l an t  d r y  scrubbers are 

a n t i c i p a t e d   a t   t h e  J i m  Bridger Wyoming) s t a t ion   o f   Pac i f i c  Power and Light 

Company. 

Ebasco's  involvement  with  the  dry  scrubbing  process  has  been  limited  to 

study work only  with no fc 'nnal   inquir ies   issued and no operational  systems 

a n t i c i p a t e d   p r i o r   t o  1986. 

C. F a b r i c   F i l t e r  P a m l a t e  Removal 

Reference is  made t o  the at tached  Exhibi t  No. 15 of the  Ebasco "East 

Kootenay  Thermal Pro jec t ,  300 MW Units  No. 1 & 2, P a r t i c u l a t e  Removal 

Equipment  Study"  June 1978. This   Exhibi t  l ists  24 electric u t i l i t y   a p p l i -  

ca t ions   to ta l ing   over  5000 MW. Eigh t   coa l   f i r ed   s t a t ions   t o t a l ing   ove r  

1000 MW a r e   c u r r e n t l y   i n   o p e r a t i o n   w i t h   f a b r i c   f i l t e r s .  

Ebasco w i l l  be i s su ing   fo rma l   i nqu i r i e s   fo r   f ab r i c   f i l t e r s  (and a l s o  

ESP's) for 2 x 750 MW l i g n i t e   u n i t s  for Houston L i g h t  and Power in late 1979. 

These u n i t s  are expected t o  be operat ional  in 1985/86. 

D. ESP P a r t i c u l a t e  Removal 

This has been the  predominant method f o r   p a r t i c u l a t e  removal f o r   t h e  

U S e l e c t r i c   u t i l i t y  Lndustry with probably  greater  than 90  percent of a l l  

u n i t s   a f t e r  1970 so equipped. 

Operational  (or  near  operational)   systems by Ebasco on c o a l   f i r e d  units 
include the  following: 

. Carolina Power h Light Co 14 ESP r e t r o f i t s   t o  

ex i s t ing  unlit?. approximately 3000 MW 1973 

. Iowa Publ ic   Service Co Geo Neal  Units 3 h 4 

1100 hW t o t a l  1977 h 1979 

. Arizona  Public  S,ervice Co Cholla U n i t s  3 h 4 

650 MW t o t a l  1980 h 1982 expected 
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. Dayton Power and Light Co Killen  Units  1 & 2 

1200 MW t o t a l  1981 & 1982 expected 

. Pac i f i c  Power and Light Dave Johnston Units   1 ,  2 & 3 

440 hW t o t a l  1977 r e t r o f i t  

General Publ i c   Ut i l i t i e s  Homer City  Unit No. 3 

630 MW 1977 
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