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EXECUTIVE  SUMMARY 

Introduction 

British  Columbia i s  endowed  with a vast coal  resource.  Much o f  this 
resource is  of "thermal" as opposed to "metallurgical"  grade. Ready 
availability o f  hydro-electric  power has deferred  development  of  the 
thermal  coal  resource  but  as  the  economic  hydro-electric  resources are 
harnessed to meet new load demands, the  economics of using  thermal  coal 
for electric  power  generation  become  increasingly  attractive. 

In anticipation  of  this development, B.C. Hydro  welcomes  the  opportunity 
to participate in an  inquiry to be  held by the Pollution  Control  Branch 
which includes  coal-fired  power  plants. 

Currently, all proposed  coal  development in the  Province  folloks a 
procedure in accordance  with  "Guidelines for Coal Development"  issued in 
March 1976 by the  Environment  and Land  Use Committee, pursuant to the 
Environment and  Land Use Act.  In these guidelines, the  Pollution  Control 
Act is cited as one of  the  statutory  requirements  applicable to  coal 
mine  development  and  the  Pollution Control Objectives for Mining, Mine- 
milling and Smelting  Industries of British  Columbia  are  identified as 
the pertinent  objectives. 

The  extension of the  inquiry to review  Objectives for the Mining, Mine- 
milling and Smelting  Industries  provides a suitable  forum  for B.C. Hydro 
to present  this  brief which includes  recommendations on appropriate 
objectives for large-scale  coal-fired  power  plants  which  are  frequently 
adjacent to the  mine  which  supplies  them. 

B.C.  Hydro  considers  that the approach to the  administration of the 
Pollution Control Act, (through  the  establishment of objectives  and 
guidelines  followed by the assessment of  each  new or existing  plant  on 

- 1 -  
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a  site-specific  basis)  is  environmentally  effective,  cost effec:tive, and 
more  flexible  than  the  rigid  "standards"  philosophy  of  some  other 
jurisdictions. 

General  Comments 

The  economic  viability  of  new  developments  may in some  cases br! dependent 
upon  the  type and extent  of  ancillary  equipment  required  for  pollution 
control.  Certain  socio-economic  and  environmental  trade-offs rnay be 
justified  for  large-scale  coal-fired  power  plants  operating in the 
public  interest and it is  intended  that  these  may  be  implied  from  the 
technical  material  and  recommendations  presented  in  this brief. 

In  developing its recommendations  for  coal-fired  power  plants, B. C. 
Hydro  has  examined  the  existing  Pollution  Control  Objectives  for  the 
Mining,  Mine-milling and Smelting  Industries  and  is  satisfied .that they 
are  generally  suitable  for  coal-fired  power  plants. 

Coal Resources 

The  potential coal resource in the  Province is vast;  it  has besen estimated 
that  if  less  than  ten  percent  of  this  resource  were  to  be econsomic as  a 
source  of  power  plant  fuel, it would  be  sufficient  to  provide in excess 
of 200,000 million kwh per  year  over  the  next  century.  The  current 
annual  energy  demand on  the B. C. Hydro  system is approximately 30,000 
million kwh per  year. 

Thermal  coals  occur in five  specific  regions  in  the  Province  and  these 
are  described in the brief. 

In most  cases,  the  economics  of  a  coal-fired  power  plant  would  favour  a 
location  close  to  the  mine  itself in order  to  minimize  transportation 
costs.  However,  other  factors  such  as  the  characteristics  of  the  air 

26/9-2 
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shed, t h e   a v a i l a b i l i t y   o f   c o o l i n g   w a t e r  and t h e   l o c a t i o n   o f   t h e  demand 

f o r   t h e  power may r e q u i r e   t h a t   t h e   p l a n t  be s i t e d  elsewhere  and t h a t   t h e  

cos t  o f  coa l   t ranspor ta t i on  i s  j u s t i f i e d .  The b r i e f   i n c l u d e s  a review 

o f   t h e  economics  and  environmental  aspects o f   coa l   t ranspor ta t i on .  

Opera t ion   o f  Thermal P lan ts  

Coal, as fue l   f o r   t he   t he rma l  power p lan t ,   p rov ides   ene rgy   t o   ra i se  

steam i n   t h e   b o i l e r  and t h i s  steam i s  expanded through a t u r b i n e   t o  

p rov ide   the   mot ive  power t o   d r i v e  an e lec t r i c   genera tor .  The steam 

l e a v i n g   t h e   t u r b i n e   i s  condensed  and r e c y c l e d   t o   t h e   b o i l e r .  The 

condenser   absorbs  res idual   heat   that   cannot   be  u t i l ized  by  the  turb ine 

and t h i s  waste  heat i s  d i s s i p a t e d   t o  an ex tens i ve   quan t i t y   o f   coo l i ng  

water. 

I n   t h e  combustion  process,  coal, as f u e l ,  and the  by-products   o f  i t s  

combustion  are more d i f f i c u l t   t o  handle  than i s  the  case f o r   o i l   o r  

na tu ra l  gas. The combust ion  process  resul ts  not   only i n  heat   be ing 

released  f rom  the  coal   but   a lso  wastes i n   t h e  form o f   p a r t i c u l a t e s ,  

gaseous emissions, and  ash. The b r ie f   d i scusses   p rac t i ca l  methods o f  

managing  and processing  these  wastes to  maintain  environmental   impacts 

w i th in   accep tab le   l eve l s .  

Environmental  Impacts 

It i s  recognized  by B.C. Hydro t h a t   t h e   n a t u r e   o f  a large-scale  coal -  

f i r e d  power p l a n t  i s  such t h a t  i t  has t h e   p o t e n t i a l   t o   a l t e r   o r   i m p a i r  

t he   use fu lness   o f   t he   su r round ing   l and ,   wa te r   o r   a i r   resources .  

Present  concern  appears t o  be d i r e c t e d   t o   t h e   a i r   r e s o u r c e   w h i c l i   i s  a 

c r i t i c a l   d e t e r m i n a n t   i n   t h e   s i t i n g  and  economic f e a s i b i l i t y  o f  !such a 

p lan t .   For   th is   reason B.C. Hydro has c o n c e n t r a t e d   t h e   t h r u s t   o f   i t s  

- 3 -  
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brief  on  air  related  matters.  Liquid  and  solid  waste  disposal  from 
thermal  plants  also  require  close  attention. 

As one o f  the  outcomes o f  the current  inquiry  it  should  be  recognized 
that the  objectives  established  for  ambient  air  quality  and  emissions 
may  determine  whether  large-scale  coal  developments will becom'e a reality 
in the  Province. 

Pollution  Control  Technology 

B.C.  Hydro  recognizes  that  two  approaches  can be  adopted  in  Pollution 
Control  Objectives  for  air.  In  addition,  a  combination of the  two  is 
also possible. 

Essentially  these  approaches  are: 

(a) Controlling all contaminants at their  source o f  emission. 

(b) Maintaining  acceptable  ambient  air  quality  within the  air shed 
surrounding  the  source of emission. 

By  recommending  the  ambient  air  quality  approach  as the criticdl  consider- 
ation, B.C. Hydro  recognizes  that  air  must  be  maintained at a 
quality  that  is  not  injurious or damaging  to  health,  safety or comfort 
of  a  person,  plant  or  other  form of life,  and  that  the  quality  may  not 
significantly  interfere  with  property or the  normal  conduct o f  business. 

B.C.  Hydro  recognizes that source  emission  levels are more  readily 
regulated  than  ambient  air  quality  objectives;  however, B.C. Hydro 
contends  that  the  adoption o f  air quality  as  the  critical  parameter will 
provide  satisfactory  environmental  protection. 

- 4 -  
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Ambient a i r   q u a l i t y  may be c o n t r o l l e d  by a Meteoro log ica l   Contro l  System 

(MCS) by  which measures are  taken  to  reduce  source  emissions  dur ing 

short- term  adverse  meteorological   condi t ions.  The c r i t i c a l  contaminant 

f o r   l a r g e - s c a l e  power p lan ts  will l i k e l y  be su lphur   d iox ide ansi a means 

of   ensur ing  cont ro l   over   th is   contaminant   would be to   s tockp i l ' e   low-  

su lphu r   coa l   a t   t he   t he rma l   p lan t   f o r  use du r ing  such  adverse  (condi- 

t i o n s .  The power ou tpu t   o f  a thermal   p lan t   cou ld   a lso  be  redutzed t o  

contro l   su lphur   d iox ide  emiss ions.  B.C. Hydro's power  system,  by 

v i r tue   o f   be ing   p redominant ly   hydroe lec t r i c ,  i s  more s u i t e d   t o   t h i s  

approach  than  predominantly  thermal systems. 

An MCS i s  dependent  upon re l i ab le   f o recas t i ng   o f   adve rse   me teo ro log i ca l  

cond i t ions  as we l l  as a monitoring  network  of  continuous  ambient  sensors. 

For a la rge-sca le   thermal   p lan t   opera t ing   con t inuous ly   in  a t y p i c a l  

r e g i o n   o f   e l e v a t e d   t e r r a i n  it i s  p roposed  tha t   the   shor tes t   per iod   over  

which  sulphur  d ioxide  levels  are  averaged  should be three  hours. 

A t h ree -hour   su lphu r   d iox ide   gu ide l i ne ,   l i ke   t he   ex i s t i ng  one-11our 

gu ide l i ne ,  i s  s o l e l y   r e l a t e d   t o  economic p ro tec t ion   ra ther   tha i?   hea l th  

cons ide ra t i ons ,   f o r   wh ich   t he   gu ide l i nes   f o r   pe r iods  o f  24 bows and 

grea ter  have  been  developed. B.C. Hydro  examines t h i s   m a t t e r  ilt some 

l e n g t h   i n   t h e   b r i e f  as it i s  an area where a m o d i f i c a t i o n   t o   t h e   e x i s t i n g  

o b j e c t i v e s   i s  recommended f o r   c o a l - f i r e d  power p lan ts .  

A d iscuss ion on t e c h n o l o g y   a v a i l a b l e   t o   a c h i e v e   p o l l u t i o n   c o n t r o l   i s  
p rov ided i n  the  b r i e f  and inc ludes the  cos t ,  effect iveness,  problems and 

r e l i a b i l i t y   o f  equipment  such as 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 l u e  

gas scrubbers. 

Future Coal Conversion  Technology 

Prospective  developments i n  combustion  technology  such  as  f luidized bed 

combustion  are  described.  This  technology i s   c u r r e n t l y   n o t   a v a i l a b l e  on . 
I 

. 
I 
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the scale  necessary  for  coal-fired  power  plants  but  does  have .the poten- 
tial for significant  reduction in sulphur  dioxide  emissions at their 
source. 

U 

A means  of  making  a  clean  fuel  from  coal  is  to  gasify it. This approach 
would  result in  benefits with respect  to  air  quality  but  would  create 
new  problems in terms  of  the  treatment  of  liquid  effluents. 

Recommendations 

(1) The Pollution  Control  Objectives  for the Mining,  Mine-milling  and 
Smelting  Industries  of  British  Columbia  should  be  amended  to  include 
coal-fired  power  plants. 

(2) Environmental  monitoring  programs  should  be  initiated  prior t o  the 
commencement  of  operations in order  to  provide  baseline  d,ata  for 
impact  assessment.  After  plant  start-up,  the  monitoring iprograms 
should be reviewed,  assessed,  and  modified where necessary,  to 
ensure  that all significant  contaminants  are  being  adequately 
monitored  during  plant  operation. 

( 3 )  The ambient  air  quality  should be the  overriding  constraint in 
establishing the acceptability of emission  controls  as  applied  to 
coal-fired  power plants. 

(4 )  In the area o f  trace  element  concentrations, B . C .  Hydro i:; concerned 
at  the  lack  of  available  data  on  which t o  base  province-wide  recommen- 
dations and has therefore  recommended  that  baseline  studies  of  the 
major coal  deposits  in  the  Province  be  undertaken for presentation 
and  review at the  next  inquiry. 

No recommendation  with  respect  with  trace  elements  levels  is  made 
at  this time. 

i 
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( 5 )  The one-hour  averaging  per iod  for   sulphur  d ioxide  levels  ! ihould be 

wa ived   f o r   coa l - f i r ed   t he rma l   p lan ts  and a three-hour  averaging 

pe r iod   es tab l i shed   w i th  a maximum average  concentrat ion 01: 0.25 

ppm. 

(6) The o b j e c t i v e s   f o r  gaseous  and par t i cu la te   emiss ions  o f  t h e   e x i s t i n g  

Pol lu t ion  Contro l   Object ives  appear   reasonable and a p p l i c a b l e   t o  

c o a l - f i r e d  power p lan ts   p rov ided   t ha t  a f u r t h e r   o p t i o n   b e  added 

under  sulphur  d ioxide  emissions,  which,   for   coal- f i red power p lan ts ,  

spec i f i ca l l y   exc ludes   t he  80% sulphur removal c r i t e r i o n  as  long  as 

the  proposed  ambient a i r   q u a l i t y   l e v e l s   a r e  met. 

(7)  The ex is t ing  Guidel ines  for   Sol id-waste Management pract ices  appear 

reasonable and app l icab le  t o  c o a l - f i r e d  power p lan ts .  

(8 )  The ex i s t i ng   Ob jec t i ves   f o r   E f f l uen t   D ischarges ,  and O b j e c t i v e s   f o r  

Tox i c i t y   f o r   E f f l uen t   Concen t ra t i ons   a re   genera l l y   accep tab le   f o r  

thermal power p lan ts ,   w i th   t he   excep t ion   o f   d i scha rges   f rom  rec i r -  

c u l a t i n g  condenser  cool ing  water systems.  These should  be  evaluated 

on a s i t e - s p e c i f i c   b a s i s  as r e c i r c u l a t i o n   o f   c o o l i n g  water. ( the  

major  water  use i n  a power p l a n t )  can  concentrate, due t o  evapora- 

t ion   losses ,   the   chemica ls   na tura l l y   found i n  the  water  sLlpply 

source. 

(9)  A waste  heat  discharge  l imitat ion,  such  as a maximum al lowable 
temperature  increase,  should be es tab l i shed on a s i t e - s p e c i f i c  

basis,   having  regard f o r  t h e   r e l a t i o n s h i p   o f   t h e   p r o j e c t  t o  i t s  

environment. 

26/9-2 
- 7 -  



1. INTRODUCTION 
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In  response  to  the  letter  from  the  Pollution  Control  Branch,  dated 
July 15, 1977, British  Columbia  Hydro  and  Power  Authority,  herein  called 
B.C. Hydro,  welcomes  the  opportunity  to  participate  in  the inqlliry to 
review  the  Pollution  Control  Objectives, as issued  December 19'73, for 
the  Mining,  Mine-milling  and  Smelting  Industries,  and  to  present  this 
brief  on  the  Pollution  Control  Objectives  for  Coal-fired  Power  Plants. 

I n  so doing, it must  be  emphasized  that  this  brief  is  intended  to  comple- 
ment  the  presentation  related  to  the  mining  aspects  of  the  inquiry.  Our 
representation  on  that  aspect  is in support  of,  and  through,  the  submis- 
sion  presented by the  British  Columbia  Mining  Association. 

E. C. Hydro  supports  and  endorses  the  environmental  management  philosophy 
expressed by the  Pollution  Control  Branch in Section 1.11 o f  the  Pollution 
Control  Objectives. 

Currently  considerable  attention is being  focussed  on  long-range  air 
contaminant  transport.  This  concern  may  also  extend  to  contaminant 
transport in lakes,  rivers  and  marine  waters.  It is believed t.hat such 
interprovincial  and  international  matters  may  be  beyond  the  scope  of 
this  inquiry.  Such  long-range  effects  would  originate  from  specific 
projects and therefore  should  properly  be  dealt  with  during  the  application 
and  licensing  process  for  the  project in question.  Accordingly,  no 
discussion is presented,  or  recommendations  made, on this subjemct. 

1. 1  Purpose 

It  is  the  purpose o f  this  brief  to  present  technical  information  and 
recommendations  on  pollution  control  objectives  for  coal-fired  power 
plants i n  the  Province  of  British  Columbia. 

.I 

m 
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1.2 Report  Organization 
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In developing E. C. Hydro's position  the  existing  industrial  pollution 
control  objectives and guidelines  are  cited  and  the  Guidelines for Coal 
Development  are  reviewed.  The  particular  climate  and  topography  that 
are  characteristic  of  British  Columbia  and  the  Province's  power  supply 
alternatives,  are  also  described. 

In respect  of  these  power  supply  alternatives,  consideration is given  to 
an  overview  of  thermal coal resources  of  British  Columbia,  their  regional 
distribution and quality. 

Factors  related  to  site  selection,  design  and  operation  of  coa,l-fired 
power  plants  are  discussed,  with  particular  emphasis  on  the inlpact of 
fuel quality on design  and  operation  of  the  large-scale moderr1 plant. 

The  potential  impacts  of  thermal  plant  construction  and operat.ions on 
the  air,  water  and land components  of  the  environment  are  reviewed 
considering  the  nature  of  the  emissions,  protection  of  health,  protection 
of  socio-economic  interests,  and  the  capacity  of  the  environment  to 
assimilate  the  resultant  burden  without  undue  adverse effect. 

A review is presented  of  the  available  technology  to  mitigate  the  potential 
adverse  effects  on  the  environment  that  may  result  from  emissions  inherent 
i n  coal-fired  power  plant  operation. 

Possible  future  technology  for  power  production  with  cleaner  emission 
characteristics is discussed briefly. 

Recommended  additions and/or changes  to  specific  objectives  and  guidelines 
are  proposed  for  contaminants in emissions  from  large  scale  coal-fired 
power plants. Some  general  recommendations  are  also  presented.  It is 
believed  that  these  recommendations  are  consistent  with  Pollution  Control 
Branch  policies  for  the  effective  protection  of  the  environment. 
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2. GENERAL  CONSIDERATIONS 
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Of  special  relevance  to  the  study  of  pollution  control  objectives  for 
coal-fired  thermal  power  plants are: 

The  current  objectives  and  guidelines  applicable to  the 
Mining,  Mine-milling  and  Smelting  industries  of  British  Columbia. 

. The  particular  features  of  British  Columbia's  climate  and 
topography. 

. The  power  alternatives  available  to  meet  British  Columbia's 
requirements. 

In 1975 a  Federal  Government  Task  Force  was  formed  to  establish  National 
Emission  Guidelines  for  Thermal  Plants in Canada. The  Canadian  Electrical 
Association  and  representatives  from  Canadian  Provincial  Utilities as 
well as Provincial  Government  representatives  studied  aspects of the 
appropriate  levels  for  emissions  from  thermal plants. It is e.Kpected 
that  National  Emission  Guidelines will be  published in the Can.sda Gazette 
by early 1978. Emission  guidelines  for  coal-fired  power  planks  have 
been  considered  for  sulphur-dioxide (SO2), nitrogen  oxides (NO, ) and 
particulates.  Trace  elements  were  not  considered in the  Task IForce 
studies  of  emission  guidelines. 

s 

2.1 Current Objectives 

1 
. 

.LI 

. Currently,  there  are  five  Pollution  Control  Objectives  publishqd  for  the 
guidance  of  industries in British  Columbia.  These  Objectives  are  listed 
below i n  order  of  publication: 

. 
" 

. 
m 

. 
4 
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Objectives 
Kevised 

Issued Qf Inquiry 

The  Forest  Products  Industry  September 1971 1976 

The  Mining,  Mine-milling,  and  Smelting  December 1973 1978 
Industries 

The Chemical and Petroleum  Industries  March 1974 

The  Food-processing,  Agriculturally  January 1975 
Oriented,  and  Other  Miscellaneous 
Industries 

The  Municipal  Type  Waste  Discharges  September 1975 

These  booklets  contain  the  objectives  for  source  emissions ancl waste 
management  that  should  be  used in the  design  of  any  project. 

2.2 Guidelines  for Coal Development 

In  March 1976 the  Province  of  British  Columbia  issued  "Guidelines  for 
Coal Development"  under  the  authority o f  the  Environment  and  Land  Use 
Committee  pursuant  to  the  Environment  and  Land  Use Act. 

These guidelines reflect  the  wide  diversity  of  interest  amongst  various 
Departments,  Branches and Service  sections  of  the  Provincial  Government, 
and the  concerns o f  the  public,  on  matters  related  to coal development 
and all interrelated  activities.  The  guidelines  are  intended  to  provide 
the  necessary  procedure  for  "the  developer,  Government,  and  the  public 
to  assess  and  manage all major impacts". 
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Pursuant to the  Pollution  Control Act, the  Director  issues  a  permit or 
approval  for  each  discharge o f  effluent,  or  refuse,  or  emission of air 
contaminants.  Objectives  have  been  formulated  for  various intiustries  in 
order  that  the  technical  considerations  and  measures of each  application 
will  meet the reouirements  of  the  Pollution  Control Act. 

At  the  present  time  there are no  objectives  published  that arc! applicable 
specifically  to  large-scale  coal-fired  power plants.  In most  cases 
power  plants  are  located in close  proximity  or  adjacent  to the mine. 
Therefore  coal-fired  plants  are  considered  to  be  a  'related  development' 
to  the  utilization of British  Columbia's  thermal  coal  resources. 

The Guidelines  for Coal Development cite  the Pollution Contro'l Act  as an 
applicable  statute and state the pertinent  objectives for coal-mining 
and related  developments are  the Pollution  Control  Objectives for Mining, 
Mine-milling, and  Smelting  Industries of British  Columbia. 

Accordingly, B. C. Hydro  agrees that this  inquiry to review the Pollution 
Control  Objectives  for Mining, Mine-milling  and  Smelting  Industries  is 
the  appropriate  forum at which  objectives  for  coal-fired  power  plants 
should  be  discussed. 

It is  proposed that, arising  from  these  deliberations,  objectives for 
large-scale  coal-fired  power  plants will  be  included  in  the  Pclllution 
Control  Objectives  for  Mining,  Mine-milling,  and  Smelting  Industries. 

2 . 3  Climate  and  Terrain of British  Columbia 

In British  Columbia,  climate  and  terrain are significant  factors  to be 
considered in power  plant  site  selection  and  environmental  protection. 
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Generally, for  economic  reasons,  it  is  preferable in mountainaus  terrain 
to  locate  a  coal-fired  power  plant  near the mine  rather  than  transport 
the  coal. As coal  quality  decreases  (decreasing  heat  content  and/or 
increasing  ash  content)  coal  transport  becomes  less  economic  and more 
energy-consumptive. 

With  respect  to  environmental  protection,  particularly  ambient.  air 
quality, the  following  constraints  make  British  Columbia one c'f the more 
restrictive  and  costly  regions in Canada for  the development csf major 
industrial  facilities  such  as  coal-fired  power  plants: 

mountainous terrain, 
. deep  valleys  and  coastal  inlets, 
. large  lakes  in  interior  valleys, and 
. frequent  meteorological  conditions  limiting the loca,l assimila- 

tive  capacity of the  atmosphere. 

2 . 4  British  Columbia  Power  Alternatives 

Currently, the  Province of British  Columbia is  fortunate  in  being  able 
to  meet  its  future  demand  from  several  alternative  energy  sources. 
Development  of  hydro-electric  sites  or  conventional  plants  burning 
fossil  fuels  are  currently  considered  as  viable  alternatives. 

Oil  and  natural  gas  reserves in British  Columbia  appear to be  limited 
and their  use  for  large-scale  power  generation  projects  is  unlikely. 
However, the  province i s  endowed  with  large  undeveloped  reserves of 
'thermal' coals  that  are  usually  characterized by a high  ash content, 
high  moisture content, sulphur  content  below one percent,  and  often by 
low  heating  value. 
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B . C .  Hydro is continually  evaluating  the  costs  and  problems  associated 
with  the  development.  of  these  alternative  power  resources so that  electri- 
cal energy  can  be  delivered i n  the  future  to  its  customers  at  the  lowest 
possible  cost  consistent  with  safety  to  its  employees  and  the  public, 
good  quality  of  service  to  its  customers,  and  subject  to  the  social, 
economic  and  environmental  policies o f  the  Government. 

I n  1975,  the B.   C .  Hydro  Task  Force  on  Future  Generation  and  Transmission 
Requirements (1) reported that: 

"Hydroelectric  projects  in  undeveloped  river  basins  could  provide 
125,000  million kwh per  year.  If  less  than 10 percent  of  the 
potential coal resources  of  the  Province  were  proven  to  be  economic 
as  sources  of  thermal  coal,  they  would  be  sufficient  to  provide  in 
excess  of 200,000 million kwh per  year  for a 100-year period." 

. 
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3. THERMAL  COAL RESOURCES 

3 . 1  Resources o f   the   Prov ince  o f  B r i t i s h  Columbia 
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In   th i s   sec t i on   t he   t he rma l   coa l   resources  o f  B r i t i s h  Columbia. a re  

examined  by  region. The Prov ince  has  been  subdiv ided  in to   the  fo l lowing 
f i v e   r e g i o n s  based on t h e   s p a t i a l   d i s t r i b u t i o n   o f   c o a l  (Figure 3-1). 

Coastal ,  

. Southern Rocky Mountain, 

. Northern Rocky Mountain, 

Sou the rn   I n te r i o r ,  

N o r t h e r n   I n t e r i o r .  

F igu re   3 -1   a l so   i l l us t ra tes   t he   l oca t i on  o f  c o a l f i e l d s   w i t h i n  each 

d i s t r i c t  (2). The Coasta l   reg ion  conta ins  two  coal f ie lds and several  

deposi ts.  Nanaimo and  Cumberland c o a l f i e l d s   a r e   w i t h i n   t h e  Nanaimo 

group of  Late  Cretaceous age. Graham Is land  coal   deposj ts   on  the Queen 

C h a r l o t t e   I s l a n d s   a r e   f o r   t h e   m o s t   p a r t   i n   t h e  Queen Char lo t te   g roup  o f  

Upper  Cretaceous age,  however the re   a re  some d e p o s i t s   o f   l i g n i t e   o f  

T e r t i a r y  age i n   t h e  Skokum Formation. 

The Southern Rocky Mountain  region  contains  the  Elk,  Crowsnest and 

F la thead   coa l f i e lds .  All o f   t h e s e   f i e l d s   l i e   i n   t h e  Lower Cretaceous 

Kootenay  formation. They extend  f rom  the  Uni ted  States  to   the  A lber ta  
border  i n  t h e  main ranges o f  the Rocky Mountains. 

I h e  Northern Rocky Mountain  region i s  comprised o f   t h e  Saxon area, 

Relcourt   East a rea ,  Be lcour t  West area,   Wapi t i   area,   Quintet te   coal f ie ld ,  

Sukunka coa l f i e ld ,   P ine   R ive r   coa l f i e ld ,  Peace R i v e r   c o a l f i e l d ,  Carbon 

Creek  area, B u t l e r  Ridge coal f ie ld ,   Hal fway  River   area and extensions  of  

the   coa l   bear ing   fo rmat ion   to   the   nor th .   Th is   reg ion   ex tends   to   the  

nor thwest   f rom  the  A lber ta   border  and it i s  centered  about 120 km (75 

1 
I 
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miles)  southwest o f  F o r t  S t .  John. The coal  measures are i n  l;he Gates 

member o f   t h e  Comrnntion formation, and in   the   Geth ing   fo rmat ion ;   bo th  

i n t e r v a l s   a r e   o f   E a r l y  Cretaceous  age. 

The Sou the rn   i n te r - i o r   coa l f i e lds  and deposi ts  extend i n  a l i n e  from 

Pr ince ton   to   Quesne l .   Th is   reg ion   con ta ins   the   S imi lkameen,   F le r r i t t  and 

Hat  Creek coa l f ie lds   in   add i t ion   to   the   Car iboo  depos i ts   sou th   o f   Quesne l  

near  the  Fraser  River.  The Similkameen  deposits  near  Princeton l i e   i n  

the  Pr inceton  group. The d e p o s i t s   a t   M e r r i t t  and  Hat  Creek a r e   i n   t h e  

Kamloops group. These coa l f ie lds ,   together   w i th   the   Car iboo  depos i ts  

are o f  Eocene  age. 

The N o r t h e r n   I n t e r i o r   C o a l f i e l d s   c o n s i s t   o f   t h e  Bowron River   c :oa l f ie ld ,  

the  Telkwa  coal f ie ld ,   the Zymoetz River   deposi ts ,   the Groundhog c o a l f i e l d ,  

and the  Sustut   River  deposi ts.  The Bowron R i v e r   c o a l f i e l d ,   e a s t   o f  

Pr ince George, and the  Sustut  River  occurrences  are i n  r o c k s   o f  Paleocene 

age a l though   pa r t  o f  t h e   l a t t e r   o c c u r r e n c e s   a r e   o f   M i d   t o  Latc!  Cretaceous 

age.  The S u s t u t   f i e l d   l i e s  on the  southeastern  margin  of   the Groundhog 

c o a l f i e l d  200 km (125 mi les)   nor th   o f   Haze l ton .  The Telkwa c c a l f i e l d  

and  Zymoetz River  deposits,  near  Smithers,  are i n   t h e  Skeena group  o f  

Mid-Cretaceous age. The Groundhog c o a l f i e l d  i s  i n   t h e  Bowser  Assemblage 

and  ranges  from  Mid-Jurassic t o   E a r l y  Cretaceous age. 

3 . 2  Regional  Reserves  and Q u a l i t y  

3 .2 .1  C l a s s i f i c a t i o n  of Resources 

I n  assessing  the  thermal  coal  resources o f  the   p rov ince  a  number o f  

problems  arise. 

F i r s t ,  most o f  the  work i n   t h e  assessment o f   t h e  Rocky Mounta in   coa l f ie lds  

has def ined  coking  coal   resources. A general  rule-of-thumb has  been 

app l i ed ,   t ha t  10 p e r c e n t   o f   t h e   c o a l   o u t l i n e d   i n   t h e s e   f i e l d s  i s  thermal 
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coal   resu l t i ng   f rom  ox ida t i on  downward from  surface  exposures, and from 

deeper bu r ia l ,   wh ich  has inc reased  the   rank   o f   the   coa l .  It i s  be l ieved 

t h a t   t h i s  10 percent   f igure  i s  conservat ive.  

Oxidized zones tend t o  p e n e t r a t e   s i g n i f i c a n t l y  deeper  a long  f racture 

zones .which  accounts f o r  some o f   t he   depos i t s   o f   exc lus i ve l y   t he rma l  

coa l .  Some of   the  ox id ized  coal   can be b lended  w i th   the   h igher -qua l i t y  

cok ing  coals   to   produce an acceptable  cok ing  product ;   therefore  not   a l l  

o x i d i z e d   c o a l   i s   a v a i l a b l e   f o r   t h e r m a l  use. 

The second p r o b l e m   a r i s e s   f r o m   v a r i a t i o n s   i n   t h e   e x t e n t   o f   e x p l o r a t i o n  

among c o a l f i e l d s  and ind iv idua l   depos i ts .  As a r e s u l t   o f   t h e s e   v a r i a t i o n s  

i n   e x p l o r a t i o n   f i v e   c a t e g o r i e s   o f   r e s e r v e s  and  resources have  been 

def ined: 

1. 

2. 

3 .  

4. 

5 .  

Proven  reserves: The quan t i t y   o f   coa l  has  been  computed  from 

c l o s e l y  spaced da ta   po in ts  ( i e .  d r i l l   h o l e s ,   a d i t s   o r  exposures). 

Probable  reserves: The quan t i t y   o f   coa l  has  been  computed p a r t l y  

from measurements and pa r t l y   f rom  p ro jec t i ons .  

Possible  reserves: The q u a n t i t y  o f  coal  has been  computed  from a 

thorough  knowledge o f   t he   depos i t s  and a few  measurements. 

Indicated  resource: The quant i ty   o f   coal  i s  based on a few w ide ly  
spaced data p o i n t s  and some knowledge o f  the  geology o f  the  deposi t .  

In fer red  resource:  The q u a n t i t y   o f   c o a l   i s  based t o t a l l y  on geologica l  

p ro jec t i ons .  

Because o f  the   na ture   o f   the   da ta  base, q u a n t i t i e s   l i s t e d  as  ind icated 

and inferred  resources  are  speculat ive.   Al though  there may be apprec iab le 

tonnages,  the  actual amounts o f   coa l   a re   p robab ly  somewhat less than   the  
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projections  due to faults, washouts  and  irregularities  on  the ,3riginal 
depositional  surface. 

A third  problem in assessing  the coal resources is the  reliability  of 
the analytical  data.  Some  of  the  analyses are from  grab  samples  on 
surface  outcrops  whereas  others are from  sampling  associated  with  exten- 
sive  drilling  programs. In addition  some  analyses are from  washed  coals 
whereas  others  are  from  raw  coals. 

Trace  element  considerations are becoming  important  aspects of any 
environmental  study  on  the  use  of  coals for power  generation. Trace 
element  composition is site-specific and  indeed  could  be variable  verti- 
cally  and  latterally  within the deposit. 

As yet, trace  element  studies  have  only  been  undertaken for the Hat 
Creek No. 1 deposit.  Preliminary  examinations  have  only  been  completed 
for  the Hat Creek No. 2 deposit and part  of  the  Crowsnest  coalfield. 
'lhe Geological  Survey  of  Canada  is  beginning  research  into  trace  elements 
in Western  Canadian coals which will serve as a useful guide for other 
trace element studies. 

3.2.2 Reserves  of  Thermal Coal 

Distribution of British Columbia's thermal  coal reserves  and  resources 
by region  are  shown in Table 3-1. The Southern  Interior is the  dominant 
region containing about 2,000 million  metric  tons (2,200 million  tons) 
or 50 percent o f  thermal  coal  reserves.  It also contains  the  largest 
indicated  thermal  coal  resources. 

A detailed  description  of  these  reserves by region is contained in 
Appendix I. 
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TABLE 3-1 

I N S I T U  THERMAL  COAL  RESERVES  AN0  RESOURCES OF B R I T I S H   C O L U M B I A  

I N   M I L L I O N S  OF METRIC TONS  (SHORT  TONS) 

I . ! , '  
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3 . 2 . 3  Quality o f  Thermal  Coal 

Quality  of  thermal  coal  reserves by region  is  shown in Table 3-2. The 
southern  interior  coals  range in rank  from  lignite  to  subituminous E. 
A heating  value  (dry  basis) of 18,269 kJ/kg (7875 Btu/lb), an  ash 
content  of 33 percent,  and 0.5 percent  sulphur  are  typical of the  largest 
o f  these  deposits. 

3 . 2 . 4  Reserves  of  Refuse  Coal 

The existing  mines of the  southern  Rocky  Mountain  region  are  producing 
refuse  coals that could  be  significant  sources o f  fuel for powe'r gener- 
ation.  Reserves,  indicated  production  rates  and  qualities  are  presented 
in  Table 3-3 .  

3 . 3  Coal Transportation 

3 . 3 . 1  Site  Location 

Transportation  of  coal  and  transmission o f  power  are  important  factors 
in  determining  the  location of a  coal-fired  power plant.  Coal must be 
moved  from a mine  site  to  the  plant,  and  power  must  be  transmitted  from 
the  plant  to  the  load  centres. 

Normally,  the  most  efficient  means  of  transporting  electrical  energy 
over long distances is by high voltage  transmission lines. Therefore, 
from  the  point  of  view  of  reducing  total  energy  transportation  (cost, 
coal-fired power  plants  are usually located  as  close  to  the  coal  source 
as possible,  after  taking  into  consideration  non-transportation  site- 
related  factors. 
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TABLE 3-2  
. .  

COAL QUALITY 
. .  . . ~~~ 

, I  

HEATING' FIXE0 
REGION RANK ASH VOLATILES CARBON SULPHUR MOISTURE' VALUE 

. .  
, '' c 

- ,  

W 

I 

00- 

I I %  % % % % I  I 
Coastal . High  Vol. B Bituminous ' 22,620 

I 

i- (9,752) t o   a n t h r a c i t e  35.7  25.1 37.9  1.4 . ' '  1 .3  
' ,' 

Southern 

Subituminous B 33.0  32.3  34.7  0.5 0.0 (7,875) I n t e r i o r  <, ~ 

L i g n i t e   t o  , *:, . r .: I. 18,269 S ~ u t h e r n ~ ' ~  
Vol. A Bi tuminous 8.0  22.0  67.0  0.7  1.0 (13,200)"  Rocky Mountain 
Low t o  medium 30,620 Nor thern 

Medium Vol. A Bituminous 15.9  19.6  63.7  0.4 1 .0  (12,300) Rocky Mountain 
28,540 

. .  

2 
r - 

27,000 , " I 
> - a  15.0  33.3  47.5  0.5 '" 5.9 (11,640) 

Nor thern High  Vol. A Bituminous 30,800 
1 .  . q- , ,  3 i c t o   s e m i - a n t h r a c i t e  8.7  13.2  73.48 0.7 . 1.8 (13,300) I n t e r i o r  

1. Heat ing  values  are i n  kJ/kg w i t h   B t u / l b .   l i s t e d   i n   b r a c k e t s .  

2. Hat  Creek  values have been considered  on  a  dry  basis;   the  second  analysis  f rom  the  Southern 

~. - 

I n t e r i o r   i s  on an  "as  received"  basis. The remain ing   ana lyses   a re   on   an   a i r -d r ied   bas is .  

3. A range of 1.0 t o  5.0  percent  moisture i s  quoted i n   t h e  "Coal  Resources o f  B r i t i s h  Columbia". 

4. The range has been l i s t e d   i n   t h e   t a b l e  because o f   t h e   v a r i a b l e   n a t u r e   o f   t h e   d e p o s i t s .  



Coarse  Refuse: 

reserve 

production 

F ine  Refuse: 

reserve 

production 

TABLE 3-3 

RESERVES AND ANNUAL  PRODUCTION OF REFUSE  COAL 

Fixed 

4sh3 V o l a t i l e '  Carbon '., Sulphur Moisture 

% % % % % 

48.7  17.0  34.3 

48.7  17.0  34.3 

33.2 18.0 4 8 . 8  

33 .2   18 .0   48 .8  

25 

25 

1. The weight i s   i n   m i l l i o n s  o f  metr ic   tons   w i th   shor t   ton   equ iva lents   in   b rackets .  

2. The heat ing  value i s  i n  kJ/kg w i t h   B t u / l b   i n   b r a c k e t s .  

3.   Proximate  analyses  are  on a moisture-free  basis.  



3 .3 .2  Route and Transportat ion  Opt ions 

Routes  connectinq a coal mine w i t h  a power p lan t   a re   se lec ted  on the  

basis  of   local   topography and t h e   c o m p a t i b i l i t y   o f   d i f f e r e n t  modes o f  

t r a n s p o r t a t i o n  t o  t h i s   t e r r a i n .  The b a s i c   o b j e c t i v e   i s   t o  min.imize 

d is tance,  however, f a c t o r s  such as topography,  geology,  hydrology,  and 

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

mental  considerations may m o d i f y   t h i s   o b j e c t i v e .  

Due t o   t h e   r e l a t i v e  abundance, l i m i t e d   m a r k e t a b i l i t y  and r e s u l t a n t  low 

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

nat ives  are  considered. Over l a n d   t h e   p r a c t i c a b l e   a l t e r n a t i v e s   f o r   b u l k  

thermal   coal   t ranspor t   are  ra i lways,   t rucks,   conveyor   be l ts ,  and s l u r r y  

p ipe l i nes .  Over water  convent ional   ships,   special   bulk  carr ie l -s or  tug- 

barge  systems  are  pract icable  a l ternat ives.  For the  foreseeable  fu ture 

there  appears  to be  no major   technica l  changes which will provide  compet i -  

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

Each method o f   t r a n s p o r t a t i o n  i s  s u b j e c t   t o  a minimum throughput volume 

helow  which  the  required  capi ta l   investment  cannot be j u s t i f i e d .  These 

a r e  normal ly   compet i t ive  on ly   over  a l i m i t e d  range of   d is tances.  Consequent- 

ly ,  such f a c t o r s  as v a r i a t i o n s   i n  annual  tonnage  and i n  source o f  supply, 

over t i m e ,  can have an important  bear ing on t h e   s e l e c t i o n   o f   t h e  optimum 

coa l  t r a n s p o r t  mode. 

3 3 . 3  B r i e f  Descr ip t ion   o f   A l te rna t ive   Transpor t   Opt ions  

R a i l w a y s  a r e  one o f  t he  most e f f i c i e n t  and v e r s a t i l e  methods 0 1  b u l k  

commodity t ranspor ta t i on .  They may be s ing le-purpose  pr ivate r,ystems, 

l a rge  common c a r r i e r  systems, o r  a combinat ion  of   both.  

Pr ivate  s ingle-purpose  rai lways  can be h i g h l y   s p e c i a l i z e d   w i t h  automated 

operat ions and unique  equipment s p e c i f i c   t o  a p r o j e c t .  Such features 

3 - 10 



are  more common or, shor t   d is tance  haul ing;   longer   ra i lways  are  usual ly  

convent ional  systems ded ica ted   to  a s i n g l e  commodity and operat ing 

between f i xed   t e rm ina ls .  

Large common c a r r i e r   r a i l w a y  systems,  such  as na t i ona l  and p r o v i n c i a l  

l i n e s ,   a r e  among the  most e f f e c t i v e  means o f   t ranspor t ing   low-va lued  d ry  

bulk  commodities  such as thermal  coal  over  long  distances. These 

systems  can carry   smal l  volumes i n  convent ional   mixed  t ra ins or  l a rge  

volumes i n   u n i t   t r a i n s .   U n i t   t r a i n s   a r e   c o m p l e t e   t r a i n   s e t s   d e d i c a t e d  

t o  a p a r t i c u l a r   s e r v i c e   c y c l i n g   r e g u l a r l y  between a loading  po.int,  such 

as a coal  mine, and an unloading  point ,   such as a power p l a n t .  

I n  genera l ,   un i t   t r a ins   ope ra t i ng  on e x i s t i n g   r a i l   n e t w o r k s   w i t h   r e s e r v e  

capac i ty   a re   the  most l i k e l y  means f o r   t h e  medium t o   l o n g   d i s t a n c e  

haulage  of   thermal  coal .  

'Truck  systems are used t o  hau l   coa l   ove r   reasonab ly   l eve l   t e r ra in   f o r  

s h o r t   t o  medium distances. They  have the  advantage o f   b e i n g   a b l e   t o  

a d j u s t   q u i c k l y   t o   r o u t e  and  volume  changes but   suf fer   the  d isadvantage 

o f   p o o r   u t i l i z a t i o n   o f  energy  and  labour.  Eff iciency  can be  improved  by 

the  use o f   l a r g e  100 t o  200 tonne  capacity  off-highway  vehicle:;. 

Conveyor b e l t s  have the  advantage o f  no t   be ing   labour   in tens ive   bu t  

s u f f e r  the   d isadvantage  o f   be ing   cap i ta l   in tens ive  and i n f l e x i b l e   i n  

operation.  That i s ,  they  are  designed  for  a p a r t i c u l a r  commod"ty  and 

throughput volume t o  be moved from one o r i g i n   t o  one des t i na t i on .  
Changes t o  any of   these  design  parameters  are  not   easi ly accommodated. 

T h i s   a l t e r n a t i v e  i s  a t t r a c t i v e   i n   t h e   t r a n s p o r t a t i o n   o f   l a r g e  volumes o f  

thermal   coal   over   shor t   d is tances  o f   s teep and i r r e g u l a r   t e r r a i n .  

Frequent ly a considerable  saving i n   o v e r a l l   r o u t e   l e n g t h  can  be  obtained. 

Genera l i zed   coa l   t ranspor ta t i on   un i t   cos ts   f o r  1977 are  present.ed i n  

the  fo l lowing  Table 3-4. 
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TABLE 3-4 

GENERALIZED  COAL  TRANSPORTATION UNIT COSTS 

Mode 

Modern Bulk  
Mar ine  Carr iers  

Tug-Barge 
Combinations 

Un i t   T ra ins  

Conventional 
Tra ins 

Heavy Trucks 

S l u r r y   P i p e l i n e  

Conveyor B e l t  

Ropeway 

-r 

P 

1 

" 

I 
' r a c t i c a b l e  

Minimum 
h-oughput 

Vo 1 ume 

Tonnes/Yr) 
(Mi 11 i o n  

1 

.5  

. 5  

.01 

.Ol 

3 

. 5  

.1  

- 

I 

" 

41 

- 

Prac t i cab le  
Distance 

(hX*) (mi) 

800 500 

3-1600 25-1000 

EO 50 

40 25 

160 100 

40 25 

40 25 

40 25 

U n i t  Cost* 
($/Tonne 

km)** ($/Ton m i  l e :  

.07 t o  .7 .1 t o  1 

. 3  t o  4 .5 t o  5 

. 7   t o  1 .4  1 t o  2 

1.4 t o  4 2 t o  5 

4 t o  10 5 t o  15 

. 3  t o  2 .5  t o  2.5 

20 t o  40 25 t o  50 

30 t o  60 40 t o  BO 

* Based  on  1977 costs i n  U.S. Do l l a rs .  C o s t s  shown are  approximate. 

** M e t r i c  conversions are  rounded o f f .  

c 

* 

3. 

c 
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A t  c e r t a i n  mines where s t i p - m i n i n g   o r  open p i t  mining i s  used, and 

depending on the dis tance  invo lved,   t ruck  systems,   conveyor   be l ts   or  a 

combination may he more appropr ia te.  An i n d u s t r i a l  ropeway i s  a ser ies  

of buckets   a t tached  to  a cable  which i s  pul. led  along a system of   suppor t -  

ing   towers .   Indus ty ia l  ropeway  systems are   no t   cons idered  to  be  economic 

f o r  t he   t ranspor ta t i on  o f  thermal  coal. 

A s l u r r y   p i p e l i n e  system i s  used t o  pump f i n e l y  ground  coal suspended i n  

water  through a p i p e l i n e  f r o m  a p lant   which  prepares  the  coal ,   to  a 

d e w a t e r i n g   f a c i l i t y   a t   t h e   d e s t i n a t i o n .   T h i s  system may be compet i t ive 

where large  steady volumes o f  thermal   coal   requi re   t ranspor tat ion  over  

medium to   long   d is tances .  

S lu r r y   p ipe l i nes  have the  advantage  o f   be ing  ext remely  re l iab le ,  and may 

operate a t   ve ry   h igh   u t i l i za t i on   f ac to rs .   D i sadvan tages   a re  t.he l a rge  

water  supplies  necessary, and the  pro'blem o f  removing  coal f i r les  and 

d isso lved  chemicals   f rom  the  water   before  rec i rcu lat ion  or   d isposal .  

L ike   conveyor   be l ts ,   s lu r ry   p ipe l ines   a re   cap i ta l   in tens ive  and are 

i n f l e x i b l e   t o  changes i n   o p e r a t i o n .  

There   a re   on l y   l im i ted   app l i ca t i ons   o f   t h i s  mode i n   N o r t h  America. It 

would seem t o  have  good p o t e n t i a l  as a c o m p e t i t o r   t o   u n i t   t r a i n s   f o r   t h e  

supply o f  fuel t o   c o a l - f i r e d  power p lan ts .  

3 . 3 . 4  Bulk  Commodity Transpor tat ion Economics 

The economic  comparison o f  a l t e r n a t i v e   c o a l   t r a n s p o r t a t i o n  sy5,tems 

connect ing a mine s i t e   w i t h  a power p lan t   requ i res   t he   eva lua t i on   o f  

a l l  c a p i t a l  and o p e r a t i n g   c o s t s   l i k e l y   t o  be incur red   over   the   p ro jec t  

l i f e .  The present-wor th  o f   these  a l ternat ive  system  costs   are  then 

compared t o   s e l e c t   t h e  most economic a l te rna t i ves .  

26/9-2 
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3 .3 .5  Environmental and Social  Impact 

c 

L- 

C 

I 

c 

The impact o f  coa l   t ranspor ta t ion  on the  environment and socic?ty i s  

dependent on the many fac to rs   re la ted   t o   t he   spec i f i c   aspec ts   o f  a 

p r o j e c t .  However, the  fo l lowing  genera l  comments can be made on the  

a l te rna t i ve   op t i ons :  

Waterborne  t ranspor t   o f   bu lk   coal  has a minor  impact  except  for  the 

p o s s i b i l i t y   o f   d u s t   e m i s s i o n   a t   t e r m i n a l s .  

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

and the re fo re  does no t  change cond i t i ons   subs tan t i a l l y  o1.her than 

poss ib ly   in t roducing  addi t ional   no ise,   dust ,  and vehic le  emissions. 

The c o n s t r u c t i o n   o f  new l i n e s   r e q u i r e s   t h e   a l i e n a t i o n   o f   c o n s i d e r a b l e  

amounts o f   land   fo r   r igh t -o f -way  purposes .  

Trucks may add t o   r o a d   t r a f f i c ,   n o i s e ,   d u s t  and vehic le  emissions. 

The c o n s t r u c t i o n   o f  new haul  roads  requires  the use o f   a a d i t i o n a l  

lands,   but  such c o r r i d o r s  may b e   p u t   t o   m u l t i p l e  use. 

S lu r r y   p ipe l i nes   usua l l y  have l i t t l e   i n   t h e  way o f  above ground 

st ructures.   Therefore  they have minimal  impact on phys ica l  con- 

d i t i o n s  and aesthet ics  of   the  surrounding  area  except  dur ing  the 

cons t ruc t i on  phase.  However, water  supply and  removal o f   f i n e s  and 

dissolved  chemicals  f rom  th is  water do present  special  pr3blems. 

Conveyor be l ts   are  cont inuous  s t ructures and there fore   requ i re  

passageways over  or  under them t o  reduce  the   bar r ie r   e f fec t .   No ise  

and dust  emissions  can be reduced  by  covering  this  equipment. 

d- 
l 

26/9-2 
3 - 14 

b 

I" 







4. CONVENTIONAL COAL-FIRED POWER PLANTS 

4.1 Introduction - 
. .  

, I 1. 

Canada has some 19,000 MW of fossil  fuel power  plant  now in service of 
which two-thirds is r.oal-fired. Most  new  fossil  units  will  use  coal  and 
the  role  of  this  abundant fuel, especially in the west, will be a signi- 
ficant  component o f  Canada's energy  policy (15). 

For the E.C.  Hydro system, the smallest single unit size would  probably 
be 150 MW, while for  larger  plants,  units  could be in the 500 mi to 750 
MW range.  The  largest  single  coal-fired  units in the  world  are  currently 
1300 MW. A typical  new  coal-fired  plant  might  contain up t o  four 
single units. 

4.2 Principal  Components 

4.2.1 Basic  Coal-fired  Power  Plant  Description 

Figure 4-1 shows  the  basic  cycles  in a typical  coal-fired power plant. 

The  coal i s  burned  in  pulverized form in large water-tube type boilers 
to produce high pressure steam. Reference (2) page 45 summarizes 
combustion basics in coal-fired  power  plants. 

Boilers  for  low-rank  coals  have  unusually  large dimensions, particularly 
due to the higher  quantity  of  coal  of  low  heating  value  which  must  be 
burned for a given  output  and  the need  to  use low  gas  velocities in the 
convection  surfaces to avoid  erosion  from  fly ash. 

An extensive system  of  sootblowers,  including  deslaggers  or "wal'l blowers" 
f o r  the furnace walls, and "retractables" for the  convection  surfaces is 
required. 

26/9-% 
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High  pressure stf'dnl f rom  the   bo i le r  i s  de l i ve red  t o  t he   t u rb ine  gen- 

crator  which  converts  the  heat  energy i n   t h e  steam t o  mechanical  energy 

f o r  r o t a t i o n  o f  the turb ine.  

[he t u r b i n e   d r i v e s  an e l e c t r i c a l   g e n e r a t o r   t h a t   p r o d u c e s   e l e c t r i c i t y ;  

vo l tage i s  stepped up f o r  e f f i c i en t   t ransmiss ion   t o   t he   l oad   ce r l t res .  

A f t e r  the steam has done i t s  work i n   t h e   t u r b i n e ,  and has been reduced 

from i t s  h i g h   i n l e t   p r e s s u r e   t o  a very  low  pressure  at   the  exhal lst  end, 

the  exhaust steam i s  condensed i n  a condenser  below  the  turbine. The 

condensate i s  then pumped back t o   t h e   b o i l e r   t o  be "recharged" k i t h  heat 

energy  from  coal  combustion t o  make steam  and per form  the  cyc le   again.  

' lo condense the  low  pressure steam, a supply   o f   cool ing  water  i s  necessary 

f o r  the condensers. Where l a rge  volumes of   water  f rom  the ocean, l a rge  

lakes  or   r ivers   are  avai lab le,   once- through  cool ing i s   p o s s i b l e .  It i s  

drawn f rom the  source,  passed  through  the  condenser, and discharged  back 

i n to   t he   sou rce   a t  a higher  temperature (8 t o  14OC r i s e )  (15 t o  25OF). 

Sometimes temper ing  o f   d ischarge  water   wi th   co ld   water   f rom  the  in take 

i s  used. 

Where power p lan ts  have t o  be loca ted  away from  large  sources  of  water, 

cool ing  towers  are  o f ten used. The towers e f f e c t   c o o l i n g  by  eva1)orating 

p a r t  o f  the  cool ing  water  f low.  This  cooled  water  can be re tu rn l?d   t o  

the  condensers t o  condense steam. The evaporated  port ion i s  emit ted  by 
t h e  c o o l i n g  towers  t o  t he  atmosphere as water  vapour and i s  a wa1:er loss  

f r o m  the  system. This   loss has t o  be made up from a sui table  sot l rce,  

u s u a l l y  an ad jacen t   l ake   o r   r i ve r .  

I h e   q u a n t i t y  o f  water   for   tower  make-up i s   o n l y  a f r a c t i o n   o f   t h a t  

requi red  for   once- through  cool ing.   For   instance,  a 2000 MW p lan t   wou ld  

requi re  about  2300 m /minute  (500,000 Igpm) f o r  once-through  cool ing  but 

only  about 76 m /minute (17,000 Igpm) f o r  tower make-up and general 

serv ice.  The tower makeup i s  a consumptive  use, whereas the  once- 

through  cool ing i s  not. 

3 .  
3 .  
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I n  some loca t i on5  i r  i s  p t s s i b l e   t o   e f f e c t   c o o l i n g  on a na tu ra l  c r  man- 

made lake   o r   " coo i i nu  porttl". Warm water  from  the  condensers  gives up 

heat  by  evaporation a t  t he  pond su r face   a f te r   be ing   d i scha rged   fL r thes t  

f rom  the  p lant .   Cold  water  i s  drawn  from  the  near  end and pumpec! t o  

condensers. The a rea   requ i red   f o r   coo l i ng  ponds i s  t y p i c a l l y  a  nlinimum 

o f  0 .6  hectares ( l - l / Z  acres)  per MW o f   p lan t   capac i t y .  The l o s s   o f  

water  by  evaporation must  be made up by p r e c i p i t a t i o n   o r  diversicmn o f  

w a t e r  from  other  streams  or  sources. 

Sometimes the   coo l i ng  pond  performance  can  be augmented by  passir lg  the 

warm water  through a spray  system  en  route t o   t h e  pond. 

The main  advantages o f   c o o l i n g  ponds a re   t he i r   s imp l i c i t y ,   reaso r lab le  

c o n s t r u c t i o n   c o s t ,   f l e x i b i l i t y   i n   o p e r a t i o n   ( t h e y  can  run   fo r  prcmlonged 

per iods   w i thout  make-up),  and b e n e f i t s   t o   t h e   p u b l i c   f o r   r e c r e a t i o n .  

llle main  d isadvantages  are  the  inundat ion  of   large  land  area ( i f  man- 

made),  need f o r  wi%ab.le s o i l  -y, and poss ib le   fogging.  
1 _*,< .. \. - 

.I' 

Cooling  towers o f  var ious   types   a re   ava i lab le   rang ing   f rom  those  in  

which  fans  are used t o  move a i r   t o  those  which use n a t u r a l   d r a f t   i n  a 

t . a l l  hyperbol ic  concrete  tower. 

I ach   p ro jec t   requ i res  a complex eva lua t i on  of  tower  cost and performance 

aya ins t   t u rb ine  and condenser cos t  and  performance  under  specif ic  cl imate 
conditions on a year-round  production basis. 

111 ar id   l oca t i ons   "d ry "   coo l i ng   t owers ,   f o r   wh ich  no s i g n i f i c a n t  

makwup  water i s  requi red,  have  been  used. Air i s  used i n d i r e c t l y   t o  

c o o l  the  condenser  cool ing  water  (or sometimes the  condensate o f   t h e  

main c y c l e )  
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f o r  recyc l i ng .  t ~ v , ,  ~;ow~c)-s !lave  severe l i m i t a t i o n s   i n  warm c l ima te  

cond i t i ons ,  need large lartd  areas,  cannot  achieve  the same e f f i c i e n t  

vacuum o f  convent iona l   coo l ing  systems,  and so f a r  have n o t  been app l i ed  

1.0 u n i t s   i n   N o r t h  America la rger   than 330 MW. 

I)ry  towers have the  advantages o f  no  make-up,  no thermal  impact on water 

c,ources  and no fagging. However, they  are most c o s t l y .  

Cool ing  tower  types  are  descr ibed i n  Reference (31). 

4 . 2 . 2  Coal Hand l i ng   a t  Power Plants  

Coa'ls f o r  power p lants   might  be de l i ve red   by   seve ra l   d i f f e ren t  methods 

inc lud ing   ra i lway ,   s lu r ry   p ipe l ine ,   t rucks ,   conveyors   ( f rom  ad ja l len t  

mines),  barges  or  ships as previously  d iscussed. 

On a r r i v a l   a t  a power p lant ,   the  coal   would be d e l i v e r e d   d i r e c t  t o  t he  

s i l o s   i n   t h e   b o i l e r  house o r   t o  a s to rage   a rea   usua l l y   d i v ided   i n to  

' l i v e '  and  'dead'  storage  areas. Fac i l i t i es   f o r   un load ing ,   s to r - i ng ,  

conveying,  crushing and rec la iming   coa l   a re  known as the  coal   handl ing 

p l a n t .  

Such  a p lant   would  typ ica l ly   inc lude  un loading  hoppers,   crushers  to  

break up f rozen  coal ,   s tacker- rec la imers,   bu l ldozers,   carr ier   scrapers,  

and numerous conveyor   be l ts ,   t rans fer   po in ts  and  sampling  points. 

Where  a vary ing  coal  has t o  be  accepted  or where coals from var ious 

m i t r c s  o r  sources  are t o  be  burned,  provis ion must  be made, e i t h e r   a t   t h e  

p l a n t   o r   a t   t h e  sources, f o r   p roper   b lend ing  o f  coal   types  to  ensure a 

wasonably  uni form fuel d e l i v e r e d   t o   t h e   b o i l e r s .  
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Coal  is finally  discharged in as  uniform  a  condition  and  quality as 
possible to the silos above  the  pulverizers. The silos  are  kept full  by 
an  automatic  system.  Power  plant  operation  requires an assured  reliability 
and  consistency of  fuel  supply. 

Typically, coal  for  six  to  eight  hours  of  operation  would be sto,red in the 
silos. 

The  pulverizers  are  a  vital  feature  of  the  plant,  especially where coals 
arc of low quality.  Pulverized  coal-firing  system  characteristics  are 
different from  those for industrial scale coal-burning where travelling 
grate stokers, or  spreader-type stokers, are  often used. With  pulverized 
coal-firing, large water-tube boilers  react  immediately to changes  in 
incoming fuel quantity and  quality. The coal feeding  system  from silo 
to pulverizer is also  critical to consistent and safe operation. 

4.2.3 Bottom Ash System 

Many  coals  are of  high  ash  and/or moisture content resulting in ;I fairly 
low  heating  value. When coal  is  pulverized  and  burned  in  the  furnace  of 
large  water-tube boilers, about 20% of the  ash in the coal falls to the 
bottom o f  the  furnace  into  a  water-containing hopper. This  "bottom  ash" 
i s  sluiced  from  the  hopper in a water/ash  slurry  pipeline. 

lhe bottom  ash  can be delivered  to  dewatering  bins  that  discharge  the 
dewatered  ash  into  trucks or on to conveyors for transport to disposal 
areas.  The  water  would be returned  to  the  sluicing  system for reuse. 

Bottom ash is  usually  disposed of in ponds  that  are  ultimately drained, 
reclaimed  and  converted  to  their  former  land  use,  or  an  alternati'de use. 
Bottom  ash  does  not  present  problems in handling.  Potential  uses  of 
bottom  ash  include  road  surfacing,  earth  dam drainage, filters  and 
general fill material. 
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4.2.4 Fly  Ash  System 

The other 80% or so of  the  ash  produced is carried  out of the  furnace in 
the flue gases.  Almost all this fly  ash  is then  captured  in a gas- 
cleaning device, often an electrostatic  precipitator, and from the 
bottom  of  that  device it  is transported  dry by a pneumatic systm. 

Fly ash is often  drawn  first to a storage  silo if there  are  customers 
for  its use requiring  loading  of  trucks. The quantities  produced at a 
large  coal-fired  power  plant  are  usually  considerably  more  than actual 
or potential  markets  can  absorb and, therefore, fly  ash  disposal  areas 
are also  necessary. 

When transported  to  the  disposal areas by trucks  or conveyors, fly ash 
is usually  watered for dust  control. If the  distance is not too far, it 
can be carried  pneumatically to the  disposal  areas in dry  form. 

Often the  final  disposal  areas for fly  ash  are wet ponds  that can be 
ultimately  drained  and  reclaimed  for  future use. Some  plants  now  use 
"dry  ash  disposal"  systems where bottom  ash  and/or  fly  ash  is  used in 
"land-fill''  rows  which  are  sequentially sealed, covered  and  landscaped. 

Fly ash  from  coal-fired  power  plants is  being  sold for many  purposes 
including  augmenting  cement in major  concrete dams, soil stabilizing, 
asphalt  paving filler, lightweight aggregate, concrete blocks, pozzolan 
cement, oil-well  cementing  and  structural land  fill. Studies o f  potential 
alumina  extraction  from fly  ash are being  made. 

4 . 2 . 5  Stacks 

Power plant  stack  design  parameters  are  important for ensuring  adequate 
plume  emission  characteristics.  Current  practice  is  frequently .io 
corlnect more  than  one  large  unit  to a single  stack shell in order to 
emit, the hot gases  from  one  point and  improve  plume  buoyancy. A concrete 
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shell houses up to four  individual  steel flues, each  serving  one  large 
unit. Stack  heights for large  plants can exceed 500 ft.  Each  power 
plant site has  to  be evaluated  according to the fuel, operating  character- 
istics,  adjacent  terrain  and  the  diffusion  capability o f  the  atmosphere. 

4 .2 .6  Other Features 

New  coal-fired  power  plants  would be  designed  in accordance  with  well- 
proven  Canadian and  North American  practice. There are many plant 
systems  involved  beyond  the  areas  briefly  described  above. 

The  Nanticoke  Generating  Station  of  Ontario Hydro burns  primarily  United 
States  bituminous  coals  although  recently  low-rank  coals  from  Western 
Canada  have  also  been used although they  were  not  considered in the 
design  of  the  plant  Reference (6). 

'The large  Boundary  Dam  lignite-fired  power  plant  of  Saskatchewan Power, 
the  Wabamun and Sundance  plants o f  Calgary Power, the  Battle  River  plant 
of Alberta  Power  and  the  Centralia  plant of Pacific  Power & Light (and 
other sponsoring utilities) are typical existing  plants  burning  low- 
grade western  coals  with  similarities to coals of this.Province. 

4.2.7 Operation 

Large thermal  power  plants for electrical  power  generation in this 
Province would  probably be operated  under  base-load  conditions for a 
major portion of their  working lives. They  would  also be expected, at 
certain times, t o  be two-shifted (i.e. shut down at night) and, in their 
later working lives, to  be  operated to some  degree as cycling  or  peaking 
units. The plants  would  be  supplying  electricity to the  integrated 
provincial  transmission  grid  and  their  output  and load changes  would be 
closely  related  to  the  satisfactory  operation of the  electric  system. 
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Base-load  operation  would be continuous 24 hours/day, 365 days/:fear, 
with  one  planned  outage  of  each large coal-fired  unit for about four 
weeks each year. Normal operation  would be automatic  control 0.F each 
generating  unit  with  extensive  use  of  computers  and data logging. 

4.2.8 Construction/Scheduling 

A coal-fired power  plant  of  typical  utility  size  requires 4-1/2 to  5-1/2 
years for design  and  construction  excluding  pre-approval period!;. The 
latter  periods vary considerably and include time for engineering, 
environmental  and  economic  feasibility studies, obtaining  permits and 
other  related  matters. 

A construction work force peaking at around 2,000 men  would be required 
for  a 2000 MW coal-fired  plant  (excluding  mine and  coal preparation 
plant)  and  major  field  construction  would  last  upwards  of  three years 
depending  upon  the  number of units  involved  and  their  timing. 

Extensive civil works  including  site clearing, excavation,  concrete 
foundations, structural  steel  frames  and  building  enclosures  would  be 
followed by installation of heavy machinery,  (boilers,  turbines  and 
generators, etc.). 

Inter-connecting piping, cabling, and  control  systems  and  numerous 
auxiliary component systems  would  form  the main work in the  later  stages 
o f  construction. 

4.2.9 Emission/Discharges 

A coal-fired  thermal  power  plant  includes  a  complex  series of material 
and energy  cycles. The basic  coal  and  ash  systems  have  been  briefly 
described  above. Table 4-1 shows  some typical data for a 2000 MU coal- 
fired  power  plant,  using  low-rank  fuel  and  cooling  towers,which  relates 
to its emissions and discharges,  and  power  output. 

26/9-2 
4 - 9  



TABLE 4-1 

TYPICAL  COAL-FIRED  PLANT DATA 

c 

c 

w 

m- 

c 

Plant  

ou tpv t  2000 W (net)  

2240 phl (gross)( inc. mine  power) 

Stat ion  l ieat  Rate 11,000 kJ/kW h r  sent  out (10,400  Btu) 

No. O f  Uni ts  4 

Capacity each 560 W (gross) 

Coal 

HHV as  f i r e d  

Moisture 

Ash 

Consunption/hr  (plant) 

Consumption/hr ( 1  un i t )  

Consumpt.ion/day (p lan t )  

Consumption/day ( 1  u n i t )  

Consunpt iodyr   (p lant )  

Consumption 35 y r   l i f e t i m e   ( p l a n t )  

14,653 kJ/Cal. (6.300 Btu / lb )  

20% 

26% 

1,513 tonnes (1.668 tons)(at   fu l  1 load) 

378 tonnes  (417  tonz)(at f u l l   l o a d )  

36,312 tonnes (40,000 tons ) (a t   f u l l   l oad  

9,078 tonnes (10,000 tonr) (a t   fu ' l l   load)  

9.3 x IO tonnes  (10.3 x IO ton!;) 

( a t  70% cap. f . )  

326 x 10 tonnes  (361 x 10  t0nS:l 6 6 

( a t  70% cap. f . )  

6 6 

A* 

Produced/day (p lan t )  

Produced/yr (p lan t )  

9.441 tonnes (10.400 tons)(at  fu.1  load1 

2.4 x IO tonnes  (2.7 x 10 tons:l 

(a t  70% cap. f . )  

6 6 

hi 
Capacity each 

Steam Condit ions 

(a t   t u rb ine )  

No. o f  pu lver izers  
I 

486 kg/sec  (3,850,000 lb /h r )  

16.6 HPa/538°C/5380C 

2400  psig/lOOO°F/lOOOoF 

8 pe r   bo i l e r  

4 ( I  per   un i t )  

kl Plant Make-up 

Rectangular  mechanical d r a f t  

76  m3/minute  (20,000 U.S. gpm) max. 

68,000 a.m3/minute (2.4 x 10 acfm) 6 

99.5% + 

as temperature 149 OC (30OOF) 
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4 . 3  Power  Plant  Project  Study  Considerations 

Reference (1) reviews  potential  fossil  fuel  development  for  power  in 
British  Columbia.  Coal-fired  plants  often  include one or  two itnits as 
the  initial  stage  and  then  add  units  as  load  growth  requires  tb'em. 
Often  the  later  units  are o f  larger  size. 

Potential  combined  power  and  steam  production  in  association  with  adja- 
cent  industries,  or  with  a  district  heating system, are  always  reviewed, 
but in British  Columbia,  there are  few possibilities  for  projects o f  

this  nature.  District  Heating  is  discussed  in  Reference (14). 

4.3.1  Site  Selection 

Selecting  a  site  for  a  coal-fired  thermal  power  plant is a  complex 
exercise  involving  many  considerations,  once  the  detailed  coal ,and  ash 
characteristics  are known. 

These  include: - 

. air  dispersion  of  emissions; 

. water  supply  and  waste  disposal; 

. transportation  of  coal  and  materials; 

. transmission o f  power  to the grid; 
location of population  and  industry. 

A l l  factors  must be evaluated  on the basis  of  engineering,  economic  and 
environmental  considerations  and  the  best  compromise  determined. 

In some  cases  for  instance  air  dispersion  considerations  may  limit  the 
size  of  the  plant or even  rule  out  valley  sites  with  restricted  dispersion 
characteristics. 

261'9-2 
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The water supply is always  a vital  consideration.  Availability of a 
once-through  supply  alongside  the  plant  would  normally  mean  lowest 
capital cost for cooling  water. If cooling  towers  have to be  used  and 
make-up water brought  a  considerable  distance or pumped  a  considerable 
height to  the site, cost is  high. Suitable waste disposal  areas  must  be 
available  near  the  plant. 

Coal transportation has  been discussed  previously. The consideration  of 
electrical  transmission is primarily  one  of economics, land use and 
location  of  major  power  consumption areas. Figure 4-2 shows  the  electric 
transmission  system  of E. C. Hydro. 

The population  and  industry  considerations are numerous. They include 
suitable  living  locations  for  plant staff, area  economic development, 
technical  training  establishments,  and  ensuring that the  proposed  power 
plant  planning is in harmony  with all other  developments in th'e area. 

4.3.2 Fuel Requirements  and  Quality 

Evaluation  of  coal deposits  prior to use  is  most  important and, in  many 
cases, most  complex.  Future  power  plants  might  use coal from :several 
sources in the  Province, and, also, consideration may  be given to augmenting 
coal-burning  with  other  fuels  such as hog  fuel or municipal  re.fuse.  Oil 
and  gas  are  considered to be premium fuels, and  as  such  are  unlikely to 
be  used as prime  fuels for large  thermal  power  plants. 

Hog fuel on i t s  own i s  unlikely to be a  major fuel for power  generation 
in the E. C. Hydro system. This is  because  of  the  difficulty .in developing 
an assured and adequate  supply at an  economic  price in a  central  location. 
E.C.  Hydro is presently  participating in joint studies  with  the B.C. 
Energy  Commission  and  the  Council of Forest Industries which will examine 
the  problem  of  surplus  wood fuel  in the  industry. 
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I n  la rge   met ropo l i tan   a reas  such  as t h e  S t .  Louis  area i n   t h e  1J.S. o r  

the  Toronto  area i n  Canada, municipal   refuse may be 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   t o   j u s t i f y   i t s  use i n  augmenting  power p l a n t   c o a l   f u e l .  Up 

t o  10% o r  so o f   t h e   h e a t   i n p u t   t o  a l a r g e   c o a l - f i r e d   u t i l i t y  bN3iler 

(300-500 MW) could come from  refuse. I n  most  cases,  and p a r t i ' c u l a r l y   i n  

B r i t i s h  Columbia, it i s  u n l i k e l y   t h a t  a coa l - f i r ed   t he rma l  powmer p l a n t  

would  be  located  near enough t o  reasonably   large  sources  o f   re fuse  to  

make combined f i r i n g   w o r t h w h i l e .  The p o t e n t i a l   o f  Vancouver  would  be 

about 30 MW o f  r e f u s e   f i r i n g .  The GVRD has repor ted   tha t   combust ion   o f  

re fuse  could no t  compete w i t h   r e l a t i v e l y   l o w   c o s t   l a n d f i l l   a l t ' e r n a t i v e s .  

Some power p l a n t s  have  "wet-bottom"  furnaces  on t h e i r   c o a l - f i r e d   u n i t s .  

I n  these  most  ash i s  made molten i n   t h e  combustion zone and  relnoved i n  

quenched  form  as  bottom  ash. Ash f u s i o n   c h a r a c t e r i s t i c s  must lbe c o r r e c t  

and c o n s i s t e n t   f o r   t h i s   t y p e   o f   b o i l e r .  Recent  problems with \high NOx 

emissions due t o   t h e   h i g h   h e a t   r e l e a s e   r a t e   i n   t h e   f u r n a c e   h a w   r e s u l t e d  

i n  a d e c l i n e   i n  use o f  "wet-bottom''  furnaces.  For B r i t i s h   C o l m b i a  

fue ls   convent iona l   coa l - f i r ing   wou ld   p redominate .  

Should a f u e l  be o f   h i g h  ash  and/or  h igh  moisture  content  the  resul tant  

low  heat ing  value means h i g h e r   q u a n t i t i e s   o f   f u e l   a r e   r e q u i r e d   t o   p r o d u c e  

a given  output.  The general ly  low  sulphur  content  of   western  (coals 

means lower SO emission. The higher  ash  content means  much lm-ger gas 

c lean ing   dev i ces   t o  remove p a r t i c u l a t e   m a t t e r  as w e l l  as a d d i t i o n a l  

operating  problems due t o   e r o s i o n   o f   p u l v e r i z e r s ,  and b o i l e r  and  economizer 

surfaces. 

2 

4.3.3 Ash Product ion and Q u a l i t y  

With  high  ash i n   t h e   c o a l s ,  and la rge   un i ts   env isaged,   the   quant i t y   o f  

bottom  ash  and f l y  ash  produced i n  thermal  power  plants  would be large. 

I n  a 2000 MW p lan t   bu rn ing   l ow   qua l i t y   coa l   o f   hea t ing   va lue  14,000 kJ/kg 

(6000 B tu / l b . )  and ash  content up t o  30%, t he   quan t i t y  o f  ash  produced 
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per  day a t   f u l l   l o a d   c o u l d  be about 9100 tonnes (10,000 tons), o f  which 

about 20 percent  would be bottom  ash  and 80 percent  f l y  ash. ( : a w f u l  

a t ten t ion   wou ld  be g i v e n   t o  ash  hopper  capacities,  ash  moving s,ystem 

design  parameters, and  ash disposal   area  capaci ty.  

Should  coal  washing  be used t o  reduce ash, the  d isposal   problem i s   s u b s t i -  

t u t e d   i n   p a r t   b y  an ef f luent  d isposal   problem  f rom  the  preparat . ion 

p lan t .  

4.3.4  Other  Considerations 

4.3.4.1  Operat ing  Constra in ts  

When reviewing  possible  thermal power p lan ts   i n   t he   P rov ince ,  many 

fac to rs  must be cons idered,   espec ia l l y   re la t ing   to   the   expec ted   opera t ing  

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

C o a l - f i r e d   u n i t s   o f   t h e   s i z e   l i k e l y   t o  be considered  would be major 

add i t ions   to   the   genera t ing   capac i ty  o f  t h e   p r o v i n c i a l   e l e c t r i c a l  system, 

and would  be  planned t o  ensure maximum a v a i l a b i l i t y  and s u i t a b i l i t y   f o r  

t h e   e l e c t r i c a l  system o f   wh ich   they   a re   par t ,   wh i le   conver t ing   coa l  

energy e f f i c i e n t l y  and c lean ly .  

Any cons t ra in t s  on operat ing  pract ices  must  a l low  reasonable t h e   f o r  

change  and must  be a t t a i n a b l e   w i t h i n   s a f e  and reasonable  operat ing 
adjustments o f  l a r g e   c o a l - f i r e d   u n i t s .  

Many c o n s t r a i n t s   n o t   d i r e c t l y   r e l a t e d   t o   e m i s s i o n s   a r e   a l r e a d y   i n   e f f e c t  

f o r  t he   p lan t   ope ra to rs ,   f o r  example, ra tes  o f   loading and unloading 

la rge   tu rb ine   genera tors ,  and match ing   bo i le r  and turbine  temperatures.  
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Dur ing  per iods when la rge   un i ts   a re   be ing   b rought  on l i n e ,   o p e r a t i n g  

cond i t i ons  and  hence the  emissions may be d i f ferent   f rom  s teady,   s teady-  

s ta te  operat ion.   For  example, a u x i l i a r y   f u e l  may augment c o a l   f o r   s h o r t  

per iods.  

4.3.4.2  Costs/Economics 

T y p i c a l l y  a f o u r - u n i t  2000 MW plant  without  scrubbers  would  cos,t (1977 

dol lars)   about  1 t o  1.25 b i l l i o n   d o l l a r s .  

The o p e r a t i n g   c o s t s   o f  such a p lan t   wou ld  be determined  pr imar i ly   by  the 

f ixed  charges on the  investment and  by the   cos t   o f   t he   coa l .  

Studies o f  p o s s i b l e   c o a l - f i r e d   p l a n t s   i n  B. C. must stress  acct l rate  coal  

cos t  assessment and p lan t   cos t   es t imates  and i n c l u d e   a l l   o t h e r  normal 

eva lua t i on   f ac to rs  such  as number and s i z e   o f   u n i t s  and cyc le  c :ondi t ions.  

O b j e c t i v e s   f o r   p o l l u t i o n   c o n t r o l   a r e  a c r i t i c a l   c o n s i d e r a t i o n   i n  such 

s tud ies.  
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5 .  ENVIRONMENTAL IMPACTS 

Sect ion 4 presented  the  basic  design,  construct ion and o p e r a t i o n   o f  

c o a l - f i r e d  power p lan ts  and some impor tant   cons iderat ions when eva lua t ing  

new pro jec ts   o f   th is   t ype .   Th is   sec t ion   d iscusses   po ten t ia l   env i ronmenta l  

impacts   a r is ing   f rom  the   cons t ruc t ion  and operat ion  o f   such  p lants .  

5 . 1  Air - 

5 . 1 . 1  Emissions and Ambient Air Q u a l i t y  

"Emissions" r e f e r   t o   t h e  mass d ischarge  ra te   o f   mater ia l   f rom a source, 

such as  t h e   f l u e  gas from an indus t r i a l   s tack .   "Amb ien t   a i r   qua l i t y "  

descr ibes  the  concentrat ions  o f   spec i f ic   substances i n  t h e   a i r  we breathe 

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

distance  from  the  source. 

1he Pol lu t ion   Cont ro l   Ac t   de f ines  an a i r  "contaminant" as: 

'I. . . any substance, 

(a )   t ha t  i s  f o r e i g n   t o   o r   i n  excess o f   t h e   n a t u r a l   c o n s t i t u e n t s   o f  

t h e   a i r ;   o r  

( b )  t ha t   a f fec ts   t he   na tu ra l ,   phys i ca l ,   chemica l ,   o r   b io log i ca l  
q u a l i t y  o f  t h e   a i r ;  

and t h a t  i s ,  o r  may be, i n ju r i ous   t o   hea l th   o r   sa fe ty   o r   comfo r t   o f  

a person o r   i n j u r i o u s   o r  damaging t o   p r o p e r t y   o r   t o   p l a n t  and 

animal l i f e ,   o r   t h a t  may i n t e r f e r e   w i t h   v i s i b i l i t y   o r   t h e  normal 

conduct   o f   t ranspor t   o r   bus iness   o r   i s   obnox ious   to   the   pub l i c . .  . I' 
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Air " p o l l u t i o n "  i s  descr ibed i n   t h e   A c t  as: 

a 
. 

I 
. 

" . . . d i s c h a r g i n g   o r   e m i t t i n g   i n t o   t h e   a i r  such  substances o r  contam- 

i n a n t s   o f  such  character  as t o   s u b s t a n t i a l l y   a l t e r  or  impa i r   the  

use fu lness   o f   t he   l and ,   wa te r ,   o r   a i r  ..." 

It i s  t h e   r e s p o n s i b i l i t y   o f   i n d u s t r i e s   w i t h i n   t h e   P r o v i n c e   t o   c o r t r o l  

the  discharge  of  contaminants t o   a v o i d   p o l l u t i o n .  An assessment o f   t h e  

a i r  qua l i t y   impact   o f  any exist ing  or   proposed  source  must examine t h e  

c r i t e r i a   f o r   a c h i e v i n g   t h i s   o b j e c t i v e   i n  terms o f   t h e  many cons t ra in t s  

imposed  by  socio-economic  and  design  requirements i n   t h e   s i t e   s p e c i f i c  

context .   For a thermal   genera t ing   s ta t ion ,   the   p r inc ipa l   cons idera t ions  

t o  be addressed i n   t h e  assessment include: 

p l a n t   l o c a t i o n  and phys ica l   layout   (de termined  p r inc ipa l l y   by   the  

type and source o f   f ue l s )   t he   wa te r ,  and l o c a t i o n   o f   t h e   l o a d  

centre;  

topography and a i rshed  meteoro logy  (as  re la ted  to   the  f requency  o f  

cond i t i ons   p roduc ing   h igh   amb ien t   a i r   qua l i t y   l eve l s ) ;  

stack gas emission  rates and the  concentrat ions  o f   contaminants ;  

stack  dimensions and  plume p r o p e r t i e s   ( t h a t   i s   s t a c k  gas temperature 

and f l o w   r a t e  and the i r   impact   on  plume r i s e  and i t s   d i s p e r s i o n ) ;  

a i r s h e d   a i r   q u a l i t y   ( i . e . ,   c o n t r i b u t i o n s   a t t r i b u t a b l e   t o   o t h e r  

nearby i n s t a l l a t i o n s ,   e x i s t i n g  and fu tu re) ;  and . - 
proposed  plant  operat ing  regime. 

I 

1 L  cannot be overs t ressed  tha t   the   cons t ra in ts  imposed by  such  consider- 

. r t i o n s  are   un ique   f o r   eve ry   i ns ta l l a t i on  and tha t   de te rm ina t ion  of an 
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acceptable  program  for   a i r   qual i ty  maintenance  involves  detai led  examin- 

a t i o n  on a case-by-case  basis. 

5 .1 .2   P ro tec t i on   o f   Pub l i c   Hea l th  

The fo l low ing   sec t ion   p resents  a basic  discussion  on  the  impact o f  

t y p i c a l  gaseous emissions  f rom  coal- f i red power p lan ts .  This i s  a 

condensat ion  of  a more ex tens ive   rev iew  o f   pub l i c   hea l th   e f fec ts ,   wh ich  

i s  presented i n  Appendix 11. 

Es tab l i shment   o f   ambien t   gu ide l ine   leve ls  has always  had as i t s  pr imary 

o b j e c t i v e   t h e   p r o t e c t i o n   o f  human h e a l t h .   H i s t o r i c a l l y  most  regulatory 

h d i e s ,   i n   a t t e m p t i n g   t o   s e t   g u i d e l i n e s  aimed a t   e l im ina t i ng   adve rse  

e t f e c t s  on human hea l th ,  have p o s t u l a t e d   t h a t   f o r  each  contaminant  there 

i s  a threshold  concentrat ion,   below  which  deleter ious  heal th  impacts  are 

n o t  observed. Such a t h r e s h o l d   i s   d e s i r a b l e  as a r e g u l a t o r y   t o o l ,  as it 

a l l o w s  the  estab l ishment   o f  a d e f i n i t i v e   v a l u e  and  consequent  ease o f  

f+nforcement. 

111 prac t ice ,   th is   th resho ld   concept  has suffered  f rom  several   major 

drawbacks. As c l i n i c a l   d i a g n o s t i c  methods  have  improved, it has been 

po';t;ible t.o detec t  more subt le  changes i n   h e a l t h   i n d i c a t o r s .  Ho'lrever, 

l.hv s i g n i f i c a n c e   o f  such  changes i n  terms o f   ac tua l   hea l th   s ta tus  has 

oIt.wi remained  unclear  or unknown. 

1 hv re f inement  o f  measurement techniques makes it poss ib le   to   ews lua te  

l o w  cxposure  levels more accurate ly .  The i n c r e a s e d   s e n s i t i v i t y   o f  

det.ccting changes i n   h e a l t h   i n d i c a t o r s ,  and in   mon i to r ing   con taminants ,  

~ ~ e c w s i t a t e s   r e - e v a l u a t i o n   o f   n o - e f f e c t s   t h r e s h o l d s .   I n   g e n e r a l ,   t h i s  

I c r l ! ,  lead t.o r e v i s i o n   o f  ambient  guidel ine  levels.  

lh l .  assumption o f  a un ique  re la t ionsh ip  between a s ingle  contaminant and 

r3 c,ylr!cific h e a l t h   e f f e c t  i s  usua l l y   no t   demonst rab le .   L imi ta t ions   o f  

?6/9-2 
5 - 3  



a' 

.t' 

d 

d 

r' 

existing  statistical  techniques  make  it  difficult  to  isolate  such  relation- 
ships.  Thus  there  is  often a likelihood  that  observed  health  effects 
are influenced  by  contaminants  other  than  the one  of immediate  concern. 

Often  contaminants  are  present in complex  mixtures  for  which quarltitative 
analyses  are not  available.  At  low  levels,  apparent  hea1,th  effec,ts are 
similar  for  many  contaminants.  In  most  situations,  variations i r l  the 
concentrations  of  contaminants  occur  simultaneously. 

In general, attempts  to  identify the threshold  for  various  contaminants 
as a basis  for  defensible  ambient  guidelines  have  met  with  considerable 
difficulty. This  does  not  mean that clearly  defined  effects  are  not 
visible  and  attributable  to  specific  substances  at  high  concentrations, 
bu t  rather, as  one  moves  toward  lower  concentrations,  the  ability  to 
isolate clear cause-effect  relationships  becomes  extremely  tenuous. 

For  these  reasons  it  is  sometimes  useful  to  examine a range  of  contaminant 
concentrations  that may  lead to  adverse  human  health  effects.  Figure 5- 
I presents  sulphur  dioxide  concentration  ranges  for a specific  averaging 
time (24  hours)  which  has  been  identified  in recent  studies in association 
with  adverse  health  effects.  Known  effects  associated  with  annual 
average  concentrations  are  indicated in Figure 5-2. The current  understand- 
ing  regarding  nitrogen  dioxide  effects  is  illustrated in Appendix 11, 
Figure  11-1. 

Evaluation of health  aspects  of  air  quality levels must  reflect  consider- 
ation of  sensitive  members  of  the  community  (i.e.,  the  chronically  ill, 
the young, the  elderly)  as well as  the  general  public as a whole. T o  be 
meaningful,  health  criteria  for all contaminants  should be related  to 
ambirnt  air  quality  values,  and  not  source  emission  levels. 

5 - 4  



Figure 5-1 

RECENT  SCIENTIFIC  STUDIES  RELATING TO THE 
ADVERSE  HEALTH EFFECTS  OF SULPHUR  DIOXIDE (SO,) 
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Figure 5-2 
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For su lphur   d iox ide and p a r t i c u l a t e s ,  i t  i s  a lso   no tewor thy   tha t   the  

shortest   meaningful   averaging  t ime  associated  wi th documented hea l th  

impacts i s  24 hours. No impor tan t   reac t ions   to   exposures   fo r  one o r  

three  hour  per iods have  been r e p o r t e d   f o r   c o a l - f i r e d  power p l a n t  gaseous 

contaminants,  such as su lphur   d iox ide,   a t   moderate t o  low  concentrat ions. 

5.1.2.1  Sulphur  Dioxide  Guidel ines 

Health  guidel ines  for   sulphur  d ioxide  should  be  based on the  examination 

o f  t he   ava i l ab le   t echn ica l   da ta   w i th   p r imary  emphasis  on human exposure 

i n f o r m a t i o n   r e l a t i v e   t o   b o t h   m o r t a l i t y  and morb id i ty .  A 24 hour and  an 

annual  average  guideline  can be j u s t i f i e d   b y   e x i s t i n g   h e a l t h   d a t a .  

These data  are shown i n   F i g u r e  5-1  and F igure 5-2 taken  from  Tab’le  11-1 

i n  Appendix 11. 

Morb id i ty   Data - 24 Hour 

Review o f  the   ava i lab le   ep idemio log ica l   da ta   re la t i ve   to   the   adverse  

h e a l t h   e f f e c t s   o f   s u l p h u r   d i o x i d e   f o r  24 hour  exposures  indicate:; a 

range o f  response  between 120  and 500 u g h   w i t h   t h e   s t r o n g e s t   e v i d e n c e  

suggesting a range  approaching 300-400 u g h  . Some more recent   -esu l ts  

ind ica te   tha t   de le te r ious   hea l th   e f fec ts   occur red   f rom  su lphur   d . iox ide  

a t   concent ra t ions   be low 300 u g h 3 ,   b u t  i t  was the   bes t  judgement o f   t h e  

researchers   conduct ing   the   s tud ies   tha t   th is   e f fec t  was due to   su lphates,  

a l l eged   t o   a r i se   f rom  the   i n te rac t i on   o f   su lphu r   d iox ide  and p a r t i c u l a t e  
m a t t e r  i n  the  atmosphere, and not  sulphur  dioxide  alone  (43).  Reanalysis 
o f   t h e   d a t a  show t h a t   t h e   e f f e c t s  were not  conf i rmed  for  asthma  and 

par t i cu la tes   o f   su lphates   (44) .  

3 
3 
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Mortality  Data - 24 Hour 
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There exist. epidemiological  data  that  are  alleged  to  relate  excess 
mortality  to  increases  in  ambient  sulphur  dioxide  concentrations. 
However,  examination  of  these  data  reveals  a  consistent  simultaneous 
presence  of high smoke  or  particulate  concentrations  of 500 u g h  or 3 

higher,  during  mortality  episodes.  This is compared  to  lower  particulate 
concentrations, e.g. 300 u g h  smoke,  when  describing  morbidity.  The 
observance o f  such  differences  has led researchers  to  ascribe  these 
effects  to  the  joint  interaction  of  particulates  and  sulphur dioxide. 
This  has led to  the  speculation  that  sulphates  are  the  causative 
agent  behind  some  adverse  human  health  effects (43). 

3 

It has  been  concluded  that  mortality is an  insensitive  indicator  of 
pollution  health  effects  for all but  the  most  extreme  deviations in 
pollutant  levels (45). Also,  mortality  data  deriving  from  epidemiological 
stud.ies can  neither  support  nor  preclude  a  24-hour  sulphur  dioxide 
guide 1 i ne in the  range  of 300 to 400 ugh3,  or below,  because  these 
findings  are  compounded by the  contribution  of  factors  other  than 
sulphur-dioxide. 

The existing  24-hour  guideline  of 266 u g h  (0.1 ppm) appears  to  provide 
adequate  protection  for  human  health  and is reasonable until further 
studies  can  provide  more  adequate data. 

3 

i 
Morbidity  Data - Annual 

i 

i' 

ileal th information  gathered  thus  far  indicates  that no significant 
increase in morbidity  results  from  long-term  exposures  to  sulphur  dioxide 
at  concentrations  below  an  annual  average  of 90 u g h  . In  fact,  with 
respect  to  several key parameters  such  as  increased  prevalence o f  chronic 
bronchitis i n  adults and increased  acute  lower  respiratory disealje in 
children,  adverse  effects  are  first  observed  at  concentrations  in  the 
annual  average  range of 90 to 200 ug/m . 3 

3 
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Mortality  Data - Annual 

Attempts  to link excess  mortality  data  with  increased  sulphur  dioxide 
levels as  stated  previously,  are  equivocal.  Most  studies  have  focused 
on  increased  mortality  during  episodic  conditions  of  severe inve,rsion 
that  are  not  consistent  with  long-term  exposures.  Further, all !study 
results  have  been  obscured by other  subtle  effects  that  are  not Icontamin- 
ant-specific  enough  to  factor  out  sulphur  dioxide,  or  natural  phenomena. 

lhe  existing  annual  average  guideline  of  53 mg/m (0.02 ppm) appears 
to  provide  adequate  protection  for  human  health and is reasonablme 
until further  studies  can  provide  more  adequate data. 

3 

5.1.2.2 Sulphur  Oxides  and  Total  Suspended  Particulates 

As mentioned  earlier and in Appendix 11, it has  been  alleged  that  low 
concentrations  of  suspended  particulates,  especially  sulphates,  exacerbate 
asthma  and  other  conditions (43). A  recent  report  clarifies  this  issue 
(44). 

A  careful  statistical  re-evaluation  of  these  data  collected  originally 
i n  New  York i n  1970-71 does  not  support  the  hypothesis  of  the  Colmunity 
Health  Environment  Surveillance  Studies  (CHESS) (42) that  a  positive 
association  exists  between  the  incidence  of  asthma  attacks  and  levels  of 
suspended  particulate  or  suspended  ambient  sulphate  levels (43, 44). 
Alc,o, serious  questions  have  been  raised  about  the  validity  of  the  data 
(44). When  adjustment is made  for the statistical  design  factors  sign- 
.ificantly  associated  with  the  asthma  attack  rate,  there i s  no  evidence 
of a positive  association  between  sulphur  oxides  and  asthma atta'ck. 
f clrther, there is no conclusive  evidence  about  any  association bmetween 
total suspended  particulate  levels  and  incidence  of  asthma  attacks. (44) 

?6/9-2 
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5. I .  2.3 Other Contaminants 

I I I P  basis  for review of  ambient air guidelines for suspended  particulate, 
o x i d ~ s  of- nitrogen as nitrogen dioxide, fluoride, and  mercury  is  presented 
in Appendix 11. Oustfall  has  been  excluded  from  Appendix I1 because  it 
is considered to  be a nuisance  rather  than a health  hazard. 

S . 1  3 Protection  of  Economic  Interests 

In addition to human  health considerations, ambient  air  guidelines must 
lw !,et in dccordance  with  available  information  regarding  potential 
ac:.thetic  and economic  effects  related to air quality.  Examples  of so- 
called nuisance  impacts  include  visibility reduction, objectionable 
otlour and dustfall.  Such  effects cannot, however, be considered  entirely 
ir~dr~pende~~t from  economic  impacts.  Conditions  generally  considered 
8~r~,thetically undesirable  might  also be  expected to reduce  property 
 value^,. contribute to corrosion  of  paint and structures, damage  agricultural 
c l 'ops ,  or  cause harm  to wildlife  and  recreational  facilities. 

io .Ivoid problems  of  this type, modern  coal-fired  power  plants  are 
r(1utinely equipped  with  control  equipment capable of  removing  nearly all 
l I y c i ~ h ,  effectively  eliminating  concerns  regarding  visibility  and dust 
I A I  lout. A s  well, odour  thresholds for stack  gas  contaminants ar'e  well 
, -I trrlvr ground-level  concentrations  expected to  result  from  tall-st.sck 
lIrrwI!r plant  emissions. 

1 1 1  ;I :,er.ies o f  studies  commissioned by Ontario  Hydro (50) the  incremental 
' , (I(  ial costs of coal-fired  electric  power  generation for export were 
r~xmined in deta i 1  for both  urban  and  rural  settings. A total co!;t of 
"IuLt,wevn 0 and 0 .  77 mi 11s per  kwh and probably  well  into  the  lower 
IIorLioll o f  this  range" was estimated for a power  plant  located  near 
l o ~ ~ o t l t o .  No adverse  impacts on plants  or  animals in Ontario due t o  

pow6sv  qeneratiorl were  identified. 
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Cos ts   assoc ia ted   w i th   de te r io ra t i on   o f   bu i l d ing   ma te r ia l s   ( z inc ,   pa . i n t ,  

copper,   n ickel ,   concrete,  aluminum, b r i c k ,   t i n ,   s t o n e  and g lass )   i nc lud ing  

r e p a i r  and add i t i ona l   c lean ing   cos ts  were  estimated a t  0.03 t o  0.17 

mi l ls  per  kwh i n  an urban  area and 0.002 t o  0.008 m i l l s   p e r  kwh near a 

r u r a l   p l a n t .  These va lues  represent   potent ia l   costs   for   remedia l   act ion 

rather  than  actual   expendi tures.  

I)amage t o   c l o t h i n g  and incrementa l   c lean ing   cos ts   a t t r ibu tab le   to  power 

I ~ I n n t  emissions were found t o  be extremely  small i n  compar is ion  wi th  

ot.hf>r s o i l i n g   f a c t o r s   i n   T o r o n t o  and v i r t u a l l y   z e r o   f o r   t h e   r u r a l   a w a  

ir,vo.,tigated. No r e l a t i o n s h i p  between property  values and a i r   q u a l i t y  

I t ' v v l ~  was found. 

:I.c~dir~s  have  attempted t o   i d e n t i f y   s p e c i f i c   e f f e c t s   o f   a i r   c o n t a m i n a n t s  

upor1 ind iv idua l   spec ies   o f   p lan ts  and animals. I n   a l l   l i t e r a t u r e   c l l r r e n t l y  

a v i ~ i l a b l e ,  f e w  i m p a c t s   i d e n t i f i a b l e   w i t h  a p a r t i c u l a r   p o i n t   s o u r c e  lhave 

1 w 1 t  found.  Severe damage to   vege ta t i on  and aquatic  ecosystems have 

I w w  r e l a t e d  t o  the s m e l t e r  i n  Sudbury,  Ontario. However, t h i s  i s  -the 

Ia rqes t .   lack source in   the   wor ld ,   respons ib le   fo r   about  3% o f   t h e  

w o r l d ' s  ,tnt.hropoqenic SO, emissions (37)(38). E f f e c t s   o f  gaseous emis- 

,,io11\ on vegetat.ion i n   t h e   v i c i n i t y   o f   t h e   s m e l t e r   a t   T r a i l  have  been 

obserwetl.  There i s  now st rong  ev idence  o f   vegetat ion  recovery  fo l lowing 

1 . 1 1 ~  i n t r o d u c t i o n   o f  abatement  procedures i n   t h e   e a r l y  1940's.  A me.teoro- 

l o g i c a l  con t ro l  s y s t e m  was introduced i n  1941 t o  reduce  plant  emissions 

I lur inq  advrrse  meteoro log ica l   condi t ions and ex tended  per iods   o f   a i r  
' ,t.,tqnation. No s i m i l a r  impacts  associated  wi th  thermal  generat ing 

I r 1 < + 1 h t . <  1Iavp t ~ e e n  t h u s   f a r   i d e n t i f i e d .  

2 

5 - 11 



- 8  

! ) . J . 4  Acid  Rain 

Ilwent invest.igations  in  Scandinavia  and  eastern  North  America  have 
ftrcused attention on long-range  transport of emissions  from  tall  stacks. 
Moc,t. noteworthy  among  impacts  associated with long  range  transport is 
t.hr observed  acidification of precipitation in regions  generally  downwind 
f rom major industrial  centres. 

While much controversy  exists  regarding the nature of mechanisms  affecting 
t . 1 ~  pH i n  precipitation,  it is generally  believed  that  suphuric  acid  and 
tritric  acid  (formed  in the atmosphere over large  travel  distances) are 
I.Iw (.Iremica1 constituents  chiefly  responsible for increasing  acidity. 
' I i n ( . r '  these  acids  result  from  atmospheric  conversion of sulphur  dioxide 
, 1 1 1 0  {lxitles of nitrogen  produced by combustion  processes,  concern  has 
1 w n  voiced  regarding the effects of increased  coal use  to  meet  future 
I!llrsryy demands. 

W h i i r ,  l l r ~ a l t i , ; h  (48) stated  that no published  studies  exist for long-range 
l r l t t ~ s ~ ~ o ~ ~ l .  ~f acid  precipitation  in Canada, a  survey of acid  precipitation 
i , I  I I P  i t1(1 conducted by Environment  Canada (49). The  pH  values of rain 

' w t ' ~ ~  found t o  be  generally  lowest in Ontario  especially  in the vicinity 
',trdbtlry. The  least  acid  rain  was  found in west central  Canada in the 

1~>11ion of  eastern  British  Columbia,  Alberta,  Saskatchewan  and  Manitoba. 

l.Ilt'r.rntly a  literature  survey  of  acid  precipitation is being  undertaken 
t ~ y  l l n  interagency Federal-Provincial  committee.  This  survey  should  be 
.tv;lilal)le in early 1978. 6. C. Hydro  has  conducted  snow  sampling  experi- 
Iltrwts in  t.he Cornwall  Hills  near  Cache  Creek  and  in the mountains of 
W P I I S  Gray Park.  Sampling to date  indicates  snow  pH in the range  from 
'1.U to G . 0 ;  this  is  near the 'natural'  pH  (value  expected  for  precipitation 
.rc.hi~ving  equilibrium with atmospheric  carbon dioxide). Analysis of 
w,~tr.r. samples  taken  from  mountain  streams  carrying the spring  runoff 
1 1 m  these snow  packs  reflects  substantial  buffering of the melted snow, 
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apparently  accomplished by interaction  with  alkaline  materials in the 
soil.  pH  values  near 8.0 were found in the  streams.  Estimates of 
rxpected  changes o f  pH  due  to  incremental  increases  in  atmospheric 
contaminants indicate  that  small pH reductions in the  precipita.tion 
i t s e l f  may  occur. 

!,. 1.5 C 1  imate 

As  noted  in  section 2 . 3  the elevated  terrain  of  British  Columbia  and  its 
effects  upon  climate (in particular  wind  patterns)  may  impose  constraints 
reqarding  the  selection of acceptable  sites  for  future  coal-fired  power 
plauts.  For  this  reason, a thorough  and  site-specific  assessment  of 
local climatology  (with  specific  regard  for  the  dispersive  capability of 
t h e  atmosphere) is  essential to  determine  potential  impacts  arising  from 
t .h is  type o f  development.  Measurements of on-site  windspeed, w'ind 
direction,  temperature, vertical  temperature  gradient  and relat.ive 
humidity,  for  a period of  at least one year are some of the paritmeters 
used  as  input  to  evaluate the atmospheric  dispersion  air  quality  arising 
lrom  a  proposed  project. 

For  certain locations within  British  Columbia,  once-through  cooling for 
Lhermal  plants  may be considered  unacceptable.  Where  cooling  systems 
such  as  holding  ponds,  spray  canals  and  cooling  towers are considered 
lor a coal-fired  power  plant, the selection o f  the  system  should  be  made 
with the  goal of minimizing  potential  environmental  impacts,  suc:h  as 
i r i n g  and fogging at  the ground, chemical  drift deposition,  obscured 
visihility, incremental clouding,  and  precipitation  effects. 

5.1.6 Three-Hour  Ambient  Air-Quality  Guideline  for  Sulphur  Dioxide 

Protection o f  health  has  always  been the primary  basis for the establish- 
Inwnt o f  acceptable  ambient air quality  levels.  As  discussed  in  Section 
!1 .1 .2  no  health  data  exist  to  support  ambient  sulphur  dioxide  guidelines 
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l o r  averaging  t imes  o f   less  than 24 hours.   Guidel ines  for   shor ter  

exposure  periods have no t  been recommended on the   bas i s   o f   co r re la t i ons  

hetween  sulphur  dioxide  concentrat ions and s p e c i f i c  human hea l th   e f fec ts .  

This i s  due to   bo th   t he   l ack   o f   ev idence   o f  such e f f e c t s   f o r   f r a c t i o n s  

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

cond i t ions .  

111 the  past,  one-hour and three-hour   su lphur   d iox ide  gu ide l ines have 

twen enacted  by  regulatory  agencies i n  Canada and the U . S . A .  On the  

Ims is  o f  ava i lab le   ev idence  re la ted   to   cor ros ion   o f   mater ia ls ,  aamage t o  

vvgeta t ion ,  and e f f e c t s  on animals, it appears tha t   bo th   t he   amb ien t   a i r  

qu ide l ines  and the  averaging  periods  themselves have  been  chosen somewhat 

a r b i t r a r i l y ,   a l t h o u g h   c e r t a i n l y   t h e   i n t e n t  has been t o   p r o v i d e  a margin 

nf sa fe ty   aga ins t   adverse   hea l th   e f fec ts  and other  impacts. 

O iscern ib le  damage to  vegetat ion  over  short   exposure  per iods has been 

repor ted ,   bu t   on ly  when the  su lphur   d iox ide  concentrat ions  invo lved were 

much higher  than  those  expected  to  occur as a r e s u l t   o f  emissioris  from 

modern  power p lan ts  (47). I n   s h o r t ,   t h e r e  appears t o  be l i t t l e   s c i e n t i f i c  

j u s t i f i c a t i o n   f o r   c h o o s i n g  a pe r iod  as sho r t  as  one hour   ra ther   than 

three  hours as a minimum averaging  t ime  for   ambient  sulphur  d ioxide 

qu ide l ines .  

Ihe c l ima te  and t e r r a i n   o f   B r i t i s h  Columbia  place much g rea te r   cons t ra in t s  
upon t h e   a b i l i t y  o f  major   emi t t ing  sources  to   operate  wi th in   shcr t - term 

quidel ines  than  would be the  case i n  reg ions   cha rac te r i zed   by   re la t i ve l y  
f l a t  topography.  Pract ical  s i t e  s e l e c t i o n   c r i t e r i a  o f :  

. water  supply 

. coa l   t ranspor t  

. space ( land)  requirements, and 

personnel  access 

il- 

& 
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w o u l d   o f t e n   d i c t a t e   t h a t   c o a l - f i r e d  power p l a n t s  be l o c a t e d   i n   r e g i o n s  

of  the  Province where t h e   e f f e c t i v e  plume  release  height i s   i n s u f f i c i e n t  

to   p rec lude  occas iona l  impingement of   stack  emissions on elevatecl 

t e r ra in   su r round ing   t he   p lan t .  

The l i k e l i h o o d   o f  plume i n t e r a c t i o n   w i t h   t e r r a i n  may a l s o  be increased 

as a consequence o f   l o c a l   a i r   c i r c u l a t i o n   p a t t e r n s   d i r e c t l y   a s s o c i a t e d  

with  rugged  topographic  features.  When the  synopt ic   ( large-scale)   wind 

f l o w   i s   l i g h t ,   t r a n s p o r t   o f   a i r b o r n e   c o n t a m i n a n t s  can  be  dominated f o r  

shor t   per iods   by   such  c i rcu la t ions   espec ia l l y   in   mounta in   va l leys   o r  

c o a s t a l   i n l e t s .  Such e f f e c t s  can r e s u l t   i n   l o c a l i z e d   h i g h   g r o u n d - l e v e l  

concen t ra t i ons   f o r   sho r t   t ime   pe r iods .  When the  wind speed a t  plume 

he igh t  i s  s t rong ,   t he   con t r i bu t i on   o f   such   f l ows  i s  secondary, arid 

atmospheric  dispersion  condit ions  are  improved. 

Obv ious l y ,   va r iab i l i t y   i n   w ind   d i rec t i on   (and   consequen t l y  plume t r a j e c t o r y )  

over a th ree   hou r   pe r iod   i s   no rma l l y  much g rea te r   t han   t ha t  expec:ted 

dur ing  a s ingle  hour.  A th ree-hour   su lphur   d iox ide   gu ide l ine   o f  0.25 

ppm should  therefore be more reasonab le   fo r   la rge   coa l - f i red  power 

p lan ts   than a 0.30 ppm va lue   f o r  one hour. As noted above, no quant i ta -  

L i v e  ev idence  ex is ts   that   would  just i fy   the  cons iderable  incremer l ta l  

expendi tures  that  may be requi red  to   mainta in   the  one-hour   ra ther   than 

the  proposed  three-hour  guideline. 

5 .1 .7  Air Qua l i t y   Impact  Assessment f o r   M a j o r   F a c i l i t i e s  

111 o r d e r   t o   e s t i m a t e   t h e   a i r   q u a l i t y   e f f e c t s   o f   p r o p o s e d   c o a l - f i r e d  

power p lan ts ,  a comprehensive  impact assessment study  would be performed 

and submit ted i n  suppor t   o f   the Air Po l lu t ion   Permi t   App l ica t ion .  Such 

a s tudy   cou ld   inc lude  the   fo l low ing  components: 

w 9 - 2  
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An accurate  assessment of the  fuel characteristics,  the  design  of 
the  plant,  and the proposed  operating  regime. 

Background  air  quality  data. 

Baseline  surface  and  upper  air  meteorological  measurements  to 
provide  input  for  air  quality  modeling  studies  and  to  identify 
site-specific  wind  circulation  patterns  of  potential  importance 
with  regard  to  maintaining  acceptable  ambient  air  quality  levels. 

Additional  field  studies  such  as  constant-level  balloon  trajectory 
experiments  and  gas  tracer  releases  to  simulate  the  behaviour  of 
stack  gases.  Vertical  profiles of wind  speed  and  temperature 
should  be  measured  to  provide  information  on  the  dispersive  character- 
istics  of  the  atmosphere.  Such  studies  can  provide  important 
information  to  assist in development  and  validation o f  diffusion 
modeling  techniques for site-specific  applications. 

Diffusion  modeling  studies to  determine  expected  maximum  ambient 
contaminant  concentrations  from the proposed  project  and the frequency 
of  occurrence of values  above  specific  guideline  thresholds  for 
various  averaging  times.  Modeling  can  also be  used  to determine 
acceptable  stack  heights  and  compliance  limitations  for the  thermal 
plant. 

In some  instances  physical  modeling (i.e wind  tunnel  experiments) 
can be  used to  study  airflow in regions  of  unusual  terrain or sharp 
structures  and  to  investigate  the  effects  of  such  flows  on  contaminant 
dispersion. It should  be  recognized  that  such  techniques  are 
useful for  evaluating  mechanical  turbulence  behaviour  but  generally 
can  provide  little  information  regarding  complex  flows  due  to 
differential  heating  of  mountain  slopes or other  thermally-induced 
phenomena. 
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- Mathematical  modeling  to  assess  impacts  due  to  cooling  towers  or 
other  closed-cycle  cooling  systems.  Such  studies  should  include 
evaluation  of  seasonal  and  annual  cooling  tower  drift  deposition 
patterns,  frequencies  of  incremental  fogging  and  icing  and  visible 
plume  lengths  as  a  function  of  distance  and  direction  from  cooling 
towers. 

- Trace  element  studies to assess  the  kind  and  amount  of  trace  sub- 
stances  present in the  coal,  to  determine  their  fate  in  the  various 
phases  of  the  combustion  process,  and to evaluate  the  potential 
impacts  upon  land,  air,  water  and  biological  species  when  they re- 
enter  the  environment. 

5.1.8 Airshed  Ambient  Air  Quality 

The  existence  of  a  number  of  large coal deposits  within  the  Province 
must  be  considered in formulating  energy  policy  and  possible  industrial 
use in the  future.  As  there  are no specific  ambient  guidelines n13r 
emission  objectives  for  the  control  of  air  pollution  due  to therm(31 
plants,  problems  could  arise  if  the  use  of coal for  electrical  generation 
in the Province is to  be  developed.  The  following  comments  reflect 
particular  concerns  of 6. C. Hydro  regarding  the  establishment  of  air 
quality  control  criteria  for  such  developments. 

- When  granting  air  pollution  permits  consideration  be  given  to 
individual plants  on the basis  of  site-specific  information, local 
dispersive  capability,  background  air  quality  and  adjacent  land  use 
activities. 

- Procedures  for  amending  Permits  to  allow  plant  expansion,  to 
reflect  operating  experience,  or  to  incorporate  new  information 
regarding  specific  impacts  associated  with  air  contaminants,  are 
important  elements in effective  pollution  control. 
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- Ambient  air  quality  guidelines  are  a  basis  for  the  establishment  of 
entire  airshed  regions  such  that  public  health  and  economic  interests 
are  considered in assessing  cumulative  effects  due  to local (expansion 
of  industrial  and  non-industrial  developments. 

5.2 Water - 

Water  resources  may  be  affected  both  during  construction  and  operation 
of  a  coal-fired  power plant. Figure 5-3 illustrates  the  water  balance 
i n  a  modern  coal-fired  thermal plant. 

5.2.1  Construction 

Construction  of  coal-fired  power  plants  is  briefly  described in Section 4. 

Both  land  and  water  impacts  may occur. A major  concern is erosion 
resulting in the  silting  of  water  courses  and lakes. Runoff  volume  and 
thereby  suspended  solid  concentrations  may  be  controlled  by suitallly 
located  embankments  and  settling ponds. Dredging  operations  may  affect 
biological  communities  both by direct  disruptions  and  indirectly  via 
downstream  siltation. 

5.2.2  Operation 

The  operation  of  a  coal-fired  power  plant  involves  the  withdrawal  of 
water  for  plant use and  the  potential  contamination o f  water  through  the 
disposal  of  plant  wastes. 

5 - 18 
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5.2.2.1 Water  Withdrawal 

Water is  used  primarily  for  condenser  cooling  and  to  a  considerably 
lesser  extent  to  make up process losses such  as  boiler  blow-down  and 
plant  service  requirements. The quantity of water  required  may vary 
significantly  depending  on the type of condenser  cooling  system  (once 
through  or  recirculating)  adopted and, therefore the system  selected i s  

greatly  influenced by site-dependent  factors  such  as  the  availability 
and the quality  of  the  water  source. 

Water Intakes may cause  the  entrapment,  entrainment and/or  impingement 
of aquatic  organisms.  Impingement o f  large  aquatic  organisms i s  a 
function  of  the  hydraulic  forces in the  region of the  screens.  Careful 
intake  design  and  flow  patterns are employed  to  minimize  this e.ffect. 
Smaller  organisms, e.g.  plankton  and  larvae  which  pass  through .the 
screens, may be  subject  to  physical  impact,  thermal  shock or biocide 
antifouling  agents in the  plant  water  system. 

The effect  of  water  withdrawal on the  water  body  is  a  function of the 
quantity  of  water  withdrawn  and  any  attendant  reduction in the quantity 
of water in the  waterbody.  Flow  reductions  in  streams  may affec:t down- 
stream  ecology  and/or  the  quantity  of  water  available for downstream 
users. 

5.2.2.2.  Effluent  Discharges 

The disposal  of  solid  and  liquid  power  plant  wastes  may  potentially 
affect  the  water  quality of surface  sources,  streams  and  groundwater 
aquifers. 
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Groundwater  Resources 

E f f e c t s   o f  power p l a n t   l i q u i d  and/or s o l i d  waste  disposal  (eg.  coal p i l e  

r u n o f f ,   f l u e  gas desulphur izat ion  waste  water  etc.)  upon groundwater 

q u a l i t y  i s  a f unc t i on   o f   t he   c l ima te ,   geo log i c  and hydrogeologic  character-  

i s t i c s  and  morphology o f   t h e   d i s p o s a l   s i t e .   I n   p a r t i c u l a r   t h e  perme- 

ab i l i t y   o f   t he   so i l / r ock ,   t he   l oca t i on   o f   aqu i fe rs ,   su r face   wa te r   d ra inage  

pa t te rns  and t h e   r a t i o   o f   p r e c i p i t a t i o n   t o   e v a p o r a t i o n   a l l   a f f e c t   t h e  

p o t e n t i a l   f o r   l e a c h a t e   m a t e r i a l   t o   e n t e r  and contaminate  groundwater 

systems.  Other  factors  which  inf luence  the  concentrat ion  of   d issolved 

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

r e t e n t i o n  and i o n  exchange. These l a t t e r   f a c t o r s  may have e i t h e r  a 

p o s i t i v e  o r  a nega t i ve   e f fec t  on groundwater  qual i ty. 

Surface  waters may be af fected  ind i rect ly   v ia   contaminated  groundwater  

o r  d i r e c t l y  by   the   d ischarge  o f   p lan t   l i qu id   was tes   in   the   fo rm  o f  added 

dissolved  and/or suspended s o l i d   l o a d i n g s ,   o r ,   i n   t h e  case o f  once - 
through  cooling,  by  thermal  loadings. I n  any  case t h e   a b i l i t y   o f   t h e  

receiv ing  waterbody  to   successfu l ly   ass imi la te  the  d ischarges  wi thout  

adverse  ef fects may be expected t o  be s i t e - s p e c i f i c .  

Chemistry, i n   a d d i t i o n   t o   t h e   c o n c e n t r a t i o n ,   i s   o f   s i g n i f i c a n c e  when 

assessing  dissolved and suspended so l id   d ischarges .   E f fec ts  on aquat ic  

organisms may resu l t   f r om changes i n  wa te r   qua l i t y  and thereby i n   a q u a t i c  

habi tat ,   though  the  impact may be expected t o   v a r y  between  species. 

The potent ia l   for   adverse  environmental   impact due to   t he   d i scha rge   o f  

waste  heat i s  i n  genera l   p ropor t iona l   to   the   degree  o f   tempera ture   r i se  

and the volume of   water  d ischarged. The ex ten t  o f  any impact  thus 

induced  can  be  enhanced or  ameliorated  depending on the  mix ing  character-  

i s t i c s   o f   t h e   r e c e i v i n g   w a t e r  body  and the  response o f   t h e   a q u a t i c  

community.  Discharge  plumes  can c rea te  a p a r t i a l   o r   t o t a l   " t h e r m a l  

blockage"  which  can  slow  or  bar passage t o   m i g r a t i n g  organisms.  Increased 
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water temperatures  can  locally  change  the  character of resident  aquatic 
communities by favouring  the  increase o f  certain  species  over others, or 
lengthening  productive  growing  seasons. 

5.3 Land - 
Coal-fired  power plants, like all major projects, have  construction  and 
operation  impacts on the  terrestrial  environment. The impacts !:an be 
reduced by compromising  siting  and  design  options  with environml?ntal 
constraints such as land  use  priorities,  wildlife  consideration,j  etc. 
 the major  potential  impact  arising  from the disposal  of  solid w,ste 
would be  via  the  contamination o f  ground  and/or surface  water (see 
5.2.2.2.). Ultimately, solid waste disposal  sites  could  be  ret,Jrned  to 
effective  use by suitable reclamation. 
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6. CURRENT  TECHNOLOGY FOR POLLUTION CONTROL 
t 

6 . 1  - Air 

.L 
.. 

6.1.1 Pollution  Control at Source 

m- 

-. 
.. 

Coal-fired  boilers  have  been  used in industry  and  in the production  of 
electricity  for  over  a  century.  This  extensive  operational exlperience 
has  led to  the  development  of  many  proven  types of equipment  and 
technology  to  control  the  emissions of contaminants at  the source. 

The following  sections  are  brief  discussions  on the applicable  tech- 
nology  for  controlling  the  emission of the  major  contaminants in 
boiler  flue  gas  particulates,  sulphur oxides, and  oxides o f  ni.trogen. 

6.1.1.1 Particulate  Control  Technology 

Particulate  emissions  from  coal-fired  boilers are primarily  a  .function 
of  the  amount of ash  in the  coal,  the firing rate, and the firing 
method  used,  boiler type, type  and  efficiency o f  particulate  control 
equipment  boiler  control  and  operation,  burner  design  and  chemi;cal 
conditioning  of  fuels or flue  gases. 

Particulates  are  most  commonly  removed  from  power  plant flue gas by 
electrostatic  precipitation  and  cyclones,  a  form o f  mechanical  dust 
collector. Fabric  filtration  and  wet  scrubbers  have  been  used  to a 

lesser  extent.  High  efficiency  electrostatic  precipitators  appear  to 
the most economical  and  practical  devices  for  particulate  removal  at  a 
new  plant.  Their  use  on  bituminous  fuel  has  been  proven  by  reliable 
performance  when  conservatively  designed  and  well  maintained.  Success- 
f u l  application o f  electrostatic  precipitation  on  coals  having  high 
ash and low  sulphur  content  is  more  difficult  and  is  dependent  on  a 
thorough  design  and  field  testing  program  to  evaluate  ash  resistivity 
and  precipitator  power  input  levels. 

%h/9-2  
6 - 1  



A l t h o u g h   f a b r i c   f i l t r a t i o n  baghouses and f l u e  gas scrubbers ha,ve n o t  

as y e t  been  used i n  Canada  on power p l a n t s ,   w i t h   t h e i r   s u c c e s s f u l  

a p p l i c a t i o n   i n   t h e   U n i t e d   S t a t e s   t h e y   a r e  an a l t e r n a t i v e  t o  tha   h igh  

e f f i c i e n c y   e l e c t r o s t a t i c   p r e c i p i t o r .  A capi ta l   cost   compar ison f o r  
the  three  types o f  p a r t i c u l a t e   c o n t r o l  equipment i s  g i v e n   i n  T,3ble 6 -1  

(32). P r e c i p i t a t o r s  have the  most subs tan t i a l   da ta  base.  They were 
expected  to   fa1 1 i n to   t he   cos t   range  o f  $10.00-$20.00/kw i n  thl?  mid 

1970's .  Costs f o r  o ther  systems a r e   l e s s   r e l i a b l e  because o f  the 

l i m i t e d  number o f  i n s t a l l a t i o n s .  

Table .6-1 

Capital   Cost  Comparison  for  New U n i t s  (500-1000 MW>* 

P a r t i c u l a t e   C o n t r o l  Method - $/kw 

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

Venturi  Scrubbers 

Bag F i  1 t e r s  

10-20 

20-40 

15-25 

*Capi ta l   costs  f o r  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   i n c l u d e   t h e  

p r e c i p i t a t o r   o r   f i l t e r  connected  f lange t o   f l a n g e ,   i n s u l a t i o n ,  
support   steel   and  erect ion.   Ventur i   scrubbers  include  vessel  

costs  and  holding  ponds. Fan and motor  costs  are  not   included. 

6.1.1.2 Oxides o f   N i t r o g e n  

Oxides o f   n i t r o g e n  (NOx) are  formed  by  oxidat ion o f  atmospher ic  n i t rogen 

a t   h igh   t empera tu res   i n  power p lan t   fu rnaces  and by p a r t i a l  combustion 
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m- o f  the  nitrogenous  compounds  contained in the fuel.  In  coal combustion 
approximately 95% o f  t.he NOx  formed  is NO and  the  remainder i!; in the 
form of NO2 as it leaves  the  stack. In general  the  formation of NO, 
increases  with  increased  excess air, higher  flame  temperature  and 
longer residence time, regardless of fuel  type. 

NOx emissions can be  reduced  by  several  techniques  related to boiler 
design  and  operation.  The  design of the furnace, combustion air 
syitem  and  burner  design are especially  important. Today, any  new 
ccldi-fired boiler  may  be  specified such that the emissions would meet 
tho proposed  objectives. 

h .  1 .1 .3  Sulphur  Oxides 

Sulphur oxides in stack  emissions from coal-fired  power  plants are 
directly  proportional to the sulphur content of the fuel. Typically 
c m I 3  can  have  sulphur  contents  ranging  from .25% to more than 5%, 

however  British  Columbia coals are  lower in sulphur and typically 
cnnt,ain sulphur  in the range  of .25% to 2% by weight. Sulphur oxides 
produced  from  combustion o f  coal are  typically 90-95% SO2, 1-3% SO3, 
with  the  remainder o f  the  oxides  being  absorbed by the  fly  ash. 

T h e  formation  of SO3 is normally minimal in a coal-fired  power plant. 

Slllphur dioxide i s  formed  when  sulphur in the coal combines  with 
oxyyen i n  the  furnace.  Combustion  of a typical Hat Creek coal  would 
produce a flue gas with  about 600 parts  per mi 11 ion  by  volume of 
',(~lphur dioxide. 

(:ont.rol o f  sulphur  dioxide at the  source  can be  achieved by flue  gas 
Ilc~\ulphuriration (FGD).  Numerous  processes  are  available  including 
I i w  or 1 imestone scrubbing, both non-regenerative processes.  Magnesia 
*rnd sodium scrubbing and catalytic  oxidation are regenerative  processes 
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where  the sulphur is  recovered in the form  of  elemental  sulphur or 
sulphuric  acid.  These  processes  are  discussed  further in a later 
section  on  flue  gas  desulphurization. 

6.1.1.4 Trace  Elements 

Trace  quantities  of  elements  contained in  the fuel may  be  transmitted 
to  the atmosphere by the combustion  process. Trace elements  become 
significant  if  their  presence in receptors  is  greater  than  normal 
concentrations,  and if  they  are  identified  as  being  potentially  toxic 
t o  humans or other  forms of life. 

[he potential  impact  that  may  arise  from  the  use o f  new  coal  reserves 
can be  assessed by trace  element  emission  evaluation  carried out 
during a test  burn  program. Trace elements  associated with fly  ash 
emissions  can  be  controlled  using  particulate  control  devices;  however, 
elements  that  exist in the  gaseous  form  after  combustion  are  emitted 
to  the  atmosphere. 

6.1.2 Meteorological  Control 

rll 

c 

A meteorological  control  system  (MCS)  is a systematic  plan  of  defined 
procedures  for  the  reduction o f  contaminant  emissions  to  the  atmosphere 
in response to anticipated or observed  meteorological  conditions 
associated  with h.igh ground-level  ambient  concentrations.  Unlike 
continuous  control  strategies,  such  as  flue  gas  desulphurization, MCS 
l~roqrarns involve procedures  for  selective  emission  curtailment as 

wquired to  prevent  the  occurrence o f  concentrations  above  specified 
thrrshold values. 

1t)r a given  thermal  generating  facility,  the  principal  factors  that 
yoverll  the design of a met,eorological  control  program  are: (1) .the 
contaminant species t o  be controlled; (2) the type(s) and  quality of 
<wailable fuel supplies; ( 3 )  the  plant  load  demand schedule,  and (4) 
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operating flexibility, this  being  governed by the type, size and 
number  of  units at the plant. 

In general, an MCS is most  effective when applied to a plant  that is 
the  dominant  source  of  emissions  within  its zone of air quality  influ- 
ence and i s  located in a region  having  predictable  atmospheric  disper- 
sion characteristics. The first criterion is important  to  ensure that 
control  measures will produce the necessary air quality  improvement, 
while the  second  condition  stems  from  the  need to minimize the frequency 
o f  required  control  actions  and to reduce the  inherent  uncertainties 
involved in the prediction of meteorological  events  occurring. 

To be successful MCS control must have: a source  that can effect 
necessary load reduction as required;  an  ability to forecast poor 
dispersion  conditions well  in advance; a verified air quality  prediction 
model; and a monitoring  network to collect and process ambient air 
quality  data. A schematic  representation of an  operational MCli is 
presented in figure 6-1. 

Meteorological  control has  been  used  primarily  to  maintain  desirable 
sulphur  dioxide levels; however, MCS procedures  designed to  control 
other  contaminants  might be  practical  as  well. 

A fuel-switching MCS (designed for SO2 control)  involves  stockpiling 
low-sulphur fuel  for  use  during  periods  of  poor air dispersion  charac- 
t . r . t . i s t i c s  when emissions  from the source  might  otherwise  produce 
arnlrient concentrations  above  acceptable  thresholds.  Straightforward 
Ir . l~d  reduction  procedures  can be used  to  reduce emissions in same 
irr:>tances. The practicability  of  this  type  of MCS for an  electric 
ql~twrating  plant  depends on the  role  of t.he plant  with  respect to 
other generating  facilities. In general, load switching is feasible 
oI1ly for a capacity  surplus  energy  deficient  system  such as exists in 
Rritish  Columbia at the  present time. 
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_ _ ~  SCHEMATIC REPRESENTATION OF METEOROLOGICAL 

CONTROL SYSTEM WITH COMPONENT  INTERACTION 

FOR THERMAL GENERATING PLANT 
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The 80% sulphur  removal  criterion  presently  required  under  subsection 
2.2 of  the  Objectives  for  Mining,  Mine-milling  and  Smelting  Industries 
with  the  operation  of  an  MCS  or  "sulphur  dioxide  control  regime"  would 
not  necessarily be required  for  a  coal-fired  power  plant  to  meet  the 
proposed  three-hour,  twenty-four  hour  and  annual  ambient  air levels. 
Local topography  and  meteorology,  background  air  quality  and a.djacent 
land use  activities  should  also  be  considered  for  each  individual 
case. 

f ~ o r  a  coal-fired  thermal  plant  operating  in  mountainous  terrain  in  the 
Province,  the  time lag associated  with  the  components  of  an MCS (e.g. 
distance  between  plant  and  sensor,  time  to  achieve load reduction  or 
fuel switching) is such  that  an  MCS i s  not  practical  unless th'e shortest 
averaging  time  for  sulphur  dioxide  concentrations  is  at  least  three 
hours. 

A s  described in Section 5.1.6, the  adoption o f  a  three-hour  averaging 
period, at a  slightly  more  stringent level than  currently  applicable 
for  the  one-hour  guideline,  is  reasonable  for  large  coal-fired  plants. 

The  use  of MCS provides  for  environmental  protection in an  economic 
manner,  and,  with  current  improvements in monitoring  techniques  and 
data  processing,  facilitates  both  compliance by an  operator  and  enforce- 
ment by a  regulatory  agency. 

6. I .  3 Cooling  Towers 

Factors  affecting  the  potential  environmental  impact  of  both natural 
and mechanical  draft  towers  include  tower  shape,  plume  release  height 
and multiple  tower  location  relative  to  each  other. 
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Natural  and  mechanical  draft  towers  differ  substantially in their 
environmental impacts. During  periods  of  moderate  to  strong  winds, 
the  potential  for  plume  downwash and recirculation is greatest  for 
rectangular  mechanical  towers.  The  severity  of  downwash  depends  upon 
the  angle  of  the  wind  relative  to  the  tower.  Greatest  potential  for 
ground-level  impact is expected  when  the  wind is perpendicular  to  the 
line  of  cells;  conversely,  maximum  plume  rise  and  the  least  potential 
ground-level  impact  should  occur  with  winds  parallel  to  the  tower's 
long  dimension. 

I n  contrast,  round  mechanical  draft  or  natural  draft  towers  present 
less of  an  obstacle  to  the local air  flow  and  this  reduces  the  frequency 
of  downwash  occurrences.  In  addition,  the  pattern  of  the  plume is 
independent o f  wind  direction.  Due  to  the  low  release  height  of  round 
mechanical  draft  towers  (approximately 65 feet), ground-level  impact 
potential  under  conditions  of  high  wind  speeds  must  still  be  considered. 

Natural  draft  towers  typically  discharge  their  effluents  from  heights 
of 300 to 500 feet  above grade. In general,  observations  in t.he 
vicinity  of  such  towers  indicate  that  visible  plumes  do  not  extend  to 
the  ground,  where  icing and fogging  impacts  are  of  concern,  especially 
at  the  plant  switchyard,  transmission  lines,  access  roads, etc. 

It i s  also  possible  that  even  elevated  plumes will impact upon high 
terrain  downwind  of  the  cooling  towers. 

1\11 the  cooling  tower  designs will lead to  extended  visible  plumes 
during situations of light winds and  cool temperatures. 

Drift i s  a small carry over  of  water  droplets  entrained in the  exhaust 
a i r ,  and is independent o f  the  water  lost by evaporation. 
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The amount o f   d r i f t   d e p o s i t i o n  from  cool ing  towers i s  a l so  a func t i on  

o f   t he   t ype   o f   coo l i ng   t owers  and t h e i r   r e l a t i v e  placement. The low 
re lease  he igh t  and s u s c e p t i b i l i t y   t o  downwash which  character 'ze  the 

mechanical draf t   towers,   tend  to   produce  pat terns o f  d r i f t   d e p o s i t i o n  

t h a t   a r e   c h i e f l y   c o n c e n t r a t e d  i n  the  area  near  the  tower  structure.  

I n   c o n t r a s t ,   d r i f t   f r o m   t h e   h y p e r b o l i c   ( n a t u r a l   d r a f t )   d e s i g n   i s  

dispersed  over a l a r g e r   a r e a   r e s u l t i n g   i n   l e s s   c o n c e n t r a t e d   d e p o s i t i o n  

pa t te rns .  Deployment o f  mu l t ip le - tower   coo l ing  systems i s  impor tant  

because d r i f t  f rom  ind iv idua l   towers   can   over lap ,   c rea t ing   subs tan t ia l l y  

h igher  deposi t ion  rates  near  the  towers.  

6 . 1 . 4  Fugit ive  Emissions 

Fugi t ive  emissions  f rom power plant  operat ions  occur  f rom  wind-blown 

p a r t i c u l a t e   o r i g i n a t i n g   w i t h   c o a l  and f l y  ash  handling  operations. 

Water  spraying i s  an e f f e c t i v e   c o n t r o l  method t o  reduce f u g i t i v e  

emissions  from  coal  conveying and coa l   s tockp i l ing   opera t ions .  Fly 

ash  storage i n   s l u r r y  form will prevent  emissions  of   part icula. te  f rom 

t h i s  source. 

6 .2  Water 

Primary  water uses  and wastewater  flows i n  a t y p i c a l   c o a l - f i r e d   t h e r m a l  

genera t i ng   s ta t i on   a re   p resen ted   i n   Tab le  6-2. 

I n  the fo l l ow ing  s e c t i o n s ,  the  wastewater  streams and p o l l u t i o n   c o n t r o l  

technologies  are  discussed i n   d e t a i l .  

6 . 2 . 1  Construct ion Phase 

The major   mater ia l   p repara t ion   sys tem  u t i l i zed   dur ing   the   cons . t ruc t ion  

o f  a power p l a n t  i s  a concrete  batch system. Wastes from  these  opera- 

t ions  are  produced  by  mixer,  truck and other  associated  equipment 

26/9-2 
6 - 9  



PROCESS  PHENCMENON  IMPACT ON PLANT-CONTROL  IMPACT ON ENVIRONMENT-  WASTEWATER  STREAH I 
FOR POLLLiTION CONTROL ! 

I 

USE  INCREMENT 
CURRENT  TECHNOLOGY 

Construction 
1. ConstTuction  Activity  Drainage System Susperded  Solids (88) Construction  Runoff  Clarification 
2. Potable  Water  Supply  Treatment f o r  SS Reno-  Organics (BOD), Bac-  Sanitary  Wastes 

Val and  Chlorination  teria, SS, Nutrients  Clarification,  Chlorination I 
Biological  Waste  Treatment  Processes, 

Operation 
1. Condenser  Cooling 

Water  System 
Treatment by Chemical  Heat,  Chlorine,  Corro-  Cooling  System  Blowdown  Cooling  Towers  for  Heat  Dissipation, 
Addition b SS Removal  sion  Inhibitors,  Sul-  Dechlorination if required,  Reuse. 

2. Plant  Equipment Treatment by Chemical  Heat,  Chlorine.  Cooling  System 
Addition and Suspended  Corrosion,  Inhibitors,  Blowdown 
Solids Renoval Oil/Crease 

fates 

Cooling  Water 
OilAJater  Separation,  Dechlorination 
if  required. Reuse. 

3. Boiler  Makeup  Treatment by Demineral-  Metals,  Chemicals,  Boiler  Blowdown  and 
ization and Chemical 

Reuse,  Equalization,  Neutralization 

Addition 
Total  Dissolved  Solids  Demineralization 
(TDS), Sulfates,  Sodium  Regeneration  Wastes 

~ 

4. Bottom Ash/Fly Ash ”- Metals, TDS, SS Ash Sluicing  Super-  Clarification  and  if  required  Chemical 
natant  Precipitation  of  Metals  and  Filtration Transport 

for SS Removal,  Reuse. 

Precipitation,  clarification, 
Filtration 

6. Floor  and  Equipment  Drainage  System  Oil/Grease  and SS Drainage  Wastes Oilhater Separation,  Clarification, 
Reuse. 

5. Flue  Gas  Desulfur-  Chemical  Addition TDS. Metals, SS, pH  Scrubber  Waste  Super-  Aeration,  Neutralization.  Metal 
ization  natant 
(if  applicable) 

Washdown 
7. Potable  Water  Supply Treatment Organics (BOD), Bac- Sanitary  Wastes Biological  Waste  Treatment  Processes, 

8. Runoff Coal Pile Drainage  System Sulfates,  Metals, TDS, Coal Pile  Runoff Clarification  and  if  necessary 
te r i2 ,  5 5 ,  Nn??fentS Cl?rificatian,  Chlorination, Reuse. 

ss,  PH Aeration.  Neutralization, &tal 
Precivitation  and  Filtration QWSP , - . . * . . -. . . . 

9. Metal Cleaning  Chemical  Addition  Metals, TDS. 55.  pH Metal Cleaning 
Processes  Wastewaters 

Incineration  or  Neutralization,  Metal 
Precipitation  and  Clarification.  Reuse. 
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washdown, floor washdown, aggregate washing, as well as rainfall 
runoff  from  the  materials  storage  area and entire batch  plant  area. 

Operation-related waste water is  usually  diverted  into  retention  ponds 
where it  is clarified for reuse. Discharge, if  required,  would be 
appropriately  treated  before  discharge. 

6.2.2 Controlling  Intake  Effects 

Once-through  intakes (and outfalls)  must  remain in continuous  service 
while  the  power  plant is  running. That is, they cannot be shut (down 
temporarily t o  accommodate fish runs, clean out silt, or lessen  some 
other  seasonal  environmental  impact. 

Recirculating  cooling  water  systems  with  make-up  requirements of much 

lower capacity  often  include a storage  reservoir  near the cooling 
towers  and  intake  of  water  from  the  source  can  be  interrupted without 
affecting  power  plant  operation.  Design  problems to protect the 
source and the aquatic  environment  are  accordingly less severe than 
for  once-through  systems. 

6 . 2 . 3  Potable  Water 

Waste streams  are  transported to the  sewerage  treatment facility, the 
effluent  from which, if discharged  into a receiving  water  body  would 
comply with the Pollution Control  Branch  Objectives  of  Municipal type 
waste discharges; where  this is discharged  onto land it should comply 
with the appropriate  regulations  of  the  Department o f  Health. 

6.2.4 Site  Preparation 

Current  technology to prevent  the  silting  of  water  courses  during  site 
preparation and construction  includes  storm water control structures, 
sedimentation ponds and soil stabilization (re-vegetation)  practices. 
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z 
Dredging effects  can be minimized by proper design, use of appropriate 
equipment, the choice of season, and  the  use of coffer dams and  sedi- 
ment  traps. 

6.2.5 Cooling  Tower  Blowdown 

m- 

Blowdown  from  recirculating  cooling  systems  is  essentially  make-up 
water  concentrated  a  specific  number  of  times.  Slime  and corro:jion 
control procedures may require  the  addition of very  small quantities 
o f  suitable  inhibitors  depending on site  specific  conditions. Idhere 
chlorine is  used for microbiological  control  in  the  cooling system, 
the  blowdown may  have  to  be treated to eliminate residual  chlorine. 

6 .2 .6  Boiler Elowdown  and  Demineralizer  Regeneration Wastes 

Boiler  blowdown is characteristically alkaline in  nature with the pH 
ranging  from 8.8 to 10.0. Total  disolved solids concentrations are 
generally low, and are  mainly  phosphates  which are used as a bu.ffering 
system (5-50 mg/L). Most commonly, the  blowdown will be discharged to 
other plant  water  users, e.g. ash sluicing, for reuse. 

Demineralizer  regeneration is  usually  accomplished by the application 
of  sulphuric  acid  and  sodium  hydroxide  solutions to the demineralizer 
beds  which  liberates  the  cations  and  anions  originally  removed  from 
the  process  water.  Often  the wastewater from  regeneration  exhibits  a 
non-neutral character, and is neutralized  before  discharge or reuse. 
Subsequently, these  wastes  are  usually  equalized and neutralized 
before  discharge. 

6.2.7 Ash Sluicing  Wastewater 

I n  both bottom  ash  and  fly  ash  hydraulic disposal, on-site ponding and 
sluicing  system  operation  can  occur in three  general  modes:  a  once- 
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through  system, an open loop  system and a c losed  loop system. These 

techniques  re fer   to   var ious  degrees o f  ash  pond  supernatant  reuse. I n  

a once-through system, water i s  withdrawn  from  the makeup supplj! 

source as  needed f o r   s l u i c i n g ,   d i s c h a r g e d   w i t h   t h e   a s h   t o  a pond and 

the  subsequent  supernatant i s  then  a l lowed  to   over f low  f rom  the  pond 

t o   t h e   r e c e i v i n g   w a t e r  body w i thou t  any reuse. 

I n  an open-loop  system,  pond  supernatant i s  r e u s e d   f o r   s l u i c i n g   i n  

various  degrees  depending upon supernatant  water  qual i ty.   This  type 

o f  operat ion  incorporates a makeup t o   o f f s e t  system  losses  such as 

pond evaporat ion,  seepage and wa te r   l os t   t o   t he   so l i ds ,   i . e .   wa te r  

bound i n   t h e   v o i d  volume o f   t h e  ash  and  unable t o  be recycled.  Blow- 

down t o   m a i n t a i n   r e c i r c u l a t i n g   w a t e r   q u a l i t y  i s  a l so  used. 

I n  a c losed  loop  operat ion,  where maximum r e c i r c u l a t i o n   o f   s l u i c i n g  

water i s  used substant ia l   chemical   t reatment  of   s lu icewater may be 

employed  as an a l t e r n a t i v e   t o   i n t e r m i t t e n t  blowdown. Makeup, however, 

i s  s t i l l  r e q u i r e d   t o   o f f s e t  system  losses. 

6 . 2 . 8  Flue Gas Desulphurization  Wastewater 

Any l i quo r   d i scha rge   t o   p lan t   e f f l uen t   f rom  l ime   o r   l imes tone   f l ue  gas 
scrubbers  requi res  aerat ion  to   ox id ize  the  ca lc ium  su lph i te .  It. a l s o  

requ i res  soda ash a d d i t i o n   f o r   n e u t r a l i z a t i o n  and p r e c i p i t a t i o n   o f  

metals  leached  from f l y  ash tha t   a re   car r ied   to   the   sc rubber   o r   f rom 
t h e  l i m e  or  l imestone. A f t e r  react ion,   sedimentat ion and f i l t r a : t i o n ,  
t h e  e f f l u e n t  may be reused. 

6 .2 .9  F l o o r  Drainage 

Central  vacuum-cleaning systems are  used i n  coa l - f i r ed   p lan ts   t oge the r  

w i t h  a f loor   d ra inage system t h a t   r e c e i v e s   p l a n t  washdown. 

II 
I 
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The main contaminants that can be expected in floor  drainage  are 
suspended solids, oil  and  grease.  These waters  are  usually  treated by 
a  gravity  oil/water  separation  unit  In  some  cases  chemical  treatment 
of emulsified oil  is required. 

6.2.10 Coal  Pile  Runoff 

i 

Hunoff  from  coal  piles  can  be  collected  and  diverted  to  storage  basins, 
where the coal  fines  settle  out. The settled  water  is  then  withdrawn 
at a steady  rate  to  empty  the  basin  and  the  coal  fines are periodically 
removed  to  the  coal  storage  pile.  Where  the  runoff  is  acid  and  dissolved 
metals  are  present,  the pond  is aerated,  neutralized  (which  also 
precipitates  dissolved metals),  settled in a clarifier, filtered  and 
then discharged  to  the  receiving  waters.  Alternatively, the coal  pile 
runoff  may  be  added  directly  to the ash  sluice  system. 

6.2 .11  Metal  Cleaning  Wastes 

a- 

m- 

d- 

m- 

a- 

II 
n. 

I 
L 

mw 
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Metal cleaning  wastes  are  generated at longer  intervals. The nature 
o f  the  cleaning  solvents  used is important  in  the  selection of the 
methods  of  treatment.  Some  may  be  disposed  of by incineration. 

To discharge  these wastes, the  cleaning  solutions  are  usually  neutral- 
ized  and  then  precipitated  metal  oxides  are  removed  by  sedimentation. 
Effluent  produced in some  types  of  clarifier  requires  additional 
filtration  before  discharge to  the  outfall. 

In some plants  the  boiler  cleaning  wastes may be  discharged  slowly t o  
the  ash pond, particularly if an  alkaline ash i s  produced  and  the 
precipitated  solids  are  allowed  to  settle out in the  pond. The pond 
effluent will  usually  require  further  clarification by filtration 
before  discharge. 

6 - 14 
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6.2.12  Total   Dissolved  Sol ids Removal 

c 
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I f  a rece iv ing   water  body cannot accommodate a discharge  which i s  h igh  

i n   d i s s o l v e d   s o l i d s   w i t h i n  a mix ing zone area,  e.g.  cool ing  tower 

blowdown, ash  pond  supernatant o r   t h e  combined p lant   wastewater   d is-  

charge,  then more soph is t i ca ted  and cos t ly   t rea tment  methods must  be 

implemented.  Chemical p r e c i p i t a t i o n  methods may be  used t o  reduce  the 

concent ra t ion   o f   d isso lved  so l ids ,   bu t   o ther  components o f  the  rraste- 

water may requ i re  more special ized  techniques  for   removal .  

Processes f o r   t h e  removal o f   d i sso l ved   so l i ds   wh ich   a re  i t 1  cu r ren t  use 

inc lude membrane devices  such as reverse  osmosis and e l e c t r o d i a l y s i s  

uni ts,   evaporators  including  mechanical   evaporators,   f lash  evaporators 

and vapor  compression  evaporators and i o n  exchange deminera l izers .  

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

reusable  water and r e l a t i v e l y   l o w  volume highly  concentrated  waste 

so lu t ions .  The waste  so lu t ions  are  usual ly   d isposed  o f   through  so lar  

evaporat ion ponds o r   s o l i d i f i c a t i o n   t e c h n i q u e s .  

6 . 3  Land 

lhe land  requi rement   for  a t y p i c a l   l a r g e   c o a l - f i r e d   t h e r m a l   s t a t i o n  

might  range  from 150 t o  600 acres  depending on t h e   s i t e   s p e c i f i c  

f ea Lures.  

Ihe most  s i g n i f i c a n t  i t e m s  would be the water   reservo i r  and  ash  ‘disposal 

d rea .  Whether a rese rvo i r  i s  needed i s  governed  by  the  type and 

l o c a t i o n  o f  t h e  water  supply. The s i z e  of  t h e  ash  storage  area i s  

dependent on the   p roper t i es   o f   t he   f ue l  and t h e   c h a r a c t e r i s t i c s  of the  

mine. For  example, i n  a s t r i p  mine i t  i s  p o s s i b l e   t o   r e t u r n   t h e  ash 

to the mine. 

I 
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In   p rev ious   sec t ions   the  uses o f  ash  and the  discharges  f rom ash 
ponds  have  been discussed. 

Illere are  a  number o f   a l te rna t ives   wh ich   can   min imize   the   s ize  end 

impact o f  an ash  disposal  area. 

I d e a l l y ,  an ash  pond  would be l o c a t e d   i n  a natura l   depress ion o r  g u l l y  

\.hat may not  he usab le   fo r   the   p resent   land   ac t i v i t y   (eg .   agr icu l tu re) .  

[he s o i l  should be impervious,  however, i f  it i s  not ,  an  impervious 

c lay  o r   p l a s t i c   l i n e r   m i g h t  be necessary. 

Should a pond be unacceptable  for  some s i t e   s p e c i f i c  reason, it i s  

pos \ i t , l e  t o  dump the  ash  dry   (wet ted  for   dust   cont ro l ) .  I n  such  cases 

i t  i s  necessary to   cover   the   ash   qu ick ly   to   p revent   fug i t i ve   emiss ions .  

O r ~ c : r *  f i l l e d   w i t h  ash, a disposal  area  would be covered  w i th   topso i l  

cltld  reclaimed. 
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7. ADVANCES I N   E X I S T I N G  TECHNOLOGY 

7 . 1   F a b r i c   F i l t e r s  (Bag  Houses) 

A few la rge  power p l a n t   u n i t s  i n  the  Uni ted  States have r e c e n t l y  been 

f i t t e d   w i t h   f a b r i c   f i l t e r  baghouses f o r   p a r t i c u l a t e  removal. 

l h e s e   a r e   a s s e m b l i e s   o f   f a b r i c   f i l t e r  bags or   s leeves  which  catch  the 

f l y  ash and a l low  c lean gases t o  proceed. The f l y  ash i s  dropped i n t o  

storage  hoppers  below  the  bag chamber. Bag c lean ing  can  be e f fec ted   by  

shaking  or   revers ing  the gas f low. 

Large  assemblies o f  bags would be r e q u i r e d   f o r  power p lan t   un . i t s   us ing  

B r i t i s h  Columbia  coals  wi th  h igh ash. One ser ious  operat ional   problem 

i s  the  temperature limit of   t he   f ab r i c   (abou t  550OF). I f  an a i r   h e a t e r  

ro to r   s tops ,  gas temperature  can  exceed th i s   t empora r i l y .  

The use o f   o i l  as i g n i t i o n  and warm-up f u e l  on l a r g e   c o a l - f i r e d   b o i l e r s  

can a l s o   l e a d   t o   p r o b l e m s   o f   f i r e s   i n  baghouses. 

7.2 Sulphur  Reduction  by Coal  Washing 

Where coal  washing i s  used t o   r a i s e   t h e   h e a t i n g   v a l u e  and remove ash 

p r i o r   t o  use i n  power p lan ts ,  some sulphur   reduct ion  takes  p lace.  

?he th ree   fo rms  o f   su lphur   tha t   occur   in   coa ls   a re   o rgan ic ,   su lphate  and 

pyr i t ic .   Organic   su lphur   predominates and,  as it cannot be p h y s i c a l l y  

removed, it i s  the  ma jo r  source o f   su lphu r   t ha t  combines w i t h  oxygen i n  

the  furnace  to  form  sulphur  d ioxide. 

Sulphate  sulphur i s  u s u a l l y   p r e s e n t   i n   i n s i g n i f i c a n t  amounts. 
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Pyritic  sulphur is often  present  as  about 25 percent  or  more  of  the 
total  sulphur. It can  be  removed by common coal preparation  methods o f  
size  reduction and gravimetric  separation.  Thus,  where  only ;I modest 
reduction  of  sulphur  content  is  required,  removal  of  pyritic  sulphur  can 
be an  economical and successful  method,  especially  where  a  coal  prepara- 
tion  plant is already  available. 

Results  of  sulphur  reduction  wash  tests  on US coals  are  given i n  Reference 
( 4 ) .  

With  bentonitic  clay  in  coal,  the  subsequent  disposal o f  wash  plant 
effluents  can  become  a  difficult  disposal  problem  due  to  thixotropic 
characteristics  of  the  sludge. 

7.3 Methods  of  Reducing SO, Emissions  in  Operations 
L 

I f  a  coal-fired  power  plant  without  gas-cleaning  equipment  has  to  reduce 
SO2 emissions  during  periods  of  adverse  meteorological  conditions  that 
can  affect  plume  dispersion,  several  methods  are  available  to  plant 
operators. 

These  include: 

. Burning  low  sulphur coal from  a  ready pile. 

. Reducing  plant  output. 

. Using high  heating  value coal (reducing  amount o f  sulphur  per 
unit  of heat). 

. Using  alternative  fuels (eg. low  sulphur  oil,  natural gas). 
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7.4 Electrostatic  Precipitators 
& 

A'lmost  all new  boilers  using  pulverized  coal firing  would  have  e '1 ec :tro- 
static  precipitators  for  removing  particulate  matter  from the flue  gas. 
They are well-proven  devices  and  are  now in service  on  units U[I to 1300 
MW capacity. 

A  few  plants  that  require SO2 scrubbing  as well as  particulate  removal 
are  using  combined  fly  ash/S02  scrubbers.  In  some  cases  highly  alkaline 
f l y  ash  can  partly  replace  lime  as  the  reagent  for  neutralizing SO2 in 
these combined  scrubbers. 

Fly-ash particles  are  electrically charged, and  then  are  directed  through 
an  electrical  field  to  remove  them  from the gas  stream on collecting 
electrodes. The fly-ash is  dislodged  from the collecting  electrodes, 
and  falls  into  storage  hoppers.  High  voltages are required  and the 
power  requirement is typically  up  to 0.3% o f  unit  output. 

7.5 Scrubbers  and  Flue Gas Desulphurization 

Scrubbers  are  mechanical  devices  installed  to  remove  contaminants  from 
boi'ler flue  gas.  In  the  simplest  form  liquid  is  sprayed  into  a  large 
vessel t.o 'wash' or 'scrub'  the gas.  In the more  complex  system,  the 
t lue gas flows through  trayed  or  packed  towers  for  intimate  contact  with 
a liquid solution.  Scrubbing  devices  of  various  types  have  been  applied 
t o  the f lue  gas  effluent  for  many years, with  or  without  the a!ddition of 

(.hemica1 compounds o f  some  type  into  the  boiler  combustion  space,  or 
illto the ducting  prior  to  the  scrubbers. 

i n  t h e  original  limestone  process,  lime  was  injected  directly  into  the 
cumhtrstion space  where  the  residence  time  was  long  enough  to c:alcine the 
I i m e ~ t o n P  t o  calcium  oxide  or  to  have  reaction  between  the  sulphur 
clioxide and the  limestone. 

7 - 3  



L 

These  reaction  products  were  collected in a wet scrubber where additional 
sulphur dioxide was removed  from  the flue gas stream by conversion to 
calcium sulphite  and  calcium  sulphate.  Operation  problems  of  boiler 
tube  plugging and demister  plugging led to major  modifications;  with 
either abandonment  of  the  process  or  conversion to a full limestone flue 
gas  desulphurization  system  without  limestone  injection to  the  furnace. 

Now, flue gas desulphurization is  the  term  used to designate a carefully 
designed gas process in which  each  component has a specific  function 
under process  conditions  that  must be precisely  controlled. SlJch systems 
have high  capital cost and  require  technology and operating  skills  that 
historically  are  not well developed  within  the  industry. 

7.5.1 Flue Gas Desulphurization  Today 

[here  are no specific  flue  gas  desulphurization (FGD) requirements  under 
any jurisdiction in Canada  and it  is  believed  that  there  are  no  FGD 
systems in operation  or  under  construction at any  operational  site; 
certainly  not at any coal-fired  power plant. Ontario Hydro has  operated 
a limestone  slurry FGD system  pilot  plant  and has participated  financially 
in other projects. 

Development o f  specific  processes to limit  sulphur  dioxide  emissions 
from coal-fired thermal  power  plants  in  the  United  States was spurred by 
the  Lnvironment  Protection  Agency (EPA) "New Source  Performance  Standards" 
issued on 23 December 1971. These  standards  required all new  or  modified 
cnal-fired boilers t o  limit SO2 emissons to 1.2 pounds  per  million  Btu. 
Illis standard  could be met by installing flue gas  desulphurization 
,,crubbers or by burning  low  sulphur  coal. 

Wherever possible most  consumers of high sulphur coal switched to  low 
sulphur coal to meet the  new  standard. Meanwhile, costly full scale and 
5ome p i l o t  scale  studies  commenced on flue gas desulphurizatio,? (FGD) 
r,yst.ems; usually  with  extensive  funding by EPA. 
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The adverse economic impact   o f   th is   s tandard  was severe i n   s t a t e s  

hav ing  large  reserves  o f   h igh  su lphur   coal .   For  example, coal  produced 

and consumed i n  Iowa i n   r e c e n t   y e a r s  was on ly  600,000 tons  annual ly  as 

compared t o  an  annual  consumption o f  seven m i l l i o n   t o n s  o f  imported  low 

sulphur  coals  from Wyoming and  Montana by  Iowa u t i l i t i e s .  The adverse 

impact was aggravated  by  h igh  taxat ion on coa l   p roduc t ion  imposed  by 
those  producing  states.(53) 

I .  5.2 Flue Gas Desulphur izat ion Systems 

A de ta i l ed   p resen ta t i on  on t h e   s t a t e   o f   t h e   a r t   o f   f l u e  gas desulphur iz-  

a t ion  technology i s  presented i n  Appendix I V .  A b r i e f  descrip1,ion o f  

the  processes and comments on t h e i r   a p p l i c a b i l i t y   f o l l o w s   i n   t h i s  and 

ot.her sect ions.  Systems f o r  removal o f   su lphur   ox ides  f rom  f lue gas are 

c l a s s i f i e d  as nonregenerative and regenerative  processes. 

I n  general,  nonregenerative  processes as a p p l i e d   t o  FGD system!; produce 

a calc ium  sulphi te/sulphate  s ludge  f rom  the  cont inuous  contact   of   the 

f l u e  gas w i t h   l i m e s t o n e   o r   l i m e   s l u r r i e s .  Chemical sca l ing ,   cor ros ion  

and  sludge  disposal  are  the  major  adverse  factors  related  to  nonregener- 

a t i v e  systems w i th   t he   l a t te r   be ing   ve ry   impor tan t ,   env i ronmen ta l l y  and 

economically. 

The s ludge   o f   ca l c ium  su lph i te / su lpha te   usua l l y   se t t l es   t o  a s l u r r y  

conta in ing  about  60 percent  water  by  weight as a t h i x o t r o p i c   m i x t u r e  so 

that. disposal  and containment  require sound eng ineer ing   invo lv ing  so i l  
and geotechnical  expert ise.  Also  groundwater  contamination i s  a p o t e n t i a l  

problem, water makeup volumes t o   t h e  system  are  high,  water  disposal and 

t.reatment to  control   water  purged  f rom  the system, i n   o r d e r   t o   m a i n t a i n  

I(JW tota l   so l ids,   present   s ign i f icant   operat ing  problems.   Technology 

f o r  s l udge   f i xa t i on  has been  developed  but  this may n o t   b e   e f f e c t i v e  and 

a p p l i c a b l e   i n  some r e g i o n s   o f   B r i t i s h  Columbia that  exper ience  severe 

winter  condi t ions.   Final ly,   nonregenerat ive  processes have a h igh  

energy  consumption. 
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I f  a 2000 MW (2240 MW gross) coal-fired  plant  were  fired  with 6300 
Btu/lb. coal, with 0.5 percent  sulphur, 26 percent  ash  and 20 percent 
moisture (as  received),  it would  consume  at full output, 40,000 tons of 
coal  per  day  and  produce 10,400 tons  of ash per  day.  At  a 65 percent 
capacity factor, the  annual  coal  consumption  would  total 9.5 m-illion 
tons  and  produce 2.5 million  tons o f  ash. 

If a  lime  slurry FGD system  was  applied  to  remove 80 percent 0.f the 
sulphur, sludge  would be produced  at  the  rate  of  about 1500 tolls per  day 
(40 percent  solids by  weight). Daily sludge  disposal costs may  approach 
$20,000 and  require  a  disposal  volume o f  40,000 cubic feet per  day. 

7 . 5 . 3  Applicability  of FGO Technology 

Generally, the  sulphur  content of British  Columbia coal  does  not  warrant 
application o f  FGD processes.  In  some  areas of  the Province  this  techno- 
logy  could  prove  essential  to  meet  ambient  air  quality criteria, given 
the  meteorological,  topographic  or  limited  air-shed  capacity  to  absorb 
the emission load  from a proposed  plant. Otherwise,  the economics o f  

FGD  systems  are  not  attractive  compared  to  alternative  methods of emis- 
sion  control.  Recent  published  data (51) to the end o f  1976 indicate 
that 24 installations  totalling 6000 Mw were operative with FGD processes. 
O f  the 8 new  plants  designed with an  integral FGD system, 97 percent o f  

the MW capacity  was of the  nonregenerative  type  compared  to 83 percent 
o f  the  capacity  on  retrofit  installations. 

For  the 33 systems  under  construction,  totalling  nearly  14,000 Mw with 
28 new  and 5 retrofit  units, 92 percent o f  the new li(w capacity  was o f  

nonregenerative  type  as  compared  to 72 percent  for the retrofit. O f  the 
18 systems o f  9000 MW for  which  contracts  have  been  granted 91 percent 
o f  the MW capacity  was  nonregenerative  types. 
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These  data  reflect  the  fact  that  nonregenerative FGD system  technology 
which  commended  development  in 1968 only  became  proven  technology in 
1975. 

The reliability  and  availability  of FGO systems  have  been a major 
question as  well.  Mechanical  problems  have  faced  many of the  units  in 
operation.  These  have  included  plugging of boiler  tubes  and dlemister 
pads, corrosion  of  stack  liners  due to the  cold,  wet  flue  gas  that 
results,  plugging of reheat systems, and  operational  problems  at  partial 
load.  Several  plants in the  United  States  have  been  operating with 
greater  than 80% availability which is  an  improvement over performance 
in previous  periods. 

Regenerative  systems are still  not  classed as proven  technology 

High costs, operating  and  maintenance  problems,  limited  availability  for 
service, and  waste  disposal  problems  associated  with FGD systems,  have 
precluded  their  installation on Canadian  coal-fired  power  plants. 
Instead, other  methods  of  reducing or controlling SO2 emissions  have 
been  used. 

7.5.4 FGD Systems  Economics 

Figures 7-1 and 7-2 show  the  effects of unit size and  sulphur  content of  
coal on the investment  for  installations  on  new  units (52). In  comparing 
these rankings it should be noted that the lime slurry process  does  not 
provide  facilities  for  calcining  limestone  and  includes  a miniinurn of 
facilities  for  storage  of the calcined  material. These figures  show 
generalized  costs  only  and  the  final  costs  could  be  affected  significantly 
by specific  applications.  Table 7-1 presents  a  summary  of the total 
capital  investment  requirements  derived  from U.S. experience  for  various 
FGD systems, based  on  mid 1974 cost data. 
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TABLE 7-1 

S U W R Y  SF TDTAL CAPlTAL iNVESTMENT REQUIREMENTS FOR F . G . D .  SYSTEMS ON COAL-FIRED T H E M L  PLANTSa 

I i 
I Years 

Case 

Coal-fjred  power  unit 
90% SO removal;  on-site  solids  disposal I 

~~ t Life 

200 W new. 3.5% sulphur 

500 W new. 2.0% sulphur 
500 Hd existing, 3.5% sulphur 

20 200 MI existing, 3.5% sulphur 
30 

25 
30 

500 MI new. 3.5% sulphur 
500 I1w new, 5.a sulphur 

30 

1000 MJ existing, 3.5 sulphur 
30 
25 

1000 W new, 3.5% sulphur 30 

80% SO removal;  on-site  solids  disposal 2 

500 W new, 3.5% sulphur 30 

90% SO removal;  off-site  solids  disposal 2 

500 cR( new, 3.5% sulphur I 30 

90% SO removal;  on-site  solids  disposal 2 

particulate  collection facilities) 
(existing  unit  without existing 

500 MJ existing, 3.5% sulphur 25 

Nonreaenerable  Processes 

13,031,000 65.2 

22.422.000 44.8 25.163.000 50.3 

26,027,000 52.1 23,088,000 46.2 
20,232,000 40.5 22,600,000 45.2 

13,036,000 65.2  11,344,000  56.7 
11,749,000  58.7 

27,343,000  54.7 

32.765.000 32.8 37,725,000  37.7 
38,133,000 38.1 35,133,000 35.1 
24;272;000 48.5 

. .  

24.267.000 48.5 21,586,000 43.2 

20,532,000 41.1 18,323,000 36.6 

29.996.000 60.0 26,090,000 52.2 

Magnesia  Process 
( f )  (f/kU) 

14,139,000 70.7 

26.026.000  52.1 
14,372,000  71.9 

22;958;000 45.9 
26,406.000 52.8 
29,355,000 58.7 
38.717,OOO 38.7 
38,865,000 38.9 

25,568,000 51.1 

32.213.000 64.4 

generable  Processes 

($1 (‘/.h+/ (I) Sodium  Process  Cat-Ox  Process 

16,198,000 
17,149,000 

26.706.000 
31,208,000 

30;491;000 
33,709,000 
47,721.000 
45.932.000 

81.0 
85.7 
62.4 

61.0 
53.4 

67.4 
47.7 
45.8 

19.537.000 
17,735,000 

1 42,520,000 
37,907,000 

42,736,000 
42,928,000 
62,913.000 
69.889.000 

97. I 
e%. 7 

85.0 
75.8 

85.5 
85.9 
62.9 
69.9 

29.127.000 58.3 l -  - 

37.957.000 75.9 43.816.000 87.6 

%idwest plant  location  represents  project  beginning mid-1972, ending mid-1975. Average  cost  basis  for  scaling, aid-1974. Minimum  in  process 

overtine  pay  incentive  not  considered. 
storage;  0nly.pwps  are spared. Investment  requirements  for  disposal  of  fly  ash  excluded.  Construction  labour  shortages  with  accompanying 

7 

bAll  Cat-Ox  installations  require  particulate  removal  to 0.005 gr/scf prior  to  entering  converter,  Because  existing  units  are  assumed  to 
hawe  already  met EPA standards (0 .1  lb particulateh Btu  of  heat input). Only  incremental  additional  precipitator  is  required. 
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Figure 7-1 
I I I I I 

: W R I W  n r u  coal-fired units-sffect of  sulfur content of c o a l  on unit 
Inwstmcnt cost. 

7 - 9  



I 

IL 

L 

* 

#- 

More recent  data  (53) on ac tua l  systems w i t h   a l l   c o s t s   a d j u s t e d   t o  

January 1975 show a range f o r   a l l  systems  from $50/kw t o  $205/'kw with 

the  mean value $91/kw. For  the  l ime and l imes tone   s lu r r y  systems t h e  

range was from $50/kw t o  $88/kw w i t h  a mean v a l u e   o f  $70/kw. 

Operat ing  cost   data  (53),  show the  maintenance  costs  including  labour 

and ma te r ia l s  were e s t i m a t e d   a t  3 percent   o f   the   cap i ta l   cos t .   Energy  

requirements  ranged  from 1 t o  9 p e r c e n t   o f   u n i t   r a t i n g  and, i f  app l icab le ,  

another 1 t o  2 p e r c e n t   f o r   f l u e  gas reheat. 

The h igh   cos t  and known d i f f i c u l t i e s   o f   o p e r a t i o n   o f   s c r u b b e r s  have 

precluded any  Canadian u t i l i t y  from  embarking upon t h e i r   i n s t a l l a t i o n  so 

fa r .   Other  methods o f   r e d u c i n g ,   o r   c o n t r o l l i n g  SO2 emissions  have  been 

found   sa t i s fac to ry   i n   ensu r ing   t ha t   coa l   ene rgy   i s   conve r ted  t o  e l e c t r i c i t y  

on a rel iable  cont inuous  basis,   wi th  acceptable  environmental   impacts.  

The s t a t e - o f - t h e - a r t   f o r  FGD systems  today  can  be  summarized 51s fo l lows:  

26/9-2 

FGO system  energy  consumption  ranges  from 2 t o  3% o f   u n i t  

output .  

Cap i ta l   cos t  and opera t ing   cos ts   fo r  FGD systems  have a s i g n i f i -  

cant  impact on t h e   d i r e c t   c o s t   o f  power t o   t h e  consumer. 

It i s  t e c h n i c a l l y   f e a s i b l e   t o   d e s i g n  systems t o  reduce  sulphur 

emissions t o  1.2 l b .   p e r   m i l l i o n   B t u .  

Only  nonregenerative  systems may be classed  as  proven  technology; 
and wh i l e  SO2 emissions  are  reduced  the  pol lut ion  problem now 

becomes one of   major   so l ids  waste and  waste  water  disposal. 

Capi ta l   investment i n  new and r e t r o f i t  systems i n   t h e   U n i t e d  

States i s  escaka t ing   a t  a h igh   ra te ;   " the   cumula t ive   M-years  

of   exper ience'wyl l   double  every  18 months from now through 

7 - 10 



* Quoted i n   r e f e r e n c e  (53), r e f e r r i n g   t o  a  paper by R. L. Andrews 

presented a t  American Power Conference,  April 1977, "Current Assessment 

o f   F l u e  Gas Desulphurization  Technology". 
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8. FUTURE  TECHNOLOGY FOR  POLLUTION  CONTROL 

8.1 Fluidized  Bed  Combustors 

In  fluidized  bed  combustion the coal is burnt  in  an  inert bed, usually 
coal ash, which  is  fluidized by blowing  combustion  air  through it. For 
this  process  the  coal  need  only  be  crushed to a small size (less than 
1/8"). The  advantages  of  fluidized  bed  combustion  are that th'e combustion 
temperatures  are  low (800 - 900°C) hence  reducing  the NOx formed, and 
that the high  fuel  residence  time in the  bed allows  for the combustion 
o f  low  quality  fuel  and  absorption of sulphur  directly in the bed. 

8.1.1 Atmospheric  Fluidized  Combustion 

Fluidized  bed  combustion  has  been  under  development  since  the  early 
1960's. The largest  atmospheric  unit  is a 40,000 lbs/hr.  (equivalent to 
4 MW) boiler  at  Renfrew,  Scotland. No development  of  large  thermal 
station  atmospheric  fluidized  bed  boilers  has  taken  place  principally 
because  there  is  no  economic  advantage  to  force  a  change  from  the 
established  pulverized  fuel  combustion  system. The capital  costs are 
about  the  same and  the  efficiency of the  fluidized  bed i s  slightly  lower 
due to  the  lower  combustion  temperatures. 

8.1.2 Limestone  Addition 

Ctrrrent interest in fluidized bed combustion  is  related  to its capa- 
b i  lity  to reduce  emissions.  Since  the  coal is not  pulverized there i s  
less particulate  carryover in the  gases  from the furnace. The reduction 
in NOx has  already  been  mentioned. The  most significant  factor  however 
is t h e  possibility  of  injecting  limestone  or  dolomite  into the fluidized 
bed for  absorption o f  sulphur. The limestone on heating  forms  calcium 
oxide  which  reacts  with  the  sulphur in the coal  to  form  calcium  sulphite 
o r  calcium  sulphate.  This  requires  no  special  modifications  to  the 
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to   form  ca lc ium  su lph i te   or   ca lc ium  su lphate.   Th is   requi res no specia l  

m o d i f i c a t i o n s   t o   t h e  combustion,  only a system t o  add the   l imes tone   t o  

t h e   f u e l  i s  necessary. The amount o f   l imestone  requi red  would  vary  

w i t h   t h e   t y p e  o f  l imestone and a l s o   t h e  amount o f   c a l c i u m   i n h e r e n t   i n  

the  ash. Genera l ly   about   tw ice  the  theoret ica l  amount t o   c o n v e r t   t h e  

sulphur  would be required. 

8 .1 .3   Pressur ized   F lu id ized  Bed Combustion 

r). 

F 

I' 

IF 

1' 

* 

Most, o f  the   p resent   f lu id ized  bed  development i s   d i r e c t e d   t o   p r e s s u r i z e d  

f l u i d i z e d  bed combustion.  This  system  provides  the  environmental 

adv.3ntages o f   a tmospher i c   f l u id i zed  bed  combust ion  wi th  the  promise  of  

reduced  capi ta l   costs  and h ighe r   e f f i c i ency .  

The reduced  capi ta l   costs  would be r e a l i z e d   b y   t h e   r e d u c t i o n   i n   b o i l e r /  

combustor s i z e   t o   t h e   p o i n t  where  shop  assembly  would  be  possible. 

The increase i n   e f f i c i e n c y   w o u l d   b e   r e a l i z e d  by  using a combined  gas 

t u r b i n e  and  steam c y c l e  system. 

P ressu r i zed   f l u id i zed  bed  combustors  are a t   t h e   p i l o t   p l a n t  development 

stage  and  they have not  been  operated  with gas turb ines.  One o f   t h e  

c r i t i c a l   f e a t u r e s  i s  t h e   q u a l i t y   o f  gas stream  produced  and it:; e f f e c t  

on the gas tu rb ine .  

P ressu r i zed   f l u id i zed  bed  combustion  could  be  demonstrated  by 1,he mid 
IW(1's i n  which case commercial u n i t s   c o u l d  be i n   s e r v i c e   b y   t h e   e n d  

o f  the  1980's o r  ear ly   1990 's .  B.C.  Hydro i s  c u r r e n t l y  engaged i n  a 
, j o i n t  stctdy  program with  the  Federal  Department.of  Energy,  Mines  and 

Resources   wh ich   inc ludes   the   feas ib i l i t y   o f   cons t ruc t ing  a dema'nstration 

p ressu r i zed   f l u id i zed  bed p l a n t   i n   B r i t i s h  Columbia. 
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8.2 Gasification  for  Power  Generation 

Coal  gasification  by  various  processes  has  been  commercial  since  the 
late  1880's.  Some  of  the  earlier  processes  simply  heated  the  coal  to 
drive  off  the  volatile  matter  leaving  a  coke or  char residue. The 
gasification  processes  considered for development  today  convert all 
the hydrocarbon  matter  to  gas.  Generally  two  products are considered, 
either  a  pipeline  quality  gas  (substitute  natural  gas) or a  lower  Btu 
fuel  gas. 

The  pipeline  quality  gas  is  expensive  but  is  a  product virtua'lly 
indistinguishable  from natural gas  and  can  be  transported  and  used in 
the  same  manner. The technology  is  commercially  proven  but  no  large 
scale  plant  is  in  operation  although  a  number are close to construction 
commitment. 

As a pollution  control  measure  it  is  not  necessary  to  produce a high 
Btu  gas  and so the  gasification  process  can  be  simpler  and 1es.s  costly. 
The low  Btu  gas  produced by air  blown  gasification  consisting  mainly 
of hydrogen  and  carbon  monoxide  can  be  cleaned  using  established  gas 
cleaning  methods  (the  sulphur  is  as  hydrogen  sulphide). The gas  can 
be  utilized in a  conventional  boiler or a  combined  cycle  system. A 
170 Mw coal  gasification  combined  cycle  demonstration  unit  is  currently 
operational in Germany.  Development  work  is  continuing  and  a  commitment 
Lo a  larger  unit  has  been  delayed. The earliest in service  date  for 
t.he first  commercial  unit is the  late  1980's. 

8 . 3  Flue  Gas  Desulphurization 

Several  advanced  FGO  process  systems  are  under  test  at  the  pilot  plant 
stage or' are  under  demonstration  at  small  thermal  plants. All are of 
the regenerative type, tending  to  show  some  promise  for reducelj operating 
and capital  cost.  None  may  be  classed  as  proven  technology. 
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The advanced  processes  currently  at  a  pilot or demonstration  stage 
are: the molten  carbonate  process that has  been  piloted on 1 0  MW 
scale;  a 20 Mw pilot  scale o f  the Foster-Wheeler/Bergbau-Forschung 
absorption  process;  the  "Consol" FGD 10 MW pilot of  the modif.ied 
format  process;  the  Shell  copper  oxide  process, a pilot  plant of 37 
M W ;  and  the U . S .  Bureau  of  Mines  citrate  process,  a  pilot  plant at a 
lead smelter, and  more  recently on a small coal-fired  boiler of about 
1 Mw. 

8 - 4  



9. RECOMMENDATIONS 

9.1 General 

It. is  recommended  that: 

o The  Pollution Control  Objectives for the  Mining,  Mine-milling  and 
Smelting  Industries of British  Columbia be  amended to include  coal- 
fired  power  plants. 

o Objectives  and  Guidelines  be  considered  as  a  realistic  basis for 
initial project  evaluation  and design, not  a standard, so that  each 
permit  application  for a proposed  project  would  be  evaluated  on  a 
site-specific  basis. 

o Environmental  monitoring  programs  be  initiated  prior  to  the  commence- 
ment of operations  in  order to provide base1  ine  data for impact 
assessment.  After  plant  start-up, the monitoring  programs  should 
be  reviewed,  assessed,  and  modified where necessary,  to emure that 
all significant  contaminants are being  adequately  monitored  during 
plant  operation. 

o A baseline  trace  element  study  of  major coal deposit  regions  be 
conducted by an  appropriate  British  Columbia  Government  Agency,  and 
that  a  brief be submitted  to  the  next  inquiry  stating  the  results 
and  recommended  trace  element  ambient  guidelines  and  emission 
objectives. 8.C. Hydro has  extensively  evaluated,  and  is  continuing 
t o  evaluate,  the  baseline  levels o f  trace  elements in the  land, 
air,  water, flora,  and  fauna  with  respect  to  one  particular  coal 
deposit.  The  studies to date do  not  indicate a variance wit,h 
respect t o  trace  element  criteria in the  existing Mining, Mine- 
milling, and  Smelting  Objectives. Trace element  guidelines  and 
objectives  should be  established on a  province-wide  basis  consi- 
dering all coal deposits,  the  baseline  trace  element  levels in the 
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coal,  air, land,  water,  flora  and  fauna in the area o f  each  coal 
deposit and their  significance. No recommendation  with  respect  to 
trace  element  levels is  made at  this time. 

9.2 Air 
I 

lhe ambient  air  quality  should be the  overriding  constraint in establish- 
ing the  acceptability of gaseous  emission  controls as applied  to  coal- 
fired  power  plants.  Since  ambient  air  quality  guidelines  are  designed 
to protect  both  public  health  and  the  environment,  it  would  selm  reasonable 
that some variance  should  be  permitted from ambient  air  guidelines in 
unpopulated  elevated  terrain. 

Where  it  is  necessary  to  implement  control  measures  in  order  to  meet the 
ambient  air  quality  guidelines  with  respect  to  sulphur  dioxide,  meteoro- 
logical  control  should be accepted  as one practical  and  satisfactory 
control  measure. The details  of  any  meteorological  control system, 
which  would  generally be along  the  lines  indicated  in  this  brief, 
should  be  evaluated  as  part o f  the  permit  approval  process on a site 
specific basis. 

The  levels of ambient  air  quality  listed in Appendix I, Table I ,  o f  the 
Pollution  Control  Objectives  appear  satisfactory  for  coal-fired  thermal 
power  plants  except for  sulphur  dioxide  levels,  and  the  qualification 
with  respect t o  trace  elements  in 9.1  above. 

I t  i s  recommended that the  1-hour  averaging  period  for  sulphur  dioxide 
levels be  waived f o r  coal-fired  thermal  plants  and a 3-hour aver,aging 
period  established  with  a  maximum  average  concentration o f  0.25 ppm. 

Since  emissions  are  only  one of a  series of factors  considered i n  the 
protection  of  ambient air quality,  emission  levels  should  be  established 
on a site-specific  basis. 
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The  objectives  for  gaseous  and  particulate  emissions  listed i n  Appendix I, 
'Table  I1  of  the  Pollution  Control  Objectives  appear  reasonable  and 
applicable  to  coal-fired  power plants  provided  that  an  Option  I11  be 
added  under  sulphur  dioxide  emissions  similar  to  Option 11, but  which for 
coal-fired  power  plants  specifically  excludes the 80% sulphur  removal 
criterion  and  which  additionally  makes  applicable  the  proposed  ambient 
air quality  levels  for  coal-fired  power  plants  recommended  above. 
The  previous  qualification  with  respect  to  trace  elements in 9.1 
above  would  also  apply. 

[able I11 in Appendix I of  the  Pollution  Control  Objectives which 
tabulates  the  control  objectives  for  gaseous  and  particulate  emissions 
for  specific  processes  should  be  amended  to  include  the  criter:ia for 
coal-fired  power  plants listed in Table 9-1. These additions to  Table 
111 are  intended  to ensurt  that  the  ambient air  quality  objectives  for 
sulphur  dioxide  proposed 'or addition as Option  I11  in Table  11,  are 
met. 

9 . 3  Land - 

The Guidelines fo r  Solidwaste Management  practices which are presented 
in  Section 3 appear reasmable and  acceptable  for  coal-fired  power 
plants. 
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TABLE 9-1 

PROPOSED ADDITIONS TO TABLE 111 APPENDIX I 

OF POLLUTION CONTROL OBJECTIVES 

Contaminant  Objective  Levels  Moli i tor ing 
A 

A. Emission  Control  Objectives 

6. Coal - f i red  thermal  power 
p lan ts  

(a)  Sulphur  d ioxide . . . . .  pp m 800 Col l t i  nuous 

i (b)  Oxides o f   N i t r o g e n  as 
NO2 . . . . . . . . . . . . . . . .  ppm 600 Continuous 

( c )   Pa r t i cu la te . .  . . . . . .  .gr/SCF 0.10 PCB C r i t e r i a  

6. Ambient Air Control   Object ives 

3.  C o a l - f i r e d  power p l a n t s  

(a)  Sulphur  d ioxide 3 h r .  
conc . . . . . . . . . . . . . . .  . ppm 0.25 Continuous 

%Gi'9-2 
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9.4 Water 

With  respect  to  liquid  effluents it is recommended  that  the  Objectives 
in Tables IV, V and VI in the  Mining,  Mine-milling and Smelting  Industries 
be accepted  with  the  following  two  exceptions  and  with  the  qualifications 
that  information  resulting  from  studies  of  baseline  environmental  data 
i n  the  vicinity  of  power  plant  sites  may  require  that  the  applicability 
o f  the  Objectives  be  re-evaluated. 

It is recommended  that  discharges  from  recirculating  condenser  cooling 
water  should  be  evaluated  on  a  site-specific basis. This  recommendation 
is made  since  the  environmental  effects  of  such  systems  are  affected by 
such  site-specific  factors  as  the  quality  and  availability  of  cooling 
water,  the  extent  of  re-use of the  water,  intake  and  discharge  effects 
on  aquatic  biota and make-up  water  requirements. 

It is further  recommended  that  a  waste  heat  discharge  limitation  such  as 
a maximum  allowable  temperature  increase  be  evaluated  on  a  site-specific 
basis  having  regard  for  the  relationship  of  the  project  to its environment. 

9 - 5  



I' 

I' 

* 

m 

rr 

J 

10. SUMMARY STATEMENT 

h e  vast  thermal  coal  reserves  of  British Columbia are an  important 
potential  future  energy source for the Province.  Fifty  percent of these 
reserves  are  found in the  Southern  Interior  Region. 

Coal-f i red  power  plants to generate  electricity may generally be operated 
within the Pollution Control Objectives  established for the Mining, 
Mine-mil.ling,  and  Smelting  Industries. While other  environmental  factors 
related to water and  land are  important,  it is  believed  that air emissions 
and air quality  are  the  most  important. 

I h r  climate and  terrain  of much of  the  Province  are  of  such  a  nature 
that  an  amendment  must be made to the  existing air quality  guidelines, 
for coal-fired  power plants.  An operating  framework  must be  provided 
within a three-hour sulphur  dioxide guideline, while at the same  time 
maintaining air quality at  levels that are  not  injurious or damaging to 
human health,  plant or other  life forms, nor  interfere or detract  from 
the  social  and  economic  interests o f  the people, having  regard to the 
overall  benefit-cost  relationship  that may  exist. 

With the  advances  that  have  taken  place in air quality ana1ytic:al tech- 
niques for meteorological  parameter  monitoring,  rapid data processing 
and computer modelling,  meteorological  control  systems  offer ao effective 
nwans to reduce  source  emissions  during  short-term  adverse  meteorological 
conditions. 

I t .  hds therefore  been  proposed  that  a  three-hour  time  averaging  guideline 
be established for sulphur  dioxide  concentrations in ambient air quality. 

lechnology  does  exist  for  the  control  of  particulate  emission  from  stack 
vffluent of  coal-fired  power  plants.  However  the  same cannot be said 
far the  removal of low concentration  sulphur  dioxide (less  than 1000 ppm) 

- L- --. ." 
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from  the  stack  ef f luent.   Only  the  non-regenerat ive  f lue-gas  desulphur-  

i z a t i o n  (FGO) processes  us ing  l ime  or   l imestone  s lur r ies may be classed 

a s  proven  technology. And here a t r a d e - o f f  must  be made from  an a i r  
emission  problem t o  two water   po l lu t ion  cont ro l   problems:   so l id   waste 

d i s p o s a l   o f  a th i xo t rop i c   s ludge   tha t  may conta in  40 t o  60 perNcent 

water;  and a water  treatment and disposal   problem  ar is ing  f rom  water 

used i n  the FGD system, and that  drained  f rom  the  s ludge. The c a p i t a l  

and o p e r a t i n g   c o s t s   f o r  FGO systems  can  add as much as 30 pe rcen t   t o   t he  

unit energy   cos t   o f   coa l - f i red  power p lan ts .  

.- .. 

_" ~~ . 

tuture  technology  holds  promise  to  obviate  these  problems  through  the 

t l rvr lopment  of   regenerat ive  processes  for   f lue-gas  desulphur izat ion,  and 

improvements i n  combust ion  technology  using  f lu id ized beds.  Coal g a s i f i -  

ca t ion   a lso   ho lds   cons iderab le   p romise   fo r   the   fu tu re .  But again it 

m u s t  be emphasized t h a t  none of  these  developments i s  proven  technology. 

I t .  i s  recommended t h a t   i n   a d o p t i n g   t h e   e x i s t i n g   o b j e c t i v e s   f o r  gaseous 

r~rrd p8r t icu la te  emiss ions  for   the  Min ing,   Mine-mi l l ing and Smelt ing 

Indus t r i es   t ha t :  

(1) a three-hour  t ime  averaging  per iod be adopted a t   t h e  0.25 ppm 

leve l   f o r   su lphu r   d iox ide ,  

( 2 )  meteoro log ica l   con t ro l  systems be recognized as  an e f f e c t i v e  

means o f  reducing  sulphur  d ioxide  emissions  dur ing  short- term 

per iods  o f  un favourab le   meteoro log ica l   cond i t ions ,   wh i le   a t  

the same t ime  ma in ta in ing   acceptab le   ambien t   a i r   qua l i t y ,  and 

( 3 )  t h a t  an exc lus ion be prov ided t o  the  80 percent  sulphur  removal 

c r i t e r i o n  p resen t l y   app l i cab le   t o   t he   sme l t i ng   i ndus t r y .  
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Mining  and  Utilization" by Duzy,  Corrineau,  Byron  and Zimerman 
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North  Dakota. 
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Sydney, Austral ia.  February  14th - 18th 1977. 
I 
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39. B a r t o k   e t   a l ,   " S t a t i o n a r y  Sources  and Contro l   o f   N i t rogen  Oxide 
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11.2  Glossary  of  Terms " 

Appl i ca t i on   E f f i c i ency  - The r a t i o   o f   t h e   d e s i r e d   w a t e r   a p p l i c a t i o n  
t o   t h e  amount o f   wa te r   de l i ve red   by   sp r ink le rs  t o  account f o r   t h e   d e s i r e d  
app l i ca t i on ,  deep pe rco la t i on  (due t o   d i s t r i b u t i o n   p a t t e r n   m l o n u n i f o r m i t y )  
and spray losses. (App l i ca t i on   e f f i c i enc ies   a re   ava i l ab le   f rom  the  
Engineering  Branch - B. C.  Department o f   Ag r i cu l tu re ) .  

Control  Act, 1967. 
Approved - Approval - Approved (or  approval  given) unde,r t h e   P o l l u t i o n  

Average  (avg.)  Dry-Weather  Flow (DWF) - A f low  der ived  f rom  averaging 
t h e   t o t a l   f l o w   o v e r  a s i g n i f i c a n t   d r y   w e a t h e r   p e r i o d ,   i n c l u d i n g   a l l  
san i ta ry   was te ,   indus t r ia l   was te  and i n f i l t r a t i o n .  

B i o l o g i c a l  Resource Inventory  - An annotated l i s t  o f   b i o l o g i c a l  
s tocks,   hav ing  actua l   or   potent ia l   recreat ional ,   eco log ica l   or   commerc ia l  
v a l u e ,   s u f f i c i e n t   t o  document whether t h e i r   p r e s e n t   o r   f u t u r e  use i s  
l i a b l e   t o  be impaired  by a discharge. 

Blowdown - Waste l iqu id  discharge  from  process  vessels. 

- BOD5 - F ive  day biochemical  oxygen demand a t  20°C. 

n a t u r a l   s o i l   o r   c o v e r   m a t e r i a l   i n  a l a n d f i l l .  
- C e l l  - Compacted s o l i d  wastes that   are  complete ly   enc losed by 

Characteristics,  contaminants,  parameters - Those cha rac te r i s t i cs ,  
contaminants,  or  parameters  which  are  l isted and d e f i n e d   i n   t h e  most 
r e c e n t   e d i t i o n ( s 1   o f  A Laboratory Manual f o r  Chemical  Analysis o f  Emissions, 
Ambient Air and Plant  Tissues, A Laboratory Manual f o r   t h e  Chemical 
Analys is  of Waters,  Wastewaters  and Bio log ica l   T issues,   issued  by  the 
Environmental  Laboratory, Water  Resources  Service, o r   o f  an   a l te rna te  
manual approved  by  the  Director. 

Col i forms - All o f  the  aerobic  and faculat ive  anaerobic ,  gram- 
negative,  non-spore-forming,  rod  shapedobacteria  which  fermerlt  lactose 
w i t h  gas f o r m a t i o n   w i t h i n  48 hrs. a t  35 C. 

f a c e   o f   t h e   l a n d f i l l .  
Confinement - The push ing   o f   loose ly  dumped re fuse   i n to   t he   work ing  

chamber i n  which  combustion  temperatures  are  maintained a t  a low  leve l  
t,hrough f u e l  and a i r  c o n t r o l  and i n  which  turbulence i s  minimized. 
Complete  combustion  and  odour  control  are  achieved i n  an  a f terburner .  

Con t ro l l ed  Air I n c i n e r a t o r  - An inc ine ra to r   hav ing  a pr imary  burn ing 

a t u r e   o f  20°C and a pressure   o f  760 mm mercury. 
Cubic  metre - Volume o f   d r y  gas occupying 1 cub ic   met re   a t  a temper- 

Dech lor ina t ion  - Means the   reduc t ion   o f   ch lo r ine   res idua ls .  
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been h e l d   i n  a proper ly  designed and opera ted   b io log ica l  sewage treatment 
Digested  Sludge - So l i ds   a r i s ing   f rom sewage treatment  which have 

system f o r  a p e r i o d   o f   t i m e   s u f f i c i e n t   t o   a c h i e v e   a t   l e a s t  45 per   cent  
r e d u c t i o n   i n   t o t a l   v o l a t i l e   r e s i d u e .  

t o  a s p e c i f i e d  limit fol lowed  by  adequate  mixing  wi th  not   less  than one 
D i s i n f e c t i o n  - Microorganism k i l l  achieved  by a dosage o f   c h l o r i n e  

hour   con tac t   a t   ave rage   f l ow   ra tes .   A l te rna t i ves   t o   ch lo r i na t i on   a re  
encompassed where shown t o  be equa l l y   e f fec t i ve .  

D u s t f a l l  - The depos i t ion  o f  s o l i d   p a r t i c l e s ,   u s u a l l y   g r e a t e r   t h a n  

mechanical processes such  as crushing, g r i nd ing  and d r i l l i n g .  
one micron i n  diameter  which have  been released t o   t h e  atmosphere  by 

- DWF - Dry-weather  f low (see Average  Dry-Weather  Flow). 

Embayed - I n   g e n e r a l ,   t h e  end o f  an o u t f a l l   s h a l l  be considered 
embayed i f  located on the  shore  s ide  o f  a l i n e  up t o   f o u r   m i l e s   l o n g  
drawn  between any two po in ts  on a cont inuous  coast l ine,   or   located so 
that .   the maximum w i d t h   o f  sea access  by  any rou te  i s  under one m i l e  
wide,  but may be taken  to   inc lude  o ther   waters  i f  f l u s h i n g   a c t i o n  i s  
cons idered  to  be inadequate.  Exceptions may be made where  adequate 

access" r e f e r  t o  the  mean low  t ide  a l ignment .  
f l u s h i n g  o f  an "embayed" area i s  documented. "Coast l ine" and  "sea 

Estuary - Tha t   po r t i on   o f  a rece iv ing   wa te r   l y i ng   be low  the   f a r thes t  
upstream  point  o f  detectable changes i n  water movement or   chemist ry  due 

meet a1 1 condi t ions.  
t.0 t i d a l   a c t i o n .  The lower limit cannot s a t i s f a c t o r i l y  be d e f i n e d   t o  

Excess  Moisture - Average  annual   d i f ference  between  precipi tat ion 
and evapot ransp i ra t ion .   ( ie .  a t h e o r e c t i c a l   f i g u r e  deduced from  tables 

area seeps through t o  ground  water  or  runs o f f  as  opposed t o   e v a p o r a t i o n  
i n d i c a t i n g  on average  what  proport ion o f  t h e   r a i n  and snow f a l l   i n  an 

and p lant   take-up) .  

i n   t he   ae ra t i on   t ank   o f   ac t i va ted -s ludge   t ype   t rea tmen t   p lan ts .  
Excess So l ids  - So l i ds   a r i s ing   f rom wastage o f   those  he ld   in   suspens ion  

which  because it i s  frozen  cannot be excavated with conventional  mechanical 
Ex t raord inary  Measures - The r ipp ing ,   burn ing  or b l a s t i n g   o f   s o i l  

devices such as a bu l l -doze r ,   f r on t  end loader   o r  backhoe. 

Fecal  Coli forms - Those col i forms  which  ferment EC medium w i t h  gas 
fo rma t ion   w i th in  24 hrs. a t  44.5 C. 

be f i l l e d   w i t h   r e f u s e .  
Fill Area - Tha t   po r t i on   o f  a l a n d f i l l   s i t e  which has been o r  will 

p r o b a b i l i t y   o f   b e i n g   e q u a l l e d   o r  exceeded  once i n  a de f i ned   pe r iod ;   f o r  
the  purpose  o f   these  ob ject ives  th is   def ined  per iod i s  20 years.  

F lood  P la in  - Any l a n d   l i a b l e   t o  be inundated  by a f lood  hav ing  the 
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r i s e   t o   t h e   p o i n t  where such  waters may en ter  a l a n d f i l l .  
F looding - The s i t u a t i o n  where ground or   sur face  waters   temporar i ly  

not   inc lude  shor t - term  puddles  or  ponds  formed due t o   p r e c i p i t a t i o n .  
Free Water - Includes any standing  or  moving  surface  water  but  does 

Fresh Water - Inc ludes  lakes,   r ivers ,   or   s t reams.  

Gal lon - Imper ia l   ga l lon .  

minimum temperature ( i n  an average  year )   fa l l s  above f r e e z i n g   o r  as 
otherwise  agreed  by  the  Department  of   Agr icul ture.  

Growing Season - Tha t   po r t i on   o f   t he   yea r  when the  predic : ted  da i ly  

(1) gpd - Imper ia l   ga l lons   per  day. 

quant i ty   requi res  spec ia l   d isposal   techniques t o  avo id   c rea t in lg   hea l th  
Hazardous Waste - Refuse  which  because o f  i t s  inherent  na.ture and 

hazards,  nuisances  or  environmental  pollution.  Hazardous  wastes  are 
tox ins   o r   po isons ,   cor ros ives ,   i r r i tan ts ,   s t rong  sens i t i zers ,   f lammables ,  
explosives,   infect ious  wastes,  condemned foods,  etc. Flammable wastes 
exclude  plast ics,   paper,   paper  products and t h e   l i k e .  

i s   c o l l e c t e d   i n  an upper   p ipe   w i th   l im i ted   capac i t y   connec t ions   t o  a 
lower   p ipe  carry ing  sani tary   and/or   indust r ia l   wastes.  

Hybr id  System - A two-sewer  system i n  which  sur face  water   runnof f  

I n c i n e r a t o r  - A combust ion  dev ice  spec i f ica l ly   des igned f o r  volume 
reduc t i on   by   con t ro l l ed   h igh   t empera tu re   bu rn ing   o f   so l i d ,   semi -so l i d ,  

c o n t a i n   l i t t l e   o r  no combust ib le  mater ia l .  
l i q u i d   o r  gaseous combustible  wastes and from  which  the  sol id  residues 

I n d u s t r i a l  Refuse - The d i sca rded   so l i ds   a r i s ing   f rom an i n d u s t r i a l  
p rocess   exc lud ing   l i qu id -ca r r i ed   so l i ds   i n  sewage or  process  Viquors and 
air-borne  contaminants i n  gaseous emissions. 

will not  leach t o  any s i g n i f i c a n t   e x t e n t .  It excludes  inert   waste 
m a t e r i a l s  such as overburden  from  mining  operations. 

I n e r t  Refuse - Refuse conta in ing  no putrescible  wastes and which 

I n i t i a l   D i l u t i o n  Zone - That zone around a waste  discharge i n  a 
t w e i v i n g   w a t e r   t h a t  i s  no t   sub jec t   t o   rece iv ing   wa te r   ob jec t i ves .  It 
i s  phys i ca l l y   de f i ned  as  fo l lows:  

a )  For p o i n t  discharges i n   l a k e s ,   e s t u a r i e s ,  and marine  waters,  the 
zone may extend up t o  300 f e e t   h o r i z o n t a l l y   i n  a l l  d i r e c t i o n s ,   b u t  
s h a l l  no t  exceed 25% o f  t he   w id th  o f  the  water  body. 

1)) For  point   d ischarges i n   r i v e r s  and streams t h e  zone may extend up 
t o  300 f e e t  downstream o f  the   d ischarge  po in t ,   bu t   sha l l   no t  exceed 
25% o f  t h e   w i d t h   o f   t h e   r i v e r   o r  stream. 
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c )  For m u l t i p l e  p o i n t  discharges,  such as m u l t i p o r t   o u t f a l l ! j ,   t h e  zone 
may extend up to 300 fee t   ho r i zon ta l l y   f rom a l l  po in t s  o f  d ischarge 
b u t   s h a l l   n o t  exceed 25% o f  t he   w id th  o f  the  water body. 

~ I t w  i n i t i a l   D i l u t i o n  Zone extends from the  bed o f  t he   rece iv ing   wa te r   t o  

routes known t o  be fo l lowed  by  migrat ing salmon  and t r o u t   o r   o t h e r  
the  surface. The zone may n o t   i n t r u d e  on s h e l l f i s h  beds, r e s t r i c t e d  

s ign i f i can t   b io log i ca l   resource   o r   rec rea t i ona l   a reas .  

In termediate - and F i n a l  Cover Ma te r ia l s  - E a r t h   e x h i b i t i n g  good work- 
~ b i  I ity and compact ion  character is t ics  and having a low  organ'ic  content 
whirl1 i s  used to   cover  a compacted refuse.  I t s  purposes  are t o  reduce 
odours and b lowing   debr is ,   to   con t ro l   f i res ,   to   e l im ina te   an ima l   nu isances ,  
L o  improve  aesthet ic  condi t ions and t o   c o n t r o l   i n f i l t r a t i o n  o f  surface 
w a t e r s  i n to   t he   re fuse .  

Laboratory Manual o f  the  Water  Resources  Service - " A  Laboratory 
Manual f o r  the  Chemical  Analysis  of  Waters,  Wastewaters and B i o l o g i c a l  

the Water Resources  Service. 
Ii,,sues'' current   Edi t ion,   publ ished  by  the  Envi ronmenta l   Laboratory   o f  

Lake - A standing body o f   f resh   wa te r   w i th  an  average r e t e n t i o n  
t i m e  o f  a t  l e a s t  one year.  

leachate - L iqu id  f lowing  f rom a l a n d f i l l  which has ex t rac ted  
d.i s s o x e d - s u s p e n d e d   m a t e r i a l   f r o m   t h e   l a n d f i  11. 

.~ L i f t  - The d e p t h   o f   l a n d f i l l  between so i l   covers .  

Marine Water - Inc ludes  estuar ine and coastal  water, where es tuar ine  
means a semienclosed  coastal body o f   water   hav ing   f ree   connect ion   to   the  

o f  1.000  mg./ l .   chlorine  ion). 
sea and having a measurab le   quant i t y   o f   sea-sa l t   ( fo r  example, i n  excess 

Flgd. - M i l l i o n   g a l l o n s   p e r  day. 

MPN - Most  Probable Number of   col i form  group  organisms as determined 
by t h e o s t  Probable Number mul t ip le   tube  fe rmenta t ion  method i n  "Standard 
Methods". 

Municipal  Refuse - Inc ludes ,   bu t   i s   no t   necessa r i l y  limitted t o  food 
w a s t e s ,  market wastes ,  combustibles such  as paper,  cardboard,  plast ics, 
leather,  yard  trimmings;  noncombustibles  such as metal  cans,  glass 
conta iners ,   c rockery ,  d i r t ,  ashes  from  f ireplaces and on -s i t e   i nc ine ra to rs ,  

and w i r e ;  a l l   a r i s i n g  from  domestic,  commercial, i n s t i t u t i o n a l   o r   m u n i c i p a l  
<t.rwt.  sweepings;  bulky  wastes  such as pipe,  concrete,   lumber,   p last ic 

ac t i v i t , i es .  Refuse r e s u l t i n g   f r o m   i n d u s t r i a l   o p e r a t i o n s   i s   n o t   i n c l u d e d .  

New Operations - Are  those  operat ions  for   which  deta i led  const ruct ion 
 plans o f  t h e  operat ion have no t  been prepared  pr ior   to   the  implementat ion 
n l  these  object ives.  
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observer  expressed numerically  from 0% (transparent) to 100% (Opaque). 
Opacity - The degree to  which an emission.obscures the view of  an 

combustion products  and  other  contaminants are discharged  directly to 
the  open  air. 

Open  Burning - Uncontrolled  combustion  of  refuse  where  g'3seous 

Particulate  Matter - Any material, other  than  uncombined water, 
which  exists in a finely  divided  form as a liquid or solid  measured 
according t o  the latest  edition o f  the  Pollution  Control  Branch's  "Source 
resting  Manual  for the  Determination of Discharges to the Atmosphere". 

Point o f  Impingement - Point o f  maximum  concentration at ground- 
I eve1 . 

of  being  lost  as water vapour, in a given climate, by a continuous 
Potential  Evapotranspiration - The  maximum  quantity of water capable 

stretch-of vegetation, covering  the whole ground and-well supplied  with 
water. 

reduction  process  such as pulverizing or high pressure  baling  but  does 
Processed  Refuse - Refuse  which  has  undergone a physical  volume 

not  include  refuse  compacted by a packer  truck or by  landfill  equipment. 

Receiving  Water - Any body of  surface water into which a discharge 
within a permittee's property  are  not  included in this definition, 
of 'leachate or  effluent may  flow.  Receiving waters wholly  contained 

provided  that  pollutants in such  waters  cannot be  transported  outside 
the property. 

Required - Required  under  the  Pollution  Control Act, 1967. 

Ringelmann  Number - The  opacity  of  grey or black smoke expressed  on 
a 0 (transparent) t o  5 (opaque)  scale. 

Salvaging - The  controlled  separation  and  recovery of resources 
from  refuse by authorized  persons. 

Scavenging - Retrieval o f  material other  than by salvaging as 
at>ove:-. 

"_ 
ically  raked.  Alternative  means o f  preventing  aesthetic  nuisance  are 
encompassed  where  shown to be equally  effective. 

Scree- - Provision  of  screens  which  are  self-cleaning  or  mechan- 

Semi-solid Wastes - Sludges, slurries and  septic  tank  pumpings. 
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shellfish  (bivalve molluscs)  and  from which  shellfish  for  human  consumption 
are  taken  either  commercially  or  privately. 

Shellfish  Waters - Waters  which  are  inhabitied by edible  species  of 

Sludge - Material  which  has  settled  from  liquid  wastes  carrying 
solids in suspension. 

Solid  Waste - I s  interchangeable with "Refuse". 

Special  Wastes - Special  wastes  include,  but  are  not  necessarily 
limited to over-sized  wastes;  industrial  wastes  which are corrosive, 
volatile,  toxic  or  explosive;  wastes  such as food  processing,  synthetic 

and  cleaning  fluids;  dead  animals  and  hospital  wastes  (excluding  normal 
textile,  leather  or  plastic wastes; commercial  wastes  such as waste  oils 

cafeteria and  food  preparation wastes). 

filterable  residue  as  referred  to in "Standard Methods"). 
SS (Suspended  Solids) - Suspended  Solids  (identical  to  non- 

" 
"2 

SCF (Standard  Cubic  Foot) - That volume 8f dryoQas  correc:ted  to 12% 
by volume CO,, occupying  one  cubic foot at 68 F (20 C m ~ m w a a L - . _ -  
1 4 . 7  pounds  ter  square  inch  absolute 

nad  Wastewater'' current  Edition,  published by the  American  Public  Health 
Association. 

Standard  Methods - "Standard  Methods  for the Examination of Water 

TL - Median  tolerance  limit. That dilution  of  an  effluent by 
volumeyn which 50% of  the test fish  survive  for a specified  time  (usuaily 
96 hrs. ). 

causing  organism or which may  transmit  disease  to  humans or other  animals. 
Vector - Any living organism or animal which may  carry a disease- 

Working  Face - That area  of  landfill  operation  at which placing, 
confining or compacting  of  refuse  is  actively  taking  place. 
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APPENDIX I 

THERMAL  COAL RESERVES AND RESOURCES OF BRITISH COLUMBIA 

Thermal coal  reserves and resources  are  descr ibed  herein  for   the  regions 

o f  B r i t i s h  Columbia. 

1. COASTAL  COALFIELDS 

The coas ta l   coa l   resources   cons is t   o f   depos i ts   a t   Wi lson  Creek, F a l l s  

Creek,  Slatechuck  Creek and Skokum Point   on  the Queen Char lo t te   I s l ands  

and  Quinsam,  Anderson  Lake,  Cumberland,  T'Sable R iver  and Nanalmo d i s t r i c t s  

on Vancouver I s land   (F igu re  3-1, main  text ) .  

l ' h e   d i s t r i b u t i o n   o f   c o a l  among t h e   v a r i o u s   c a t e g o r i e s   i s   l i s t e d   i n   T a b l e  

3-1  o f   t h e   m a i n   t e x t .   E x p l o r a t i o n   i n   t h e  Cumberland coa l f i e ld ,   wh ich  

contains  most o f  the  Vancouver I s l a n d   c o a l   d i s t r i c t s ,   i s  i n  progress i n  

an e f f o r t   t o   c o n f i r m   s u f f i c i e n t   p r o v e n   r e s e r v e s   t o   p r o v i d e  a v iab le   coa l  

mine o r  mines f o r  Vancouver Is land.  The reserves o f  coal  i n   t h e  Cumberland 

c o a l f i e l d   a r e   e s t i m a t e d  as 900 m i l l i o n   m e t r i c   t o n s  (990 m i l l i o n  short 
tons).  It i s  es t imated   tha t   less   than 10% o f   t h e   c o a l  reserve!;  are 

mineable  by  openpit methods. The ind i ca ted  and i n f e r r e d  resouI-ces are  

424 mi l l ion met r ic   tons  (465 m i l l i o n   s h o r t   t o n s )   t o  a depth o f  610 
meters (2,000 feet ) .   A l though  the  poss ib le   reserves and resources  are 
l a r g e  t h o   f i e l d  i s  d i v i d e d   i n t o  many fau l ted  b locks  making i t  necessary 

t o  develop  several  mines t o   p r o v i d e  a secure  supply of coal  for a thermal 
p l a n t .  

The number and q u a l i t y   o f   c o a l  seams f rom  the   coas ta l   d i s t r i c t s   a re  

va r iab le .  The T e r t i a r y   d e p o s i t s   a t  Skokum Po in t  on Graham I s l a n d   a r e  

composed o f  9 t o  1 3  l i g n i t e  seams w i t h  an aggregate  th ickness  o f  6.1 
meters  (20 f e e t )   i n  67.8 meters (230 f e e t )   o f  a shaly  sequence; these 
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deposi ts  may no t  be s i g n i f i c a n t .  The depos i ts   a t   Wi lson  Creek, F a l l s  

Creek  and  Slatechuck  Creek  range  from 27% ash, 26% v o l a t i l e s ,  45% f i x e d  

carbon and 0.7% s u l p h u r   a t  1.1% m o i s t u r e   t o  16% ash,  5.3% v o l a t i l e s ,  

73.6% f ixed   carbon and 0.6% s u l p h u r   a t  5.1% moisture. The rank   var ies  

f r o m   h i g h   v o l a t i l e  B b i tuminous   to   an thrac i te .  These deposi ts   are 

r e s t r i c t e d   t o  a s i n g l e  seam i n  each loca t i on .  Seam thicknesses  range 

from 0.9 meters (3.0 f e e t )   t o  5.2 meters  (17.0  feet) and are  probably  

discontinuous  over  the  area. Because most o f   t he   rese rves  frolm t h e  

c o a s t a l   d e p o s i t s   l i e   i n   t h e  Cumberland coa l f i e ld   t he   p rox ima te   ana lys i s  

l i s t e d   f o r  Coastal  desposits i n  Table 3-2 i s   f o r  run-of-mine  coal  from 

th i s   coa l f i e ld   w i thou t   app rec iab le   se lec t i ve   m in ing .   The re  Brie from one 

t o  f o u r   s i g n i f i c a n t  seams i n   t h e   d i s t r i c t .  Seam thicknesses  range  from 

0.8 meters (2.5 f e e t )   t o  4.6 meters  (15  feet )   w i th   coal  zones ,ranging t o  

1 . 6  meters (25 f e e t )   t h i c k .  The coal   rank i s  high v o l a t i l e  A ,to B 
bituminous. 

Although some o f   t h e   c o a l   i n   t h e  Vancouver I s l a n d   f i e l d s  i s  o f   c o k i n g  

q u a l i t y ,   t h e  amount i s  small and widely  d ispersed. 

2. SOUTHERN ROCKY MOUNTAIN COALFIELDS 

The Southern Rocky Mounta in  coal   resources  cons is t   o f   deposi ts   a t  Tobermory 

Ridge, Weary Ridge,  Greenhil ls,  Burnt  Ridge,  Burnt  Ridge  Extension, 

Natal  Ridge, Sparwood Ridge,  Michel  South, Sparwood Ridge  South, Hosmer 

Whwler ,  Hosmer Ridge West, Fernie  Ridge,  Morrissey  Ridge,  Blairmore 
Nor th,  B la i rmore South, Leach  Creek  South,  Leach  Creek,  East,  PlcGillivray, 

l e n t  Mountain,  Marten  Ridge,  Marten  Creek,  Taylor  East,  Taylor  South, 

Flathead  McLatchie,  Flathead  North,  Flathead West, Fording  River,   L ine 

Creek - Horseshoe  Ridge - Ewin  Pass, Sage Creek, Corbin,  Northern  Dominion 

Coal B l o c k  and Southern  Dominion Coal Block. 

Between 10 and 22 mineable seams a re   p resen t   a t  any s i n g l e   l o c a l i t y  

w i t h i n   t h e   d i s t r i c t .  These seams range i n  th ickness  f rom 1.5 meters ( 5  
f e e t )  t o  15.2 meters (50 fee t ) ;   they   a re   loca l l y   th ickened  by   fo ld ing   o r  
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over th rus t ing .  The t h i c k n e s s   o f   c o a l   i n   t h e   c o a l  member var ies  f rom 

30.3  meters  (100  feet) t o  115.3 meters (380 f e e t )  i n  455  meters (1,500 

f e e t )   t o  667 meters (2,200 f e e t )   o f   s e c t i o n .  

I t  i s  es t imated   tha t  710 m i l l i o n   m e t r i c   t o n s  (780 mil l ion shor t   tons)  of 
thermal  coal have  been a t   l e a s t   p a r t l y   e x p l o r e d   i n   t h e   S o u t h e r n  Rocky 
Mountain  region  (Table  3-1). O f  these  reserves  an  est imated  180  mi l l ion 

met r ic   tons  (200 m i l l i on   sho r t   t ons )   a re   m ineab le   by   su r face  methods. 

I n f e r r e d   r e s o u r c e s   o f   t h e r m a l   c o a l   i n   t h i s   r e g i o n ,  within 914 meters 

(3,000 f e e t )   o f   s u r f a c e   t o t a l  5,720 m i l l i o n   m e t r i c   t o n s  (6,300 m i l l i o n  

shor t   tons) .  Subsequent exp lo ra t i on  and geo log ica l  mapping could  increase 

t h i s   f i g u r e .  

The Southern Rocky Moun ta in   coa l f i e ld   con ta ins   h igh   qua l i t y ,   ox id i zed ,  

thermal  coal i n   a d d i t i o n   t o   c o k i n g   c o a l   ( T a b l e  3-2). The mean heat ing  

value i s  28,540 kJ/kg (12,300 Btu / l b . )   w i th  0.4% sulphur. The rank i s  

medium v o l a t i l e  A bituminous. 

The producing  mines i n   t h e  Southern Rocky Mountains  are  Kaiser's  Natal 

Ridge  and Sparwood Ridge  operations,  Fording's  Fording  River  mines, 

Coleman C o l l i e r i e s  mine a t  Tent  Mountain and Byron  Creek C o l l i e r i e s   a t  

Corbin. These mines  are  producing  coarse and f i n e   r e f u s e   i n   a d d i t i o n   t o  

thermal and cok ing   coa l .   Th is   re fuse   cou ld   p rov ide   add i t iona l   feed  to  

an  East  Kootenay  thermal  plant  (Table 3-3).  Reserves o f   coarse   re fuse  

are  approximately 5 . 7  m i l l i o n   m e t r i c   t o n s  (6.3 m i l l i o n   s h o r t   t o n s )   a t  
19,490 kJ/kg (8,400 B tu / l b . ) .   P roduc t i on   i s  cu r ren t l y  1 . 4   m i l l i o n  
metr ic   tons  (1 .5  mi l l ion  shor t   tons)   per   year   wi th   increases  expected 

from new mines  coming on l i n e   t h a t   a r e   i n  advanced  stages o f   eva lua t i on .  

Reserves o f   f i n e   r e j e c t s   a r e   a b o u t  5.0 m i l l i o n   m e t r i c   t o n s   ( 5 . 5   m i l l l o n  

sho r t   t ons )   w i th   p roduc t i on   o f   m ixed   f i ne  and  coarse  refuse  of  1.3 

m i l l i on   me t r i c   t ons   (1 .4   m i l l i on   sho r t   t ons )   pe r   yea r .  The heat ing  

value i s  approximately 22.280 kJ/kg (9,600 Btu/ lb . ) .   Deposi ts  i n  advanced 

stages o f  development  are  Kaiser's Hosmer Wheeler,  Fording's  Yydraul ic 
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Mine, Crows Nest   Indus t r ies '   L ine  Creek, E lco 's  Weary Ridge,  and  Rio 

Algom's Sage Creek. A number o f   these  we l l   exp lo red   depos i ts   cou ld  

prov ide  addi t ional   thermal   coal  and re fuse  when production  begins. I n  
a d d i t i o n   s u b s t a n t i a l   e x p l o r a t i o n  has  been completed on a number o f  o the r  

coa l   p roper t i es   i n   t he   Sou the rn  Rocky Moun ta in   d i s t r i c t .  

3. NORTHERN ROCKY MOUNTAIN COALFIELDS 

The Northern Rocky Mountain  coal   resources  consist   of   deposi ts a t  Babcock 

Mountain,  Wolverine, Roman Mountain, Sukunka, Carbon  Creek,  Cinnabar 

Peak, Hasler  Creek,  Willow  Creek, Noman Creek,  Bullmoose  Mount,ain,  Pine 

Pass ,  Master  Creek, Peace R iver  Canyon, Mount Spieker,  Belcourt  Creek, 

Wapit i   River,  Saxon and B u t l e r  Ridge. The coal  measures conti lnue  north 

o f   B u t l e r  R idge  p rov id ing   po ten t ia l   fo r   add i t iona l   depos i ts .  

The Northern Rocky Mounta in  coal f ie lds  conta in   approx imate ly  46.0 m i l l i o n  

me t r i c   t ons   (51   m i l l i on   sho r t   t ons )   o f   rese rves  and resources of 3,640 

mill ion   me t r i c   t ons  (4,000 m i l l i on   sho r t   t ons )   o f   t he rma l   coa l  within 
914 meters (3,000 fee t )   o f   sur face   (Tab le  3-1).  Reserves  and  Iresources 

o f  thermal  coal have  been est imated  by  assuming  that   10  percent   o f   the 

cok ing  coal   reserves  are  ox id ized and  have i n f e r i o r   c o k i n g   q u a l i t i e s .  

Based  on the   h igh   f ree   swe l l i ng   i nd i ces   repo r ted   f o r   Nor the rn  Rocky 

Mountain  coking  coals it i s   b e l i e v e d  a high  percentage o f  th fs  i n f e r i o r  

qua l i t y   coa l   wou ld  be  used fo r   b lend ing .  As a r e s u l t   t h e   e s t i m a t e  

represents   potent ia l   thermal   coal ,  much o f   wh ich  may n o t   b e   a v a i l a b l e   t o  

a thermal  p lant .  

The number o f  seams i n  any l o c a l i t y  ranges  from 2 t o  12 with an aggregate 

th ickness a t  a s i n g l e   s i t e  o f  as much as 12.1  meters (40 f ee t )   t o   15 .2  

meters (50 f ee t ) .  

The coal q u a l i t y  i s  exce l len t   w i th   the   cok ing   coa l   hav ing   heat ing   va lues  
of  30,620 kJ/kg (13,200 B tu / l b . )  and 0.7% sulphur  (Table  3-2). The rank 

o f  the  coal i s  low t o  medium v o l a t i l e  A bituminous. 
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There i s  no current   product ion  f rom  these  deposi ts  however several  

d e p o s i t s   a r e   i n  advanced  stages o f  development. 

4.  SOUTHERN INTERIOR COALFIELDS 

The Sou the rn   I n te r i o r   reg ion   cons i s t s   o f   t h ree   p r i nc ipa l   coa l f i e lds ,   Ha t  

Creek, M e r r i t t  and  Similkameen  and  several  small  showings i n  t.he Cariboo 

coal f ie ld   near   Quesnel .  The c o a l f i e l d s   a r e   o f  Eocene age and, u n l i k e  

the   p rev ious   coa l f ie lds   descr ibed,   they   a re   o f   con t inenta l   o r ig in .  

The d i s t r i b u t i o n   o f   c o a l  among t h e   v a r i o u s   c a t e g o r i e s   i s   l i s t e d   i n   T a b l e  

3-1. Most o f   t h e   r e s e r v e s   o f  2,020 m i l l i o n   m e t r i c   t o n s  (2,2221 m i l l i o n  

shor t   tons)  and ind ica ted   resources   o f  13,700 m i l l i o n   m e t r i c   t o n s  (15,070 
mi l l i on   sho r t   t ons )   a re   f rom  the   Ha t  Creek c o a l f i e l d .   P o t e n t i a l l y  

mineable  thermal  coal i s  present  i n   t h e   o t h e r   c o a l f i e l d s .  The Hat  Creek 

reserves  are  based on s i g n i f i c a n t  d r i l l i n g  i n  the  No. 1 and No. 2 deposits. 

The ind ica ted   resource   f igures   a re  based on f i v e   t h i c k   c o a l   i n l t e r s e c t i o n s  

ou ts ide   o f   these  depos i ts  and a grav i ty   survey  over   the Upper Hat  Creek 

Val l ey .  

The seam thicknesses and c o n t i n u i t i e s   a r e   v a r i a b l e  among the  deposi ts .  

The Hat  Creek c o a l f i e l d   i s  much la rge r   t han   t he   two   o the r   coa l f i e lds  and 

i s  unique i n  t h a t  it cannot be s u b d i v i d e d   r e a d i l y   i n t o   d i s c r e t e  seams, 

b u t  it conta ins a coal  measure, which i s   p r i n c i p a l l y   c o a l ,  and i s   i n  

excess o f  455 meters (1,500 f e e t )   t h i c k .  The M e r r i t t   c o a l f i e l d   c o n t a i n s  

between 2 and 6 seams i n  excess o f  1.5 meters (5 f e e t )   t h i c k ;   t h e   t h i c k e s t  
c o a l   i n t e r v a l  i s  22 meters (73 f e e t )   i n  234 meters (770 f e e t )   o f   s t r a t i g r a p h i c  

sec t ion .  The Similkameen c o a l f i e l d  i s  d i v i d e d   i n t o   t h e   P r i n c e t o n  and 

Tulameen basins. The Tulameen basin  conta ins a coal  zone 21.2 meters 

(70 f e e t )   t h i c k .  A t  P r ince ton   t he   bas in   cons i s t s   o f  4 seams  bmetween 1.5 
meters (5 f e e t )  and 9.1 meters (30 f e e t )   t h i c k ;   t h e   t o t a l   c o a l   t h i c k n e s s  

i s  17.1  meters (56 feet )   over  an i n t e r v a l   o f  523 meters (1714 feet ) .  

1 - 5  
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The coa l   qua l i t y   cove rs  a s ign i f i can t   range  f rom 18,269 kJ/kg (:7,875 

Btu / lb . )   a t   Hat  Creek t o  27,000 kJ/kg (11,640 B tu / l b . )   a t   Mer r i r t t .  The 

sulphur  contents  range  from  0.3% a t  Tulameen t o  0.75% a t   P r i n c e t o n .  The 

r a n k   o f   c o a l   v a r i e s   f r o m   l i g n i t e   t o   h i g h   v o l a t i l e  C bituminous. 

5 .  NORTHERN INTERIOR COALFIELDS 

m -. 

The N o r t h e r n   I n t e r i o r   c o a l f i e l d s   c o n s i s t   o f   t h e  Bowron R i v e r   c o a l f i e l d ,  

~ l e l k w a   c o a l f i e l d ,  Zymoetz River  deposi ts,   Sustut   River  deposi t ! ;  and t h e  

Groundhog Coa l f i e ld   (F igu re  3-1). 

Reserves o f  127 m i l l i o n   m e t r i c   t o n s  (140 m i l l i o n   s h o r t   t o n s )  oC thermal 

coal  have been o u t l i n e d   i n   t h e  Groundhog  and  Bowron R i v e r   c o a l f i e l d s  

(Table  3-1) .   There  are  addi t ional   ind icated  resources  o f  332 m i l l i o n  

met r ic   tons  (365 m i l l i o n   s h o r t   t o n s )  and in fe r red   resources   o f  3,640 

m i l l i o n   m e t r i c   t o n s  (4,000 m i l l i o n   s h o r t   t o n s )   o f   t h e r m a l   c o a l .  Some o f  

these  coal  reserves i n   t h e  Groundhog  and Telkwa  deposits may be  mined  by 

openpit  methods;  the  remainder i s  accessible  by  underground methods. O f  
these  resources  the Groundhog c o a l f i e l d   c o n t a i n s   t h e   l a r g e s t   p o t e n t i a l  

coal  resources,  but  the  geology i s  complex  and considerable  explorat ion 

i s  needed t o   o u t l i n e  a substant ia l   reserve. 

The number and q u a l i t y   o f  seams  among c o a l f i e l d s  i n  the N o r t h e r n   I n t e r i o r  

i s  var iab le .  The Groundhog c o a l f i e l d   c o n t a i n s  an undetermined number o f  

seams greater   than 1.2 meters  (4   feet )   th ick;   there  appears  to  be  between 

5 and 10 such seams i n  455.0 (1,500) t o  758.3 meters (2,500 f e e t )   o f  
coal  measures. I n   t h e   S u s t u t   f i e l d   t h e r e   a r e   a t   l e a s t  2 seams 0.9 

mete rs  (3   f ee t )   t h i ck ;   add i t i ona l   work  i s  needed t o   d e f i n e   t h e   s t r a t i g r a p h i c  

sect ion.  The Telkwa and  Zymoetz River  areas  contain 3 seams more than 

1 . 5  meters   (5   fee t )   th ick   w i th  one seam being  4.3 t o  4.9  meterlj  (14 t o  

16 f e e t )   t h i c k .  The Bowron R ive r   depos i t s   con ta in   l en t i cu la r  'seams 1.5 

t o  3 .0 meters ( 5  t o  10 f e e t )   t h i c k   w i t h  a t o t a l   t h i c k n e s s   o f   4 . 6   t o   1 2 . 1  

meters ( 15 t o  40 fee t ) .  

1 - 6  
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lhe coal quality 
some o f  the coal 
2). The  sulphur 

averages  about 30,800 kJ/kg (13,300 Btu/lb.) although 
must  be  washed  to  attain  this  heating  value  (Table 3- 
content  averages 0.7%. The  coal  rank  ranges  between 
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1 - 7  
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high  volatile A bituminous  and  semi-anthracite.  The coal is principally 
c o f  thermal  quality. 
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APPENDIX  I1 

PUBLIC HEALTH 

1. 

- Sulphur  Dioxide 

A discussion  and  graph  supporting  proposed  guidelines  for  sulphur  dioxide 
i s  provided i n  the  text  of  this brief. Table 11-1 is included  here,  with 
appropriate  references,  which  are  the  basis  for  the text. 

Suspended  Particulate  Matter  Guidelines 

lhe  aim  of  this  section is to  examine  the  technical  basis  of  health 
guidelines  for  suspended  particulate  with  primary  emphasis  on  human 
exposure  information  relative  to  mortality  and  morbidity.  The  data  are 
summarized  in  Table 11-2. 

Morbidity  Data - 24 Hour 

Review o f  the  available  epidemiological  data  relative  to  the  adverse 
health  effects  of  suspended  particulate  matter  indicates  a  ran,ge o f  
response  between 75 and  375 u g h  with  the  strongest  evidence  suggesting 
a range of 150-300 ug/m . While  more  recent  results  from  studies  indicate 
M a t  deleterious  health  effects  occurred  at  particulate  matter  concen- 
trations  below  this  range, i n  the  best  judgement  of  the  researchers 
conducting the studies these  adverse  health  effects  were  due to sulphates 
rather  than  particulate  matter  per  se (1). 

3 
3 

A recent  report  of  statistical  reanalysis of CHESS data  from  New  York 
1'170-71 (1) found no conclusive  evidence  about  any  association  between 
I .utaI suspended  particulates  and  incidence  of  asthma  attacks. (2) 
rurther,  there  was no evidence o f  a  positive  association  between  sulphur 
oxides  and  asthma  when  appropriate  data  adjustments  were made. (2) 

I1 - 1 



TABLE 11-1 

RECENT SCIENTIF IC  EVIDENCE RELATING TO THE ADVERSE 
HEALTH  EFFECTS OF SULFUR DIOXIDE 

A l l ve r~5 f?  
I l r ,~l l .h I . f f e c t  Concentration u g h  

Averaging 
Time References 3 

. "_ 
300-500 24-hour 3, 4, 14, 17, 20, 22 

365 

340 

180-250 

24-hour 

24-hour 

24-hour 

300-500 24-hour 3, 14 

130 

180 

200 

90-  100 

95 

I 1  - 2 

annual mean 1, 9, 14,  16, 18, 19,  21 

annual mean 14 

annual mean 1, 3,  13,  14 

annual mean 1, 3, 14 

annual mean 1 ,  3 ,  ;9, 10, 14, 19,  20,  
26 



TABLE 11-2 

RECENT SCIENTIFIC EVIDENCE RELATING TO THE ADVERSE HEALTH EFFECTS 
OF TTAL SUSPENDED PARTICULATE MATTER 

Advc!rse 
H e a l t h   E f f e c t   C o n c e n t r a t i o n   u g h  Time References 3 Averaging 

Inc reased   mor ta l i t y  750 o r  a r i s e  o f  200 24-48 hours 15, 25, 26 

Inc reased   i n fan t  200 
m o r t a l i t y  and 
cancer  deaths 

Increased  upper 375 
res11 i r a t o r y  
i l l fec t . ion and 
cardi . jc  morb id i t y  

m o r t d  I i t y  
l j t c e s s  b r o n c h i t i s  200 

Acute  worsening o f  300 
symptoms i n  
b r o n c h i t i s   p a t i e n t s  

Inct,eased cough,  100-269 
chest.  discomfort 
and r e s t r i c t e d  
a c t i v i t y  

A q q r a d a t i o r l  o f  80- 100 
< a rd io resp i ra to ry  
.,um(?t.crms in  hea l thy  
lwr:-onc,,  and i n  
r ~ l i l r r l y   p a t i e n t s  
w i 1.h h c a r t  and 1 ung 
11 i srasr ;   increased 
;rsttlrna a t t a c k s   i n  
p w p  I e wi t.h a5 thma 

Aggravat ion o f  76-260 
ca rd io resp i ra to ry  
1lisea5e symptoms 
i n   e l d e r l y   p a t i e n t s  
w i t h   h e a r t   o r   c h r o n i c  
I unq (1 i w a s e  

I ~ ~ r ~ ~ ~ r s f ~ d  mortality 100 
1 !'om r h r o n i c   r e s p i r -  
  lory disease and a l l  
( ' a u w ' .  

3 days 14, 24 

24 hours 15, 22, 23 

24 hours 

d a i l y  

24 hours 

24 hours 

24 hours 

2 years 

11 - 3 

15, 20 

15, 26 

1 ,  3, 12 

1 ,  3, 7, 2 

1 ,  3, 7 

15, 17 



1 

1. 

a 

*t 

TABLE 11-2 cont inued 

RECENT SCIENTIFIC EVIDENCE RELATING TO THE ADVERSE HEALTH  EFFECTS 
OF TOTAL SUSPENDED PARTICULATE  MATTER 

Adverse 
H e a l t h   t f f e c t   C o n c e n t r a t i o n   u g h  Time References 3 Averaging 
.___-__ 

10. Increased  chronic 100-200 
resp i ra to ry   d isease 
prevalence i n   a d u l t s ;  
increased  upper and 

t r a c t  disease  and 
lower r e s p i r a t o r y  

diminished  pulmonary 
f u n c t i o n   i n   c h i l d r e n  

1 1 .  Decreased  pulmonary  110 
f u n c t i o n   i n   s c h o o l -  
c h i l d r e n  

12. Increased  frequency 100 
and s e v e r i t y   o f   a c u t e  

disease i n   schoo l -  
lower  r e s p i r a t o r y  

c h i l d r e n  

13.  Ir lcreased  chronic 100 

symptom prevalence 
w=,p i r a t o r y  disease 

i I I  a d u l t s  

annual  15, 18, 19 

annual 1 ,  3,  13 

annual  1, 3 ,  11 

annual 1, 10 
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M o r t a l i t y  Data - 24 Hour 

There ex is t   ep idemio log ica l   data  which have attempted t o   r e l a t e   i n c r e a s e s  

i n   m o r t a l i t y   t o   i n c r e a s e s   i n  ambien t   par t i cu la te   concent ra t ion .  These 

data  suggest  an  adverse  effect  range  between 200  and 750 u g h  and as 

w i th   su lphur   ox ides   the   mor ta l i t y   range  over laps   the   morb id i ty   th resho ld .  

3 

Excess m o r t a l i t y   i s   n o t  a very  sensi t ive  parameter.  These data  are o f  
l i t t l e   h e l p   i n   e s t a b l i s h i n g  a 24 hour suspended p a r t i c u l a t e   m a t t e r  

gu ide l ine .  

The range o f  150-300 u g h   i s  supportable on the   bas is  o f  a v a i l a b l e  

data. However, the   ques t ion   o f   whether   spec i f i c   par t i cu la te -borne r+t. cst 
contaminants  are  producing  adverse  health  responses  below  thew concen- 

t r a t i o n s   i s  an issue  ye t   to   be   reso lved.  Thus it i s  conc luded  tha t   the  

proposed  gu ide l ine  o f  150 u g h  (24 hours) i s  reasonable. 

3 

" 

-." " -- 2 . p ,  

3 

Morbid i ty   Data - Annual 

I n fo rma t ion   re la t i ve   t o   adve rse   hea l th   e f fec ts   o f   l ong - te rm  exposures   t o  

pa r t i cu la te   i nd i ca tes   t ha t   i nc reases   i n   morb id i t y   resu l t   f r om  l ong - te rm 

exposure t o   p a r t i c u l a t e   m a t t e r   i n   t h e   c o n c e n t r a t i o n   r a n g e   o f  60-220 
u g h  annual  average. 3 

Mor ta l i t y   Da ta  - Annual 

As wi th   t he  24 hour suspended p a r t i c u l a t e   m a t t e r   g u i d e l i n e ,   t h e   m o r t a l i t y  

da ta   a l low no de fens ib le   gu ide l ine   range  to  be establ ished. 

The proposed  gu ide l ine  o f  60 u g h  annual  average i s  supportable on t h e  3 

b a s i s  o f   a v a i l a b l e  data:  however it must  be  stated once aga in   t ha t  a 

poss ib i l i t y   ex i s t s   t ha t   spec i f i c   pa r t i cu la te -bo rne   con taminan ts  may be 

producing  e f fects   be low  th is   range.  

I1 - 5 



Nitrogen  Oxides  Guidel ines 

The aim o f   t h i s   s e c t i o n  i s  t o  examine the   techn ica l   bas is   o f   hea l th  

gu ide l i nes   f o r   n i t rogen   ox ides  (as NO2) w i th   p r imary  emphasis  on human 

e x p o s u r e   i n f o r m a t i o n   r e l a t i v e   t o   m o r t a l i t y  and morb id i ty .  Tha data  are 

shown i n  Figure 11-1,  and i n  Table  11-3. 

Morbidity  Data  Short-Term  Averages  (1-2  hours) ""- _"( ~ ., %."* 

There ex is ts   on ly   very   l im i ted   da ta  on  response o f  humans t o  :short-term 

nitrogen  oxide  exposure and these  data  suggest  an  adverse  response  range 

o f  2000-3000 u g h 3 .  

M o r t a l i t y  Data  Short-Term A v e 2 e s  (1-2  Hours) 
" . ~... -- ." 

There e x i s t  no shor t - term  s tud ies  o f  human m o r t a l i t y   i n  response t o  

n i t rogen  ox ide.  

Therefore,  based on the   l im i ted   morb id i t y   da ta  a concentrat ion  range  o f  

2000-3000 u g h  would  be  a  reasonable  short-term  guideline. 'However, 

because  these  data  are so scanty it would be be t te r   to   pos tpone  es tab l i sh-  

ment o f  a sho r t - t e rm  n i t rogen   ox ide   gu ide l i ne   un t i l  more data  are  avai lab le.  

The same would be t r u e  o f  at tempts  to  establ ish  24-hour  guidel ines as 

we1 1. 

3 

Morb id i ty  Data - Annual 
I . . . ". - ,. . . . ,___. . . . .. .. . . . 

There e x i s t s  o n l y   l i m i t e d   d a t a   r e l a t i v e  t o  the  response  of humans t o  

long-term  nitrogen  oxide  exposures and these  data  suggest   that   e f fects  

a r e  adverse i n   t h e  range o f  100-600 u g h  annual  average. 3 

26/9-2 
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Figure I I - I  

RECENT  SCIENTIFIC  STUDIES  RELATING TO - THE 
ADVERSE  HEALTH  EFFECTS OF NITROGEN1  OXIDES 
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TABLE 11-3 

RECENT  SCIENTIFIC  EVIDENCE  RELATING TO THE ADVERSE 
HEALTH  EFFECTS  OF  NITROGEN OXIDES (as  NO2) 

Adverse 
Health  Effect  Concentration u g h  Time References 3 Averaging 
"" 

1 .  Susceptibility to 2800 
acute  respiratory 
infection 

2. Diminished lung 3800 
function 

3 .  Structural  changes 564-940 
in lungs of  experi- 940 
mental animals. 750 
Changes  include 
changes in  lung 
chemistries, damage 
t o  cilia. 

4. Diminished  lung 3000 
function  of  humans 
experimentally  exposed 
to NO2 

o f  chronic  respiratory 
disease  in  humans  pos- 
sibly attributable to 

5. Increased  prevalence 100-540 

N02 
6. Association o f  unknown 

hypertensive  heart 
disease  mortality 
with NO exposure 2 

1. Increased  suscept- 150-560 
ibility to acute 
respiratory  infection 
i n  families 

8. Increased  frequency  150-450 
o f  lower  respiratory 
disease in children 

9. Increased  mortality 940 
o f  animals  exposed 
to NO and  challenged 
with {nfectious aerosols 

2 hours 4, 39, 40 

1 hour 4, 34, 41 

6 months 4 ,  30, 35, 36 

7 days 
1 month 

10-15 min. 39, 41 

1 + year 4 ,  29,  31, 32 

unknown 24 

1 year 39, 40 

1 year 37 

5 hrs/day x 4, 44 
3 months 
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TABLE I I- 3 continued 

RECENT SCIENTIFIC EVIDENCE RELATING TO THE  ADVERSE 
HEALTH  EFFECTS OF NITROGEN OXIDES (as NO2) 

Adverse 
Health  Ef fect   Concentrat ion ug/m Time 

Averaging 
References 

I O .  St ruc tu ra l  and b io -  940 4 hrs/day x 4, 42, 43, 44 

3 

chemical changes i n  5 days 
lungs o f  exper i -  940 6 hrs/day x 45,  46,  47, 48 
mental  animals. 
Changes include 1900-3800 
al t .erat ion i n   s t r u c t u r e  
of  lung  col lagen,  rupture 
o f  mast ce l l s ,   pe rox ida t i on  
o f  l u n g   l i p i d s ,  decreased 
c i l i a  on  bronchiolar 
ep i the l ium 

3 months 
1 year 

I 1  - 9 
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Mortality  Data - Annual 

Only animal  exposure  data  are  available  on  excess in mortality  attributed 
to  nitrogen  oxide  exposures.  However, it i s  considered  that  these  data 
have  direct  input  into  human  health  guidelines. 

A n  ambient  air  guideline  of 400 ug/m (1 hour) would  be  supported  by  the 3 

data.  However,  NOx  ambient  levels  are  not  specifically  tied  to  power 
plants,  and 6. C. Hydro  has  not  included  this  contaminant in its  recommen- 
dations  for  ambient  control  objectives. a t. I . ~  1 ' 1 

, ), 
. ,' ...( ' ~ 

I ')'.*" 4 
. \11 ; '". ., 

Dustfall 
1.P- " 

Dustfall  is  considered  a  nuisance  rather  than  a  health  hazard  and is 
therefore  not  discussed. 

Fluorine ( f )  

Acute  exposure  to  hydrogen  fluoride  gas  causes  burns  on  the  skin  and 
intense  irritation, in a  few  cases  fatal, in the  lungs (49). Chronic 
exposure to extremely  high  concentrations  of  atmospheric  fluoride i s  

known  from  occupational  medicine  to  cause  crippling  fluorosis  (debilitating 
bone disease). Osteosclerosis  (absolute  reduction  in  bone  mass)  is  a 
touch more  common  adverse  health  effect  caused by occupational  fluoride 
t'xposure. Accumulation of approximately 6000 ppm  fluoride in bone is 
associated with osteosclerosis.  It is generally  thought  that  concentra- 
tions  of 2.5 u g h  fluoride in occupational  exposures will not  cause 
osteosclerosis in workers (50). Under normal conditions,  inhaled  fluoride 
constitutes a very  small  portion  of  the body's total  fluoride  intake. 
However, i n  a  few  instances,  community  health  effects  have  been  cited in 
people  living  near  fluoride-emitting industry. Symptoms  of hema'tological 
c:hanges and general  health  effects  were  described.  These  symptoms  are 
not  unique  to  fluoride  exposure,  nor  are  they  common in occupational 
fluoride  exposure (51). 

3 

." -__ 
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As w i t h  some other  e lements,   atmospher ic  standards  for   f luor id 'es  are 

d i f f i c u l t   t o   s e t .  The amounts t a k e n   i n t o   t h e  body  by i nges t i on  and 

i n h a l a t i o n   a r e   v a r i a b l e  and d i f f i c u l t   t o  estimate. The Government o f  
Ontar io   regulates  a tmospher ic   f luor ides,   a l lowing up t o  1.72 u!3/ per  

24 hours and  0.69 u g h   p e r  30 days o f   b o t h  gaseous  and pa r t i c l J la te  

f l o u r i d e  between A p r i l  15 and  October 15. Between October 16 and A p r i l  

14,  3.44 u g h 3  i s  a1 lowed  over 24 hours and  1.38 u g h  over 30 days 

(52). These regulat ions  are  promulgated  to  reduce  ambient  f luor ide 

dur ing  the  growing season s i n c e   f l u o r i d e  can  demonstrate  acute damage t o  

vegetat ion.  

3 

3 

3 

Mercury 

Mercury  vapor i s  e f f i c i e n t l y  absorbed  by man, 75-85% being  absorbed  from 

50 t o  350 u g h  and  more a t  lower  concentrations  (53). The e f f e c t s   o f  

i n h a l a t i o n   o f   a c u t e  doses of  elemental  mercury  are  most commonly manifested 

i n   t h e   r e s p i r a t o r y   t r a c t  by  pneumonit is,   bronchi t is ,   chest  pains,  dyspnea 

(shor tness   o f   b rea th) ,  and coughing.  Acute  poisoning i s   c i t e d  as being 

caused  by Hg l e v e l s   o f   1 . 2   t o   8 . 5   u g h  (54).  Chronic  exposure t o   l o w e r  

doses, c h a r a c t e r i s t i c a l l y  named "mercur ia l ism",   produces  the  ins id ious 

onse t  o f   long- te rm symptoms caused  by the  accumulat ion  and  re tent ion  o f  

Hq i n   t h e   b r a i n ,   t e s t e s  and thy ro id .  These long-term symptoms have  been 

shown t o  be o n l y   p a r t i a l l y   r e v e r s i b l e .   C l a s s i c  symptoms o f  "mercurialism" 

i n c l u d e   g i n g i v i t i s  (gum in f lammat ion) ,   s tomat i t i s   ( in f lamat ion  o f  the  

o r a l  mucosae). erethism  (abnormal  physiological and psychologic  d istrubances) 

and t remor .  General  disturbance o f  the  gast ro in test ina l   system i s  

f requent ly  seen.  Renal t o x i c i t y   i s   a l s o  a c l a s s i c a l  finding i n  mercury 

t o x i c i t y   ( 5 5 ,  56). Humans are  exposed t o  mercury i n  food,  water and 

a i r .  Thus, w i t h   m u l t i p l e  exposure  routes and the  easy  accumulation o f  

mercury i n  the  body it i s  d i f f i c u l t   t o   c i t e   t h e   a c t u a l  amounts o f  mercury 

which  cause  chronic  toxic i ty.  

3 

3 
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Both  inorganic  mercury  and  the  organic  mercury  secondarily  formed in the 
environment  demonstrate  teratogenic  properties i n  experimental  animals. 
Organic  mercury  crosses  the  placenta  more  easily,  making it more  dangerous 
to  the  fetus (55). Animal  experiments  also  suggest  that  mercury  causes 
decreased  reproductive  performance. Cell culture  experiments  have  shown 
that  inorganic  mercury  causes  chromosomal  mutation (53). 

The  United  States  Environmental  Protection  Agency  has  promulgated  a 
National  Emission  Standard  for  Hazardous  Air  Pollutants  for  mercury  at 
1 . O  ug/m for 24 hours (57). The  Government  of  Ontario  maintains  a 24- 
hour  standard o f  2.0 ug/m  (52). A panel of  six  public  health  experts 
has derived  a  safe  ambient  standard  for  mercury  of 0.8 ug/m3 for  a 24- 
hour period ( 5 8 ) .  

3 

3 
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APPENDIX 111 

WATER QUALITY REGULATIONS 

1 .  f ede ra l   Leg is la t i on  

1.1  Canadian  Drinking  Water  Standards 

I n  1968, Heal th  and Welfare Canada publ ished  Canadian  Dr inking Water 

Standards  and  Objectives, 1968. These standards and ob jec t i ves  were 

prepared  by  the  Joint  Committee on Dr ink ing  Water  Standards o f  The 

Advisory Committee  on Publ ic  Heal th  Engineer ing and The Canadian Pub l i c  

Neal th  Associat ion.  The J o i n t  Committee recommended th ree   t ypes   o f  

limits, namely Objective,  Acceptable  and Maximum Permissible. These a re  

def ined as fo l lows:  

Object ive:  These limits should  be  interpreted as the   long- te rm  qua l i t y  

goal  to  be  reached. It i s  impl ied  that   water   suppl ies,   which meet these 

requirements,  are o f  very good and sa fe   qua l i t y   f rom  hea l th ,   aes the t ic ,  

and other  v iewpoints.  

Acceptable L i m i t s :  These limits should  not  be  exceeded  whenever more 

su i tab le   supp l ies  a r e ,  o r  can  be made, a v a i l a b l e   w i t h i n   t h e  techno- 

l o g i c a l  and economic resources  o f   the community.  Substances i n   t h i s  
ca tegory ,  when present  i n   concen t ra t i ons  above t h e   i n d i c a t e d   l i m i t s ,   a r e  

cri t .her  objectionable  to a s i g n i f i c a n t  number o f   peop le   o r   capab le   o f  

p roduc ing   de le te r ious   hea l th   o r   o ther   e f fec ts .  When per iod ic   eva lua t ions  

o f  the qua l i t y   con f i rm   tha t   t he   wa te r  as s u p p l i e d   f a l l s  between the  

o b j e c t i v e  - and accep tab le   l im i t s ,  a  more frequent and comprehensive 

su rve i l l ance  programm should be i n s t i t u t e d .  Any water  supply, when 

exceed ing   t he   accep tab le   l im i t s   i n  one or more o f  t he   qua l i t y   cha rac te r -  

i s t i c s ,  should be assessed  on i t s   i n d i v i d u a l   m e r i t s  as t o   i t s   s u i t a b i l i t y  
and s a f e t y  f r o m  heal th ,   aesthet ic ,  and other  v iewpoints.  

- 
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Maximum  Permissible  Limits:  These  limits are standards.  The  term 
standard  is  used  for  limits  on  certain  substances that are knom or 
suspected  to be  linked  with  human  health  (e.g.  toxic chemicals,  radio- 
active  substances,  pathogenic organisms). The  limits, in each case, if 
exceeded, shall  be  sufficient  grounds  for  the  rejection of  the water 
supply  unless  effective  remedial  treatment  is  applied  to  either  totally 
remove  the  particular  substance  or to  bring  it  to a  concentrat,ion  below 
the tabulated  limit.  Substances in this  category,  when  present in con- 
centrations  above  the  indicated  values,  have  been  associated w.ith adverse 
effects  on  human  health.  Lesser  concentrations,  therefore, arc! desirable 
and no  water  supply  should  be  permitted  to  carry  these  chemicals  at  the 
indicated  levels  continuously.  When the quality  falls  between  the 
acceptable and  maximum  permissible  limits,  careful  surveillance  must  be 
maintained  with  active  considerations  of  what  steps  would  be  taken  when 
the  maximum - permissible  limits  are  exceeded. 

These limits  have  been  generated  for  various  physical,  microbiological, 
chemical  and  radiological  water  quality  characteristics. Table 111-1 
presents  these  recommended  limits. 

I . ?  Fisheries  Act 

The Fisheries  Act (R.S.C. 1970, c. F-14) as amended by R.S.C. 1970, c. 
17 ( 1 s t  Supp.); Statutes of Canada 1974-1975 c. 48, presents  general 
pollution  oriented  guidelines  for  the  protection o f  "Canadian F'isheries 
waters". This  latter term  encompasses  all  waters in the fishing  zones 
o f  Canada, all  waters  in  the  territorial sea of Canada  and all  internal 
waters of  Canada.  Regarding  pollution of  waters, the  Act  states: 

"31.(2) . . . no  person  shall  deposit  or  permit the deposit  of  a 
deleterious  substance  of  any  type  in  water  frequented by fish or in 
any  place  under  any  conditions  where  such  deleterious  substance  or 
any  other  deleterious  substance  that  results  from the deposit  of 
such deleterious  substance  may  enter  any  such  water." 
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This regulation is amended by permitting waste deposition  "under  con- 
ditions  authorized by regulations  made by the  Governor  in Council  under 
any other  Act in  any waters  with  respect to which these  regulations  are 
applicable . . . I ,  

2.0 Provincial  Regulations 

The Pollution  Control  Act (c. 34, s .  1) specifies  that "no person 
shall, direct,ly or  indirectly,  discharge or cause  or  permit  the  discharge 
of sewage or other  waste material on, in or under any land or into  any 
water'' without an authorized permit or approval. A permit for or  an 
approval o f  a  waste  discharge  must be obtained  from  the  Director of 
Pollution Control serving the Provincial  Pollution  Control  Board. 

2.1 Industrial  Regulations 

Since 1973 and pursuant to the  Pollution  Control Act, the Pol'lution 
Control  Board  of  British  Columbia  has  promulgated  recommended  guidelines 
and objectives for waste  discharges to  land  and  water for var'ious specific 
industries  operating in the  Province  of  British  Columbia.  During  the 
same period the  Pollution  Control  Board  also  issued  receiving water 
quality  guidelines  in  order to preserve  and  enhance the quality of 
provincial water consistent  with  their  intended use. The effluent 
guidelines and objectives set forth  three  levels  of  compliance which are 
indicative o f  the  attainment  of  high,  intermediate  and low order  discharge 
quality and are  termed  Level A, Level B  and  Level C ,  respectively. The 
guide1  ines  recommend  that  generally  all  new  or  proposed  discharges  meet 
Level A objectives. 
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I 
TABLE 111-1 

CANAOIAN DRINKING WATER STANDARDS AN0 OBJECTIVES* 

OBJECTIVE 

<5 
0 

Inof fens ive 
<1 

<lo 

No col i forms 

No col i forms 

No col i forms 

No col i forms 

t l eas t  95% of  the samples 
n any consecutive 30-day 
eriod  should have a faecal 
~liform densi ty   o f   less 
lan 10 per 100 ml. 

reatment by ch lo r i na t i on  
i required. 

t lea5t 95% of  the samples 
1 any consecutive 30-day 
? r i o d  should have a t o t a l  
) l i fo rm  dens i ty   o f   less  
ian 100 per 100 m1. 

Yatment by ch lo r i na t i on  
i veauired. 

0 . 5  

No spec i f ic  limit 
1 ~ "" 

ACCEPTABLE 

15 
A 

Inof fens ive 

15 
5 

6.5 - 8.3 

A t  l eas t  95% o f   t he  samples 
i n  any consecutive 30-day 
period  should be "negative" 
for t o t a l   c o l i f o r m  organ- 
isms. 

None of  the samples "posi- 
t i v e "   f o r   t o t a l   c o l i f o r m  
organisms  should have an 
MPN index  greater  than 4 
per 100 ml. 

A t  l eas t  95% of   the  samples 
i n  any consecutive 30-day 
period  should be "negative" 
f o r   t o t a l   c o l i f o r m  organ- 
isms. 

None of  the samples "posi-  
t i v e "   f o r   t o t a l   c o l i f o r m  
organisms  should have an MF 
Count greater  than 4 per 

por t ions,  
200 ml or 10 per 500 ml 

A t  l eas t  90% of   the samples 

period  should have  a faecal 
i n  any consecutive 30-day 

co l i form  densi ty   o f   less 
than 100 per 100 ml. 

Complete or p a r t i a l   t r e a t -  

may be required. 
nent  Inc lud ing  Chlor inat ion 

A t  l e a s t  90% o f  the samples 

period  should have a t o t a l  
i n  any consecutive 30-day 

co l i fo rm  dens i ty  of  less 
than 1,000 per 100 ml. 

Comlete or o a r t i a l  t r e a t -  
ment inc lud ing   ch lo r ina t ion  
i s  required. 

~ ~" 

No speci f ic  limit 

- 
_. 

e 

L 

- 
MAXIMUM PERMISSIBLE 

. i t  l eas t  90% o f   the  sample 
i l l  any consecutive 30-day 
pl?riod  should be "negative 
f a r   t o t a l   c o l i f o r m  organ- 
i m s .  

None o f   the  samples "posi- 
t i v e "   f o r   t o t a l   c o l i f o r m  
organisms  should have  an 
MI'N index  greater  than 10 
per 100 ml. 

A t  l e a s t  90% o f  the sample 
i!i any consecutive 30-day 
pariod  should be "negative 
for to ta l   co l i f o rm organ- 
i !ims. 

None o f   t he  samples "posi- 
t ' : ve"   fo r   to ta l   co l i fo rm 
ovganisms should have an H 

2[10 ml or 1 5  per 500 ml 
Count greater  than 6 per 

port ions.  

AI. leas t  90% of   the  sample: 
i n  any consecutive 30-day 
pflriod  should have a faecs 
co l i form  densi ty   o f   less 
than 1,000 per 100 ml. 

Complete water t r e a t m n t  i! 
required. 

A t  l eas t  90% of  the  sanple! 

period  should have a t o t a l  
i n  any consecutive 30-day 

col i form  densi ty  of   less 
than 5,000 per 100 ml. 

Complete water  treatment i! 
required. 

No spec i f i c  limit 
- 



Idgnesium as  Mq 
Iangdnese as Mn 
qethylene  fll8le  Active Substances 
'henolic  Substances as  Phenol 

- TABLE 111-1 (Cont'd) 

OBJECTIVE 

Not  Detectable 
Not  Detectable 

N o t  Detectable 
Not  Detectable 
Not  Detectable 
Not  Detectable 

Not  Detectable 
<10.0 

Not  Detectable 
Not Detectable 
Not  Detectable 
Not  Detectable 
Not  Detectable 
Not  Oetectable 
Not  Detectable 
Not  Detectable 
Not  Detectable 
Not  Detectable 
Not  Oetectable 

Not  Detectable 

- 
0.01 

<250 
<75 

a .  01 

<so 
<0.05 

a .  01 a .  2 
Not  Detectable 

<o. 2 
t500 ." 
<120 

<250 
a .  05 

Not  Detectable 
<l.O 
F1.0 

/ lo  o f  the ICRP (MPC)~(') 
o r  168-hour week. 

ACCEPTABLE 

0.01 
<l.D 
-3.0 
<D. 0 1  
a .  05 
0.01 

<0.05 

<0.01 
<10.0 

Not  Detectable 
Not  Detectable 
Not  Detectable 
Not  Detectable 
Not  Detectable 
Not  Detectable 
Not  Detectable 
Not  Detectable 
Not  Detectable 
Not  Detectable 
Not  Detectable 

Not  Detectable 

30 - 500 
0.05 

200 
250 

1.0 

0.3 
150 

.os 
0.5 
0.002 
0.2 

1000 

500 
0.2 

0.3 
5.0 
5.0 

1/3  of  the ICRP (MCP)w(') 
for  168-hour week. 
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HAXIHUM PERMISSIBLE 

0.05 
1.0 
5.0 
0.01 
0.05 
0 .20  
0.05 

0.01 
0.05 

10.0 

0.017 
0.003 
0.042 
0.017 
0.001 
0.018 

0.056 
0.018 

0.035 
0.100 
0,005 

0.100 

he ICRP (MCP)w f o r  
68-hour week. 
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8 .  

9 .  

EXPLANATORY  NOTES  TO  TABLE 111-1 

All standards  and  objectives  specified i n  mg/l unless  otherwise 
noted. 

To be  examined  according  to  the  latest  edition  of  Standard  Methods 

Association,  American  Water  Works  Association,  and  Water  Pollution 
for  the  examination of Water  and  Wastewater  (American  Public  Health 

Control Federation), or  other  acceptable  methods  as  approved  by  the 
control agency. 

Raw  Water  Standards. 

Raw and  Drinking  Water  Standards 

Alkalinity in the  range  of 30-500 mg/l as  CaCO is generally  acceptable, 
but  does  not  guarantee  that  problems  due  to th?s characteristic,  in 

evaluated  on its own  merit. 
this  range, will not occur. It is necessary  that  each  water  be 

It is recommended by the A.W.W.  A. Task  Force  on  Water  Quality  Goals 
(1968) that  the  90-day  incrustation  rate  on  stainless  steel,  using 

day loss by corrosion  on  galvanized  iron  should  not  exceed 5.00 
"coupon  insertions",  should  not  exceed 0.05 mg/sq cm,  and  the 90- 

mg/sq cm. 

Total  of Carbon  Chloroform  and  Carbon  Alcohol  Extractibles. 

ICRP - International  Commission  on  Radiological  Protection. 
(MPC)w - Maximum  Permissible  Concentration  in Water. 
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APPENDIX  IV 

A STUDY ON THE STATE  OF 
THE ART OF  FLUE GAS DESULPHURIZATION 

TO JUNE, 1977 

1. INTRODUCTION 

Flue  gas  desulphurization (FGD) processes  are  designed  to  remove  sulphur 
dioxide  from  the  flue  gases  produced by coal-fired  power plants.  Such 
systems  are  usually  applied  to  flue  gases  containing  from 500 to 5000 
ppm o f  sulphur  dioxide  with  removal  efficiencies  of up to 95 percent. 
They  may also be designed  to  remove  considerable  quantities o f  flyash  to 
produce  a  final  effluent that meets  both  sulphur  dioxide  and  particulate 
emission  standards.  This  dual  function  for  flue  gas  scrubbers  has  been 
a  major  cause  of  excessive  operational  problems and expense  associated 
with  FGD  systems. I 

Three  general  classifications  are used  to  define  FGD  technology.  These 
are  the  nonregenerative,  regenerative  and  advanced  processes. Those 

that remove  sulphur  dioxide  from  the  flue  gas  and  convert  it  to a non- 
marketable  product that must  be  disposed  of  as  landfill  material  are 
classed  as  nonregenerative  processes.  Regenerative  processes  are  those 
that remove  the  sulphur  dioxide  and  produce  marketable  forms of sulphur 
such as  elemental  sulphur,  pure  sulphur  dioxide or sulphuric  acid. 
Advanced  processes  are  those in the  preliminary  or  conceptual  (design 
stage, or  that  may  be  u'ndergoing  detailed bench or  pilot  testing. 
Advanced  processes are of  the  regenerative  type. 

While  the  application  of  FGD  technology in the  United  States  has  been 
restricted  to  coal-fired  utility  power  plants, in Japan  most of  the FGD 
systems  have  been  applied  to  low ash, high  sulphur,  oil-fired  industrial 
and  commercial  boilers,  or to industrial  emission  sources  such  as  Claus 
plants, sintering plants, and  sulphuric  acid  plants. 
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ltre sire and cost of FGD systems  are  usually  expressed in  term:j of 
megawatts (MW) of  installed  boiler  capacity  and  dollars  per  ki'lowatt 
(kw)  of  capacity. To convert other  emission  sources to a MW equivalent, 
or  vice versa, a general rule is to use  the  emission  volume  to MW ratio 
o f  1900 standard  cubic  feet  per  minute (SCFM) flue gas  per MW. For 
example, a 1000 LTD Claus  plant with 65 percent  hydrogen sulph.ide in the 
feed gas  emits  about 100,000 SCFM, the  equivalent o f  50 MW. 

2. HISTORICAL DEVELOPMENT 

Flue gas  streams  with  sulphur  dioxide  concentrations  in exc :ess of 5000 

ppm and  normally  around 10,000 ppm  have  been  successfully  desulphurized 
for several years. These concentrations  are typical of copper smelter 
operations and by the use of  precipitators,  followed by sulphuric acid 
plants  or  lime  slurry  scrubber systems, emissions  from  these s(~urces 
have been effectively  controlled. However, these same  processes  have 
n o t  been  successfully  applied for desulphurization of high  volume gas 
streams  containing low sulphur  dioxide  concentrations and  residual 
flyash. 

Nearly all of  the  major full scale  demonstration  efforts  of FGCl technology 
have taken  place in the  last  nine years on  installations in the U . S . A .  

and Japan (1, 2, 3 ,  4 ,  5, 6 ,  7, 8, 9 ) .  Others have generally  limited 
their effort to  pilot  plant  projects  and  are  still  developing  the  basic 
technology for their process.  One  of  the  major  developers  of FGO techno- 
l o q y  i n  Canada is Ontario Hydro, having piloted a limestone slurry FGO 

r,ystem  and participated  financially  in  a  second  effort (10). 

Ilw major air pollution control equipment  suppliers  have been, and  still 
are, the  principal  developers  of  the  nonregenerative  and  regenerative 
processes. In many cases they  are  also  suppliers o f  combustion  boilers 
or  other  equipment  associated  with  larger  utility boilers.  Major  incentives 
for  such  development have  been  government  regulations  requiring  emission 
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corltrols, significant  federal  cost  sharing  in the form  of  demonstration 
grar~ts, and  a  commitment by the equipment  suppliers  to  continue  and 
expand  their  business  in the electrical  utility  and  related  fields. 

2 . 1  Early  Development 

Water scrubbing of flue  gases  was  experimented with as  early as 1900 (8) 
a1 though  the  most  significant work was conducted  around 1930 by London 
Power Co. in  England (8, 11). This led to a large  gas-washing  instal- 
lation at the  Battersea  Power  Station  and  later at Bankside.  Both  used 
a  chalk  slurry  as  a  scrubbing  fluid and, after pH adjustment, the effluent 
was discharged  into the River  Thames.  These  plants  were  shut down 
during  World War Two and  have  not  been  restarted. 

'The next  installation  was at Swansea, Wales, where  the  ICI-Howden  system 
again used a chalk  slurry,  but  the  effluent was filtered to remove 
solids, and  then  reused.  Major  operating  problems  arising  from  high  ash 
concentrations  resulted in the scrubber  being  abandoned. 

Ihe next  significant  effort was the full  scale  installation by Combustion 
Engineering in 1968 (1) of  two  limestone  injection,  followed b,y lime- 
.,crubbing, FGD systems. One was applied  to  a 140 MW boiler for Union 
Llectric Co.  in  St. Louis, Mo. and  the  other on a 125 MW boiler  unit for 
Kansas  Power & Light  Co.  in  Lawrence,  Kansas.  After  several years of 
operation or partial operation,  and  many  modifications, the Union  Electric 
Cn. system was  shut  down  and  abandoned (12). The  other  unit a.t Lawrence, 
Km:,as  underwent  many  similar  changes  and in addition was converted  to a 
Lilil-end limestone  scrubbing  system (1). It is still operating today, 
nine years later. 
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7 .7  Current  Status 

S i n c e   t h e s e   i n s t a l l a t i o n s   i n  1968, the  development  and  implementation O f  

t C D  systems have progressed  steadi ly and to  date  approximately 24 systems 

t o t a ' l l i n g  6000 MW have  been i n s t a l l e d  and a re   ope ra t i ng   i n   t he   Un i ted  

S t a t e s  (1, 7,  9 ) .  As o f   e a r l y  1977 cons t ruc t i on  was proceeding on f i v e  

r e t r o f i t   j o b s  and  28 new systems  (9).  Sixteen  of  these have  been r e t r o f i t .  

Approx imate ly   f ive systems  have  been shut down. 

Ihr   actua l   implementat ion  schedule  for   these  systems,   inc lud ing  both 

nonregenerative and r e g e n e r a t i v e   u n i t s   i s   d e p i c t e d   i n   F i g u r e  IV-1. The 

t o t a l  scrubbing  capaci ty (MW) i s   p l o t t e d   a g a i n s t   c a l e n d a r   y e a r   s i n c e  

1968. A 1974 summary o f   ope ra t i ona l  and p lanned  ins ta l la t ions   by  Ponder 

( ' I )  of the  Uni ted  States  Environmental   Protect ion Agency (EPA) i s  a lso  

plot . tet l .  It appears that   implementat ion i s  1-1/2  years  behind  the 1974 

~ l r r ~ j e c t i o n s .  

111 JalJan.  more than 50 FGD systems  were i n   o p e r a t i o n  as o f  January  1975, 

c'~n~l lnore than 80 were p r o j e c t e d   t o  be i n s t a l l e d  by  the end o f  1976 (1). 
Itre systems inc lude a mix o f  both  nonregenerative and regenerat ive 

p r o c e s s e s  and  have  been a p p l i e d   n o t   o n l y   t o   o i l  and c o a l - f i r e d   u t i l i t y  

tmil6?rs bu t  a l s o  t o  f l u e  gases f rom  smel te rs ,   s in te r ing   p lan ts ,   indus t r ia l  

h o i l e r s ,  Claus  plants and su lphu r i c   ac id   p lan ts .  Few are  opera-t ing on 

c.oa1-f i red  boi ler   exhausts.   Figure IV-2 shows t h e   i n s t a l l e d  and opera t ing  

(.dp;Icity o f  FGD systems i n  Japan. It i s  apparent  from  Figures ::V-l and 
I V - 2  t h a t  p a r a l l e l  development o f  FGD systems t o o k  p l a c e  i n  the Uni ted 

: , la l t .es  and i n  Japan. 

Rqlid development of FGD technology i n   t h e   U n i t e d   S t a t e s  was i n   p a r t   t h e  

~l i rw~ . I .  r e s u l t  o f  EPA p a r t i c i p a t i o n   i n   t h e   t e c h n o l o g y  development.  program. 

Con:.idt?rable in fo rmat ion  has been generated and made a v a i l a b l e   t o   t h e  

IIPwra1 publ ic  through  total ly  funded  research  programs and demonstration 
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Figure lY - I 
INSTALLED and OPERATING 

F G D CAPACITY  EXPRESSED  IN  MEGAWATTS 
UNITED STATES 

PROJECTED 
PONDER 
1974(l) / 

1965 
JAM 

1966 1961 1968 1869 1970 1971 1972 1973 1974  1975 1976 
JAN JAN JbN  JAN JAN JAN JbN  JbN 
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Figure IY - 2 

INSTALLED ond OPERATING 
F GD CAPACITY  EXPRESSED IN  MEGAWATTS 

JAPAN 

26/9-2 IV - 6 



Figure E - 3  

FLUE GAS  DESULPHURIZATION 
CAPACITY  USING LIMESTONE 

IN USA and JAPAN 
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Figure Ip- 4 

FLUE GAS DESULPHURIZATION 
CAPACITY USING LIME 

IN  USA and JAPAN 

! 
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1965 
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Figure Ip - 5 

CAPACITY USING THE 
DOUBLE ALKALI PROCESS 

JAPAN 
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JAN 
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26/9-2 IV - 9 



g r a n t s   f o r   f i r s t - o f - a - k i n d   f u l l   s c a l e   i n s t a l l a t i o n s .   W h i l e  up t o  now, 

€PA ass is tance has been pr imar i ly   d i rected  towards  the  nonregenerat ive 

processes, it i s  now being  redirected  towards  the  regenerat ive and 

advanced  processes. 

2 .3  Proven o r  Practicable  Technology 

FGD technology has still no t  been o f f i c i a l l y  judged t o  be a proven  or 

pract icable  technology  by  the  Nat ional  Academy o f  Engineering i n   t h e  

Uni ted  States.  It has s e t   t h e   f o l l o w i n g   ( p a r a p h r a s e d )   c r i t e r i a   f o r  

proven  technology  wi th   respect   to  FGD. 

A FGD process  must   operate  sat is factor i ly  on a 100 MW o r   l a r g e r  commercial 

e l e c t r i c i t y   g e n e r a t i n g   s t a t i o n   f o r  more than one y e a r .   S u f f i c i e n t  

opera t ing  and  economic data  must be generated so as t o  f a i r l y  judge  the 

performance and  economics o f   t h e  system. 

I n   e a r l y  1975,  Research C o t t r e l l   I n c .  (12) c la imed  to   be   the  f i r s t  t o  

meet t h e   c r i t e r i a   w i t h   t h e i r  system on the  Chol la  No. 1 b o i l e r   o f   A r i z o n a  

Publ ic   Serv ice (14). Th is   bo i le r   genera tes  115 MW and burns  coal   containing 

0 . 5  percent  sulphur.  The f l u e  gases conta in  250 t o  650 ppm o f  sulphur 

d iox ide.   Th is   low  leve l  o f  s u l p h u r   d i o x i d e   r e s u l t s   i n  a less  severe 

t e s t  o f  a system when compared w i t h  a scrubbing  process  designed t o  

handle 3000 t o  5000 ppm of   su lphur   d iox ide.   Therefore,  Resear8:h C o t t r e l l  

l i m i t e d   t h e   a p p l i c a t i o n   o f   t h e i r   p r o c e s s   t o   f l u e  gases conta in ing   less  
t h a n  2000 ppm s u l p h u r   d i o x i d e   u n t i l  more operat ing  exper ience was gained. 

No other   c la ims have  been made with respect   to   proven  technology but a 

f a i r  assessment o f  many l ime and limestone  systems  would  class.ify them 

as proven  technology as o f  January 1976. It would  a lso  appear  that  many 

o f  the  systems o p e r a t i n g   i n  Japan  on p a r t i c u l a t e - f r e e   f l u e  gas have 

demonstrated  proven  technology  as  of  January 1976. 
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A United  States  Commerce  Technical  Advisory  Board  Panel  on  Sulphur  Oxide 
Emission  Control  Technology  in  its final report  submitted  on  September 10, 
1975, concluded  that  continuous SOX emissions control  technology was 
commercially  available (15). Lime  and  limestone FGD processes  were 
judged to  be proven  technologically capable of  removing as much as 90 
percent  of  the SOX in the flue gases. 

3 .  PARTICULATE  REMOVAL 

The attitude towards  particulate removal  has  varied  considerably  during 
the development of FGD technology. In the late 1960's, almost  no  consider- 
ation was given to ash removal before  the FGD system, and as a result 
some  very  serious  problems  developed in the start up and  early  operation 
stages  of  the FGO systems.  Even  the  more  recent  systems  have  had to 
solve  substantial  problems  associated  with  flyash in their start up  and 
early  operational phases. 

3.1 Desulphurization without Flyash  Removal 

If FGO is to be accomplished  without  removing  the  flyash first, then  the 
choice of  systems i s  essentially  limited to one of the  nonregenerative 
processes. The prime  reason  is  that flyash will reach  the  desulphuri- 
ration  system and contaminate  the  scrubber and/or scrubbing fluid.  None 
o f  the regenerative  processes  can deal with  significant  quantities o f  
a 5 tl 

Several Chemic0 systems  such as the two Duquesne  Light (16) systems and 
the Pennsylvania  Power,  Bruce  Mansfield  system  were  designed to remove 
flyash and sulphur  dioxide  independently.  Each  consisted o f  two venturi 
scrubbers in series so that  the  flyash  could be  removed  first  and then 
the sulphur  dioxide  could be  removed  from  particulate-free gas. However, 
when  the  Duquesne Light  system  started  up,  substantial  sulphur  dioxide 
was removed in the  first  stage  and  it  experienced  severe  acid  attack. 

26/9-2 
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This  system now operates  wi th  a l ime   s lu r r y   rec i r cu la ted   t h rough   bo th  

scrubbers and simultaneous  f lyash and sulphur  dioxide  removal 'is accom- 
p l  ished. 

Th is   exper ience   po in ted   ou t   t he   d i f f i cu l t i es   encoun te red   i n   a t tempt ing  
w e t  methods o f   f l y a s h  removal p r i o r   t o  FGD bu t   suggests   tha t   p roper ly  
designed FGD systems  using  l ime  or  l imestone  can be successful .   This 

p o s i t i o n  i s  held  by many systems supp l ie rs .  

3.2 Desu lphur iza t ion   a f te r   F lyash Removal 

Flyash  removal  with an e l e c t r o s t a t i c   p r e c i p i t a t o r   p r i o r   t o   t h e  FGD 
systems, has  two s i g n i f i c a n t   p o i n t s   i n   i t s   f a v o r .   F i r s t l y ,  even w i thout  
t h e   f l u e  gas scrubber i n  o p e r a t i o n ,   t h e   u t i l i t y   c a n  meet the p a r t i c u l a t e  
emission  standard.  Secondly,  the  choice o f  a p p l i c a b l e   f l u e  gas  systems 

i s  increased.  This  decreases  the chance of   having  operat ional   problems 

assoc ia ted   w i th   f l yash .  A f l u e  gas bypass op t ion   a round  the   f lue  gas 

scrubber i s  normal ly  included i n   t h i s  design. By adopting  thiE.  design 

p h i l o s o p h y ,   t h e   e l e c t r i c a l   u t i l i t y   e n s u r e s   t h a t   i t s   p r i m e   r e s p o n s i b i l i t y  
o f  p r o d u c i n g   e l e c t r i c i t y  can  be  met, wh i l e   se r ious l y   a t tempt ing   t o  meet 

the  sulphur  d ioxide  emission  standard.  Some regulatory  agencies do no t  

approve o f  the  bypass  option. 

I n   t h e   U n i t e d   S t a t e s   t h e r e   i s  no c lea r   p re fe rence   f o r   e i t he r   ph i l osophy .  

However, s e v e r a l   r e t r o f i t   i n s t a l l a t i o n s  a t  s i t e s  where f l y a s h  removal 
does n o t  meet t h e  codes,  have  chosen  combined f l yash  and su lphur   d iox ide 

removal  systems.  This i s  a lso   t he  choice f o r  many  new p l a n t s  i n  the  
w e s t  tha t   burn   low  su lphur   coa l .   In   the   eas t ,  new p lan ts   burn ing   h igher  

s u l p h u r   c o a l   t e n d   t o   f a v o r   h i g h   e f f i c i e n c y   e l e c t r o s t a t i c   p r e c i p i t a t o r s  
fo l lowed  by a FGD system. 

26/9-2 
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4.  NONREGENERATIVE PROCESSES 

Nonregenerative  processes remove the  su lphur   d iox ide  f rom  the  f lue gases 

and i n  most  cases  produce a calc ium  sulphi te/sulphate  s ludge. The 

sludge has l i t t l e   o r  no commercial  value i n   t h e   U n i t e d   S t a t e s  and  must 

be d i s p o s e d   o f   i n  a l a n d f i l l   o p e r a t i o n .   I n  Japan, some processes have 

been  designed so t h a t   a l l   t h e   s u l p h i t e  i s  o x i d i z e d   t o   s u l p h a t e  and 

commercial q u a l i t y  gypsum i s  produced. 

4 . 1  Flue Gas Desulphur izat ion  using  Limestone 

Limestone  processes  were o r i g i n a l l y  designed t o   a l l o w   l i m e s t o n e   i n j e c t i o n  

d i r e c t l y   i n t o   t h e   b o i l e r s .   T h i s   p r o v i d e d   s u f f i c i e n t   t i m e   f o r  i t  t o  

e i t h e r   r e a c t  with the   su lphu r   d iox ide   o r   t o   be   ca l c ined   t o   ca l c ium 

oxide. .The reacted  l imestone and the  calcium  oxide  produced  were subse- 

q u e n t l y   c o l l e c t e d   i n  a wet  scrubber where add i t iona l   su lphur   d iox ide  was 

removed f rom  the  f lue gas stream and converted t o   c a l c i u m   s u l p h i t e  and 

ca l c ium  su lpha te .   Th i s   con f i gu ra t i on   resu l ted   i n   s ign i f i can t   bu i l dups  

i n  some o f   t h e   b o i l e r s  (Meremac No. 2 and  Hawthorne No. 4)  (1, 17) and 

major   modi f icat ions were r e q u i r e d .   I n   f a c t ,   t h e  Meremac scrubber  system 

was l a t e r  abandoned  and  Hawthorne No. 4 was converted to   l imes tone  

c,crubbing w i thout   fu rnace  in jec t ion .  The l i m e s t o n e   i n j e c t i o n   t y p e   o f  

system i s  no longer   o f fe red  (18). 

The most  common conf igura t ion   fo r   l imestone  sc rubb ing  now includes a 
quench chamber f o r  f l u e  gas cond i t ion ing ,  a gas- l iqu id   con tac t   tower  and 

a demister  section. A f l u e  gas reheat   sect ion may a lso  be inc:luded. 

l h e  l imes tone  s lu r ry   con ta ins  10 t o  15 percent   so l ids  by  weight  and i s  

recycled  through  the  quencher and the   sc rubber   a t   ra tes   o f  40 t o  80 
gal lons  per   minute  per  1000 c u b i c   f e e t   p e r   m i n u t e   o f   f l u e  gas. Pulver ized 

l imestone i s  added a c c o r d i n g   t o   s l u r r y  pH, and a s lu r r y   b leed   s t ream  i s  

taken  from  the  recycle  tank i n  o rde r   t o   ma in ta in   t ank   l eve l  and the  

so l ids   con ten t   o f   the   s lu r ry .  The bleed  stream  passes t o  a t h i c k e n e r   o r  
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to  a  settling  pond  and  after  sufficient  time the solids  settle  to  a 
concentration  of 40 to 60 percent by weight solids. 

Many  limestone  processes  are  designed  to  remove  both  flyash  and  sulphur 
dioxide, so the sludge i s  a mix  of flyash, calcium  sulphite,  calcium 
sulphate, and  calcium  carbonate. The percentage of each  is  dependent  on 
the ash  and  sulphur content  of  the coal  and  on  the  degree  of  sulphur 
dioxide removal.  Little  can  be done with this  sludge and  it must be 
disposed of in a landfill. 

In  the  Japanese  processes  that  produce  gypsum,  the  boilers  usually burn 
low  ash oil, or  precollectors  are used to  remove  the ash. The product 
of the  scrubber  must be oxidized  and  the  calcium  carbonate  concentration 
controlled by effectively  maintaining the proper  ratio  between the 
limestone  added  and  the  sulphur  dioxide  removed. 

The combined  history  of  the  United  States  and  Japanese  limestone  slurry 
scrubbing  processes is shown in Figure IV-3.  New construction  and 
retrofit will increase  the  indicated  limestone  slurry  capacity in the 
United  States by a  factor of three by 1979  (9). United  States  installa- 
tions  are all on  coal-fired boilers while the majority  of the Japanese 
installations  are  on  oil-fired  industrial or utility  boilers. It can be 
seen  that 1972 and 1974 were  the  first years o f  steady  growth  in  lime- 
stone  processes in the  United  States  and Japan respectively. 

I n  the limestone  process,  the  limestone is  pulverized and fed on demand 
to  the  scrubber  recycle  tank. The limestone i s  carried in the scrubbing 
liquid as a solid  and  requires  time  and  slightly  acidic  conditions (pH 
5.5 to 6.5) in  order t o  dissolve. The dissolved  limestone is then able 
to  react  with  the  sulphur  dioxide  that  has  been  removed  from  the  flue 
gas. The normally slow  dissolution  rate  of  limestone  is the rate- 
controlling  step  and  this  can  lead  to  operational  problems,  such  as 
scaling  and/or  to  limited  sulphur  dioxide  removal  efficiencies. 
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4.2 Flue Gas Desulphurization  with Lime  Slurry 

Flue  gas  desulphurization  using  a  lime  slurry is very similar to  limestone 
scrubbing in both  equipment  configuration  and  design.  However,  there 
are several  major  differences in operation  and  these are re1at.ed to the 
reagent. 

In the  lime  slurry  process,  lime is slaked  outside the scrubber  slurry 
system  and i s  fed  to  the scrubber as a  saturated  calcium  hydroxide 
slurry.  In  this  way  the  rate-controlling  step  associated  with  dissolution 
is  avoided  and the ability  to  remove  and  neutralize the sulphur  dioxide 
is controlled  only by mass  transfer  and  liquid  phase  chemistry.  Lime 
scrubbers usually  operate  at  pH 6 to 7.5. 

The  resultant  sludge  is  again  composed  of flyash, calcium sulphite, 
calcium sulphate, lime, and  calcium  carbonate.  However, the anount of 
carbonate is  related to the amount of carbon  dioxide  scrubbed out of the 
flue gas  and  not  to  the amount of unreacted  reagent.  With  good  quality 
lime  the  free lime concentrations in the  sludge  should be  less  than  one 
percent  of  the solids. 

Developments by Dravo  Lime Corp. (18) in 1973 and 1974 resulted in 
production of a  Thiosorbic (*) lime for  the FGD industry. This lime 
includes  a  small  percentage o f  magnesium  oxide  that  enhances  the  alkalinity 
of  the  scrubbing liquor  by the build-up of magnesium  sulphite  and  magnesium 
bisulphite. In this way, the possibility o f  rate-limiting  liquid  phase 
reactions  was  eliminated  and  the  scrubber  became  a  gas/liquid mass 
transfer  limited  operation. 

FGD using  the  lime  slurry  reagent  has  grown  steadily  since 1972 in  both 
Japan and the United  States. The installed  capacity for lime scrubbers 
i s  shown in Figure 4. Installed  capacity in the  United  States by 1979 
should  double  the  indicated 1977 value. (9) 
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4 . 3  Flue  Gas  Desulphurization  using  Double  Alkali 

Double alkali  FGD  technology is  being developed by several  colnpanies  and 
was  reviewed by  Kaplan (20) in 1974. This  system  uses  a  highly  soluble 
alkaline solution, usually  sodium  hydroxide, to scrub  the  sulphur  dioxide 
from  the  flue  gas and thus  the  process is only  limited by gas./liquid 
mass  transfer. The spent  scrubbing  fluid is then  transferred  to  a 
regeneration  section  where  the pH  is raised by the  addition o f  either 
lime, calcium  hydroxide,  or  limestone.  This  causes  calcium  sulphate and 
calcium  sulphite  to  form  and  precipitate. The solids are phyljically 
removed  and  the  clear  sodium  hydroxide  solution  is  returned  to  the 
scrubber  recycle tank. 

Several  variations  of the basic  process  have  been  developed by the 
various  vendors  but  essentially  all  use a  sodium-based  alkali  in  the 
scrubber  and a calcium-based alkali  in the regeneration  stage. The 
product is a  calcium  sulphite/sulphate sludge, containing  flyash and 2 

t o  5 percent  sodium hydroxide. The inability  to  completely wash the 
sodium  hydroxide out of the  sludge is a  significant  problem i n  the 
double  alkali  process. 

A few  processes  use  an  ammonium-based  alkali  instead  of  a  sodium-based 
one, but  this may  result in a  visible  ammonium  salt  plume. Arlother 
version  is  the  Monsanto  'Calsox'  process  that  uses an aqueous  organic 
base  instead  of  sodium  hydroxide.  Both  are in the  development.  stage. 

Virtually all  the  installed  and  operating  double  alkali  processes are in 
Japan. I n  fact  only  two  small  systems  totalling 50 MW operate in the 
United  States.  Construction i s  scheduled  to  be  completed in July 1978 
on a 575 Mh' unit, at the end of 1978 on  a 277 MW retrofit,  and  April 
1979 on another  new 250 MW unit.  Installed  capacity o f  double  alkali 
processes in Japan is shown in Figure IV-5. 
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4.4 Problem  Areas  for  Nonregenerative  Processes 
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The application of FGD technology  has  presented  the  electrical  utility 
industry  and FGD system  vendors with complex  problems that were new  not 
only  to them, the  buyers  and  the  suppliers o f  this  technology,  but  to 
all industries.  Consequently, the  problems  had to be  solved tly inexper- 
ienced  people  through  crash  research  and  development  programs.  These 
programs were, in  many cases, conducted on full scale  installations  and 
the consequence  was the expenditure of great  sums o f  money  and  expensive 
downtime  for the  utility  boilers.  Problems  related  to  chemical  scaling 
and sludge disposal were  perhaps  the  most  significant  trouble  areas. 

4.4.1 Chemical  Scaling 

The chemical  scaling  problem  occurred on the  very first FGD installation 
at Union Electric's  Meremac  station in 1968 and 1969. Limestone  injected 
into  the  boilers  caused  calcium  sulphate  to  form  and  deposit 011 the 
tubes in the  boiler.  Eventually  the tube  banks  were  completely  plugged 
and  boiler  shutdown  was  required. 

Chemical  scaling  next  occurred in the  scrubber and  to date  this is  still 
a problem  with  some  scrubber  systems. In the  lime  and  limestone  slurry 
systems,  the  slurry is a complex  mixture o f  solids  and  ions  in  solution. 
Sulphur  dioxide that has  collected  in the slurry  becomes  a  sulphite  ion; 
a5 the pH  of the  slurry  changes  the  solution  becomes  more or less  saturated 
w i t h  respect to the main  reaction  product,  calcium  sulphite,  which 
accordingly may  precipitate out or go  back  into  solution. 

Oepending on the degree o f  oxidation,  calcium  sulphate may also  be 
formed  and  again the solution  may  be  more or less  saturated  for  this 
product,  depending  on pH fluctuations. 
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With  at least these two chemical equilibria to  satisfy,  the slurry is 
recirculated continuously through  the  scrubber and may be subjlect to 
wide fluctuations in sulphur  dioxide composition,  depending  on boiler 
load and coal composition. A sudden  low input  of sulphur dioxide results 
in a high pH and more  product precipitation. If this happens .in the 
scrubber  rather  than the  recycle tank, scaling will probably result. 
[Lower pH's due  to increases in  sulphur dioxide concentration  can  also 
result in temporary  increases in sulphate ion concentration and  subsequent 
calcium  sulphate scaling. 

The problem of scaling in the  scrubber is now  more fully understood and 
operating  conditions  can  be  specified  to  minimize  the problem. However, 
this  has  taken  many years  of  experimentation, including the  development 
of a computer model to study the chemistry of  the  lime  and limestone 
scrubber systems. 

The  double alkali system  also  suffers from chemical scaling. lhe problem 
starts  with the lime addition  to the  sodium  bisulphite-rich s1LIrry. 
Ca.lcium sulphite  precipitates and sodium  hydroxide and sodium sulphite 
are recovered. However, oxidation causes sulphate to  form  and chemical 
scaling due  to gypsum  formation can  occur in the  reaction tank, the 
process lines, and the scrubber. Development  work  on this problem is 
still in progress. 

Chemical  scaling due t o  gypsum formation  also occured in the mist elimin- 
ator.; and required ccnsiderable experimentation with  equipment design 
and with methods of  washing  or  flushing  the  mist eliminator. The problem 
develops as the fine  mist  from  the scrubber is carried up  and collected 
by the eliminator.  If a droplet becomes  saturated with gypsum ,as a 
result of evaporation, sulphite oxidation or additional sulphur dioxide 
collection, precipitation  occurs and scaling  may result. 
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Chemical  scaling  is  the  most  serious  cause of FGO system  unreliability 
and  is reflected in  high  maintenance  costs  and  low  system  availability. 
One  particular  limestone  scrubber  system  consists  of  seven  scrubber 
modules  and  handles  the  total  gas  volume  from  an 820 MW low  sulphur 
coal-fired  boiler  without  bypass. The system  costs $48.5 million  and 
requires  a  staff of 50 operators  and  maintenance  men. One module  was 
shut down  each  night for cleaning to remove  scale  formations (9). This 
effectively  limited  the  plant  capacity  to 700 MW. The eighth  module i s  

now  being  installed to give full  load  utilization  at 820 W. With  the 
completion of a new  settling  pond  this  plant's  cost will be  about 358 
million (9). 

4.4.2 Sludge  Disposal 

The  disposal of sludge  from the nonregenerative  processes  presents 
problems  with regard to material  handling  and  confinement. This represents 
an expenditure to  the  electric  utility o f  from $2 to $10 per wlet ton o f  
sludge  produced. 

A typical 500 MW coal-fired  boiler  consumes about 440,000 lb/hr of coal 
with  a  heat  value  of 11,000-13,000 Btu/lb  and results in a flue  gas 
volume of 1,300,000 ACFM at 270' F. For 3.5 percent  sulphur i n  the 
coal, the concentration of sulphur  dioxide  in the flue gas is about 2800 

ppm. If a FGO system  is  applied  with 90 percent  removal efficiency, 
then sludge will be  produced  at  a  rate of 1 wet ton per minute (40 
percent o f  solids by weight). This is greater than  the  normal  flyash 
pvoduction  rate  of  about 0.4 ton per  minute (10 percent ash, dr:y  collection). 
D a l l y  sludge disposal  costs will approach $15,000 and a disposal  volume 
of 35,000 cubic  feet will  be  required. 

The sludge  produced is a  mixture  of  calcium  sulphite (CaS03 . 11'2 H20), 

calcium  sulphate (CaS04 . 2H20), calcium  carbonate (CaC03)  and ilyash 
that i s  usually a thixotropic  fluid.  It  is  extremely  difficult  to 
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settle to  concentrations  above 40 percent or thicken  above 55 percent by 
weight solids.  Water  associated  with  the  sludge is saturated  with 
calcium, sulphite, and  sulphate  ions  and  reported pH's range  from 4 to 
10. Also,  the  sludge may  contain  several  thousand  ppm  of  chloride  ion 
due  to  chloride in the  coal. It may also  contain  leachable heavy  metals 
(22).  

These  problems  required  development  of  sludge  fixation  technology. 
Several studies  are  currently  under  way in the  United  States  to  study 
disposal  methods  and  migration  of  soluble  components  from  the  confined 
sludge.  Companies that have  developed  fixation  technology  include  Dravo 
Corp, IU Conversion  Systems  and  Chemfix, Div. of  Environmental Sciences 
Inc. (22). Most  of  the  fixation  techniques  produce a high  pH  (greater 
than lo), load-bearing  material  with a permeability of cm s-' or 
less. IUCS has also  manufactured  synthetic  aggregate  from  the  sludge 
that has properties  suitable  for  road-base  material. 

4.5 Application  of  Nonregenerative  FGD  Systems 

Nonregenerative  FGD  technology  now  exists  and  can  be  applied  to a wide 
variety o f  plant  emissions  containing  sulphur  dioxide.  However,  before 
their application, consideration  must  be  given to the need, consequences, 
and  costs. 

The need for  desulphurization  systems is directly  related to plant 
design and  operating  conditions,  meteorological  conditions,  and  health 
requirements  of  plants, animals, and  humans. 

The  consequences  of  applying  nonregenerative  FGD  systems  include: 

(a) Favorable  reduction in the  sulphur  dioxide  emissions; 

( b )  Unfavorable  increase in  disposal  area  requirements. 
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(c) Sludge produced  would  require  the  development  of  suitable  sludge 
fixation  technology that is  to date  unavailable for areas  which may 
experience  severe winter conditions, otherwise, the  sludge  would 
remain a thixotropic  mixture in the  unfrozen state; 

(d) Contamination of groundwater is a potential  problem due to the 
soluble  salts and/or  leachable  heavy  metals  contained  in  -the sludge; 

(e) Unfavorable  plume  buoyancy may require  consideration  of  methods  of 
flue  gas reheat; 

( f )  The  water  balance  for  the  scrubber  system will require  detailed 
evaluation so that the overall water balance is  not  adver:sely 
affected; 

(4) Total  energy  consumption  significantly  reduces the available  power 
from  the thermal  plant. 

5. REGENERATIVE  PROCESSES 

Hegenerative FGD processes  are  designed to remove  sulphur diox.ide from 
the flue gas  and  produce a saleable  form  of  sulphur  such as elemental 
sulphur, sulphuric acid, or pure  sulphur  dioxide.  Installed  operating 
capacity in the  United  States to the  end of 1975 was less  than 300 MW 
indicating  that  there had been  substantially less development  than  for 
the nonregenerative  processes. Japan, on  the  other hand, had  -installed 
a substantial  number o f  regenerative  processes  and  leads  the Wiay in 
demonstrated  technology. In  excess  of 660 MW were  in  operation by the 
end of 1976 ( 9 ) .  An  additional 1500 MW may  be  in operation by the  end 
of 1979. 
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5.1 Flue  Gas  Desulphurization  Using  Magnesia 

The  Mag-Ox  process (1, 23) utilizes  a  recirculating  aqueous SllJrry 
(pH 7 . 5  - 8.5) of magnesia  and  reacted  magnesium-sulphur  salts  for the 
removal of sulphur  dioxide  from  flue gas. Makeup  magnesia is  :slaked  and 
added  to the process  to  compensate  for the magnesia  losses due to  sulphate 
formation. A bleed  stream o f  the recirculating  slurry is dewatered  and 
the resultant  sludge  cake is dried  and  calcined to release  sulphur 
dioxide in a  concentrated  form.  The  sulphur  dioxide is reduced to 
elementa'l sulphur or converted  to  sulphuric  acid. The magnesia  produced 
in the calcination  stage  is  returned  to the scrubber system. 

A two-year  demonstration of this  process was completed at the floston 
Edison  Mystic  Station  in 1974 and  the  unit  was  shutdown (7). I:n the 
United States, a 95 MW capacity  unit is currently in operation  and  a 120 
MW unit. i s  in the  start up  phase. 

I n  Japan (I) three  units  are  now in operation  and  serve the following 
processes: 

( a )  Sulphuric acid plant, 48,000 SCFM  (equivalent to 25 Mw) installed 
1971; 

( h )  Copper smelter, 53,000 SCFM  (equivalent  to 28 Mw) installed 1972; 

ic) C'laus plant  and boiler, 300,000 SCFM  (equivalent  to 160 MW) installed 
1974. 

Except for the  copper  smelter  application,  none o f  the  Japanese install- 
ations has  to  deal with  particulate  matter  and  large  volumes  of  flue  gas 
simultaneously. 
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5.2 Flue Gas Desulphurization  Using  Sodium 

lhe regenerative  FGD  process  using  a  sodium  sulphite/bisulphite  liquor 
and  producing  either  sulphuric  acid or liquid sulphur  dioxide,  developed 
by Wellman  Lord, has  been  installed  on several oil-fired  boilers in 
Japan. However,  the  first  operating  unit  was  installed  on a sulphuric 
acid  plant  tail  gas  stream in the  United  States (5, 8). Since that time 
at least 14 installations  have  been  made in Japan (1). The oldest  unit 
. is  the  one  installed in 1971 on  Japan  Synthetic  Rubber's 70 MW boiler. 

The first major  installation  for  this  process  on  a  coal-fired  boiler 
will  be in the  United  States  at  Northern  Indiana  Public  Service  Co.'s 
Mitchell  Station on the 115 MW No. 31 boiler.  Davy  Powergas Inc. will 
supply  the  Wellman  Lord  sulphur  dioxide  recovery  system  and  produce  an 
85 percent  sulphur  dioxide  gas  stream that will go to  an  Allied  Chemical 
sulphur  dioxide  reduction  unit (24, 25, 26). The project is 5D percent 
funded by a United States EPA demonstration  grant.  It  was  scheduled  for 
start up in 1976 but  latest  data  still  indicate  that  currently  no  units 
are  operating; 375 MW of  new  construction  and 455 MW of retrofit  capacity 
should be  on  line by 1979 (9). 

The Wellman  Lord  Process  uses  a  sodium  sulphite  rich  stream  to  contact 
the flue  gas  in a  scrubber  and  sodium  bisulphite  forms as sulphur  dioxide 
is collected. A bleed  stream of the  bisulphite-rich  slurry is 'withdrawn 
from the absorber system  and  processed  in a steam-heated  evaporator. 
This  regenerates  the  sulphite  and  produces  a  sulphur  dioxide-rich  stream. 

A t  this  point  several  options  nay  be  exercised  with  respect  to  final 
product  form. The sulphur  dioxide  can  be  liquefied as final  product or 
used to make  sulphuric  acid. A third  alternative is to  reduce t.he 
sulphur  dioxide  to  elemental  sulphur  using  a  carbon-based  fuel  such a5 

coke or methane. 
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The Wellman  Lord  process  can  be  designed  to  treat  flue  gases  that  contain 
sulphur  dioxide in concentrations up to  three  percent or so, and  yield a 
final effluent  containing .02 percent (200 ppm) or  less. The (major 
changes  required  to  handle  these  high  concentrations  are  associated  with 
the  capacity o f  the  regeneration  system. In 1971, the Wellman Lord 
process  was  installed  at Toa Nenryo  Ltd.,  Japan  and  handles  the tail gas 
from  two 150 LTD Claus  plants (25). 

5.3 Flue  Gas  Desulphurization  Using  Dilute  Sulphuric  Acid 

The dilute  acid  approach  to  scrubbing  flue  gas has  been  developed by 
Chiyoda and  referred  to  as  the  Chiyoda  Thoroughbred 101 FGD  process 
(27).  It is  usually  applied after a high  efficiency  electrost'atic 
precipitator  and  the  process  unit  consists  of a prescrubber  and  an 
.~bsorber. An integral  part  of  the  absorber  is  the  oxidation  section 
where air  is  used to  oxidize  the  collected  sulphur  dioxide  to  ,sulphur 
trioxide.  Ferric  sulphate is added  to  the  absorber to catalyzla the 
oxidation  reaction. 

~Ihe Chiyoda  process  produces a dilute  sulphuric  acid  product that could 
by upgraded  should  market  conditions  warrant. However, essentially all 
o f  the systems  include  gypsum  production  facilities  and  use  lime  or 
limestone  to  produce  good  quality  gypsum. 

Since the  first Chiyoda systems were installed  in 1972 on oil-fired 
boilers in Japan (1) over 1100 Mw of  capacity  have  been  installed  and 
are operating.  Its  application in the  United  States at the Sholtz  Power 
Station  of  Gulf Power, marks  both  its first  installation  on  the  continent 
and on a coal-fired  boiler (28). This  plant will handle 53,000 SCFM 
(equivalent o f  about 23 MW), and  produce  about 32 tons per  day of gypsum. 
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Because  dilute  sulphuric  acid has a limited  capacity  to  absorb  sulphur 
dioxide, exceptionally high liquid flow rates  are  required.  Typical 
lime,  limestone  or  sodium-based  systems  use  liquid  to  gas  ratios  Of 50 
t o  100 gallon  per 1000 cubic feet, while the  Chiyoda  process  uses a 
r a t i o  in excess o f  300. This  results in high  operating  costs for absorbent 
recirculation. 

The  Chiyoda  process  has  also  been  successfully  applied  to  Claus  plant 
tail gas (1,26); a final  discharge  containing  less  than 500 ppm can be 
achieved  for tail gases  containing  not  more  than 15,000 ppm sulphur 
dioxide.  As  with  the  Wellman Lord process the major  process  changes 
required  to  handle  concentrations  of  sulphur  dioxide  greater  than 5000 
ppm are  associated  with the absorbent  regeneration  capacity. 

A major  drawback to the  Chiyoda  process  is  that  only  the  gypsum  product 
r0ut.e has  been  demonstrated  and  the  market  for  additional  gypsum in 
North  America  does  not  exist. 

One  of  the  applicants  for an Alberta  oil  sands  permit  had  intended to 
tlse the  Chiyoda  process  to  desulphurize the coke  boiler  flue g,ases. 

5.4 Flue  Gas  Desulphurization  Using Cat-Ox 

l he  Monsanto  Cat-Ox  system  was  first  installed  on the 110 MW coal-fired 
Wond River No. 4 boiler o f  Illinois  Power i n  1972 (29). After  operating 
!or sometime it was shut  down  for  modifications in 1974 and ha!; only 
operated  intermittently  since  then.  It is currently  shutdown and  may 
n o t  operate  again (1,7). 

11) the  Cat-Ox  process  the  sulphur  dioxide i s  catalytically  oxidized  to 
sulphur  trioxide at 85OoF, after  which  the  sulphur  trioxide is condensed 
hy reducing  the  flue  gas  temperature. The acid mist is then  filtered 
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out  using  a Brink(R) mist  eliminator. A high  efficiency  electrostatic 
precipitor  must  be used because  the  process  catalyst is very sensitive 
to fly  ash  contamination. 

Based  on  its  poor  Wood  River  performance  the  process  has  not  attracted 
any interest.  Accordingly, it cannot  be  considered to be  proven  techno- 

1 W Y. 

5.5 Problem  Areas  for  Regenerative  Processes 

Problems  with  regenerative  processes  are  related  to  marketing o f  the 
product  and to regeneration o f  absorbent. 

5.5.1 Marketing  of  Product 

A major  factor  favoring  regenerative  processes is the  potentially  market- 
able  forms  of  the  produced  sulphur.  Generally,  however, in both  Canada 
and  the  United  States, a significant  market  does  not  exist  for  gypsum, 
sulphur,  sulphur  dioxide,  or  sulphuric  acid  over and above  that  currently 
supplied by conventional  suppliers.  There is a  market  potential  on  a 
local basis if the  demand  exists  and  the  quality  and  price are competitive 

The early  successful  applications  of  regenerable  processes in Japan  was 
attributable  to  the  high  quality  gypsum  product.  In  1975  the  total 
qypsum  production  from FGD processes i n  Japan was less than 5000 tons 
per  day ( 1 )  and  this  production  was  absorbed by the  market.  It i s  

believed  that i n  the  future,  fewer  gypsum-producing  systems will be 
installed  due  to  market  saturation. 

In the northeastern  United  States, 280 million  tons  of  coal  were  consumed 
in 1974 and the  annual  consumption is expected  to  increase by between 
100 and 200 million  tons by 1980 (15). By 1980 over 100,000 Mw of 
capacity will need  continuous  FGD  control (15). If gypsum-produc:ing 
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processes  were  used,  about 150,000 TPD  of  gypsum  would  be  produced. 
Current  production  of  gypsum  wallboard in the  United  States is about 
100.000 TPD. 

5.5.2 Absorbent  Regeneration 

In the  magnesia  and  sodium  scrubbing  processes  and the Cat-Ox s.ystem, 
sulphate  formation is a major  source o f  operating problems. In the Mag- 
Ox process  this  results  in the formation  of  non-regenerable  magnesium 
suiphate and thus costly  magnesia  makeup is required.  Major  efforts 
have  been  made  to  minimize  oxidation o f  sulphur  dioxide. 

Similarly, oxidation of sulphur  dioxide in the  sodium  sulphite/bisulphite 
process  results  in  sodium  sulphate  formation. The sodium  sulphate  must 
be continuously  purged  from the system  and  again  major  efforts  have  been 
made  to  minimize  the  need for this  purge. 

In the Cat-Ox process  sulphate  formation  and  particulate  collection  in 
the  catalyst bed cause blinding  and  reduced  catalyst  life. The catalyst 
requires  frequent  catalyst  regeneration if both  of  these  effects are not 
minimized. 

5 . 6  Applicabilities o f  Regenerable  Processes 

The possible application  of  regenerable  processes  may  be reviewed quickly 
by consideration o f  the  inherent  advantages  and  disadvantages o f  the 
system. 

Advantages of regenerative FGD systems are: 

a) favorable  reductions in sulphur  dioxide  emissions; 
b) favorable  conversion  of  sulphur  dioxide  to  a  saleable  sulphur  form, - 

thus  conserving  a  resource;  and 
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c )  minimum storage  problems  wi th  the  sulphur  product  forms where 

su i tab le   marke ts   ex is t .  

The disadvantages  are: 

a )  no proven  technology  for   large  sca le  p lants ;  

b)   the  s igni f icant  increase  in  energy  consumption  for   the  system; and 

c l  uncer ta in  economics. 

6. ADVANCED PROCESSES 

Several  advanced FGO processes have  been  proposed o r  developed  through 

p i l o t   s t u d i e s ,   b u t  none has been  demonstrated on f u l l - s c a l e   c o , a l - f i r e d  

b o i l e r s .  A t  leas t   f i ve   years   wou ld  be requ i red   to   demonst ra te   tha t  any 

of  these  processes may be classed as proven  technology. Few 0.f these 

p rocesses   a re   expec ted   t o   con t r i bu te   s ign i f i can t l y   t o  FGD capac i ty  

before  the  mid  1980's  (15). 

The more prominent  of   these  processes  are  descr ibed  br ief ly i n   t h e  

fo l low ing   sec t ions .  

6.1  Molten  Carbonate  Process 

The molten  carbonate  process i s  being  developed  by  Atomics  International 
(30) and has been p i l o t e d  on a 10 MW scale. It uses a eutect ic  mix o f  

sodium, l i t h i u m ,  and potassium  carbonates as  an absorbent   for   the  su lphur  

d i o x i d e   i n   t h e   f l u e  gas. S ince   the   f lue  gas  must  be a t  8OO0F ho t   p rec ip -  

i t a t o r s   a r e  used t o  move the  part iculate  matter.   Spent  molten  carbonate 

l i q u o r  i s  regenerated  by  reducing  the  sulphi te and sulphate,  using 
hydrogen  and  carbon  monoxide a t  llOO°F, t o   r e l e a s e  hydrogen  sulphide. 

The carbonates  are  regenerated  by  the  reaction o f  mo l ten   sa l t   w - i t h  
carbon  d iox ide   a t  80OoF. 
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6.2 FW-BF Process 

The Foster  Wheeler/Bergbau  Forschung  process  (31) i s  a d ry   absorp t ion  

process  that  produces  elemental  sulphur. It i s   c u r r e n t l y   b e i n g   p i l o t e d  

a t   t h e   G u l f  Power C o . ,  20 MW Sho l t z   S ta t i on  (32). The prototype  absorber 

s e c t i o n   c o n s i s t s   o f   v e r t i c a l  columns o f   p a r a l l e l   l o u v e r  beds loaded  wi th  

c h a r   t h a t   a b s o r b s   s u l p h u r   d i o x i d e   i n   t h e   f l u e  gas.  Oxidation t o  sulphur 

t r i o x i d e  and subsequent  format ion  of   sulphur ic  acid  takes  place i n   t h e  
pores o f  the  char .  

Char cont inuously  moves through  the  absorber and it i s   t r a n s f e r r e d   t o  

the  regeneration  section.  Hot  sand a t  15OO0F i s  used to   heat   spent   char  

up t o  1200°F i n  an i n e r t  atmosphere fo r   regenera t ion .   Th is   d issoc ia tes  

the   su lphu r i c   ac id  and leads t o   t h e   r e d u c t i o n   o f   t h e   s u l p h u r   t r i o x i d e   t o  
su lphur   d iox ide.  The r e s u l t a n t   r e l e a s e   o f  oxygen consumes some o f   t h e  

char t o  produce  carbon  dioxide. 

The su lphur   d iox ide  r ich  s t ream i s  t hen   p iped   t o   t he  RESOX(R) s e c t i o n   o f  

the  system where coal  i s  used t o  reduce  the  sulphur  d ioxide  to  e lemental  

su lphur .   Th is   operat ion i s  conducted a t  1200 t o  15OOOF. 

6.3 Formate  Process 

The "Consol" FGD process was developed  by Conoco Coal  Development Co. 
(10) and i s  a modif ied  form o f  the  potassium formate process  described 
by  Yavorsky e t  a l .  (33) i n  1970. P i l o t  work on a 10 MW pro to type has 

r e s u l t e d   i n   s i g n i f i c a n t  improvements i n   t h e  process  chemistry. 

A ventur i   scrubber i s  used  as the  f i rst process  step  to quench  .the f l u e  

gas f o r   t h e  removal o f   p a r t i c u l a t e s  and su lphu r   t r i ox ide .  The condi t ioned 

f l u e  gas then  f lows  to  a packed  tower  scrubber where it i s  contacted 
w i t h  an  aqueous solut ion  of  potassium  hydrogen  sulphide,  potass.ium 
sulph ide (K2Sx), potassium  bicarbonate,  potassium  carbonate and potassium 
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formate. As sulphur  dioxide is absorbed  potassium  bisulphite is produced 
and  this  is  ultimately  converted  to  potassium  thiosulphate. 

In the spent  slurry  regeneration system, a carbon  monoxide-rich  gas is 
int.roduced  and  hydrogen  sulphide  and carbon  dioxide are formed. The 
off-gas  from  the  regenerator is scrubbed with a  polar  organic  solvent  to 
selectively  remove  the  hydrogen  sulphide  with the resultant  hydrogen 
sulphide rich  stream  being  directed  to  a Claw plant where elemental 
su'lphur i s  produced. 

( R )  Registered  trade  name - Foster  Wheeler. 

lhe estimated  cost  for  a  plant  on  a 100 MW coal-fired  power sta.tion 
burning 3.5 percent  sulphur coal for  start up in 1977 is $70 per  kilowatt 
and  the  cost  to  operate is 4.1 mills  per  kilowatt  hour (10). In 1970 
the  estiaated  capital  cost  based  on  bench  scale  studies  was  only $14 per 
kilowatt ( 3 3 ) .  

6.4 Copper  Oxide  Process 

Shell  (34) developed a FGO process  that  consisted o f  two  reactors in 
swing  operation  for  the removal o f  sulphur  dioxide  and  regeneration o f  
the  acceptor.  Copper oxide, as  the  acceptor,  forms  sulphate at  4OO0C 
with  sulphur  dioxide and  oxygen in the flue  gas.  Sulphur  dioxide is 
released  during  the  regeneration  cycle by means  of a reducing gas. The 
liberated  sulphur  dioxide is converted  to  elemental  sulphur  in  a  Claus 
plant. 

One Shell copper  oxide  system  was  installed in Japan in 1974 on  a 37 MW 
oil--fired industrial  boiler (1). 
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6 .5  C i t r a t e  Process 

The c i t ra te  process,   developed  by  the US Bureau o f  Mines (35,361, was 

p i l o t e d   a t  a l e a d   s m e l t e r   a t   K e l l o g g ,   I d a h o   i n  a 1000 SCFM s i z e   p l a n t  

t h a t   y i e l d e d  1/3 LTO of   su lphur .  A second, 2000 SCFM p i l o t   p l a n t   i s   i n  

o p e r a t i o n   i n   I n d i a n a  and it hand les   f lue  gas from a c o a l - f i r e d   b o i l e r  

con ta in ing   0 .1   t o  0.2 percent  sulphur  d ioxide. 

Th is   p rocess   requ i res   tha t   the   f lue  gas be quenched t o   f r e e  i t  o f  sulphur 

t r i o x i d e  m i s t  and pa r t i cu la tes .  Gas o f f  the  quencher i s  then  contacted 

w i t h  a sodium c i t r a t e ,   c i t r i c   a c i d ,  and  sodium t h i o s u l p h a t e   s l u r r y  to 
remove su lphur   d iox ide.  The su lphu r   d iox ide - r i ch   s lu r r y   i s   regenera ted  

by  the  addi t ion  o f   hydrogen  su lph ide and carbon  dioxide i n  a sulphur 

prec ip i ta t ion  reactor .   F ine  powder l ike  crysta ls   o f   e lementa l   :su lphur  

are  formed and these  are  separated  f rom  the  solut ion i n  an o i l - f l o t a t i o n  

c e l l .  Once co l lec ted ,   the   su lphur  i s  melted and t r a n s f e r r e d  to storage. 

Hydragen  sulphide  for   regenerat ion i s  produced  by  burning some o f  t h e  

co l l ec ted   su lphu r   w i th  methane  and steam. 

The c o s t s   f o r  a p l a n t   t o   t r e a t   f l u e  gas from a 1000 Mw c o a l - f i r e d  power 

p l a n t  was es t ima ted   a t  $36 p e r   k i l o w a t t  and the   opera t ing   cos ts  were s e t  

a t  1.98 m i l l s   p e r   k i l o w a t t   h o u r  (34) (no c r e d i t   f o r   s u l p h u r   p r o d u c t  

taken). 

6 .6 App l i ca t i on  o f  Advanced Processes 

All o f  t h e  advanced processes  are  being  developed  because  they show 

promise  that   the  capi ta l  and opera t ing   cos ts   a re   less   than  o r   equa l   to  

those o f  other  processes and, in   add i t ion ,   they   conserve  a na tura l  

resource,  sulphur, i n  a usable  form. 

However, a l l  o f  the  processes must go through  addit ional  development and 

demonstration  stages t o   s u b s t a n t i a t e   t h e   c l a i m   t h a t   t h e y   a r e   v i a b l e  FGD 
processes. 
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I n  summary, t h e  advantages o f  advanced FGD processes  are: 

a )  favorable  reduct ion o f  sulphur  dioxide  emissions; 

h )  favorable  conservat ion o f  a natural   resource  by  conversion o f  
su:phur io .I saleable  form; 

c )  p o t e n t i a l   t o r  economic advantage  over  regenerative and nonregener- 

at ive  precesses; 

d j  p o t e n t i a l  ( o r  selected  processes t o  produce a form o f  sulphur i n  

process unit.s remote  from  the  absorber and regenerator components 

o f  the  process system;  and 

e )  po ten t ia !   t o   avo id  flue gas rehea t   w i th  some processes. 

The disadvantages  are: 

a) no proven  technology  exists on the  sca le  requi red;  

b )  increase i,, energy  consumption; 

c )  uncertaint .y o f  economics invo lved;  and 

d)  lack o f  la;.ge scale  operating  experience. 

7. ECONOMICS O F  FLUE t iAS DESULPHURIZATION 

The cos t  o f  FtiD systems  has cont inued  to   c l imb  s ince   they  were ' F i r s t  

intvoduced i n  1968. This has, i n   p a r t ,  been due t o   i n f l a t i o n ,   b u t  i t  

a l s u  a r i s e s  from the  necessary improvements i n  equipment  design.,  construc- 
t i o n  m a t e r i a l s  .md opera t iona l  f a c t o r s .  In s h o r t ,  t h e  FGD systf!m is 
becoming a sc~ol.;~,~:,icated chemical  process  that i s  sub jec t  t o  many condi- 

t i o n s   t h a t  car? q s e t  rou t ine   opera t ion .  

FGU systems w e t s  i n i t i a l l y   i n s t a l l e d   w i t h   p r o j e c t e d   c o s t  o f  $8/kw o f  

inst.alled capaci ty  3 r d  dn expected  operat ing  cost  o f  0.4 mi l ls /kwh (8, 

3 1 ) .  By 1974 t h i s  Pm3d increased t o   t h e  $50 - $70/kw range and the  
opet-at ing  costs were ijp t o  3-3.5  mills/kwh  (15,  38, 39). The c a p i t a l  

c.osts f o r  1975 designs f o r  1977 s ta r tup  were est imated $60-$120/kw. 
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Based on 43 FGD systems, cap i ta l   cos t   inc lud ing   s ludge  d isposa l ,   ranged 

from $50/kw t o  $205/kw, w i t h  a mean value o f  $9 l i kw,  a l l  costs   ad justed 

t o  a January 1975 base.  For  l ime/limestone  systems  the  range was $50/kw 

t o  $88/kw w i t h  a mean va lue   o f  $70/kw. Annua.1 opera t i ng   cos ts   f o r  

sludge  disposal  alone  ranged  from an est imated $5 t o   $ l 5 / t o n ,  o r  about 

0 . 4  t o  1 m i l l / kwh  (9) .  T h i s   c a p i t a l   c o s t   h i s t o r y  i s  shown i n   F i g u r e  IV- 
6 .  

Ava i l ab le   ope ra t i ng   cos t   da ta  i s  l ess   p rec i se  because o f   t h e   s e n s i t i v i t y  

o f  o p e r a t i n g   c o s t s   t o   t h e  amount o f   s u l p h u r   t o  be removed. Reported 

values  range  from  1.0 mi 1 ls/kwh t o  more than  3.81 mil ls /kwh  fo r  nonregen- 

erat ive  processes (9). 

I n   o t h e r  words, i n  10 y e a r s   o r   l e s s   b o t h   t h e   c a p i t a l  and  operat.ing  costs 

have increased by an order  of  magnitude. I n   t h e  same p e r i o d   t h e   c o s t   o f  

the   bas ic  power p l a n t  has only   increased two t o   t h r e e - f o l d .  

The cos t  o f  applying  nonregenerative  systems t o  emissions  other  than 

t h o s e  0.f e l e c t r i c   u t i l i t y   b o i l e r s  can be est imated  by  cons ider ing  the 

gas volume t o  be handled  and  the  sulphur  d ioxide  concentrat ion.  A 100 

MW power plant  d ischarges  a4out 250,000 ACFM a t  270°F and t y p i c a l l y   t h e  

su lphur   d iox ide  concentrat ion will be 500 t o  5000 ppm depending  on  the 

sulphur  content.   High  sulphur  d ioxide  concentrat ion  emissions  are more 

d i f f i c u l t  t o  deal  wit.h  than  the  low t o  medium concentrat ions.  Above 
i 0 W  p p m  other  methods o f  sulphur   d iox ide  cont ro l   would be p re fe r red .  

G ~ p i t a l  c o s t s  f o r   a l l  FGD processes  are s t i l l   u n c e r t a i n   b u t  some l e v e l -  

l i n g  o u t  should  be  expected fo r   t he   non regenera t i ve  systems a f t e r  1977. 

: * t , Jb i I i za t ion  o f  cap i ta l   cos ts   fo r   nonregenera t ive  sys tems  shoL,ld 

r e , - , o l t  from the   c learer   de f in i t ions   o f   the   des ign   requ i rements ,   improved 

e:II;ipment s p e c i f i c a t i o n  and operat ing  exper ience. 
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The cost  range  of 43 FGD Systema includinq 
sludge  disposal  is  $50/kw lo $203/kw wilh 
D mean  value of $ 9 1 / k w ;  Jan 1975 Colts. 

X 

Lime/Limeslone  Systems  ranged from $SO/kw 
lo $88/kw  wilh o mean  value  of  $70/kw. 

Denotes cost datfl  for  specific  projects 
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8. SUMMARY 

Nonregenerative FGD processes  are  technically  applicable  to a wide  range 
o f  sulphur  dioxide  emissions.  For  certain  flue  gas  conditions, in some 
cases  low  sulphur  dioxide  concentrations and  in others  particulate  free 
gas, practicable  technology  has  been  available  since  1975. 

Several  large  scale  nonregenerative  systems are currently in operation 
in IJSA and Japan and  are  comparable in scale  to  thermal  power  installations 
that may  be  required  in  the  future. 

Capital  and  operating  costs  for  nonregenerative  systems are available 
and  these  could  be  projected  for  a  wide  range  of  emission  applications. 

Nonregenerative  processes wil'l increase  any  existing  solid  waste  disposal 
urotrlelns. 

A potential for  groundwater  contamination  may  exist. 

Any adverse  water supply  problems will be  seriously  aggravated by their 
application. 

Nonregnerative  processes  may  require  reheat of exhaust  gases  to  ensure 
plume buoyancy  and  to  minimize  low  level  fog  formaticn. 

;iqnificant  increases in energy  consumption are associated with their 
application. 

Regenerative FGD processes are technically  applicable  to  a  wide  range  of 
';ulphur dioxide  emissions,  but  practicable  technology  was not  available 
A S  o f  early '1976. 
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Appl icat ion  o f   regenerat ive  processes wi 
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   o r   f a b r i c  f i  

A few  regenerative  processes  comparable 

11 r e q u i r e   t h e   i n s t a l l a t i o n   o f  

l t e r s   t o  'remove pa r t i cu la tes ;  

i n   s i z e  t o  those requirBed  on 

thermal power plant  emissions  are i n   o p e r a t i o n   i n  USA o r  Japan  lbut are 

s t i l l   n o t   c l a s s e d  as proven  technology. 

Regenerative  processes will requ i re   add i t iona l   consumpt ion   o f   f i Je ls   to  

produce  elemental  sulphur; 

Regenerative  process  products will requi re  s torage  areas and new market 

development  programs. 

Cap i ta l  and operat ing  costs  for   regenerat ive  processes  cannot be def ined 
w i t h   t h e  same degree of   conf idence as can  those  for   nonregenerat ive 

processes. 

Regenerative  processes may requ i re   reheat  o f  exhaust gases t o  ensure 

plume  buoyancy and t o  minimize  low  level  fog  formation. 

Advanced FGD processes   a re   techn ica l l y   app l i cab le   to  a wide  range o f  

sulphur  d ioxide  emissions  but  pract icable  technology has no t  been demon- 

s t ra ted .  Most  processes  are s t i l l  i n  the  design  or  development  stages. 

Although t h e  economics  are not  es tab l i shed f o r  advanced processes, they 

do show promise f o r  reduced cap i ta l   cos t .  
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