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1. SUMMARY 

1.1 REGULATORY ALTERNATIVES 

New Source Performance Standards (NSPS) f o r  p a r t i c u l a t e  emissions 
f rom s t a t i o n a r y  sources i n  the  gypsum i n d u s t r y  a re  being developed under 
t h e  a u t h o r i t y  o f  Sect ion 111 o f  the  Clean A i r  Act .  Th is  Background 

In fo rma t ion  Document prov ides suppor t  f o r  the standards t o  be proposed. 

Emission sources considered i n  t h i s  document inc lude the  fo l low ing :  
- o re  dryers,  

- ca l c ine rs ,  
- board end sawing operat ions,  

- stucco mix ing  operat ions,  
- 
- stucco conveying, and 
- stucco storage. 
Contro l  equipment used i n  the  gypsum i n d u s t r y  f o r  c o n t r o l l i n g  

paper scor ing  and chamfer ing operat ions,  

p a r t i c u l a t e  emissions inc lude f a b r i c  f i  1 te rs ,  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 scrubbers. Based on r e p o r t s  i n  the  l i t e r a t u r e  and on a v a i l a b l e  
i n d u s t r y  t e s t  r e s u l t s ,  f a b r i c  f i l t e r s  were se lec ted  as the bes t  emissions 

c o n t r o l  system demonstrated on sources i n  the gypsum indus t ry .  EPA and 

i n d u s t r y  source t e s t s  were conducted a t  s i x  gypsum p l a n t s  t o  demonstrate 

the  p a r t i c u l a t e  c o n t r o l  c a p a b i l i t i e s  o f  f a b r i c  f i l t e r s .  Resul ts  o f  
these t e s t s  are tabu la ted  i n  Appendix C. 

The ana lys i s  o f  environmental  and economic impacts were based on 

the  use o f  f a b r i c  f i l t e r s  t o  c o n t r o l  a l l  p a r t i c u l a t e  emission sources 

f o r  t h ree  r e g u l a t o r y  a1 te rna t i ves .  These r e g u l a t o r y  a1 t e r n a t i v e s  were: 

1-1 



1. Contro l  o f  a l l  sources t o  t h e  base l i ne  emissions l e v e l ;  

2. Contro l  o f  the  t h r e e  p r i n c i p a l  emiss ion sources (o re  dryers,  

c a l c i n e r s  and board end sawing) t o  the  bes t  demonstrated l e v e l  

o f  emissions reduct ion;  and 

emissions reduct ion.  
3. Contro l  o f  a l l  sources t o  t h e  b e s t  demonstrated l e v e l  o f  

The f a b r i c  f i l t e r s  used t o  a t t a i n  the  bes t  demonstrated l e v e l  o f  emissions 
r e d u c t i o n  a r e  i d e n t i c a l  t o  those used t o  meet t h e  base l ine  emissions 
l e v e l .  
accomplished through improved maintenance, more f requent  bag replacement, 
and o p a c i t y  moni tor ing.  

For  A l t e r n a t i v e s  2 and 3, two emissions mon i to r i ng  op t ions  were 

Increased p a r t i c u l a t e  c o l l e c t i o n  under A l t e r n a t i v e s  2 and 3 i s  

c ~ n s i d e r e d .  
emissions from each source conducted on a weekly bas is  by a c e r t i f i e d  

observer  us ing  EPA Reference Method 9. 

cont inuous opac i t y  mon i to r i ng  us ing  transmissometers on each source. 
Emissions reduc t ions  achieved under A l t e r n a t i v e s  2 and 3 a r e  assumed t o  
be equal f o r  bo th 'mon i to r i ng  opt ions.  

t h i s  a l t e r n a t i v e ,  emissions would be c o n t r o l l e d  t o  l e v e l s  es tab l i shed by 
e x i s t i n g  S ta te  opac i t y  regu la t i ons .  
a r e  c a l c u l a t e d  based on t h i s  a l t e r n a t i v e .  

1.2  ENVIRONMENTAL IMPACT 

w i l l  r e s u l t  i n  a b e n e f i c i a l  impact on a i r  q u a l i t y .  Implementat ion of 
A l t e r n a t i v e  2 w i l l  reduce p a r t i c u l a t e  emissions by a maximum o f  698 Mglyr  

(769 TPY) i n  1986, represent ing  an 84 percent  decrease below t h e  base l ine  
emissions l e v e l .  Implementation o f  A1 t e r n a t i v e  3 w i l l  reduce emissions 
o f  p a r t i c u l a t e  ma t te r  from new sources i n  gypsum p l a n t s  by a maximum o f  
773 Mg/yr (851 TPY) o r  a 93 percent  r e d u c t i o n  below emissions under 

A l t e r n a t i v e  1 p ro jec ted  f o r  1986. These reduc t ions  i n  p a r t i c u l a t e  
emissions can be accomplished w i t h o u t  caus ing any adverse environmental 
impacts. 

Mnni t n r i n ~ ~  op t inn  A represents np?acity measurements o f  

Mon i to r i ng  o p t i o n  B represents  

A l t e r n a t i v e  1 i s  equ iva len t  t o  no NSPS r e g u l a t o r y  act ion.  Under 

The impacts o f  the  o the r  a l t e r n a t i v e s  

Standards o f  performance based on e i t h e r  A1 t e r n a t i v e  2 o r  A1 t e r n a t i v e  3 
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No water  p o l l u t i o n  impact w i l l  r e s u l t  from implementat ion o f  any o f  
t h e  r e g u l a t o r y  a l t e r n a t i v e s  s ince  f a b r i c  f i l t e r s  do no t  use water t o  
c o n t r o l  p a r t i c u l a t e  emissions. 

va luab le  ma te r ia l  which i s  recyc led  t o  t h e  process i n  a l l  cases except 
some board end sawing operat ions.  
implementat ion o f  any o f  the A l t e r n a t i v e s  a r e  minimal. 

s ince  t h e  c o n t r o l  equipment assoc iated w i t h  each a l t e r n a t i v e  i s  i d e n t i c a l .  

i s  presented i n  Chapter 7 .  
impacts associated w i t h  the  r e g u l a t o r y  a l t e r n a t i v e s  which were considered 
i s  presented i n  Table 1-1. 

1.3 ECONOMIC IMPACT 
Economic a n a l y s i s  i nd i ca tes  t h a t  implementat ion o f  Regulatory  

A l t e r n a t i v e  38 would increase t h e  p r i c e  o f  gypsum wal lboard,  c u r r e n t l y  
s e l l i n g  a t  $114 per  1000 square f e e t ,  by 1.1 percent.  
manufacturer absorbs the  c o s t  o f  NSPS, t h e  est imated n e t  opera t ing  
p r o f i t  o f  new p l a n t s  would d e c l i n e  by 5.6 percent  f o r  t h i s  same a l t e r n a t i v e .  
Th is  dec l i ne  i n  p r o f i t  i s  n o t  expected t o  de te r  investment i n  new p lan ts .  
I n  add i t ion ,  c o s t  ana lys i s  i nd i ca tes  t h a t  the  incremental  c o s t  e f fec t i veness  
o f  Regulatory A l t e r n a t i v e  38 over  Regulatory  A l t e r n a t i v e  1 i s  l e s s  than 
$1650 p e r  megagram ($1500 per  ton)  o f  c o l l e c t e d  p a r t i c u l a t e s  f o r  a l l  
model p l a n t s  considered. 

S o l i d  wastes generated by  the f a b r i c  f i l t e r  c o l l e c t i o n  systems are  

S o l i d  waste impacts r e s u l t i n g  from 

No incrementa l  energy impact w i l l  r e s u l t  f rom A l t e r n a t i v e s  2 o r  3 

A more d e t a i l e d  ana lys i s  o f  these environmental  and energy impacts 
A summary o f  the  environmental and economic 

If the  wal lboard 
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2. INTRODUCTION 

2.1 BACKGROUND A N D  AUTHORITY FOR STANDARDS 
Before standards of performance a r e  proposed as  a Federal regulat ion,  

a i r  pollution control methods ava i l ab le  t o  the a f fec ted  industry and the 
associated cos ts  of i n s t a l l i n g  and maintaining the control equipment a r e  
examined i n  d e t a i l .  Various l e v e l s  of control based on d i f f e ren t  technolo- 
g i e s  and degrees of e f f ic iency  a r e  expressed as  regulatory a1 te rna t ives .  
Each of these a l t e rna t ives  i s  studied by EPA as  a prospective basis  f o r  
a standard. The a l t e r n a t i v e s  a re  invest igated in terms of t h e i r  impacts 
on the economics and well-being of the indus t ry ,  the impacts on the. 
national economy, and the impacts on the  environment. This document 
summarizes the information obtained t h r o u g h  these s tudies  so t h a t  i n t e r -  
es ted persons will be able t o  see the information considered by EPA i n  
the development of the proposed standard.  

under Section 111 of the Clean Air Act (42 U.S.C. 7411) a s  amended, 
here inaf te r  referred t o  as  the Act. Section 111 d i r e c t s  the Admin- 
i s t r a t o r  t o  e s t ab l i sh  standards of performance f o r  any category of new 
s ta t ionary  source of a i r  pol.lution which ". . . causes, o r  contributes 
s ign i f i can t ly  t o  a i r  pol lut ion which may reasonably be ant ic ipated t o  
endanger pub1 i c  health o r  we1 f a re . "  

The Act requires t h a t  standards o f  performance for  s ta t ionary  
sources r e f l e c t  'I. . . the degree of  emission reduction achievable which 
(taking i n t o  consideration the cos t  of achieving such emission reduction, 
and any nonair qual i ty  health and environmental impact and energy 
requirements) the Administrator determines has been adequately demon- 
s t r a t e d  f o r  t h a t  category o f  sources." 
s ta t ionary  sources, the construction or modification of which commences 
a f t e r  regulations are proposed by publ icat ion i n  the  Federal Reqister. 

Standards of  performance f o r  new s t a t iona ry  sources are  es tabl ished 

The standards app ly  only t o  
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The 1977 amendments t o  the Act a l te red  o r  added numerous provisions 
t h a t  apply t o  the process of es tabl ishing standards of performance. 

EPA i s  required t o  l i s t  the categories  of major s ta t ionary  sources 
t h a t  nave n o t  already been l i s t ed  and regulated under standards of perform- 
ance. 
following schedule: 

1.  

Regulations must be promulgated for these new categories  on the 

a. 
b. 
c. 

25 percent of the l i s t e d  categories  by August 7 ,  1980. 
75 percent of the l i s t e d  categories  by August 7 ,  1981. 
100 percent of the l i s t e d  categories  by August 7, 1982. 

A governor of a S t a t e  may apply t o  the Administrator t o  add a category not 
on the l i s t  or may apply t o  the Administrator t o  have a standard of perform- 
ance revised. 

2. 

3. 

EPA i s  required t o  review the standards of performance every 4 

EPA i s  authorized t o  promulgate a standard based on design, equip- 
years  and,  i f  appropriate,  revise  them. 

ment, work prac t ice ,  o r  operational procedures when a standard based on 
emission levels  is not feas ib le .  

"technological system of continuous emission reduction" i s  defined. The new 
def in i t ions  c l a r i f y  t h a t  the control system must be continuous and m y  
include a low- or non-polluting process or operation. 

Section 111 of the Act may be extended t o  6 months. 

o f  health o r  welfare because they a re  n o t  designed t o  achieve any spec i f ic  
a i r  qua l i ty  levels .  
emission l imi ta t ion  achievable through appl icat ion of  the best  adequately 
demonstrated technological system of continuous emission reduction, taking 
i n t o  consideration the cos t  of achieving such emission reduction, any 
non-air-quality health and environmental impacts, and energy requirements. 

Congress had several reasons f o r  including these requirements. First, 
standards w i t h  a degree of uniformity a r e  needed t o  avoid s i tua t ions  
where some s t a t e s  may a t t r a c t  indus t r ies  by relaxing standards r e l a t i v e  t o  
other s t a t e s .  Second, s t r ingent  standards enhance the  potential  for 
long-term growth. 

4. The term %.tandards of performance" is  redefined, and a new term 

5. 

Standards of performance, by themselves, do not guarantee protection 

The time between the proposal and promulgation o f  a standard under 

Rather, they a re  designed t o  r e f l e c t  the degree of 

Thi rd ,  s t r ingent  standards may help achieve long-term 
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cost  savings by avo id ing  the need for m r e  expensive r e t r o f i t t i n g  when 
pollution ce i l ings  may be reduced in the future.  F o u r t h ,  c e r t a in  types 
of standards for coal - b u r n i n g  sources can adversely a f f e c t  the coal 
market by d r i v i n g  up  the pr ice  of low-sulfur coal or ef fec t ive ly  excluding 
cer ta in  coals from the reserve base because t h e i r  untreated pol lut ion 
potent ia ls  are  h igh .  Congress does n o t  intend t h a t  new source performance 
standards contr ibute  t o  these problems. 
process should c rea te  incentives f o r  improved technology. 

local agencies from adopt ing  more s t r ingen t  emission l imitat ions for the 
same sources. States  are  f r e e  under Section 116 of the,Act t o  es tab l i sh  
even more s t r ingent  emission l imi t s  t h a n  those established under Section 
111 o r  those necessary t o  a t t a i n  or m i n t a i n  the National Ambient Air 
Qual i ty  Standards (NAAQS) under Section 110. Thus, new sources may i n  
some cases be subject t o  l imi ta t ions  more s t r ingent  than standards o f  
performance under Section 111, and prospective owners and operators o f  
new sources should be aware of t h i s  poss ib i l i t y  i n  planning for such 
f aci 1 i t i e s  . 

A s imilar  s i t ua t ion  m y  a r i s e  when a major emit t ing f a c i l i t y  i s  t o  
be constructed i n  a geographic area t h a t  f a l l s  under the prevention of 
s ign i f icant  deter iorat ion o f  a i r  qua l i ty  provisions of Part C o f  the 
Act. These provisions require,  among other things, t ha t  major emitting 
f a c i l i t i e s  t o  be constructed in such areas a r e  t o  be subject t o  best 
avai lable  control technology. The term Best Available Control Technology 
(BACT), as defined i n  the Act, means 

Fif th ,  the standard-sett ing 

Promulgation of standards of performance does n o t  prevent S ta t e  or 

. . . a n  emission l imi ta t ion  based on the maximum degree of 
reduction of each pol lutant  subject  t o  regulation under  th i s  
Act emitted from, or which r e s u l t s  from, any major emitting 
f a c i l i t y ,  which the permitting authori ty ,  on a case-by-case 
basis ,  t a k i n g  i n t o  account energy, environmental, and economic 
impacts and other costs ,  determines i s  achievable fo r  such 
f a c i l i t y  t h r o u g h  appl icat ion of production processes and  
avai lable  methods, systems, and techniques, including fuel 
cleaning o r  treatment or innovative fuel combustion techniques 

II 
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fo r  control of  each such pol lutant .  In no event sha l l  applica- 
t i o n  o f  "best  avai lable  control technology" r e s u l t  i n  emissions 
of any pol lu tan ts  which will  exceed the emissions allowed by 
any appl icable  standard establ ished pur suan t  t o  Sections 111 
or 112 of  this Act. (Section 169(3)) ."  

A1 though  standards of performance are normally s t ructured i n  terms 
of  numerical emission l imi t s  where f eas ib l e ,  a l t e r n a t i v e  approaches are . 

sometimes necessary. 
from a new source may be impractical o r  exorb i tan t ly  expensive. 
provides t h a t  the Administrator may promulgate a design or equipment 
standard i n  those cases where i t  is not f eas ib l e  t o  prescribe or enforce 
a standard of performance. For example, emissions of hydrocarbons from 
storage vessels  for petroleum l i q u i d s  a r e  g r e a t e s t  d u r i n g  tank f i l l i n g .  
The nature of the emissions, high concentrations f o r  short periods 
d u r i n g  f i l l i n g  and low concentrations for longer periods d u r i n g  s torage,  
and the conf igura t ion  of storage tanks make d i r e c t  emission measurement 
impractical. Therefore, a more pract ical  approach t o  standards of 
performance f o r  storage vessels has been equipment spec i f ica t ion .  

waivers of compliance t o  permit a source to  use innovative continuous 
emission control technology. In order t o  gran t  the waiver, the 
Administrator must find: ( 1 )  a substant ia l  l ikelihood t h a t  the technology 
wil l  produce greater emission reductions t h a n  the standards require o r  
an equivalent reduction a t  lower economic energy o r  environmental cost; 
( 2 )  the proposed system has not been adequately demonstrated; ( 3 )  the 
technology wil l  no t  cause o r  contr ibute  t o  a n  unreasonable r i sk  t o  the 
public health,  welfare,  o r  safety;  ( 4 )  the governor o f  the S ta t e  where 
the source i s  located consents; and (5) the waiver will not prevent the 
attainment o r  maintenance of any ambient standard. 
conditions attached t o  assure the source will n o t  prevent attainment o f  
any MAQS. 
standard. 
e a r l i e r  if the conditions are not met or i f  the system f a i l s  t o  perform 
as  expected. 

In some cases physical measurement of emissions 
Section l l l ( h )  

In addi t ion,  Section l l l ( j )  authorizes the Administrator t o  grant 

A waiver may have 

Any such condition wil l  have the force of a performance 
Final ly ,  waivers have definite end dates and may be terminated 

In such a case, the source may be given u p  t o  three years t o  

2- 4 



t o  m e t  the s tandards w i t h  a mandatory p rog ress  schedule.  

2.2 SELECTION OF CATEGORIES OF STATIONARY SOURCES 

Sec t ion  111 o f  the  A c t  d i r e c t s  t h e  A d n i n s t r a t o r  t o  l i s t  c a t e g o r i e s  

of s t a t i o n a r y  sources. The A d m i n i s t r a t o r  ". . . s h a l l  i n c l u d e  a ca tegory  

O f  sources i n  such l i s t  i f  i n  h i s  judgement i t  causes, or c o n t r i b u t e s  

s i g n i f i c a n t l y  to,  a i r  p o l l u t i o n  which may reasonab ly  be a n t i c i p a t e d  t o  

endanger pub1 i c  h e a l t h  o r  we1 f a r e . "  

s tandards o f  performance a r e  t o  f o l l o w .  

a t t e n t i o n  has been g i v e n  t o  t h e  development o f  a system f o r  a s s i g n i n g  

p r i o r i t i e s  t o  v a r i o u s  source c a t e g o r i e s .  The approach s p e c i f i e s  areas 

o f  i n t e r e s t  by c o n s i d e r i n g  t h e  broad s t r a t e g y  o f  t h e  Agency f o r  imp le-  

ment ing t h e  Clean A i r  Act .  

e m i t t e d  by s t a t i o n a r y  sources. Source c a t e g o r i e s  t h a t  e m i t  these 

p o l l u t a n t s  are e v a l u a t e d  and ranked by a process i n v o l v i n g  such f a c t o r s  
as: (1 ) the  l e v e l  o f  em iss ion  c o n t r o l  ( i f  any) a1 ready r e q u i r e d  by 

S t a t e  r e a u l a t i o n s ,  (2)  e s t i m a t e d  l e v e l s  o f  c o n t r o l  t h a t  m igh t  be r e q u i r e d  

from standards o f  performance f o r  t h e  source  ca tegory ,  (3) p r o j e c t i o n s  

o f  growth and replacement o f  e x i s t i n g  f a c i l i t i e s  f o r  t h e  source ca tegory ,  

and (4) t h e  es t ima ted  inc remen ta l  amount of a i r  p o l l u t i o n  t h a t  cou ld  be 

prevented i n  a p r e s e l e c t e d  f u t u r e  y e a r  by s tandards  o f  performance f o r  
t h e  source ca tegory .  Sources f o r  wh ich  new source performance s tandards  

were promulgated o r  under  development d u r i n g  1977, or e a r l i e r ,  were 

s e l e c t e d  on these c r i t e r i a .  

used i n  de te rm in ing  p r i o r i t i e s  f o r  a l l  m a j o r  source c a t e g o r i e s  n o t  y e t  

l i s t e d  by EPA. These are:  (1)  t h e  q u a n t i t y  o f  a i r  p o l l u t a n t  emiss ions 

t h a t  each such ca tegory  w i l l  emit ,  or w i l l  be des igned t o  e m i t ;  (2)  t h e  

e x t e n t  t o  which each such p o l l u t a n t  may reasonably  be a n t i c i p a t e d  t o  

endanger p u b l i c  h e a l t h  o r  w e l f a r e ;  and (3) t h e  m o b i l i t y  and c o m p e t i t i v e  

n a t u r e  o f  each such ca tegory  o f  sources and t h e  consequent need f o r  
n a t i o n a l l y  a p p l i c a b l e  new source s tandards  o f  performance. 

Proposal  and p romu lga t i on  o f  

S ince passage o f  t h e  Clean A i r  Amendments o f  1970, c o n s i d e r a b l e  

Of ten ,  these "a reas "  a r e  a c t u a l l y  p o l l u t a n t s  

The Ac t  amendments o f  August 1977 e s t a b l i s h  s p e c i f i c  c r i t e r i a  t o  be 
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The Adminis t ra tor  i s  t o  promulgate standards f o r  these categories  

I n  some cases i t  may not be f eas ib l e  immediately t o  develop a 
accordi'ng t o  the schedule referred t o  earl  i e r .  

standard f o r  a source category w i t h  a h i g h  p r i o r i t y .  This m i g h t  happen 
when a program of research is needed t o  develop control techniques or 
because techniques f o r  sampl ing  and measuring emissions may require  
refinement. I n  the developing of s tandards,  d i f fe rences  i n  the time 
required t o  complete the necessary inves t iga t ion  f o r  d i f f e ren t  source . 

ca tegor ies  must a l s o  be considered; For example, subs t an t i a l ly  more 
time may be necessary i f  numerous po l lu t an t s  must be invest igated from a 
s i n g l e  source category. Further,  even l a t e  i n  the  development process 
the  schedule f o r  completion of a standard may change. 
inabl i l  i t y  t o  obtain emission data from well-control led sources i n  time 
t o  pursue the development process i n  a systematic f a s h i o n  may force a 
change i n  scheduling. Nevertheless, p r i o r i t y  ranking i s ,  and will 
continue t o  be, used t o  e s t ab l i sh  the order  i n  which projects  are  
i n i t i a t e d  and resources assigned. 

w i t h i n  the source category t o  which the standard will apply must be 
determined. A source category may have several f a c i l i t i e s  t h a t  cause 
a i r  po l lu t ion ,  and emissions from some of these f a c i l i t i e s  may vary from 
i n s i g n i f i c a n t  t o  very expensive t o  control .  Economic s tudies  of the 
source category and o f  applicable control technology may show t h a t  a i r  
po l lu t ion  control is b e t t e r  served by applying standards t o  the more 
severe pol lu t ion  sources. For this reason, and because there  i s  no 
adequately demonstrated system f o r  control 1 i n g  emissions from cer ta in  
f a c i l i t i e s ,  standards often do not apply t o  a l l  f a c i l i t i e s  a t  a source. 
For the  same reasons, the  standards may not apply t o  a l l  a i r  po l lu tan ts  
emitted. 
by a standard of performance, not a l l  po l lu tan ts  or f a c i y i t i e s  w i t h i n  
t h a t  source category may be cclwred by the standards. 

For example, 

Af t e r  the source category has been chosen, the types of f a c i l i t i e s  

Thus ,  a1 though a source category may be selected t o  be covered 
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2 . 3  PROCEDURE FOR DEVELOPMENT OF STANDARDS OF PERFOIMANCE 
Standards o f  performance must (1)  real i s t i c a l l y  r e f l e c t  best  demon- 

s t r a t ed  control p r a c t i c e ;  (2) adequately consider the cos t ,  the  non-air- 
qual i:y heal t h  and environmental impacts, and the energy requirements of 
such control ; (3)  be appl icable  t o  ex i s t ing  sources t h a t  are  modified o r  
reconstructed as well as  new i n s t a l l a t i o n s ;  and ( 4 )  meet these conditions 
for a l l  var ia t ions  of operating condi t ions being considered anywhere i n  
the country. 

The object ive of a program f o r  developing standards i s  t o  ident i fy  
the best technological system of continuous emission reduction t h a t  has 
been adequately demonstrated. 
three principal phases of a c t i v i t y :  (1 ) information gathering, 
( 2 )  analys is  o f  the  information, and (3)  development of the standard of 
performance. 

through a telephone survey, l e t t e r s  of inquiry,  and plant v i s i t s  by EPA 
representat ives .  Information i s  a1 so gathered from many o ther  sources,  
and a l i t e r a t u r e  search is conducted. 
the industry,  EPA s e l e c t s  c e r t a i n  p lan ts  a t  which emission t e s t s  a re  
conducted t o  provide re1 i ab le  data  t h a t  character ize  the pol lu tan t  
emissions from well-control led ex i s t ing  f a c i l i t i e s .  

and the pol lu tan ts  emitted i s  used i n  analyt ical  s tudies .  Hypothetical 
"model plants"  a r e  defined t o  provide a common basis f o r  ana lys i s .  The 
model plant de f in i t i ons ,  national po l lu t an t  emission data,  and ex is t ing  
S ta t e  regulations governing emissions from the source category a r e  then 
used in es tab l i sh ing  "regulatory a1 t e rna t ives . "  These regulatory 
a1 te rna t ives  a r e  e s s e n t i a l l y  d i f f e r e n t  l e v e l s  of emission control .  

a1 te rna t ive  on the economics of the industry and on the national economy, 
on the envi ronment, and on energy consumption. From several ,  possibly 
applicable a1 t e rna t ives ,  EPA s e l e c t s  the s ingle  most plausible regulatory 
a1 te rna t ive  as  the basis  f o r  a standard of performance for the source 
category under study. 

The s tandard-set t ing process involves 

During the  infomat ion-ga ther ing  phase, indus t r ies  are  queried 

From the knowledge acquired a b o u t  

In  the second phase o f  a p ro jec t ,  the  information about the industry 

EPA conducts s tud ies  t o  determine the  impact of each regulatory 
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In  the t h i r d  phase o f  a p ro jec t ,  the  se lec ted  regulatory a l t e rna t ive  
i s  t rans la ted  i n t o  a standard of performance, which, in  t u r n ,  is wri t ten 
i n  the  form of a Federal regulation. The Federal regulat ion,  when 
applied t o  newly constructed p lan ts ,  will  l imit  emissions t o  the leve ls  
indicated i n  the se lec ted  regulatory a1 t e rna t ive .  

As ea r ly  as i s  practical  in each s tandard-set t ing pro jec t ,  EPA 
representa t ives  discuss  the p o s s i b i l i t i e s  of a standard and the form i t  
m i g h t  take w i t h  members of the National Air Pol lut ion Control  Techniques 
Advisory Committee. 
p a r t i e s  a1 so p a r t i c i p a t e  i n  these meetings. 

The information acquired i n  the  p ro jec t  i s  summarized i n  the Back- 
ground Information Document (BID). 
explaining the standard a re  widely c i rc t l lz ted  t o  the i n d x t r ;  heir,; 

considered f o r  cont ro l ,  environmental g roups ,  o t h e r  government agencies, 
and  o f f i c e s  w i t h i n  EPA. Through t h i s  extensive review process, the 
points  of view of expert  reviewers a re  taken i n t o  consideration as 
changes a re  made t o  the documentation. 

A "proposal package" i s  assembled and sent  through the of f ices  of 
EPA Ass is tan t  Administrators f o r  concurrence before the proposed standard 
i s  o f f i c i a l l y  endorsed by the EPA Administrator.  Af t e r  being approved 
by the EPA Administrator,  the preamble and the proposed regulation a &  

publ ished i n  the Federal Reqister.  

regulat ion,  the  publ i c  i s  invited t o  p a r t i c i p a t e  in the standard-sett ing 
process. EPA inv i t e s  wr i t ten  comments on the proposal and a l so  holds a 
publ i c  hearing t o  discuss  the proposed standard w i t h  in te res ted  par t ies .  
All public comments a re  summarized and incorporated i n t o  a second volume 
of the BID. All information reviewed and generated i n  s tud ies  i n  support 
of  the standard of performance i s  ava i lab le  t o  the  public i n  a "docket" 
on f i l e  i n  Washington, D. C. 

may be a l t e r e d  i n  response t o  the comments. 

Industry representa t ives  and o the r  in te res ted  

The BID, the  standard,  and a preamble 

As a p a r t  of the Federal Regis ter  announcement of the proposed 

Comments from the public a r e  evaluated, and the standard o f  performance 
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The s i g n i f i c a n t  comments and EPA's posi t ion on the issues  raised 
are  included in the "preamble" of a "promulgation package," w h i c h  a l s o  
contains the d r a f t  of the f inal  regulation. The regulation i s  then 
subjected t o  another  round of review and refinement u n t i l  i t  i s  approved 
by the EPA Administrator.  After  the Adminis t ra tor  signs the regulat ion,  
i t  is published as  a "f inal  rule"  i n  the Federal Reqister.  

2.4 CONSIDERATION OF COSTS 

respect t o  any standard of performance es tab l i shed  under Section 111 
of the Act. 
(l) the  costs of compliance w i t h  the regulat ion,  including the exten t  t o  

which the cost  o f  compliance var ies  depending on the e f f ec t ive  da t e  of 
the regulation and the development of less  expensive or m r e . e f f i c i e n t  
methods of compliance, ( 2 )  the potent ia l  in f la t ionary  o r  recessionary 
e f f ec t s  of  the regulat ion,  (3 )  the e f f e c t s  the regulation m i g h t  have on 
small business w i t h  respect  t o  competition, (4 )  the  e f f e c t s  o f  the 
regulation on cmsumer cos t s ,  and (5) the e f f e c t s  of the regulation on 
energy use. Section 31 7 a l s o  requires t h a t  the economic impact assessment 
be as extensive as prac t icable .  

The economic impact o f  a proposed standard upon an industry is 
usually addressed both in absolute  terms and in terms of the control 
costs tha t  would be incurred as a r e su l t  of compliance w i t h  t yp ica l ,  
exis t ing S ta t e  control regulations.  An incremental approach i s  
necessary because both new and ex is t ing  plants  would be required t o  
comply w i t h  S t a t e  regulat ions i n  the absence of a Federal standard of 
performance. 
impact from the cost d i f f e r e n t i a l  that would exis t  between a proposed 
standard of performance and the typical S t a t e  standard. 

captured potential  a i r  po l lu tan ts  may pose a so l id  waste disposal problem. 
The t o t a l  environmental impact of an emission source must, therefore ,  be 
analyzed and the  costs determined whenever possible.  

Section 31 7 of the Act requires an economic impact assessment w i t h  

The assessment i s  required t o  contain an ana lys i s  of 

T h i s  approach requires a de ta i led  ana lys i s  of the economic 

Air po l lu tan t  emissions may cause water  pol lut ion problems, and 
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A thorough study of the p r o f i t a b i l i t y  and pr ice-se t t ing  mchanisms 
of  the industry i s  essent ia l  t o  the ana lys i s  so t h a t  an accurate estimate 
of potential  adverse economic impacts can be made f o r  proposed standards.  
I t  i s  a l so  essent ia l  t o  know the capi ta l  requirements f o r  p o l l u t i o n  
control systems already placed on p lan ts  so t h a t  the additional capi ta l  
requirements necessi ta ted by these Federal s tandards can be placed i n  
proper perspective.  F ina l ly ,  i t  is  necessary t o  assess  the a v a i l a b i l i t y  
o f  capi ta l  t o  provide the additional control equipment needed t o  met  
the standards of performance. 

2.5 CONSIDERATION OF ENVIROMENTAL IMPACTS 
Section 102 ( 2 )  ( C )  o f  the National Environmental Pol icy Act (NEPA) 

o f  1969 requires Federal agencies t o  prepare de t a i l ed  environmental 
impact statements n n  pmpnssals fnr  l e g i s l a t i o n  and o the r  m a j c r  Federal 
ac t ions  s ign i f i can t ly  a f fec t ing  the q u a l i t y  of the human environment. 
The object ive o f  NEPA i s  t o  b u i l d  i n t o  the decision-making process of 
Federal agencies a careful consideration of a l l  environmental aspects  of 
proposed ac t ions .  

various indus t r i e s ,  the United S t a t e s  Cour t  of Appeals f o r  the District 
o f  Columbia C i rcu i t  has he1 d t h a t  environmental impact statements need 
n o t  be prepared by the Agency f o r  proposed ac t ions  under Section 111 of  
the Clean Air  Act. Essent ia l ly ,  the C o u r t  of Appeals has determined 
t h a t  the best  system of emission reduction requires the Administrator t o  
take in to  account counter-productive environmental e f f e c t s  of a proposed 
standard,  as well as economic cos t s  t o  the  industry.  On t h i s  basis ,  
therefore ,  the C o u r t  es tabl ished a narrow exemption from NEPA f o r  EPA 
determination under Section 111. 

In a d d i t i o n  t o  these judicial  determinations, the Energy Supply and 
Environmental Coordination Act (ESECA) o f  1974 (PL-93-319) spec i f i ca l ly  
exempted proposed actions under  the C1 ean Air Act from NEPA requirements. 
According t o  sect ion 7(c)  (l ), "No ac t ion  taken under the Clean Air Act 
shal l  be deemed a major Federal act ion s i g n i f i c a n t l y  a f fec t ing  the 
qua l i ty  of the human environment w i t h i n  the meaning of the National 
Environmental Policy Act of 1969." 05 U.S.C. 7 9 3 ( c ) ( l ) )  

I n  a number of legal challenges t o  s tandards of performance f o r  
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Nevertheless, the Agency has concluded t h a t  the preparat ion of 
envi ronmental impact s ta tements  could have beneficial  e f f e c t s  on c e r t a i n  
regulatory ac t ions .  
S O  by sect ion 102(2) (C)  of NEPA, EPA has adopted a policy requir ing t h a t  
environmental impact s ta tements  be prepared f o r  various regulatory 
ac t ions ,  i n c l u d i n g  s tandards of performance developed under sec t ion  111 
of the Act. T h i s  voluntary preparat ion of environmental impact s t a t e -  
ments, however, i n  no way l e g a l l y  subjec ts  the Agency t o  NEPA requirements. 

devoted so le ly  t o  an ana lys i s  of the potent ia l  environmental impacts 
associated w i t h  the proposed standards.  Both adverse and beneficial  
impacts i n  such areas  as  a i r  and water  po l lu t ion ,  increased s o l i d  waste 
disposal , and increased energy consumption a r e  discussed. 

2.6 IMPACT ON EXISTING SOURCES 

Consequently, a1 though not l e g a l l y  required t o  do 

. T o  implement this pol icy,  a separa te  s ec t ion  i n  th i s  document i s  

Section 111 of the Act defines a new source as  ". . . any s t a t iona ry  
source, the cons t ruc t ion  o r  modification of which i s  commenced . . ." 
a f t e r  the proposed s tandards a r e  published. 
redefined as a new source i f  "modified" o r  "reconstructed" a s  defined i n  
amendments t o  the general provisions of Subpart A of 40 CFR Par t  60, 
which were promulgated i n  the Federal Reqis ter  on December 16, 1975 (40 . 
FR 5841 6 ) .  

e s t a b l i s h  standards of performance f o r  ex i s t ing  sources in the same 
industry under Sect ion 111 (d) of the Acf i f  the standard f o r  new sources 
l i m i t s  emissions of a designated po l lu t an t  ( i . e . ,  a po l lu t an t  f o r  which 
a i r  qua l i ty  c r i t e r i a  have not been issued under Sect ion 108 o r  which has 
not been l i s t e d  a s  a hazardous po l lu t an t  under Sect ion 112).  I f  a S t a t e  
does not a c t ,  EPA must e s t a b l i s h  such standards.  General provisions 
out1 ining procedures f o r  control o f  ex i s t ing  sources under Sect ion 
111 (d) were promulgated on November 17 ,  1975, as  Subpart B of 40 CFR 
Pa r t  60 (40 FR 53340). 

An ex i s t ing  source i s  

Promulgation of a standard of performance requires S t a t e s  t o  
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2.7 R E V I S I O N  OF STANDARDS OF P E R F O M A N C E  

Congress was aware t h a t  the level of a i r  pol lut ion control achievable 
by any industry may improve w i t h  technological advances. Accordingly, 
Section 111 o f  the Act provides t h a t  the Administrator 'I. . . s h a l l ,  a t  
l e a s t  every four  years ,  review and, if  appropriate ,  revise . . . ' I  the  
standards. Revisions a re  made t o  assure  t h a t  the standards continue t o  
r e f l e c t  the best  systems t h a t  become ava i l ab le  i n  the future .  Such 
revisions will n o t  be . r e t roac t ive ,  b u t  will apply t o  s ta t ionary  sources 
constructed o r  modified a f t e r  the proposal o f  the  revised standards. 
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3. THE GYPSUM INDUSTRY 

This chapter presents a descr ipt ion of the domestic gypsum industry. 
Section 3.1 describes the gypsum industry in general, including a discussion 
o f  gypsum products and end uses. 
uncontrolled emissions f o r  the gypsum industry. 
associated with fuel combustion are discussed, the emphasis is  on par t icu la te  
emissions from gypsum manufacturing operations. 
baseline emissions and control.  

3.1 GENERAL INDUSTRY BACKGROUND 

Section 3.2 presents the processes and 
A1 t h o u g h  emissions 

Section 3.3 presents 

Gypsum i s  calcium su l f a t e  dihydrate (CaS04 2H20), a white, c rys t a l l i ne ,  
naturally occurring mineral. Raw gypsum ore i s  processed into a variety 
of products which include an addi t ive f o r  Portland cement, agr icul tural  
f e r t i l i z e r ,  industr ia l  and building p las te rs ,  and gypsum wallboard! The 
development of improved gypsum processing methods since around 1835 has 
led to the rise of gypsum products as the primary wall cladding materials 
i n  the United States.  

produced in 73 plants located in 31 states.2/Seventy-one of the p l a n t s  
pa r t i a l ly  dehydrate, o r  calcine,  crude gypsum to  produce calcium su l f a t e  
hemihydrate (CaS04*%H20), which i s  commonly called stucco,,and two 
plants operate w i t h  stucco as a s t a r t i ng  material. 
produce industr ia l  and b u i l d i n g  p las te rs  and wallboard. 
96 percent of the to ta l  value of sales  and 73 percent by weight o f  the 
gypsum products sold or used i n  the United States  were materials used 
mainly by the building industry t h a t  had been calcined. 
accounted for  about 95 percent of pre-fabricated gypsum building materials 
produced i n  1978.3 

Imported crude gypsum accounted f o r  33 percent of consumption i n  
1979.4 Exports of crude, crushed and calcined gypsum amounted t o  only 
0.9 percent of crude gypsum production i n  1979. 

1 

In 1978, upgraded crude gypsum and calcined gypsum products were 
I 

/ 
Stucco i s  used t o  

In 1978, 

Gypsum wallboard 
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As i n d i c a t e d  by  F igure  3-1, t h e  o v e r a l l  t r e n d  f o r  gypsum products  

This growth r a t e  i s  est imated a t  2.7 percent  per  year  
i s  an i nc reas ing  demand from t h e  present  t ime through 1985 as w e l l  as 

beyond t o  2000. 
between 1977 and 2000. 
expansions and by e n t i r e l y  new p lan ts .  

3.2 PROCESS FACILITIES AND THEIR EMISSIONS 

Product ion increases w i l l  be met by p l a n t  

As mentioned i n  Sec t ion  3.1, mined gypsum ore  i s  processed i n t o  a 
The ore  can be (1 )  s i zed  and screened f o r  use as 

- 

v a r i e t y  o f  products.  
an a d d i t i v e  f o r  Por t land cement, (2 )  s ized, screened and poss ib l y  d r i e d  

and ground f o r  use as an a g r i c u l t u r a l  f e r t i l i z e r ,  o r  (3 )  s ized, screened, 
d r i e d  and ca l c ined  t o  ca lc ium s u l f a t e  hemihydrate (CaS04 *L,H20) f o r  use 
i n  p l a s t e r s  and p re - fab r i ca ted  b u i l d i n g  products.  Th is  s e c t i o n  discusses 

t h e  processes used t o  manufacture these va r ious  products  and the  emissions 

these processes. 
A f l o w  diagram f o r  a t y p i c a l  gypsum p l a n t  process producing bo th  frr 

crude and f i n i s h e d  gypsum products  i s  shown i n  F igure  3-2. 
produce o n l y  f i n i s h e d  products. 
from ca lc ined  gypsum produced a t  o t h e r  gypsum p lan ts .  

mines i s  s t o c k p i l e d  t o  ma in ta in  a one t o  t h r e e  month’s s ~ p p l y . ~ ’ ~  
mined ore  i s  f u r t h e r  crushed and screened, w i t h  ove rs i ze  o re  re tu rned  t o  

t h e  crusher.  Some o f  t h i s  crushed rock i s  s o l d  as an a d d i t i v e  f o r  
cement. I f  t h e  f r e e  mois tu re  con ten t  o f  t h e  mined rock  i s  g r e a t e r  than 
about 0.5 we igh t  percent,  t h e  s i zed  o re  i s  d r i ed ,  t y p i c a l l y  i n  a r o t a r y  
dryer,  . 
groun t o  about 90 percent  minus 100 mesh. 

g r i n d i n g  m i l l s  t o  remove t h e  ground gypsum. 
exhausted t o  product  cyclones t o  recover  t h e  ground gypsum which i s  
known as l and  p l a s t e r .  
f e r t i l i z e r .  
i s  heated t o  remove three-quar ters  o f  t h e  chemica l l y  bound water  t o  form 

Some p l a n t s  
Two p l a n t s  manufacture f i n i s h e d  products  

Pr imary crushed gypsum o re  mined from q u a r r i e s  and underground 
The 

J 
he d r i e d  rock  i s  then conveyed t o  g r ‘ nd ing  m i l l s  where i t  i s  F- k A i r  i s  passed through the  

The a i r  f rom the  m i l l  i s  

Land p l a s t e r  may be s o l d  d i r e c t l y  as an a g r i c u l t u r a l  
The b u l k  o f  t h e  l a n d  p l a s t e r  i s  f e d  t o  c a l c i n e r s  where i t  

A t  some p lan ts ,  t h e  a i r  used i n  t h e  g r i n d i n g  m i l l s  i s  heated i n  
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a gas- o r  o i l - f i r e d  heater  o r  i n  an exchanger recover ing  waste heat  from 
c a l c i n e r  combustion gases. The h o t  a i r  d r i e s  t h e  rock  and, a t  a few 
p lan ts ,  c a l c i n e s  i t . 

I n  t h e  manufacture o f  p l a s t e r s ,  t h e  s tucco i s  f u r t h e r  ground i n  a 
o r  b a l l  m i l l  and then mixed w i t h  re ta rde rs  and acce le ra to rs  t o  

i produce p l a s t e r s  w i t h  s p e c i f i c  s e t t i n g  ra tes .  

wa l l b  6 ard, t h e  stucco from storage i s  f i r s t  mixed w i t h  d ry  a d d i t i v e s  
such as p e r l i t e ,  s tarch,  f i b e r g l a s s ,  and ve rm icu l i t e .  
combined w i t h  water, soap foam, and shredded paper o r  pulpwood i n  a p i n  
mixer a t  the  head o f  a board forming l ine. ' '  The s l u r r y  i s  then spread 

between paper r o l l s  t o  form wal lboard.  
scored and sometimes chamfered, t o  a l l o w  p rec i se  f o l d i n g  t o  form t h e  

edges o f  t h e  board which serves as a mold f o r  t h e  s l u r r y .  
board t r a v e l s  the  l e n g t h  o f  a conveying l i n e ,  t h e  hemihydrate stucco 

recombines w i t h  t h e  water  t o  form t h e  d ihydra te ,  r e s u l t i n g  i n  r i g i d  
board. 
k i l n  dryer. 
h o t  combustion gases. 

sawi 

I n  t h e  manufacture o f  p re - fab r i ca ted  b u i l d i n g  products  such as 

This  d r y  mix i s  

The edges o f  t h e  paper a r e  

As t h e  wet 

The board i s  rough c u t  t o  l e n g t h  be fore  e n t e r i n g  a mul t i -deck  
I n  the  k i l n ,  t h e  board i s  d r i e d  through d i r e c t  c o n t a c t  w i t h  

The d r i e d  board i s  conveyed t o  t h e  board end 
area where i t  i s  trimmed and then bundled f o r  shipment. 

Many o f  the  process ing opera t ions  used t o  manufacture 19 are  sources o f  p o l l u t a n t  emissions. 
considered i n  t h i s  s tudy i n c l u d e  t h e  f o l l o w i n g :  

- o re  dry ing ,  
- c a l c i n i n g ,  
- stucco mixing, 
- board end sawing, 
- paper sco r ing  and chamfering, 

- stucco conveying and 
- 

The process emission sources being 

1 stucco s torage i n  b ins  o r  s i l o s .  
A number o f  gypsum process emission sources a r e  n o t  be ing considered 

here because c o n t r o l  o f  these sources was assumed t o  be requ i red  by t h e  

new source performance standards (NSPS)  which were being developed by 
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EPA f o r  non-meta l l i c  minera l  process ing p lants . ”  

i n c l  ude : 

These emission sources 

- crushers,  
- g r i n d i n g  m i l l s ,  
- screening operat ions,  and 
- bagging operat ions.  

I n  a d d i t i o n ,  t h e  non-meta l l ic  minera ls  NSPS was assumed t o  cover  b e l t  
conveyor t r a n s f e r  po in ts ,  bucket e leva tors ,  and s torage b ins.  However, 
t h e  non-meta l l i c  minera l  NSPS was t o  app ly  o n l y  t o  p l a n t s  t h a t  g r i n d  o r  

crush minera l  ore. 
a t  p l a n t s  t h a t  use s tucco a s  a s t a r t i n g  m a t e r i a l ,  conveying and s t o r i n g  
opera t ions  i n  these p l a n t s  would n o t  have been regu la ted  by t h e  non- 

m e t a l l i c  mfnera l  NCPS. Cnnveyving and s t n r i n g  operatinns are t h e r e f o r e  
considered i n  t h i s  s tudy  f o r  p l a n t s  t h a t  use stucco as a s t a r t i n g  ma te r ia l .  

P a r t i c u l a t e  emissions from t h e  use o f  by-product o r  s y n t h e t i c  
gypsum, generated from o t h e r  chemical processes such as n e u t r a l i z a t i o n  
o f  s u l f u r i c  a c i d  waste streams, f l u e  gas d e s u l f u r i z a t i o n  and phosphor ic 
a c i d  manufacture, a r e  n o t  considered i n  t h i s  study. 

product  gypsum i n  wa l lboard  manufacture i s  expected t o  progress s l o w l y  
through 1985 due t o  poor economics when compared t o  t h e  use o f  n a t u r a l  

gypsum. 
heen b u i l t  i n  t h e  Un i ted  States t o  date.12 The use o f  by-product gypsum 

i n  t h e  Un i ted  Sta tes  i s  c u r r e n t l y  l i m i t e d  t o  a g r i c u l t u r a l  products  and 
appears t o  have a p o t e n t i a l  market i n  t h e  cement i ndus t r y .  

emissions from d r i l l  i n g  , b l a s t i n g  , stockp i  1 i n g  , l o a d i n g  , and haul i n g  

opera t ions  a r e  a f f e c t e d  by a l a r g e  number o f  var iab les .  
i nc lude  m a t e r i a l  p r o p e r t i e s  as we1 1 as meteoro log ica l  cond i t ions .  l5 No 
accepted t e s t  method i s  c u r r e n t l y  a v a i l a b l e  t o  a l l o w  f u l l  c h a r a c t e r i z a t i o n  

of emissions f rom min ing  and quar ry ing  operat ions.  Since a spec ia l i zed  

program would be requ i red  t o  (1 )  i d e n t i f y  and s tudy emission c o n t r o l s  
f o r  min ing  and quar ry ing  opera t ions  and ( 2 )  develop a t e s t i n g  method t o  
f u l l y  cha rac te r i ze  these sources, emissions from min ing  and quar ry ing  
a r e  no t  considered i n  t h i s  study. 

Since g e n e r a l l y  no g r i n d i n g  o r  c rush ing  i s  performed 

The use o f  by- 

No commercial wa l lboard  p l a n t s  us ing  by-product gypsum have 

13,14 

Emissions assoc ia ted  w i t h  gypsum min ing  and quar ry ing ,  such as 

These v a r i a b l e s  
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{ Combustion emissions, i n c l u d i n g  NOx and SOx emissions, a r e  no t  
considered i n  t h i s  s tudy because the  i n d u s t r y  predominant ly f i r e s  c lean  
fue l s  such as n a t u r a l  gas and d i s t i l l a t e  Although one gypsum 
manufacturer i s  p lanning t o ' u s e  h igh  f u e l  o i l  i n  new 
p1ants, l6 these p l a n t s  a r e  expected t o  be b u i l t  i n  o n l y  one o r  two 
s ta tes .  The development o f  na t i ona l  emission standards f o r  SO2 emissions 

from gypsum p l a n t s  would t h e r e f o r e  be i napprop r ia te  a t  t h i s  t ime s ince 

SO2 emissions would be more exped ien t l y  regu la ted  through s t a t e  implemen- 
t a t i o n  p lans i n  t h e  one o r  two a f f e c t e d  s ta tes  ou t  o f  30 gypsum processing 
s ta tes  . 

Each o f  the process emission sources considered i n  t h i s  s tudy o f  
the  gypsum i n d u s t r y  i s  discussed i n  t h e  next  few sect ions.  
i s  d i v ided  i n t o  seven par ts ,  one f o r  each o f  the seven sources being 
considered. 
3.2.1 Ore Dryers 

a r e  cont inuous ly  fed, d i r e c t - f i r e d ,  cocu r ren t  r o t a r y  u n i t s .  
diagram o f  a d i r e c t - f i r e d ,  cocur ren t  r o t a r y  d r y e r  i s  shown i n  F igure  3-3. 
The c y l i n d e r  o r  r o t a r y  s e c t i o n  o f  t h e  d r y e r  i s  const ructed o f  an o u t e r  
metal  s h e l l  and an i n n e r  r e f r a c t o r y  b r i c k  l i n i n g .  A l l  o r  p a r t  o f  the 
c y l i n d e r  may be i n s u l a t e d  t o  reduce heat  losses t o  t h e  environment. 

and moves toward the  d ischarge as a r e s u l t  o f  g r a v i t y  and t h e  r o t a r y  
mot ion o f  the cy l i nde r .  
a i d  t h e  movement o f  the s o l i d s  and p rov ide  i n t i m a t e  mix ing  o f  the s o l i d s  
w i t h  the h o t  combustion gases which e n t e r  f rom t h e  furnace. 

The d iscuss ion  

3.2.1.1 Descr ip t ion .  Ore dryers  employed i n  the  gypsum i n d u s t r y  
A schematic 

The gypsum ore  feed i s  in t roduced a t  the  e levated end o f  the  c y l i n d e r  

L i f t i n g  f l i g h t s  along t h e  i n s i d e  o f  the  c y l i n d e r  

The feed t o  t h e  d rye r  cons is t s  o f  crushed and screened gypsum ore, 
genera l l y  minus f i v e  cent imeters (minus two inches) i n  diameter. 
mined form, t h e  ca lc ium s u l f a t e  d ihyd ra te  (CaSO,. 2H,O) o re  t y p i c a l l y  

I n  i t s  
L 

- 
conta ins  from f i v e  t o  t e n  percent  gangue ( c l a y s  and o the r  i n s o l u b l e  

i m p u r i t i e s )  and va ry ing  amounts ( u s u a l l y  l e s s  than 10 percent )  o f  f r e e  
water  (water  o the r  than t h a t  which i s  chemica l l y  bound). 
i s  heated i n  t h e  d rye r  t o  about 338K (149OF)  t h e  f r e e  water  i s  evaporated. 

As the  wet ore 
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Essentially complete removal of f ree  water i s  achieved i n  the dryer, 
producing a product containing 19 t o  20 percent by weight chemically 
combined water. 
of both the temperature of the heated a i r  and the amount of water t o  be 
removed. 
oper t i n g  a t  377K ( 2 2 O o F ) ,  the approximate drying time i s  six t o  ten minutes. 

The l eng th  of time required t o  dry the ore i s  a function 

For an ore containing eight  percent f ree  moisture in a dryer 

Gypsum ore may a l so  be dryed i n  g r i n d i n g  mills,  eliminating the 
need e o r  a rotary kiln. Crushed ore i s  fed d i rec t ly  t o  the g r i n d i n g  
mill where hot gases and  the grinding operation effect ively remove the 
free moisture from the raw ore. 
i n t o  a single operation, energy requirements may be reduced and a source 
of par t iculate  emissions i s  eliminated. Since t h i s  method of ore drying 
i s  accomplished in g r i n d i n g  mil ls ,  i t  i s  assume t o  be covered under the 
study of the non-metallic minerals industry. 

3.2.1.2 Dryer Fuel Types. Natural gas- and oi l - f i red rotary 
dryers are  used i n  the gypsum industry. 
such as natural gas and d i s t i l l a t e  o i l ,  a r e  burned. Gas f i r i ng  i s  
currently most common. Three plants,  however, a r e  known to  be b u r n i n g  
a high sulfur  residual o i l  in t he i r  dryers. Information gathered from 
the U.S. Bureau of Mines” and industry indicates t ha t  ore dryers will 
continue t o  be of the direct-f i red type and tha t  natural gas and d i s t i l l a t e  
oi l  will be the primary fuels.  20921 Fuel type does not a f fec t  uncontrolled 
par t iculate  emissions from ore dryers. 

3.2.1.3 Dryer Capacities. The design capacit ies of most ore 
dryers employed by the gypsum industry range from 45.4 Mg/hr t o  82 Mg/hr 
(50 t o  90 tons/hr) of ore. Operating fac tors  of these dryers range from 
50 t o  100 percent of the design capacit ies.  

a b o u t  45.4 Mg/hr (50 tons/hr) o f  rock. 
s ize  would be required i n  order t o  dry 378,000 Mg/yr (416,400 tons/yr) 
of gypsum ore based on an operating fac tor  of 95 percent or 347 days per 
year. This capacity would.allow production o f  up t o  45.5 million square 
meters (490 million square f e e t )  of wallboard per year i n  a contemporary 
board plant operating on the same 347 day basis. 

By combining ore drying and g r i n d i n g  

9 
In most plants,  clean fuels ,  

Dryers a t  new plants a re  expected t o  have design capacit ies of 
A dryer of approximately this 
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3.2.1.4 Emissions. Ore dryers  a r e  t h e  second l a r g e s t  p o i n t  source 
of  p a r t i c u l a t e  emissions from p l a n t s  i n  t h e  gypsum indus t r y .  

ma t te r  from d rye rs  c o n s i s t s  o f  ca lc ium s u l f a t e  d ihyd ra te  and o t h e r  
s o l i d s  p resent  i n  t h e  ore. 

from gas f l o w  through t h e  dryer .  
P a r t i c u l a t e  emissions from o re  d rye rs  a r e  a f f e c t e d  by t h e  gas 

v e l o c i t y ,  t h e  p roduc t i on  ra te ,  and t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  

o re  feed. 
t o  which p a r t i c l e s  a r e  en t ra ined i n  the  e x i t i n g  gas. 

increases a t  a g i ven  produc t ion  r a t e ,  t h e  u n c o n t r o l l e d  emiss ion r a t e  
increases. 
gas v e l o c i t y  increases. As produc t ion  r a t e s  decrease a t  a g iven a i r  

percent  o f  the  feed, w i l l  increase. 

emissions because smal l  p a r t i c l e s  a r e  more e a s i l y  en t ra ined  i n  a moving 

stream o f  gas than are  l a r g e r  p a r t i c l e s .  

and e x i t  gas f l o w  f a c t o r s  measured i n  EPA source t e s t s  on gas- and o i l -  
f i r e d  d rye rs  a r e  presented i n  Table 3-1. The data shown i n  Table 3-1 

represent  two d i f f e r e n t  d rye r  con f igu ra t i ons .  
uses f o u r  process cyc lones t o  prevent  an est imated 85 percent  o f  t h e  
p a r t i c u l a t e  m a t t e r  en t ra ined i n  t h e  process gases from e x i t i n g  t h e  

dryer .  
t h a t  a re  h e a v i l y  laden w i t h  dus t  a r e  ducted d i r e c t l y  t o  emission c o n t r o l  
equ i pmen t . 
a i r  f l o w  r a t e s  and produc t ion  r a t e s  was made us ing  t h e  EPA t e s t  da ta  i n  
Table 3-1 and i n d u s t r y  da ta  on uncon t ro l l ed   emission^.*^ Th is  a n a l y s i s  

showed t h a t  t h e  percent  o f  feed en t ra ined i n  d rye r  e x i t  gases i s  h ighes t  

when d rye rs  a r e  operated a t  h igh  a i r  f l o w  r a t e s  and low p roduc t i on  
rates.  

P a r t i c u l a t e  

Emissions occur by  ent ra inment  o f  dus t  f i n e s  

Gas v e l o c i t y  a f f e c t s  t h e  degree o f  tu rbu lence and t h e  e x t e n t  
As gas v e l o c i t y  

The r a t e  o f  increase i n  emissions a l so  becomes g r e a t e r  as 

i i u w  r a t e ,  the if icijfitr~7l~d emission: f r o =  3r0 drlters, expressed x 3 
22 

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

Uncontrol  l e d  p a r t i c u l a t e  emission f a c t o r s ,  p a r t i c u l a t e  concentrat ions,  

One o f  t h e  d rye rs  ( P l a n t  E) 

The o t h e r  d r y e r  (P lan t  Y )  has no process cyclones; e x i t  gases 

An es t ima te  o f  uncon t ro l l ed  o r e  d r y e r  emissions a t  var ious  d r y e r  

3-1 0 
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The data in Table 3-1 show t h a t  the percentage o f  ore feed which i s  
entrained in e x i t  gases from ore dryers i s  s ign i f i can t ly  reduced by the 
use of process cyclones. Exit gases downstream of  the process cyclones 
on the Plant E dryer contained only 0.2 percent of the to t a l  feed, 
whereas the e x i t  gases from the Plant Y dryer contained e ight  percent of 
the to ta l  feed. In both cases, however, this material i s  routinely 
recovered in f ab r i c  f i l t e r  dust co l lec tors  o r  e l ec t ros t a t i c  precipi ta tors .  
The captured product i s  returned t o  the process. 

Par t ic le  s i z e  data for  uncontrolled emissions from ore dryers as  
measured i n  EPA source t e s t s  a r e  presented i n  Figures 3-4 and 3-5. The 
par t ic le  s i ze  data shown i n  Figure 3-4 were collected downstream of ore 
dryer process cyclones. 

shown in Figure 3-5 were collected downstream of a dryer which does not 
use process cyclones. 
par t ic les  a r e  l e s s  than 10 pm i n  diameter. 

The quant i t ies  of  su l fur  oxides produced from dryer fuel combustion 
depend on the su l fu r  content of the fuel.  The sulfur content of natural 
gas i s  generally extremely low, and the sulfur content of d i s t i l l a t e  o i l  
i s  typ ica l ly  0.22 percent by weight. 
emissions produced by the combustion of e i t h e r  natural gas or d i s t i l l a t e  
o i l  are  low. 

Sulfur dioxide emissions produced by the combustion of residual 
fuel o i l  can be h igh .  Sulfur contents of residual o r  No. 6 fue l s  range 
from 0.8 percent by weight i n  low su l fu r  residual o i l  t o  4.0 percent i n  
extremely h i g h  su l fu r  residual o i l .  
current ly  used f o r  ore dryers i s  a b o u t  2.0 percent. 2 6 y 2 7  Use of residual 
fuels  w i t h  lower su l fu r  contents would s igni f icant ly  reduce su l fu r  
dioxide emissions from ore dryers. 

However, minor var ia t ions i n  these levels  may r e su l t  when fuel o i l  i s  
subst i tuted f o r  gas d u r i n g  winter months due t o  natural gas curtailments. 

Approximately 50 percent of the pa r t i c l e s  i n  
+I.<- 13- r+rn5-  *.inrn hn1ni.i I n  . . m  ' 
(. , 1 1 2  y u 2  a * I s " I , ,  W G 1 G  Y S I V W  I V  )A,,, :ri diameter. The par t i c :e  size d a t a  

In this case,  only about ten percent of the 

Consequently, su l fur  dioxide 

The su l fu r  content of residual o i l s  

No major seasonal variations i n  su l fur  oxide leve ls  a r e  expected. 
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3.2.2 Ca lc iners  

3.2.2.1 Descr ip t ion .  Ca lc iners  a r e  employed i n  t h e  gypsum i n d u s t r y  

Ca lc in ing  
t o  remove th ree  quar te rs  o f  t h e  chemica l l y  bound water o f  hyd ra t i on  f rom 
calc ium s u l f a t e  d ihyd ra te  t o  form ca lc ium s u l f a t e  hemihydrate. 
occurs by  t h e  f o l l o w i n g  reac t i on :  

heat  '- 
CaS04* 2H20 (s) +CaS04*%H20 ( s )  + 3/2 (H20) (9 )  

The heat  o f  r e a c t i o n  i s  82.70 kJ/g-mole (35,568 Btu/lb-mole) a t  298°K 
(77OF). 
a major p o r t i o n  o f  t h e  energy requ i red  f o r  t h e  process ing o f  gypsum. 
The crushed, ground gypsum fed  t o  t h e  c a l c i n e r s  conta ins  l e s s  than 
20 percent  by we igh t  chemica l l y  bound water  and has a p a r t i c l e  s i z e  o f  
about 90 percent  minus 100 mesh (minus 149 vm). 
conta ins f rom f o u r  t o  s i x  percent  chemica l l y  combined water. 

d i r e c t  con tac t  f l a s h  c a l c i n e r s .  K e t t l e  c a l c i n e r s  a r e  operated i n  bo th  
batch and cont inuous modes. )The d i r e c t  con tac t  f l a s h  c a l c i n e r  i s  a 
continuous process patented by t h e  Nat iona l  Gypsum Company. 

and Raymond Imp m i l l s .  Rotary k i l n s  a r e  d i r e c t  con tac t  u n i t s  s i m i l a r  t o  
r o t a r y  o re  d rye rs  shown i n  F igu re  3-3. 
which employ heated o i l  t o  i n d i r e c t l y  hea t  t h e  gypsum ore. 
m i l l s ,  o f t e n  c a l l e d  f l a s h  c a l c i n e r s  i n  t h e  gypsum indus t r y ,  a r e  g r i n d i n g  

m i l l s  i n  which the  gypsum i s  d i r e c t l y  contacted w i t h  h o t  combustion 
gases and ca l c ined  d u r i n g  t h e  g r i n d i n g  operat ion.  

o f  d i r e c t  con tac t  f l a s h  c a l c i n e r s  i s  g i ven  i n  t h e  f o l l o w i n g  sect ions.  
Since the  use o f  r o t a r y  c a l c i n e r s  and H o l o f l i g h t  c a l c i n e r s  has been 
phased o u t  due t o  h igh  maintenance cos ts  and s ince  emissions from Raymond 

Imp m i l l s  was assumed t o  be regu la ted  by  t h e  non-meta l l ic  minera ls  NSPS, 
these th ree  c a l c i n e r  types a r e  n o t  considered f u r t h e r .  

Supplying t h e  heat  requ i red  f o r  t h e  c a l c i n a t i o n  r e a c t i o n  consumes 

The stucco produced 

The two most w i d e l y  used c a l c i n e r  types a r e  k e t t l e  c a l c i n e r s  and c 
28 

Less common c a l c i n e r  types i nc lude  r o t a r y  k i l n s ,  H o l o f l i g h t  c a l c i n e r s ,  

H o l o f l i g h t  c a l c i n e r s  a r e  u n i t s  
Raymond Imp 

A general  d e s c r i p t i o n  o f  batch and cont inuous k e t t l e  c a l c i n e r s  and 

29 
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Batch and cont inuous k e t t l e s .  K e t t l e  c a l c i n e r s  a r e  cons t ruc ted  

from metal  c y l i n d r i c a l  s h e l l s  which a r e  s e t  i n  masonry b r i c k  and surrounded 

by  a s t e e l  j acke t .  
The k e t t l e s  a r e  equipped w i t h  a b a f f l e d  annu lar  space between t h e  k e t t l e  
and t h e  r e f r a c t o r y  l i n i n g .  
o r  ad jacent  t o  the  k e t t l e  pass through t h e  annu lar  space and through 
f l ues  i n s i d e  t h e  k e t t l e  t o  p rov ide  an i n d i r e c t  t r a n s f e r  o f  heat  t o  t h e  

gypsum ore. Hor i zon ta l  arms at tached t o  a v e r t i c a l  s h a f t  i n  t h e  c e n t e r  
of t h e  k e t t l e  a g i t a t e  t h e  ore  t o  p rov ide  m i x i n g  and thus prevent  ove r  
hea t ing  o f  t h e  gypsum. 
t o  remove t h e  water  l i b e r a t e d  by  t h e  c a l c i n a t i o n  reac t i on .  J h e  ca l c ined  
gypsum o r  stucco i s  discharged i n t o  "ho t  p i t s "  l oca ted  below t h e  k e t t l e .  

-Al though some k e t t l e  c a i c i n e i i  a r e  aes igma to operate i n  o n i y  a 

batch mode, most cont inuous k e t t l e s  can be operated i n  e i t h e r  batch o r  
cont inuous modes. 
batch opera t i on  can be mod i f i ed  t o  operate cont inuous ly .  

k e t t l e s  by  screw t ype  feeders. 
and 450K (300 and 350OF) be fore  t h e  k e t t l e  i s  emptied. 
emptied by  means o f  a d ischarge spout. 
c a l c i n a t i o n  v a r i e s  from one t o  t h r e e  hours depending on t h e  q u a l i t y  o f  
t h e  gypsum feed, t h e  k e t t l e  s ize ,  and t h e  f i r i n g  r a t e .  

us ing  a v a r i a b l e  speed screw feeder.  The temperature o f  t h e  e x i t i n g  
gypsum product  o r  s tucco i s  mainta ined between 366 and 394K (200 and 
25OOF) by v a r y i n g  t h e  gypsum feed r a t e  t o  t h e  k e t t l e  w h i l e  t h e  f u e l  
f i r i n g  r a t e  i s  h e l d  constant.  
by  f l u i d i z i n g  t h e  gypsum p a r t i c l e s  i n t o  an ove r f l ow  channel which d ischarges 

d i r e c t l y  i n t o  a h o t  p i t  o r  by emptying d i r e c t l y  i n t o  a d ischarge spout. 
A diagram o f  a cont inuous k e t t l e  w i t h  t h e  f l u i d i z e d  d ischarge i s  shown 
i n  F igure  3-6. 

D i r e c t  c o n t a c t  f l a s h  ca l c ine rs .  Nat iona l  Gypsum Company's patented 
d i r e c t  c o n t a c t  f l a s h  c a l c i n e r s  a r e  cont inuous u n i t s  i n  which f i n e  gypsum 

The i n n e r  w a l l  o f  t h e  masonry i s  l i n e d  w i t h  a r e f r a c t o r y .  

Hot combustion gases f r o m  a f i r e b o x  beneath 

. 

A i r  i s  passed through t h e  i n s i d e  o f  t h e  k e t t l e  

---. - - 

K e t t l e  c a l c i n e r s  o r i g i n a l l y  designed s p e c i f i c a l l y  f o r  

I n  batch c a l c i n i n g  opera t ions  the  d r y  gypsum ore  i s  f ed  t o  t h e  
The gypsum o r e  i s  heated t o  between 422 

The k e t t l e  i s  
The t ime  requ i red  f o r  ba tch  

I n  cont inuous k e t t l e  c a l c i n i n g  operat ions,  t h e  d r y  gypsum i s  fed  

The s tucco i s  removed con t inuous ly  e i t h e r  
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dus t  i s  fed  s p i r a l l y  downward through a c y l i n d r i c a l  zone i n t o  which 
heated a i r  i s  i n j e c t e d  tang en ti all^.^' The gypsum dus t  i s  f ed  t o  t h e  

u n i t  by a c o n t r o l l a b l e  f i x e d  speed screw feeder.31 
formed i n  t h e  c y l i n d r i c a l  heat ing  zone o f  t h e  c a l c i n e r  i s  removed a t  t h e  

lower  end o f  

The s tucco product  

zone by a r o t a r y  v a l v e  a t  a temperature o f  about 456K 

diagram o f  the  d i r e c t  c o n t a c t  f l a s h  c a l c i n e r  i s  shown 

L 
(360'F). 
i n  F igure  3-7. 

d i r e c t  con tac t  f l a s h  c a l c i n e r s  a r e  n a t u r a l  gas- and d i s t i l l a t e  o i l - f i r e d  
i n  n e a r l y  a l l  cases. Two p lan ts  us ing  c o a l - f i r e d  k e t t l e s  and one p l a n t  
us ing  res idua l  o i l - f i r e d  k e t t l e s  a r e  c u r r e n t l y  i n  Some 
d i r e c t  c o n t a c t  f l a s h  c a l c i n e r s  a r e  c u r r e n t l y  f i r i n g  a h igh  s u l f u r  No. 6 

f l a s h  ~ a 1 c i n e t - s . ~ ~  
Mines ind ica tes ,  however, t h a t  n a t u r a l  gas and d i s t i l l a t e  f u e l  o i l  w i l l  

37,38,39,40 con t inue  t o  be pr imary  f u e l s  f o r  c a l c i n e r s  i n  t h e  fu tu re .  
Usage o f  h igh  s u l f u r  f u e l  o i l  w i l l  depend upon f u e l  a v a i l a b i l i t y  and 
l o c a l  a i r  q u a l i t y  requirements.  Fuel type does n o t  a f f e c t  uncon t ro l l ed  
p a r t i c u l a t e  emissions from ca lc ine rs .  

range from 4.5 Mg/hr ( 5  t ons /h r )  t o  11.8 Mg/hr (13 tons /h r )  depending on 
t h e  l e n g t h  o f  t h e  batch cyc le .  41 9 4 2  These k e t t l e s  a r e  t y p i c a l l y  operated 
a t  f u l l  capac i ty .  
o f  about 9.1 Mg/hr (10 tons /hr ) .  

c a p a c i t y  t o  produce 75,000 Mglyr (83,000 tons /y r )  o f  stucco based on an 
opera t i ng  f a c t o r  o f  95 percent  o r  347 days p e r  year. 

(12 tons /hr )  t o  as h i g h  as 18.2 Mg/hr (20 tons /hr ) .  43944 Continuous 

c a l c i n e r s  a r e  t y p i c a l l y  operated a t  f u l l  capac i ty .  
a t  most new p l a n t s  a r e  expected t o  have ou tpu t  c a p a c i t i e s  o f  about 

10.9 Mg/hr (12 tons /hr )  o r  greater .  A t y p i c a l  new p l a n t  would employ 
two o f  these u n i t s ,  p r o v i d i n g  s u f f i c i e n t  c a p a c i t y  t o  produce 182,000 Mg/yr 

(200,000 t o n s l y r )  o f  s tucco based on 347 days per  year. 

3.2.2.2 C a l c i n e r  Fuel Types. Batch and cont inuous k e t t l e  and 

c ,,,., - 4 ,  -rL.:- .,r,r+irr 2.- .."......*,.A e,. ,.,."+i....^ Car A:-,...* -..-*-..A 
, u s ,  " 1 , .  Illli. p ~ " L l . ~ L S  13 s q J s c c c u  bU L V I I L I I I U S  IU ,  " I I C L L  L"III0L.L 

I n fonna t ion  gathered from i n d u s t r y  and t h e  Bureau o f  

3.2.2.3 C a l c i n e r  Capaci t ies.  Output c a p a c i t i e s  o f  batch k e t t l e s  

New batch  k e t t l e s  a r e  expected t o  have ou tpu t  c a p a c i t i e s  
One o f  these u n i t s  would have s u f f i c i e n t  

Output c a p a c i t i e s  o f  cont inuous k e t t l e s  range from about 10.9 Mg/hr 

Continuous k e t t l e s  

The s tucco 
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~ 1 
produced by these two k e t t l e s  would a l l o w  p roduc t i on  o f  26.5 m i l l i o n  

square meters (285 m i l l i o n  square f e e t )  o f  wa l lboard  per  year  i n  a 
contemporary board p l a n t ,  on a 347 day p e r  y e a r  basis.  

6.4 Mg/hr ( 7  t ons /h r ) .  45s46 L i k e  t h e  o t h e r  c a l c i n e r  types, these u n i t s  

are operated a t  f u l l  capaci ty .  
con tac t  f l a s h  c a l c i n e r s  would have t h r e e  u n i t s  w i t h  a t o t a l  stucco 
producing c a p a c i t y  o f  159,000 Mg/yr (175,000 t o n s / y r )  on a 347 day p e r  

year  basis.  
square meters (250 m i l l i o n  square f e e t )  o f  wa l lboard  per  year  i n  a 

contemporary wa l lboard  p lan t .  

p a r t i c u i a t e  emissions i n  t h e  gypsum p i a n t .  
from a g i t a t i o n  o f  s o l i d s  and t h e  subsequent ent ra inment  o f  s o l i d s  i n  t h e  
gas f l o w  from t h e  equipment d u r i n g  dehydrat ion.  P a r t i c u l a t e  ma t te r  from 
c a l c i n e r s  c o n s i s t s  o f  ca lc ium s u l f a t e  d ihyd ra te ,  ca lc ium s u l f a t e  hemihydrate, 
anhydrous ca lc ium s u l f a t e ,  and gangue. 
k e t t l e  c a l c i n e r s  and from d i r e c t  c o n t a c t  f l a s h  c a l c i n e r s  a re  discussed 
separa te ly  i n  t h e  f o l l o w i n g  sect ions.  

K e t t l e  c a l c i n e r  emissions. 

from batch and cont inuous k e t t l e  c a l c i n e r s  i n c l u d e  t h e  fo l l ow ing :  

The ou tpu t  c a p a c i t y  o f  t h e  d i r e c t  c o n t a c t  f l a s h  c a l c i n e r  i s  about 

A t y p i c a l  new p l a n t  employing d i r e c t  

Th is  s tucco capac i t y  would a l l o w  p roduc t i on  o f  23.2 m i l l i o n  

3.2.2.4 Emissions. Ca lc iners  a r e  t h e  l a r g e s t  p o i n t  source o f  
P a r t i c u i a t e  emissions occur  

Emissions from batch and cont inuous 

Fac tors  i n f l u e n c i n g  p a r t i c u l a t e  emissions 

- e x t e n t  o f  mechanical a g i t a t i o n ,  
- gas v e l o c i t y  o f  a i r ,  and 
- p a r t i c l e  s i z e  o f  gypsum dust .  

The e x t e n t  o f  mechanical a g i t a t i o n  d i r e c t l y  a f f e c t s  the  q u a n t i t y  o f  dus t  
a v a i l a b l e  t o  be en t ra ined  i n  t h e  a i r  pass ing through t h e  i n s i d e  o f  t h e  

k e t t l e .  An inc rease  i n  t h e  e x t e n t  o f  a g i t a t i o n  w i l l  i nc rease t h e  
turbulence i n  t h e  k e t t l e  and may, t o  a l i m i t e d  degree, inc rease t h e  

uncon t ro l l ed  p a r t i c u l a t e  emission ra te .  

t h e  a f fec t  of mechanical a g i t a t i o n  on k e t t l e  c a l c i n e r  emissions. 
c a l c i n e r s  a r e  designed t o  operate a t  a f i x e d  a g i t a t i o n  ra te .  

Gas v e l o c i t y  through the  k e t t l e  d i r e c t l y  a f f e c t s  t h e  degree o f  

turbulence and t h e  e x t e n t  t o  which p a r t i c l e s  a r e  ent ra ined.  As gas 

No data  a r e  a v a i l a b l e  t o  q u a n t i f y  

K e t t l e  
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v e l o c i t y  increases, t h e  uncon t ro l l ed  emiss ion r a t e  should increase. 
However, i n s u f f i c i e n t  data a re  c u r r e n t l y  a v a i l a b l e  t o  quant i f y  t h e  
e f f e c t  o f  gas v e l o c i t y  and a i r  f l o w  r a t e  on uncon t ro l l ed  emissions from 
k e t t l e  c a l  c iners .  

from cont inuous k e t t l e  ca l c ine rs .  The r a t e  a t  which l a n d p l a s t e r  i s  f ed  
t o  t h e  k e t t l e  a f f e c t s  t h e  q u a n t i t y  o f  d u s t  a v a i l a b l e  t o  be en t ra ined i n  
the  e x i t  gases. 

P a r t i c l e  s i z e  d i s t r i b u t i o n  a f f e c t s  emissions because smal l  p a r t i c l e s  

a re  more e a s i l y  en t ra ined  i n  a moving stream o f  gas than a r e  l a r g e r  
p a r t i c l e s .  

phase o f  t h e  cyc le .  
k e t t l e  i s  h ighes t  du r ing  charging, immediate ly  a f t e r  charging, and 
du r ing  d ischarg ing  operat ions.  

gas f l o w  r a t e s  f o r  cont inuous k e t t l e  c a l c i n e r s  measured i n  EPA source 
t e s t s  a re  g iven i n  Table 3-2. 
increases i n  p roduc t ion  r a t e  inc rease u n c o n t r o l l e d  emissions from cont inuous 
k e t t l e s .  
a f i v e  percent  h i g h e r  p roduc t ion  r a t e  than the  P lan t  TT cont inuous 
k e t t l e  and t h e  emission f a c t o r  f o r  the  P l a n t  E k e t t l e  was 11 percent  
g rea ter .  Both k e t t l e  c a l c i n e r s  a r e  t h e  same s ize.  

On t h e  bas i s  o f  t h e  data i n  Table 3-2 approx imate ly  two percent  o f  
the  t o t a l  o re  e n t e r i n g  t h e  c a l c i n e r  e x i t s  w i t h  the  a i r  passed through 

t h e  i n s i d e  o f  the  k e t t l e .  Th is  m a t e r i a l  i s  r o u t i n e l y  recovered i n  
f a b r i c  f i l t e r  dus t  c o l l e c t o r s  o r  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 i s  
re tu rned t o  t h e  process. 

Mois ture con ten t  i n  t h e  gas stream l e a v i n g  c a l c i n e r s  ranged from 
51.1 percent  t o  69.9 percent  by  volume d u r i n g  EPA t e s t i n g  (see Chapter 4) .  
P a r t i c l e  s i z e  da ta  f o r  emissions from batch  and cont inuous k e t t l e s  cou ld  
n o t  be measured du r ing  the  EPA source t e s t s  because o f  the  h igh  mo is tu re  
contents o f  t h e  c a l c i n e r  e x i t  gases. 

Increases i n  p roduc t ion  r a t e  w i l l  a l s o  increase uncon t ro l l ed  emissions 

. 

Emissions from batch c a l c i n i n g  opera t ions  w i l l  va ry  w i d e l y  w i t h  t h e  
Dust concen t ra t i on  i n  t h e  a i r  stream e x i t i n g  t h e  

47 

Uncont ro l led  emission f a c t o r s ,  p a r t i c u l a t e  concentrat ions,  and e x i t  

The t e s t  r e s u l t s  i n  Table 3-2 show t h a t  

The P l a n t  E k e t t l e  was opera t i ng  a t  a lower  a i r  f l ow  r a t e  and 
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S u l f u r  ox ides produced from combustion o f  f u e l s  f o r  k e t t l e  c a l c i n a t i o n  

are low i n  n e a r l y  a l l  cases s ince  most k e t t l e s  use na tu ra l  gas o r  d i s t i l l a t e  

o i l .  S u l f u r  d i o x i d e  emissions from c o a l - f i r e d  o r  No. 6 f u e l  o i l  f i r e d  
k e t t l e s  a re  p o t e n t i a l l y  s i g n i f i c a n t .  However, t h e  use o f  low s u l f u r  
coal ( l e s s  than 1.5 we igh t  percent  s u l f u r )  and low s u l f u r  r e s i d u a l  f u e l  

o i l  ( l e s s  than 1.0 we igh t  percent  s u l f u r )  w i l l  min imize these s u l f u r  

d iox ide  emissions. The use o f  h igh s u l f u r  f u e l s  i s  dependent upon 

a v a i l a b i l i t y  o f  these f u e l s  and l o c a l  a i r  q u a l i t y  r e s t r i c t i o n s .  
D i r e c t  c o n t a c t  f l a s h  c a l c i n e r  emissions. Factors  i n f l u e n c i n g  

uncon t ro l l ed  p a r t i c u l a t e  emissions from d i r e c t  c o n t a c t  f l a s h  c a l c i n e r s  

inc lude gas v e l o c i t y  and p a r t i c l e  s ize .  

on d i r e c t  con tac t  f l a s h  c a l c i n e r  emissions a r e  i d e n t i c a l  t o  t h e  e f f e c t s  
discussed above f o r  k e t t l e  ca l c ine rs .  

and e x i t  gas parameters f o r  gas- and o i l - f i r e d  d i r e c t  con tac t  f l a s h  

c a l c i n e r s  as measured i n  EPA source t e s t s  a r e  g iven i n  Table 3-3. 

the  t o t a l  gypsum e n t e r i n g  t h e  d i r e c t  c o n t a c t  f l a s h  c a l c i n e r  e x i t s  w i t h  

the  process gases. 
f i l t e r  dus t  c o l l e c t o r  and i s  re tu rned  t o  t h e  process. 

f l a s h  c a l c i n e r s  as measured i n  EPA source t e s t s  a r e  g iven i n  F igures 3-8 

add 3-9. 

vary  w i t h  t h e  s u l f u r  con ten t  o f  t h e  f u e l .  
f l ash  c a l c i n e r s  use c lean  fue l s ,  such as na tu ra l  gas and d h t i l l a t e  

o i l s ,  new u n i t s  may use r e s i d u a l  f u e l  

from these new c a l c i n e r s  w i l l  be minimized i f  low s u l f u r  r e s i d u a l  o i l  
( l ess  than 1.0 we igh t  percent  s u l f u r )  i s  used. 

3.2.3 Stucco Mix inq  

form (1) i n d u s t r i a l  and b u i l d i n g  p l a s t e r s  and (2 )  wal lboard.  

these two m ix ing  processes i s  descr ibed separa te ly  i n  t h e  f o l l o w i n g  

sect ions.  

The e f f e c t  o f  these two f a c t o r s  

Uncontro l led p a r t i c u l a t e  emission f a c t o r s ,  p a r t i c u l a t e  concent ra t ions ,  

On t h e  bas is  o f  the  data i n  Table 3-3, approx imate ly  two percent  o f  

Th is  m a t e r i a l ,  however, i s  recovered i n  a f a b r i c  

P a r t i c l e  s i z e  data f o r  u n c o n t r o l l e d  emissions from d i r e c t  c o n t a c t  

As discussed i n  Sect ion 3.2.1.4, s u l f u r  ox ide  emissions from combustion 
Whi le some d i r e c t  con tac t  

'The s u l f u r  d i o x i d e  emissions 

3.2.3.1 Descr ip t ion .  Stucco i s  mixed w i t h  var ious  a d d i t i v e s  t o  
Each o f  
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P l a s t e r  mix ing.  For p roduc t ion  o f  va r ious  i n d u s t r i a l  and b u i l d i n g  

p las te rs ,  stucco i s  mixed w i t h  we t t i ng  agents such as de tergents  and/or 
l i g n i n s .  Various r e t a r d e r s  and acce le ra to rs  are a l so  added t o  g i v e  t h e  
var ious  p l a s t e r s  s p e c i f i c  s e t t i n g  ra tes .  

Stucco and a d d i t i v e s  are  
blended i n  a l a r g e  paddle mixer. Once thoroughly  mixed, the  p l a s t e r  i s  

conveyed by g r a v i t y  f l o w  t o  l a r g e  b ins  feed ing  the  bagging operat ion.  
For p roduc t ion  o f  wal lboard,  the  mix ing  o f  

stucco w i t h  a d d i t i v e s  i s  accomplished i n  two stages. F i r s t ,  d r y  add i t i ves ,  
such as s tarch,  p e r l i t e ,  raw gypsum, v e r m i c u l i t e ,  and shredded f i be rg lass ,  
a r e  mixed w i t h  s tucco i n  a screw conveyor. Second, t h i s  d r y  m i x t u r e  i s  
s l u r r i e d  w i t h  an aqueous paper pu lp  s o l u t i o n  i n  a p i n  mixer  a t  t h e  head 
o f  the board l ine.  The wet m i x t u r e  i s  then spread on paper sheets and 
formed i n t o  t h e  wet wal lboard.  A b r i e f  d e s c r i p t i o n  o f  o r d i n a r y  screw 

conveyors i s  g iven i n  Sec t ion  3.2.6.1. 
m ix ing  d r y  a d d i t i v e s  w i t h  the stucco a r e  equipped w i t h  c u t  and fo lded  

f l i g h t s  o r  mix ing paddles. 

t y p i c a l l y  have c a p a c i t i e s  o f  0.9 Mg (1 ton)  o r  1.5 Mg (1.6 ton) .  
p l a s t e r  mixers are expected t o  be o f  t h e  1.5 Mg (1.6 ton )  s ize .  
l i k e l i h o o d  t h a t  new mixers  w i l l  be i n s t a l l e d  i s  extremely low due t o  t h e  
expected d e c l i n e  i n  p l a s t e r  p roduc t ion  over  the  n e x t  twenty years. 
The 1.5 Mg (1.6 ton)  mixer  would a l l o w  produc t ion  o f  about 11 Mg/hr 

(12 tons /hr )  o f  p las te r .  
(24,000 tons /y r )  o f  p l a s t e r  on an e i g h t  hour per  day, f i v e  day per  week 

bas is .  

the  same as the  capac i t i es  o f  o r d i n a r y  conveyors which range from 23 t o  
64 Mg/hr (25 t o  70 tons /hr ) .  

o f  a v a i l a b l e  board l ines,  rang ing  f rom 20.9 Mg/hr (23 ton /hr )  t o  68 Mg/hr 
(75 tons /hr )  o f  p l a s t e r  ~ 1 u r t - y . ~ ’  
i n  diameter and 60 inches i n  diameter.52 

P l a s t e r  mix ing  i s  u s u a l l y  done by batch. 

Wallboard mix ing.  

The screw conveyors used f o r  

49 

3.2.3.2 Mixer  Capaci t ies.  Mixers used f o r  p l a s t e r  p roduc t i on  
New 

The 

50 

This  would a l l o w  produc t ion  o f  22,000 Mgly r  

The capac i t i es  o f  screw conveyors used f o r  m ix ing  are  e s s e n t i a l l y  

Product ion ra tes  o f  boa rd l i ne  p i n  mixers vary  w i t h  the capac i t i es  

P in  mixers come i n  two s izes,  42 inches 
New wal lboard p i n  mixers are 
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expected t o  produce about 39 Mg/hr (43 tons /h r )  o f  p l a s t e r  s l u r r y .  

t h i s  p roduc t ion  r a t e ,  t h e  mixer  w i l l  r e q u i r e  about 22 Mg/hr (24  tons /h r )  
of s tucco and w i l l  feed a boa rd l i ne  producing 26.5 m i l l i o n  square meters 

(285 m i l l i o n  square f e e t )  o f  wal lboard per  y e a r  on a 347 day p e r  yea r  

basis.  

t h e  feeding and b lend ing  o f  stucco and va r ious  add i t i ves .  

ma t te r  c o n s i s t s  o f  ca lc ium s u l f a t e  hemihydrate and a d d i t i v e  dusts.  

t h e  ex ten t  of mechanical a g i t a t i o n .  An increase i n  t h e  a g i t a t i o n  w i l l  
i nc rease t h e  tu rbu lence w i t h i n  t h e  m ixe r  and increase t h e  u n c o n t r o l l e d  

emission rate.  
A l l  a v a i l a b l e  da ta  on uncon t ro l l ed  p a r t i c u i a t e  emissions f rom 

mix ing  opera t ions  a r e  g i ven  i n  Table 3-4. 
Nat iona l  Emissions Data System (NEDS) ( P l a n t  MM) and a pe rm i t  a p p l i c a t i o n  

( P l a n t  0). 
emissions and repo r ted  c o n t r o l  e f f i c i e n c y .  The p e r m i t  a p p l i c a t i o n  
conta ins  a gypsum producer 's  est imates o f  t h e  uncon t ro l l ed  emissions. 

3.2.4 Scor ing and Chamfering 

sandwiching t h e  s l u r r y  o f  aqueous paper pulp, stucco, and a d d i t i v e s ,  

between two sheets o f  paper. The lower  sheet  o f  paper i s  scored, and i n  

some cases, t h e  t o p  sheet  i s  chamfered (beveled),  so t h a t  i t  can be 

e a s i l y  f o lded  ove r  and glued t o  t h e  top  sheet t o  form t h e  edges o f  t h e  
board. Scor ing i s  accomplished by a r o t a t i n g  knife-edged wheel and 
chamfering i s  accomplished by a sanding o r  b u f f i n g  t o o l .  F u g i t i v e  

emissions occur  f rom around the  edges o f  t h e  wheel and t h e  b u f f i n g  too l .  
The p r a c t i c e  o f  chamfer ing i s  d e c l i n i n g  because improved g lues have made 
t h i s  process unnecessary. 
p lan ts .  

c o n s i s t  o f  paper f i b e r s .  
boa rd l i ne  speed. 

A t  

3.2.3.3 Emissions. P a r t i c u l a t e  emissions from mix ing  occur  du r ing  
Th is  p a r t i c u l a t e  

The major  f a c t o r  i n f l u e n c i n g  u n c o n t r o l l e d  emissions from mix ing  i s  

These i n c l u d e  data f rom t h e  

The da ta  f rom NEDS were est imated from repor ted  c o n t r o l l e d  

3.2.4.1 Descr ip t ion .  Wallboard fo rma t ion  i s  accomplished by 

Chamfering i s  n o t  expected t o  be used i n  new 

3.2.4.2 Emissions. P a r t i c u l a t e  emissions from scor ing  and chamfer ing 
The pr imary  f a c t o r  a f f e c t i n g  emissions i s  

Emissions from these opera t ions  a r e  captured t o  

.. 
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TABLE 3-4. UNCONTROLLED PARTICULATE PARAMETERS FOR M I X I N G  

P lant  Operation 9s Flow Rate Uncontrol led P a r t i c u l a f e  Emissions 
I d e n t i f i c a t i o n  m /s (acfm) g/Kg ( l b / t o n )  g/m ( g r / a c f )  

P lant  oa 

P l a n t  M M ~  

Mixing 2.8 (6000) 10 

Blending N/A N/A 33 

aReference 53. 
bReference 54. 
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main ta in  workroom dus t  l e v e l s  requ i red  by OSHA regu la t i ons .  
da ta  on uncon t ro l l ed  emissions from s c o r i n g  and chamfering are  g iven i n  

Table 3-5. 
two wal lboard producers '  est imates o f  the  uncon t ro l l ed  emissions. 

3.2.5 Board End Sawing 
3.2.5.1 Desc r ip t i on .  A f t e r  rough c u t t i n g  t o  s i z e  and d r y i n g  t h e  

wa l lboard  product ,  t h e  ends o f  the  d r i e d  board are  sawed i n  a t r imming 
operat ion.  
g ives  smooth, s t r a i g h t  ends. 
sawed simultaneously.  

t r i m s  the  edge o f  the  boards. 
3.2.5.2 Emissions. P a r t i c u l a t e  emissions from board end sawing 

i n c l u d e  paper f i b e r  and wa l lboard  dust .  
a r e  captured t o  ma in ta in  workroom d u s t  l e v e l s  requ i red  by OSHA regu la t i ons .  
Uncont ro l led  emission from board end sawing operat ions are  est imated t o  
be 5 g/kg (10 l b / t o n )  o f  wal lboard formed. 57958a59 

board l ine ,  producing 27.2 Mg/hr (30 ton /h r )  o f  wal lboard and us ing  a gas 
f l o w  r a t e  o f  1.4 m /s  (3,000 acfm), t h e  average uncon t ro l l ed  emission 

concen t ra t i on  would be 29 g/dNm3 (13 g r /dsc f ) .  
3.2.6 Stucco Conveying 

o f  enclosed screw conveyors, bucket e leva tors ,  and pnuematic conveyors 
which t r a n s f e r  stucco from c a l c i n e r s  t o  s to rage and then f rom storage 
b i n s  t o  board l ines  o r  p l a s t e r  m ix ing  and bagging operat ions.  F u g i t i v e  

emissions from conveying systems escape f rom openings i n  t h e  enclosures. 
A screw conveyor cons is t s  o f  a h e l i c o i d  ( h e l i x  r o l l e d  f rom f l a t  

s t e e l  ba r )  o r  sec t i ona l  ( i n d i v i d u a l  sec t i ons  blanked and formed i n t o  a 
h e l i x  from f l a t  p l a t e )  f l i g h t ,  mounted on a p ipe  o r  s h a f t  and t u r n i n g  i n  

a trough.60 Enclosed screw conveyors a r e  genera l l y  used t o  t r a n s f e r  
s tucco h o r i z o n t a l l y  from one l o c a t i o n  t o  another.  

i n  an a i r  stream. 

a p o s i t i v e  o r  negat ive ( s u c t i o n )  pressure system. 

Ava i l ab le  

These data a r e  f rom two pe rm i t  app l i ca t i ons ,  which con ta in  

Removal o f  0.3 t o  0.6 cm (1/8 i nch  t o  1/4 inch)  o f  board 
Two boards a r e  u s u a l l y  stacked and then 

F u g i t i v e  emissions a r e  created as the  saw blade 

Emissions from these operat ions 

For an average 

3 

3.2.6.1 Desc r ip t i on .  Stucco t r a n s f e r  systems c o n s i s t  o f  a ser ies  

Pneumatic o r  a i r  conveyors t r a n s f e r  m a t e r i a l  by suspending p a r t i c l e s  
This  m a t e r i a l  t r a n s f e r  can be accomplished by e i t h e r  

I n  p o s i t i v e  pressure 
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systems an a i r  stream i s  blown t h r o u g h  a pipel ine and material i s  fed 
i n t o  the a i r  stream from a hopper o r  another device a t  a controlled 
rate .  In negative pressure systems, material i s  transferred using a 
vacuum. A cyclone o r  cyclone/fabric f i l t e r  combination co l l ec t s  the 
conveyed material. Pnuematic conveyors a r e  used to  t ransfer  gypsum both 
horizontal ly  a n d  ve r t i ca l ly  in some plants. Emissions occur from the 
o u t l e t  of t he  cyclone or fabr ic  f i l t e r  for  both posi t ive and negative 
pressure systems. 
occur a t  openings i n  the  enclosure. 
o f  a i r  flow rates  used i n  these pnuematic conveyors. 

Bucket elevators cons is t  of a head and foot  assembly which supports 

F u g i t i v e  emissions from posi t ive pressure systems 
No d a t a  a r e  available on the range 

and drives an endless s ing le  or  double strand chain o r  be l t  t o  which 

used: the high-speed centrifugal-discharge, the slow speed posi t ive or  
perfect-discharge, and the continuous-bucket e levator .  

The centrifugal-discharge elevator  has a s ing le  strand o f  chain o r  
b e l t  t o  which the spaced buckets are  attached. As the buckets round the 
t a i l  pulley,  which i s  housed within a su i tab le  curved boot, the buckets 
scoop u p  t h e i r  load and elevate i t  t o  the point of discharge. 
buckets are spaced so t h a t  a t  discharge, t he  material i s  thrown out by 
the centrifugal act ion of the bucket round ing  the head pulley. 
positive-di scha rge  type also u t i l i z e s  spaced buckets b u t  d i f f e r s  from 
the centrifugal type i n  t h a t  i t  has a double-strand chain and  a d i f f e ren t  
discharge mechanism. An additional sprocket, set  below the head pulley, 
effect ively bends the strands back under the pulley causing the bucket 
t o  be total  l y  inverted resul t ing i n  a posi t ive discharge. 

attached t o  s ingle  o r  double strand be l t  o r  chain. Material i s  loaded 
d i r ec t ly  i n t o  the buckets du r ing  ascent and i s  discharged gently as  a 
r e su l t  of using the back of the preceding bucket  as  a discharge chute. 

Stucco ver t ica l ly .  
openings in  the enclosure, especially near t ransfer  points. 

b u c k e t s  are attaci-,&. rl-...-- 9 7n rl -.:-L- 4.h- Chr--  t t p n a r  mncf  rnmmnnl \ ,  
.I riyurr J - I U  U + S C L . S  L IC w , , G ~  cJ,,Ld .,.VIII..l-... 

61 

The 

The 

The continuous-bucket elevator u t i l i z e s  c losely spaced buckets 

Enclosed bucket elevators a re  used i n  gypsum plants t o  t r ans fe r  
Fugitive emissions from bucket elevators escape from 
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Centrifugal 
discharge 

Pos i t ive  
discharge 

Continuous 
discharge 

Figure 3-10. Bucket e l e v a t o r  
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I n  many p lan ts ,  s tucco  t r a n s f e r  systems a r e  operated under negat ive  
pressure ( s u c t i o n )  t o  capture f u g i t i v e  emissions. 

f o r  housekeeping purposes as w e l l  as t o  ma in ta in  low workroom dus t  

l e v e l s .  
systems va ry  w i t h  t h e  s i z e  o f  t h e  conveyors and w i t h  t h e  number and type 
of  conveyors i n  t h e  system. 

3.8 m3/s (2000 t o  8000 acfm). 
3.2.6.2 Conveyor Capaci t ies.  Capac i t ies  o f  s tucco conveying 

systems range from 23 t o  64 Mg/hr (25 t o  70 tons /h r ) ,  depending on t h e  
s i z e  and s e c t i o n  o f  wa l lboard  p l a n t  i n  which they  a r e  employed. 

c o n s i s t  o f  s tucco (ca lc ium s u l f a t e  hemihydrate).  

t h e  f o l l o w i n g :  

Emissions are  c o l l e c t e d  

A i r  f l o w  r a t e s  used t o  c o l l e c t  emissions from stucco t r a n s f e r  

A i r  f l o w  r a t e s  used range from 0.94 t o  

3.2.6.3 Emissions. P a r t i c u l a t e  emissions f rom conveying u n i t s  

Faetcr; i n f l u e n c i n g  emi::!on: f rm ct-cc3 co!??'eyi!?.: systems inc!!!de 

a i r  f l o w  r a t e  ( p a r t i c u l a r l y  i n  pneumatic conveyors), - 
- degree o f  mechanical a g i t a t i o n  a t  t r a n s f e r  po in ts ,  

- t h e  f r e e  f a l l  d i s tance  between t r a n s f e r  po in ts ,  
- 
- 
- p a r t i c l e  s i ze .  

t h e  number o f  t r a n s f e r  po in ts ,  
t h e  types o f  conveyors used, and 

Data are n o t  a v a i l a b l e  t o  q u a n t i f y  t h e  a f f e c t s  o f  these fac to rs .  
A i r  f l o w  r a t e  d i r e c t l y  a f f e c t s  t h e  amount o f  m a t e r i a l  en t ra ined  i n  

a i r  streams from conveying systems. 
increase u n c o n t r o l l e d  emissions. 

Increases i n  a i r  f l o w  r a t e  w i l l  

The speed a t  which conveying u n i t s  a r e  operated d i r e c t l y  a f f e c t s  
the  degree o f  mechanical a g i t a t i o n .  
e leva tors ,  ope ra t i on  a t  t oo  h i g h  a speed w i l l  c r e a t e  a fann ing  e f f e c t  

f a l l  d is tances  between conveyor t r a n s f e r  p o i n t s  w i l l  i nc rease emissions 
by i nc reas ing  tu rbu lence w i t h i n  t h e  enclosure.  As discussed p rev ious l y ,  

p a r t i c l e  s i z e  a f fec ts  emissions because sma l le r  p a r t i c l e s  a r e  more 
e a s i l y  en t ra ined  i n  a moving stream o f  a i r  than a r e  l a r g e r  p a r t i c l e s .  

P a r t i c u l a r l y  i n  t h e  case o f  bucket  

. and hence increase uncon t ro l l ed  emissions.62 S i m i l a r l y ,  l onger  f r e e  
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Uncontrolled emissions from conveying systems are  estimated t o  be 
0.35 g/kg  (0.7 l b / t ~ n ) ~ ~  of material handled. 
3.2.7 Stucco Storage 

stucco i s  charged to  the bins by means of screw conveyors o r  pneumatic 
conveyors. Discharge of the stucco i s  accomplished by means of rotary 
valves on hoppers a t  the bottom of the bins o r  by means of hoppers a t  
the bottom of the s i los .  

Stucco storage b i n s  a r e  usually operated under negative pressure 
(suction) t o  capture emissions which would otherwise escape through the 
bin vent. Air flow ra t e s  used t o  capture these emissions depend on the 
s ize  of the b i n  and on  the r a t e  of f i l l i n g .  
from 0.19 to  0.94 m3/s (400 t o  2000 acfm). 

ranging from 18 Mg t o  318 Mg (20 t o  350 tons) .  
new plants could be of any size w i t h i n  t h i s  range. 

consist  of calcined gypsum. 

s i l o s  include the following: 

3.2.7.1 Description. Stucco i s  stored in b i n s  o r  s i los .  The 

Air flow ra tes  used range 

3.2.7.2 Capacities. Most stucco storage b i n s  have capacit ies 
Stucco storage bins a t  

3.2.7.3 Emissions. Par t iculate  emissions from stucco storage bins 

Factors influencing uncontrolled emissions from storage b i n s  or 

- the r a t e  of f i l l i n g ,  
- the free f a l l  distance of the material ,  
- the a i r  flow ra t e ,  and 
- the type of conveyor feeding the u n i t .  

No data are  available t o  quantify the e f f e c t s  of these factors.  
The r a t e  of f i l l i n g  a f fec ts  the amount of material available t o  be 

entrained i n  displaced a i r  and, i n  some cases, the r a t e  a t  wh ich  a i r  i s  
displaced. Increases i n  the r a t e  o f  f i l l i n g  will increase uncontrolled 
emissions from storage b i n s  or s i los .  

The f r ee  f a l l  distance depends on both the capacity o r  s i ze  of the 
b i n  and on the percentage of the avai lable  capacity already u t i l i zed .  
Longer free f a l l  distances will resu l t  i n  higher uncontrolled emissions. 
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The r a t e  a t  which a i r  i s  p u l l e d  f rom t h e  b i n  a l s o  a f f e c t s  uncon t ro l l ed  

emissions. 
emissions. 

than those fed  w i t h  screw conveyors. 

cause a g r e a t e r  amount o f  tu rbu lence i n  t h e  s to rage u n i t  and w i l l  r e q u i r e  
g r e a t e r  a i r  f l o w  r a t e s  t o  convey m a t e r i a l  i n t o  t h e  bin.  

shown i n  Table 3-6. 
i nc lude  two gypsum producers '  est imates o f  u n c o n t r o l l e d  l a n d p l a s t e r  

s torage b i n  emissions and are  taken as r e p r e s e n t a t i v e  o f  u n c o n t r o l l e d  
stucco s torage b i n  emissions. 

3.3 BASELINE EMISSIONS 

Increases i n  a i r  f l o w  r a t e  may r e s u l t  i n  h ighe r  u n c o n t r o l l e d  

Emissions f rom b i n s  fed  w i t h  pneumatic conveyors w i l l  be h i g h e r  
Use o f  pneumatic conveyors w i l l  

A v a i l a b l e  da ta  on u n c o n t r o l l e d  emissions from stucco s torage a r e  
These data a r e  f rom p e r m i t  a p p l i c a t i o n s  which 

Base l ine  emissions a r e  the  p o t e n t i a l  emissions t h a t  c o u l d  occur 
from a new, mod i f ied ,  o r  recons t ruc ted  f a c i l i t y  i n  t h e  absence o f  new 
source performance standards (NSPS). 
t h e  emission l e v e l s  requ i red  under t y p i c a l  S t a t e  r e g u l a t i o n s  and the  

l e v e l s  c u r r e n t l y  achieved by i ndus t r y .  The c o n t r o l  technology used t o  
achieve t h e  base l i ne  emissions l e v e l  i s  r e f e r r e d  t o  as base l i ne  c o n t r o l  
technology. 
w i l l  be used i n  subsequent chapters  t o  assess t h e  r e l a t i v e  b e n e f i t s  and 
cos ts  o f  va r ious  r e g u l a t o r y  a l t e r n a t i v e s .  
3.3.1 Determinat ion o f  Basel ine Emission Level  

Base l ine  emission l e v e l s  r e f l e c t  

The base l i ne  emission l e v e l s  es tab l i shed  i n  t h i s  s e c t i o n  

I n  s e l e c t i n g  base l i ne  emission l e v e l s ,  c o n s i d e r a t i o n  i s  f i r s t  g i ven  

These regu la t i ons ,  based upon process we igh t  equat ions 
t o  t h e  c u r r e n t  S ta te  regu la t i ons  which app ly  t o  emission sources i n  t h e  
gypsum indus t ry .  
o r  o p a c i t y  l i m i t a t i o n s ,  u s u a l l y  d e f i n e  t h e  pr imary  c o n s t r a i n t  on emissions 
from new sources. In some instances, however, t h e  c u r r e n t  l e v e l  o f  
c o n t r o l  p r a c t i c e d  i n  t h e  i n d u s t r y  i n d i c a t e s  t h a t  ac tua l  emission l e v e l s  

a r e  lower  than those requ i red  by  S ta te  process we igh t  regu la t i ons .  I n  

such cases, t h e  e x i s t i n g  l e v e l  o f  c o n t r o l  may be a b e t t e r  i n d i c a t o r  o f  
expected emissions from new gypsum i n d u s t r y  emiss ion sources i n  absence 
of NSPS r e g u l a t i o n .  
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Plants  may f i n d  i t  advantageous t o  c o n t r o l  emissions t o  lower  
l e v e l s  than a r e  requ i red  by  Sta te  regu la t i ons .  

c o n t r o l  devices can be recyc led  t o  t h e  process, o f f s e t t i n g  some o f  t h e  
cos t  o f  c o n t r o l .  
t o  meet than t h e  process weight  regu la t i ons .  

emission standards a r e  g e n e r a l l y  enforced us ing  opaci ty .  

S t a t e  mass emission standards would n o t  be t h e  governing c o n s t r a i n t  and 
would have l i t t l e  e f f e c t  on t h e  c o n t r o l l e d  emission l e v e l  expected f o r  

66 new p l a n t s  i n  t h e  absence o f  NSPS. 
3.3.2 E x i s t i n q  Emissions L i m i t a t i o n s  

p l a n t s  a re  i n  e f f e c t  i n  a l l  50 States.  
-----*--L--" l i m i C e  a d  nav++r,tlAfe o p a c i t y  l i m i t s ,  exhaust gas p a r t i c u i d i e  C U I I L C I I L I ( I L ~ ~ ~ ~  I lllu v-.. - . _ _ . _ _ _  

emission l i m i t s  c a l c u l a t e d  from process weights .  The process we igh t  

r e g u l a t i o n s  can take t h e  form o f  an a l l owab le  emission f a c t o r  expressed 
as kg ( l b )  o f  p a r t i c u l a t e  a l lowed p e r  Mg ( t o n )  o f  product ion.  
a l l  of t h e  States,  i n d u s t r i a l  source emissions are  l i m i t e d  by bo th  
o p a c i t y  standards and process we igh t  standards. 

i n d i c a t e s  t h a t  76 percent  o f  t h e  s t a t e s  have a common i n d u s t r i a l  process 

we igh t  r e g u l a t i o n  f o r  p a r t i c u l a t e  m a t t e r  emissions: 

Gypsum recovered i n  

I n  some cases, o p a c i t y  standards may be more d i f f i c u l t  

Therefore,  t h e  
I n  a d d i t i o n ,  t h e  mass 

Standards l i m i t i n g  p a r t i c u l a t e  emissions from sources i n  gypsum 
The r e g u l a t i o n s  a r e  o f  t h r e e  types: 

I n  n e a r l y  

A rev iew of r e g u l a t i o n s  f o r  States i nvo l ved  i n  gypsum p roduc t i on  

~ 

p <30 t p h  E = 4.1 (p )  

E = 55 (p) - 40 p 2 3 0  t p h  

0.67 

where p i s  the  process we igh t  c a p a c i t y  i n  tons/hour. 
l e a s t  22 of t h e  25 S t a t e  r e g u l a t i o n s  examined f o r  t h i s  s tudy  have a 
20 percent  o p a c i t y  r e g u l a t i o n .  

New York, Texas, Iowa, Indiana, and Michigan) a re  rep resen ta t i ve  o f  b o t h  

s t r i n g e n t  and average r e g u l a t o r y  environments. 
these regu la t i ons .  

I n  add i t i on ,  a t  

The r e g u l a t i o n s  o f  t h e  s i x  ma jor  gypsum producing Sta tes  ( C a l i f o r n i a ,  

Table 3-7 summarizes 
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TABLE 3-7. SUMMARY OF STATE PARTICULATE EMISSION REGULATIONS 
FOR S I X  MAJOR GYPSUM STATES. 

State 
Cal i forniaa 

Indiana 

Type of 
Requlation Requlation 
Process 
Weight Rate 

Opaci t y  Opacity i s  l i m i t e d  t o  20%. 

Process Allowable emission rates f o r  process weights u to  30 
Weight Rate ton/h are defined Dy the equation E = 4.10 poeE7 where 

E - allowable m i s s i o n  rates i n  lbs/h and P - process 
weight i n  tons/h. 
tons/h, t h  a lowable emission defined by the equation 
E = 55.0 p8.11 - 40. 

Allowable emission rate8 95' approximately defined by 
the equation E - 3.74 p * 
emission ra te  i n  l b /h  and P = process weight i n  tons/h. 

where E - allowable 

For process weights exceeding 30 

Iowa 

Michigan 

Opacity Opacity i s  l i m i t e d  t o  40% for sources located i n  
attainment areas, i n  non-attainment areas, opaci ty i s  
l im i ted  t o  30%. 

Process Allowable emission rates f o r  process weights u to  30 
Weight Rate ton/h are defined by the equation E = 4.10 poDg7 where 

E = allowable emission rates i n  lbs/h and P = process 
weight i n  tons/h. 
tons/h. the allowab e iss ion i s  defined by the 
equation E = 55.0 pA. ly-  40. 

For process weights exceeding 30 

Opacity Opacity i s  l i m i t e d  to 402. 

Process 
Weight Rate 

I Opacity I Opacity i s  l i m i t e d  t o  20%. 

Allowable emission rates f o r  process weights up o 30 
tons/h are defined by the equation E = 4.10 ~ 0 . 6 ~ .  where 
E - allowable m i s s i o n  rates i n  lbs/h and P = process 
weight i n  tons/h. 
tons/h, t h  allowable emission i s  defined by the equation 
E = 55.0 p8*11 - 40. 

For process weights exceeding 30 

New York Process 
Weight Rate 

(Dryers only) 

Allowable emission rates for  process weights up to  125 
t n h (31.3 kg/s) are defined by the equation E - 0.24 

process weight i n  lb/h. Dryers wi th  process weights 
greater than 125 tons/h are subject to concentration 
regulation. 

ODacitv i s  l i m i t e d  t o  20%. 

p 8.24 where E = allowable emission rate i n  Ib /h and P = 

Texas Allowable emission rates for  process weights ~p 20 I Process I tons/h are defined by the equation E - 3.12 p -9& when 
E = r a t e  o f  emission i n  lb /h  and P - process weight 
i n  tons/h. For process weights exceeding 20 t o  I the allowable emission i s  defined bv E - 25.4 D . 

I 
I Opacity i s  l i m i t e d  t o  20%. Opacity 

aRules and Regulations of the South Coast A i r  m a l i t y  Management D i s t r i c t .  
bEquivalent to about 0.11 gr/scf  (0.25 g/Nm ). 3 



A s tudy was a l s o  made t o  determine t h e  number o f  new gypsum p l a n t s  
which would be l oca ted  i n  p a r t i c u l a t e  ma t te r  ( t o t a l  suspended pa r t i cu la te /non -  

a t ta inment  areas. 
a t ta inment  areas (Sec t ion  173) new p l a n t s  l o c a t e d  i n  non-at ta inment 

areas must comply w i t h  t h e  " lowest  ach ievab le  emission r a t e "  (LAER). 
For gypsum p lan ts ,  LAER would imp ly  t h e  use o f  a f a b r i c  f i l t e r  operated 
a t  peak e f f i c i e n c y .  
p l a n t s  were p r e d i c t e d  t o  be l oca ted  i n  non-at ta inment areas, a base l i ne  
based on t h e  LAER emiss ion l e v e l  and a h i g h  e f f i c i e n c y  f a b r i c  f i l t e r  

would be appropr ia te .  

p l a n t s  were assumed t o  be d i s t r i b u t e d  geograph ica l l y  i n  t h e  same way as 
e x i s t i n g  p lan ts .  
p l a n t s  a re  l oca ted  o u t s i d e  non-attainment areas. Thus, s ince  t h e  m a j o r i t y  
o f  new p l a n t s  would probably  n o t  be s u b j e c t  t o  the  non-attainment p rov i s ions ,  
a base l i ne  based on t h e  LAER emiss ion l e v e l  and corresponding l e v e l  o f  
c o n t r o l  would be l e s s  rep resen ta t i ve  than a b a s e l i n e  se lec ted  on t h e  

bas i s  o f  o t h e r  f a c t o r s ,  such as SIPS o r  i n d u s t r y  p rac t i ces .  
3.3.3 Base l ine  Emission Levels and Technologies 

I n  s e l e c t i n g  an approp r ia te  base l i ne  emission l e v e l ,  a comparison 
was made o f  emission f a c t o r s  r e s u l t i n g  f rom S t a t e  process we igh t  r e g u l a t i o n s  
and S ta te  o p a c i t y  l i m i t a t i o n s .  Examination o f  the  a v a i l a b l e  t e s t  data 
on sources i n  t h e  gypsum i n d u s t r y  i n d i c a t e d  t h a t  p l a n t s  meet ing t h e  
20 percent  o p a c i t y  1 i m i t a t i o n  were opera t i ng  we1 1 below t h e  a1 lowable 
emissions l e v e l  de f ined by  the S ta te  process we igh t  equat ion.  

p l a n t  opera t ing  p r a c t i c e s  i n d i c a t e  i n d u s t r y ' s  i n t e n t  t o  ma in ta in  these 
v i s i b l e  emissions l eve l s ,  i t  was assumed f o r  t h e  purpose o f  t h i s  s tudy  
t h a t  new p l a n t s  would a l s o  be operated t o  meet t h i s  v i s i b l e  emiss ion 
l i m i t .  Therefore,  a base l ine  emiss ion l e v e l  was es tab l i shed  us ing  t h e  
20 percent  o p a c i t y  l i m i t .  
o f  t h i s  o p a c i t y  l i m i t  was determined by examining a v a i l a b l e  t e s t  data. 
Consider ing t h e  v a r i a b i l i t y  i n h e r e n t  i n  t h e  t e s t  procedures, an exhaust 

According t o  t h e  Clean A i r  Act p r o v i s i o n s  f o r  non- 

Therefore, i f  a l a r g e  percentage o f  new gypsum 

For purposes o f  p r e d i c t i n g  the  l o c a t i o n  o f  new gypsum p lan ts ,  new 

-. 
I he  s tudy  revea ied  t h a t  70 percent  o f  t h e  e x i s t i n g  

67 

Since e x i s t i n g  p l a n t s  c u r r e n t l y  meet t h e  o p a c i t y  l i m i t a t i o n  and 

A b a s e l i n e  emiss ion concen t ra t i on  rep resen ta t i ve  
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stream g r a i n  l oad ing  of 0.43 g/m3 (0.19 g r / a c f )  wa's chosen f o r  t h i s  

study.68 Base l ine  emission f a c t o r s  were computed f o r  each source o f  

p a r t i c u l a t e  emissions us ing  t h i s  g r a i n  l oad ing  and t y p i c a l  ope ra t i ng  
parameters f o r  t h e  p a r t i c u l a r  p iece  o f  equipment. Th is  r e s u l t s  i n  
base l ine  emission f a c t o r s  rang ing  from 0.07 g/kg (0.03 l b / t o n )  t o  2.4 g/kg 
(1.22 l b / t o n ) ,  depending upon a i r  f l o w  r a t e  and produc t ion  r a t e  o f  each 
source. The r e s u l t s  a r e  l i s t e d  i n  Table 3-8. 

I n  o rder  t o  meet t h e  base l i ne  emission l e v e l ,  some form o f  emiss ion 

con t ro l  would be necessary. The f a b r i c  f i l t e r  was chosen as the  base l i ne  
c o n t r o l  dev ice  f o r  a l l  sources i n  t h e  gypsum indus t r y ,  s ince  t h i s  i s  t h e  
emission c o n t r o l  dev ice most w i d e l y  a p p l i e d  i n  t h e  gypsum indus t r y .  
survey o f  emission c o n t r o l  dev ices used f o r  var ious  sources i n  t h e  
i n d u s t r y  i s  presented i n  Table 3-9. 

A 
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TABLE 3-8. BASELINE EMISSION FACTORS FOR SOURCES I N  THE GYPSUM INDUSTRY 

Emiss ion Source 

Ore d r y e r  - small 0.29 (0.57) 

Ore d r y e r  - medium 0.29 (0.57) 

0 r e . d r y e r  - l a r g e  0.21 (0.41) 

K e t t l e  c a l c i n e r  0.27 (0.54) 

D i r e c t  c o n t a c t  f l a s h  c a l c i n e r  0.47 (0.93) 

Board end sawing - smal l  0.16 (0.31) 

R o i h  end sawing - l a r g e  0.09 (0.18) 
Dry m i x i n g . -  smal l  0.03 (0.05) 

Dry m i x i n g  - medium 0.02 (0.03) 

Scor ing  and chamfer ing - smal l  0.08 (0.15) 
Sco r ing  and chamfer ing - medium 0.05 (0.10) 

Sco r ing  and chamfer ing  - l a r g e  0.05 (0.09) 
Stucco conveying and s to rage  0.21 (0.41) 
P l a s t e r  m ix ing  and bagging 0.61 (1.22) 

B a s e l i n e  Emission Fac tor ,  g/kg ( l b / t o n )  

Board end sawing - medium 0.10 (0.20) 

Dry m i x i n g  - l a r g e  0.02 (0.03) 
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4. EMISSION CONTROL TECHNIQUES 

Techniques f o r  contrc!!ing p a r t i c u l a t e  emissions from f a c i l i t i e s  i n  

the  gypsum i n d u s t r y  a r e  discussed i n  t h i s  chapter.  S i g n i f i c a n t  des ign .  
va r iab les  and f a c t o r s  t h a t  a f f e c t  the performance o f  app l i cab le  c o n t r o l  
devices are  discussed i n  Sec t ion  4.1. 
o f  the var ious  techniques are  discussed i n  Sec t ion  4.2 and Sect ion  4.3. 

4.1 DESCRIPTION OF CONTROL TECHNIQUES 

c u r r e n t l y  used i n  the  gypsum i n d u s t r y  a re  presented i n  Table 4-1. The 
s tudy  showed t h a t  the  p a r t i c u l a t e  emission c o n t r o l  techniques which a r e  
app l i cab le  t o  emission sources i n  gypsum p l a n t s  inc lude the  fo l l ow ing :  

The a p p l i c a b i l i t y  and e f fec t i veness  

The r e s u l t s  o f  a survey t o  determine the  emission c o n t r o l  t e c h c i q x s  

- f a b r i c  f i l t r a t i o n ,  
- c e n t r i f u g a l  separat ion,  
- e l e c t r o s t a t i c  p r t c i g i t a t i o n ,  and 
- wet scrubbing. 

These techniques a r e  descr ibed i n  t h i s  sect ion.  

i r d s t r y  i s  f a b r i c  f i l t r a t i o n .  The second most w ide ly  app l i ed  method i s  
e l e c t r o s t a t i c  p r e c i p i t a t i o n .  However, e l e c t r o s t a t i c  p r e c i p i t a t o r s  
(ESP's) u e  n o t  normal ly  used on d ry  mixing, scor ing  and chamfering, 
board end sawing, stucco conveying o r  stucco storage. Cen t r i f uga l  
separa t ion  ( c y c l c r x )  i s  p r i m a r i l y  used i n  con junc t i on  w i t h  o the r  c o n t r o l  
methods except i n  the  case o f  scor ing  and chamfering. Wet scrubbing i s  
the  l e a s t  used c o n t r o l  method. 
4.1.1 Fabr ic  F i l t r a t i o n  

cons is t s  o f  a number o f  f i l t e r i n g  elements (bags) along w i t h  a bag 
c lean ing  system conta ined i n  a main s h e l l  s t r u c t u r e  w i t h  dus t  hoppers. 
Par t icu la te- !aden gases are  passed through the  bags so t h a t  the p a r t i c l e s  

The most w ide ly  app l i ed  p a r t i c u l a t e  c o n t r o l  method i n  t h e  gypsum 

4.1.1.1 Basic Descr ip t ion .  A f a b r i c  f i l t r a t i o n  system ( b a g h c c x )  

4-1 



I 
I 

N 

N 

m 

N 

m 

m 

W 
N 

I 
I 

hl 

W 

0 
c 

I 
I 

c 

W 
N 

h 
W 

? I  
I 

I I  
I I  

1 1  
I I  

I I  
I I  

I 1  
I I  

- 1  
I 

o m  
c 

c 

I 
I 

I 
I 

I 
I 

e 

m 

d 
c 

I 
I 

I 
I 

7 
N 

m 
N 

U 

I 
I 

I 
I 

N 

I 
I 

I 
I 

W 
c 

N 
N 

m 
E 
.I- 

3 
w 
E 
0 
V 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

U 
7 

d 
7 

VI 
E 
.r n 

m m 
a! 

L 
0 
c, 
v) 

c, 
E m 
a c 

.I 

VI 
E 
0 
.r 

m 

n n m 

U 
.r 
c 

c, 

*E 
a! a 
.I 

% 
c, 
Le 
h 
v) 

m 
c, 

8 

a! 
L aJ x 
aJ 
U 
L 
3 
0 
VI 

E 
0 
v) 
VI 

E a! 
a! 
2= 
c, 

E 
0 

Y 

-0 

r 
U 

.r 

.r 

m 
m 

c, 
L U  m a !  
W L  .- 
.I + 

- m  

aJ 
E D  
O E  
U 

211 
a! 

I 1  E .- 
2 2  m 

Y 



a r e  re ta ined  on t h e  upstream s i d e  o f  t h e  f a b r i c ,  thus c lean ing  t h e  gas. 

A schematic diagram o f  a common type o f  f a b r i c  f i l t e r  u n i t  o r  baghouse 
i s  presented i n  F igure  4-1. 

d i f f u s i o n ,  d i r e c t  i n t e r c e p t i o n ,  and s iev ing .  The f i r s t  t h ree  processes 

p r e v a i l  o n l y  b r i e f l y  d u r i n g  the  f i r s t  few minutes o f  f i l t r a t i o n  w i t h  new 
o r  r e c e n t l y  cleaned f a b r i c s ,  w h i l e  t h e  s i e v i n g  a c t i o n  o f  t h e  dus t  l a y e r  
accumulating on the  f a b r i c  sur face  soon predominates. 
t r u e  a t  h igh  dus t  loadings, =-1 g/m3 (0.473 g r / f t 3 ) .  

drop across t h e  bag sur face  inc rease as t h e  d u s t  l a y e r  on t h e  bag b u i l d s  

up. 
pressure drop, t h e  bags a r e  cleaned p e r i o d i c a l l y .  

i s  shaker c lean ing  where t h e  bags a r e  shaken by a motor d r i v e n  rocke r  
arm-lever assembly t o  remove most o f  t h e  c o l l e c t e d  dust .  
method, reve rse -a i r  c leaning,  backf low a i r  i s  in t roduced i n t o  t h e  bags 
t o  expand them and f r a c t u r e  the  dus t  cake. 
reverse-a i r  c lean ing  r e q u i r e  a compartmented baghouse t o  pe rm i t  c lean ing  
o f  one sec t i on  wh i l e  o the r  sec t ions  a r e  f u n c t i o n i n g  normal ly .  The t h i r d  
c lean ing  method i s  p u l s e - j e t  c leaning.  I n  t h i s  method a s h o r t  pu l se  o f  
compressed a i r  i s  in t roduced through v e n t u r i s  and d i r e c t e d  from top  t o  
bottom o f  each bag. The pr imary pu lse  o f  a i r  e n t r a i n s  secondary a i r  as 
i t  passes through the  ven tu r i s .  
f r a c t u r e s  t h e  cake. The pu lse  i s  so r a p i d  t h a t  l i t t l e  i n t e r r u p t i o n  o f  
f i l t r a t i o n  occurs. Bags are  pulsed c y c l i c a l l y ,  i n d i v i d u a l l y  o r  i n  

group, so t h a t  separate baghouse compartments a r e  n o t  requi red.  

a f f e c t i n g  baghouse performance are:  

The bas ic  mechanisms a v a i l a b l e  f o r  f i l t r a t i o n  a r e  i n e r t i a l  impact ion,  

. 

This  i s  p a r t i c u l a r l y  

I n  f a b r i c  f i l t r a t i o n  bo th  t h e  c o l l e c t i o n  e f f i c i e n c y  and t h e  pressure 

Since t h e  system cannot cont inue t o  operate w i t h  an i nc reas ing  

Fabr ic  f i l t e r s  a r e  c leaned i n  one o f  t h r e e  ways. The f i r s t  method 

I n  t h e  second 

Both shaker c lean ing  and 

The r e s u l t i n g  expansion o f  t h e  bag 

3 

4.1.1.2 Factors  A f f e c t i n g  Performance. The most impor tan t  parameters 

- f i l t e r  medium, 
- a i r - t o - c l o t h  r a t i o  ( s u p e r f i c i a l  f i l t r a t i o n  v e l o c i t y ) ,  
- opera t iona l  pressure drop, 
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upper Nozzle or Venturi Solenoid Comprerred 
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2 Figure 4-1. Diagram o f  a pulse- je t  f ab r i c  f i l t e r  baghouse. 
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- c lean ing  method, 
- i n l e t  load ing ,  and 
- p a r t i c l e  s ize.  

The s e l e c t i o n  o f  t h e  f i l t e r  medium o r  f a b r i c  type a f f e c t s  t h e  c o l l e c t i o n  
e f f i c i ency  o f  t h e  baghouse and the  use fu l  l i f e  o f  the  f i l t e r  bags. 
Important p r o p e r t i e s  considered i n  s e l e c t i n g  f a b r i c  types i nc lude  pe rmeab i l i t y ,  
mechanical s t rength ,  c o r r o s i o n  res is tance,  and heat  res is tance.  

The a i r - t o - c l o t h  r a t i o ,  t h e  opera t i ona l  pressure drop and t h e  
c leaning method d i r e c t l y  a f f e c t  the  mechanisms by which dus t  p a r t i c l e s  
a re  co l l ec ted .  Lower a i r - t o - c l o t h  r a t i o s  g e n e r a l l y  r e s u l t  i n  h ighe r  
e f f i c i e n c i e s  once a f i l t e r  cake has developed on t h e  f a b r i c  because t h e  
p a r t i c l e s  a r e  more e a s i l y  i n te rcep ted  a t  lower  f i l t r a t i o n  v e l o c i t i e s .  
For a g iven c l o t h  area, increases i n  gas f l o w  r a t e  w i l l  r e s u l t  i n  decreases 
i n  e f f i c i e n c y  because t h e  h ighe r  f i l t r a t i o n  v e l o c i t y  w i l l  a l l o w  more 
p a r t i c l e s  t o  penet ra te  t h e  f a b r i c  and/or t h e  f i l t e r  cake. 

compactness o f  the  f i l t e r  cake. 
c o l l e c t s  a d d i t i o n a l  dus t  p a r t i c l e s  i s  d i r e c t l y  dependent on the  th ickness  
and compactness o f  t h e  cake. 

The e f f e c t  o f  i n l e t  l oad ing  o r  i n l e t  concen t ra t i on  on baghouse 
performance depends on the  c lean ing  method. For mechanical shaker 
c leaning,  subs tan t i a l  changes i n  i n l e t  concen t ra t i on  w i l l  r e s u l t  i n  
minimal changes i n  t h e  o u t l e t  concentrat ion.6 However, w i t h  pu lse  j e t  
systems, t h e  exhaust concen t ra t i on  i s  dependent on i n l e t  loading.  The 

o u t l e t  concent ra t ion  approx imate ly  f o l l o w s  t h e  equat ion  

3 

4 

The pressure drop and t h e  c lean ing  method a f f e c t  the  th ickness  and 
The degree t o  which t h e  f i l t e r  cake 

5 

o u t l e t  concen t ra t i on  = k ( i n l e t  Concentrat ion)"  

where k i s  some constant  and n v a r i e s  f rom 0.5 t o  1.' Thus, pu lse  j e t  
systems operate a t  n e a r l y  cons tan t  e f f i c i e n c y  and mechanical shaker 

systems operate a t  n e a r l y  cons tan t  o u t l e t  concent ra t ion .  

e x h i b i t  c o l l e c t i o n  e f f i c i e n c i e s  o f  99 percent  o r  g rea ter .  8*9910 Although 
the  p a r t i c l e  c o l l e c t i o n  e f f i c i e n c y  o f  a f a b r i c  f i l t e r  decreases as 

p a r t i c l e  s i z e  decreases, f a b r i c  f i l t e r s  a re  capable of c o n t r o l l i n g  

When operated and mainta ined proper ly ,  f a b r i c  f i l t e r s  r e g u l a r l y  



submicron par t ic les  with approximately 99 percent efficiency. l 1  
in  t h i s  s ize  range contr ibute  s ign i f icant ly  t o  v i s ib l e  emissions. 

fabr ic  f i l t e r s  i s  dependent on the cleaning method and frequency. 
Larger, heavier pa r t i c l e s  usually penetrate the f ab r i c  immediately 
following the cleaning cycle. T h i s  i s  par t icu lar ly  evident for  pulse- 
j e t  fabr ic  f i l t e r s ,  where l i t t l e  residual f i l t e r  cake remains on the 
f i l t e r  a f t e r  cleaning and where cleaning cycles a re  more frequent than 
f o r  other cleaning mechanisms. 
of the fabric  are  often loosened d u r i n g  the cleaning cycle and a re  
entrained in the e x i t  gases when f i l t r a t i o n  i s  resumed. 

excessive bag caking and bag blinding. 
from condensation and can generally be avoided i f  the gas temperature i s  
maintained 28 to  39K (50  t o  70'F) above the dew point. l 4  . In some cases,  
an i n l e t  gas heater may be required t o  avoid caking and blinding. 
exis t ing high temperature streams, maintaining temperatures above the 
dew point 'can often be achieved by insulat ing fabric  f i l t e r  units and 
upstream ducting and control devices. 
temperature will  r e su l t  i n  higher volumetric flow ra t e s  of gas and wil l  
consequently require an increased f i l t e r  area (more f ab r i c )  t o  maintain 
a sa t i s fac tory  f i l t e r i n g  velocity. 

when bags leak. 
by routine observation of v i s ib l e  emissions from fabr ic  f i l t e r  discharge 
stacks and by regular inspections of bags. 
4.1.2 Centrifugal Separation 

e f fec t  par t ic le  separation from the gas stream. Cyclones a re  frequently 
used upstream of a f ab r i c  f i l t e r  o r  e l e c t r o s t a t i c  prec ip i ta tor  t o  reduce 
the d u s t  loading t o  the device and hence reduce the required frequency 
of cleaning. 

Pa r t i c l e s  
1 2  

The e f f ec t  of pa r t i c l e  s i ze  d i s t r ibu t ion  on mass emissions from 

Par t ic les  which remain i n  the i n t e r s t i c e s  

13 

Major operating problems associated w i t h  some fabr ic  f i l t e r s  a r e  
Both  of these problems r e su l t  

For 

Increases in the operating 

The removal eff ic iency of fabr ic  f i l t e r s  i s  reduced s igni f icant ly  
The existence of worn o r  torn bags i s  eas i ly  detected 

Centrifugal separators,  o r  cyclones, r e ly  on centrifugal forces t o  

4-6 



4.1.2.1 Basic Description. A typical cyclone i s  i l l u s t r a t ed  i n  
Figure 4-2. Dust-laden gases en ter  a conical-shaped vessel tangent ia l ly  
and leave through a central  opening. 
t h r o u g h  the cyclone, the ine r t i a  o f  the par t ic les  causes them t o  move 
outward across the gas streamlines towards the cyclone shel l .  As the 
vortex i s  reversed i n  the conical portion of the cyclone, most of the 
par t ic les  continue t o  travel downward along the outer shell  in to  a 
receiving chamber. 

in  the design of a cyclone a re  the cyclone dimensions. 
cyclones have greater  removal e f f ic ienc ies  and higher pressure drops due 
t o  the greater  angular velocity (or i n e r t i a )  of the gas stream and 
entrained par t ic les .  Banks of small-diameter cyclones i n  pa ra l l e l ,  w i t h  
common gas i n l e t s  and ou t l e t s ,  a r e  frequently used t o  achieve higher 
eff ic iencies .  
short  cyclones due t o  the increased time in which pa r t i c l e s  a re  subject 
t o  separating forces. 
t o  1.5 kPa ( 2  t o  6 inches o f  water). 

being collected. 
small par t ic les .  
99 percent of par t ic les  greater  than 40 wn, 90-99 percent of pa r t i c l e s  
from 15-50 vm, 80-90 percent of pa r t i c l e s  from 5-20 pm, and only 50- 
80 percent of pa r t i c l e s  l e s s  than 5 urn. 
e f f ic ienc ies  range from about 55 t o  95 percent. 

Various factors  l imi t  the effectiveness of cyclonic col lectors .  
the cyclone i s  designed f o r  peak eff ic iency a t  peak flow, lower flows 
will resu l t  in lower e f f ic ienc ies  due t o  the reduced gas velocity in the 
cyclone. Similarly, temperature increases may reduce removal efficiency 
by increasing the viscosi ty  o f  the  gas. 
be reduced by re-entrainment o f  d u s t  i f  the d u s t  is not adequately 
removed from the receiving chamber. 

As the gas flows in a vortex down 

1 5  

4.1.2.2 Factors Affectinq Performance. The most important variables 
Small diameter 

Long cyclones exhib i t  g rea te r  removal e f f ic ienc ies  than 

Cyclone pressure drops typical ly  range from 0.5 

Cyclone efficiency i s  highly dependent on the s ize  of the par t icu la tes  
Cyclones co l l ec t  l a rge  pa r t i c l e s  more e f f i c i en t ly  than 
For example, a h igh  eff ic iency cyclone may remove 95- 

Typical cyclone overall col lect ion 
1 6  

If 

Collection efficiency may a l so  
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4.1.3 Electrostat ic  Precipitation 

Precipitator occurs i n  three steps: 
e lectr ical  charge; the charged par t ic les  migrate t o  a collecting electrode 
of opposite polar i ty  while subjected t o  a diverging e l e c t r i c  f i e l d ;  and 
the collected par t iculate  matter i s  dislodged from the collecting electrodes. 
A schematic diagram o f  a n  e l ec t ros t a t i c  precipi ta tor  i s  g i v e n  i n  Figure 4-3. 

h igh  voltage t o  a discharge electrode system consisting of rows of 
vertical  wires strung between r igid plates.  
depends in part  on  the gas composition. While passing through the 
corona, the suspended par t ic les  receive an e l e c t r i c  charge. 
o f  par t ic les  depends on local conditions in the e l ec t ros t a t i c  precipi ta tor  
(ESP)  such as strength o f  the corona and on the r e s i s t i v i t y  o f  the 
particles.  
opposite e lec t r ica l  charge. 
s ize ,  par t ic le  r e s i s t i v i t y ,  gas veloci ty ,  gas d is t r ibu t ion ,  and f i e l d  
strength. 

Baffles on 
the collecting electrodes provide shielded a i r  pockets t ha t  reduce re- 
entrainment of par t ic les  a f t e r  rapping. Electromagnetic o r  pneumatic 
hammers a r e  used t o  rap the electrodes,  dislodging the collected d u s t  
which then f a l l s  in to  hoppers. 

4.1.3.2 Factors Affectinq Performance. The key design variable 
for  e lec t ros ta t ic  precipi ta tor  design i s  the area of the col lect ing 
plate. The overall removal efficiency o f  the ESP can then be defined by 
the plate  area, migration (o r  d r i f t )  veloci ty ,  and gas flow r a t e  according 
t o  the Deutsch-Anderson equation: 

4.1.3.1 Basic Description. Par t iculate  collection in a n  e l ec t ros t a t i c  
suspended par t ic les  a re  given an 

An e l ec t r i c  f i e l d  o r  corona i s  generated by the application o f  a 

The strength o f  the corona 

The chayging 

The charged par t ic les  migrate t o  col lect ing plates of an 
This migration depends on the par t ic le  

The collecting electrodes are  r ig id ,  baffled plates. 

1 7  

-WA - 
n = 1 - e  Q 

where n = removal efficiency 
Q = gas flow ra t e  
W = migration velocity 
A = col lect ing plate  area. 
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Figure  4-3. View o f  a t y p i c a l  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 .  
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As ind i ca ted  by t h i s  equation, ESP e f f i c i e n c y  increases w i t h  i nc reas ing  
p l a t e  area r e l a t i v e  t o  gas f l o w  r a t e  and w i t h  i nc reas ing  m i g r a t i o n  

v e l o c i t y .  

cyc le .  
w i l l  n o t  be compacted enough t o  s e t t l e  t o  t h e  bottom o f  t h e  p r e c i p i t a t i o n  

chamber and w i l l  be re-ent ra ined.  Th is  re-ent ra inment  can be minimized 
by proper  des ign o f  c o l l e c t i n g  e lec t rodes  and rappers, min imiz ing  rapping, 
and rapping o n l y  a smal l  s e c t i o n  o f  t h e  t o t a l  p r e c i p i t a t o r  p l a t e  area a t  
a t ime. 

on t h e  c o l l e c t i n g  p l a t e s  w i l l  become t o o  t h i c k  and c o l l e c t i o n  e f f i c i e n c y  

w i l l  be reduced. 

Another key des ign v a r i a b l e  i s  p roper  de terminat ion  o f  t h e  rapping 
I f  t h e  cyc le  i s  t oo  shor t ,  m a t e r i a l  t h a t  c o l l e c t s  on the  p l a t e s  

If t h e  t ime between rapp ing  i s  t oo  long, however, t h e  m a t e r i a l  

Other des ign parameters t h a t  a f f e c t  ESP performance inc lude  p l a t e  

ESP 's  t y p i c a l l y  have gas-phase pressure 

spacing and type, p l a t e  h e i g h t  and length ,  app l i ed  vo l tage,  corona 

s t rength,  and res idence time. 

drops l e s s  than 0.13 kPa (0.5 i n .  o f  water) .  

depends on t h e  r e s i s t i v i t y  o f  t h e  p a r t i c l e s .  

i n  t h e  range o f  10 t o  l o l o  ohm-cm have been shown by exper ience t o  be 

the  most s u i t a b l e  f o r  e l e c t r o s t a t i c  p rec ip i t a t i on .18  P a r t i c l e s  w i t h  

lower r e s i s t i v i t i e s  w i l l  g i v e  up t h e i r  charge too  e a s i l y  and w i l l  be re -  

en t ra ined i n  the  gas stream. 
coa t  t h e  c o l l e c t i n g  p l a t e s  and w i l l  be hard t o  d is lodge,  thereby reducing 
the  a b i l i t y  o f  t h e  e lec t rode  t o  f u r t h e r  c o l l e c t  p a r t i c l e s .  
o f  a g iven p a r t i c l e  w i l l  va ry  w i t h  temperature and moisture.  

o f  p a r t i c l e  s ize.  
p a r t i c l e  s i z e  decreases, ESP 's  r e g u l a r l y  achieve o v e r a l l  c o n t r o l  e f f i c i e n c i e s  
o f  95 percent  o r  g rea te r ,  when p r o p e r l y  operated. 

19 ESP's r e g u l a r l y  achieve c o n t r o l  e f f i c i e n c i e s  o f  90 percent  o r  greater .  

Gas f l o w  d i s t r i b u t i o n  a l s o  has a s t rong  impact on ESP e f f i c i e n c y .  
Poor f l o w  d i s t r i b u t i o n  between the  c o l l e c t i n g  e lec t rodes  r e s u l t s  i n  
d i f f e r i n g  gas f l o w  r a t e s  between each p l a t e  and the re fo re  d i f f e r i n g  

The s u i t a b i l i t y  o f  p a r t i c u l a t e  c o l l e c t i o n  by e l e c t r o s t a t i c  p r e c i p i t a t i o n  
P a r t i c u l a t e s  w i t h  r e s i s t i v i t i e s  

4 

P a r t i c l e s  w i t h  h ighe r  r e s i s t i v i t i e s  w i l l  

The r e s i s t i v i t y  

The p a r t i c u l a t e  c o l l e c t i o n  e f f i c i e n c y  o f  an ESP i s  a l so  a f u n c t i o n  
Al though an E S P ' s  c o l l e c t i o n  e f f i c i e n c y  decreases as 

For submicron p a r t i c l e s ,  
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eff ic iencies  fo r  each section of the ESP. 
in the v ic in i ty  of hoppers and col lect ing electrodes can r e su l t  i n  re- 
entrainment o f  collected dust. 
ESP efficiency losses ranging from 20 t o  30 percent." 
problems can be corrected by proper i n l e t  design, such as adding s t ra ighteners ,  
s p l i t t e r s ,  vanes, and diffusion plates  to  the duct work before the ESP. 
4.1.4 Wet Scrubbing 

with a wetted surface o r  atomized liquid droplets. The par t iculate  
laden liquid i s  then separated from the gas stream, and e i the r  recycled 
t o  the production process o r  discharged as waste. 

Scrubbers a r e  usually c lass i f ied  by energy consumption in terms of 
gas phase pressure drop. Low-energy scrubbers, represented by spray 
chambers and towers, have pressure drops l e s s  than 1.3 kPa ( 5  i n .  of 
water). Medium-energy scrubbers such as  centrifugal scrubbers have 
pressure drops o f  1.3-3.7 kPa (5-15 in. of water). 
such as  venturi scrubbers have pressure drops exceeding 3.7 kPa  (15  in. 
of water). 

l i q u i d  i s  injected in to  the gas stream and mixes with the gas in the 
h i g h  turbulence zone associated w i t h  the venturi throat .  The par t iculates  
a re  collected by the atomized liquid droplets. The l iquid i s  subsequently 
separated from the gas i n  a cyclonic separator which i s  usually equipped 
w i t h  a mist eliminator. 

depends on the physical and chemical properties of the dust being collected 
and the gas being cleaned. The most important par t ic le  charac te r i s t ics  
a r e  par t ic le  s ize  d is t r ibu t ion  and par t icu la te  loading i n  the gas stream. 

Larger par t ic les  are removed more e f f i c i en t ly  than small ones. The 
principal factors  affecting the performance of venturi scrubbers a re  the 
operating pressure drop across the scrubber, the liquid-to-gas r a t io ,  
the water/gas separation achieved in the separator,  and the scrubber 
l iquor saturation level. Higher removal e f f ic ienc ies  are  achieved w i t h  

In addition, high veloci t ies  

Poor gas flow dis t r ibut ion can resu l t  in 
Gas flow d is t r ibu t ion  

4.1.4.1 Basic Description. In wet scrubbers, par t ic les  a re  contacted 

High-energy scrubbers 

A typical venturi scrubber i s  shown i n  Figure 4-4. Scrubbing 

21 

4.1.4.2 Factors Affecting Performance. The design of a scrubber 
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scrubbers operated a t  higher gas-phase pressure drops and higher l iquid- 
to-gas ra t ios .  Overall par t icu la te  removal eff ic iency i s  reduced i f  the 
downstream mist eliminator i s  unable t o  separate finely-atomized water 
droplets from the e x i t  gas. 
release t h e i r  par t icu la te  contents t o  the a i r .  

4.2 

These uncollected droplets  evaporate and 

APPLICATION OF CONTROL TECHNIQUES TO EMISSION SOURCES IN THE GYPSUM 
INDUSTRY 
The appl icabi l i ty  of the control techniques discussed i n  Section 4.1 

t o  emission sources in the gypsum industry i s  discussed i n  this section. 
Each of the four control techniques discussed i s  considered separately 
in the following sections.  
4.2.1 Use of Fabric F i l t e r s  

applied par t icu la te  control method i n  the  gypsum industry. 
f i l t e r s  o r  baghouses a re  used to  control par t icu la te  emissions from ore 
dryers,  ca lc iners ,  m i x i n g ,  board end sawing, conveying, and storage. 
Gypsum dust i s  well suited t o  fabr ic  f i l t r a t i o n  and, i n  properly designed 
in s t a l l a t ions ,  does not cause caking and bag b l i n d i n g  problems. 
f i b e r  emissions from scoring and chamfering a re  a lso controlled w i t h  
fabr ic  f i l t e r s  in some plants. 

Baghouses used t o  control d u s t  from ore dryers and calciners  must 
be well insulated t o  prevent moisture condensation tha t  would lead t o  
caking and b l i n d i n g  o f  the bags. 
e x i t  gases a r e  near the dew point,  small heaters a r e  used t o  reheat 
process gases before they enter  the baghouse. 22 
baghouse insulat ion i s  par t icu lar ly  important because moisture content 
of ca lc iner  e x i t  gases can be as high as  60 percent by volume. 

i n  temperature. Maximum e x i t  gas temperatures f o r  ore dryers and 
calciners  a re  about 377K ( 2 2 O O F )  and 453K (35OoF), respectively.  
Consequently, h i g h  temperature-resistant f i l t e r  fabr ics  a re  required. 
Fabric f i l t e r s  t rea t ing  gases from ore dryers and calciners  use Nomex or 
Orlon f e l t  bags. 

" -  J z - - . . - - - A  - - - * * 4 - * * - 1  C - h - i r  C i l t r a t i n n  i s  the nos+ widely H> UI>LU>,CU p r C " , " " ~ , y ,  ,.A", I r  I I , * I V "  .-.. 
Fabric 

Paper 

In some ins t a l l a t ions ,  where ore  dryer 

In the case of calciners ,  

Oust laden gases from ore dryers and calciners  a r e  r e l a t ive ly  high 

Bag replacement frequencies f o r  dryers and calciners  
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t y p i c a l l y  range from f o u r  t o  twelve months, depending on t h e  temperature 
and dus t  load ing  o f  t h e  gases being t rea ted .  

Due t o  t h e  h igh  opera t i ng  temperatures o f  t h e  dryers  and ca l c ine rs ,  
f ab r i c  f i l t e r  dus t  c o l l e c t o r s  c o n t r o l l i n g  these u n i t s  must be a l lowed t o  
cool before f i l t e r  bags can be replaced. 

maintenance personnel, t h e  process i s  t y p i c a l l y  shut  down f o r  a t  l e a s t  
four t o  s i x  hours be fore  the  f i l t e r  bags a r e  removed. 

o f  which a r e  a t  ambient o r  low temperatures, f i l t e r  baqs used a r e  e i t h e r  

23,24 

To i n s u r e  t h e  s a f e t y  o f  

I n  f a b r i c  f i l t e r s  t r e a t i n g  gases from the  remaining processes, a l l  

- 
Dacron o r  Orlon. 2 5 y 2 6  The l i f e  o f  these bags i s  t y p i c a l l y  one t o  one 
and one-hal f  years. 27,28 

Operat ing a i r - t o - c l o t h  r a t i o s  o f  baghouses used i n  t h e  i n d u s t r y  
range between 1 : l  and 5: l  ( c fm : f t  ), depending on t h e  c lean ing  method 
used.2993o931 Al though a1 1 th ree  types o f  c lean ing  methods (shaker, 

reverse-a i r  and p u l s e - j e t )  a r e  c u r r e n t l y  used on baghouses c o l l e c t i n g  

gypsum dust, t h e  c u r r e n t  t rend  o f  ma jor  gypsum producers i s  toward t h e  
use o f  reverse-a i r  and p u l s e - j e t  f a b r i c  f i l t e r s  w i t h  design a i r - t o - c l o t h  

2 r a t i o s  o f  about 5 : l  ( c f m : f t  ) f o r  most sources. 
board end sawing, mechanical shaker baghouses w i t h  a i r - t o - c l o t h - r a t i o s  

2 o f  about 2 : l  ( c f m : f t  ) a r e  g e n e r a l l y  used. 

2 

However, f o r  one source, 

4.2.2 Use o f  Cen t r i f uga l  Separators 

Cyclones a r e  app l i ed  t o  a number o f  emission sources i n  t h e  gypsum 
indus t ry .  
and chamfering and, i n  a few i n s t a l l a t i o n s ,  board end sawing. When used 
cyclones are  normal ly  i n s t a l l e d  t o  remove l a r g e r  p a r t i c l e s  i n  dust- laden 
gases upstream o f  f a b r i c  f i l t e r s  o r  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 .  
Removal o f  the  m a j o r i t y  o f  t h e  en t ra ined dus t  reduces maintenance and 

opera t ing  cos ts  by lessen ing  the  amount o f  m a t e r i a l  t h a t  must be handled 
by subsequent c o n t r o l  equipment and associated conveying equipment. 

and/or paper p a r t i c l e s  from scor ing  and chamfering a r e  t rea ted  w i t h  a 
cyclone and vented d i r e c t l y  t o  t h e  atmosphere. Normal removal e f f i c i e n c i e s  
o f  cyclones range from 55 t o  95 percent ,  depending on the  s i z e  range o f  
the  p a r t i c l e s  be ing c o l l e c t e d .  

These sources i n c l u d e  o re  dry ing ,  boa rd l i ne  mixing, sco r ing  

I n  some cases dust- laden gases from o r e  dryers  and board l i ne  m ix ing  

32 
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4.2.3 Use o f  E l e c t r o s t a t i c  P r e c i p i t a t o r s  
E l e c t r o s t a t i c  p r e c i p i t a t o r s  (ESP) a r e  app l ied  t o  emissions from 

g r i n d i n g  m i l l s ,  o r e  dryers,  and k e t t l e  c a l c i n e r s  i n  the  gypsum indus t ry .  
It i s  comnon f o r  mu1 t i p l e  sources t o  be c o n t r o l l e d  by one ESP because 

ESP 's  a re  most economical when used t o  t r e a t  l a r g e  volumes o f  gas. 

severa l  p l a n t s  the  E S P ' s  are preceded by cyclones t o  remove a m a j o r i t y  

o f  the en t ra ined dus t  as discussed i n  Sec t ion  4.2.2. 

As discussed i n  Sec t ion  4.1.3.2, p a r t i c u l a t e s  w i t h  r e s i s t i v i t i e s  i n -  

t h e  range o f  l o 4  t o  l o l o  ohm-cm have been shown by exper ience t o  be the  
most s u i t a b l e  f o r  c o l l e c t i o n  by e l e c t r o s t a t i c  p r e c i p i t a t i o n .  

c e r t a i n  cond i t ions ,  gypsum d u s t  has a r e s i s t i v i t y  w i t h i n  t h i s  opt imal  

range. 
which cou ld  p o t e n t i a l l y  be h igh  enough t o  present  a c o l l e c t i o n  problem. 

However, d r y  vent  gases are u s u a l l y  combined w i t h  the  mois ture- laden 

gases from the ca l c ine r .  
rang ing  from 30 t o  60 percent  by volume, " cond i t i ons "  t h e  dus t  and the  
problem o f  h igh  r e s i s t i v i t y  i s  u s u a l l y  avoided. 3 4 s 3 5  

e f f i c i e n c i e s  o f  ESP's used by the  gypsum i n d u s t r y  t y p i c a l l y  range from 

98 t o  99.5 percent.  
Because the  m a j o r i t y  o f  p r e c i p i t a t o r s  used i n  t h e  i n d u s t r y  t r e a t  

gases from more than one source, spec ia l  ca re  must be taken t o  assure 

good gas f l o w  d i s t r i b u t i o n  i n t o  the  p r e c i p i t a t o r .  
A poss ib le  " p u f f i n g "  problem may occur  when the  c a l c i n i n g  k e t t l e s  

a r e  operated batch-wise. 

d ischarg ing  o f  a l l  k e t t l e s  r e s u l t e d  i n  p u f f s  o f  v i s i b l e  emissions from 
t h e  ESP t r e a t i n g  the  c a l c i n e r  gases. To prevent  such occurrences, t h e  

I n  

Under 

The da ta  i n  F igure  4-5 shows t h a t  d r y  gypsum dus t  has a r e s i s t i v i t y  

The mois tu re  conten t  o f  the  c a l c i n e r  gases, 

Overa l l  c o n t r o l  

36 

One i n d u s t r y  source repor ted t h a t  simultaneous 

-- 
d ischarg ing  o f  the  k e t t l e s  must be staggered." 

c o n t r o l  emissions f rom dryers,  g r i n d i n g  m i l l s  and c a l c i n e r s  has found 
t h a t  ESP's a re  l e s s  expensive t o  operate and main ta in  than f a b r i c  f i l t  

4.2.4 Use o f  Wet Scrubbers 

Wet scrubbers a r e  not  be ing used t o  c o n t r o l  p a r t i c u l a t e  emissions 

from gypsum p l a n t s  b u i l t  i n  the l a s t  t e n  years.  I n  a few o l d e r  i n s t a l  

One gypsum company t h a t  uses bo th  f a b r i c  f i l t e r s  and ESP's t o  

38,39,4O r s  . 

at ions ,  
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low energy wet scrubbers a re  used t o  c o n t r o l  c a l c i n i n g  and d ry ing  p a r t i c u l a t e  

emissions. 
because p a r t i c u l a t e  ma t te r  c o l l e c t e d  us ing  wet scrubbers cannot be 
e a s i l y  recyc led  t o  t h e  process. 
from scrubbers c o n t r o l l i n g  gypsum emissions i s  a l s o  a problem. 

4.3 PERFORMANCE DATA 

Scrubbers a re  no t  used i n  newer i n s t a l l a t i o n s  p r i m a r i l y  

The d i sposa l  o f  waste water e f f l u e n t s  

Source t e s t  data demonstrat ing t h e  emiss ion c o n t r o l  l e v e l s  achievable 

w i t h  f a b r i c  f i l t e r s  and ESP's a r e  discussed i n  t h i s  sect ion.  These da ta  
were obta ined from emission source t e s t s  conducted by  bo th  EPA and 

indus t r y .  
d e t a i l  i n  Appendix C. 

i n d i c a t e d  t h a t  f a b r i c  f i l t e r s  achieve h i g h e r  p a r t i c u l a t e  removal e f f i c i e n c i e s  

than ESPs when app l i ed  t o  gypsum emission sources. 
f i l t e r s  a re  more commonly used than o t h e r  dev ices t o  c o n t r o l  emissions 
from sources i n  t h e  gypsum indus t ry .  Therefore,  source t e s t i n g  du r ing  
t h i s  s tudy was l i m i t e d  t o  f a b r i c  f i l t e r s .  

f i l t e r s  t o  t h e  c o n t r o l  o f  gypsum emissions i s  emphasized i n  t h i s  sec t ion .  

The r e s u l t s  o f  the  EPA source t e s t s  a r e  presented i n  more 

An examinat ion o f  a v a i l a b l e  t e s t  da ta  and pe rm i t  a p p l i c a t i o n s  

I n  add i t i on ,  f a b r i c  

The a p p l i c a t i o n  o f  f a b r i c  

Fo l low ing  a p resen ta t i on  o f  the  data a v a i l a b l e  f o r  f a b r i c  f i l t e r s  
on each p r i n c i p a l  source, o re  dryers,  c a l c i n e r s  and board end sawing, 
v a r i a t i o n s  between i n d i v i d u a l  source t e s t s  a r e  discussed i n  d e t a i l .  The 

degree t o  which t h e  t e s t  data represent  a c t u a l  c o n t r o l  s i t u a t i o n s  i n  t h e  
i n d u s t r y  i s  a l so  discussed. 

A summary o f  t h e  mass emission da ta  a v a i l a b l e  f o r  f a b r i c  f i l t e r s  on 

o r e  dryers,  c a l c i n e r s ,  and board end sawing operat ions i s  g iven  i n  
Table 4-2. 
i n d i v i d u a l  source t e s t s  a r e  g i ven  i n  t h i s  tab le .  Product ion r a t e s  used 
t o  determine emission f a c t o r s  a r e  est imates based on records o f  prev ious 
process opera t i on  o r  on back-ca lcu la t ions  f rom board l i ne  produc t ion  

rates.  The o v e r a l l  removal e f f i c i e n c i e s  and f a c t o r s  a f f e c t i n g  baghouse 
performance, such as a i r - t o - c l o t h  r a t i o ,  f a b r i c  type and gas mo is tu re  
conten t  a r e  a l s o  included. 

The average i n l e t  and o u t l e t  emissions measured du r ing  t h e  
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The data i n  Table 4-2 represent  a wide range o f  i n l e t  loadings and 

a i r - t o - c l o t h  r a t i o s ,  severa l  c lean ing  methods and f a b r i c  types, and 
t h r e e  d i f f e r e n t  emission sources. The c o n s i s t e n t l y  h igh  removal e f f i c i e n c i e s  
e x h i b i t e d  by  f a b r i c  f i l t e r s  a t  these v a r i e d  opera t i ng  cond i t i ons  i s  an 
i n d i c a t i o n  t h a t  f a b r i c  f i l t e r s  a r e  an e f f e c t i v e  means o f  c o n t r o l  l i n g  
gypsum emissions t o  low leve ls .  
4.3.1 Performance Data f o r  Fabr ic  F i l t e r s  on Ore Dryers 

w i t h  f a b r i c  f i l t e r s  a r e  summarized i n  Table 4-3 and are  presented 
g r a p h i c a l l y  i n  F igure  4-6. 
tested,  one which employs process cyc lones and one which does not.  

separate source t e s t s  were conducted a t  t h e  s i t e  which employs process 
cyclones p r i o r  t o  t h e  f a b r i c  f i l t e r .  
which do n o t  use cyclones. 
f i l t e r s  achieved o v e r a l l  c o n t r o l  e f f i c i e n c i e s  g r e a t e r  than 99.8 percent.  

The source t e s t  data i n  Table 4-3 show average c o n t r o l l e d  p a r t i c u l a t e  
emissions ranging from 0.002 g/kg o f  d r y  rock  (0.004 l b / t o n )  t o  0.035 g/kg 
o f  d r y  rock (0.07 l b / t o n ) .  
from 0.009 g/dNm3 (0.004 g r /dsc f )  t o  0.072 g/dNm3 (0.031 gr /dsc f ) .  

During t h e  source t e s t s  shown i n  Table 4-3, t h e  o re  d rye rs  were 
operated a t  capac i t y  f a c t o r s  rang ing  f rom 56 t o  92 percent  o f  des ign 

capaci ty .  These source t e s t s  a r e  rep resen ta t i ve  o f  t h e  range o f  o r e  
d rye r  opera t ing  r a t e s  normal ly  used i n  t h e  gypsum indus t ry .  

4.3.1.1 V a r i a t i o n s  i n  Ore Dryer  Tes t  Resul ts.  The v a r i a t i o n s  i n  
t h e  t e s t  r e s u l t s  presented i n  Table 4-3 a r e  discussed i n  t h i s  sect ion.  
No s i g n i f i c a n t  v a r i a t i o n  i s  shown between t h e  p a r t i c u l a t e  concent ra t ions  
i n  t h e  th ree  t e s t  runs o f  any source t e s t  i n  Table 4-3. 

between tes ts ,  however, a r e  discussed below i n  terms o f  o re  d r y e r  ope ra t i ng  
parameters and f a c t o r s  which a f f e c t  f a b r i c  f i l t e r  performance, such as 
a i r  f l o w  ra tes ,  i n l e t  dus t  loadings,  a i r - t o - c l o t h  r a t i o s  and c lean ing  
frequencies. 

As shown i n  Table 4-3, a h ighe r  concen t ra t i on  was measured on t h e  
P lan t  E d rye r  du r ing  t h e  i n d u s t r y  source t e s t  than dur ing  t h e  EPA t e s t .  

Resul ts  o f  EPA and i n d u s t r y  source t e s t s  on o r e  dryers  c o n t r o l l e d  

Two d i f f e r e n t  d r y e r  con f igu ra t i ons  were 
Two 

Two d i f f e r e n t  s i t e s  were tes ted  
I n  each o f  t h e  EPA source t e s t s  f a b r i c  

The average p a r t i c u l a t e  concent ra t ions  range 
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The v a r i a t i o n s  
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The opera t ing  data show t h a t  t h e  d r y e r  was operated a t  a h ighe r  a i r  f l o w  
r a t e  and a lower  p roduc t ion  r a t e  d u r i n g  the  i n d u s t r y  tes t .  
opera t ing  cond i t ions ,  t h e  p a r t i c u l a t e  concen t ra t i on  i n t o  t h e  f a b r i c  
f i l t e r  was est imated t o  be about t h e  same d u r i n g  bo th  P lan t  E t e s t s .  
Therefore, t h e  change i n  o re  d r y e r  ope ra t i ng  c o n d i t i o n s  a lone would n o t  
be expected t o  a f f e c t  t h e  o u t l e t  concen t ra t i on  measured du r ing  t h e  
i n d u s t r y  t e s t .  

du r ing  the  P lan t  E i n d u s t r y  t e s t  i s  p robab ly  d i r e c t l y  a t t r i b u t a b l e  t o  
t h e  increase i n  a i r  f l o w  r a t e .  
a i r - t o - c l o t h  r a t i o s  and a r e  expected t o  reduce o v e r a l l  c o l l e c t i o n  e f f i c i e n c i e s  
f o r  a g iven bagh~use .~ ’  
from 6.4 t o  7.0 ( f t  /m in : f t  ) may r e s u l t  i n  a measurable change i n  t h e  
o u t l e t  p a r t i c u l a t e  concentrat ion.  
t o  be l a r g e  enough t o  account f o r  t h e  e n t i r e  d i f f e r e n c e  i n  t h e  two P l a n t  E 
d rye r  tes ts .  
concent ra t ion  measured d u r i n g  t h e  i n d u s t r y  t e s t  o f  t h e  P lan t  E d r y e r  . i s  
bag wear. 

d r y e r  i s  somewhat h i g h e r  than t h e  concen t ra t i on  measured d u r i n g  t h e  EPA 
P lan t  E t e s t  and t h e  i n d u s t r y  P l a n t  J t e s t .  
measured f o r  t h e  P l a n t  Y d r y e r  i s  probably  due t o  t h e  h ighe r  i n l e t  
loading. While t h e  f a b r i c  f i l t e r  achieved h igh  o v e r a l l  removal e f f i c i e n c y  
(99.96 percent) ,  t h e  i n l e t  l oad ing  o f  116 g/dNm3 (51 g r /dsc f )  r e s u l t e d  
i n  an o u t l e t  concent ra t ion  which appears t o  be abnormal ly h igh  when 
compared w i t h  the  o t h e r  tes ts .  
j e t  f a b r i c  f i l t e r s  i s  repo r ted  t o  be dependent on t h e  i n l e t  concentrat ion,  
t h e  h igher  o u t l e t  concent ra t ion  from t h e  P l a n t  Y d r y e r  i s  expected. 

vary  over  a r e l a t i v e l y  wide range. 
fac to rs  a re  a t t r i b u t a b l e  t o  t h e  same f a c t o r s  discussed p r e v i o u s l y  f o r  
t h e  v a r i a t i o n s  i n  t h e  o u t l e t  concentrat ions.  
measured, 0.094 g/dNm3 (0.041 gr /dsc f ) ,  was from t h e  P lan t  E d r y e r  
du r ing  the  EPA t e s t .  

A t  these 

48 

A p o r t i o n  o f  t h e  h i g h e r  o u t l e t  p a r t i c u l a t e  concent ra t ion  measured 

Larger  a i r  f l o w  r a t e s  r e s u l t  i n  h ighe r  

Increas ing  t h e  a i r - t o - c l o t h  r a t i o  o f  t h e  baghouse 
3 2 

However, t h i s  change i s  n o t  expected 

Another f a c t o r  t h a t  may have caused t h e  h igher  p a r t i c u l a t e  

However, da ta  on t h e  age o f  the  f i l t e r  bags tes ted  a r e  unava i lab le .  
The o u t l e t  concen t ra t i on  measured d u r i n g  t h e  EPA t e s t  o f  t h e  P l a n t  Y 

The h ighe r  o u t l e t  l oad ing  

Since t h e  o u t l e t  concent ra t ion  of pulse- 

The o u t l e t  emission f a c t o r s  f o r  t h e  source t e s t s  shown i n  Table 4-3 
The v a r i a t i o n s  between the  emission 

The h ighes t  o u t l e t  concent ra t ion  
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4.3.1.2 Representat iveness o f  Ore Dryer  Tests. The degree t o  

which the  t e s t  data i n  Table 4-3 represent  o r e  d rye r  emission c o n t r o l  
s i t u a t i o n s  encountered i n  the  gypsum i n d u s t r y  i s  discussed i n  t h i s  
sect ion.  
a f fec t  uncon t ro l l ed  o r e  d rye r  emissions and f a c t o r s  which a f f e c t  f a b r i c  
f i l t e r  performance. 

This  representat iveness i s  discussed i n  terms o f  f a c t o r s  which 

The f a c t o r s  discussed i n c l u d e  t h e  f o l l o w i n g :  

- i n l e t  d u s t  load ing ,  
- a i r  f l o w  r a t e  and p roduc t i on  r a t e ,  

- o r e  f r e e  mois tu re  content ,  
- gas mo is tu re  content ,  
- a i r - t o - c l o t h  r a t i o  and c lean ing  method, 

- opera t i ona l  pressure drop, and 
- p a r t i c l e  s i z e  d i s t r i b u t i o n .  

As discussed i n  Sec t ion  3.2.1.4, u n c o n t r o l l e d  emissions f a c t o r s  
from gypsum o r e  d rye rs  w i l l  be h i g h e s t  when o r e  d rye rs  a r e  operated a t  
h i g h e r  a i r  f l o w  r a t e s  and low opera t i ng  c a ~ a c i t i e s . ~ '  The EPA P lan t  Y 
t e s t  represents  an extreme s i t u a t i o n .  
f l o w  r a t e  o f  7.55 m /s (16,000 acfm) and a c a p a c i t y  f a c t o r  o f  60 percent. 
Operat ion o f  new d rye rs  below t h i s  c a p a c i t y  f a c t o r  i s  u n l i k e l y  because 
o f  economic cons idera t ions .  
c o n d i t i o n s  which r e s u l t  i n  more severe u n c o n t r o l l e d  emissions a r e  encountered, 
the  use o f  process cyclones p r i o r  t o  t h e  f a b r i c  f i l t e r  would ensure t h a t  
p a r t i c u l a t e  concent ra t ions  as low as those measured a t  P l a n t  Y a r e  
achieved . 

The d r y e r  was operated a t  an a i r  
3 

I n  t h e  event  t h a t  o re  d r y e r  ope ra t i ng  

Uncont ro l led  p a r t i c u l a t e  emissions w i l l  be lowest  from o r e  d rye rs  
which employ process cyclones. 
represent  t h i s  c o n t r o l  s i t u a t i o n .  

The f r e e  mo is tu re  conten t  o f  gypsum o r e  fed  t o  d rye rs  ranges from 
1.0 t o  8.0 percent. 5 1 y 5 2  The range o f  f r e e  mo is tu re  con ten t  i n  o re  fed  
t o  t h e  d rye rs  du r ing  t h e  EPA and i n d u s t r y  t e s t s  was 1.5 t o  8.0 percent  

which i s  w i t h i n  t h e  range expected. 
ranged from 5.2 t o  9.4 percent  by  volume, which should n o t  a f f e c t  the  

opera t i on  of f a b r i c  f i l t e r s  un less condensat ion occurs. Removing a l l  

The t e s t  da ta  from t h e  P lan t  E d r y e r  

The mo is tu re  conten t  o f  t h e  gas 
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f r e e  mois ture f rom o re  con ta in ing  e i g h t  percent  mois ture,  however, c o u l d  
r e s u l t  i n  a r e l a t i v e  humid i t y  as h igh  as 39.5 percent  i n  t h e  exhaust gas 
stream. Although increases i n  r e l a t i v e  humid i t i es  i n  the  range o f  20 t o  

60 percent  may enhance f a b r i c  f i l t e r  performance, these t e s t  r e s u l t s  d i d  
n o t  i n d i c a t e  any improvements w i t h  v a r i a t i o n s  i n  r e l a t i v e  humid i ty .  

Cur ren t l y  recommended a i r - t o - c l o t h  r a t i o s  f o r  l a r g e  gypsum sources 
range from 4:l t o  6: l  ( c fm : f t  ) f o r  p u l s e - j e t  systems and 2.5:l t o  3: l  

54955356  Although bo th  types a r e  used (cfm:f t  ) f o r  reve rse -a i r  systems. 
on gypsum dryers,  p u l s e - j e t  systems a r e  more common. Operat ion a t  a i r -  

t o - c l o t h  r a t i o s  s i g n i f i c a n t l y  above t h i s  range may r e s u l t  i n  low removal 
e f f i c i e n c i e s  and baghouse over load ing  un less  process cyclones a r e  used. 
The P lan t  J drye r  used a reve rse -a i r  f a b r i c  f i l t e r  and had an a i r - t o -  
c l o t h  r a t i o  o f  2.3:l ( c fm : f t2 )  du r ing  t h e  tes t .  The o the r  two d rye rs  

both used p u l s e - j e t  f a b r i c  f i l t e r s  and were tes ted  a t  a i r - t o - c l o t h  
r a t i o s  ranging from 5.5:l t o  7.0:l ( c f m : f t  ) .  Al though the  a i r - t o - c l o t h  
r a t i o s  o f  the  P lan t  E t e s t s  a r e  ou ts ide  t h e  recommended range, t h e  
P lan t  E d rye r  employs process cyclones t o  reduce the  i n l e t  dus t  l oad ing  
t o  the  f a b r i c  f i l t e r .  

F i l t e r  f a b r i c s  bes t  s u i t e d  t o  t h e  opera t i ng  cond i t i ons  o f  o re  
d ryers  i nc lude  Nomex, Dacron, and O r l ~ n . ~ ~  The f i l t e r  f a b r i c s  used on 
the  ore  dryers  tes ted  i nc lude  a l l  t h r e e  o f  these f a b r i c s .  

Typica l  opera t ing  pressure drops f o r  p u l s e - j e t  baghouses are  around 
0.75 t o  0.87 kPa (3.0-3.5 inches o f  water).58 The pressure drops on t h e  
f a b r i c  f i l t e r s  d u r i n g  t h e  P l a n t  E and P l a n t  Y EPA t e s t s  were 0.95 kPa 
(3.8 inches o f  water)  and 0.62 kPa (2.5 inches o f  water)  respec t i ve l y .  

d ryers  can vary  due t o  changes i n  a i r  f l o w  r a t e  o r  t h e  use o f  process 
cyclones. A t  h i g h e r  a i r  f l o w  r a t e s  ( v e l o c i t i e s )  l a r g e r  p a r t i c l e s  a r e  
more e a s i l y  en t ra ined  i n  t h e  gas stream and t h e  mean p a r t i c l e  s i z e  i s  
increased. 
i n  t h e  gas stream and t h e r e f o r e  t h e  mean p a r t i c l e  s i z e  i s  decreased. 
The EPA t e s t s  on t h e  P l a n t  E dryer ,  which uses process cyclones, and t h e  
p l a n t  Y dryer ,  which operates a t  a h i g h e r  a i r  f l o w  r a t e ,  demonstrate t h e  

53 

2 
2 

2 

The p a r t i c l e  s i z e  d i s t r i b u t i o n  i n  d u s t  laden gases e x i t i n g  o r e  

I n  general, cyc lones tend t o  remove o n l y  t h e  l a r g e s t  p a r t i c l e s  
59 
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a b i l i t y  of fabr ic  f i l t e r s  t o  achieve high levels  of par t iculate  removal 
for both pa r t i c l e  size dis t r ibut ions.  
the ex i t  gases from these two dryers a r e  presented i n  Section 3.2.2.4. 

A summary of the highest v i s ib le  emissions data recorded for  the source 
tests shown in Table 4-3 i s  given i n  Figure 4-7. 
average percent opacity recorded over six minute intervals  d u r i n g  the 
ore  dryer test a t  Plant Y. 
1.9 percent opacity. 
industry test. 
4.3.2 Performance Data f o r  Fabric F i l t e r s  on Kettle Calciners 

Oata obtained from EPA and industry tests on ke t t l e  calciners  
~~ntro!!~A w i t h  f a b r i c  f i l t e r s  a re  presented i n  Table 4-4 and Figure 4-8. 
In each of the EPA source t e s t s ,  the overall control eff ic iency achieved 
by fabric  f i l t e r s  on kettle calciners  was greater  than 99.7 percent. 

The source test  data i n  Table 4-4 show controlled par t iculate  
emission ra tes  ranging from 0.001 g/kg of stucco produced (0.002 l b / t o n )  
t o  0.064 g/kg (0.128 lb/ton) of stucco produced. 
par t iculate  concentrations range from 0.010 g/dNm3 (0.004 gr/dscf) t o  
0.314 g/dNm3 (0.137 gr/dscf) i n  these tes t s .  

calciners were operated a t  100 percent of design capacity. The tes t  
data a r e  therefore representative of normal operating conditions fo r  
ke t t le  calciners.  

The varl’ations in the test  r e su l t s  presented in Table 4-4 a r e  discussed 
i n  t h i s  section. These variations are  discussed i n  terms of ke t t l e  
calciner  operating parameters and factors  which  a f f e c t  fabr ic  f i l t e r  
Performance. No s ignif icant  variation i s  shown between any of the 
three tes t  runs i n  Table 4-4. 

The average ou t l e t  concentrations measured f o r  the continuous 
ke t t le  calciner  tests a t  Plant TT vary from measurements made on other 
Continuous ke t t l e  calciners.  The o u t l e t  concentration for  the Plant TT 

Par t ic le  size d is t r ibu t ions  in 

4.3.1.3 Summary of Visible Emissions from Fabric Filters on Ore Dryers. 

The data show the 

The highest six minute average recorded was 
Opacity data a re  not available fo r  the Plant E 

The corresponding 

During the source tests shown i n  Table 4-4, a l l  of the.kettle 

4.3.2.1 Variations i n  Continuous and  Batch Kettle Calciner Test Results. 
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Figure 4-8. Particulate emission rates for ke t t le  calciners controlled 
with fabric  f i l t e r s .  

4-31 

-. 



t e s t  i s  a fac tor  of ten higher t h a n  the concentrations measured d u r i n g  
the continuous ke t t le  t e s t s  a t  Plant E. Correspondence w i t h  Plant TT 
personnel following EPA testing indicates t ha t  the fabric  f i l t e r  on the 
ke t t le  tested was n o t  operating properly. 
ke t t le  t e s t s  a t  Plant TT were conducted on the same ke t t le  and the same 
control equipment. The higher ou t l e t  concentrations measured a t  P l a n t  TT 
are  expected t o  be the resul t  of leaks around the cups on which three of 
the bags were attached and leaks around the rachet and clamps of two f i l t e r  
bags w h i c h  had become loose enough t o  allow some gases t o  pass through 
the baghouse untreated.61 
resulted i n  a higher ou t l e t  concentration a t  P l a n t  TT include a higher 
air-to-cloth r a t i o  and a lower operating pressure drop.  

continuously operated ket t les .  
conducted a t  Plant TT, the problem o f  when non-representative fabric 
f i l t e r  operations began i s  avoided and  a comparison between ke t t les  
operated i n  batch and  continuous modes may be made. 
and i n  Figure 4-8, the  controlled emissions from the Plant TT ke t t le  
operated in ba tch  mode are  l e s s  t h a n  the controlled emissions from the 
same ke t t le  operated i n  continuous mode, Thus, emissions from batch 
ket t les  a re  l e s s  t h a n  emissions from continuous ket t les .  

two P l a n t  E continuous ket t le  t e s t s  are  essent ia l ly  ident ical .  These 
t e s t  data probably demonstrate the highest removal e f f ic ienc ies  a t ta inable  
w i t h  fabr ic  f i l t e r s  on ke t t le  calciners.  

4.3.2.2 Representativeness of Kettle Calciner Test Results. The 
degree t o  which the t e s t  d a t a  i n  Table 4-4 represent ke t t le  calciner  
emission control s i tuat ions is discussed i n  this section. This represent- 
ativeness i s  discussed i n  terms of the following factors :  

Both the b a t c h  and continuous 

Other factors which are  expected to  have 

L U l , , , ,  ----:-&--* LCIII. ---+la+ " " b , L b  Pnnr -n t ra t innz  w"..--..". were measured for  both batch and  
Because o f  the sequencing of the t e s t s  

As seen i n  Table 4-4 

The ou t l e t  concentrations and.  the emission factors  measured for  the 

- a i r  flow ra t e ,  
- production ra te ,  
- i n l e t  dust loading, 
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- air-to-cloth r a t i o ,  
- cleaning method, 
- f ab r i c  type, 
- gas moisture content, 
- operational pressure drop ,  and 
- par t ic le  s i ze  d is t r ibu t ion .  

Air f low r a t e s  f o r  ke t t l e  calciners  will  vary w i t h  the design 
production r a t e  of the ke t t l e  and therefore w i t h  the s ize  o f  the ket t le .  
The t e s t  resu l t s  i n  Table 4-4 represent the range of a i r  flow ra t e s  used 
on fabric  f i l t e r  controlled ke t t l e s  which have a continuous stucco 
production capacity of 10  Mg/hr (1 1 ton/hr).  

Kettles w i t h  capaci t ies  grea te r  than those tested by EPA will  
probably 
the e x i t  gas does not condense i n  the  fabr ic  f i l t e r .  
industry t e s t  on uncontrolled emissions from a la rger  ke t t l e  operated a t  

3 an a i r  flow r a t e  of 2.0 m /s (4292 acfm) and a stucco production r a t e  of 
14.5 Mg/hr (16 ton/hr) indicate  t h a t  the uncontrolled emission fac tor  

r f o r  t h i s  ke t t le  i s  about 25 g/kg (50 lb/ ton)  of stucco produced w i t h  a 
corresponding concentration of 140 g/dNm (61.4 gr/dscf).62 This concentration 
f a l l s  w i t h i n  the range of uncontrolled emissions from continuous ke t t l e  
calciners  measured dur ing  EPA tes t ing.  
by the fabric  f i l t e r s  on  the P l a n t  E k e t t l e  calciners ,  the expected 
concentration of controlled emissions from this l a rge r  ke t t le  ca lc iner  
i s  0.02 g/dNm3 (0.01 g r / d ~ c f ) . ~ ~  

Recommended design air-to-cloth r a t i o s  f o r  pulse-jet fabr ic  f i l t e r s  
on calciners  range from 4:l to  6:l (cfm:ft ). The actual air-to-cloth 
ra t ios  exhibited by the fabr ic  f i l t e r s  during the industry and EPA t e s t s  
ranged from 2.3 t o  5.5 (cfm:ft ). 
r a t io s  ranged from 5:l (cfm:ft ) a t  Plant E t o  6.4:l (cfm:ft ) a t  Plant TT. 
The actual air-to-cloth r a t i o s  a re  lower than the des ign  r a t io s  because 
the calciners  were not operated a t  design a i r  flow rates .  

cleaning mechanisms. 
of t h i s  type. 

require higher a i r  flow ra t e s  to  ensure tha t  the moisture i n  
The r e su l t s  of an 

3 

A t  the removal efficiency demonstrated 

2 

2 
2 2 

However, the design air-to-cloth 

Fabric f i l t e r s  used on ke t t l e  ca lc iners  normally have pulse-jet  
The t e s t  data i n  Table 4-4 a r e  f o r  fabr ic  f i l t e r s  
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Normal ope ra t i ng  pressure drops f o r  p u l s e - j e t  f a b r i c  f i l t e r s  a re  
about 0.75 t o  0.87 kPa (3.0 t o  3.5 inches o f  water) .  

pressure drop on t h e  P lan t  E f a b r i c  f i l t e r  was 0.62 kPa (2.5 inches o f  
water) .  
bo th  the ba tch  and cont inuous t e s t s  was 0.32 kPa (1.3 inches o f  water) .  
Th is  low pressure drop on the P lan t  TT f a b r i c  f i l t e r ,  probably  due t o  
leaks found i n  the  baghouse immediately f o l l o w i n g  t h e  t e s t i n g ,  i n d i c a t e s  
t h a t  these t e s t  da ta  a r e  not  be rep resen ta t i ve  o f  normal f a b r i c  f i l t e r  

ope ra t i on  on ca l c ine rs .  
condensat ion o f  mo is tu re  i n  the  k e t t l e  e x i t  gases du r ing  the  second 
batch t e s t  r u n  caused a l l  o f  the  f i l t e r  bags i n  the  c o l l e c t o r  t o  become 

b l i nded  and consequent ly r e q u i r e  replacement immediately f o l l o w i n g  t h e  

t e s t i n g  . 
ranged f rom 51.1 t o  69.9 percent  by volume. 
e x i t i n g  o the r  cont inuous k e t t l e  c a l c i n e r s  should no t  vary  w ide ly  from 

t h i s  range. 
v a r y  w i t h  t ime o f  the  cycle.  
lower  than t h a t  f o r  cont inuous k e t t l e s ,  causes batch k e t t l e s  more opera t ing  
problems due t o  condensation i n  the  exhaust gas stream as noted above. 
I n  many cases, condensat ion i s  avoided by t h e  a d d i t i o n  o f  heat  t o  t h e  
exhaust stream t o  r a i s e  i t  above t h e  dew p o i n t .  

by  d i l u t i o n  o f  the  exhaust stream w i t h  combustion gases o r  i n d i r e c t l y  by 
cross-exchanging combustion gases w i t h  the  process stream. 

Cross-exchange and d i l u t i o n  had a l so  been used i n  t h e  pas t  t o  
improve the  c o l l e c t i o n  c h a r a c t e r i s t i c s  o f  gypsum dusts  c o n t r o l l e d  w i t h  
ESPs. I n  recent  years,  newer f l u e  designs have prov ided improved heat  
t r a n s f e r  i n  k e t t l e  ca lc incers ,  making cross-exchange o r  d i l u t i o n  o f  the  
exhaust  stream unnecessary. 
i n  preheat ing combustion a i r  o r  i n  d ry ing  gypsum ore  i n  g r i n d i n g  m i l l s .  

e x i t  gases cou ld  n o t  be obta ined because o f  the  h igh  mois tu re  content  o f  

these gases. However, due t o  the  s i m i l a r i t y  i n  g r i n d i n g  methods used i n  

The opera t ing  

However, the  pressure drop on the  P l a n t  TT f a b r i c  f i l t e r  du r ing  

I n  a d d i t i o n  t o  l eaks  found i n  t h e  baghouse, 

64 

E x i t  gas mo is tu re  contents measured on the  cont inuous k e t t l e  ca:ciner: 
Mois ture  contents  i n  gases 

Mois tu re  content  o f  the gas e x i t i n g  a batch k e t t l e  w i l l  
This,  coupled w i t h  an opera t ing  temperature 

This  can be done d i r e c t l y  

The excess heat  f rom f l u e  gases i s  now used 

Data on t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  dus t  i n  k e t t l e  c a l c i n e r  
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gypsum p lan ts ,  p a r t i c l e  s i z e  d i s t r i b u t i o n s  i n  k e t t l e  c a l c i n e r  e x i t  
streams should n o t  vary  s i g n i f i c a n t l y  from p l a n t  t o  p l a n t .  

4.3.2.3 Summary o f  V i s i b l e  Emissions from K e t t l e  Calc iners.  The 
v i s i b l e  emissions measurements recorded du r ing  t h e  EPA source t e s t s  a t  
P lan t  TT were a l l  zero percent  opac i ty .  However, due t o  t h e  ex is tence 
of a dense steam plume on t h e  P l a n t  TT c a l c i n e r  baghouse stack,  t h e  
representat iveness o f  t h e  o p a c i t y  da ta  recorded du r ing  t h e  P l a n t  TT t e s t  
i s  quest ionable.  

The maximum s ix-minute average o p a c i t y  measurements f o r  t h e  EPA 
t e s t s  on t h e  P l a n t  E k e t t l e  c a l c i n e r  was l e s s  than one percent.  
opac i t y  measurements, however, a r e  n o t  rep resen ta t i ve  o f  the  mass concen- 
t r a t i o n s  measured s ince  t h e  o p a c i t i e s  were read on a d ischarge s tack 
through which bo th  combustion gases and f a b r i c  f i l t e r  exhaust gases were 
vented. Accounting f o r  t h e  d i l u t i o n  by  combustion gases, t h e  maximum 
opac i t y  est imated t o  correspond t o  t h e  h ighes t  concent ra t ion  measured on 
the  P lan t  E c a l c i n e r  i s  two percent.65 No o p a c i t y  da ta  a r e  a v a i l a b l e  

f o r  the  P lan t  E i n d u s t r y  tes ts .  
4.3.3 Performance Data f o r  Fabr ic  F i l t e r s  on D i r e c t  Contact  F lash Ca lc iners  

Data obta ined from EPA and i n d u s t r y  source t e s t s  on d i r e c t  c o n t a c t  
f l a s h  c a l c i n e r s  c o n t r o l l e d  w i t h  f a b r i c  f i l t e r s  a re  presented i n  Table 4-5 

and F igure 4-9. The t h r e e  d i r e c t  c o n t a c t  f l a s h  c a l c i n e r s  tes ted  by  EPA 
and i n d u s t r y  a r e  i d e n t i c a l  u n i t s  w i t h  i d e n t i c a l  f a b r i c  f i l t e r  baghouses. 
The r e s u l t s  o f  t h e  EPA source t e s t s  i n d i c a t e  t h a t  f a b r i c  f i l t e r s  c o n t r o l l i n g  
f l a s h  c a l c i n e r  emissions achieve o v e r a l l  c o n t r o l  e f f i c i e n c i e s  g r e a t e r  
than 99.8 percent. 

emission r a t e s  rang ing  from 0.006 g/kg o f  s tucco produced (0.011 l b / t o n )  
t o  0.029 g/kg o f  s tucco produced (0.058 lb / ton ) .  The average p a r t i c u l a t e  
concentrat ions measured range from 0.013 g/dNm3 (0.006 g r /dsc f )  t o  
0.084 g / d h 3  (0.037 g r /dsc f ) .  

Ouring t h e  source t e s t s  shown i n  Table 4-5, t h e  f l a s h  c a l c i n e r s  
were operated a t  g r e a t e r  than 95 percent  o f  des ign capaci ty .  
data a re  t h e r e f o r e  rep resen ta t i ve  o f  normal ope ra t i ng  c a p a c i t i e s  f o r  
f l a s h  ca lc iners .  

These 

The source t e s t  da ta  i n  Table 4-5 show average c o n t r o l l e d  p a r t i c u l a t e  

The t e s t  
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Figure  4-9. P a r t i c u l a t e  emission r a t e s  f o r  d i r e c t  con tac t  f l a s h  
c a l c i n e r s  c o n t r o l l e d  w i t h  f a b r i c  f i l t e r s .  
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4.3.3.1 Variations i n  Flash Calciner Test Results. The var ia t ions 
i n  the tes t  r e su l t s  presented i n  Table 4-5 are discussed i n  this section. 
No s igni f icant  variation i s  shown between the three t e s t  runs of any 
source tes t  in Table 4-5. 
terms of direct contact f lash calciner  operating parameters and factors  
which a f f e c t  fabr ic  f i l t e r  perfomance. 

contact f lash ca lc iner  tests vary only s l i g h t l y  w i t h  a maximum concentratton 
of 0.090 g/dNm3 (0.039 gr /dscf) .  
measured a t  Plant C a r e  higher than expected fo r  the calciner  operating 
conditions. The Plant C f lash calciner  was operated a t  a lower e x i t  gas 
flow ra t e  than the Plant Y and Plant 00 calciners.  All three units were 
operated a t  the same production rate.  
actual air-to-cloth r a t i o  of the Plant C f ab r i c  f i l t e r  was lower than 
dur ing  the EPA tests on the Plant Y and Plant 00 calciners.  Although 
this lower air-to-cloth r a t i o  would be expected to  result i n  a lower 
ou t l e t  concentration, the out le t  concentrations measured a t  Plant C were 
higher than for  the calciners operating a t  higher air-to-cloth ratios. 

The gas moisture content measured during the P l a n t  C t e s t  was lower 
than tha t  measured during EPA tes ts  a t  Plant Y and Plant 00. 
same production rate and a 22 percent lower e x i t  gas flow ra te ,  the gas 
moisture content was expected to  be higher d u r i n g  the P l a n t  C test .  

The ou t l e t  par t iculate  concentrations measured d u r i n g  the EPA 
d i r ec t  contact f lash  calciner tests d i f f e r  by 0.040 g/dNm 
The two f lash calciners  were operated a t  the same production ra tes  and 
a i r  flow ra t e s  d u r i n g  the EPA tests. 

The s l igh t ly  higher out le t  concentration measured d u r i n g  the 
Plant Y t e s t  i s  probably the result of f ab r i c  wear. The f i l t e r  bags i n  
the Plant Y f lash  calciner  baghouse were approximately four months old. 
The l i f e  of Nomex bags i n  f lash calciner  baghouses i s  four t o  six months. 
The f i l t e r  bags in the Plant Y calciner  fabr ic  f i l t e r  were consequently 
more worn than the two month old f i l t e r  bags tested on the Plant 00 
calciner  baghouse. 

The variations among tests a r e  discussed in 

The o u t l e t  par t icu la te  concentrations measured d u r i n g  the three d i r ec t  

However, the ou t l e t  concentrations 

A t  the lower a i r  flow ra t e ,  the 

A t  the 

3 (0.017 gr/dscf).  

68 

4- 38 



Another f a c t o r  which may have a f f e c t e d  the  o u t l e t  concen t ra t i on  

from the  P l a n t  Y c a l c i n e r  i s  gas mo is tu re  conten t  o r  r e l a t i v e  humid i ty .  
The r e l a t i v e  humid i t i es  o f  the  P lan t  Y and P lan t  00 c a l c i n e r  e x i t  gases 
were 5.0 and 6.8 percent  respec t i ve l y .  
i n  the  20 t o  60 percent  range have been shown t o  improve f a b r i c  e f f i c i e n c i e s .  
Although data on the  e f f e c t  o f  r e l a t i v e  humid i t y  i n  t h e  range o f  humid i ty  
measured i n  t h e  c a l c i n e r  e x i t  gases a r e  n o t  a v a i l a b l e ,  t h e  d i f f e r e n c e  
between t h e  r e l a t i v e  humid i t y  o f  t h e  two streams may have a f f e c t e d  t h e  
o v e r a l l  removal e f f i c i e n c i e s  o f  t h e  f a b r i c  f i l t e r s .  

Representat iveness o f  D i r e c t  Contact  F lash Ca lc ine r  Tests. 
The degree t o  which t h e  t e s t  da ta  i n  Table 4-5 represent  d i r e c t  con tac t  
f l a s h  c a l c i n e r  emission c o n t r o l  s i t u a t i o n s  i s  discussed i n  t h i s  sect ion.  
This  representat iveness i s  discussed i n  terms o f  t h e  f o l l o w i n g  f a c t o r s :  

Increases i n  r e l a t i v e  humid i ty  
69 

4.3.3.2 

- a i r  f l o w  ra te ,  
- produc t ion  r a t e ,  
- i n l e t  dus t  loading,  
- a i r - t o - c l o t h  r a t i o ,  
- c lean ing  method, 
- f a b r i c  type, 
- gas mois tu re  content ,  
- opera t iona l  pressure drop, and 
- p a r t i c l e  s i z e  d i s t r i b u t i o n .  

Design produc t ion  r a t e s  o f  d i r e c t  c o n t a c t  f l a s h  c a l c i n e r s  a r e  t h e  
same f o r  a l l  un i t s ,  s ince  t h e  c a l c i n e r s  tes ted  a r e  o f  an i d e n t i c a l  
patented design. 
c a l c i n e r s  were operated a t  normal p roduc t i on  ra tes .  

The i n l e t  dus t  load ings  t o  f a b r i c  f i l t e r s  c o n t r o l l i n g  emissions 
from f l a s h  c a l c i n e r s  may be a f f e c t e d  by e x i t  gas f l o w  ra tes .  
data from P l a n t  Y and P lan t  00 represent  e x i t  gas f l o w  r a t e s  used on 
d i r e c t  con tac t  f l a s h  c a l c i n e r s  i n s t a l l e d  s ince  May 1979. 

between the  i n l e t  p a r t i c u l a t e  concent ra t ions  measured a t  these two p l a n t s  
was l e s s  than e i g h t  percent, w i t h  an average concent ra t ion  o f  50 g / d h  
(22 gr /dsc f ) .  

Dur ing t h e  source t e s t s  presented i n  Table 4-5, t h e  

The t e s t  

The d i f f e r e n c e  

3 

Due t o  t h e  s i m i l a r i t y  i n  t h e  des ign and opera t i on  o f  
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d i r e c t  contact f lash  calciners ,  i n l e t  loadings from new flash calciners  
d i f fe r ing  s igni f icant ly  from those measured a t  Plant Y and Plant 00 a re  
not expected. 

Baghouses used on a l l  d i r ec t  contact f lash  calciners  a r e  pulse-jet  
systems. 
have air-to-cloth ratios of 4.2:l (cfm:ft ) and use Nomex f i l t e r  bags. 
Two of these fabr ic  f i l t e r s  were tes ted.  

and Plant 00 ranged from 38.1 t o  49.3 percent by volume. Gas moisture 
contents d i f fe r ing  grea t ly  from those measured a t  Plant Y and Plant 00 
a re  not expected since production and gas flow ra t e s  f o r  these units a r e  
the same and the amount of chemically-bound water removed is the same. 

Typical operating pressure drops f o r  pulse-jet  Systems are arocnd 
0.75 t o  0.87 kPa (3.0 t o  3.5 inches of water).7o The pressure drops f o r  
the Plant Y and Plant 00 calciner  fabr ic  f i l t e r s  were 1.02 and 0.70 kPa 
(4.1 and 2.8 inches of water) respectively.  

Par t ic le  s i ze  d is t r ibu t ions  from d i r e c t  contact f lash  ca lc iners  
were presented i n  Section 3.2.2.4. 
i n  the  Plant Y gas stream contained a g rea t e r  percentage of large pa r t i c l e s  
than the Plant 00 gas stream. 
consequently represent d i f f e ren t  control s i tua t ions  i n  terms of p a r t i c l e  
s i ze  d i s t r i b u t i o n .  
conditions and the s imi la r i ty  i n  g r i n d i n g  methods used i n  gypsum plants ,  
other f lash ca lc iner  par t ic le  s i z e  d is t r ibu t ions  should not vary s igni f icant ly  
from those measured d u r i n g  the EPA t e s t s .  

summary of the highest v i s ib l e  emissions data recorded d u r i n g  the EPA 
source t e s t s  shown i n  Table 4-5 i s  given in  Figure 4-10. 
the average percent opacity recorded over six minute in te rva ls  d u r i n g  
the f lash ca lc iner  t e s t  a t  Plant Y. 

recorded was 2.3 percent opacity. 

Fabric f i l t e r s  used on f lash  ca lc iners  ins ta l led  since May 1979 
2 

Moisture contents measured d u r i n g  the o u t l e t  source t e s t s  a t  Plant Y 

The i n l e t  pa r t i c l e  s i z e  d is t r ibu t ion  

The two EPA source t e s t s  i n  Table 4-5 

Due t o  the s imi l a r i t y  i n  f lash ca lc iner  operating 

4.3.3.3 Summary of Visible Emissions From Flash Calciners. A 

The data shows 

The h ighes t  six minute average 
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4.3.4 Performance Data f o r  Fabr ic  F i l t e r s  on Board End Sawing 

c o n t r o l l e d  w i t h  f a b r i c  f i l t e r s  a r e  summarized i n  Table 4-6 and F igure  4-11. 

The P lan t  E f a b r i c  f i l t e r  c o n t r o l l e d  emissions from o n l y  a board end 
sawing opera t i on  and t h e  P lan t  TT f a b r i c  f i l t e r  c o n t r o l l e d  emissions 
from b o t h  board end sawing and paper sco r ing  operat ions.  

f i l t e r s  achieved o v e r a l l  c o n t r o l  e f f i c i e n c i e s  o f  g r e a t e r  than 99.8 percent.  
The p a r t i c u l a t e  concent ra t ions  measured du r ing  t h e  EPA source t e s t s  

ranged from 0.005 g/dNm3 (0.002 g r /dsc f )  t o  0.032 g/dNm3 (0.014 g r /dsc f ) .  
Dur ing t h e  EPA source tes ts ,  t h e  board l i nes  and board end sawing 

opera t ions  were opera t i ng  under normal cond i t i ons .  

4.3.4.1 V a r i a t i o n s  i n  t h e  Board End Sawing Tes t  Resul ts.  The 
v a r i a t i o n s  i n  t h e  t e s t  r e s u i t s  pi-ejeiited I n  Tzb!e 4-5 a r e  discussed i n  
t h i s  sect ion.  These v a r i a t i o n s  a r e  d iscussed i n  terms o f  f a c t o r s  which 
a f f e c t  f a b r i c  f i l t e r  performance. 

any source t e s t  i n  Table 4-6. 
measured du r ing  t h e  two source t e s t s  i n  Table 4-6 d i f f e r  o n l y  s l i g h t l y .  
The h ighe r  o u t l e t  concen t ra t i on  measured d u r i n g  t h e  P l a n t  TT t e s t  i s  
expected t o  be due t o  t h e  d i f f e r e n t  a i r - t o - c l o t h  r a t i o s  o f  t h e  two 
f a b r i c  f i l t e r s .  
e f f i c i e n c y .  

degree t o  which t h e  t e s t  data i n  Table 4-6 represent  board end sawing 
emission c o n t r o l  s i t u a t i o n s  i s  discussed i n  t h i s  sect ion.  This  represent-  

a t i veness  i s  discussed i n  terms o f  f a c t o r s  which a f f e c t  f a b r i c  f i l t e r  
performance, i n c l u d i n g  i n l e t  load ing ,  a i r - t o - c l o t h  r a t i o ,  c lean ing  
method, f a b r i c  type and p a r t i c l e  s i z e  d i s t r i b u t i o n .  

speeds, rang ing  between 0.71 and 0.81 m/sec (140 and 160 f t / m i n ) .  
board l ines  a r e  expected t o  opera te  i n  t h i s  same speed range. 

Board l ines which operate a t  speeds o t h e r  than those tes ted  w i l l  
have d i f f e r e n t  i n l e t  concent ra t ions  t o  t h e i r  respec t i ve  board end sawing 

The r e s u l t s  o f  EPA source t e s t s  on board end sawing opera t ions  

Both f a b r i c  

No s i g n i f i c a n t  v a r i a t i o n  i s  shown between the  t h r e e  t e s t  runs  o f  
The average o u t l e t  p a r t i c u l a t e  concent ra t ions  

The h ighe r  a i r - t o - c l o t h  r a t i o  a t  P l a n t  TT gave a lower  

4.3.4.2 Representat iveness o f  Board End Sawing Test  Resul ts.  The 

The two board l i nes  tes ted  b y  EPA were o f  medium t o  medium-fast 
New 
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baghouses. 
f o r  mechanical shaker baghouses a r e  o n l y  m i n i m a l l y  a f f e c t e d  hy l a r g e  
changes i n  i n l e t  concentrat ion.  Emission f a c t o r s  f rom board end sawing 
operat ions w i l l  t h e r e f o r e  va ry  w i t h  l i n e  speeds. For a cons tan t  o u t l e t  
concent ra t ion  and a g iven a i r  f l o w  r a t e ,  t h e  emission f a c t o r  would be 
h igher  f o r  a s lower boa rd l i ne  s ince  the  produc t ion  r a t e  i n  Mg/hr ( t on /h r ) ,  
i s  lower. 

The recommended a i r - t o - c l o t h  r a t i o  f o r  shaker type f a b r i c  f i l t e r s  
c o l l e c t i n g  gypsum d u s t  i s  2.5:l (cfm:ft2).’ l  
r a t i o s  o f  t h e  p l a n t s  tes ted  were 1.5:l and 4.6:l ( c f m : f t  ). 

numerous because t h e  temperature and mo is tu re  con ten t  o f  t h e  gas stream 
t o  be t r e a t e d  i s  a t  ambient cond i t ions .  
Dacron o r  co t ton ,  and bo th  types were tes ted .  

sawing f a b r i c  f i l t e r s  cou ld  n o t  be measured us ing  EPA Method 5 because 
o f  t h e  l a r g e  p ieces o f  gypsum and paper i n  the  gas stream. However, t h e  
p a r t i c l e  s i z e  d i s t r i b u t i o n  r e s u l t i n g  f rom board end sawing i s  n o t  expected 
t o  d i f f e r  f rom one opera t i on  t o  t h e  next. 

4.3.4.3 Summary o f  V i s i b l e  Emissions from Board End Sawinq. A 
summary o f  t h e  h ighes t  v i s i b l e  emissions da ta  recorded du r ing  t h e  EPA 
source t e s t s  shown i n  Table 4-6 i s  g i ven  i n  F igure  4-12. The data show 
t h e  average o p a c i t y  recorded over  s i x  m inu te  i n t e r v a l s  d u r i n g  the  board 
end sawing t e s t s  a t  P lan t  E. 

w b s  4.6 percent  opac i ty .  
4.3.5 Performance Data f o r  Fabr ic  F i l t e r s  on Board l i ne  Mixinq. 

Scoring, Conveying, and Storage B ins  

However, as discussed i n  Sec t ion  4.1.1.2, o u t l e t  concent ra t ions  

The ac tua l  a i r - t o - c l o t h  

F i l t e r  f a b r i c s  s u i t a b l e  f o r  c o l l e c t i n g  board end sawing dus t  a r e  

2 

Fabr ics normal ly  used are  

The d i s t r i b u t i o n  o f  p a r t i c l e  s i z e s  i n  t h e  i n l e t  gas t o  board end 

The h ighes t  s i x  minute average recorded 

Data obta ined from an i n d u s t r y  source t e s t  on l a n d p l a s t e r  s torage 

b i n s  i s  shown i n  Table 4-7. 
concen t ra t i on  o f  0.009 g/dNm3 (0.004 gr /dsc f ) .  

Method 9 t e s t  on a p u l s e - j e t  f a b r i c  f i l t e r  c o n t r o l l i n g  the  combined 

emissions from board l i ne  d r y  mix ing,  scor ing,  conveyfng, and s torage 

The data show an average c o n t r o l l e d  p a r t i c u l a t e  

A summary o f  t h e  h ighes t  v i s i b l e  emissions recorded du r ing  an EPA- 
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bins i s  given i n  Figure 4-13. 
was 2.3 percent opacity. 

A summary of  the highest v i s ib le  emissions recorded d u r i n g  an EPA- 
Method 9 t e s t  on a fabr ic  f i l t e r  control l ing the combined emissions from 
boardline dry mixing ,  p i n  m i x i n g ,  conveying, and  a storage b i n  i s  given 
i n  Figure 4-14. The highest s i x  minute average recorded was 0.8 percent 
opacity. 
4.3.6 Performance Data f o r  Fabric F i l t e r s  on Plaster  Mixing and Bagging 

bagging operation a re  given i n  Table 4-8. 
controlled emission r a t e  of 0.025 g/kg (0.05 lb/ ton)  of p l a s t e r  bagged 
and a n  average emission concentration of 0.011 g/dNm (0.005 gr/dscf).  

T k  :.lsib!e miss inns  recnrded d u r i n g  two EPA-Method 9 t e s t s  on the 
combined emissions from p las te r  mixing and bagging operations was zero percent 
opacity. 
4.3.7 Performance Data for  ESP's on Continuous Batch Kettles and Grinding 

Mills 

The highest six minute average recorded 

Data obtained from an industry source t e s t  on a p las te r  m i x i n g  and 
The data show an average 

3 

Data obtained from industry source t e s t s  on the combined emissions 
from grinding mil ls  and ke t t l e  calciners  controlled w i t h  ESP's a r e  given 
i n  Table 4-9. 
ranging from 0.04 t o  0.06 g/kg (0.07 to  0.11 lb/ ton)  of processed material. 
The average par t icu la te  concentrations corresponding t o  these emission 
fac tors  a re  0.090 g/dNm3 (0.039 gr /dscf)  and 0.081 g/dNm3 (0.035 gr /dscf) .  

Estimated overall  control e f f ic ienc ies  f o r  the two ESP's shown i n  
Table 4-9 (Plant  W and Plant R R )  a r e  99.5 and 99.7 percent respectively.  
These e f f ic ienc ies  were estimated using uncontrolled emission data f o r  
grinding mil ls  and k e t t l e  ~ a 1 c i n e t - s . ~ ~  On the basis of these estimates,  
and a review of other  avai lable  EPA Method 5 stack tests on ESP's, the 
data i n  Table 4-9 represent the lowest controlled emission levels  current ly  
being achieved w i t h  ESP's on the combined emissions from g r i n d i n g  mil ls  
and ke t t l e  calciners.  

l e s s  than f ive percent. 

The t e s t  data show controlled par t icu la te  emission fac tors  

The average opacity readings recorded d u r i n g  the Plant W tests were 
The average opacity readings recorded dur ing  

t e s t s  a t  Plant RR were zero percent. 
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5. MODIFICATION AND RECONSTRUCTION 

Standards o f  performance a r e  a p p l i c a b l e  t o  f a c i l i t i e s  whose cons t ruc t ion ,  
mod i f i ca t i on ,  o r  r e c o n s t r u c t i o n  commenced (as de f i ned  under 40 CFR 6 0 . f ( i ) )  
a f t e r  proposal o f  the  standards. 
f a c i l i t i e s " .  
f a c i l i t i e s "  which are f a c i l i t i e s  whose cons t ruc t i on ,  mod i f i ca t i on ,  o r  
recons t ruc t i on  commenced on o r  be fo re  proposal  o f  the standards. However, 
an e x i s t i n g  f a c i l i t y  may become an a f f e c t e d  f a c i l i t y  and t h e r e f o r e  

sub jec t  t o  standards, i f  the  f a c i l i t y  undergoes m o d i f i c a t i o n  o r  recons t ruc t i on .  
M o d i f i c a t i o n  and r e c o n s t r u c t i o n  are def ined under 40 CFR 60.14 and 

60.15 respec t i ve l y .  These general  p r o v i s i o n s  are  summarized i n  Sec t ion  5.1. 
Sec t ion  5.2 discusses the  a p p l i c a b i l i t y  o f  these p rov i s ions  t o  process 
f a c i l i t i e s  i n  gypsum manufactur ing p lan ts .  

5.1 SUMMARY OF MODIFICATION AND RECOFISTRUCTION P R W I S I O N S  
5.1.1 M o d i f i c a t i o n  

e x i s t i n g  f a c i l i t y  t h a t  would r e s u l t  i n  an increase i n  t h e  emission r a t e  
t o  the atmosphere o f  any p o l l u t a n t  t o  which a standard appl ied,  would be 
considered a m o d i f i c a t i o n  w i t h i n  the  meaning o f  Sect ion 111 o f  the  Clean 
A i r  Act. 
emissions t o  the  atmosphere (expressed i n  kg/hr)  f rom the  f a c i l i t y  as 3 
whole have increa.sed as a res iu l t  of the  change. 
a f f e c t e d  f a c i l i t y  i s  de f ined as a group o f  p ieces o f  equipment, then t h e  
aggregate emissions from a l l  the equipment must increase be fore  t h e  

f a c i l i t y  w i l l  be considered modi f ied.  
Exceptions which a l l o w  c e r t a i n  changes t o  an e x i s t i n g  f a c i l i t y  

w i thou t  i t  becoming an a f f e c t e d  f a c i l i t y ,  i r r e s p e c t i v e  o f  an increase i n  
emissions, a r e  l i s t e d  below. 

Such f a c i l i t i e s  a re  termed " a f f e c t e d  
Standards o f  performance a r e  n o t  app l i cab le  t o  " e x i s t i n g  

With c e r t a i n  exceptions, any phys i ca l  o r  opera t iona l  change t o  an 

The key t o  a m o d i f i c a t i o n  de terminat ion  i s  whether t o t a l  

For example, i f  the  
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1. Routine maintenance, repa i r ,  and replacement. 
2. An increase in production r a t e  without a capi ta l  expenditure 

3. An increase in the hours of operation. 
4. Use of an a l te rna t ive  fuel or  raw material i f ,  p r ior  t o  the 

standard, the exis t ing f a c i l i t y  was designed to  accomniudate tha t  a l te rna te  
fuel or  raw material .  

( a s  defined in 40 CFR 60.2 ( b b ) ) .  

5. The addition or use of any system o r  device whose primary 
function i s  the reduction of a i r  pol lutants ,  except when an emission 
control system i s  removed o r  i s  replaced by a system determined by EPA 
t o  be l e s s  environmentally beneficial .  

Relocation o r  change i n  ownership of the exis t ing f a c i l i t y .  6. 
Once an exis t ing f a c i l i t y  i s  determined t o  be modified, a l l  of the 

emission sources of t ha t  f a c i l i t y  a re  subject to  the standards of performance 
f o r  the pollutant whose emission r a t e  increased and not just the emission 
source which displayed the increase in emissions. However, a modification 
t o  one exis t ing f a c i l i t y  a t  a plant will  not cause other existing f a c i l i t i e s  
a t  the same plant t o  become subject to  standards. 

An owner or operator of an exis t ing f a c i l i t y  who i s  planning a 
physical or operational change which may increase the emission r a t e  of a 
pol lutant  to  which a standard applies shal l  no t i fy  the appropriate EPA 
regional o f f i ce  60 days prior to the change, a s  specified i n  §60.7(a)(4). 
5.1.2 Reconstruction 

An exis t ing f a c i l i t y  may also become subject to  new source performance 
standards i f  i t  i s  "reconstructed." As defined i n  40 CFR 60.15, a 
reconstruction i s  the replacement of the components of an existing 
f a c i l i t y  t o  the extent  t h a t  ( 1 )  the fixed capi ta l  cost  of the new components 
exceeds 50 percent of the fixed capi ta l  cost  of a comparable new f a c i l i t y ,  
and ( 2 )  i t  i s  technical ly  and economically feas ib le  for the f a c i l i t y  t o  
meet the applicable standards.' Because EPA considers reconstructed 
f a c i l i t i e s  t o  cons t i tu te  new construction ra ther  than modification, 
reconstruction determinations a re  made i r respect ive of changes in emission 
ra te .  



The purpose of the reconstruction provisions i s  to  discourage the 
perpetuation of an existing f a c i l i t y  (instead of replacing i t  a t  the end 
of i ts  useful l i f e )  f o r  the sole  purpose of circumventing a standard 
which i s  applicable to  new f a c i l i t i e s .  Without such a provision a l l  b u t  
vestigal components (such as  frames, housing, and support s t ruc tures)  of 
the existing f a c i l i t y  could be replaced without the f a c i l i t y  being 
considered a "new" f a c i l i t y  subject t o  new source performance standards. 
I f  the f a c i l i t y  i s  determined t o  be reconstructed, a l l  of the provisions 
of the standards of performance app l i cab le  to  t h a t  f a c i l i t y  must be 
ccmplied w i t h .  

If an owner o r  operator of an exis t ing f a c i l i t y  i s  planning to  
replace components and the fixed capi ta l  cost  o f  the new components 
exceeds 50 percent of the fixed capital  cos t  of a comparable new f a c i l i t y ,  
the Owner or  operator shal l  not i fy  the appropriate EPA regional o f f i ce  
60 days before the construction of the  replacements commences. 

5.2 APPLICATION TO GYPSUM PLANT PROCESS F A C I L I T I E S  
5.2.1 

l i ke ly  t o  be modified as defined under 40 CFR 60.14 a re ,o re  dryers and 
calciners.  
end sawing a re  not subject t o  any a l t e r a t ions  t h a t  would increase par t icu la te  
emissions. 
usually be altered i n  ways which would make them subject t o  the def ini t ions 
presented in 40 CFR 60.14. However, i t  i s  possible tha t  replacement of 
the conveyor screws w i t h  a d i f fe ren t  design t o  increase t h r o u g h p u t  could 
cons t i tu te  a modification. 

Modi f i c a t i on 
The only equipment o r  processes w i t h i n  a gypsum plant which a re  

Boardline processes such as scoring and chamfering and board 

Dry m i x i n g  and stucco conveying and storage also would not 

Potential ore dryer modifications might  include: 
Ins ta l la t ion  of a la rger  fan t o  increase to ta l  dryer a i r  r a t e  
in  order t o  increase drying and hence throughput r a t e ,  

*Burner a l te ra t ions  o r  i n s t a l l a t ion  of a new burner t o  increase 
f i r i n g  rate, o r  permit change from "clean" fuels  t o  "dirtier" 
fue ls ,  and 
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Replacement of exis t ing drum motor by higher horsepower motor 
t o  permit heavier ore load and hence higher throughput ra te .  

There i s  no information t o  indicate tha t  such changes have ac tua l ly  
occurred on ore dryers. 

For calciners ,  potential  modifications m i g h t  include: 
Burner a l t e r a t ions  as  described f o r  ore dryers, 
Physical enlargements of the ke t t l e  shell t o  increase throughput 

Ins ta l la t ion  of additional f lues  i n  ke t t les  t o  increase heat 
capabi l i t i es ,  

t r ans fe r  and production capacity, 

conversion resulted in an increase i n  emissions, and 

gases w i t h i n  units, again i f  such a change resulted i n  an 
increase in emissions. 

-Conversion of batch ke t t l e s  t o  continuous ke t t l e s  i f  such a 

Physical changes t o  permit increased recirculat ion of combustion 

5.2.2 Reconstruction 

would occur f o r  gypsum processing equipment other than calciners.  I t  i s  
possible tha t  physical.enlargements, replacement of f lues  i n  ke t t les ,  o r  
replacement o f  she1 1s f o r  ke t t l e s  and combustion-contact chambers for  
d i r ec t  contact units would cons t i tu te  reconstructions,  i f  the fixed 
capi ta l  cost  of the new components exceeded 50 percent of the fixed 
capi ta l  cost  of a comparable new calciner .  Replacement of motors f o r  
the scoring operations would possibly const i tute  a reconstruction under 
40 CFR 60.15 since the motors represent a major portion of the equipment 
required f o r  this simple operation. 

I t  i s  unlikely tha t  any reconstructions a s  defined under 40 CFR 60.15 
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6. MODEL PLANTS AND REGULATORY ALTERNATIVES 

Model gypsum p l a n t s  and r e g u l a t o r y  a l t e r n a t i v e s  a r e  de f ined i n  t h i s  
chapter. The model p l a n t s  a re  chosen t o  be rep resen ta t i ve  o f  new gypsum 
p lan ts  and o f  expansions which would be sub jec t  t o  new source performance 
standards. 
p lan t .  These model p l a n t s  and r e g u l a t o r y  a l t e r n a t i v e s  are used i n  
subsequent chapters as the bas i s  f o r  a n a l y s i s  o f  the environmental  and 
economic impacts associated w i t h  c o n t r o l  o f  p a r t i c u l a t e  emissions from 
gypsum f a c i l i t i e s .  

con f i gu ra t i on ,  p l a n t  capaci ty,  ope ra t i ng  hours, phys ica l  p l a n t  layout ,  
raw m a t e r i a l  requirements, and u t i l i t y  requirements,  Sec t ion  6.2 descr ibes 

the  c o n t r o l  op t ions  f o r  i n d i v i d u a l  emiss ion sources and r e g u l a t o r y  
a1 te rna t i ves  proposed f o r  each model p l a n t .  

6.1 MODEL PLANTS 

Three r e g u l a t o r y  a l t e r n a t i v e s  are de f ined f o r  each model 

Sect ion 6.1 descr ibes the  model p l a n t s  i n  terms o f  the  process 

Process operat ions used i n  gypsum product  manufacture are descr ibed 
i n  Chapter 3 and c o n t r o l  a l t e r n a t i v e s  f o r  these operat ions are  descr ibed 
i n  both Chapter 3 and Chapter 4. A conceptual  diagram o f  a gypsum p l a n t  
i s  shown i n  F igure  6-1. The p l a n t  shown cou ld  produce the  f o u r  major 
product  categor ies discussed p r e v i o u s l y  i n  Chapter 3: cement rock, land  
p las te r ,  b u i l d i n g  and s p e c i a l t y  p l a s t e r s ,  and wal lboard.  A l l  p l an ts  
fundamental ly f o l l o w  the  schematic o f  F igure  6-1 a l though product  mix  
m igh t  d i f f e r  f rom p l a n t  t o  p lan t .  The gypsum processed i n  these model 

p l a n t s  i s  used i n  wa l lboard  manufactur ing and the  p repara t i on  o f  b u i l d i n g  
and speci  a1 ty p l a s t e r s  . 
and land p l a s t e r  f o r  sales. 
crushing and screening and would occur  p r i o r  t o  the ore dryer .  
p l a s t e r  produced f o r  sa les  i s  b a s i c a l l y  a seasonal ope ra t i on  s ince  l and  
p l a s t e r  can be used as a f e r t i l i z e r .  

The model p l a n t s  chosen do no t  i nc lude  produc t ion  o f  cement rock 

Cement rock  i s  genera l l y  produced by pr imary 
Land 

The a d d i t i o n a l  capac i t y  i n  o re  

6-1 



h 

Y 

E 
6 
C c 

m 
E 
L 

c, 
V 

Y- 
E 

E 

.r 

a 

m 
a 
m 

c) 
V 

-0 
0 
L 

a 

n 



dry ing  and g r i n d i n g  requ i red  f o r  t h i s  p roduc t  i s  a l ready  accounted f o r  
i n  d rye r  and g r i n d e r  des ign and opera t i ng  capac i t i es .  
a re  no model p l a n t s  cons ide r ing  an o re  d r y e r  alone. 

and p l a n t  layouts .  The model p l a n t s  considered i n  t h i s  s tudy a r e  d e t a i l e d  
i n  t h e  f o l l o w i n g  subsect ions.  
6.1.1 P l a n t  Capaci t ies,  Process Conf igura t ions ,  and Equipment Design 

New gypsum p l a n t s  dedicated t o  wa l lboard  manufacture cou ld  range i n  
annual p roduc t ion  capac i t y  f rom 10.8 m i l l i o n  square meters (116 m i l l i o n  
square f e e t )  t o  37.3 m i l l i o n  square meters (401 m i l l i o n  square fee t ) .  
The th ree  model p l a n t s  chosen cover  t h i s  range o f  capac i t ies .  
two types o f  c a l c i n e r s  (cont inuous k e t t l e  and d i r e c t  con tac t  f l a s h )  
cou ld  be used t o  produce s tucco i n  each model p l a n t .  Model p l a n t s  1, 2, 
3, 4, 7 and 8 were chosen t o  represent  combinat ions o f  p roduc t ion  capac i t y  
and c a l c i n e r  types expected t o  be used i n  the  f u t u r e .  
these combinations and presents  t h e  des ign  produc t ion  r a t e s  o f  t h e  
p r i n c i p a l  process u n i t s .  

a r e  o f  d i s c r e t e  s izes.  
these major p ieces o f  equipment. 
f ash ion  t o  comprise a p a r t i c u l a r  model p l a n t .  
i n d i v i d u a l  p ieces o f  equipment a r e  v a r i e d  t o  meet a des i red  o v e r a l l  

p l a n t  p roduc t ion  ra te .  
and medium model p lan ts .  
the  o re  d rye r  would operate 3123 hours l yea r  i n  smal l  p lan ts  and 6454 hours l yea r  
i n  medium p lants .  

p las te rs ,  i n  a d d i t i o n  t o  wal lboard.  Model p l a n t  5 represents  a medium- 
s ized  p l a n t  t h a t  has e x t r a  c a l c i n i n g  c a p a c i t y  i n  o rde r  t o  produce p l a s t e r s  
and wal lboard products.  
ma te r ia l ,  r a t h e r  than gypsum ore, a r e  a l s o  poss ib le  i n  t h e  fu tu re .  
Model p l a n t  6 represents  a medium-sized p l a n t  of t h i s  type. 

Therefore, t h e r e  

Gypsum p l a n t s  vary  accord ing t o  p roduc t  mix,  s ize,  process equipment 

I n  a d d i t i o n ,  

Table 6-1 i l l u s t r a t e s  

The major p ieces o f  equipment used i n  manufactur ing gypsum products  

The equipment i s  combined i n  a modular 
Table 6-2 p resents  t h e  opera t ing  parameters f o r  

The opera t ing  hours o f  

For example, t h e  same o re  d r y e r  i s  used i n  smal l  
To meet t h e  o v e r a l l  des i red  produc t ion  demand, 

Some new p l a n t s  a r e  expected t o  produce b u i l d i n g  and s p e c i a l t y  

I n  a d d i t i o n ,  p l a n t s  us ing  s tucco as t h e  s t a r t i n g  
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E x i s t i n g  gypsum p l a n t s  can expand c a p a c i t y  i n  several  ways. Table 6-3 

descr ibes these expansions and notes the  new equipment and t h e  new 
emission sources. 
p roduc t ion  a r e  represented by model p l a n t s  9 (cont inuous k e t t l e  c a l c i n e r )  
and 10 ( d i r e c t  c o n t a c t  f l a s h  c a l c i n e r ) .  Another t y p i c a l  expansion i s  
t h e  a d d i t i o n  of another  boa rd l i ne  t o  inc rease wa l lboard  product ion.  
Model p l a n t s  11 and 12 represent  t h i s  type o f  expansion f o r  t h e  two types .  

o f  c a l c i n e r s  expected. 
Model p l a n t  10 

i s  rep resen ta t i ve  o f  t h e  replacement o f  a k e t t l e  c a l c i n e r  w i t h  a d i r e c t  
c o n t a c t  f l a s h  c a l c i n e r .  Model p l a n t  13 represents.  t h e  replacement o f  
obso le te  p l a s t e r  m ix ing  and bagging equipment. For t h i s  model p lan t ,  

o n l y  p l a s t e r  m ix ing  would be considered f o r  r e g u l a t i o n  under a gypsum 
NSPS s ince  bagging i s  be ing considered under another  standards development. 
These replacements a r e  l i s t e d  i n  Table 6-3. 
6.1.2 Process Requirements 

process equipment, va r ious  opera t ing  requirements must be considered. 
These i n c l u d e  t h e  f o l l o w i n g :  

ope ra t i ng  labor ,  
maintenance labor ,  

process water, 
e l e c t r i c i t y ,  
process f u e l ,  and 
raw mate r ia l s .  

P lan ts  adding c a l c i n i n g  c a p a c i t y  f o r  increased stucco 

Two types o f  replacements a r e  expected i n  t h e  fu tu re .  

When eva lua t i ng  model p l a n t s  w i t h  regard t o  product  mix, s ize,  and 

Process water  requirements a r e  f o r  board p roduc t i on  needs. 
i s  used t o  operate major  process equipment. Process f u e l  consumption i s  

f o r  c a l c i n i n g ,  o r e  d r y i n g  and board dry ing .  These i tems a r e  used f o r  

the  base p l a n t  cos ts  presented a long w i t h  c o n t r o l  equipment cos ts  i n  
Chapter 8. Est imates o f  these requirements f o r  each model p l a n t  a r e  
g iven i n  Tables 6-4. 

wal lboard product. These i n c l u d e  water,  paper and var ious  add i t i ves .  

E l e c t r i c i t y  

Table 6-5 presents  t y p i c a l  raw m a t e r i a l  requirements f o r  f i n i s h e d  
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TABLE 6-4. MODEL PLANT PROCESS OPERATING REOUIRDlENTS 
(Metric U n i t s )  

~~~ 

Model Gypsum Operatpg Maintenance Prycess Water Electricity Process Fuel 
Plant Consumption Labor Labor (m per year) (TJ per year) (TJ per year) 

No. W y r  (people/shlft) (pople l sh i f t )  

Cnnplete plants 

1 108 

2 126 

3 21 6 

4 253 

5 325 

6 2i 6 

7 433 

8 378 

12 

12 

13 

13 

17 ,. 
I ,  

13 

13 

71.900 

84.000 

143,800 

168.000 

143,800 

143,800 

287.700 

252.000 

19.1 

22.3 

38.2 

44.6 

55.4 

17.3 

76.3 

67.0 

340 

39 8 

680 

784 

777 

272 

1362 

1191 

Exoansions (Operating requirenents are those directly associated w i t h  equipment i n  the expansion 
only. The additional capacity will increase the overall plant requiranents shown 
above proportional to the addltional tons p r  year processed.) 

9 108 no change no change no change 9.4 159 
increase increase 

IO 63 no change no change no change 9.4 92 
increase i ncrease 

11 108 8 

12 126 8 

1 

1 

71.900 16.9 295 
increase increase increase 

84,000 19.8 345 
increase increase increase 

13 no change - replacanent of obsolete equipment 

Oirect operating labor per shift including one foreman. 
out-door staff. 

Ooes not include administrative or a 

bDirect maintenance labor per shift .  Materials not included b u t  will be taken as percentage o f  labor cost. 
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TABLE 6-4. HODEL PLANT PROCESS OPERATING REQUIREMENTS 
( E n g l i s h  U n i t s )  

Hainten nce Process Water f lectr ic i ty  Rocess Fuel 1 (million a l /  (million M/ (billion 8tu/ 
Made1 Gypsum Operating 
Plant Consumption Labold Labor 
No. (thousands (people/shift) (pople l sh i f t )  year7 year) year) 

~ ~~~ 

Cmplete plants 

1 119 
2 139 
3 238 
4 278 
5 357 
6 238 
7 476 
8 41 6 

12 
12 
13 
13 
17 
11 
13 
13 

19.0 
22.2 
38.0 
44.4 
38.0 
38.0 
76.0 
66.6 

5.3 
6.2 

10.6 
12.4 
15.4 
4.8 

21.2 
18.6 

3zi 
3 75 
642 
740 
733 
257 

1.285 
1.124 

Expansions (Operating requiremnts are those directly associated w i t h  equipment i n  the expansion 
only. 
above proportional to the additional tons Fer year processed.) 

The additional capacity will increase the overall plant requirements shown 

9 119 no change no change no change 2.6 150 
increase increase 

IO 69 no change no change no change 2.6 87 
increase increase 

11 119 8 1 

12 139 8 1 

19.0 4.1 278 
increase increase increase 

22.2 
increase 

5.5 325 
increase increase 

13 2 no change - r e p l a c m n t  of obsolete equiprent 

‘Direct operating labor per shift  including one farwan. LbeS not include administrative or 

bDirRt maintenance labor per shift.  Materials not lncluded but will be taken as percentage 
out-door staff. 

of labor cost. 
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TABLE 6-5. RAW MATERIAL R E Q U I R D I E N T S ~  
FOR WALLBOARD PRODUCT 

Per megagram Per s h o r t  
of ton 

wall board of wall board 
~ 

144 gal 3 Process water,  t o  s l u r r y  the  s tucco 0.6 m 

i i g n i n  
Raw gypsum (acce le ra to r )  
Starch 
Fiber g l a s s  
Paper p u l p  
Soap ( t o  produce foam) 
Sawdust (may replace paper pulp) 
Potassium s u l f a t e  
Per1 i t e  
Paper 
Stucco (appx.) 

1 kg 
5 kg 
5 k9 
2 kg 
4-8 kg 
1 kg 
4-a kg 
0.5 kg 

70-95 kg 
760 kg 

4-6 kg 

2 l b  
10 l b  
10 l b  
4 l b  

12 l b  
2 l b  

12 l b  
1 l b  

10 l b  
140-190 l b  

1520 l b  

Note: 
p a r t i c u l a t e  type of wallboard produced. 

Additives and relative amounts of addi t ives  will vary f o r  the 
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6.1.3 Emission Parameters 

a re  baseline and more s t r ingent  (or best  demonstrated) levels .  
emission levels  a r e  presented i n  Chapter 3. 
levels  are  based on €PA and €PA-approved t e s t  resu l t s  presented i n  
Chapter 4. 
sources from model gypsum plants are  given in Table 6-6. 
6.1.4 Plant Layouts 

Stack layout configurations and plot  plans vary according t o  plant, 
s i t e ,  and other factors  including product m i x  produced. An example of a 
plot  plan showing stack locations f o r  Model Plant Number 1 i s  shown in 
Figure 6-2. This layout i s  representative of a typical plant layout and 
does not necessarily r e f l e c t  the exact layout o f  any actual plant. 

6.2 REGULATORY ALTERNATIVES 
6.2.1 Approach 

summarized in Table 6-7. 
levels  were considered: 

Two levels  of emission control a r e  considered in t h i s  study. These 
Baseline 

The more s t r ingent  emission 

Uncontrolled and control led emission parameters f o r  emission 

Regulatory a1 ternat ives  considered f o r  the model gypsum plants are  
For each source w i t h i n  a plant, two emission 

1. Controlling emissions t o  the baseline l eve l ,  which would be 
required under the majority of existing S ta t e  regulations as described 
in Chapter 3,  and 

2. Controlling emissions t o  the level of emission reduction 
achievable in the gypsum industry as demonstrated i n  EPA and EPA-approved 
t e s t s .  For a l l  sources, par t icu la te  control equipment would be required 
t o  meet the baseline level.  
source would be met by requiring more frequent inspections and better 
maintenance practices for control devices of the same type tha t  would be 
ins ta l led  t o  meet existing S ta te  regulations.  

2 and 3. 
from each source conducted on a weekly basis by a ce r t i f i ed  observer 
u s i n g  EPA Reference Method 9. 
opacity monitoring using transmissometers on each source. 
maintenance and more frequent bag replacement necessary to  achieve the 

The more s t r ingent  control levels  for  each 

Two monitoring options were considered for  Regulatory A1 ternat ives  
Monitoring option A represents opacity measurements of emissions 

Monitoring o p t i o n  B represents continuous 
The increased 
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TABLE 6-7. REGULATORY ALTERNATIVES FOR GYPSUM PLANTS 

Regulatory A1 t e r n a t i v e  
Emission Source 1 2A, 28 3A, 38 

Ore d r y e r  0 X X 

Ca 1 c i ners 0 X X 

Board end sawing 0 X X 

Dry m ix ing  0 0 X 

Scor ing and 
chamfe ri n? 0 0 X 

Stucco cont inuous mix ing,  
conveyors , bucket e l  eva to rs ,  
and s torage b insb 0 0 X 

Stucco p l a s t e r  mixing'  0 0 X 

Key: 0 = Base l ine  c o n t r o l  l e v e l .  
X = More s t r i n g e n t  c o n t r o l  l e v e l  based on bes t  demonstrated technology. 

aFor Regulatory  A l t e r n a t i v e s  2 and 3, bo th  mon i to r i ng  o p t i o n  A (mon i to r ing  
o f  v i s i b l e  emissions weekly by a c e r t i f i e d  observer us ing EPA Reference 
Method 9) and mon i to r i ng  o p t i o n  B (cont inuous opac i t y  mon i to r i ng  by means 
of transmissometers) a r e  considered i n  t h e  c o s t  ana lys i s  presented i n  
Chapter 8. Mon i to r i ng  op t ions  are  assumed t o  have an equal e f f e c t  on 
emissions 1 eve1 s .  

For p l a n t s  t h a t  use stucco r a t h e r  than raw gypsum as a s t a r t i n g  ma te r ia l .  
Only f o r  p l a n t s  w i t h  p l a s t e r  product ion.  

b 
C 
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TABLE 6-8. EMISSION LEVELS FOR REGULATORY ALTERNATIVES BY SOURCE 
g/kg ( l b / t o n )  

Emission Source 

Ore d r y e r  - smal l  
Ore d r y e r  - medium 
Ore d r y e r  - l a r g e  

D i r e c t  con tac t  f l a s h  c a l c i n e r  

K e t t l e  c a l c i n e r  
Board end sawing - smal l  

Board end sawing - medium 
Board end sawing - l a r g e  

Dry m ix ing  - smal l  
Dry m ix ing  - medium 

Dry mix ing  - l a r g e  
Scor ing and chamfering - smal l  

Scor ing and chamfering - medium 
Scor ing and chamfering - l a r g e  

Stucco cont inuous mixing, 
conveyors, buc keg e leva to rs ,  
and storage b ins  

b Stucco p l a s t e r  m ix ing  

Requlatory  A1 t e r n a t i v e s  
1 2A, 2B 3A, 38 - 

.29 (.57) .04 (.07) .04 (.07) 

.29 (.57) .04 (.07) .04 (.07) 

.21 (.41) .04 (.07) .04 (.07) 

.47 (.93) .03 (.06) .03 (.06) 

.27 (.54) .005 (.01) .005 (.01) 

.16 (.31) .003 (.006) .003 (.006) 

. l o  (.20) .003 (.006) .003 (.006) 

.09 ( . l a )  .003 (.006) .003 (.006) 

.03 (.05) .03 (.05) .0005 (.001) 

.02 (.03) .02 (.03) .0005 (.001) 

.02 (.03) .02 (.03) .0005 (.001) 

.08 (.15) .08 (.15) .002 (.003) 

.05 ( . l o )  .05 (. lo) .002 (.003) 

.05 (.09) .05 (.09) .002 (.003) 

.04 (.41) .94 (.41) .02 (.009) 

.61 (1.22) .61 (1.22) .025 (.05) 
~~~ ~ 

aFor p l a n t s  t h a t  use stucco r a t h e r  than raw gypsum as a s t a r t i n g  m a t e r i a l .  
bOnly f o r  p l a n t s  w i t h  p l a s t e r  product ion.  
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TABLE 6-8. E M I S S I O N  LEVELS FOR REGULATORY ALTERNATIVES BY SOURCE 
g/dNm3 ( g r / d s c f )  

Emission Source Regulatory  A1 t e r n a t i v e s  

1 2A, 2B 3A, 3B- 

Ore d r y e r  - smal l  0.59 (0.26) 
Ore d r y e r  - medium 0.59 (0.26) 

Ore d r y e r  - l a r g e  0.59 (0.26) 

D i r e c t  c o n t a c t  f l a s h  c a l c i n e r  1.11 (0.49) 

Kettle C ; l l C i n P r  1.45 (0.63) 
Board end sawing - small  0.46 (0.20) 

Board end sawing - medium 0.46 (0.20) 

Board end sawing - l a r g e  0.46 (0.20) 

Dry m i x i n g  - small  0.46 (0.20) 
Dry m i x i n g  - medium 0.46 (0.20) 
Dry m i x i n g  - l a r g e  0.46 (0.20) 

Scor ing and chamfering - smal l  0.46 (0.20) 

Scor ing and chamfering - medium 0.46 (0.20) 
Scor ing and chamfering - l a r g e  0.46 (0.20) 
Stucco cont inuous mixing, 

conveyors, buckeg e levators ,  
and s torage b i n s  0.49 (0.21) 

0.47 (0.20) b Stucco p l a s t e r  mix ing 

0.072 (0.031) 
0.072 (0.031) 
0.103 (0.045) 

0.070 (0.031) 

0.031 (0.013) 
0.010 (0.004) 

0.015 (0.006) 

0.017 (0.007) 

0.46 (0.20) 
0.46 (0.20) 
0.46 (0.20) 

0.46 (0.20) 

0.46 (0.20) 
0.46 (0.20) 

0.49 (0.21) 

0.47 (0.20) 

0.072 (0.031) 
0.072 (0.031) 

0.103 (0.045) 

0.070 (0.031) 
0.031 (0.013) 
0.010 (0.004) 

0.015 (0.006) 

0.017 (0.007) 

0.010 (0.004) 
0.015 (0.006) 

0.017 (0.007) 

0.010 (0.004) 

0.015 (0.006) 
0.017 (0.007) 

0.011 (.005) 
0.020 (.009) 

a 

bOnly f o r  p l a n t s  w i t h  p l a s t e r  product ion.  
For p l a n t s  t h a t  use stucco r a t h e r  than raw gypsum as a s t a r t i n g  m a t e r i a l .  



STOCKPILE 
AREA 

STACK KEY: 

1 BOARD ENDSAWING 
2 CALCINING 
3 SCORING ANDCHAMFERING 
4 OREDRYING 

0 501M) 
[H=l FEET 

0 + . M E T E R S  

F igure  6-2. P lo t  p lan t  and s tack layout  f o r  model p lan t  no. 1 .  
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des i red  increased emissions reduc t ions  i s  ensured by mon i to r i ng  the  
v i s i b l e  emissions from each source. Both mon i to r i ng  op t ions  are assumed 
t o  r e s u l t  i n  the  same emissions r e d u c t i o n  and environmental impacts. 

But,  t h e  choice o f  mon i to r i ng  o p t i o n  does impact cos ts  associated w i t h  
t h e  r e g u l a t o r y  a l t e r n a t i v e s .  Therefore,  t h e  cos t  ana lys i s  presented i n  
Chapter 8 addresses Regulatory  A l t e r n a t i v e s  1, 2A, 2B, 3A, and 38. 

ways t o  p rov ide  many r e g u l a t o r y  a l t e r n a t i v e s  f o r  each model gypsum 
p l a n t .  The sources considered i n  t h i s  s tudy  f a l l  i n t o  b a s i c a l l y  two 
groups, cons ider ing  t h e  amount o f  emissions and the  cos t  e f fec t i veness  

o f  emissions c o n t r o l .  The t h r e e  p r i n c i p a l  sources i n  t y p i c a l  gypsum 
p l a n t s  ( o r e  dryers,  c a l c i n e r s ,  and board end sawing) have s i m i l a r  c o s t  
e~ f c r  p a r t i c u l a t e  emissions c o n t r o l .  I n  add i t i on ,  t h e  o the r  
sources i n  t y p i c a l  gypsum p l a n t s  ( sco r ing  and chamfering and cont inuous 
o r  board1 i n e  d r y  m ix ing )  a r e  bo th  sma l le r  sources w i t h  h igher  c o s t  
e f f e c t i v e n e s s  values. 
were considered f o r  each model p l a n t .  Emissions l e v e l s  f o r  each source 
and r e g u l a t o r y  a l t e r n a t i v e  are  g i ven  i n  Table 6-8. 

emiss ion sources considered t o  the  base l i ne  l e v e l  o f  emissions descr ibed 
i n  Chapter 3. A l t e r n a t i v e  3 represents  c o n t r o l  o f  a l l  p a r t i c u l a t e  
emiss ion sources considered t o  the  bes t  demonstrated l e v e l  o f  emissions 

r e d u c t i o n  f o r  each source. 

The two c o n t r o l  op t ions  f o r  each source could be combined i n  va r ious  

-==- -* :..^"^-- 

Therefore,  o n l y  t h r e e  r e g u l a t o r y  a1 t e r n a t i v e s  

A l t e r n a t i v e  1 was chosen t o  represent  c o n t r o l  o f  a l l  p a r t i c u l a t e  

A1 t e r n a t i v e  2 represents  c o n t r o l  o f  t h e  t h r e e  p r i n c i p a l  emission 

sources ( o r e  dryers,  ca l c ine rs ,  board end sawing) t o  the  bes t  demonstrated 
emiss ion l e v e l .  

t o  t h e  base l i ne  emissions l e v e l  f o r  A l t e r n a t i v e  2. Th is  a l t e r n a t i v e  was 
chosen t o  i l l u s t r a t e  the  r e l a t i v e  b e n e f i t s  o f  c o n t r o l l i n g  the  minor 
p a r t i c u l a t e  emission sources as compared w i t h  c o n t r o l 1  i n g  the  p r i n c i p a l  
gypsum emiss ion sources. As an example, f o r  a medium-size gypsum p l a n t ,  

t h e  incremental  p a r t i c u l a t e  c o l l e c t i o n  due t o  improved c o n t r o l  o f  the  
p r i n c i p a l  emissions sources ranges from 131 Mg/yr (144 TPY) t o  175 Mg/yr 
(193 TPY), whereas the  incremental  c o l l e c t i o n  due t o  improved c o n t r o l  o f  

The remaining minor sources a r e  considered t o  be c o n t r o l l e d  
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the minor  sources i s  on l y  15 Mg/yr (18 TPY). 

assoc iated w i t h  the  r e g u l a t o r y  a l t e r n a t i v e s  f o r  the  model gypsum p l a n t s  
a r e  d e t a i l e d  i n  Chapter 7 .  

considered i n  Model P lan ts  6 and 5, respec t i ve l y .  Control  o f  these 
sources t o  the  more s t r i n g e n t  emissions l e v e l s  was considered on ly  i n  
A l t e r n a t i v e  3 t o  show the r e l a t i v e  impact o f  these sources compared t o  
t h e  p r i n c i p a l  sources. For example, t h e  minor  sources considered from 
A l t e r n a t i v e  2 t o  A l t e r n a t i v e  3 f o r  model p l a n t  5 inc lude scor ing  and 
chamfering, boa rd l i ne  c r y  mixing, and p l a s t e r  m ix ing  and bagging. The 
incremental  change due t o  c o n t r o l  o f  the  p l a s t e r  ope ra t i on  (35 Mg/yr 
(39 TPY) c o l l e c t e d )  can be determined by comparing the  incrementa l  
changes f o r  model p l a n t s  5 and 3. S i m i l a r l y ,  t h e  on ly  p r i n c i p a l  source 

considered f o r  model p l a n t  6 i s  board end sawing, b u t  the  minor  sources 

i nc lude  scor ing  and chamfering, board1 i n e  d r y  mix ing,  and stucco conveying 
and storage. 
t h e  impact of c o n t r o l  o f  stucco conveying and storage (approx imate ly  
30 Mg/yr (44 TPY)) may be determined by comparison t o  the  o the r  model 
p l a n t s  o f  t h e  same s ize.  
6.2.2 Contro l  Technologies 

Emission c o n t r o l  systems t h a t  can be used t o  c o n t r o l  emissions from 

each source were discussed i n  d e t a i l  i n  Chapter 4. The choice o f  the 
base l ine  c o n t r o l  dev ice used f o r  sources i n  t h i s  i ndus t r y  was discussed 
i n  the base l ine  s e c t i o n  o f  Chapter 3. The c o n t r o l  systems se lected f o r  
ana lys i s  o f  environmental and economic impacts were chosen on t h e  bas is  

o f  bes t  l e v e l  o f  p a r t i c u l a t e  emissions reduc t ions  demonstrated i n  EPA 
and EPA-approved tes ts .  

g r e a t e r  than 99 percent  removal o f  p a r t i c u l a t e  emissions. No o t h e r  

types o f  c o n t r o l  systems are used i n  t h e  gypsum t h a t  would be l i k e l y  t o  

achieve g rea te r  c o n t r o l .  
c o n t r o l  device demonstrat ing the  bes t  l e v e l  o f  emissions reduc t ion .  
Since f a b r i c  f i l t e r s  a re  a l so  c u r r e n t l y  i n  wide use i n  t h e  gypsum i n d u s t r y  

The emissions reduc t ions  

Stucco conveying and s torage and p l a s t e r  mix ing  and bagging are  

With t h i s  l a s t  source be ing  considered o n l y  f o r  A l t e r n a t i v e  3, 

Fabr ic  f i l t e r s  on emission sources tes ted  i n  t h i s  s tudy e x h i b i t e d  

Therefore,  t h e  f a b r i c  f i l t e r  was chosen as the 
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f o r  emissions c o n t r o l ,  c o n t r o l  op t ions  o t h e r  than f a b r i c  f i l t e r s  were 
n o t  chosen. For the  emission sources considered, t h e  f a b r i c  f i l t e r s  
rep resen ta t i ve  o f  b e s t  demonstrated a r e  t h e  same type as those used t o  
meet the base l ine  l e v e l ,  bu t  they  are  mainta ined and operated f o r  a 
h i g h e r  degree o f  performance. 

c a l c i n e r s  a r e  vented through a common c o n t r o l  device. 
t h e  combined a i r  f l o w  r a t e  may be h i g h  enough t o  make emissions c o n t r o l  
o f  the combined streams us ing  an ESP economical ly  f e a ~ i b l e . ~  However, 
the  recommended CTG which i s  being developed f o r  the  non-meta l l ic  
minera ls  i n d u s t r y  would be based on the  use o f  f a b r i c  f i l t e r s  on some 
sources i n  t h e  gypsum indus t r y ,  such as g r i n d i n g  m i l l s  and bucket e leva tors .  
Th is  would prec lude combining these sources w i t h  o re  d ryers  and c a i c i n e r s  
and duc t i ng  them t o  a common ESP i f  ESPs, as repor ted,  do n o t  a t t a i n  
c o l l e c t i o n  e f f i c i e n c i e s  as h igh  as demonstrated by f a b r i c  f i l t e r s .  
Wi thout  the  a d d i t i o n a l  a i r  f l o w  f rom these o the r  sources, c o n t r o l  o f  
emissions associated w i t h  the lower  a i r  f l o w  r a t e s  o f  o re  d ryers  and 

I n  some cases, exhaust streams f rom o r e  dryers,  g r i n d i n g  m i l l s ,  and 

For t h i s  s i t u a t i o n ,  

c a l c i n e r s  cou ld  be accomplished a t  a lower  c o s t  by us ing  f a b r i c  f i l t e r s .  7.8 
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7. ENVIRONMENTAL IMPACTS 

The purpose o f  t h i s  chapter  i s  t o  present  the  environmental impacts 
o f  the regu la to ry  a l t e r n a t i v e s  s p e c i f i e d  i n  Chapter 6 f o r  c o n t r o l  of 
p a r t i c u l a t e  emjssion sources i n  the  gypsum indus t ry .  
sources t o  be considered inc lude:  

- o r e  dryers, 

- ca lc ine rs ,  
- board end sawing, 
- board l i ne  d r y  mix ing,  and 
- scor ing  and chamfering. 

The emission 

Emissions from p l a s t e r  mix ing  and bagging and stucco conveying and 
s torage are  a l s o  considered. However, environmental  impacts o f  emissions 
f rom these sources were on ly  considered i n  t h r e e  model p lan ts .  

assoc iated w i t h  the a p p l i c a t i o n  o f  the  r e g u l a t o r y  a1 t e r n a t i v e s  are  
i d e n t i f i e d  and discussed i n  Sect ions 7.1 t o  7.4, respec t i ve l y .  Add i t i ona l  

impacts a r e  descr ibed i n  Sec t ion  7.5. 
a r e  considered f o r  Regulatory  A l t e r n a t i v e s  2 and 3, these opt ions are  
assumed t o  have an equal e f f e c t  on t h e  environmental  impacts associated 
w i t h  these a l t e r n a t i v e s .  Therefore,  the  impacts discussed i n  t h i s  
chapter  w i l l  be presented i n  terms o f  Regulatory  A l t e r n a t i v e s  2 an 3 
w i t h  no s p e c i f i c  re fe rence t o  mon i to r i ng  op t ion .  These impacts on the  
environment a r e  a l so  p ro jec ted  over a f i v e  yea r  per iod  t o  determine the  
long range na t i ona l  impacts. A l l  impacts a re  based on t h e  model p l a n t  
parameters presented i n  Chapter 6 and i n d u s t r y  growth p r o j e c t i o n s  presented 

i n  Chapter 9. 

7.1 A I R  POLLUTION IMPACTS 

The a i r  p o l l u t i o n ,  water p o l l u t i o n ,  s o l i d  waste, and energy impacts 

Al though two mon i to r ing  opt ions 

I n  t h i s  sect ion,  t h e  impact o f  each r e g u l a t o r y  a l t e r n a t i v e  on a i r  
Two impacts were addressed i n  t h i s  ana lys is :  p o l l u t i o n  i s  considered. 

pr imary impacts, o r  the  reduc t i on  o f  p a r t i c u l a t e  emissions due t o  
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implementat ion o f  the r e g u l a t o r y  a l t e r n a t i v e ,  and secondary impacts, o r  
those due t o  p o l l u t a n t s  generated as a r e s u l t  o f  implementing the  r e g u l a t o r y  
a1 te rna t i ve .  The impact o f  the  r e g u l a t o r y  a l t e r n a t i v e s  on nat ionwide 
emissions i s  assessed on the bas i s  o f  p ro jec ted  i n d u s t r y  growth (see 
Chapter 9 ) .  The impact on ambient a i r  q u a l i t y  i n  the  v i c i n i t y  o f  the 

sources i s  evaluated by means o f  d i s p e r s i o n  modeling f o r  each model 
p l a n t .  D ispers ion  modeling i s  discussed i n  Subsect ion 7.1.2. 

7.1.1 Pr imary A i r  P o l l u t i o n  Impacts 
Table 7 -1  presents  annual p a r t i c u l a t e  emissions f o r  each emission 

source considered under the r e g u l a t o r y  a l t e r n a t i v e s .  

presents  the  amount o f  emissions c o l l e c t e d  beyond base l ine  l e v e l s  f o r  
each source and r e g u l a t o r y  a l t e r n a t i v e .  
represents  no NSPS r e g u l a t o r y  a c t i o n  and, there fore ,  represents  the 
base l i ne  c o n t r o l  l e v e l .  A l t e r n a t i v e  2 represents  bes t  demonstrated 
c o n t r o l  o f  the  t h r e e  p r i n c i p a l  emiss ion sources, o re  dryers,  c a l c i n e r s  
and board end sawing. 
o f  a l l  p a r t i c u l a t e  emission sources. 

o f  emissions reduc t ions  represent  f rom 87 t o  98 percent  improvement over 
base l i ne  emissions l e v e l s  f o r  the  var ious  sources i n  the  gypsum indus t ry .  
P a r t i c u l a t e  emission reduc t ions  over base1 i n e  range from 2.41 Mglyr  
(2.65 TPY) f o r  a smal l  d ry  m ix ing  opera t i on  t o  68.2 Mg/yr (75.1 TPY) f o r  
a l a r g e  ore  dryer .  

Table 7-2 presents  the t o t a l  annual p a r t i c u l a t e  reduc t ions  over 
base l i ne  a n t i c i p a t e d  f o r  each model p l a n t  c o n f i g u r a t i o n  presented i n  
Chapter 6 and each r e g u l a t o r y  a l t e r n a t i v e  considered. The reduc t i on  i n  
p lant -wide p a r t i c u l a t e  emissions range f rom 17.1 Mgly r  (19.5 TPY) t o  

265 Mgly r  (292 TPY) depending upon the  model p l a n t  under cons idera t ion .  

Chapter 9 presents  the  pro jec ted  growth i n  the  domestic gypsum i n d u s t r y  

by  1986. The Un i ted  States Bureau o f  Mines i nd i ca tes  t h a t  t o  meet 
expected gypsum demand, the  i n d u s t r y  w i l l  need t o  b u i l d  f i v e  new p lan ts  

i n  the  medium s i z e  range by 1986.2 The f i v e  new p l a n t s  w i l l  a l l  have 

The t a b l e  a l so  

I n  each case, A l t e r n a t i v e  1 

A1 t e r n a t i v e  3 represents  bes t  demonstrated c o n t r o l  

As can be determined from Table 7-1, t h e  bes t  demonstrated l e v e l s  

Emissions are  expected t o  increase as the gypsum i n d u s t r y  grows. 
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c a p a c i t i e s  of about 21.6 m i l l i o n  square meters (232 m i l l i o n  square f e e t )  
of wal lboard per  year. 
1986 from these p ro jec ted  new p l a n t s  i s  g i ven  i n  Table 7-3 f o r  each 

r e g u l a t o r y  a1 t e r n a t i v e .  

o f  p a r t i c u l a t e  emissions over base l i ne  o f  698 Mg/yr (769 TPY). 

nat ionwide r e d u c t i o n  o f  p a r t i c u l a t e  emissions w i t h  implementat ion o f  . 

A l t e r n a t i v e  3 would be 773 Mg/yr (851 TPY). Approximately 12.5 percent  
of the  increment from A l t e r n a t i v e  1 t o  A l t e r n a t i v e  3 i s  a t t r i b u t a b l e  t o  
r e g u l a t i o n  o f  boa rd l i ne  d ry  mixing, sco r ing  and chamfering. 

7.1.2 Ambient A i r  Q u a l i t y  Impacts 

the  r e g u l a t o r y  a l t e r n a t i v e s  based on dispers ion mcde! jnG. 

o f  the  emission sources, d e t a i l s  o f  the  meteoro log ica l  da ta  and r e s u l t s  
o f  the d i s p e r s i o n  ana lys i s  a r e  discussed separa te ly  i n  the  f o l l o w i n g  

s e c t  ions. 

emission ra tes ,  gas f l o w  r a t e s  and gas temperatures f o r  model p l a n t  
emission sources are presented i n  Tables 7-4 and 7-5 f o r  t h e  r e g u l a t o r y  
a l t e r n a t i v e s  considered. These model p l a n t  s tack  parameters, i n  con junc t i on  
w i t h  the  s tack  coord inates o f  the  model p l a n t s  i n  Table 7-6, were used 
t o  per form t h e  d i spe rs ion  ana lys is .  

considered i n  the  d i spe rs ion  modeling r e f l e c t  the meteoro log ica l  cond i t i ons  
o f  Abi lene, Texas. 
l o c a t i o n  o f  gypsum p l a n t s  i n  urban areas on f l a t  t e r r a i n .  
f l a t  t e r r a i n  and r e l a t i v e l y  stagnant atmospheric cond i t i ons  would represent  
a wors t  case ana lys i s  o f  ground l e v e l  p a r t i c u l a t e  concentrat ions due t o  
emissions from sources i n  gypsum p lan ts .  

f o r  the  r e g u l a t o r y  a l t e r n a t i v e s  considered i n  the  d i spe rs ion  modeling 
a n a l y s i s  occurred a t  the  p l a n t  boundary. 
as t o  maximize t h e  e f f e c t  of t h e i r  emissions on the  ambient concent ra t ion  

A summary o f  the  n a t i o n a l  annual emissions i n  

Implementat ion o f  A l t e r n a t i v e  2 would r e s u l t  i n  a nat ionwide reduc t i on  
The 

Th is  s e c t i o n  presents a d i scuss ion  o f  the a i r  q u a l i t y  impacts o f  
C h a r a c t e r i s t i c s  

7.1.2.1 Emission Source C h a r a c t e r i s t i c s .  Stack parameters, mass 

7.1.2.2 Meteoro log ica l  Data. Wind speeds and s t a b i l i t y  da ta  

This  s i t e  was chosen as rep resen ta t i ve  o f  an i n l a n d  
A s i t e  w i t h  

7.1.2.3 Resul ts  of D ispers ion  Analys is .  A l l  maximum concentrat ions 

The ca l c ine rs  were o r i e n t e d  so 
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f o r  the  base l i ne  cases. Under Regulatory  A l t e r n a t i v e  1, t h e  maximum 
ambient a i r  concentrat ions f o r  a l l  model p l a n t s ,  except model p l a n t s  8 

and 12, were below t h e  Nat iona l  Ambient A i r  Q u a l i t y  Standards (NAAQS) 
f o r  p a r t i c u l a t e  ma t te r  (p r imary  standards: 

7 5  g/m3, maximum 24-hour concen t ra t i on  = 260 g/m3; secondary standards: 

annual geometric mean = 60 g/m3, maximum 24-hour concent ra t ion  = 150 g/m"). 
Model p l a n t s  8 and 12 exceeded the secondary o r  we l fa re  standard o f  . 

60 g/m , bu t  were below the pr imary standard o f  75  g/m . The h ighe r  
concent ra t ions  r e s u l t e d  from t h e  l a r g e  c o n t r i b u t i o n  t o  emissions o f  s i x  
d i r e c t  con tac t  f l a s h  ca l c ine rs .  

A l l  maximum concentrat ions f o r  model p l a n t s  (1-8) represent ing  new 
i n s t a l l a t i o n s  us ing  Regulatory  A l t e r n a t i v e s  2 and 3 were w e l l  below the  

- - - L A - - L  -:.. ..-..+<,-,,13tm r n " r e " t r . q t i g " 2  NAAQS, represent ing  reduc t ions  i r i  ~ ~ ~ I U I C I I L  p0 bIb.uIy..- --..__.._. _ _  
between 77 and 97 percent  below base l i ne  l e v e l s .  
p a r t i c u l a t e  concentrat ions f o r  model p l a n t  expansions and replacements 

(9-13) were l e s s  ev iden t  ( 9  t o  33 percent )  s ince some sources ( those i n  
t h e  base gypsum p l a n t )  were maintained a t  the base l ine  l e v e l  and o n l y  
those new sources were considered a t  t h e  lower  emission l eve l s .  

annual geometric mean = 

3 

3 3 

The reduc t ions  i n  

The pr imary c o n t r i b u t o r s  t o  t h e  maximum concen t ra t i on  est imates 
under Regulatory  A l t e r n a t i v e  1 were board end sawing opera t ions  i n  small 

model p l a n t s  ( 1  and 2) and c a l c i n e r s  i n  t h e  remaining model p lan ts .  
Under Regulatory  A l t e r n a t i v e s  2 and 3, however, the  main c o n t r i b u t i o n  t o  

t h e  ambient a i r  p a r t i c u l a t e  concent ra t ions  was due t o  emissions from the  
o re  dryer .  

7.1.3 Secondary A i r  P o l l u t i o n  Impacts 

app ly ing  the  c o n t r o l  equipment. 
d i r e c t l y  by f a b r i c  f i l t e r  c o n t r o l  equipment. 
power t o  suppor t  t h e  f a b r i c  f i l t e r  c o n t r o l  systems causes u t i l i t y  power 
p l a n t  emissions, no increase i n  e l e c t r i c a l  power w i l l  r e s u l t  from 

implementat ion o f  A l t e r n a t i v e  2 o r  A l t e r n a t i v e  3 because the  emission 
c o n t r o l  equipment i s  i d e n t i c a l  t o  base1 i n e  c o n t r o l  equipment (A1 t e r n a t i v e  1).  

The reduc t i on  i n  p a r t i c u l a t e  emissions r e s u l t s  from improved f a b r i c  
f i l t e r  maintenance and operat ion.  

Secondary a i r  p o l l u t a n t s  a re  p o l l u t a n t s  generated as a r e s u l t  o f  
There a r e  no a i r  p o l l u t a n t s  generated 

While t h e  need f o r  e l e c t r i c a l  
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7.1.4 Summary o f  A i r  P o l l u t i o n  Impacts 

p a r t i c u l a t e  matter.  The major b e n e f i t  o f  implementing the  r e g u l a t o r y  
a1 te rna t i ves  i s  the  reduc t i on  o f  these p a r t i c u l a t e  emissions. Implementation 
o f  A l t e r n a t i v e  3 and A l t e r n a t i v e  2 w i l l  reduce p a r t i c u l a t e  emissions 
over  A l t e r n a t i v e  1 by a maximum o f  773 Mgly r  (851 TPY) and 698 Mg/yr 
(769 TPY), respec t i ve l y ,  by 1986. 
v i s i b l e  emissions from a l l  emission sources w i t h  implementat ion o f  
A l te rna t i ves  2 and 3. No incrementa l  secondary a i r  p o l l u t i o n  impacts 

would r e s u l t  f rom t h e  r e g u l a t o r y  a l t e r n a t i v e s  considered. 

7.2 WATER POLLUTION IMPACT 

The pr imary a i r  p o l l u t a n t  emi t ted  f rom the gypsum i n d u s t r y  i s  

There w i l l  a l so  be a decrease i n  

There would be no adverse water  p o l l u t i o n  impact due t o  implementat ion 
o f  any of the r e g u l a t o r y  a l t e r n a t i v e s  s ince  f a b r i c  f i l t e r s  do no t  use 
water  t o  c o n t r o l  p a r t i c u l a t e  emissions. 

7.3 SOLID WASTE IMPACT 
There would be no s i g n i f i c a n t  s o l i d  waste impact due t o  implementat ion 

o f  the r e g u l a t o r y  a l t e r n a t i v e s .  Gypsum dus t  c o l l e c t e d  i n  f a b r i c  f i l t e r s  
i s  recyc led t o  the  process i n  a l l  cases except f o r  board end sawing. I n  
p l a n t s  loca ted  a t  mines, t h e  board end sawing dus t  i s  t y p i c a l l y  l a n d f i l l e d  
on s i t e .4y5  
u s u a l l y  recyc led  t o  the  beginning o f  the  process.6 However, i n  a few 

i n s t a l l a t i o n s ,  the  dus t  i s  l a n d f i l l e d  a t  o f f s i t e  l oca t i ons .  Assuming 
one new p l a n t  l a n d f i l l s  o f f s i t e ,  t h e  incremental  increase i n  s o l i d  waste 

f rom implementat ion o f  e i t h e r  A l t e r n a t i v e  2 o r  A l t e r n a t i v e  3 would be 
23.9 Mglyear (23.3 TPY). 

7.4 ENERGY IMPACT 

For p l a n t s  not  l oca ted  near a mine, t h e  end sawing dus t  i s  

The pr imary e l e c t r i c a l  demand f o r  f a b r i c  f i l t e r s  i s  from the  fans 

used t o  generate s u f f i c i e n t  a i r  f l o w  r a t e s  and d r a f t  t o  overcome pressure 
drops across the f i l t e r  bags and from compressors used t o  supply compressed 

a i r  f o r  f a b r i c  f i l t e r  c leaning.  Less than one-hal f  o f  one percent  o f  
the  energy used by gypsum p l a n t s  i s  a t t r i b u t a b l e  t o  the c o n t r o l  equipment. 

model p lan ts  presented i n  Chapter 6. Also presented i n  Table 7-7 a re  
Table 7-7 presents  the  t o t a l  annual energy requirements o f  the 
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the  t o t a l  c o n t r o l  equipment energy requirements f o r  these p lan ts .  No 
incrementa l  energy impact w i l l  r e s u l t  f rom implementat ion o f  the  regu la to ry  
a l t e r n a t i v e s  s ince  the  c o n t r o l  equipment used f o r  each a i t e r n a t i v e  i s  
i d e n t i c a l .  

7.5 OTHER IMPACTS 
There would be no incremental  no ise  impact due t o  implementat ion o f  

any o f  the r e g u l a t o r y  a l t e r n a t i v e s  s ince  t h e  c o n t r o l  equipment f o r  eack 
o f  the r e g u l a t o r y  a l t e r n a t i v e s  i s  i d e n t i c a l .  

7-1 2 



TABLE 7-7. ANNUAL ENERGY REQUIREMENTS FOR GYPSUM MODEL P L A N T S ~ ~ ~  

Model Total Model Plant Control Equipment 
Plant Energy b a g 8  Energy Usage . 

Number TJ 10 BTU TJ 10 BTU 
1 3 59 3 40 1.53 1.45 

2 

3 

420 398 

71 8 681 

1.92 1.82 

2.48 2.35 

4 829 786 3.26 3.09 

5 83 2 789 3.17 3.00 

6 289 2 74 1.28 1.21 

7 1440 1360 3.52 3.34 

8 1260 1190 4.30 4.08 

9C 168 160 0.39 0.37 

10 101 96 0.39 0.37 

11 31 2 296 1.01 0.96 

12 3 65 346 1.41 1.34 

13 Not Available 0.40 0.38 

'Energy usage f o r  a l l  model plants i s  the same under A1 ternat ives 1, 2. and 3. 
bReference 7. 
'Model Plants 9-13 represent p lant  expansions or equipment replacments. 
The energy values given f o r  these plants represent the increased energy 
usage resul t ing from the expansion. 
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8. COSTS 

This  chapter  presents a c o s t  a n a l y s i s  o f  the  r e g u l a t o r y  a l t e r n a t i v e s  
f o r  model p l a n t s  descr ibed i n  Chapter 6. I n  Chapter 9 the  r e s u l t s  of - 

t h i s  c o s t  ana lys i s  are used i n  con junc t i on  w i t h  the  gypsum i n d u s t r y  
growth p r o j e c t i o n  t o  determine t h e  economic impact o f  r e g u l a t o r y  a l t e r n a t i v e s .  
Costs associated w i t h  r e g u l a t o r y  a1 t e r n a t i v e s  on new sources are  presented 
i n  Sect ion 8.1.1, w h i l e  cos ts  f o r  mod i f ied  and recons t ruc ted  sources are 
discussed i n  Sec t ion  8.1.2. 

8.1 COST ANALYSIS OF REGULATORY ALTERNATIVES 
8.1.1 New F a c i l i t i e s  

Th is  s e c t i o n  presents t h e  cos ts  associated w i t h  the r e g u l a t o r y  
a l t e r n a t i v e s  f o r  new sources. Seven sources were considered i n  the  
model p l a n t  mat r ix .  
scor ing  and chamfering, boa rd l i ne  d r y  mix ing,  p l a s t e r  mix ing  and bagging, 

and stucco conveying and storage. Two c o n t r o l  op t ions  and two mon i to r ing  
opt ions were i d e n t i f i e d  f o r  each source and these were used as the bas i s  

f o r  the fo rmu la t i on  o f  the r e g u l a t o r y  a l t e r n a t i v e s .  
Exhaust 

stream c h a r a c t e r i s t i c s  are presented i n  Table 6-6. Table 8-2 presents  
the  s p e c i f i c a t i o n s  o f  the  f a b r i c  f i l t e r s  used as the c o n t r o l  equipment 

associated w i t h  the c o n t r o l  opt ions.  
The f o l l o w i n g  s e c t i o n  descr ibes the  major equipment considered i n  

the  cos t  est imates f o r  c o n t r o l  o f  each source. Cap i ta l  cos ts  f o r  each 
source were developed from t h e  major equipment l i s t s  and fac to red  c o s t  
est imates (Sec t ion  8.1.1.2). 
a1 t e r n a t i v e  were then obta ined by summing t h e  cos ts  o f  c o n t r o l  f o r  the  

i n d i v i d u a l  sources w i t h i n  a g iven model p l a n t .  Annualized cos ts  and 
c o s t  e f fec t i veness  o f  each r e g u l a t o r y  a1 t e r n a t i v e  are  s i m i l a r l y  developed 

i n  l a t e r  sect ions.  

Sect ion 8.2 presents  o the r  c o s t  cons iderat ions.  

These were o re  dryers,  ca l c ine rs ,  board end sawing, 

The r e g u l a t o r y  a l t e r n a t i v e s  are  summarized i n  Table 8-1. 

To ta l  c a p i t a l  cos ts  f o r  each r e g u l a t o r y  
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TABLE 8-1. REGULATORY ALTERNATIVES EXAMINED I! 
COST ANALYSIS FOR ALL MODEL PLANTS 

b Regulatory  A1 t e r n a t i v e  

Emission Source 1 2A 28 3A 38 

Ore d rye r  0 X X X X 

C a l c i  ners 0 X X X X 

Board end sawing 0 X X X X 

A l l  o the r  sourcesC 0 0 0 X X 

aModel p l a n t s  a r e  d e t a i l e d  i n  Chapter 6. 

= Base l ine  c o n t r o l  l e v e l ;  x = more s t r i n g e n t  l e v e l  o f  c o n t r o l .  For 
Regulatory A l t e r n a t i v e s  2 and 3, bo th  mon i to r i ng  o p t i o n  A (mon i to r ing  
o f  v i s i b l e  emissions weekly by a c e r t i f i e d  observer us ing EPA Reference 
Method 9) and mon i to r i ng  o p t i o n  B (cont inuous opac i t y  mon i to r i ng  by 
means o f  transmissometers) were considered i n  the  cos t  ana lys is .  

‘ A l l  o the r  sources i nc lude  sco r ing  and chamfering, d r y  mix ing,  p l a s t e r  
mixing, and stucco conveying and storage. 
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TABLE 8-2. SPECIFICATIONS FOR FABRIC FILTER SYSTEMS 

~~ ~ 

A i r - t o 4 1  o t h 2  C1 eani  ng Pressure Drop 
R a t i o  ( c f m : f t  ) Method kPa (in.W.G.) 

Emission Bag 
Source Med i um 

Ore d rye r  Nomex 4: l  pu lse  j e t  0.51-0.77 (2-3) 

Calc iners : 

D i r e c t  con tac t  

Continuous 
f l a s h  Nomex 

k e t t l e  Nomex 

Board end Cot t o n  
sawing 

Scor ing and ' Cotton 
chamfering 

4: 1 

4: 1 

1 :1 

5 : l  

pu lse  j e t  0.77-1.02 (3-4) 

pu lse  j e t  0.51-0.77 (2-3) 

mec hani  ca 1 
shaking 

1.02 (4 )  

pu lse  j e t  0.77 ( 3 ) a  

Dry mix ing Cotton 5 : l  pu lse  j e t  1.02 (4 )  

P1 as t e r  Cot ton 2 : l  pu lse  j e t  0.77 (3 )a  
mix ing 

stucco Cot ton 5 : l  pu lse  j e t  0.77 ( 3 ) a  
convey i ng 
and storage 

aThese values are  est imates based on pub1 ished r e p o r t s  and i n d u s t r y  responses. 
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8.1.1.1 D e s c r i p t i o n  o f  Contro l  Equipment Used. Fabr ic  f i l t e r s  a re  

used f o r  the  base l i ne  and more s t r i n g e n t  c o n t r o l  op t ions  f o r  a l l  sources 
considered i n  each model p lan t .  Table 8-3 presents  a d e s c r i p t i o n  o f  the  

major  equipment assoc iated w i t h  a f a b r i c  f i l t e r  c o n t r o l  system. Th is  
d e s c r i p t i o n  i s  rep resen ta t i ve  o f  the major  equipment needs f o r  sources 

us ing  a f a b r i c  f i l t e r  system. 
a d i r e c t  c o n t a c t  f l a s h  c a l c i n e r  capable o f  processing 7.7 Mg/hour ( 7  TPH) 

of ca l c ined  gypsum. The major  equipment requ i red  inc ludes  the  baghouse, 
nomex bags ( f o r  e leva ted  temperature opera t ion) ,  duc t i ng  ( i n c l u d i n g  
damper), fan, motor, s t a r t e r ,  and i n s u l a t i o n .  

i s  i nc luded f o r  the  more s t r i n g e n t  c o n t r o l  o p t i o n  o n l y  when mon i to r ing  

optic!: E is considered, Only baghouses and associated duc t i ng  on o re  

dryers  and c a l c i n e r s  r e q u i r e  i n s u l a t i o n .  
8.1.1.2 C a p i t a l  Cost o f  Contro l  Systems. The t o t a l  i n s t a l l e d  c o s t  

o f  emission c o n t r o l  systems was determined us ing  b a s i c a l l y  a mod i f ied  
"Lang Method" o f  c o s t  est imat ing.  Cost f a c t o r s  f o r  d i r e c t  c a p i t a l  cos ts  
( c o s t  o f  m a t e r i a l s  and l a b o r  d i r e c t l y  assoc iated w i t h  i n s t a l l a t i o n ) ,  
i n d i r e c t  c a p i t a l  cos ts  ( c o s t  o f  engineer ing,  con t rac t i ng ,  f r e i g h t ,  
taxes, etc.) ,  and cont ingencies a r e  a p p l i e d  t o  the  c o s t  o f  the  major 
equipment t o  y i e l d  t h e  t o t a l  i n s t a l l e d  c o s t  o f  the c o n t r o l  system. 

Factors  used i n  t h i s  study f o r  f a b r i c  f i l t e r  systems are  presented i n  
Table 8-4. 

considered an a d d i t i o n a l  c o s t  above t h e  bas ic  i n s t a l l a t i o n  cost .  Therefore,  
f o r  these systems, t h e  c o s t  o f  i n s u l a t i o n  was added t o  the  t o t a l  i n s t a l l e d  

c o s t  o f  the  bas ic  f a b r i c  f i l t e r  system. 
these cases f o r  duc t i ng  a lso.  

Costs o f  a u x i l i a r y  equipment such as fans, s t a r t e r s ,  motors, etc., were 
determined from standard c o s t  es t ima t ing  references. '-' AII cos ts  a re  
repo r ted  i n  f i r s t  qua r te r  1980 d o l l a r s .  

1980 d o l l a r s  us ing  Chemical Engineer ing P l a n t  Cost Indices.8 The r e l i a b i l i t y  
of the  r e s u l t i n g  c o s t  est imates i s  taken t o  be w i t h i n  30 percent  o f  the 
a c t u a l  value. 

The sample presented i n  Table 8-3 i s  f o r  

A transmissometer system 

For  f a b r i c  f i l t e r s  on o re  dryers  and ca l c ine rs ,  i n s u l a t i o n  was 

I n s u l a t i o n  was considered i n  

1 Cont ro l  dev ice costs  were based on manufacturer 's  quotat ions.  

Costs were updated t o  f i r s t  qua r te r  
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TABLE 8-3. EXAMPLE OF MAJOR EQUIPMENT REQUIREMENTS FOR A FABRIC FILTER 
CONTROL SYSTEM (Direct Contact Flash Calciner) 

(Metric Units) 

Baseline requirements 

Control Device Baghouse, continuous operation, suction type, 
pulse j e t ,  carbon s teel  construction, a i r -  
to-cloth r a t i o  4:1,Ap = 0.77 - 1.02 kPa, 
insulated . 

Bags 640 Nomex bags, 152 nun diameter x 2.44 in long 

Fan 1.89 m'/s @ 450 K, 3500 rpm, 11.7 kW 

Ducting 24.4 m ,  0.31 m diameter, carbon s teel  w i t h  
c i r cu la r  manual damper. 

More s t r ingent  requirements 

As above 
Control Device 
Bags 
Fan 
Ducting 

Monitoring Transmissometer, recorder, associated cable 
(Required f o r  monitoring option B only) 
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TABLE 8-3. EXAMPLE OF MAJOR EQUIPMENT REQUIREMENTS FOR A FABRIC FILTER 
CONTROL SYSTEM (Direct Contact Flash Calciner) 

(English Units) 

Base1 ine requirements 

Bags 

Fan 

Ducting 

Raohnuse, continuous operation, suction 
type, pulse je t ,  carbon s tee l  construction, 
air-to-cloth r a t i o  4:1,Ap = 3-4 inches WG, 
insulated. 

640 Nomex bags, 6 inches diameter x 8 f e e t  
1 ong 

4000 ACFM @ 35OoF, 3500 rpm, 15.7 bhp 

80 f ee t ,  1 foot  diameter, carbon s tee l  
w i t h  c i r cu la r  manual damper. 

More s t r ingent  requirements 

Control Device 
Bags 
Fan 
Ouc t i  ng 

Monitoring 

As above 1 
Transmissometer, recorder, associated 
cable (Required f o r  monitor ing option B only) 
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TABLE 8-4. COI.1PONENT CAPITAL COST FACTORS FOR A FABRIC FILTER 
AS A FUNCTION OF EUUIPMENT COST, Q 

D i r e c t  Costs 
Comoonent N a t e r i a l  La bo r 

Factor  Fac tor  

Equ i pmen t 1.00 Q 0.20 n 
Ins t rumenta t ion  0.12 0 0.10 0 
Foundations and subparts 0.05 4 0.10 Q 

E l e c t r i c a l  0.10 0 0.10 Q 
Duct ing (miscel laneous) 0.03 0 0.08 4 
Pa in t ing  0.01 n 0.02 Q 

Tota l  d i r e c t  c o s t  f a c t o r  1.31 0 0.60 0 

Component 
I n d i r e c t  Costs 

Measure o f  c o s t  Factor  

Engineering and 
superv is ion  
Construct ion and f i e 1  d 
expenses 

Const ruc t ion  fee  
Taxes and f r e i g h t  

3% m a t e r i a l  and l a b o r  0.06 0 

12.5% m a t e r i a l  and l a b o r  0.24 0 
6.25% m a t e r i a l  and l a b o r  0.12 Q 

7.5% m a t e r i a l  0.10 Q 

To ta l  i n d i r e c t  c o s t  f a c t o r  0.52 0 

Cont ingencies 0.18 0 

To ta l  i n s t a l l e d  costa f a c t o r  w i t h o u t  i n s u l a t i o n  2.61 Ob 

aThis f a c t o r  represents  the  system c o s t  f a c t o r  der ived  from a mod i f i ed  

b I n s u l a t i o n  cos t  i s  c a l c u l a t e d  separa te ly  w i thou t  t h e  use o f  f ac to rs .  
"Lang Method'' o f  c o s t  es t ima t ing  descr ibed i n  Reference 1. 
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Table 8-5 presents the major equipment costs for  a fabr ic  f i l t e r  
This table  a lso includes system fo r  a d i r ec t  contact f lash  calciner .  

the to ta l  equipment cos t  and to ta l  ins ta l led  cost  for  t h i s  emission 
control system. The capi ta l  cos t  of the control system under monitoring 
option A i s  equal t o  the capi ta l  cos t  of the baseline control system. 
The example given in Table 8-5 i s  representative of the procedure used 
in  determining the to ta l  ins ta l led  cos t  of a l l  fabr ic  f i l t e r  systems 
considered. 

( f ab r i c  f i l t e r s ,  fans,  ducting, e tc . )  and to ta l  ins ta l led  costs  of 
control systems f o r  sources considered in the gypsum model plants.  The 
cos ts  presented in t h i s  table were used in determining the to ta l  instal led 
cos ts  of regulatory a l te rna t ives  f o r  the gypsum modei piailis. 

Table 8-7 presents an example o f  a to t a l  ins ta l led  cost  computation 
f o r  model plant 7 and Regulatory Alternative 3B. 
by summing the to ta l  instal led costs  of control systems for  each source 
included i n  the model plant. 
was used t o  derive the total  instal led costs  of the regulatory a l te rna t ives  
f o r  a l l  model plants .  

model plants are summarized in Table 8-8. The to ta l  instal led cost  of a 
control system under monitoring option A i s  equal t o  the to ta l  instal led 
cos t  of the corresponding baseline control system. 
model plants depending upon  the number of sources controlled and the 
type and number of fabr ic  f i l t e r s  used. 
i s  $1.12 mill ion for model plant 8, Regulatory Alternative 38 ( a  large 
gypsum plant with 6 d i rec t  contact f lash  ca lc iners ) .  This investment 
represents about $200 thousand more than tha t  required to  meet base1 ine 
emission levels  and is  due t o  the cos t  of continuous opacity monitoring 
systems. 
i n s t a l l a t ion ,  i s  estimated t o  be about $20,000 per device. 

t o  ra i se  the dew point of  the ke t t l e  exhaust gases pr ior  to  the fabric  

Tab1 e 8-6 presents the control device costs ,  to ta l  equipment costs ,  

This cos t  i s  determined 

The same procedure shown i n  t h i s  example 

The t o t a l  instal led costs  of the regulatory a l te rna t ives  f o r  a l l  

These costs vary by 

The l a rges t  capi ta l  investment 

Each continuous opacity monitoring system, equipment and 

For batch ke t t l e  calciners ,  an additional preheater may be required 
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TABLE 8-5. EXAMPLE EQUIPMENT COST BREAKDOWN OF MAJOR EQUIPMENT 
FOR DIRECT CONTACT FLASH CALCINER FABRIC FILTER SYSTEM 

Item Cost, $1,000 (March 1980) 

Control device $14.36 

Bags $4.80 

Fan, motor, s t a r t e r  $2.54 

Ducting (including damper) $2.98 - 

Major equipment cos t  

Instal  led c o s t  fac tora  

Ins ta l led  equipment c o s t  

Insulation 

$24.68 

x2.61 

$64.41 

$8.15 - 
Total i n s t a l l e d  c o s t  - 

f o r  basel ine control system $72.60 

Continuous opaci ty  monitoring system $20.00 

Total i n s t a l l ed  cost  - 
f o r  more s t r ingen t  control  
system (monitoring option B )  $92.60 

~~~~ ~ 

aThis  f a c t o r  represents  the system c o s t  f a c t o r  derived from a modified 
"Lang Method" of  c o s t  estimating described i n  Reference 1. 
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TABLE 8-6. TOTAL INSTALLED CAPITAL COSTS FOR EMISSION 
CONTROL SYSTEMS IN GYPSUM MODEL PLANTS 

$1000 (March 1980) 

Emission Source Control Device Total Equipment  Total In s t a l l ed  

Ore dryer  - small 35.9 81.7 189.0 

Ore dryer  - medium 35.9 81.7 189.0 

cos t  c o s t  c o s t  

Ore dryer  - l a rge  40.2 90.8 211.0 

Direc t  contact  f l a s h  

Cont inuous ke t t l  e 

Board end sawinga 

c a l c i n e r  14.4 

c a l c i n e r  15.0 

sinal 1 31.7 

med i um 40.2 

l a rge  57.3 

Scoring and chamfering 
smal 1 8.40 

24.7 72.6 

25.7 75.5 

43.6 114.0 

54.8 

74.0 

143.0 

193.0 

13.6 35.6 

medium 9.19 14.7 38.9 

la rge  10.8 17.2 44.9 

Dry mixing - small 6.66 11.0 28.7 

Dry mixing - medium 6.82 11.6 30.2 

Dry mixing - l a rge  7.30 12.5 32.7 

P l a s t e r  mixing and  

Stucco conveying and 

bagging 18.8 

s torage  16.5 

27.5 71.7 

27.6 71.9 

aAn a i r - to-c lo th  r a t i o  of 1:l was used fo r  this source. See Table 8-2. 
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TABLE 8-7. EXAMPLE OF TOTAL INSTALLED COST COMPUTATION FOR MODEL PLANT 7 ,  
REGULATORY ALTERNATIVE 38 (MORE STRINGENT CONTROL OF ALL 
SOURCES), $1000 - March 1980 

Source Contro l  System Moni tors  

Ore d r y e r  (1) 21 1 

K e t t l e  c a l c i n e r s  ( 4 )  301 

Board end sawing (1) 193 

Scor ing and chamfer ing ( 1 )  44 

Dry m i x i n g  (1) 33 

20 

80 

20 

20 

20 - 
T o t a l  I n s t a l  l e d  Cost 783 160 

T o t a l  I n s t a l l e d  Cost f o r  
E n t i r e  Model P l a n t  - 
Regulatory  A1 t e r n a t i v e  38 943 
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f i l t e r .  
o r  excess process heat from the f lue  gases of the same ke t t l e ,  would 
cos t  l ess  than $5,000. This cost  represents about f ive  percent of the 
estimated to ta l  instal led cost  f o r  the control system for  a continuous 
ke t t l e  calciner.  

8.1.1.3 Annualized Costs. The to t a l  annualized cost  f o r  a control 
option o r  regulatory a l te rna t ive  includes d i r e c t  operating costs ,  annual-ized 
capi ta l  costs,  and any c r e d i t  taken f o r  product recovered through the 
use of the control device(s) .  
cos t s  for  control systems for  gypsum emission sources are given i n  
Table 8-9. 

administration, overhead, and taxes and insurance. Taxes, insurance, 
and administration costs were estimated as a fac tor  of the to ta l  instal led 
cos t  of each regulatory option. 
estimated based on industry responses and typical reported values. 
Maintenance costs  also included replacement of bags in fabr ic  f i l t e r s .  
The frequency of replacements i s  g iven  in Table 8-9. All bags were 
assumed t o  be replaced a t  one time. 
bag fa i lures  a f t e r  i n s t a l l a t ion  since these are  expected to  be small. 
E lec t r ic i ty  consumption was based on fan and shaker power requirements. 
The energy requirements of so l ids  removal from the fabric  f i l t e r  are  
assumed to  be part  of the normal conveying system requirements and a re  
small in comparison t o  fan requirements. 

c red i t s .  Gypsum recovery c red i t s  were estimated a t  $8.25 per megagram 
($7.50 per t o n )  f o r  land p las te r  (uncalcined gypsum) and a t  $36.63 per 
megagram ($33.30 per t o n )  f o r  calcined gypsum based on his tor ical  product 
values reported by the U.S. Bureau of Mines.’’*’’ No c red i t  was taken 
for emissions collected from scoring and chamfering operations. 
f o r  recovered gypsum and land p las te r  from other sources was taken since 
these products were assumed t o  be recycl ab1 e t o  the process. 

The addition of t h i s  preheater,  which could operate u s i n g  steam 

The fac tors  used i n  determining annualized 

Direct operating costs  include labor ,  e l e c t r i c i t y ,  maintenance, 

Operating and maintenance labor was 
9 

No allowances were made f o r  i n i t i a l  

Annualized costs  were considered w i t h  and without product recovery 

Credit 
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TABLE 8-9. BASES FOR BAGHOUSE ANNUALIZED COST ESTIMATES (1 980) 

Direct Operatinq Costs 

Uti 1 i t i es  
Electric i ty  

Operation 
La bo r 

Maintenance 
Baseline control 
More stringent control 

$0.045/kWha 

$17. 45/hourh 
1041 man-hgursc 

$19.20/houg 
220 hours, 
440 hours 

Operating hours 8328 hoursf 

Bag replacementsg 
Baseline: Ore dryer 

More s t r ingent :  Ore dryer 

ke t t le  calciners 
other  sources 

kett le calciners 
other sources 

Capital charqes 

Capital recovery fac tor  
Taxes and insurance 
Adminis t ra t ion  
Overhead 

Recovery credit.' 
Land plaster 
Calcined material 

every 9 months  
every 6 months 
every 12 months 
every 4 months 
every 3 months 
every 6 months 

.1 175h 
2% of capi ta l  investment; 
2% of capi ta l  investment 

maintenance labor 
80% of operation and 

$7.50/ton 
$33.30/ton 

aReference 1 .  
bIncludes waqes plus 40% for  labor-related administrative and supervision costs. 

Costs (4077) updated using Hourly Wage Index: 
Operating labor i s  based on 1 man-hour per s h i f t  du r ing  operations. 
Maintenance labor considered a s  operating labor r a t e  plus a 10% premium. d 

eBased on industry survey and Reference 1. 
based on more frequent, improved maintenance. 

fOperating hours a re  based on 95% u t i l i za t ion .  
'Based on industry survey. 

Capital recovery fac tor  i s  based on 10% i n t e r e s t  r a t e  and 20 year l i f e .  h 
i Reference 1. 
'Reference 10. 

260.4 t 212.8. 
C 

More stringent control i s  

1 
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TABLE 8-10. COMPONENT ANNUALIZED COSTS FOR A FABRIC 
FILTER CONTROL SYSTEM (DIRECT CONTACT 
FLASH CALCINER - REGULATORY ALTERNATIVE 1 ) 

Component Annualized cost,  $1000 (March 1980) 

Operat ing l abo r  and superv i s ion  
Maintenance l a b o r  and m a t e r i a l s  
U t i  1 i t i e s  

E l e c t r i c i t y  

To ta l  D i r e c t  Costs 

Adm i n  i s t r a t i  on 
Taxes and insurance 
Overhead 
Cap i ta l  recovery charges 

Tota l  Cap i ta l  Charges and Overhead 

To ta l  Annualized Costs 
(w i thou t  product recovery) 

18.2 
9.0 

4.9 

32.1 

2.9 
2.9 

17.9 
8.5 

29.3 

61.4 

Recovery c r e d i t  ( @  $33.30/ton f o r  ca l c ined  m a t e r i a l )  37.9 

Net Annualized Costs 23.5 



An example o f  an annual ized c o s t  breakdown i s  g i ven  i n  Table 8-10. 

Th is  example i s  f o r  the  base l ine  f a b r i c  f i l t e r  system on a d i r e c t  

con tac t  f l ash  c a l c i n e r .  
used t o  determine the  t o t a l  annual ized cos ts  o f  the  two c o n t r o l  opt ions 
f o r  each source considered i n  t h i s  study. Table 8-11 presents an example 
of the  annual ized c o s t  computation f o r  a r e g u l a t o r y  a l t e r n a t i v e  f o r  a 
model p l a n t .  The annual ized c o s t  f o r  a r e g u l a t o r y  a l t e r n a t i v e  i s  the 

sum of annual ized cos ts  f o r  each source considered i n  t h e  model p lan ts .  
Th i s  summation procedure was used i n  de termin ing  the  annual ized cos ts  

f o r  a l l  model p l a n t s  and r e g u l a t o r y  a l t e r n a t i v e s .  The annual ized cos ts  
f o r  r e g u l a t o r y  a l t e r n a t i v e s  28 and 38 i n c l u d e  the  annual ized cos ts  f o r  
ma in ta in ing  and opera t ing  the  cont inuous o p a c i t y  mon i to r ing  systems, 

which are  est imated t o  be $11,000 per  yea r  per  source. 

and w i t h o u t  gypsum recovery c r e d i t .  Annual opera t ing  cos ts  o f  r e g u l a t o r y  
a l t e r n a t i v e s  where no recovery c r e d i t  i s  taken a r e  presented i n  Table 8-12. 

Annual opera t ing  cos ts  o f  r e g u l a t o r y  a l t e r n a t i v e s  where recovery c r e d i t s  
a r e  taken are  g iven i n  Table 8-13. On an average, t h e r e  i s  a 46 percent  

decrease i n  the  annual ized opera t i ng  cos ts  o f  the  r e g u l a t o r y  a l t e r n a t i v e s  
when c r e d i t s  a re  taken f o r  recovered gypsum and land p l a s t e r .  Th is  h igh  
percentage r e s u l t s  f rom the l a r g e  amount o f  l and  p l a s t e r  recovered from 

o r e  d rye r  emissions. 

ope ra t i ng  c o s t  would increase about $500 over  the  annual ized c o s t  o f  
k e t t l e  c a l c i n e r s  w i t h o u t  preheaters.  Waste heat  from i n d i r e c t - f i r e d  

process equipment i s  assumed t o  be used. 
k e t t l e  i s  an example o f  a waste heat  source t h a t  cou ld  be used. 

t h e  r e g u l a t o r y  a l t e r n a t i v e s  f o r  the  model p l a n t s  a re  compared i n  several  

ways. The o v e r a l l  c o s t  e f fec t i veness  and the c o s t  e f fec t i veness  compared 

t o  base l ine  o f  each a l t e r n a t i v e  can be considered. I n  add i t i on ,  the 
e f fec ts  o f  c o s t  o f  c o n t r o l  on the  product  c o s t  can be examined. 
comparis ion o f  the  c a p i t a l  c o s t  o f  a r e g u l a t o r y  a l t e r n a t i v e  w i t h  the  

c a p i t a l  c o s t  o f  a new p l a n t  o r  p l a n t  expansion can be made. 

The same procedure shown i n  t h i s  example was 

The annual ized cos ts  f o r  r e g u l a t o r y  a1 t e r n a t i v e s  are repor ted  w i t h  

When preheaters  a re  inc luded on batch k e t t l e  ca l c ine rs ,  the  annual ized 

The f l u e  gases from t h e  same 

8.1.1.4 Cost Comparison o f  Regulatory  A l t e r n a t i v e s .  The c o s t  o f  

And a 
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TABLE 8-11. EXAMPLE OF ANNUALIZED COST COMPUTATION FOR 
MODEL PLANT 7. REGULATORY ALTERNATIVE 38 
(More S t r i n g e n t  Con t ro l  o f  A l l  Sources), 
$1000 (March 1980) 

To ta l  Annualized Costs 

Ore d r y e r  
K e t t l e  c a l c i n e r s  
Board end sawing 
Scor ing and chamfer ing 
Dry mix ing  

161 
344 
117 

72 
66 

TOTAL - Annual ized Costs 760 

Recovery C r e d i t s  

Ore d r y e r  20731 TPY I3 $7.50/ton = 156 
K e t t l e  c a l c i n e r s  4 x 2148 TPY I3 $33.30/ton = 286 

= 48 
0 

Board end sawing 

4 
Scor ing and chamfering - - 1442 TPY @ $33.30/ton 

107 TPY @ $O.OO/ton - Dry m i x i n g  131 TPY I3 $33.30/ton - 

TOTAL - C r e d i t s  494 

Net Annualized Costs 266 
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The c o s t  e f fec t i veness  o f  a r e g u l a t o r y  a l t e r n a t i v e  i s  de f ined as 

the  t o t a l  annual ized c o s t  o f  the  r e g u l a t o r y  a l t e r n a t i v e  d i v i d e d  by the 
amount o f  p o l l u t a n t  removed by t h e  c o n t r o l  system i n  the  same per iod.  

The c o s t  e f fec t i veness  f o r  each o f  the r e g u l a t o r y  a l t e r n a t i v e s  and model 
p l a n t s  i s  g iven  i n  Table 8-12 and Table 8-13 and i s  repor ted  i n  $/Mg and 
$ / t o n  o f  p a r t i c u l a t e  removed. 

The c o s t  e f fec t i veness  compared t o  base l i ne  i s  computed as the 
incrementa l  annual ized c o s t  o f  the  r e g u l a t o r y  a1 t e r n a t i v e  above t h e  
base l i ne  annual ized c o s t  d i v i d e d  by t h e  incrementa l  p o l l u t a n t  reduc t i on  
achieved by t h e  r e g u l a t o r y  a l t e r n a t i v e  over the  base l ine  l e v e l .  

c o s t  e f fec t i veness  o f  A l t e r n a t i v e  3B compared t o  base l ine  ranges from 
$!O?FI /M~ ($1280/ton) f o r  a smal l  p l a n t  t o  $898/Mg ($816/ton) f o r  a l a r g e  
p l a n t  where no c r e d i t  i s  taken f o r  recovered gypsum. Values o f  the cos t  

e f fec t i veness  compared t o  base l ine  are  f rom one t o  f o u r  percent  lower  

when c r e d i t  i s  assumed f o r  recovered gypsum. 
The increases i n  product c o s t  due t o  t h e  c o n t r o l  equipment range 

from $.95/Mg ($.86/ton) t o  $5.05/Mg ($4.59/ton). 
c o s t  represent  l e s s  than f i v e  percent  o f  product  cost .  The h ighes t  
inc rease i n  product  c o s t  compared t o  base l i ne  i s  the $.62/Mg ($.57/ton) 
f o r  a smal l  p l a n t  (model p l a n t  2) and represents  0.6 percent  o f  product 
cos t .  

- 

The 

These increases i n  

12 

8.1.1.5 Base Cost o f  Gypsum Model P lants ,  The c a p i t a l  cos ts  o f  

The c a p i t a l  cos ts  f o r  complete gypsum p l a n t s  
t h e  r e g u l a t o r y  a l t e r n a t i v e s  may be compared w i t h  the  t o t a l  c a p i t a l  c o s t  

o f  model gypsum p lan ts .  
were est imated based on repor ted  c o s t  est imates updated t o  the  f i r s t  
q u a r t e r  1980. 

t o  a l l  p l a n t  s izes  s ince  most equipment i n  gypsum manufactur ing i s  
i nvo l ved  w i t h  so l  i d s  hand1 ing.  
es t imated  based on c o s t  est imates o f  the  u n i t  opera t ion  modules requ i red  
( g r i n d i n g  m i l l s ,  ca l c ine rs ,  b lenders,  conveyers, etc.).13 Table 8-14 

presents  ranges and average c a p i t a l  cos ts  f o r  complete gypsum manufactur ing 
p lan ts .  

r e g u l a t o r y  a l t e r n a t i v e s  g iven i n  Table 8-8. The t o t a l  i n s t a l l e d  cos ts  

An e igh t - ten ths  power r u l e  was assumed t o  sca le  the  costs  

P lan t  expansions and replacements were 

These values may be compared w i t h  the  t o t a l  i n s t a l l e d  cos ts  o f  
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of the  r e g u l a t o r y  a l t e r n a t i v e s  under m o n i t o r i n g  o p t i o n  B over  base l i ne  
range from 0.5 t o  1.1 percent  o f  the  t o t a l  i n s t a l l e d  cos ts  f o r  new 

p l a n t s  and range from 1.2 t o  4.0 percent  o f  the  t o t a l  i n s t a l l e d  cos ts  
f o r  expans ions. 
8.1.2 Modif ied/Reconstructed F a c i l i t i e s  

e x i s t i n g  equipment a re  a n t i c i p a t e d  f o r  t h e  gypsum indus t r y .  I n  add i t i on ,  

most e x i s t i n g  sources c u r r e n t l y  use f a b r i c  f i l t e r s  f o r  emissions c o n t r o l .  
Thus, i t  i s  expected t h a t  the  cos ts  o f  r e t r o f i t t i n g  c o n t r o l  systems f o r  

mod i f ied / recons t ruc ted  f a c i l i t i e s  w i l l  be smal l .  

8.2 OTHER COST CONSIDERATIONS 
8.i.i L I J S ~ S  t+a>uc.tocsu ;.I-,. c. -.... __... 

As noted i n  Chapter 5, few m o d i f i c a t i o n s  o r  recons t ruc t i ons  o f  

* - - - - ; - + - A  I l ' t h  nCUA rnrnn!i*nre 

Gypsum p l a n t s  a re  a f f e c t e d  by two aspects o f  OSHA regu la t i ons .  
3 Workroom a i r  mst be kept  below t h e  general  l i m i t  o f  15 mg/m 

o r  " i n e r t "  dust.14 Gypsum p l a n t s  a r e  a l s o  sub jec t  t o  OSHA's general  
i n d u s t r i a l  h e a l t h  and sa fe ty  standards, which inc ludes regu la t i ons  
cover ing  no ise  exposure, f i x e d  machinery and hand too l s ,  e l e c t r i c a l  
i n s t a l l a t i o n s ,  c o n d i t i o n s  o f  f l o o r s  and s t a i r s ,  and p rov i s ions  f o r  
lunchrooms, t o i l e t s ,  and f i r s t  a id.  

Hoods and duc t i ng  are  c u r r e n t l y  used on board1 i n e  opera t ions  ( s c o r i n g  

and chamfering, board end sawing) t o  reduce dus t  l e v e l s  i n  t h e  workroom. 
The increase i n  p ressure  drop due t o  a baghouse f o r  c o n t r o l  o f  these 

emissions would r e s u l t  i n  a s l i g h t  inc rease i n  annual energy usage. 

8.2.2 Regulatory Aqency Manpower Requirements 

n o t  have a burdensome e f f e c t  on s t a t e  agencies. 

however, t h a t  each o f  the f a c i l i t i e s  t o  be a f f e c t e d  by NSPS a r e  c u r r e n t l y  

s u b j e c t  t o  e x i s t i n g  s t a t e  regu la t i ons .  
p l a n t  i n  an area would necess i ta te  inspect ions,  observat ions o f  compliance 
t e s t s ,  recordkeeping, etc., by the agency regard less  o f  whether S I P  o r  
NSPS l e v e l s  were t o  be enforced. Thus, t h e  a d d i t i o n a l  workload due t o  
NSPS i s  considered t o  be minimal.  

f o r  "nuisance" 

15 

Costs associated w i t h  these p r o v i s i o n s  are  d i f f i c u l t  t o  assess. 

It i s  l i k e l y  t h a t  any increase i n  r e g u l a t o r y  agency workload would 
It should be noted, 

The c o n s t r u c t i o n  o f  a new gypsum 
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8.2.3 Costs Associated Wi th Mon i to r i ng  and Demonstratinq Compliance 

inc lude costs  f o r  source t e s t i n g  and c a p i t a l  cos ts  f o r  mon i to r ing  devices. 
Mon i to r ing  f o r  compliance i s  expected t o  i nvo l ve  p e r i o d i c  v i s i b l e  emission 
observat ions (mon i to r ing  o p t i o n  A) o r  cont inuous mon i to r i ng  o f  v i s i b l e  

emissions (mon i to r ing  o p t i o n  B).  Equipment and i n s t a l l a t i o n  costs  f o r  
mon i to r ing  o p t i o n  B a r e  est imated t o  be about $20,000 per  s i t e .  Annualized 
cos ts  f o r  mon i to r ing  o p t i o n  B, which inc lude record ing  and reducing t h e  
data, a re  est imated a t  about $11,000 per  source. Some savings i n  opera t ing  
cos ts  may be achieved i f  m u l t i p l e  systems are  used a t  a g iven f a c i l i t y .  
Annualized cos ts  f o r  mon i to r i ng  o p t i o n  A va ry  w i t h  the number o f  sources 
t o  be observed, rang ing  from $4,800 t o  $19,500 per  p lan t .  
inc lude semi-annual c e r t i f i c a t i o n  f o r  two people t o  read opac i t i es ,  
making opac i t y  observat ions,  and maintenance o f  f i l e s  and records.  

and $5,000 per  stack.16 
t e s t  plan, sampling and data reduct ion,  and a f i n a l  t e s t  repor t .  
c o s t  does n o t  inc lude,  however, t r a v e l ,  per  diem, and o the r  d i r e c t  

expenses such as s i t e  p repara t ion .  

The costs  associated w i t h  mon i to r i ng  and demonstrat ing compliance 

These cos ts  

16 

The cos t  o f  compliance t e s t i n g  has been est imated between $3,000 

The 
This  cos t  inc ludes  a p r e t e s t  survey, formal 
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9. ECONOMIC IMPACTS 

9.1 INDUSTRY PROFILE 

9.1.1 I n t r o d u c t i o n  
The gypsum products  manufactur ing i n d u s t r y  ( S I C  Code No. 3275) c o n s i s t s  

o f  p l a n t s  producing products  composed c h i e f l y  o r  w h o l l y  o f  gypsum. As shown 

i n  F igu re  9-1, t h e  i n d u s t r y  processes mined gypsum o re  i n t o  v a r i o u s  f i n i s h e d  
m a t e r i a l s  such as cement r e t a r d e r ,  a g r i c u l t u r a l  f e r t i l i z e r  ( l a n d  p l a s t e r ) ,  

i n d u s t r i a l  and b u i l d i n g  p l a s t e r s ,  gypsum wal lboard,  and va r ious  s p e c i a l t y  

p l a s t e r s .  Manufacture o f  p l a s t e r s  and wa l lboard  i nvo l ves  a c a l c i n i n g  s tep  i n  

which 75 percent  o f  t h e  chemica l l y  bound water o f  raw gypsum (CaS04.2H20) i s  

removed b y  hea t ing .  
stucco, can be mixed w i t h  water and o t h e r  a d d i t i v e s  and formed i n t o  wal lboard 

o r  mixed w i t h  v a r i o u s  r e t a r d e r s  o r  a c c e l e r a t o r s  and so ld  as p l a s t e r .  Gypsum 

used as a r e t a r d e r  i n  Po r t l and  cement manufacture o r  as an a g r i c u l t u r a l  
f e r t i l i z e r  is  n o t  c a l c i n e d ,  b u t  i s  upgraded by  c rush ing ,  screening and, i n  

t h e  case o f  a g r i c u l t u r a l  f e r t i l i z e r ,  g r i n d i n g  and d ry ing .  

By-product o r  s y n t h e t i c  gypsum, generated f r o m  o the r  chemical processes 

such as n e u t r a l i z a t i o n  o f  s u l f u r i c  a c i d  waste streams, f l u e  gas d e s u l f u r i z a -  

t i o n  and phosphor ic ac id  manufacture, i s  c u r r e n t l y  used o n l y  as an a g r i c u l -  

t u r a l  f e r t i l i z e r .  However, research  i n t o  manufactur ing o the r  p roduc ts  f rom 

s y n t h e t i c  gypsum is be ing  conducted b y  gypsum manufacturers .  

9.1.2 

duced i n  74 p l a n t s  l oca ted  i n  3 1  s t a t e s . 1  C a l c i n i n g  was done a t  72 p lan ts ,  

and 2 p l a n t s  operated w i t h  stucco gypsum as a raw m a t e r i a l .  Table 9-1 i s  a 
l i s t  o f  t h e  74 p l a n t s  i d e n t i f i e d  b y  t h e  U.S. Bureau o f  Mines as process ing 

crude gypsum and ca l c ined  gypsum produc ts .  Th is  l i s t  i nc ludes  t h e  capac i ty ,  

i n  m i l l i o n s  o f  square f e e t ,  f o r  those p l a n t s  t h a t  p u b l i s h  such in fo rma t ion .  

The ca l c ined  gypsum, r e f e r r e d  t o  b y  t h e  t r a d e  term 

I n d u s t r y  S t r u c t u r e  and Domestic Supply. 

In  1978, upgraded crude gypsum and ca l c ined  gypsum produc ts  were pro-  
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Table 9-1. LOCATIOtl AND CAPACITY OF GYPSUM 
PLANTS IN THE UNITED STATES 

(I-li 1 i ions” of 
Companya P l a n t  Name County, S t a t e  Square Feet1 

American Gypsum Co. A1 buquerque Bernadi 1 l o ,  NM NA 
P.O. Box 6345 
A1 buquerque, NPI 87197 

Celotex Division American ,4142 Ottawa, Ohio NA 
Jim Walter Corp. Cel otex Webster, Iowa N A  
1500 N. Dale Highway J a c k s o n v i l l e  Duval , Flo r ida  NA 
Tampa, F lor ida  33607 Cody Park, Wyomi ng N A  

Domtar Gypsum Anierica, Inc. Antioch Contra Costa ,  CA N A  
1221 Broadway Long Beach Los Angeles, CA N A  
Oakland, CA 94612 

F1 i ntkote  Co. F1 orence Freemont , Colorado 100 
365 W. Passaidc Sweetwater No1 an, Texas 182 
Rochelle Park ,  NJ 07662 Camden Camden, N e w  J e r s e y  141 

Savannah Chatham, Georgia 165 
Fremont Alameda, CA 99 
Las Vegas Clark,  Nevada 166 

Georgia-Pacif ic  Corp. Lovel 1 
900 9 1  5th Avenue 
Por t land ,  Oregon 97204 Blue Rapids 

Grand Rapids 

Guchannan 
Sigurd 
Wilmington 
Fort  Dodge 
Acme 
Brunswick 
Grand Rapids #2 

Total 

Lovel 1 ,  blyomi ng NA 
Kent, Michigan IVA 
Marshal 1 ,  Kansas 127 
Westchester,  New York 276 
Sevier ,  Utah 1 GO 
Wilmington, Delaware 310 
Webster, Iowa 289 
Hardeman, Texas 4 60 
Glynn, Georgia 375 
Kent, Michigan 171 
Georgia Pacific Co. 2,414 

Grand Rapids Gypsum Co. Grand Rapids Kent, Michigan 
P.O. Box 2475 Cleveland Cuyahoga, Ohio 
Grand Rapids, Michigan 

171 
N A  

.: 
National Gypsum Co. Long ,Beach Los Angeles, CA N A  
Gold 6ond Building Clarence Center  Er ie ,  New York NA 
products Division Shoals Martin,  Indiana I iA 
2001 Rexford Road Savannah Chatham, Georgia NA 
Char lo t t e ,  NC 28211 Baltimore Baltimore,  Mary1 and N A  

Garden City Chatham, Georgia NA 
Kauffman GeorSe Webster, Iowa NA 

aFor  companies opera t ing  more t h a n  one p l a n t ,  t h e  company headquarters  address  
i s  given. 
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Table 9-1. (CONTINUED) 

Compa nya P l a n t  Name County, S t a t e  Square Feet]  

National Gypsum Co.  Wilmington 
Gold Bond Building Rot,an 
Products D i v i s i o n  Portsmouth 
2001 Rexford Road Medicine Lodge 
Char lo t te ,  NC 28211 Burlington 

Westwego 
Tampa 
Waukegan 
Lorain 
Richmond 
Phoenix 
Nati.ona1 City 
Phoenix 

New Hanover, NC 
Fisher, Texas 
Rockingham, NH 

.Barber, Kansas 
Bur l ing ton ,  NJ 
Jef fe rson ,  Louisiana 
Hillsborough, F lor ida  
Lake, I l l i n o i s  
Lorain, Ohio 
Contra Costa, CA 
Maricopa, Arizona 
Iosco, Michigan 
Maricopa, AZ 

NA 
NA 
NA 
IN 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Northwest Gypsum, Inc. S e a t t l e  King, Washington NA 
5931 E. Margina Way S. 
S e a t t l e ,  WashinGton 98134 

P a c i f i c  Coat B u i l d i n g  Newark A1 aiiieda, CA NA 
Products, Inc. Apex C1 ark,  Nevada NA 

37851 Cherry S t r e e t  
Newark, CA 94560 

Republic Gypsum Co., Inc. Duke 
Miller Park Drive , 

Garland, Texas 

Jackson, Oklahoma NA 

Temple Gypsum Co. 
P.O. Box 1270 

West I4emphis Crit tenden, Arkansas 300 

West Memphis, Arkansas 72301 

Three Rivers Gypsum, Inc. Loncjworth Fisher, Texas NA 
2432 Walnut Ridge S t r e e t  
Dal las ,  Texas 75229 

U.S. Gypsum Co. Tawas City Michigan NA 
101 South Wacker Drive Gyps urn Ottawa, Ohio NA 

Oakf i e l  d Genessec, New York NA 
P l a s t e r  Ci ty  Imperial ,  CA NA 
Southard B1 ai ne, Oklahoma NA 
New Orleans Orleans, Louisiana NA 
P h i  1 adel p h i  a Phi ladelphia ,  PA NA c 

Chicago, I l l i n o i s  60606 Fort  Dodge Webster, Iowa NA 

aFor companies o p e r a t i n g  more than one p lan t ,  t h e  company headquarters address  
is given. 
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Table 9-1. (CONTINUED) 

Capac i ty  
( M i l l i o n s  o f  

Company3 P l a n t  Name County, S t a t e  Square Feet)  

U.S. Gypsum Co. Nor fo l k  Nor fo l k ,  V i r g i n i a  NA 
101 South Wacker D r i v e  East Chicago Lake, I nd iana  NA 
Chicago, I l l i n o i s  P las te r  Co. .“6 Smythe, V i r g i n i a  NA 

Stony P o i n t  Rockland, New York . NA 
Sweetwater Nolan, Texas NA 
Shoals Mar t i n ,  I nd iana  NA 
Sperry Webster, Iowa NA 
Ba l t imore  Bal t imore,  Maryland NA 
D e t r o i t  Wayne, Michigan NA 
Boston Su f fo l k ,  MA NA 
Lnp i re  Washoe, Nevada NA 
Sigurd Sevier ,  Utah NA 
Shoemaker Heath Fergus, Montana NA 
Galena Park H a r r i s ,  Texas NA 

To ta l  U.S. Gypsum Co. 6,000 

Weyerhauser Co., I n c  . B r i a r  Howard, Arkansas NAC 
RR4, Box 78 
Nashv i l l e ,  Arkansas 71852 

aFor companies o p e r a t i n g  more than one p l a n t ,  t h e  company headquar ters  address 

bReferences 7, 21, 22, 23, 24, 25, 26, and 32. 
CNA = no t  a v a i l a b l e .  

i s  g iven .  
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C a l i f o r n i a ,  Texas, New York, and Iowa accounted f o r  38 pe rcen t  o f  t h e  

t o t a l  c a l c i n e d  gypsum produced i n  1978. Leading s t a t e s  account ing f o r  7 1  
percent  of t h e  c rude gypsum produced were Michigan, Texas, Iowa, C a l i f o r n i a ,  

Oklahoma, and Nevada.2 Tota l  ou tpu t  of crude gypsum in .1979 was 12.98 Tg 

(14.3 m i l l  i o n  tons )  .3 Domestic rese rves  are adequate f o r  t h e  fo reseeab le  

f u t u r e .  
P lan t  s i t i n g  i s  d i c t a t e d  b y  economic f a c t o r s  w i t h  a p p r o p r i a t e  considera-  

t i o n  t o  r e g i o n a l  market demand, t r a n s p o r t a t i o n  cos ts  and raw m a t e r i a l  a v a i l a -  

b i l i t y .  Gypsum o re  i s  a low p r i c e d ,  h i g h  tonnage m a t e r i a l ;  t h e r e f o r e ,  gypsum 

p l a n t s  are u s u a l l y  l o c a t e d  near t h e  major  gypsum depos i t s  as shown i n  F i g u r e  

9-2. For t h e  process ing o f  imported gypsum, p l a n t s  are l oca ted  near ma jor  
seapor ts  on b o t h  coas ts .  
supp ly  p o i n t s  i n t o  t h e  market .  
i s  3bn.t ~ Q Q  mi1PsC4 

Gypsum produc ts  g e n e r a l l y  move from lowest  c o s t  

T y p i c a l l y  a market  r a d i u s  f o r  a gypsum p l a n t  

The i n d u s t r y  i s  dominated by  f i v e  d i v e r s i f i e d  b u i l d i n g  p roduc ts  companies: 

- U.S. Gypsum Company (22 p l a n t s )  

- Na t iona l  Gypsum Company (Gold Bond B u i l d i n g  Products D i v i s i o n )  (18  

p l a n t s )  

Georgia P a c i f i c  Corpora t ion  ( 9  p l a n t s )  

F l i n t k o t e  Company ( 6  p l a n t s ) , *  and 

- 
- 
- Jim Walter Corpora t ion  (Ce lo tex  D i v i s i o n )  ( 5  p l a n t s ) .  

These f i v e  companies accounted f o r  74 pe rcen t  o f  c rude gypsum and 94 

percent  o f  c a l c i n e d  gypsum produc ts  s o l d  i n  t h e  Un i ted  States i n  1978.5 

Many o f  t h e  opera t i ons  o f  the  f i v e  companies l i s t e d  above are  i n t e g r a t e d  
mine-pl  an t  f a c i  1 i t i e s .  

9.1.3 P roduc t i on  and Demand Leve ls  

I n  1978, 96 percent  o f  t h e  t o t a l  va lue  o f  sa les  and 73 pe rcen t  b y  

weight  of t h e  gypsum produc ts  so ld  o r  used i n  t h e  Un i ted  Sta tes  were c a l c i n e d  
m a t e r i a l s  used m a i n l y  b y  t h e  b u i l d i n g  i n d u s t r y .  Gypsum wal lboard  accounted ' , 

f o r  about 95 pe rcen t  o f  t h e  p r e f a b r i c a t e d  gypsum b u i l d i n g  m a t e r i a l s  produced 

i n  1978.6 Table 9-2 p rov ides  the  d i s t r i b u t i o n  f o r  gypsum p roduc ts  s o l d  o r  

used i n  t h e  U.S. 1978 and 1979.7 To ta l  c a p a c i t y  o f  gypsum board p l a n t s  
i n  1979 was 1670 km2/yr (18  b i l l i o n  square f e e t  per yea r )  and w i t h  a 93 

*Acquired b y  Genstar L im i ted  i n  February 1980. 
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percent national average u t i l i za t ion  f ac to r ,  a new annual record,  production 
for  s a l e  was 1550 km2/y r  (16 .7  b i l l i on  square f e e t  per year) .8  

of the building construction industry,  pa r t i cu la r ly  r e s iden t i a l  construction. 
The s igni f icant  advantages wallboard o f f e r s  over possible s u b s t i t u t e  building 
mater ia ls  contr ibute  t o  continued strong demand for  t h i s  product. 
shown c l ea r ly  in Figure 9-3 which shows gypsum product demand plot ted along 
with the number of housing s t a r t s  from 1960-1978.9,10 
crude production t o  t o t a l  demand r a t i o  of tonnage has averaged .65 w i t h  a- 
range of .61 t o  .67 except for  1978 when the r a t i o  reached a 1978 year h i g h  
of .69. Supply-demand re la t ionships  f o r  1969-1979 are given in Table 9-311 
and 9-3a where the demand pattern by product category i s  presented. 
9.1.4 Future Production and Demand 

The demand for  gypsum products i s  determined primarily by the  s t rength 

This i s  

His tor ica l ly  a 

As indicated by Figure 9-4,14 the overall  trend for  gypsum products 

There wi l l ,  of course, be temporary downturns as  demand 
i s  an increasing demand both from the present time through 1985 as well as 
beyond to  2000. 
follows h i s to r i ca l  construction industry cycles.  Oomestic demand i s  expected 
t o  increase and reach between 21.8 and 41.7 Tg per year ( 2 4  and 46 mil l ion 
tons per year) by 2000 with a probable annual demand of 34.5 Tg (38  mill ion 
tons) .  T h i s  corresponds t o  an annual growth r a t e  of 2.7 percent between 1977 
and 2000. 

9-4.l3 The h i s to r i ca l  g rowth  r a t e  of prefabricated products over the l a s t  
20 years has been about 3.5 percent per year.  
demand i s  24.5 Tg (24 mill ion tons) with a possible range o f  18.1 t o  34.5 Tg 
(20  t o  38 mill ion tons) depending on economic and demographic f ac to r s  in f lu-  
encing construction a c t i v i t y .  
Building p las te r  i s  expected t o  reach a l i k e l y  minimum of 181.4 Gg (200,000 
tons) by 2000. If indus t r ia l  p l a s t e r s  are  included, a probable t o t a l  demand 
of 544.2 Gg (600,000 tons)  i s  projected.  As a cement r e t a rde r ,  a range of 
5.0 t o  8.4 Tg (5.5 mill ion t o  9 .3  mill ion tons) i s  predicted for  2000 w i t h  
the high value predicated on a continuation of the h is tor ica l  r a t e  of con- 
s t ruct ion a c t i v i t y .  Probable demand i s  5.9 Tg ( 6 . 5  mill ion tons ) .  Agricul- 
tural  gypsum (land p l a s t e r )  i s  projected t o  be 3.1 Tg ( 3 . 4  mil l ion t o n s )  by 
2000. In f i l l e r s  and miscellaneous appl icat ions the predicted demand i s  

Projected growth for  individual gypsum product end uses i s  given i n  Table 

For the year 2000, the probable 

Plaster production i s  projected t o  decline.  
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362.8 Gg (400,000 t o n s )  per  year  i n  2000, t a k i n g  i n t o  account p robab le  

compet i t ion  from m a t e r i a l s  such as k a o l i n ,  ca lc ium carbonate and t a l c .  

above, through t h e  year  2000. 
increases i nc lude :  

i n  comparison w i t h  o t h e r  home b u i l d i n g  cos ts  (wa l l boa rd  accounts f o r  o n l y  
about 0.5 t o  1 percent  o f  the  t o t a l  c o s t  o f  c o n s t r u c t i o n ) ,  2) gypsum board 
o f fe rs  s i g n i f i c a n t  f i r e  and no ise  p reven t ion  advantages over  p o s s i b l e  sub- 
s t i t u t e s  such as wood and f i be rboard ,  3) the  use o f  wal lboard i n  m o b i l e  home 

c o n s t r u c t i o n  i s  expected t o  inc rease because o f  r e c e n t  t i g h t e n i n g  o f  f i r e  
and s a f e t y  codes, 14 4) t h e  use o f  p r e f a b r i c a t e d  gypsum p roduc ts  i n  non- 
r e s i d e n t i a l  c o n s t r u c t i o n  and home remodel ing i s  expected t o  inc rease, l5  and 

5) gypsum manufacturers  a c t i v e l y  seek t o  develop new gypsum-based p roduc ts  

and new uses f o r  e x i s t i n g  produc ts  through t h e i r  own research  e f f o r t s  and 
through t h e i r  t r a d e  o rgan iza t i on ,  t h e  Gypsum Assoc ia t ion .  

9.1.5 Impor ts  and Expor ts  

Imported crude gypsum accounted f o r  33 percent  o f  consumption i n  1979, 
which was up f rom 32 percent  i n  1978, and 31 percent  i n  1977, b u t  down 

from 35 percent  and 34 percent  r e s p e c t i v e l y  i n  1976 and 1975.16 If manu- 
f a c t u r e r s  con t inue  t o  m a i n t a i n  t h e  sane p roduc t i on  t o  demand r a t i o s  as i n  

t h e  past, then t h e  impor t  percentage w i l l  remain a t  about t h e  sane l e v e l .  

Impor ts  occur because l o c a l  market economics p r i n c i p a l l y  i n  t h e  Nor theast  and 
Southwest Uni ted Sta tes  make i t  p r e f e r a b l e  t o  impor t  gypsum b y  s h i p  p r i m a r i l y  

from Canada and Mexico r a t h e r  than pay t h e  h igher  c o s t  o f  ove r land  shipment 

f rom domestic mines f a r  from t h e  p l a n t  s i t e .  

r e l a t i v e l y  i n s i g n i f i c a n t  and i n  1979 represented o n l y  .9 percent  o f  c rude 

gypsum produc t ion .  

9.1.6 Gypsum P l a n t  Expansions and New P l a n t s  

o f  sharp r i s e s  and dec l i nes  i n  t h e  c o n s t r u c t i o n  a c t i v i t y  c y c l e s .  
e a r l y  1970's  demand was v e r y  low.  

increased t h e  i n d u s t r y  o u t p u t .  Then i n  1975 demand and ou tpu t  f e l l  t o  v e r y  

low l e v e l s  again, b u t  b y  1977-79 new r e c o r d  l e v e l s  o f  ou tpu t  were reached. 

Growth i n  demand f o r  board produc ts  should be susta ined,  as d iscussed 

Some reasons f o r  p r e d i c t e d  con t inued  demand 

1) gypsum wal lboard  has remained re1  a t i v e l y  inexpens ive  

Exports are made o f  crude, crushed, and c a l c i n e d  gypsum. h o u n t s  a re  

I n  the  1970's t h e  l ong  range c a p a c i t y  p lann ing  was d i f f i c u l t  because 

During t h e  
By 1972-73 reco rd  l e v e l s  o f  demand r a p i d l y  
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Capac i ty  u t i l i z a t i o n  increased s i g n i f i c a n t l y  i n  t h e  1975-79 p e r i o d  even 

though t h e r e  were expansions o f  c a p a c i t y .  

rose  from'16.5 b i l l i o n  square f e e t  t o  18 b i l l i o n  square f e e t  w h i l e  c a p a c i t y  

u t i l i z a t i o n  grew f rom 65 percent  i n  1975 t o  85, 91, 94 and 94 pe rcen t  respec-  

t i v e l y  f o r  t h e  years  1976-79.17 

n e a r l y  f u l l  c a p a c i t y ,  wi tho'ut  t h e  usual w i n t e r  slowdown. Then t h e  i n d u s t r y  

exper ienced t h e  wors t  d e c l i n e  ever .  

decrease i n  sa les  was n o t  as severe as o r i g i n a l l y  feared .  

t h a t  sa les  d i d  n o t  f a l l  a l l  t h e  way down w i th  housing s t a r t s  because o f  areas 
o f  new demand i n  f i r e  r e s i s t a n c e  and sound c o n t r o l  m a t e r i a l s .  Overa l l ,  t h e  

d e c l i n e  d i d  amount t o  15 t o  1 7  percent .  However, i n  t h e  l o n g  range t h e  

out!ook i s  m x t h  t)r!'nh+ar. Y . ' - - '  

f e e l  t h a t  t h e  decade ahead w i l l  be good.18 

p l a n t s  have been cons t ruc ted  s ince  1977. 

and one p l a n t  s t a r t u p  increased t h e  n a t i o n a l  p roduc t i on  c a p a c i t y  b y  46.45 

Km2 (500 m i l l i o n  square f e e t )  o f  board per year  i n  1978. 
1978 Annual 2epor ts  o f  t h e  f i v e  l ead ing  companies, 11 p l a n t  expansions were 

completed o r  i n  p rogress  a t  gypsum wal lboard  p l a n t s  i n  1978. These expansions 

are l i s t e d  i n  Table 9-5. I n  1978, U.S. Gypsum increased t h e  c a p a c i t y  o f  

one o f  i t s  p l a n t s  b y  25 percent  t o  a process ing l e v e l  o f  453.5 Gg (500,000 
tons )  of r o c k  annua l ly ,  making it t h e  l a r g e s t  board p l a n t  i n  t h e  Un i ted  

Sta tes .  The c a p a c i t y  inc rease was accomplished through v a r i o u s  process 
m o d i f i c a t i o n s  and e f f i c i e n c y  improvements. U.S. Gypsum i s  c u r r e n t l y  ex- 

panding i t s  Sweetwater, Texas p l a n t .  When t h e  Sweetwater f a c i l i t y  i s  f i n i s h e d ,  

it w i l l  be t h e  w o r l d ' s  l a r g e s t  gypsum wal lboard  p l a n t .  
Nat iona l  Gypsum's r e c e n t l y  completed Wil,mington, Nor th  Caro l i na  p l a n t  r e f l e c t  
t h e  i n d u s t r y ' s  marke t  i n t e r e s t  i n  Pmer ica 's  Sun B e l t  s t a t e s .  

Assuming t h e  r e p o r t e d  2.7 percent  annual growth r a t e  and a 95 pe rcen t  
c a p a c i t y  f a c t o r ,  t h e  domestic wa l lboard  c a p a c i t y  would have t o  inc rease 14 
Percent t o  meet t h e  1985 p r o j e c t e d  demand. To meet the  1990 p r o j e c t e d  

demand, t h e  c a p a c i t y  would have t o  be . i nc reased  30 percent  o r  511 km2 (5.5 
b i l l  i o n  f t 2 )  . 

Gypsum board c a p a c i t y  i n  t h e  pe r iod  

I n  t h e  f i r s t  t h r e e  months o f  1980 t h e  i n d u s t r y  cont inued o p e r a t i n g  a t  

But l a t e r  a n a l y s i s  r e v e a l s  t h a t  t h e  

It was determined 

P.!sn, t h e  cemhers of t h e  Gypsum Assoc ia t i on  

To prepare  t o  meet t h e  a n t i c i p a t e d  growth i n  demand two new wa l lboard  

E igh t  gypsum board p l a n t  expansions 

According t o  t h e  

T h i s  expansion and 
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TABLE 9-5. RECENT NEW PLANT CONSTRUCTIONS AND PLANT EXPANSIONS 

I N  THE GYPSUM INDUSTRY 

Capac i ty  
Company Loca t ion  Completion Date Increase 

Celotex ( D i v .  o f  Jacksonv i l l e ,  FL Expanded i n  1978 To ta l  7% 

F l  i n t k o t e  Co. Florence, CO To be opera t i ona l  50% expansion 

Sweetwater, TX 1980 50% expansion 

Cuba, MO 1978 New P l a n t  

Mar ie t ta ,  GA Completed i n  1978 13% 

Jim Walter Corp.) Cody, WY Expanded i n  1978 

i n  l a t e  1979 

Georg ia-Pac i f  i c  Blue Rapids, KS 1978 36%c 

Love11 , WY 1978 10%d 

Gold Bond B u i l d i n g  Portsmouth, NH Completed i n  1978 
Products (Na t iona l  Bu r l i ng ton ,  NJ Completed i n  1979 
GYPS 1 Rennselear County, NY Completed i n  1978 New P l a n t  

Rennselear County, NY Planned f o r  1979 NA* 
Wilmington, NC Completed i n  1978 New P lan ta  
Phoenix, A2 Planned f o r  1980 40%b 

U.S. Gypsum Shoals, I N  1978 25% 
Sigurd, UT 1978 NA 
Nor fo lk ,  VA 1978 NA 
Chamblee, GA 1978 NA 
Gypsum, OH 1978 NA 
P las terco ,  VA Begun i n  1978 85% 
Oakf ie ld ,  NY Begun i n  1979, Com- 100% 

Sweetwater, TX Begun i n  1979, Com- NA 

p l e t i o n  scheduled 
f o r  mid-1980 

p l  e t  i o n  scheduled 
f o r  e a r l y  1981 

Domtar Gypsum Ant ioch, CA Begun i n  1979 Tota l  30% 
America Long Beach, CA Begun i n  1979 

Tacoma, WA Planned f o r  1981 New P lan te  

aAbout 200,000 tons  (180 Gg) per year wa l lboard  c a p a c i t y .  
bcapi  t a l  expend i tu re  o f  $6,000,000. 
CCapacity increase o f  about 34,000,000 f t 2 / y r  (3,200,000 m Z / y r ) .  
dcapac i t y  increase o f  about 19,000,000 f t 2 / y r  (1,800,000 m2/yr ) .  
eAbout 300,000,000 f t 2 / y r  (28,200,000 m2/yr)  wal lboard capac i t y .  
fReferences 15, 21, 22, 23, 24, 25, 42, and 43. 
*NA = Not Ava i l ab le .  
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A t  th i s  time, there  i s  no information concerning fu tu re  expansions or 
However, t he  required increase in capaci ty  t o  meet new construction plans.  

demand f o r  gypsum products in the coming years 'cannot be met so l e ly  by 
improvements in current process equipment. In the f a l l  of 1979, a period of 
high demand, most plants  operated near f u l l  capaci ty .  Thus, i t  i s  highly 
probable tha t  fu ture  plant expansions will  be necessary t o  meet increased 
demand. These expansions will involve the addition o f  new ore dryers  and 
calcining equipment, and board forming l i nes  for the manufacture of pre-fab- 
r i ca t ed  gypsum board. 
kept confidential  unt i l  an appropriate time i s  determined for re lease  of such 
information. Future growth and new capi ta l  investment will vary in d i f f e r e n t  
regions of the country depending on demographic t rends.  

I t  should also be recognized i t  i s  not unusual f o r  a manufacturer t o  
s h u t  down an oider f a c i l i t y  c u i i i p i r ~ e ~ y ,  aiiu I I W C  u > a u l e  SCIYI,,IIICllr t o  a ne% 
si te  for  inclusion in a new plant  or reconstructed f a c i l i t y .  

t r y  and the probable s i ze  of fu ture  plants .  Neither the industry nor i ts  
t r ade  organization, the Gypsum Association, would provide capac i t ies  of each 
gypsum plant in the industry. From the information they did provide, as well 
as information from other sources, a typical ex is t ing  gypsum plant would 
produce about 250,000,000 squa re ' f ee t  per year (23,220 km2/yr) of prefabri-  
cated products. Approximately 60 of 73 ex is t ing  plants  are below t h i s  size 
and 13 above, based on plant count data  avai lable  from the Bureau of Mines.19 
One information source s ta ted t h a t  t h i s  would represent a minimum average 
s i z e  for  new construction based on today's economics.20 

As mentioned e a r l i e r ,  an  approximate 14 percent increase i n  domestic 
wallboard capaci ty  will be necessary t o  meet the 1985 projected demand. 
Table 9-5 has shown tha t  f i ve  new plants  and expansions a re  cur ren t ly  planned 
for  completion in 1980 or l a t e r  (F l in tkote  - Sweetwater, National - Phoenix, 
U.S.G. - Oakfield, U.S.G. - Sweetwater, Domtar - Tacoma). These f i v e  f a c i l i -  
t i e s  are  equivalent t o  approximately s i x  percent of the indus t ry ' s  capaci ty .  
By subtract ing the s ix  percent capacity increase which i s  cu r ren t ly  scheduled, 
from the t o t a l  14,percent  increase,  the remaining eight  percent capaci ty  
increase i s  equivalent to  approximately f i v e  new plants  of 250,000,000 square 
f e e t  each- tha t  will be necessary by 1985 [(16,865,292 thousand f t . 2  in 1979 
x .08) i 250,000 thousand f t . 2  = 5.39 new plants] .  

Future expansion plans of manufacturers a re  usually 

.. ., 1 - . - 1  - - _ I  __..^ ..-. L ,  r- , , :nmnn+ 

Limited data i s  avai lable  concerning ex is t ing  plant s i zes  in the indus-  
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9.1.7 Sales and P r o f i t s .  
From annual r e p o r t s ,  sa les  o f  t h e  gypsum product  d i v i s i o n s  o f  s i x  com- 

panies were obta ined along w i t h  r e p o r t e d  opera t i ng  p r o f i t s  f o r  t h e  d i v i s i o n s .  
These da ta  are presented in  Table 9-6.21,22,23,24,25,26 

As s t a t e d  e a r l i e r ,  t h e  gypsum market should be viewed on a r e g i o n a l  
r a t h e r  than on a n a t i o n a l  bas i s .  Th is  i s  i l l u s t r a t e d  by  t h e  i n f o r m a t i o n  of 

Table 9-7 which shows lead ing  sa les  r e g i o n s  f o r  products  i n  1979. It i s  

c l e a r  t h a t  t h e r e  are r e g i o n a l  v a r i a t i o n s  i n  product  m i x  which w i l l  impact 
f u t u r e  i n d u s t r y  t rends ,  depending on r e g i o n a l ,  demographic, and economic 

developments. Sales b y  r e g i o n  f o r  1979 i n  thousand square meters  and thou-  
sand square f e e t  f o r  board products ,  and i n  megagrams and tons f o r  o the r  

products,  a re  presented i n  Tables 9-8 and g-8a.z7 

9.1.8 P r i c e s  

c y c l i c a l  demand f o r  p roduc ts .  Representa t ive  p r i c e s  f o r  crude gypsum f rom 

1969 through 1978 are g i ven  i n  Table 9-9 i n  ac tua l  d o l l a r s  and i n  cons tan t  

1978 do l l a rs .28  A l s o  inc luded are t h e  average crude and c a l c i n e d  p r i c e s  
f rom 1975 through 1979 and t h e  c a l c u l a t e d  r a t i o  o f  c a l c i n e d  t o  c rude p r i c e s .  
The r a t i o  i s  use fu l  f o r  making es t imates  o f  c a l c i n e d  product  p r i c e s  when o n l y  

c rude p r i c e  i n fo rma t ion  i s  a v a i l a b l e .  From 1975 through 1978, p r i c e s  have 

increased bo th  i n  r e a l  and i n f l a t e d  d o l l a r s ,  r e f l e c t i n g  r i s i n g  energy c o s t s  
and a favo rab le  market.  Between 1973 and 1978, t h e  average r a t e  o f  p r i c e  

increase was 10 percent  annual ly.29 Table 9-10 g i ves  product  p r i c e s  b y  

ca tegory  a long w i t h  t h e  r a t i o  t o  crude p r i c e .  

producer p r i c e  index f o r  gypsum produc ts  between 1969 and 1979 r o s e  a t  an 

average annual r a t e  o f  9.3 percent  f rom 103.6 (1967 = 100) t o  252.3. 

was g rea te r  than t h e  annual r a t e  inc rease f o r  a c o n s t r u c t i o n  m a t e r i a l s  index 
o f  8.4 percent .  

The s e n s i t i v i t y  o f  gypsum board p r i c e s  over t h e  sho r t  term and t o  l o c a l  
market c o n d i t i o n s  i s  i l l u s t r a t e d  by  t h e  f o l l o w i n g  examples: The n a t i o n a l  

average gypsum board p r i c e  i n  e a r l y  1979 was $99/1000 square f e e t  and by  l a t e  
1979 the  p r i c e  was $114/1000 square fee t .30  Data a v a i l a b l e  on l o c a l  p r i c e  
v a r i a t i o n s  fo r  197531 i n d i c a t e d  a D a l l a s  p r i c e  o f  $44/1000 square f e e t  f o r  

one-hal f  i n c h  wal lboard wh i l e  i n  t h e  Chicago area the  p r i c e  was $9O/lOoo 

. 

Gypsum p r i c e s  are s e n s i t i v e  t o  marke t  cond i t i ons ,  f l u c t u a t i n g  with t h e  

I n  a d d i t i o n ,  Table 9-11 shows t h a t  t h e  Bureau o f  Labor S t a t i s t i c s  

Th is  
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TAbLE 9-6. REVENUES, OPERATING PROFITS, AND PERCENT PROFIT 
FOR SIX GYPSUM FIRMSa 

(Dollars i n  Thousands) 

Cel otex 
Georgia- Div. of The Republic 

Year Gypsumb Gypsumb Corp. Homes, Inc. Company Companyb 
U.S. National Pacif ic  J i m  Walter F l in tkote  Gypsum 

Revenues 

1975 295,687 171,000* 2,229,000 404,758 194,335 9,121 

1977 480,494 267,000* 2,575,000 510,599 324,388 13,235 
1976 363,753 210,000* 2,432,000 443,340 245,G68 10,447 

1578 620,763 341,867 3,153,000 597,128 413,998 18,227 
32 K K a  ?!!! LY,".,* 

1r,7n 7n.1 a n 7  ani CC'I 2 27n nnn 554,595 
1 1 1 3  I U J , \ I - ~ ,  I ) J L , ~ J L  -,I)IU,UVV 

Operating P ro f i t  

1975 36,263 25,000* 97,000 37,005 7,096 196 
1976 46,992 27,000* lY\),UOU 29,416 11,169 362 
1977 91,278 45,000" 347,000 40,837 27,160 1,674 
1978 170,439 86,617 434,000 65,685 48,633 5,536 
1979 187,581 101,198 329,000 63,388 MA 8,780 

(%I  Operating Profit 
Revenues 

1975 12.3 14.6 4.4 9.1 3.6 2.1 
1976 12.9 12.9 7.8 6.6 4.5 3.4 
1977 19.0 16.9 13.5 8.0 8.4 12.6 
1978 ' 27.4 25.3 13.8 11.0 11.7 30.4 
1979 26.7 25.8 9.8 9.5 NA 37.3 

All d a t a  represent 
aAll data a re  f ron the  l i s t e d  company's 1979 Annual Report except f o r  

Fl intkote ,  which is taken fron the 1978 Annual Report. 
the "Building Products" business segment o f  the  company (except where 
noted). 

bBased on the "Gypsum Products" o r  "Gypsum Wall board" segment. 
*Rounded. 



Table 9-7. THE THREE LEADINC; SALES REGIONS FOR EACH PRODUCT CATEGORY, 1979 

Product Census Region Market Percentage 
Cement Rock 

Agriculture 

Building Plas te rs  

Industrial  P las te rs  

Board Products 

South A t l a n t i c  
West South Central 
Mountain 

Pac i f ic  
South At lan t ic  
West North Central 

East North Centra1 
South Atlant ic  
Middle Atlantic 

East North Central 
Pacif ic  
Mi ddl e A t  1 an t ic  

South Atlant ic  
Pacif ic  

15.6 
15.4 
12.6 

69.3 
24.1 
2.6 

21.4 
18.3 
18.2 

21.6 
19.9 
17.8 

17.8 
17.0 

West South Central 14.4 
lRegions are  standard Bureau o f  Census geosraphic divis ions.  See Table 9-7 
f o r  footnotes. 
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Table 9-9. PRICES FOR CRUDE GYPSUM 

Average Annual P r i ce ,  D o l l a r s  per  Shor t  Ton 

Eased on Based on 
Crude Gypsum Calc ined Gypsum 

Actual  Constant Actual  Constant 
Year P r i c e s  1978 D o l l a r s  P r i c e s  1978 D o l l a r s  R a t i o  Ca lc ined:  Crude 

1959 3.59 
1960 3.63 
1961 3.68 
1962 3.65 
1963 3.67 
1964 3.64 
1965 3.73 
1966 3.70 
1967 3.66 
1968 3.67 
1969 3.83 
1970 3.72 
1971 3.75 
1972 3.93 
1973 4.13 
1974 4.41 
1975 4.58 
1976 5.00 
1977 5.55 
1978 6.23 
1979 6.83 

8.09 
8.04 
8.08 
7.87 
7.80 
7.61 
7.63 
7.33 
7.04 
6.76 
6.80 
6.19 
5.94 
5.98 
6.01 
5.78 
5.48 
5.69 
5.96 
6.23 
- 

-* 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

15.63 
15.96 
16.32 
16.31 
18.71 
16.97 
18.85 
20.57 
27.56 
30.40 

- 
20.20 
21.42 
22.11 
27.56 

- 
1980 7.65 - 33.44 - 4.37 
*- = Not A v a i l a b l e .  



Table 9-10. GYPSUM PRODUCT PRICES, 1975 

Product Price 
Product Category Price ($/ton) Crude Price 
Prefabricated products (board) 44.96 9.82 
Building p l a s t e r s  42.27 11.03 
Industr ia l  p l a s t e r s  50.50 9.23 
Uncalcined products (cement 
rock and land plaster 6.74 1.47 

*Ratios were calculated from 1975 prices for  use i n  estimating current 
prices i f  crude prices are known in the absence o f  product category p r i ce  
d a t a .  

7 
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Table 9-11. GYPSUbt PRODUCT PRICE INDEX 

Gypsum Products .. 
Index Percent A1 1 Construction 

Year (1967 = 100) . Change Material  & Change 
1969 103.6 - - 
1970 99.7 - 3.8 0.5 
1971 109.3 9.6 6.2 

1972 114.7 4.9 5.9 
1973 120.9 5.4 9.4 

1974 137.6 13.8 16.2 
1975 144.0 4.7 8.1 
1976 154.4 7.2 7.9 
1977 183.5 18.8 9.2 
1978 229.1 24.9 11.4 
1979 252.3 10.1 10.1 

Source: Bureau o f  Labor S t a t i s t i c s  



square f e e t .  
t o  $94/ton in Denver. These market-related var ia t ions are typical  a t  any time. 
9.1.9 Industry Employment 

plants as well as t o t a l '  industry employment leve ls  from 1975 through 1980.32933 
Despite industry growth employment has leveled off i n  recent years  because of 
automation. 

For building p l a s t e r ,  pr ices  ranged from $68/ton in Philadelphia 

Table 9-12 presents the d i s t r ibu t ion  o f  employnent a t  individual gypsum 
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Table 9-12. GYPSUM INOUSTRY EMPLOYMENT 

A. D i s t r i b u t i o n  of Employment A t  Domestic Gypsum P l a n t s  

Number o t  Number o f  
Employees P l a n t s  

20 t o  49 10 

50 t o  99 16 

100 t o  250 40 

250 t o  500 7 

500 t o  1000 ~~ 1 

B. Employnent Leve ls  1975-1980 

Number of Employees Board 
(Mine and C a l c i n i n g  P1 ants  

Year P l a n t s )  ( E s t . )  

1975 5,000 3,750 

1976 5,100 3,825 

1977 5,300 3,975 

1978 5,400 4,050 

1979 ( e s t . )  5,400 4,050 

1980 5,400 4,050 

Source: Bureau of Mines 
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9.2 Economic Impact Assessment 
9.2.1 I n t r o d u c t i o n  and Summary 

9.2.1.1 I n t r o d u c t i o n .  This  s e c t i o n  assesses t h e  economic impact o f  t h e  

r e g u l a t o r y  a l t e r n a t i v e s  f o r  t h e  New Source Performance Standard (NSPS) on t h e  

gypsum produc ts  manufac tur ing  i n d u s t r y .  
i n d u s t r y  presented i n  Sect ion 9 . 1  i s  a p r i n c i p a l  i npu t  t o  t h i s  assessment. 

The impact on i n d i v i d u a l  new p l a n t s  i s  assessed b y  us ing model p l a n t s  t h a t  

represent  smal l ,  medium, and l a r g e  members o f  t h e  i ndus t r y ,  as w e l l  as poten- 

t i a l  expansions o f  e x i s t i n g  p l a n t s .  The model p l a n t s  are descr ibed i n  e a r l i e r  
sec t ions  and w i l l  n o t  be repeated here.  Various f i n a n c i a l  ana lys i s  techniques 

are  app l ied  t o  the  model p l a n t s  t o  determine p o t e n t i a l  impacts on c o n t r o l  

a f f o r d a b i l  i t y  and c o n t r o l  c a p i t a l  a v a i l a b i l i t y .  These f i n d i n g s  are  assessed, 

based on t h e  i n d u s t r y  p r o f i l e ,  t o  determine t h e  indus t ry -w ide  impacts t h a t  
are presented i n  Sec t ion  9.3. 

t h e  gypsum wal lboard  manufactur ing process, a re :  

end sawing; sco r ing  and chamfering; s tucco cont inuous m ix ing  and bagging, 
conveyors, and s to rage b ins ;  and s tucco p l a s t e r .  Not every model p l a n t  

con ta ins  every  f a c i l i t y  o f  i n t e r e s t .  

Economic p r o f i l e  i n f o r m a t i o n  on t h e  

As noted i n  p rev ious  chapters ,  t h e  sources o f  i n t e r e s t ,  assoc iated w i t h  

o r e  d ryer ;  c a l c i n e r s ;  board 

9.2.1.2 Summary. The most c o s t l y  r e g u l a t o r y  a l t e r n a t i v e  (3b)  w i l l  
cause t h e  gypsum board i n d u s t r y  t o  i n c u r  a d d i t i o n a l  t o t a l  c a p i t a l  investment 

and annual compl iance cos ts  ( i n c l u d i n g  i n t e r e s t  and deprec ia t i on )  o f  approx i -  
ma te l y  $0.8 n i l l i o n  and $1.0 m i l l i o n ,  r e s p e c t i v e l y .  
i n  demand f o r  gypsum board, as we l l  as t h e  c u r r e n t  market s t r u c t u r e  o f  t h e  

i ndus t r y ,  i t  i s  l i k e l y  t h a t  t h e  cos ts  w i l l  be passed forward. The most 

c o s t l y  r e g u l a t o r y  a l t e r n a t i v e  cou ld  inc rease t h e  p r i c e  o f  gypsum wal lboard  
b y  a maximum o f  $1.27 f o r  a new p l a n t .  

1.1 percent  f o r  wa l lboard  t h a t  s e l l s  f o r  $114 per  thousand square f e e t  

(MSF) . 

increases, b u t  ins tead are absorbed by  t h e  gypsum board manufacturers,  t h e  

change i n  est imated ne t  ope ra t i ng  p r o f i t  o f  new p l a n t s  would be 5.6 percent ,  
f o r  t h e  most c o s t l y  r e g u l a t o r y  a l t e r n a t i v e .  However, as d e t a i l e d  i n  t h e  
fo l l ow ing  sec t ions ,  i t  i s  more l i k e l y  t h a t  t h e  maximum change i n  p r o f i t  

w i l l  be l e s s  than 5 .6  percent .  

Consider ing t h e  growth 

T h i s  i m p l i e s  a p r i c e  increase o f  

I n  the  event t h e  cos ts  are no t  passed through i n  the  form o f  p r i c e  
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Even if t h e  p r o f i t  r a t e  d e c l i n e s  b y  5.6 percent ,  t h i s  i s  n o t  expected 

t o  de te r  investment i n  new p l a n t s .  Other impacts on t h e  gypsum board i n d u s t r y  
such as produc t  s u b s t i t u t i o n  and f o r e i g n  t r a d e  e f f e c t s  are n e g l i g i b l e .  

secondary impacts on employment and t h e  community a re  n o t  a n t i c i p a t e d .  

9.2.2 Ownership, Locat ion,  Concent ra t ion  

t i o n s  t o  l a r g e  p u b l i c l y  he ld  c o r p o r a t i o n s  t h a t  own as many as 22 gypsum 

p l a n t s .  
t h e  manufacture o f  gypsum wal lboard may rep resen t  one o f  as many as t e n  

d i s t i n c t  bus iness segments. The v a r i o u s  bus iness segments may o r  may n o t  be 

r e l a t e d  t o  gypsum, such as: b u i l d i n g  products ,  meta l  products ,  chemicals ,  

sugar opera t ions ,  and so on. I n  t h e  above companies, t h e  sa les  c o n t r i b u t i o n  
f rom gypsum produc ts  ranges from l e s s  than 5 percent  of a company's sa les,  t o  

g r e a t e r  than 85 percent  .34 

The f i v e  l a r g e s t  companies own 61  
o f  t h e  i n d u s t r y ' s  t o t a l  o f  74 p l a n t s .  The 1977 concen t ra t i on  r a t i o s  are n o t  

c u r r e n t l y  a v a i l a b l e ,  however t h e  1972 census d a t a  r e v e a l s  t h a t  t h e  t o p  f o u r  
companies producing gypsum b u i l d i n g  produc ts  (board and l a t h )  accounted f o r  

80 percent  o f  t h e  t o t a l  va lue o f  shipments and t h e  t o p  e i g h t  had 93 percent .  

The 1967 census r e p o r t s  a s i m i l a r  concen t ra t i on  and t h i s  i s  p robab ly  c l o s e  
t o  t h e  c u r r e n t  s i t u a t i o n . 3 5  

9.2.3 P r i c i n g  

i n c h  gypsum wal lboard .  
square f e e t  (MSF) o f  board.  

i S  p rov ided  b y  t h e  f a c t  t h a t  sa les  and earn ings  have been s e t t i n g  reco rds  i n  

r e c e n t  years.  
percent  per  year  f o r  t h e  pe r iod  1973 t o  1979, due t o  a combinat ion o f  h igher  

energy and paper cos ts ,  a general  i n f l a t i o n a r y  t rend ,  and f a v o r a b l e  demand f o r  
housing. 

passed through t o  customers i s  $1.27 per  MSF, f o r  t h e  smal l  model p l a n t .  
Based on t h e  p r i c e  o f  wal lboard,  as noted i n  Sect ion 9.1, o f  $114 per  MSF i n  

l a t e  1979 $1.27 maximum increase i s  e q u i v a l e n t  t o  a percentage p r i c e  increase 

Also, 

Ownership c h a r a c t e r i s t i c s  range from s i n g l e  p l a n t  p r i v a t e l y  h e l d  opera- 

The p u b l i c l y  h e l d  companies are  d i v e r s i f i e d  c o r p o r a t i o n s  w i t h i n  which 

The i n d u s t r y  i s  h i g h l y  concentrated.  

The most impor tan t  gypsum produc t  b o t h  i n  volume and d o l l a r  va lue  i s  1/2 

Producers no rma l l y  quote p r i c e s  i n  u n i t s  o f  1,000 

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

P r i ces  f o r  wal lboard have increased a t  an average r a t e  of  10 

The h ighes t  p r i c e  increase i f  incrementa l  c o n t r o l  cos ts  a re  comple te ly  
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o f  1.1 percent .  Table 9-13 shows t h e  p r i c e  increase and percentage p r i c e  i n -  
crease f o r  each of t h e  model p l a n t s  f o r  t h e  most c o s t l y  r e g u l a t o r y  a l t e r n a t i v e ,  

3b. A p o t e n t i a l  maximum p r i c e  increase o f  1.1 percent  i s  n o t  excess ive when 

compared w i t h  o the r  p r i c e  increases the  i n d u s t r y  has exper ienced i n  r e c e n t  years.  

I n  f a c t ,  accord ing t o  t h e  1977 Census o f  Manufacturers  t h e  t o t a l  c o s t  o f  mater-  

i a l s  ( i n c l u d i n g  energy consumed b y  t h e  gypsum produc ts  i n d u s t r y )  was $418.7 
m i l l i o n ,  which was n e a r l y  double t h e  c o s t  r e p o r t e d  f o r  1970 o f  $210.8 m i l l i o n . 3 6  

g raph ica l  areas o f  t h e  coun t ry .  The wide v a r i a t i o n  i n  p r i c e s  among d i f f e r e n t  

geographical  areas o f  t h e  c o u n t r y  suggests t h a t  a p o l l u t i o n  c o n t r o l  c o s t  i n -  
crease o f  t h e  magnitude under c o n s i d e r a t i o n  here, i f  passed th rough t o  cus to-  

mers i n  t h e  form o f  s l i g h t l y  h igher  p r i c e s ,  would n o t  independent ly  cause 

increased compe t i t i on  f rom o the r  geographica l  areas. 

T ranspor ta t i on  cos ts  are an impor tan t  element i n  t h e  p r i c e  o f  board. 

Producers s e l l  board on a f r e i g h t  equa l ized  bas is ,  i.e., t h e  customer pays no 

more i n  f r e i g h t  than i t  would c o s t  from t h e  neares t  s u p p l i e r .  I f a producer 

i s  n o t  t h e  c l o s e s t  s u p p l i e r  t o  a customer, t h a t  producer absorbs t h e  a d d i t i o n a l  
f r e i g h t  cos ts .  Therefore,  a producer l o c a t e d  cons ide rab ly  f a r t h e r  away f rom 

a g i ven  market area than o the r  producers s e l l i n g  i n  t h a t  area cannot n o r m a l l y  

s e l l  p r o f i t a b l y  i n  t h a t  area. T ranspor ta t i on  cos ts  no rma l l y  become p r o h i b i t i v e  

beyond a r a d i u s  o f  approx imate ly  500 m i l e s  when another producer i s  l oca ted  

nearer  t o  t h e  customer.37 

means o the r  than p r i c e ,  such as more a t t r a c t i v e  c r e d i t  terms. 

9.2.4 Supply 

u n l i m i t e d  i n  ma jor  producing coun t r i es .  The Un i ted  States domestic reserves  

a r e  est imated t o  be about 700 m i l l i o n  t o n s  compared t o  t h e  wor ld  reserves  o f  

2.4 b i l l i o n  tons .  I n  t h e  Un i ted  States,  t h e  supp ly  o f  crude gypsum i s  more 
than adequate t o  meet requi rements t o  t h e  year  2000.38 

ages f o r  t h e  fo reseeab le  f u t u r e .  Sect ion 9.1 has noted a d d i t i o n a l  c a p a c i t y  

scheduled t o  beg in  ope ra t i on  i n  the  near f u t u r e .  Longer term, c a p a c i t y  should 
remain adequate s ince  e n t r y  i n t o  the  i n d u s t r y  i s  n o t  unusua l l y  d i f f i c u l t  fo r  

severa l  reasons. F i r s t ,  t h e r e  are no major  pa ten t  obs tac les  t o  p revent  the  

opening o f  a new p l a n t .  Second, h i g h  techno logy  i s  n o t  invo lved.  F i n a l l y ,  
c a p i t a l  requi rements a re  n o t  excess ive b y  manufactur ing standards.  

Also, as noted i n  Sect ion 9.1 p r i c e s  can v a r y  w i d e l y  among d i f f e r e n t  geo- 

Producers can a l so  compete f o r  sa les  through 

The Bureau o f  Mines es t imates  t h a t  t h e  supp ly  o f  c rude gypsum i s  v i r t u a l l y  

The supp ly  o f  gypsum wal lboard c a p a c i t y  i s  n o t  l i k e l y  t o  exper ience sho r t -  
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9.2.5 Demand 

Operat ing a t  85, 91, 94 and 94 percent  of  c a p a c i t y  r e s p e c t i v e l y  f o r  t h e  years 
1976, 1977, 1978, 1979.39 I n  t h e  f i r s t  t h r e e  months o f  1980 t h e  i n d u s t r y  

operated a t  almost f u l l  capac i ty ,  w i t h o u t  t h e  usual w in te r  slowdown. A f t e r  

t h e  f i r s t  t h r e e  months, demand f e l l  s h a r p l y  as t h e  c o n s t r u c t i o n  i n d u s t r y  de- 

c l i n e d ,  b u t  i t  i s  expected t o  increase again once a c t i v i t y  i n  t h e  c o n s t r u c t i o n  

i n d u s t r y  begins t o  r e t u r n  t o  normal .40 This c o n d i t i o n  o f  s t rong  demand sug- 

gests t h a t  i f  incrementa l  c o n t r o l  cos ts ,  o f  t h e  magnitude under c o n s i d e r a t i o n  

here, are passed forward i n  t h e  form of h igher  p r i c e s ,  demand i s  u n l i k e l y  t o  
be in f luenced.  
i nd i ca tes  a b e l i e f  b y  i n d u s t r y  t h a t ,  a1 though t h e r e  may be c y c l i c a l  ups and 

downs, t h e  increased demand i s  l i k e l y  t o  p e r s i s t .  

An a d d i t i o n a l  i n d i c a t i o n  t h a t  t h e  incrementa l  c o n t r o l  cos ts  i f  passed f o r -  

ward are n o t  l i k e l y  t o  reduce demand i s  prov ided b y  t h e  f a c t  t h a t  gypsum w a l l -  

board i s  an impor tan t  p roduc t  i n  c o n s t r u c t i o n  and t h e  c o s t  o f  gypsum rep resen ts  

a minor p o r t i o n  o f  t h e  t o t a l  cos t  o f  c o n s t r u c t i o n .  Therefore a minor  inc rease 
i n  t h e  p r i c e  o f  gypsum i s  n o t  l i k e l y  t o  i n f l u e n c e  t h e  demand f o r  gypsum. 

wood pane l ing  t h a t  are p o s s i b l e  s u b s t i t u t e s  f o r  gypsum board produc ts .  How- 

ever, gypsum board i s  eas ie r  t o  i n s t a l l  and cheaper than o the r  p roduc ts  wi th 
s i m i l a r  t e c h n i c a l  c h a r a c t e r i s t i c s .  Thus, a smal l  increase i n  t h e  p r i c e  o f  

gypsum board i s  n o t  l i k e l y  t o  cause a s i g n i f i c a n t  r i s e  i n  t h e  use o f  s u b s t i -  

t u t e  products  and a decrease i n  t h e  demand f o r  gypsum board. 

9.2.6 Methodology 

T h i s  s e c t i o n  descr ibes  t h e  methodology used t o  assess t h e  economic impact 
o f  t h e  r e g u l a t o r y  a l t e r n a t i v e s  on t h e  gypsum produc ts  manufac tur ing  p l a n t s .  

The p r i n c i p a l  economic impact which i s  assessed i s  t h e  e f f e c t  o f  incrementa l  

c o n t r o l  cos ts  on t h e  p r o f i t a b i l i t y  o f  new g rass roo ts  p l a n t s ,  o r  expansions of 
e x i s t i n g  p l a n t s .  

stands alone, t h a t  i s ,  t h e  f i r m  i s  n o t  assoc iated w i t h  any o t h e r  business 
a c t i v i t y  nor  i s  i t  associated w i t h  any l a r g e r  parent  company. 

has t h e  e f f e c t  o f  i s o l a t i n g  t h e  c o n t r o l  c o s t  w i thou t  any ass is tance from 

o ther  business a c t i v i t i e s  o r  f i r m s .  This i s  a conserva t i ve  assumption because 
the  l a r g e r  companies i n  t h e  gypsum produc ts  manufactur ing i n d u s t r y  a re  major  

The demand f o r  gypsum has been s t rong  i n  recen t  years w i t h  t h e  i n d u s t r y  

Fur ther ,  t h e  expansion o f  c a p a c i t y  a t  some e x i s t i n g  p l a n t s  

There are o the r  b u i l d i n g  m a t e r i a l s ,  such as plywood, p a r t i c l e b o a r d  and 

I n  the  ana lys i s  which f o l l o w s ,  each model p l a n t  i s  evaluated as i f  i t  

T h i s  assumption 
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c o r p o r a t i o n s  w i t h  s u b s t a n t i a l  management, f i n a n c i a l ,  and o the r  resources, 

any o r  a l l  o f  which c o u l d  be used t o  a i d  o t h e r  p roduc t  l i n e s  o r  s u b s i d i a r -  

i e s .  For example, a parent  c o r p o r a t i o n  cou ld  lend money t o  a subs id ia ry ,  

o r  a parent  c o r p o r a t i o n  cou ld  guarantee repajment  o f  a s u b s i d i a r y ' s  l oan .  

Since each S t a t e  Implementat ion Plan (S IP)  con ta ins  p a r t i c u l a t e  emiss ion 

c o n t r o l  standards,  any new p l a n t  would have t o  meet S I P  s tandards even i n  the  

absence o f  a NSPS. Incremental  c o n t r o l  c o s t s  a re  t h e  c o n t r o l  c o s t s  over  and 
above those b a s e l i n e  cos ts  r e q u i r e d  t o  meet t h e  v a r i o u s  S I P  s tandards.  

NSPS. Therefore,  t h e  focus  o f  t h i s  a n a l y s i s  i s  on incrementa l  c o s t s  t o  

determine i f  a p l a n t  which would o therw ise  be p r o f i t a b l e  i s  now rendered 

u n p r o f i t a b l e  as a r e s u l t  o f  t h e  incrementa l  c o n t r o l  cos ts .  

Economic impac; i s  evaluated on model p l a n t s  whose d e s c r i p t i o n  i s  based 

r e p r e s e n t a t i v e  c h a r a c t e r i s t i c s  o f  new o r  expanded p l a n t s ,  such as produc- 

Th is  a n a l y s i s  assumes t h a t  a p l a n t  i s  p r o f i t a b l e  i n  t h e  absence o f  a 

t i o n  c a p a b i l i t i e s ,  asset  s i z e ,  and o the r  f i n a n c i a l  measures. The model 

p l a n t s  p r o v i d e  an i n d i c a t i o n  o f  t h e  degree o f  impact on a l l  new p l a n t s  i n  

t h e  i n d u s t r y  b y  i n c o r p o r a t i n g  i n t o  t h e  models t h e  major  c h a r a c t e r i s t i c s  

p r e v a i l i n g  i n  v a r i o u s  s i z e  segments o f  t h e  gypsum produc ts  manufac tur ing  

i n d u s t r y .  They do n o t  represent  any p a r t i c u l a r  e x i s t i n g  p l a n t  as any i n d i -  

v i d u a l  p l a n t  may d i f f e r  i n  one o r  more o f  t h e  above c h a r a c t e r i s t i c s .  

As d iscussed e a r l i e r ,  i n d i c a t i o n s  suggest t h a t  c o n t r o l  cos ts  a r e  l i k e l y  

t o  be passed forward i n  t h e  form o f  h i g h e r  p r i c e s .  

an a d d i t i o n a l  assessment i s  p rov ided t o  rep resen t  c o n t r o l  a f f o r d a b i l  i t y  i f  

c o n t r o l  cos ts  are comple te ly  absorbed by  t h e  model p l a n t s .  The a n a l y t i c a l  

techn ique employed t o  assess c o n t r o l  a f f o r d a b i l i t y  i f  c o n t r o l  cos ts  are 

absorbed, i s  t h e  change i n  t h e  n e t  o p e r a t i n g  p r o f i t  r a t e  o f  r e t u r n .  The 

n e t  ope ra t i ng  p r o f i t  r a t e  o f  r e t u r n  can be expressed as: 

However, f o r  completeness, 

Net Operat ing P r o f i t  - Earn ings b e f o r e  I n t e r e s t  and Taxes - 
Rate o f  Return T o t a l  Investments 

Earn ings b e f o r e  i n t e r e s t  and taxes  i s  used, r a t h e r  than Net P r o f i t  
a f t e r  Taxes, t o  focus on earn ings b e f o r e  t h e  i n f l u e n c e  o f  d i f f e r e n t  methods 

of f i nanc ing  and d i f f e r e n t  p r o p o r t i o n s  o f  deb t  and e q u i t y .  
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The issue of concern for  the net operating p ro f i t  rate of return 
assessment i s  whether or no t  the change in the  r a t e  of re turn ,  a f t e r  
absorption of control cos ts ,  would a f fec t  the decision t o  invest in a 
plant as described by the  model p lan t .  
9.2.7 Calculations 

Table 9-14 shows the net operating p r o f i t  r a t e  of re turn for  the small 
model plant without incremental controls ,  the  small model plant with incre- 
mental controls  absorbed, and the change in r a t e  of re turn a f t e r  absorption. 

t i n g  p ro f i t  for  a small model p l a n t .  The revenue for  a small model plant i s  
represented by production of 116,000 MSF times $114 per MSF for  a t o t a l  
annual revenue of $13,224,000. Table 9-6 i n  Section 9.1 has shown the 
operating p r o f i t s  as a percent of revenue for  s ix  members of the industry. 
The f igures  in Table 9-6 are  for  the business segment t h a t  includes gypsum 
wallboard. For three of the companies, U.S. Gypsum, National Gypsum, and 
Republic Gypsum, wallboard represents a high percentage of the sa les  for  t h a t  
business segment, approximately 100 percent.  For the other three companies, 
Georgia-Pacific, Celotex, and Flintkote,  gypsum wallboard represents a lower 
percentage of the sa les  for  t h a t  business segment since products other than 
gypsum wallbcrard represent a substant ia l  portion of the sa les  for  the business 
segments. 
segment for  Georgia-Pacific i s  due t o  wallboard, and approximately 30 percent 
for  Fl intkote ,  and an unknown b u t  l esser  percent for  Celotex. The three com- 
panies with the higher percentage o f  sales due t o  wallboard provide the 
be t te r  indication of ' representa t ive  operating p ro f i t  margins on sa les .  
average percent of operating p ro f i t  to  s a l e s  for the three companies for  1979 
i s  29.9 percent with a range of 25.8 percent t o  37.3 perent.  
three companies own a to t a l  of 20 plants .  
Celotex (F l in tkote  i s  not avai lable)  the average p ro f i t  margin for 1979 for 
the f i v e  companies i s  21.8 percent.  

Therefore, in order t o  be conservative and t o  simplify the mathematics 
of the analysis  20 percent i s  chosen as the  p ro f i t  margin on sa l e s .  The 20 
percent f igure  i s  l e s s  than e i the r  of the averages mentioned e a r l i e r  of 29.9 
percent or 21.8 percent, and would tend t o  overstate  the impact of the 
control costs .  

The numerator in the r a t e  of re turn analysis  represents the net opera- 

Approximately six t o  seven percent of the appropriate business 

The 

Also, these 
By adding Georgia-Pacific and 
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Table 9-14. CHANGE I N  NET OPERATING PROFIT RATE 
OF RETURN FOR A SMALL MODEL ASSUMING 

COMPLETE CONTROL COST ABSORPTION 

116,000 MSF per  year  
x $114 per  MSF 

x 20% n e t  o p e r a t i n g  p r o f i t  marg in on sales 
$13,224,000 revenues per year  

$2,644,800 n e t  o p e r a t i n g  p r o f i t  

Net Operat ing P r o f i t  
Rate o f  Return -- 
w i t h o u t  c o n t r o l s  T o t a l  Investment 

- - Earn ings Before I n t e r e s t  and Taxes 

23.2% - - $2,644,800 - - 
$11,400,000 

Net Operat ing P r o f i t  
Rate o f  Return -- 
w i t h  c o n t r o l s  

- - Earn ings Before I n t e r e s t  and Taxes - C o n t r o l s  
T o t a l  Investment 

21.9% - - $2,644,800 - $147,400 = 
$11,400,000 

Change i n  Rate o f  Return = 23.2 - 21.9 = 1.3 

Percent Change i n  Rate of Return = 1.3 = 5.6% - 
23.2 



The denominator i n  the r a t e  of re turn  analysis represents the cap i t a l  
Cost for  a small model plant of $11,400,000 as shown on Table 9-14. 
9.2.8 Findings 

change in the net operating p ro f i t  r a t e  of return i s  5.6 percent for  a 
small model plant.  The change i s  l e s s  than 5.6 percent for  the la rger  
model plants due t o  economies of sca le .  
a s ing le  company may commonly vary by 5.6 percent or more from one year t o  
the next. 
vary by 5.6 percent or  more for  t he  same year. Additionally, the increasing 
sa les  and p ro f i t s  t ha t  the industry has experienced in recent years ,  plus the 
projections of continued favorable sa l e s  and earnings, suggests t ha t  a maxi- 
m u m  potential  change in net operating p r o f i t  of 5.6 percent would not 
de te r  a new investment. Therefore, f o r  the reasons ci ted above, i f  i n  the  
unlikely event tha t  control cos ts  are absorbed rather  t h a n  passed forward, 
the incremental control costs  are not l i k e l y  t o  cause an investment i n  a new 
plant t ha t  would otherwise be accepted t o  now be re jec ted .  

9.2.8.2 Control Capital Avai lab i l i ty .  Table 9-15 shows the additional 
capi ta l  required for  each of the 13 model plants ,  and the percentage increase 
the control capi ta l  represents when compared t o  the average capi ta l  cos t  
without the incremental cos ts .  The maximum percentage increase for  control 
cap i ta l  expenditures f o r  a new plant i s  1.1 percent for  model plant two. 
The actual capi ta l  cost  would add $120,000 t o  an average investment of 
$11,400,000. The maximum percentage increase for control cap i ta l  expendi- 
t u re s  for  an expansion t o  an exis t ing plant i s  4.0 percent for  model plant 
ten. The actual cap i ta l  cost  would add $20,000 t o  an average investment 
of $500,000. 

As mentioned in Section 9.1 the  industry i s  expected t o  build capaci ty  
equivalent t o  f ive  medium s i ze  plants over the next f i v e  years.  
plants require the maximum control cap i ta l  expenditures then the additional 
cost will be $160,000 f o r  each p l a n t .  This will mean an additional cap i ta l  
expenditure of approximately $160,000 a year,  which i s  small r e l a t i v e  t o  the 
gypsum board industry 's  t o t a l  cap i ta l  expenditures. A capi ta l  expenditure of 
$160,000 per plant represents only 0.5% of the to t a l  industry capi ta l  expen- 
d i tu re  of $31.4 mill ion in 1977.41 

9.2.8.1 Control Affordabi l i ty .  Table 9-14 shows tha t  the maximum 

Table 9-6 shows tha t  the re turns  for 

Also, t a b l e  9-6 shows tha t  the returns  among the companies of ten 

If those 
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Table 9-15 TOTAL INSTALLED COST OF MODEL PLANTSa 
(March 1980) 

Re1 ev ant 
Model Capaci ty  cost  Average Highest  NSPS Percent 

P1 an t  P1 an t  MM sq .  Range cos t  Cap i ta l  Cost NSPS 
Size Number ft./ year $ M i l l i o n s  $ M i l l i o n s  $ M i l l i o n s  Increase 
Small 1 116 9.2-13.5 11.4 .loo .9% 
Small 2 116 9-2-13.5 11.4 .120 1.1% 
Med i um 3 232 16.0-23.5 19.8 .120 .6% 
Med i um 4 232 16.0-23.5 19.8 .160 .8% 
Med i um 5 232 16.0-23.5 19.8 .160 .8% 
Med i urn 6 232 16.0-23.5 19.8 .080 .4% 
Large 7 401 15.0-36.5 19.8 .1599 .5% 
iar-ge " 0 40 1 15.0-36.5 19.8 .zoo .6% 
Expansion 9 .79 .020 2.5% 
Ex pans i on  10 .50 .020 4.0% 

Ex pans i o n  12 7.03 1100 1.4% 
Rep1 acernent 13 .68 .020 2.9% 

Ex pans i on  11 6.51 .080 1.2% 

aReference 10. 
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Nei ther  t h e  a d d i t i o n a l  c o n t r o l  c a p i t a l  expend i tu res  f o r  the new p l a n t s ,  
nor  t h e  a d d i t i o n a l  c o n t r o l  c a p i t a l  expend i tu res  f o r  t h e  expansion are  l i k e l y  
t o  p revent  investments i n  the  t h i r t e e n  model p l a n t s ,  when t h e  model p l a n t s  

a re  assessed on a stand-alone bas is .  Also, most o f  t h e  gypsum p l a n t s  a re  

owned b y  c o r p o r a t i o n s  t h a t  own severa l  gypsum p l a n t s  as w e l l  as o t h e r  b u s i -  

ness segments and have s u b s t a n t i a l  f i n a n c i a l  resources and ready  access t o  

c a p i t a l  markets.  

e x i s t i n g  p l a n t s  are b u i l t  b y  these major  co rpo ra t i ons  r a t h e r  than a s i n g l e  

stand-alone p l a n t  t h e  necessary c a p i t a l  f o r  c o n t r o l  expend i tu res  would be 

e q u a l l y  o r  more l i k e l y  t o  be a v a i l a b l e .  
9.3 Socio-Economic Impact Assessment ’ 

9.3.1 Macroeconomic Impact 

impact as presented i n  Execut ive  Order 12044 and, more genera l l y ,  t o  assess 
any s i g n i f i c a n t  impact on smal l  business, as d i r e c t e d  b y  t h e  Regu la to ry  

F e a s i b i l i t y  A c t .  
The economic impact assessment i s  concerned o n l y  w i t h  t h e  c o s t s  o r  

negat ive  impacts o f  t h e  NSPS. The NSPS w i l l  a l so  r e s u l t  i n  b e n e f i t s  o r  
p o s i t i v e  impacts, such as c leaner  a i r  and improved h e a l t h  f o r  t h e  popu la t i on ,  

p o t e n t i a l  increases i n  worker p r o d u c t i v i t y ,  increased business f o r  t h e  
p o l l u t i o n  c o n t r o l  manufac tur ing  i n d u s t r y ,  and so f o r t h .  However, t h e  NSPS 

b e n e f i t s  w i l l  n o t  be d iscussed here.  
There are t h r e e  p r i n c i p a l  rev iew  c r i t e r i a  t o  determine s i g n i f i c a n t  

Therefore,  t o  the  e x t e n t  t h a t  new p l a n t s  o r  expansions t o  

The purpose o f  Sect ion 9.3 i s  t o  address those t e s t s  o f  macroeconomic 

macroeconomic impact.  

1. 

2. 

3. 

A d d i t i o n a l  annual cos ts  o f  compliance, i n c l u d i n g  c a p i t a l  charges 
( i n t e r e s t  and d e p r e c i a t i o n ) ,  t o t a l  $100 m i l l i o n  (i) w i t h i n  any 

one o f  t h e  f i r s t  f i v e  years o f  implementat ion,  o r  ( t i )  i f  a p p l i c a b l e  

w i t h i n  any ca lendar  year  up t o  t h e  da te  b y  which t h e  law r e q u i r e s  
a t ta inment  o f  t h e  r e l e v a n t  p o l l u t i o n  standard.  
Tota l  a d d i t i o n a l  cos t  o f  p roduc t i on  o f  any major  i n d u s t r y  p roduc t  

o r  s e r v i c e  exceeds 5 percent  o f  t h e  s e l l i n g  p r i c e  o f  t h e  product .  
The Admin i s t ra to r  reques ts  such an ana lys i s  ( f o r  example when t h e r e  

appear t o  be major  impacts on geographica l  reg ions  o r  l o c a l  govern- 

ments. 
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The gypsum NSPS w i l l  n o t  t r i g g e r  any of t h e  above t e s t s .  Capac i ty  
e q u i v a l e n t  t o  f i v e  medium s i z e  new p l a n t s  i s  p r o j e c t e d  t o  be b u i l t .  

annual ized cos ts  o f  compliance w i l l  be $204,800 f o r  a medium s i z e  p l a n t  

(Model P l a n t  5)  o r  a t o t a l  o f  $1,024,000, which i s  f a r  below t h e  $100 m i l l i o n  

t e s t .  F i n a l l y ,  new p l a n t s  t h a t  are sub jec t  t o  t h e  NSPS w i l l  be d i v e r s i f i e d  

geograph ica l l y .  Therefore,  no s i g n i f i c a n t  macroeconomic impacts are l i k e l y .  

9.3.2 S m a l l  Business Impact 
Th is  s e c t i o n  addresses t h e  impact o f  t h i s  r e g u l a t i o n  on smal l  business 

i n  t h i s  i n d u s t r y ,  as d i r e c t e d  b y  t h e  Regu la to ry  F l e x i b i l i t y  Act .  

Th is  r e g u l a t i o n  app l i es  d i r e c t l y  o n l y  t o  new sources, and n o t  t o  e x i s t i n g  

sources. E x i s t i n g  smal l  businesses i n  t h i s  i n d u s t r y  w i l l  become s u b j e c t  t o  

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

opera t i ons  and are  then c l a s s i f i e d  as new sources as d e t a i l e d  i n  an e a r l i e r  
s e c t i o n .  

The 

There i s  a t o t a l  of 74 p l a n t s  i n  t h e  i n d u s t r y .  Sect ion 9.1.9 has l i s t e d  

t h e  s i z e  d i s t r i b u t i o n  of p l a n t s  i n  t h e  i n d u s t r y  accord ing  t o  t h e  number of 

employees. 

i s  p r o j e c t e d  t o  be b u i l t  b y  1985. 

p l a n t s  i s  ma in ta ined f o r  new p l a n t s ,  one new p l a n t  i n  t h e  ca tegory  o f  l e s s  

than 49 m p l o y e e s  i s  l i k e l y  t o  be b u i l t .  

b y  1985 i s  smal l .  Also, t h e  economic impact on those smal l  p l a n t s  t h a t  are 
a f f e c t e d  i s  1 i k e l y  t o  be min ima l .  

To ta l  new c a p a c i t y  e q u i v a l e n t  t o  f i v e  neR medium s i z e  p l a n t s  

If t h e  c u r r e n t  s i z e  d i s t r i b u t i o n  o f  

As noted e a r l i e r ,  t h e  t o t a l  number o f  smal l  p l a n t s  l i k e l y  t o  be a f f e c t e d  
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APPENDIX A 

EVOLUTION OF THE BACKGROUND INFORMATION DOCUMENT 

The purpose of this study was to develop background information to 
support New Source Performance Standards (NSPS) f o r  the gypsum industry. 
Work on t h i s  study was performed by Radian Corporation under contract  t o  
the United States  Environmental Protection Agency (EPA) ,  spec i f ica l ly ,  
under the direct ion of the Office of Air Quality Planning and Standards 
(OAQPS), Emission Standards and Engineering Division (ESED). 

Source Category Survey (Phase I ) .  
study of the gypsum indus t ry .  From the screening study i t  was concluded 
t h a t  NSPS should be developed f o r  the gypsum industry. 
then began work on Phase I 1  of t h i s  study, development of the Background 
Information Document (BID). Phase I 1  entai led a more complete and u p  t o  
date  l i t e r a t u r e  search and survey of the industry, including plant 
v i s i t s .  The f e a s i b i l i t y  of conducting emissions tes t ing was determined 
during the plant v i s i t s .  Detailed questionnaires were submitted t o  the 
gypsum manufacturing plants,  under Section 114 of the Clean Air Act, to 
gather information on p l a n t  operations. 

The chronology which follows l i s t s  the major events which have 
occurred in the development of background information for  New Source 
Performance Standards f o r  the gypsum industry. 

16 October 1979 

In October 1979, Radian Corporation was contracted t o  develop a 
This phase of the study was a screening 

Radian Corporation 

Draft Work P l a n  for  Phase I submitted; meeting 
w i t h  project  team f o r  source category survey of  
gypsum production. 
Telephone and l i t e r a t u r e  surveys begun. October 1979 
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28 November 1979 

29 November 1979 

30 November 1979 

3 Decmher 1979 

4 January 1980 
18 January 1980 

11 February 1980 

15 February 1980 

12 March 1980 

31 March 1980 

17 A p r i l  1980 
18 A p r i l  1980 

21 A p r i l  1980 
21 A p r i l  1980 

23 A o r i l  1980 

6 May 1980 

7 May 1980 

19-23 May 1980 

29 May 1980 

3-6 June 1980 

17 June 1980 

P lan t  v i s i t  t o  Un i ted  States Gypsum Company 
(USG), Shoals, Ind iana.  

P lan t  v i s i t  t o  F l i n t k o t e  Company, Sweetwater, 
Texas. 
V i s i t  t o  Texas A i r  Contro l  Board, Aust in,  
Texas. 
V i s i t  t o  Nor th Caro l ina  Department o f  Natura l  - 
Resources and Community Development, Raleigh, 
Nor th  Carol ina.  
D r a f t  Source Category Survey Report  submit ted.  
Meet ing w i t h  p r o j e c t  team t o  rev iew Source 
Category Survey o f  gypsum product ion.  
Meeting w i t h  p r o j e c t  team t o  review D r a f t  Work 
Plan f e r  Phase I! 2nd Phase !!I. 
Second d r a f t  o f  Work Plan f o r  Phase !I and 
Phase !I! submit ted.  
P l a n t  v i s i t  t o  Nat iona l  Gypsum Company a t  
Wilmington, Nor th Carol ina.  
Meeting w i t h  p r o j e c t  team t o  rev iew the  proposed 
emission source t e s t  plan. 
P l a n t  v i s i t  t o  USG a t  F o r t  Dodge, Iowa. 
V i s i t  t o  CE Raymond ( D i v i s i o n  o f  Combustion 
Engineer ing,  Inc.) a t  Abilene, Kansas. 
P l a n t - v i s i t  t o  USG a t  Sweetwater, Texas. 
P lan t  v i s i t  t o  F l i n t k o t e  Company a t  Sweetwater, 
Texas. 
P lan t  v i s i t  t o  F l i n t k o t e  Company a t  B lue Diamond, 
Nevada. 
P lan t  v i s i t  t o  Nat iona l  Gypsum Company a t  
Savannah, Georgia. 
V i s i t  t o  Georgia Department o f  Natura l  Resources 
a t  A t l an ta ,  Georgia. 
Emission source t e s t s  conducted a t  Nat ional  
Gypsum Company's wa l lboard  p l a n t  a t  Wilmington, 
Nor th  Caro l ina.  
P lan t  v i s i t  t o  USG i n  East Chicago, I l l i n o i s .  
Emission source t e s t s  conducted a t  USG's wal lboard 
p l a n t  a t  Shoals, Ind iana.  
Meeting w i t h  p r o j e c t  team t o  rev iew t h e  s ta tus  
o f  the  emission source t e s t  program. 
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19 June 1980 
20 June 1980 
29 June 1980 

2 Ju ly  1980 

14-17 J u l y  1980 

3 August 1980 
4 August 1980 

11 August 1980 

13 August 1980 

2 October 1980 

22 October 1980 

24-31 October 1980 

30 October 1980 
12 November 1980 
14 November 1980 
26 November 1980 

2 2  December 1980 

P lan t  v i s i t  t o  USG a t  Southard, Oklahoma. 
P re l im ina ry  model p l a n t  parameters submit ted.  
Pre- tes t  p l a n t  v i s i t  t o  Nat ional  Gypsum Company 
a t  Richmond, C a l i f o r n i a .  

Meeting w i t h  Nat ional  Gypsum Company personnel 
a t  Char lo t te ,  North Caro l ina.  
Emission source t e s t s  conducted a t  Nat ional  
Gypsum Company's wal lboard p l a n t  a t  Richmond, 
Ca l i f o rn ia .  
Meeting w i t h  USG personnel a t  Chicago, I l l i n o i s .  
Pre- tes t  p l a n t  v i s i t  t o  USG a t  F o r t  Dodge, 
Iowa. 
Response from Nat ional  Gypsum Company on 
p r e l i m i n a r y  model p l a n t  parameters. 
P re l im ina ry  t a b u l a r  cos ts  o f  c o n t r o l  equipment 
submi t ted .  
V i s i b l e  emission source t e s t s  conducted a t  
Nat ional  Gypsum Company's wa l lboard  p l a n t  a t  
Wilmington, Nor th Carol ina.  

Meeting w i t h  pro. iect  team t o  discuss base l ine  
emission l eve l s ,  SO2 emissions, and s t o c k p i l i n g  
emissions. 
Emission source t e s t s  conducted a t  USG's wal lboard 
p l a n t  a t  F o r t  Dodge, Iowa. 
F ina l  t a b u l a r  cos ts  o f  c o n t r o l  equipment submitted. 
D ispers ion  modeling requested. 
Economic impact ana lys i s  requested. 
Meeting w i t h  p r o j e c t  team t o  d iscuss the bas is  
o f  proposed standards. 
Chapters 3-6 o f  the  Background In fo rma t ion  
Document d i s t r i b u t e d  f o r  i n d u s t r y  comment. 
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APPENDIX B 

INDEX TO ENVIRONMENTAL CONS I DERATI ONS 

Th is  appendix c o n s i s t s  o f  a re fe rence system which i s  cross indexed 
w i t h  the October 21, 1974, Federal Reg is te r  (39 FR 37419) con ta in ing  EPA 
gu ide l i nes  f o r  the  p repara t i on  o f  Environmental Impact Statements. This  
index can be used t o  i d e n t i f y  sec t ions  o f  the document which con ta in  
data and i n f o r m a t i o n  germane t o  any p o r t i o n  o f  the  Federal Req is te r  

gu ide l ines .  
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APPENDIX B 

CROSS-INDEX TO ENVIRONMENTAL IMPACT CONSIDERATIONS 

Agency Guide1 ines f o r  Preparing 
Regulatory Action Environmental 
Impact Statements (39 FR 37419) 

Location W i t h i n  the Background 
Information Document (BID) 

1 .  Background and Summary of 
Regulatory A1 te rna t ives  The regulatory a1 ternat ives  from 

which standards will  be chosen for  
proposal a r e  summarized i n  Chapter 1 ,  
Section 1.1. 

The s ta tu tory  basis for  proposing 

Section 2.1. 

Statutory Basis f o r  the 
Standard standards i s  summarized i n  Chapter 2, 

Industry Affected 

Process Affected 

Availabil i ty of Control 
Technology 

Existing Regulations 
a t  S ta te  or Local Level 

A description of the industry to  
be affected i s  given i n  Chapter 3, 
Section 3.1. 

A description of the process to  he 
affected i s  given in Chapter 3, 
Section 3.2. 

Information on the ava i l ab i l i t y  
of control technology i s  given 
i n  Chapter 4. 

A discussion of exis t ing regulations 
f o r  the industry t o  be affected by 
the standards a re  included i n  
Chapter 3, Section 3.3. 

2. Environmental, Energy, and 
Economic Impacts of Regulatory 
A1 t e rna t ives  

Health and Welfare Impact The impact of emission control 
systems on health and welfare 
i s  considered i n  Chapter 7, 
Section 7.1. 

Continued 



CROSS-INDEX TO ENVIRONMENTAL IMPACT CONSIDERATIONS (Concluded) 

Agency Guidel ines f o r  Prepar ing 
Regulatory Ac t i on  Environmental 
Impact Statements (39 FR 37419) 

Locat ion  Wi th in  the  Background 
In fo rma t ion  Document (RID) 

The a i r  p o l l u t i o n  impact o f  t h e  
r e g u l a t o r y  a1 t e r n a t i v e s  are  
considered i n  Chapter 7, Sect ion 7.1. 

A i r  P o l l u t i o n  

Water P o l l u t i o n  

So l i d  Waste Disposal 

Costs 

Ec on mi c s  

The impacts o f  t h e  r e g u l a t o r y  
a l t e r n a t i v e s  on water  p o l l u t i o n  are  
considered i n  Chapter 7, 
Sect ion 7.2. 

The impact o f  t h e  r e g u l a t o r y  
a1 t e r n a t i v e s  on sol  i d  waste d isposal  
a r e  considered i n  Chapter 7, 
Sec t ion  7.3. 

The impacts o f  t h e  r e g u l a t o r y  
a1 t e r n a t i v e s  on energy use are  
considered i n  Chapter 7, 
Sec t ion  7.4. 

The c o s t  impact o f  t h e  emission 
c o n t r o l  systems i s  considered i n  
Chapter 8. 

Economic impacts o f  t h e  r e g u l a t o r y  
a l t e r n a t i v e s  are  considered i n  
Chapter 9. 
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APPENDIX C - SUMMARY OF TEST DATA 

The r e s u l t s  o f  p a r t i c u l a t e  and v i s i b l e  emission measurements 
conducted on sources a t  n ine  d i f f e r e n t  gypsum p l a n t s  are presented i n  
t h i s  appendix. The p a r t i c u l a t e  emission measurements inc lude mass 
emission ra tes  and p a r t i c l e  s i z e  d i s t r i b u t i o n s .  The v i s i b l e  emission 
measurements inc lude opac i t y  readings a t  s tack  e x i t s  and assessments o f  
cap ture  e f f i c i e n c y  a t  f u g i t i v e  emission capture po in ts .  

presented a r e  i d e n t i f i e d  as P lan ts  C, E, J, W, Y, GG, 00, RR and TT. In  
t h e  development o f  t h i s  document, pe rm i t  app l i ca t i ons ,  t e s t  repor ts ,  and 
Nat iona l  Emissions Data System data  f o r  a t  l e a s t  48 gypsum p l a n t s  were 
reviewed. 

The n ine  p l a n t s  f o r  which EPA and EPA-approved t e s t  data a re  

These p l a n t s  are i d e n t i f i e d  as P lan ts  A through VV. 
The f a c i l i t i e s  tes ted  a t  each p l a n t  were as fo l l ows :  
1. P lan t  C - d i r e c t  c o n t a c t  f l a s h  c a l c i n e r  w i t h  a f a b r i c  f i l t e r .  
2. P lan t  E 

a. o re  d rye r  w i t h  a f a b r i c  f i l t e r  
b. cont inuous k e t t l e  c a l c i n e r  w i t h  a f a b r i c  f i l t e r  
c. board end sawing w i t h  a f a b r i c  f i l t e r  
d. capture dev ice on board end sawing 
e. p l a s t e r  mix ing  and bagging w i t h  a f a b r i c  f i l t e r  
f. capture dev ice on p l a s t e r  bagging 
g. p i n  mixing, scor ing  and chamfering w i t h  a cyclone 
h. stucco s torage and t r a n s f e r  system w i t h  f a b r i c  f i l t e r  
i. capture device on #l p i n  mixer  

j. capture dev ice on #2 p i n  mixer  
P lan t  J - o re  d rye r  w i t h  f a b r i c  f i l t e r  
P lan t  W - f o u r  k e t t l e  ca l c ine rs ,  two screw conveyors and two 
g r i n d i n g  m i l l s  w i t h  an ESP 

3.  
4. 
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5. P lan t  Y 
a. 
b. d i r e c t  con tac t  f l a s h  c a l c i n e r  w i t h  f a b r i c  f i l t e r  
c. 
d. 
e. 
f. acce le ra to r  a d d i t i o n  
g. f i b e r g l a s s  shredder 
h. v e r m i c u l i t e  a d d i t i o n  

o re  d rye r  w i t h  f a b r i c  f i l t e r  

stucco s torage and t r a n s f e r  system w i t h  f a b r i c  f i l t e r  

cap ture  dev ice  on board end sawing 
capture dev ice  on paper scor ing  

6. P lan t  GG 
a. p l a s t e r  mix ing  and bagging w i t h  f a b r i c  f i l t e r  
b. land  p l a s t e r  s torage b ins  w i t h  f a h r i c  f i l t e r  

7. Plan t  00 
a. d i r e c t  con tac t  f l a s h  c a l c i n e r  w i t h  f a b r i c  f i l t e r  

b. 
c. 

stucco s torage s i l o  w i t h  f a b r i c  f i l t e r  
capture e f fec t i veness  o f  s tucco t r a n s f e r  system w i t h  

f a b r i c  f i l t e r  
8. P lan t  RR - two cont inuous k e t t l e  ca l c ine rs ,  two screw conveyors 

9. P lan t  TT 
and two g r ind ing  m i l l s  w i t h  an ESP 

a. batch k e t t l e  c a l c i n e r  w i t h  f a b r i c  f i l t e r  
b. cont inuous k e t t l e  c a l c i n e r  w i t h  f a b r i c  f i l t e r  

c. 
d. capture dev ice on board end sawing 

e. 
f. 

board end sawing and paper scor ing  w i t h  a f a b r i c  f i l t e r  

p l a s t e r  mix ing  and bagging w i t h  f a b r i c  f i l t e r  
land  p l a s t e r  and s tucco t r a n s f e r  system w i t h  f a h r i c  
f i l t e r  

EPA Reference Method 5 was used t o  determine the p a r t i c u l a t e  concent ra t ion  

i n  the  gas en te r ing  and/or e x i t i n g  t h e  c o n t r o l  eouipment. 
Methods 1 through 4 were used t o  determine o the r  c h a r a c t e r i s t i c s  o f  the  
gas stream which a r e  requ i red  f o r  the  c a l c u l a t i o n s  app l i cab le  under 
Method 5. During EPA mass emission t e s t i n g ,  t h r e e  p a r t i c u l a t e  t e s t s  
were performed a t  bo th  the  i n l e t  and o u t l e t  o f  each emission c o n t r o l  

EPA Reference 



system with the exception of t e s t s  on board end sawing operations. 
Three par t iculate  t e s t s  were performed a t  the ou t l e t  of  each control 
system during a1 1 EPA-approved tes t s .  

determined a t  the i n l e t  and ou t l e t  of the control eouipment w i t h  the 
exception of t e s t s  performed on ke t t le  calciners.  The par t ic le  s ize  
dis t r ibut ions were performed usina an Andersen Cascade Impactor. 

Visible emission measurements were conducted according to  EPA 
Reference Method 9 and the proposed EPA Reference Method 22. 

Production rates used to  determine emission factors are  estimates 
based on records of previous process operation or on material balances 
using boardline production rates.  

C.l DESCRIPTION OF SOURCES 

During EPA mass emission tes t ing ,  par t ic le  s ize  dis t r ibut ions were 

- 

A brief  description of the emission sources tested a t  each plant i s  
presented in th i s  section. The opera t ing  conditions o f  the process and  
control equipment i s  also discussed. Tables and f igures summarizing a l l  
tes t  resul ts  are  presented in Section C.2. 

Plant C - Industry Test 

fabr ic  f i l t e r .  
tes t ing and no equipment operating prohlems were ohserved. 
was fired w i t h  residual fuel o i l .  
Plant E - EPA Test 

The d i rec t  contact f lash  calciner tested was controlled w i t h  a 
The calciner operated a t  fu l l  design capacity d u r i n g  the 

The calciner  

The rotary ore dryer tested a t  the plant was controlled by process 
cyclones followed by a fabric f i l t e r .  The ore dryer was operated a t  
over 90 percent of design capacity d u r i n g  the tes t ing and was f i red w i t h  
natural gas. 

during the testing. 
o f  the f i r ing  rate.  The fluctuation in dryer temperature, however, d i d  
not a f fec t  the representativeness of the tes t  resul ts .  No abnormalities 
in the fabric f i l t e r  operating conditions were noted d u r i n g  the testing. 

Some fluctuation i n  the dryer operating temperature was observed 
These fluctuations were the resu l t  of manual control 
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The #4 continuous ke t t le  calciner  operated a t  f u l l  capacity durina 
the testing and was burning natural gas. 
o r  fabric f i l t e r  operating parameters were noted during the tes t ing.  

The board end sawing operation was controlled by a fabr ic  f i l t e r .  
Emissions were collected by a capture hood surrounding the saw. The 
boardline and fabric  f i l t e r  operated normally during the testing. 

The p las te r  mixing and bagging operation was controlled w i t h  a 
fabr ic  f i l t e r .  
Generally, the process i s  operated by two operators, one person working 
the batch mixer and a second working the bagging machine. 
t es t i ng ,  thP nperat.or wnuld m i x  a sin:!e ketch c f  plas te r ,  -bout 3,200 p=und;, 
and then return to  the bagging machine. 
representative since both emission sources, mix ing  and bagging, were i n  
operation. 

boardline were controlled w i t h  a small cyclone. Visible emission t e s t s  
on the out le t  of the cyclone were performed to  aid i n  characterizing 
baseline emissions from scoring and chamfering. 

tested a t  the plant include a 27 Hg (30 ton) stucco surge bin, a n  a i r  
s l i de  conveyor, a screw conveyor, a boardline dr-v mixing conveyor and a 
p i n  mixer. All of these units and the fabric  f i l t e r  were operated 
normally d u r i n g  the tes t ing.  

were vaccum pipes located approximately 2.4 cm (s ix  inches) above the 
p i n  mixer vent. Emissions collected a t  the p i n  mixer on the number one 
l i n e  were vented w i t h  scoring and chamfering emissions to a cyclone. 
Emissions collected a t  the p i n  mixer on the number two l i n e  were vented 
w i t h  conveying emissions t o  a stucco storage bin which was controlled by 
a fabric f i l t e r .  
Plant E - Industry Test 

d u r i n g  the testing. 

No abnormalities in the calciner  

The plaster  operation was operated by a single worker. 

During the 

The t e s t  data should s t i l l  be 

The p i n  mixing, scoring, and chamfering emissions from the number one 

The process units vented t o  the stucco storage and t ransfer  haghouse 

The capture devices tested a t  the p i n  mixers o f  b o t h  boardlines 

Both boardlines operated normally dur ing  the tes t s .  

The ore dryer was operating a t  about 70 percent of design capacity 
No equipment operating problems were noted. 
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.- The #1 continuous ke t t l e  calciner  was operating a t  f u l l  capacity 
d u r i n g  the tes t ing .  
Plant J - Industry Test 

fabr ic  f i l t e r .  
d u r i n g  the t e s t .  
Plant W - Industry Test 

calciners,  two screw conveyors and two g r i n d i n g  mills .  All of these 
sources were controlled by a s ing le  ESP. 
capacit ies of the calciners and mills a r e  not available. The operating 
mode (batch or continuous) of the calciners  d u r i n g  the t e s t  i s  also not 
available. However, a l l  process and control equipment operated normally 
d u r i n g  the testing. 
Plant Y - EPA Test 

f i l t e r .  
the tes t ing and was f i red  w i t h  residual fuel o i l .  No abnormalities in 
the dryer o r  fabr ic  f i l t e r  operating parameters were noted. 

The d i r ec t  contact calciner  operated a t  f u l l  design capacity d u r i n g  
the tes t ing  and was f i red  w i t h  residual fuel o i l .  No abnormalities in 
the calciner  o r  fabr ic  f i l t e r  operating parameters were noted d u r i n g  the 
testing. 

include the following: 

No equipment operating problems were noted. 

The rotary ore dryer tested a t  the plant was controlled w i t h  a 
The dryer was operating a t  56 percent of design capacity 

No equipment operating problems were observed. 

The emission sources tested a t  t h i s  plant included four ke t t le  

The design and operating 

The rotary ore dryer tested a t  the plant was controlled by a fabr ic  
The dryer was operated a t  60 percent o f  design capacity d u r i n g  

The process units vented to  the stucco storage and t ransfer  baghouse 

- 
- f ive  stucco screw conveyors, 
- two stucco bucket elevators,  
- one pnuematic conveyor, 
- one boardline dry mixing conveyor, and 
- the ou t l e t  of a paper scoring cyclone. 
The f i r s t  v i s ib l e  emissions t e s t  conducted on t h i s  baghouse was 

two 136 Mg (150 ton )  stucco storage b ins ,  

repeated because the f i l t e r  bags were i n  operation only several hours 
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prior  t o  the test .  
f i l t e r  cake to allow operation of the bags a t  t he i r  normal efficiency. 
No abnormalities in the process or fabric f i l t e r  operation were noted 
d u r i n g  the second test. 

operations operated normally during the testing. 

addition, f iberglass  shredding, and vermiculite addition, a l s o  operated 
normally. 
determine i f  the operations were ma.ior sources of emissions. 
Plant GG - Industry Test 

controlled by a fabr ic  f i l t e r .  
observed. 

The f i l t e r  bags had n o t  developed a suf f ic ien t  

The capture devices on the board end sawing and paper scoring 

The remaining operations tested a t  the plant, which include accelerator 

Visible emissions t e s t s  were conducted on these operations t o  

The p las te r  m i x i n g  and bagging operation tested a t  the plant was 
No equipment operating problems were 

The land p las te r  storage operation tested a t  the plant was controlled 
by a fabric f i l t e r .  
baghouse i s  not available.  
were noted d u r i n g  the test .  
Plant 00 - EPA Test 

A complete l i s t  of the sources vented t o  t h i s  
However, no  equipment operating problems 

The direct contact f lash calciner was controlled with a fabr ic  
f i l t e r  and was operated a t  greater than 95 percent of design capacity 
d u r i n g  the tes t ing and was f i red w i t h  natural gas. 
the calciner or fabr ic  f i l t e r  operating parameters were noted. 

318 Mg (350 ton) and was controlled by a fabr ic  f i l t e r .  
and the fabric f i l t e r  operated normally d u r i n g  the tes t ing.  

a t  t h i s  plant. These t e s t s  were conducted indoors, i n  a location where 
fugi t ive emissions from screw conveyor and hucket elevator t ransfer  
points could be observed in accordance w i t h  EPA Method 22. The v i s ib le  
t e s t s  were conducted to  determine the effectiveness o f  fabr ic  f i l t e r  
control on fugi t ive emissions from conveying enclosures. 

No abnormalities i n  

The stucco storage s i l o  tested a t  the plant has a capacity of a b o u t  
Both the s i l o  

Visible emission tests were conducted on the stucco transfer system 
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Plant R R  - Industry Test 
The emission sources tested a t  t h i s  plant were controlled by a 

single ESP and  include two continuous ke t t l e  calciners ,  two screw conveyors 
and  two grindina mills.  
i s  n o t  available.  However, a l l  process and control equipment operated 
normally dur ing  the tes t inq.  
Plant TT - EPA Test 

The capacity factors  of the calciners  and mills 

The batch ke t t l e  calciner  tested a t  the plant was controlled with a 
fabric f i l t e r .  The batch cycle lasted approximately two hours and 
40 minutes. EPA Method 5 t e s t s  on the ou t l e t  of the fabric  f i l t e r  were 
conducted over an e n t i r e  cycle, beginning in the middle of the cycle, 
through the dumping and charging, and  t o  the middle of the next batch. 

in  the baghouse d u r i n g  the batch t e s t s  caused the f i l t e r  bags t o  become 
blinded w i t h  d u s t .  Immediately following the tes t ing ,  a l l  f i l t e r  bags 
required replacement. 
cups on which the bags were attached and the rachet and clamps on two f i l t e r  
bags had become loose enough to  allow some i n l e t  gases to  pass th rough  
the baghouse untreated. The batch ke t t le  ou t l e t  data collected a t  the 
plant,  therefore, does not represent normal fabr ic  f i l t e r  operation on a 
batch ke t t le  calciner .  Method 5 t e s t s  on the i n l e t  to  the fabric  f i l t e r  
were conducted over shor t  in te rva ls  (approximately 20 minutes) during 
the middle of the batch. The i n l e t  t e s t  data do not, therefore,  represent 
emissions over the e n t i r e  batch cycle. 

The continuous ke t t l e  calciner  t e s t s  were conducted on the same 

The batch ke t t l e  operated normally dur ing  the tes t ing.  Condensation 

In addition, leaks were found around three of the 

ke t t le  and control device as  the batch ke t t le  tes t s .  The ou t l e t  continuous 
ke t t le  data,  therefore,  do not represent noma1 fabric  f i l t e r  emission 
control capabi l i t i es .  During the t e s t ing ,  the continuous ke t t l e  calciner  
operated a t  f u l l  capacity and was f i red  w i t h  natural gas. The calciner  
operated normally. Tests conducted a t  the i n l e t  of the continuous 
ke t t le  calciner  fabr ic  f i l t e r  are  representative of normal i n l e t  loadings 
f o r  t h i s  u n i t .  
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The board end sawing and paper scorina operations tested a t  the 
plant were vented to a fabr ic  f i l t e r .  
during the actual sampling. 
was shut down and sampling was stopped unt i l  both the scorinq and board 
end sawing opeations were aaain operating simultaneously. 
sawing capture device operated normally d u r i n g  the tes t ing.  

fabr ic  f i l t e r .  
p las te r .  
m i x i n g  and bagging operation operated normally d u r i n g  the tes t s .  

The process units vented to  the land p las te r  and stucco t ransfer  
system baghouse inct ude t i ve  iand p ias te r  screw conveyors, two stucco 
screw conveyors, and two stucco bucket elevators.  
operated noma1 l y  during the tes t ing.  

C.2 SUMMARY OF TEST DATA 

The boardline operated normally 
However, d u r i n q  the f i r s t  run, the boardline 

The board end 

The p las te r  mixing and bagg ing  operation was controlled w i t h  a 
The u n i t  was handling about 9 Mg/hr (10 ton/hr)  o f  

The capacity of the mixer was 680 kg (1500 lb)  per batch. The 

The t ransfer  system 

The EPA and  EPA-approved t e s t  data a re  presented i n  this section. 
Summaries of t e s t  data collected a t  each plant a r e  presented i n  the 
following tables  and figures:  

Plant C :  Table C - 1 .  
Plant E:  Tables C-2 t o  C-18, and Figures C-1 t o  C-3. 
Plant J :  Table C-19. 
Plant W :  Tables C-20. 
Plant Y: Tables C-21 t o  C-33 and Figures C-4 t o  C-7. 
Plant GG: Tables C-34 and  C-35. 
Plant 00: 
Plant RR:  Table C-41. 
Plant TT: 

Tables C-36 t o  C-40 and Figures C-8 and C-9. 

Tables C-42 t o  C-52 and Figure C-10. 



TABLE C-1. PLANT C. 5UMMARY OF EMISSION TEST RESULTS 

D i r e c t  Contact Flash Ca lc ine r  - O u t l e t  o f  Fabric. F i l t e r  

Emission Control Oata 

Cleaning Mechanism: Pulse- je t  
Actual Air-to-Cloth Ratio (cfm:ft  ) :  3.2:1 
Filter Fabric:  Nomex 
Date of Last Bag Replacement: NIA 

Run Number 1 2 3 Average 

General Data 
Date 

Ti me 

Sampling durat ion (min) 

I sokine t ic  r a t i o  (%)  

Production r a t e  (Mg/hr) 

Production rate ( t o n l h r )  

Exit Gas Data 
Temperature (K) 

Temperature ( O F )  ' 

Moisture (%) 

f l o w  ra te  (m /s) 

f l o w  rate (ACFM) 

f l o w  r a t e  (dNm /s) 

f l o w  r a t e  (DSCFM) 

3 

3 

P a r t i c u l a t e  Emissions 
g/dNm3 

gr/dscf 

g/m3 

, gr/acf 

kglhr 

l b /h r  , 

g/ kg 

1 b/ton 

3/21/78 

1214-1317 

60 

105.8 

6.4 

7.0 

452 

355 

39.0 

1.49 

3158 

0.59 

1253 

.078 

,034 

,030 

.013 

.166 

.365 

.026 

.052 

3/21/78 

1351 -1454 

60 

97.0 

6.4 

7.0 

452 

354 

33.0 

1.46 

3103 

0.64 

1355 

.089 

,039 

.039 

.017 

.206 

.453 

.033 

.065 

3/21/78 

1527-1642 

60 

102.6 

6.4 

7.0 

452 

354 

39.0 

1.46 

3094 

0.58 

1229 

.087 

.038 

,034 

.015 

.184 

,405 

,029 

.058 

- 
- 
- 

101.8 

6.4 

7.0 

452 

354 

37.0 

1.47 

3118 

0.50 

1279 

.085 

.037 

,034 

.015 

.185 

.408 

,029 

,058 

- 

c- 9 



TABLE C-2. PLANT E. SUIIMARY OF EMISSION TEST RESULTS 
Ore Dryer - In l e t  t o  Fahric Filtera 

Run Number 1 2 3 Average 

General Data 
Date 

Ti me 

Sampling durat ion (min) 

I sokine t ic  r a t i o  (%)  

Prcdcct?'o!! r - te  ("";lhr) 

Production r a t e  ( ton /hr )  

Exi t  Gas Data 
Temperature (K) 

Temperature ( O F )  

Moisture ( X )  

f low r a t e  (m /s) 

f l o w  r a t e  (ACFM) 

f l o w  r a t e  (dNm3/s) 

f l a w  r a t e  (DSCFM) 

3 

P a r t i c u l a t e  Emissions 

9/dNm3 

gr/dscf 

g/m3 

gr/acf  

Whr 

1 b/hr 

g/ kg 

1 b/ton 

6/5/80 6/6/80 

1809-1933 0934-1056 

64 64 

107.0 108.9 

63.5 63.6 

70 70 

352 351 

174 173 

9.1 8.9 

4.69 4.50 

9950 9550 

3.54 3.37 

7500 7150 

7.40 9.57 

3.23 4.18 

5.56 7.17 

2.43 3.13 

94.4 117 

208 257 

1.49 1 .E4 

2.97 3.67 

6/6/80 - 
11 50-1 31 1 - 

64 - 
109.3 108.4 

63.5 62.6 

70 70 

354 352 

178 175 

9.0 9.0 

4.53 4.58 

9600 9700 

3.37 3.43 

71 50 7267 

9.46 8.81 

4.13 3.85 

7.05 6.60 

3.08 2.88 

115 109 

253 239 

1.81 1.71 

3.61 3.42 

a This t e s t  data  was taken downstream of four process cyclones b u t  upstream of f ab r i c  f i l t e r .  



TABLE C-3. PLANT E. SUPPlARY OF EMISSION TEST RESULTS 

Ore Dryer - Outlet o f  Fabric F i l t e r  
Emission Control Data 

Cleaning Mechanism: Pu lse- je t  
Actual A i r - to-Cloth Ratio (c fm: f t  ): 6.4:l 
F i l t e r  Fabric: OrlOn 
Date of Last  Bag Replacement: 1/26/80 

2 

llun Number 1 2 3 Average 

General Data 
Ca t e  

Ti me 

Sampling dura t ion  (min) 

I s o k i n e t i c  r a t i o  ( X )  

Production r a t e  (Hg/hr) 

Production r a t e  ( t o n l h r )  

E x i t  Gas D a t a  
Temperature ( K )  

Temperature (OF) 

Moisture ( X )  

Flow r a t e  (m / s )  

f low r a t e  (ACFM) 

f l o w  r a t e  ( d b 3 / s )  

flow r a t e  (DSCFM) 

3 

P a r t i c u l a t e  hi ssions 

g / d h 3  

. gr/dscf 

g/m3 

gr/acf 

kg/hr 

1 b/hr  

s/ kg 
l b l t o n  

6/5/80 

1810-1 924 

64 

105.7 

64 

70 

350 

172 

9.0 

4.88 

10,350 

3.73 

7900 

.009 

.004 

.007 

.003 

.137 

.302 

.002 

.004 

6/6/80 

0823-1 100 

64 

103.6 

64 

70 

349 

169 

9.2 

4.86 

10,300 

3.70 

7850 

,009 

.004 

,007 

.003 

.125 

.275 

,002 

.004 

6/6/80 

1150-1311 

64 

109.6 

64 

70 

352 

174 

9.4 

4.69 

9,950 

3.54 

7500 

.011 

,005 

.007 

.003 

.155 

,341 

.003 

.005 

- 
- 
- 

106.3 

64 

70 

350 

172 

9.2 

4.81 

10,200 

3.66 

7750 

.009 

.004 

,007 

,003 

.139 

.306 

f002 

.004 



T A B L E  C-4. PLANT E. SUMMARY OF V I S I B L E  E M I S S I O N S  
Ore Dryer 

Emission Control nata 
2 Control Method: Baghouse Ai r - to-Cloth Rat io  (cfm:ft  ) :  6.4:l 

Cleaning Mechanism: Pulse-. jet Fabr ic  Type: Orlon 
Date o f  Las t  Bag Replacement: 1/26/80 

General Data: 

Date: 6/5/80 6. 6/6/80 Type of P lant :  Gypsum 

Type of Discharge: Stack Discharge Location: Baghouse o u t l e t  

Height o f  Po in t  o f  Discharge: Second l e v e l  p lus 20 feet 

Observer's Locat ion 

Distance t o  Discharge Paint :  15 feet 

D i r e c t i o n  frcm Discharge Point: West 

Height of Observation Point :  10 f t  below 
top o f  stack 

Background Descr ip t ion:  Gray b u i l d i n g  

Weather: Overcast, s l i g h t  r a i n  

Wind D i rec t ion :  West Wind Veloc i ty :  3-5 mph 

Plume Descr ip t ion  

Detached: Yes Color: White 

Estimated Distance Plume V i s i b l e :  Approximately 3-5 f e e t  

Summary of Averaqe Opaci ty  

9 Time 
Date Set # Start-End Sum veraqe 

6/5/80 1 
Run #l 2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

6/6/80 1 
Run #2 2 

3 
4 
5 
6 
7 

6 : l O  6:16 
6:16 6:22 
6:22 6:2B 
6:28 6:34 
6:34 6:40 
6:47 6:46 
6:46 6:52 
6:52 6:58 

9:30 9:36 
9:36 9:42 
9:42 9:48 
9:48 9:54 
9:54 1o:oo 
1O:OO 10:06 

0 0 
5 0.2 
0 0 
0 0 
5 0.2 

0 0 
0 0 
0 0 
0 0 
0 0 
5 0.2 
0 0 
0 0 

0 0 

0 0 
0 0 
5 0.2 
0 0 
5 0.2 
0 0 

0 n 

0 n 

io:o6 10 : iz  S 0.2 

Time 
Date Set # Start-End S u w e r a q e  

6/6/80 8 
9 

10 
11 
12 
13 
14 

6/6/80 1 
Run #3 2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
1.2 
13 
14 
15  

10:12 
10:18 

10:30 
10:36 

10:48 

1 ~ 2 4  

in :42 

11 :50 
11:56 
12:02 
12:08 
12:14 
12:20 
12:26 
12:32 
12:38 
12:44 
12:50 
12:56 
1:02 
1 :08 
1:14 

10:48 0 0 
 in:^ 5 0.2 

11:56 0 0 
12:02 0 0 
12:08 5 0.2 
12:14 5 0.2 
12:20 0 0 .. 

n 

c-12 



TABLE C-5. PLANT E. SUMMARY OF EMISSION TEST RESULTS 
Continuous Kettle Calciner (#4 )  - In l e t  to  fabric F i l t e r  

General Data 
Date 

Time 

Sampling d u r a t i o n  (min) 

Isokinet ic  r a t i o  ( a )  
Production r a t e  (Mglhr) 

Production rate ( ton /h r )  

E x i t  Gas Data 
Temperature ( K )  

Temperature (OF) 

Moisture (%) 

Flow rate (m 1s) 

Flow r a t e  (ACFM) 

f l o w  rate (dNm3/s) 

Flow rate (DSCFM) 

3 

P a r t i c u l a t e  hi ssions 
s /d tb3  

g/m3 

gr/dscf 

gr/acf 

Whr  

l b / h r  

g/kg 

l b / t o n  

6/3/60 

0932-1110 

27 

104.9 

10.4 

11.5 

402 

264 

69.8 

1.22 

2590 

0.266 

564 

221 

96.7 

48.3 

21.1 

212 

467 

20.3 

40.6 

6/3/80 

1402-1528 

27 

103.0 

10.4 

11.5 

402 

264 

72.2 

1.23 

2600 

0.246 

522 

259 

113 

52.0 

22.7 

230 

507 

22.1 

44.1 

6/4/80 

0838-0959 

27 

97.9 

10.4 

11.5 

399 

259 

73.4 

1.23 

2610 

0.238 

505 

273 

119 

52 .7  

23.0 

234 

51 5 

2 2 . 4  

44.8 

- 
- 
- 

10.4 

11.5 

401 

262 

71.8 

1.23 

2600 

0.250 

530 

252 

110 

51.3 

22.4 

225 

496 

21.6 

43.2 

C-13 



TABLE C-6. PLANT E. SUMMARY OF EMISSION TEST RESULTS 

Continuous Kettle Calciner ( # 4 )  - Outlet t o  Fabric F i l t e r  
Emission Control Data 

Cleaning Mechanism: Pulse je t  . 
Actual Air-to-Cloth Ratio (cfm:ft'): 2.9:l 
F i l t e r  Fabric:  Orlon 
Oate of Last Bag Replacement: 2/29/80 

Run Number 1 2 3 Average 

General Data 
Oa te  

Time 

Sampling duratfon (min) 

I sokine t ic  r a t io  (%)  

Production r a t e  (Mglhr) 

Production rate ( t o n l h r )  

E x i t  Gas Data 
Temperature (K) 

Temperature (OF) 

Moisture ( X )  

f low r a t e  (m f s )  

f l o w  r a t e  (ACFM) 

f l o w  rate (dNm3/s) 

f l o w  r a t e  (DSCFM) 

3 

P a r t i c u l a t e  Emissions 
g / d h 3  

gr ldscf  

g/m3 

grlacf  

Whr  

1 bf h r  

91 k9 

1 b f  ton 

6/3/80 

09?2-1!% 

96 

104.9 

10.4 

11.5 

391 

245 

68.9 

1.10 

2340 

0.256 

542 

.046 

,020 

,011 

.005 

.042 

,093 

,004 

.008 

6 / 3 / 8 0  

!Ann-! 61 n 
96 

103.3 

10.4 

11.5 

393 

248 

69.1 

1.11 

2360 

0.255 

540 

.014 

.006 

.002 

. 001 

.013 

.028 

,001 

.002 

6/4/80 

?A??-! n?? 
96 

108.2 

10.4 

11.5 

387 

238 

69.9 

1.12 

2370 

0.254 

538 

.023 

.010 

,005 

.002 

,023 

,050 

.a02 

,004 

- 
- 
- 

105.5 

10.4 

11.5 

390 

244 

69.3 

1.11 

2357 

0,255 

540 

.027 

.012 

.007 

.003 

,026 

.057 

.002 

,005 



TABLE C-7. PLANT E. SUMMARY OF V I S I B L E  EMISSIONS 
Continuous K e t t l e  C a l c i n e r  

Emission Control Data 
2 Control Method : Baghouse Ai r - to-Cloth Rat io  ( c f m : f t  1: 1.9:l 

Cleaning Mechanism: Pu lse- je t  Fabr ic  Type: Orlon 
Oate o f  Las t  Bag Replacement: 2/29/80 

0 
0.2 
0 
0 
0.2 
0 
0 
0 
n 

General Data:  

Date: 6/3/80 k 6/4/80 Type of P lant :  Gypsum 

Type o f  Discharge: Stack 

Height of Po in t  o f  Discharge: 

Observer's Locat ion 

Discharge Location: Baghouse o u t l e t  

Second l e v e l  p lus  50 feet  

Distance t o  Discharge Point :  90-100 ft. Height of Observation Point :  ground l e v e l  

D i r e c t i o n  f r a n  Discharge Point :  SW of stack 

Background Oescript ion: 

Weather: P a r t l y  Cloudy 

6/3: Blue sky w/occasional clouds; 6/4: Cloudy 

Wind D i rec t ion :  West Wind Ve loc i ty :  5 mph 

P1 m e  Descr ip t ion  

Oetached: Yes Color: White 

Estimated Distance P l m e  V is ib le :  Approximately 3 feet  

6/3/80 9 
10 
11 
12 
13 
14 
15 

.16 

Summary o f  Averaqe Opacity 

- 
 io:^ 1o: jo  0 0 
10:39 10:36 5 0.2 
10:36 10:42 0 0 
10:42 10:48 0 
10:48 10:54 0 0 
10:54 11:OO 0 0 
11:OO 11:06 0 0 

2:OO ' 2:06 0 0 
2:06 2:12 5 0.2 
2:12 2:18 0 0 
2:18 2:24 0 0 
2:24 2:30 0 0 
2:30 2:36 0 0 

0 2:36 2:42 0 
2:42 2:48 5 0.2 

Time 
Start-End S u m e r a q e  

Time opacfty 
Date Set Start-End Sum Averaqe Date Set 

6/4/80 1 T0:OO 10:06 0 0 
Run #3 2 10:06 10:12 0 0 

3 10:12 10:18 0 0 
4 10:18 10:24 0 0 
5 10:24 10:30 0 0 
6 10:30 10:36 0 0 
7 lo:% 10:42 0 0 
8 10:42 10:48 0 0 
9 10:48 10:54 0 0 

10 10:54 11:OO 0 0 
11 11:OO 10:06 0 0 
12 11:06 11:12 0 0 
13 i i : i Z  ii:iEc o 0 
14 11:18 11:24 C 0 
15 11:24 11:30 0 0 -  
16 11:30 11:36 0 0 

6/3/80 1 
Run 41 2 

3 
4 
5 
6 

8 
9 

. 7. 

10 
1'1 
12 
13 
14 
15 
16 

6/3/80 1 
Run #2 2 

3 

9:30 9:36 a 
9:36 9:42 5 
9:42 9:48 0 
9:48 9:54 n 
9:si i o I o o  5 
1O:OO 10:06 0 
10:06 10:12 0 
10:12 10:18 0 
10:18 10:24 n 

2:46 
2:54 
3:OO 
3:06 
3:12 
3:18 
3:24 
3:30 

2:54 0 
3:OO 0 
3:06 5 
3:12 0 
3:18 0 
3:24 10 
3:30 0 
3:36 0 

0 
0 
0.2 
0 
0 
0.4 
0 
0 

C-15 



TABLE C-8. PLANT E. SUMMARY OF EMISSION TEST RESULTS 
Board E n d  Sawing - O u t l e t  o f  Fabr i c  F i l t e r  

Emission Control Data 

Cleaning Mechanism: Shaker 
Actual A i r - to -C lo th  Rat io  (cfm:ft2): 1.5:l 
F i l t e r  Fabr ic :  Cotton 
Date o f  Last  Bag Replacement: 3/23/80 

Run Number 1 2 3 Average 

General D a t a  
Date 

T i  me 

Sampling d u r a t i o n  (min) 

I s o k i n e t i c  r a t i o  (%) 

Production r a t e  (Mg/hr) 

Production r a t e  ( ton /hr )  

E x i t  Gas Data 
Temperature ( K )  

Temperature (OF) 

Moisture ( X )  

f low r a t e  (m /s) 

f low r a t e  (ACFM) 

Flow r a t e  (dNm3/s) 

flow r a t e  (DSCFM) 

3 

P a r t i c u l a t e  Emissions 

9 / d b 3  

gr/dscf 

g/m3 

6/5/80 

1215-1329 

64 

104.4 

29.2 

32.2 

306 

92 

1.6 

1.70 

3600 

1.60 

3400 

,005 

.002 

.005 

,002 

.030 

.066 

,001 

.002 

6/5/80 

1418-1 529 

64 

103.8 

29.2 

32.2 

308 

95 

1.7 

1.65 

3500 

1.56 

3300 

.016 

,007 

.016 

.007 

.089 

.197 

.003 

.006 

6/5/80 

1545-1707 

64 

103.7 

29.2 

32.2 

305 

90 

1.4 

1.75 

3700 

1.67 

3550 

.023 

.010 

.023 

.010 

.139 

.307 

.005 

.010 

- 
- 
- 

104.0 

29.2 

32.2 

306 

92 

1.6 

1.70 

3600 

1.61 

341 7 

.014 

.006 

.014 

.006 

.0b6 

.190 

.003 

,006 

C-16 



TABLE C-9. PLANT E. SUMMARY OF V I S I B L E  EMISSIONS 
B o a r d  End S a w i n g  

w i a o  1 12:OO 12:06 0 0 
(Run #1) 2 12:06 12:12 0 0 

3 12:12 12:18 0 0 
4 12.18 12:24 0 0 
5 12:24 12:30 0 0 
6 12:30 12:36 20 0.8 
7 12:36 12:42 0 0 
8 12:42 12:48 0 0 
9 12:48 12:54 0 0 

10 12:54 1:00 20 0.8 
11 1:00 1:06 10 0.4 
12 1:06 1:12 0 0 
13 1: lZ 1:lB 10 0.4 
14 1: lB , 1:24 75 3.1 

6/5/80 1 2 1 0  2 1 6  30 1.3 
(Run J2) 2 2:16 2.22 0 0 

3 2:22 2:28 45 1.9 
4 2:28 2 3 4  5 0.2 

Emission Control Data 
Air- to-Cloth Rat io  (cfm:ft 2 ) :  1.5:1 Control Method: Baghouse 

Cleaning Mechanism: Shaker 
Date o f  Las t  Bag Replacment: 3/23/80 

Fabr ic Type: Cotton 

6/5/80 5 2:34 2:40 10 0.4 
6 2:40 2:46 110 4.6 
7 2:46 2:52 30 1.3 
8 2:52 2:58 5 0.2 
9 2:58 3:04 0 0 

10 3:04 3:lO 15 0.6 
11 3:lO 3:16 75 3.1 

6/5/80 1 4:OO 4:06 40 1.7 
(Run 83) 2 4:06 4:12 BO 3.3 

3 4:12 4:18 10  0.4 
4 4:lB 4:24 40 1.7 
5 4:24 4:30 45 1.9 
6 4:30 4:36 5 0.2 
7 4:36 4:42 10 0.4 
8 4:42 4:48 10 0.4 
9 4:4a 4:54 60 2.5 

10 4:54 5:OO 40 1.7 
11 5:OO 5:06 0 0 

c-17 



TABLE C-10. PLANT E. SUMMARY OF FUGITIVE EMISSIONS 
Board End Sawing 

General Data 
. 

Date: 6/6/80 Dura t ion  o f  Observation: t h r e e  hours 

Type o f  Discharge: F u g i t i v e  

Locat ion  o f  Discharge Po in t :  Board end sawing p ickups 

Desc r ip t i on  o f  Discharge: 
i s  p icked up w i t h  a capture  dev ice o r  hood which surrounds t h e  saws. 
Some dus t  escapes capture.  

Emission c rea ted  by c u t t i n g  o f  boards 

Co l l ec ted  dus t  i s  ducted t o  a baghouse. 

Summary o f  F u g i t i v e  Emissions 

T i  me Observat ion Per iod Percent Time w i t h  
(Min : Sec) V i s i b l e  Emission 

N / A  

N / A  

N/A 

2o:oo 
2o:oo 
2o:oo 
20:oo 
20 : 00 
20 : 00 

20:oo 
2o:oo 
20 : 00 

0.0 ~~ 

0.0 
0.0 

0.0 
0.0 
3.8 

0.0 
0.0 
0.0 

C-18 



TABLE C-11. PLANT E. SUMMARY OF VISIBLE EMISSIONS 
P l a s t e r  M ix ing  and Bagging 

h i s s i o n  Control D a t a  

2 Control Method: Baahouse Ai r - to-Cloth Rat io  (c fm: f t  ) :  2:l 
Cleaning Mechanism:* Pu lse- je t  
Date of Last  Bag Replacement: 5/28/00 

Fabric Type: (su i ted  t o  3OO6F)-- 

General Data: 

Oate: 6 /4 /80  h 6/5/80 Type of P lant :  Gypsum Durat ion of Observation: 3 hrs. 

Type o f  Discharge: Stack 

Height o f  Po in t  of Discharge: second l e v e l  p lus 25 f e e t  

Observer's Locat ion 

Discharge Location: Baghouse o u t l e t  

Distance t o  Discharge Point :  15 ft. 

D i r e c t i o n  from Discharge Point :  NE o f  stack 

Background Desc ri p t  i on : gray 

Weather: overcast - p a r t l y  cloudy 

Height of Observation Point: same l e v e l  

Wind D i rec t ion :  West Wind Veloc i ty :  3 rnph 

P l m e  Oescr ip t ion 

Detached: No Color: White 

Estimated Distance Plume V i s i b l e :  - 1  foot  

Summary o f  Averaqe Opaci ty  

Time Opacfty 
Oa t e  Set Number S t a r t  End Sum Average 

6/4 /80  1-10 9 :oo  1o:oo 0 0 
(Run # l )  

6r 4r 80 1-5 
(Run X2)  5- 6 

6/4/80 1-4 
6/5/80 6-1 0 
(Run 63) 

11:OO 11:30 0 
1:no 1:30 0 

0 
0 

1:38 2:02 0 0 
8: 30 9 :06  0 0 
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TABLE C-12. PLANT E. SUMMARY OF FUGITIVE EEISSIONS 

P l a s t e r  Bagging 

General Data 

Date: 6/3/80 & 6/4/80 Dura t ion  of observat ion:  two hours 

Type o f  Discharge: F u g i t i v e  

Locat ion  o f  Discharge P o i n t :  

D e s c r i p t i o n  of Discharge: The packer used va lve  type bags. The 

m a t e r i a l  entered t h e  bag through a nozz le  i n s e r t e d  i n t o  t h e  bag opening. 
F u g i t i v e  emissions occurred when t h e  baa was removed f rom t h e  nozz le.  

P l a s t e r  baaging machine 

Th- n-cL-u  t r 3 A  - - - -I- . -  
1 1 1 5  p"Lnc, ,,"" ,"US l I " L L I C 3 .  

Date 

Summary o f  F u g i t i v e  Emissions 

Observa t ion  Per iod  Percent Time w i t h  
(Min : Sec) V i s i b l e  Emiss ion 

6/3/80 

6/4/80 

20: 00 
2o:oo 
20: 00 

2o:oo 
20: 00 
20:oo 

31 .a 
41.2 
54.5 

51 .O 
62.8 
49.2 



TABLE C-13. PLANT E. SUMMARY OF V I S I B L E  EMISSIONS 
P i n  Mixing, Scor ing and Chamfering 

Emission Control Data 

Control Method: Cyclone 

General Data: 

Date: 6/3/80 Type o f  Plant: Gypsum Duration o f  Observation: 3 hrs. 

Type o f  Discharge: Stack Discharge Location: Cyclone o u t l e t  

Height o f  Po in t  o f  Discharge: Second l e v e l  p lus  20-30 fee t  

Observer's Location 

Distance t o  Discharge Point :  50 feet  

D i r e c t i o n  from Discharge Point :  SE of stack 

Height o f  Observation P o i n t : l l  ft. below stack 

Background Descr ip t ion:  Green t rees 

Weather: Overcast - p a r t l y  cloudy 

Wind D i rec t ion :  West Wind Veloc i ty :  5 mph 

Plume Descr ip t ion  

Oetached: Yes Color: White 

Estimated Distance P l m e  V is ib le :  5-6 feet 

Summary of Averaqe Opacity 

=Y Time v Time 
Date Set t Start-End Sum veraqe h t e  Set  # Start-End Sum verage 
6/3/80 1 a:30 8:36 340 14.2 
(Run # l )  2 8:36 8:42 260 10.8 

3 8: 42 8:48 305 12.7 
4 8:48 8:54 340 14.2 
5 8:54 9:00 235 9.8 
6 9:00 9:06 215 9.0 
7 9:06 9:12 240 10.0 
8 9: iz  9 : ia  250 10.4 
9 9:18 9:24 230 9.6 

10 9:24 9:30 250 10.4 
6/3/80 1 12:15 12:21 265 11.0 
(Run #2) 2 12:21 12:27 340 14.2 

3 12:27 12:33 265 11.0 
4 12:33 12:39 280 11.7 
5 12:39 , 12:45 235 9.8 

6/3/80 

6/3/80 
(Run 63) 

6 
7 
8 
9 

10 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

12:45 
12:51 
12:57 
1:03 
1:09 
3:50 
3:56 
4:02 
4:08 
4:14 
4: 20 
4: 26 
4: 32 
4:38 
4: 44 

12:51 245 10.2 
12:57 250 10.4 
1 :03 300 12.5 ~~~ 

1:09 255 
1:15 260 
3:56 230 
4:02 220 
4:08 155 
4:14 150 
4:20 175 
4:26 180 
4:32 170 
4:38 160 
4:44 180 
4:50 195 

10.6 
10.8 
9.6 
9.2 
6.5 
6.3 
7.3 
7.5 
7.1 
6.7 
7.5 .. 
8.1 
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1 

6/10/80 1 12:45 12:51 10 0.4 
0.8 

3 12:57 1:03 15 0.6 
Run $1 2 12:51 12:57 20 

4 1:03 1:09 10 0.4 
5 1:09 1:15 10 0.4 
6 1:15 1:21 10 0.4 
6 1:21 i : 2 7  20 0.8 
8 1:27 1:33 15 0.6 
9 1:33 1:39 15 0.6 

10 1:39 1:45 20 0.8 

6/10/80 1 1,:48 1:54 20 0.8 
Run #2 2 1:54 , 2:00 10 0.4 

3 2:00 2:06 20 0.8 
4 2:06 2:12 15 0.6 
5 2:lZ 2:18 5 0.2 

TABLE C-14. PLANT E. SUMMARY OF V I S I B L E  EMISSIONS 
Stucco Storage and Transfer 

r; / lO/BO 6 2:18 2:24 5 0.2 
7 2:24 2:30 15 0.6 
8 2:30 2:36 10 0.4 
9 2:36 2:42 15 0.6 

10 2:42 2:48 5 0.2 

6/10/80 1 2:50 2 : 5 6  10 0.4 
Run #3 2 256 3:02 I D  0.4 

3 3:02 3:08 5 0.2 
4 3:08 3:14 5 0.2 
5 3:14 3:20 5 0.2 
6 3:20 3:26 5 0.2 
7 3:26 3:32 5 0.2 
8 3:32 3:38 0 0 
9 3:38 3:44 10 0.4 

10 3:44 3:50 5 0.2 

Emission Control Data 
2 Control Method : Baghouse A i r - to -C lo th  Rat io  (cfm:ft 1: 2:l 

Cleaning Mechanism: Shaker Fabr ic  Type: Cotton 
Date o f  Las t  Bag Replacement: 4121/79 

General Data: 

tu te :  6/10/80 Type of Plant: Gypsum Duration o f  Observation: 3 hrs .  

Type o f  Discharge: Stack Discharge Location: Baghouse o u t l e t  

Height o f  P o i n t  o f  Discharge: Second l e v e l  p lus 20 feet  

Observer's Locat ion 

Distance t o  Discharge Point :  20 ft. Height  o f  Observation Point :  20 ft. below stack 

!!rec+!in frrm C!schar:e bin:: 

Background Descr ip t ion:  Green t rees  

Weather: Clear 

E s t  n f  :t:ck 

Wind D i rec t ion :  East Wind Veloc i ty :  2 mph 

Plume Oescr ip t ion 

Detached: Yes Color: White 

Estimated Distance Plume V i s i b l e :  Approximately 5 f e e t  

Summary o f  Averaqe Opacity 
Time a c i t  Time 

Date S e t  # Start-End Su-erage Da te  Set # Start-End S u w e r a q e  
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TABLE C-15. PLANT E. SUMMARY OF FUGITIVE EMISSIONS 
Number 1 - P i n  Mixer  

General Data 

Date: 6/3/80 Dura t ion  o f  Observation: two hours 

Type o f  Discharge: F u g i t i v e  

Locat ion o f  Discharge Po in t :  Head o f  boa rd l i ne  - a t  p i n  mixer  

Desc r ip t i on  o f  Discharge: 
diameter)  c o l l e c t e d  by suc t i on  i n t o  5 i n c h  diameter p ipe.  

Emissions f rom pin m ixe r  vent  (7 i n c h  

Summary o f  F u g i t i v e  Emissions 

Time 
S t a r t -  End 

Observat ion Per iod Percent Time w i t h  
(Min:Sec) V i s i b l e  Emission 

12:30 - 1:30 

2:30 - 3:30 

~~ 

60:OO 

60:OO 

0.00 

0.00 
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TABLE C-16. PLANT E. SUMMARY OF FUGITIVE EMISSIONS 
Number 2 - P i n  Mixer  

General Data 

Date: 6/3/80 Dura t i on  o f  Observat ion:  t h r e e  hours 

Type o f  Discharge: F u g i t i v e  

Locat ion  o f  Discharge Po in t :  

Desc r ip t i on  o f  Discharge: Emissions from p i n  mixer  vent  (7  i n c h  d iameter )  
c o l l e c t e d  by s u c t i o n  i n t o  5 i n c h  d iameter  p ipe.  
capture when c o l l e c t i o n  p ipe  became clogged w i t h  m o i s t  gypsum. 
p ipe  was unclogged manual ly.  

Head of boa rd l i ne  - a t  p i n  mixer  

Emissions escaped 
The 

Summary o f  F u g i t i v e  Emissions 

T i  me 
S t a r t  - End 

Observat ion Per iod Percent Time w i t h  
(Min : Sec) V i s i b l e  Emission 

8:30 - 9 ~ 3 0  vacuum 20:oo 
p ipe  20 : 00 
clogged 20:oo 

9:40 - 1 0 ~ 4 0  vacuum 20:oo 
p i p e  20:oo 
clogged 20:oo 

l o r 5 0  - 1 1 ~ 5 0  20:oo 
20:oo 
20:oo 

85 
2.7 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 

24. 
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TABLE C-17. PLANT E. SUKMARY OF EMISSION TEST RESULTS 
Ore Dryer - Outlet o f  Fabric F i l t e r  (Industry Test) 

Emission Control Data 

/Cleaning Mechanism: Pulse j e t  
Actual Air-to-Cloth Ratio fcfm:ft ): 7.0:1 
F i l t e r  Fabric:  Orlon 
Date of Last Bag Replacenent: N / A  

Run Number 1 2 3 Averaae 

General Data 
Oa te  

Ti me 

Sampling durat ion ( m i n )  

I sokine t ic  r a t i o  (%) 

Production r a t e  (Mglhr) 

Production rate ( ton /hr )  

E x i t  Gas Data 
Temperature ( K )  

Temperature ( O F )  

Moisture (%)  

f l o w  rate (m 1 s )  

f l o w  rate (ACFM) 

f l o w  rate (dNm3/s) 

f l o w  ra te  (DSCFM) 

3 

P a r t i c u l a t e  Emissions 

9/dNm3 

grldscf  

g/m3 

gr/acf 

kg/ hr 

1 b /h r  

, 

g/kg 

lb f ton  

11/18/75 

N / A  

65 

102. 

47.7 

52.5 

36 1 

190 

5.4 

5.31 

11,267 

4.06 

8599 

.082 

.036 

.062 

.027 

1.2 

2.6 

.025 

.os0 

11/18/75 

N/A 

65 

100. 

45.4 

50.0 

360 

189 

5.2 

5.26 

11,147 

4.03 

8544 

.046 

.020 

.034 

,015 

.68 

1.5 

.015 

,030 

11/18/75 

N/A 

65 

102. 

49.9 

55.0 

360 

188 

7.1 

5.32 

11 ,271 

4.00 

8476 

.096 

.042 

.071 

.031 

1.4 

3.0 

.030 

.060 

- 
- 
- 

101. 

47.7 

52.5 

36 0 

189 

5.9 

5.30 

11,228 

4.03 

8540 

.076 

.033 

.056 

,024 

1.1 

2.4 

.023 

.047 - 
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TABLE C-18. PLANT E. SUMMARY OF E M I S S I O N  TEST RESULTS 
Continuous K e t t l e  Ca lc ine r  (# l )  - 

O u t l e t  o f  Fabr ic  F i l t e r  ( I n d u s t r y  Test? 

Emission Control Data 

C e a n i n g  Mechanism: Pulse- je t  
Actual Air-to-Cloth Ratio (cfm:ftZ):  2.3:l 
F i l t e r  Fabric:  Orlon 
Date of L a s t  Bag Replacement: N/A 

Run Number 1 2 3 Average 

General Data 
rn t e  

Ti me 

Sampling dura t ion  (min )  

I s o k i n e t i c  r a t i o  (Z) 
Production r a t e  (Mg/hr) 

Production r a t e  ( ton /hr )  

Exit Gas Data 
Temperature (K) 

Temperature ( O F )  

Moisture (Z) 

now r a t e  (m3/s) 

f low r a t e  (ACFM) 

Flow r a t e  (dMn3/s) 

f l o w  r a t e  (DSCFM) 

P a r t i c u l a t e  Emissions 
g / d h 3  

gr fdscf  

g/m3 

1 
gr/acf  

kg/hr 

l b /h r  

g/kg 

lb/tnn 

11/19/75 

N/A 

66 

121. 

10.0 

11 .o 

391 

245 

65.6 

0.875 

1856 

0.223 

472 

.014 

.006 

.005 

.002 

.009 

.020 

.001 

.002 

I111 9/75 

N/A 

65 

102. 

10.0 

11 .o 

391 

245 

64.6 

0.885 

1877 

0.232 

492 

.007 

.003 

,002 

.001 

,005 

.010 

. 001 

.001 

11/19/75 

N/A 

65 

94. 

10.0 

11 .o 

391 

244 

60.8 

0.885 

1877 

0.257 

544 

.076 

.033 

.023 

.010 

.091 

.zoo 

.009 

.018 

- 
- 
- 

106. 

10.0 

11 .o 

391 

245 

63.7 

0.882 

1870 

0.237 

503 

.032 

.014 

.009 

.004 

.035 

.077 

.003 

.007 - 

'The f i r s t  t e s t  r u n  was conducted a t  a high i sok ine t i c  sampling r a t e .  
However, the data  were considered acceptable  s ince  the average i sok ine t i c  
r a t i o  i s  w i t h i n  the required range. 
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TABLE C-19. PLANT J .  SUMMARY OF EMISSION TEST RESULT 

Ore Dryer - Outlet o f  Fabric F i l t e r  

Emission Control Data 

Cleaning Mechanism: Reverse a i r 2  
Actual A i r - to-Cloth Rat io  (cfm:ft ): 2.3:l 
F i l t e r  Fabr ic :  Dacron 
Date o f  Las t  Bag Replacement: ?'/!, 

Run Number 1 2 3 Average 

General Data 

Da t e  

Time 

Sampling dura t ion  (min) 

I s o k i n e t i c  r a t i o  ( l a )  

Production r a t e  (Mg/hr) 

Production r a t e  ( t o n / h r )  

E x i t  Gas Data 

Temperature ( K )  

. Temperature (OF) 

Moisture ( X )  

Flow r a t e  (m /s) 

f low r a t e  (ACFM) 

f low r a t e  (dNm3/s) 

f low r a t e  (DSCFM) 

3 

P a r t i c u l a t e  Emissions 

g / d b 3  

gr/dscf 

g/m3 , 
gr/acf 

kg/hr 

l b / h r  

g/ kg 

l b l t o n  

6/14/79 

:0900-1032 

88 

102.5 

25.3 

27.9 

355 

179 

6.7 

5.25 

11,140 

4.11 

8,718 

.018 

.008 

.014 

.006 

.283 

,624 

.011 

.022 

6/14/79 

1206-1339 

88 

102.2 

25.4 

28.0 

357 

183 

5.7 

5.11 

10,836 

4.01 

8,510 

,021 

.OD9 

,016 

.007 

.288 

.635 

.011 

.022 

6/14/79 

1453-1626 

88 

100.7 

25.4 

28.0 

354 

177 

5.4 

5.04 

10,678 

4.00 

8,489 

.023 

.110 

.018 

,008 

.329 

.725 

.013 

.026 

- 
- 

101.8 

25.4 

28.0 

355 

180 

5.9 

5.13 

10,885 

4.04 

8,572 

.021 

.009 

.016 

.007 

,300 

.661 

.012 

.023 

- 
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TABLE C-20. PLANT W .  SUMMARY OF EMISSION TEST RESULTS 
Kettle Calciners and Gr ind ing  Mills - 

Outlet o f  Electrostat ic  Precipi ta tor  (Industry Test) 
Source Descr ipt ion 

Emission sources  cont ro l led  by the 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  include two 
grinding mi l l s ,  four  k e t t l e  c a l c i n e r s  and two screw conveyors. The opera t ing  
mode of the c a l c i n e r s  during t h e  t e s t  (batch o r  cont inuous)  i s  not a v a i l a b l e .  

Run Number 1 2 3 Average 

General Data 
Date 6/28/77 6/28/77 6/28/77 

Ti me N I A  N / A  N/A 

h m p l i n g  dura t ion  (min) 60 60 60 - 
I uu 

- 

. _ _  . -- 
i s o i i n e i i c  r a t i o  ( i j  I " L  9 i  I uo 

Production r a t @  ( t o n / h r )  78.8 78.8 78.8 78.8 

. ̂̂  

Production rate" (Hg/hr) 71 .6 71 .6 71.6 71.6 

Exit Gas Data 
Temperature (K) 349 354 351 351 

Temperature (OF) 168 178 173 173 

Moisture ( I )  

f l o w  r a t e  (rn /s) 

f l o w  r a t e  (ACFM) 

3 
13.3 12.5 16.7 14.2 

18.9 18.6 18.4 18.6 

39.986 39.456 39.102 39,515 

f l o w  r a t e  ( d h 3 / s )  13.8 13.5 12.7 13.4 

f l o w  r a t e  (DSCFH)  29.209 28,632 26,904 28,448 

P a r t i c u l a t e  Emissions 
g / d h 3  .110 .092 .046 .092 

gr /dscf  .050 .040 .020 .040 

9/m3 .092 .068 ,032 ,064 
, gr /acf  .040 .030 .014 .028 

Whr 5.7 4.4 2.1 4.1 

1 b/hr 12.5 9.8 4.6 9.0 

g/kg 

l b f ton  

.08 .06 .03 .06 - 

.16 .12 .06 . l l  

aProduction r a t e  given includes t o t a l  weight of s tucco produced plus  weight 
o f  rock mi l led  p e r  hour. 
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TABLE C-21. PLANT Y .  SUMMARY OF EMISSION TEST RESULTS 
Ore Dryer - In l e t  t o  Fabric F i l t e r  

Run Number 1 2 3 Average 

General Data 
Date 

Time 

Sampling durat ion (min) 

Isokinet ic  r a t i o  ( X )  

Production r a t e  (Mg/hr) 

Production r a t e  ( ton/hr )  

E x i t  Gas Data 
Temperature ( K )  

Temperature ( O F )  

Moisture ( X )  

f l o w  r a t e  (m Is) 

f l o w  r a t e  (ACFH)  

f l o w  r a t e  (dNm3/s) 

f l o w  r a t e  (DSCFM) 

3 

P a r t i c u l a t e  Emissions 

9 / d h 3  

grldscf 

g/m3 

gr/acf 

kg/hr 

lb/hr 

g/ kg 

1 b/ton 

5/21/80 

1145-1 343 

96 

99.8 

27 

30 

375 

215 

8.5 

7.41 

15,700 

5.33 

11,300 

116. 

50.7 

83.6 

36.5 . 
2225 

4900 

81.5 

163 

5/22/80 

0845-1037 

96 

98.9 

27 

30 

375 

21 6 

8.9 

7.55 

16,000 

5.38 

11,400 

119. 

51.9 

84.7 

37.0 

2302 

5070 

84.5 

169 

5/22/80 

1235-1450 

96 

95.9 

27 

30 

375 

21 5 

7.0 

7.64 

16,200 

5.57 

11.800 

117. 

51.2 

85.4 

37.3  

2352 

5180 

86.5 

173 

- 
- 
- 

98.2 

27 

30 

375 

21 5 

8.1 

7.53 

15,970 

5.42 

11,500 

117. 

51.3 

84.5 

36.9 

2293 

5050 

84.0 

168 
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TABLE C-22. PLANT Y. SUMMARY OF EMISSION TEST RESULTS 
Ore Dryer - Outlet  o f  Fabr ic  F i l t e r  

Emission Control Data 

Cleaning Mechanism: Pulse j e t  
Actual Air-to-Cloth Ratio 1crm:ft ) :  5.5:1 
F i l t e r  Fabric:  Nomex 
Date of Last Bag Replacement: 5/17/00 

Run Number 1 2 3 Average 

General Data 
Date 

Tim 

Sampling dura t ion  (min) 

isoi t inet ic  r a t i o  ii;; 

Production r a t e  (Mglhr) 

Production rate ( t o n l h r )  

E x i t  Gas Data 
Temperature (K) 

Temperature (OF) 

Moisture ( X )  

flow r a t e  (m /s) 

flow r a t e  (ACFM) 

flow rate (dNin3/s) 

flow rate (OSCFM) 

3 

P a r t i c u l a t e  Emissions 
g / d h 3  

gr ldscf  . 

g1m3 

g r l a c f  

W h r  

lb /hr  

glkg , 
1 b l ton  

5/21/80 

11 4511 340 

96 

99.6 

27 

30 

366 

200 

8.3 

7.55 

16,000 

5.57 

11,800 

,062 

,027 

.046 

.020 

1.22 

2.69 

.045 

,090 

5/22/80 

0845-1035 

96 

103.6 

27 

30 

367 

202 

9.5 

7.41 

15,700 

5.38 

11,400 

,044 

.019 

.032 

.014 

0.83 

1.83 

,031 

.061 

5/22/80 

1235-141 5 

96 

100.9 

27 

30 

368 

203 

9.0 

7.64 

16,200 

5.57 

11.800 

.041 

.018 

.030 

,013 

0.80 

1.77 

.030 

.059 

- 
- 
- 

101.4 

27 

30 

367 

202 

8.9 

7.53 

15,970 

5.50 

11,670 

,049 

,021 

,037 

.016 

0.95 

2.10 

.035 

.070 
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TABLE C-23. PLANT Y. SUMMARY OF V I S I B L E  EMISSIONS 

Ore Dryer 

Emission Control Data 
2 

Control Method : Baghouse Ai r - to-Cloth Ratio (cfm:ft 1: 5.5:l 
Cleaning Mechanism: Pu lse- je t  Fabric Type: Nomex 
Date o f  Last  Bag Replacement: 5/17/80 

General Data: 

Date: 5/21/80 t o  5/22/80 Type of Plant: Gypsum 

Type of Discharge: Stack 

Height of Po in t  o f  Discharge: 

Observer's Locat ion 

Dlscharge Location: Baghouse o u t l e t  

8 f e e t  above roof 

Distance t o  Discharge Point :  15 ft. Height o f  Observation Point :  4 ft. 

D i r e c t i o n  f r a n  Discharge Point :  South 

Background Descr ip t ion:  Clear b lue sky 

Weather: 8/21 - Clear; 8/22 - P a r t l y  cloudy 

Wind D i rec t ion :  N/A Wind Ve loc i ty :  5-10 mph 

Plume Descr ip t ion  

Detached: No Color: White 

Estimated Distance Plume V is ib le :  5 ft. 

Summary of Averaqe Opaci ty  
Time a c i  t Time 

Date Set # Start-End S u s e r a q e  Date Se t  # Start-End Sui?%eraqe 

5/21/80 
(Run #1) 

5 
6 
7 

9 
10 

a 

1.5 
1.9 
1.5 
1.5 
1.5 
1.9 
1.7 
1.3 
1.3 
1.3 

11 12:57 1:03 15 0.6 
12 1:03 1:09 15 0.6 
13 l i O 9  ' 1:15 10 0.4 
14 1:15 1:21 5 0.2 
15 1:21 1:27 25 1 .o 
16 1:27 1:33 15 0.6 

5/22/00 1 8:49 8:55 15 0.6 

3 9:01 9:07 10 0.4 
4 9:07 9:13 0 0 
5 1:13 9:19 10 0.4 

(Run #2) 2 8:55 9:oi 5 0.2 

~. 
6 9:19 P:25  0 0 
7 9:25 9:31 5 0.2 
0 9:31 9:39 0 n 
9 9:37 9:43 5 0.2 

10 9:43 9:49 0 0 
11 9:49 9:55 0 n 
12 9:55 1O:Ol 1n 6 . 4  
13 1O:Ol l0 :07 0 0 
14 10:07 10:13 5 0.2 
15 10:13 10:19 5 0.2 
16 10:19 10:25 5 0.2 

5/221ao 1-16 1 2 3 0  2 2 7  o 0 I (Run #3) 
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TABLE C-24. PLANT Y. SUMMARY OF EMISSION TEST RESULTS 
Direct Contact F l a s h  Calciner - I n l e t  t o  Fabric F i l t e r  

Riin Niirnber 1 2 3 Pveraae 

General Data 
Date 

Time 

h m p l i n g  dura t ion  (min)  

I s o k i n e t i c  r a t i o  (%) 

r roduc t ion  r a t e  inginrj 

Production r a t e  ( t o n l h r )  

E x i t  Gas Data 
Temperature (K) 

Temperature (OF) 

Moisture (7,) 

Flow r a t e  (m3/s) 

Flow r a t e  (ACFM) 

flow r a t e  (dNm3/s) 

Flow r a t e  (DSCFM) 

P a r t i c u l a t e  m i s s i o n s  

g / d h 3  

gr/dscf 

g/m3 

gr lacf  

kg/hr 

l b / h r  

g/ kg 

1 b l t o n  

5/19/80 

1358-1532 

60 

108.6 

6.4 

7.0 

461 

370 

38.9 

1.85 

3920 

0.72 

1520 

50.4 

22.0 

19.5 

8.53 

131 

288 

20.5 

41 .O 

5/20/80 

0917-1030 

60 

106.5 

6.4 

7.0 

462 

373 

40.9 

1.94 

4110 

0.72 

1530 

49.5 

21.6 

18.4 

8.04 

129 

284 

20.3 

40.6 

5/20/80 

131 5-1436 

60 

103.5 

6.4 

7.0 

460 

369 

43.0 

1.93 

41 00 

0.70 

1480 

48.5 

21.2 

17.5 

7.65 

122 

269 

19.2 

38.4 

- 
- 
- 

106.2 

6.4 

7.0 

461 

371 

40.9 

1.91 

4043 

0.71 

1510 

49.5 

21.6 

18.5 

8.07 

127 

280 

20.0 

40.0 



TABLE C-25. PLANT Y. SUMMARY OF EMISSION TEST RESULTS 
Direct Contact Calciner - Outlet  o f  Fabric F i l t e r  

Emission Control Data 

Cleaning Mechanism: Pu lse- je t  
Actual A i r - to-Cloth Rat io  (c fm: f tZ ) :  4.2:l 
F i l t e r  Fabric: Nomex 
Date of Last Bag Replacement: 1/20/80 

Run Number 1 2 3 Average 

General Data 
Date 

T i m  

Sampling dura t ion  (min) 

I s o k i n e t i c  r a t i o  (%)  

Production r a t e  (Mg/hr) 

Production r a t e  ( ton /hr )  

E x i t  Gas Data 
Temperabre ( K )  

Temperature (OF) 

M o f s b r e  ( 9 )  

f l o w  r a t e  (m /s) 

f l o w  r a t e  (ACFM) 

f l o w  r a t e  (dNm3/s) 

f low r a t e  (OSCM) 

3 

P a r t i c u l a t e  Emissions 

g/dNm3 

g/m3 

gr/dscf 

gr /acf  

kg/hr 

l b / h r  

g l  kg 

1 b/ton 

1 

5/19/80 

14b0-1630 

120 

108.5 

6.4 

7.0 

445 

341 

38.1 

1.84 

3910 

0.76 

1610 

.048 

.021 

.020 

,009 

.128 

.232 

,020 

,040 

5/20/80 

0930-1110 

100 

101.4 

6.4 

7.0 

444 

340 

41.5 

1.92 

4070 

0.75 

1580 

.OS5 

,024 

.020 

.009 

.148 

,325 

.023 

,046 

5/20/80 

1340-1 530 

100 

103.3 

6.4 

7.0 

445 

341 

42.5 

1.89 

401 0 

0.72 

1530 

.060 

.026 

,023 

,010 

.152 

.335 

.024 

.048 

- 
- 
- 

104.4 

6.4 

7.0 

445 

341 

40.7 

1.89 

4000 

0.74 

1573 

.055 

.024 

,020 

.009 

.143 

.314 

.022 

,044 



TABLE C-26. PLANT Y. SUMMARY OF V I S I B L E  EMISSIONS 
Direct Contact Flash Calciner 

5/19/80 1-9 2 : o o  2: 54 0 0 
(Run #l) 10 2:54 3:OO 10 0.4 

11 3:OD 3:06 5 0.2 
12 3:06 3:12 20 1 .8 

3:12 3:18 5 0.2 
3:18 3:24 15 0.6 
3:24 2:20 20 0.8 
3:30 3:36 10 0.4 
3:36 3:42 10 0.4 
3:42 3:48 10 0.4 
3:48 3:54 15 0.6 
3:54 4:OD 10 0.4 

9:34 9:40 20 0.8 
9:40 9:46 15 0.6 
9:46 1 9:52 25 1.0 
9:52 9:58 25 1.0 
9:58 10:04 40 1.7 
10:04 1O:lO 20 0.8 
10:lO 10:16 25 1 .D 
10:16 10:22 40 1.7 
10:22 10:28 35 1.5 
10:28 10:34 30 1.3 

Emission Control D a t a  

5/20/80 11 10:34 10:40 35 1.5. 
12 10:40 10:46 35 1.5 
13 10:46 10:52 35 1.5 
14 10:52 10:58 45 1.9 
15 10:58 11:04 45 1.9 
16 11:04 11:10 45 1.9 

5/20/80 1 1:33 1 2 9  40 1.7 
(Run 63) 2 1:39 1:45 35  1.5 

3 1:45 1:51 55 2 .3  
4 1:51 1:57 40 1.7 
5 1:57 2:03 45 1.9 
6 2 0 3  2:W 45 1.9 
7 2 0 9  2:15 35 1.5 
8 2:15 2:21 45 1.9 
9 2:21 2:27 40 1.7 

10 2:27 2:33 35 1.5 
11 2:33 2:39 40 1.7 
12 2 3 9  2:45 45 1.9 
13 2:45 2:51 35 1.5 
14 2:51 2:57 25 1 .o 
15 2:57 3:03 35 1.5 
16 3:03 3:09 35 1.5- 

Control Method: naghouse A l r - tc -C lo th  Rat ic  (cfm:ft2): 4.2:l 
Cleaning Mechanism: Pu lse- je t  Fabr ic  Type: Nomex 
Date o f  Las t  Bag Replacement: 1/20/80 

General Data: 

Date: 5/19/80 t o  5/20/80 Type of Plant: Gypsum 

Type o f  Discharge: Stack Discharge Location: Baghouse o u t l e t  

Height o f  Po in t  o f  Discharge: 10 f e e t  

Observer's Locat ion 

Oistance t o  Discharge Point :  25 ft. Height o f  Observation Po in t :  6 ft. 

D i r e c t i o n  f ran Discharge Point :  South 

Background Oescr ip t ion:  

Weather: 5/19 - P a r t l y  cloudy; 5/20 - P a r t l y  cloudy t o  overcast 

Wind D i rec t ion :  out  o f  west Wind Veloc i ty :  5/19 - 10-15 mph 
5/20 - 10-20 mph 

Plume Descript ion: Another stack and a r a i l i n g  

Detached: No Color: White 

Est ivated Oistance Plume V i s i b l e :  N/A 

Summary of Averaqe Opacity 

13 
14 
15 
16 
17 
18 
19 
20 

5/20/80 1 
(Run 62) 2 

3 
4 
5 
6 
7 
8 
9 

10 
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TABLE C-27. PLANT Y. SUMMARY OF VISIBLE EMISSIONS 
Stucco Storage and Transfer - Outlet o f  Fabric F i l te ra  

Emission Control Data 

Fabric Type: Dacron A i r - to -C lo th  Rat io  (cfm:ft2): 5.0:1 
C15aninq Mech?eism: Pdlse- je t  
Date of Las t  Bag Replacement: 5/24/80 

General Data: 

Date: 5/27/80 Type o f  Plant: Gypsum Durat ion o f  Observation: 3 hrs. 

Type o f  Discharge: Stack 

Height o f  Po in t  of Discharge: 

Observer's Locat ion 

Discharge Location: O u t l e t  o f  baghouse 

15 f e e t  from r o o f  

Distance t o  Discharge Point :  20 f e e t  Height of Observation Point :  Roof l e v e l  

D i r e c t i o n  fra Discharge Point :  West 

Background Descr ip t ion:  Gray stack cover 

Weather: Clear 

Wind D i rec t ion :  NE Wind Ve loc i ty :  N/A 

P l m e  Descr ip t ion  

Detached: No Color: White 

Estimated Distance P l m e  V i s i b l e :  3 f e e t  

Summary o f  Average D p a c i t i  
Time ODacity -F Time 

Date Set # Start-End Sum veraqe Date Set # Start-End Sum Averaoe 

5/  2 7/ BO 
(Run # l )  

5/27/60 
(Run A2) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 
2 
3 
4 
5 

1330 
1336 
1342 
1348 
1354 
1400 
1406 
1412 
1418 
1424 
1440 
1446 
1452 
1458 
1504 

1336 
1342 
1348 
1354 
1400 
1406 
141 2 
1418 
1 d7a . 
1430 
1446 
1452 
1458 
1504 
1510 

90 
95 ~~ 

70 
110 
115 
120 

60 
75 
60 
75 
35 45 ~~ 

60 
80 
85 

3.8 
4.0 
2.9 
4.6 
4.8 
5.0 
2.5 
3.1 
2.5 
3.1 
1.5 
1.9 
2.5 
3.3 
3.5 

6 1510 
7 1516 
8 1522 
9 1528 

10 1534 
5/27/60 1 1605 
(Run J3) 2 1611 

3 161 7 
4 1623 
5 1629 
6 1635 
7 1641 
8 1647 
9 1653 

10 1659 
1659 95 4.0 
1705 85 3.5 

'This v i s i b l e  emission t e s t  was repeated on 10/2/RD due t o  the non-representativeness of 
the baqhouse dur ing the t e s t .  
p r i o r  t o  the t e s t  and had no t  been condi t ioned s u f f i c i e n t l y  t o  a l low operat ion of the 
fabr ic  f i l t e r  a t  normal eff iciency. 

The f i l t e r  bags were i n  operat ion only  several hours 
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TABLE C-28. PLANT Y .  SUMMARY OF VISIBLE EMISSIONS 
Stucco Storage and T rans fe r  - 

O u t l e t  o f  Fab r i c  F i l t e r  

Emission Control Data 
2 Fabr ic  Type: Dacron 

Cleaning Mechanism: Pulse- je t  
Date of Las t  Bag Replacenent: 5/24/80 

Ai r - to-Cloth Rat io  (c fm: f t  ): 5.0:l 

General Data: 

Date: 10/2/80 Type of Plant: Gypsum Durat ion o f  Observation: 3 hrs. 

Type o f  Discharge: Stack 

Height of P o i n t  o f  Discharge: 7 feet  above roof 

Discharge Location: Out le t  of baghouse 

nL -^-.- _ I _  I-^-*.-- 
"",SI " 5 1  , LUCOiLlVll 

Distance t o  Discharge Point :  20 ft. 

D i r e c t i o n  f r a n  Discharge Point :  East 

Background Descr ip t ion:  Gray stack cover 

Weather: Overcast - p a r t l y  cloudy 

Wind D i rec t ion :  W N W  

P l m e  Descr ip t ion 

Detached: No 

Estimated Distance P l m e  V i s i b l e :  3 feet  

Height o f  Observation Po in t :  Roof l e v e l  

Wind Ve loc i ty :  10-20 mph 

Color: White 

Summary of Averaqe Opacity 

-?F Time 
Date Set # Start-End Sum veraqe 
10/2/80 
(Run # l )  

1226 
1232 
1238 
1244 
1250 
1256 
1302 
1308 

25 
35 
40 
30 
45 
35 
40 
50 

9 1308 1314 25 
10 1314 1320 40 

10/2/80 1 1330 1336 45 
(Run #2) 2 1336 1342 40 

3 1342 1348 30 
4 1348 1354 55 
5 1354 1400 30 

.n 

.5 

.7 

.3 

.9 

.5  

. 7  

.1 

.o 

.7 

.9 

.7 

.7 

.3 

.3 

Time Opaclty 
Date Set # Start-End Sum Averaqe 

10/2/80 6 1400 1406 30 1.3 
7 1406 1412 30 1.3 
8 1412 1418 30 1.3 
9 1418 1424 35 1.5 

10 1424 1430 35 1.5 
10/2/80 1 1445 1451 35 1.5 
(Run 13) 2 1451 1457 35 1.5 

3 1457 1503 35 1.5 .. 
4 1503 1509 SO 2.1 
5 1509 1515 45 1.9 
6 1515 1521 40 1.7 
7 1521 1527 50 2.1 
8 1527 1533 50 2.1 
9 1533 1539 45 1.9 

10 1539 1545 45 1.9 
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TABLE C-29. PLANT Y. SUMMARY OF FUGITIVE EMISSIONS 
Board End Sawing 

General Data 

Date: 5/19/80 & 5/20/80 Duration o f  Observation: three hours 

Type o f  Discharge: Fugi t ive 

Location o f  Discharge Point: 

Description o f  Discharge: 
co l lec ted  by a hood surrounding the saw. 
the hood. 
Captured dust  is  ducted to  a baghouse. 

End o f  boardline 

Dust from sawing the end o f  wallboard i s  
Some d u s t  escapes capture  by 

Emissions were v i s i b l e  t o  approximately 4 inches from saw. 

Summary of  F u g i t i v e  Emissions 

Date T i  me Observation Period Percent Time w i t h  
(Min : Sec) Visible Emission 

511 9/80 1405-1425 
Run # la  1427-1 447 

1452-1 51 2 

5/19/80 1530-1550 
Run #Za 1555-1615 

1618-1638 

2o:oo 
2o:oo 
20 : 00 

2o:oo 
2o:oo 
2o:oo 

39.6 
36.8 
36.3 

33.3 
41.9 
33. R 

5/20/81 0820-0840 2o:oo 21 .8 
Run #3 0842-0902 2o:oo 20.3 

0905-0925 2o:oo 18.8 

aDur ing  Run #1 and Run #2 the p l a n t  was producing 1/2" x 4 '  x 12' board. 
bDur ing  Run  #3 the p l an t  was producing 1/2" x 4 '  x 12 '  board. 
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Table C-30. PLANT Y. SUMMARY OF FUGITIVE E M I S S I O N S  

Paper Sco r ing  

General Data 

Date: 5/20/80 D u r a t i o n  o f  Observat ion:  t h r e e  hours 

Type o f  Discharge: F u g i t i v e  

Loca t ion  o f  Discharge Po in t :  Paper s c o r i n g  wheel a t  head o f  b o a r d l i n e  

nescr ipt inn nf nischarger 
paper a r e  captured by a hood which covers t h e  s c o r i n g  wheel. 

p a r t i c l e s  p o t e n t i a l l y  escape capture by  the  hood. 

a r e  ducted t o  a c y c l o n e l f a b r i c  f i l t e r .  

paper p.rtic!es fmn! s c c r i y  n f  th&  wa l l boa rd  
Some 

Captured p a r t i c l e s  

Summary o f  F u g i t i v e  Gnissions 

T i  me Observat ion Per iod Percent Time w i t h  
(!lin:Sec) V i s i b l e  Emission 

101 2-1 032 2o:oo 0.0 
1035-1 055 2o:oo 0.0 
1057-1117 2o:oo 0.0 

11 20-1 140 
11 41 -1 201 
1205-1 225 

1226-1 246 
1246-1 306 

2o:oo 
2o:oo 
20:oo 

2o:oo 
20 : 00 

0.0 
0.0 
0.0 

0.0 
0.0 

1307-1 327 2o:oo 0.0 - 
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TABLE C-31. PLANT Y. SUMMARY OF FUGITIVE EMISSIONS 

Acce le ra to r  A d d i t i o n  

General Data 

Date: 5/20/80 & 5/21/80 Dura t ion  o f  observa t ion :  t h ree  hours 

Type o f  D i  sc harge : Fugi ti ve 

Locat ion  o f  Discharge Po in t :  

D e s c r i p t i o n  of Discharge: 
boa rd l i ne  d ry  m ix ing  conveyor w i t h  a measuring screw. 

Dry m ix ing  area 

Acce le ra to r  a d d i t i v e s  were added t o  the  
No emissions. 

Summary o f  F u g i t i v e  Emissions 

Date T i  me Observat ion Per iod Percent Time w i t h  
( M i  n : Sec ) V i s i b l e  Emission 

5/20/80 

5/  2 01 80 

141 5-1 425 
1435-1 455 
1455-1 51 5 

151 5-1 525 
1535-1 555 
1555-1 61 5 

20:oo 
2o:oo 
20:oo 

2o:oo 
2o:oo 
2o:oo 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

5/21/80 0900-0920 20: 00 0.0 
0930-0950 2o:oo 0.0 
0950-1 01 0 2o:oo 0.0 

, 
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TABLE C-32. PLANT Y .  SUMMARY OF FUGITIVE EMISSIONS 
Fiber g l a s s  Shredder 

General Data 

Date: 5/21/80 Durat ion o f  Observation: t h ree  hours 

Type o f  Discharge: Fugitive 

Location o f  Discharge Point:  Dry mixing area 

Description of Discharge: Fiberglass  was shredded by a r o t a t i n g  knife- 
edged wheel. Some f u g i t i v e  emissions occurred. However, p a r t i c l e s  were 
so l a rge  they f e l l  d i r e c t l y  to  the  f l o o r .  

Ti me 

Summary o f  Fugit ive Emissions 

Observation Period Percent Time w i t h  
(Min : Sec) Visible  Emission 

1245-1 305 
1305-1 325 
1325-1 345 

1350-1 41 0 
141 0-1 430 
1430-1 450 

20:oo 
20 : 00 
2o:oo 

20: 00 
2o:oo 
2o:oo 

1450-1 51 0 20: 00 
1510-1530 2o:oo 
1530-1 550 2o:oo 

0.2 
0.3 
0.2 

0.3 
0.4 
0.3 

0.3 
0.6 
0.3 

C- 40 



TABLE C-33. PLANT Y. SUMMARY OF FUGITIVE EMISSIONS 

Verm icu l i t e  A d d i t i o n  

General Data 

Date: 51221ao Dura t i on  o f  Observat ion:  29 min. 

Type o f  D i  sc harge : F u g i t i v e  

Locat ion  o f  Discharge Po in t :  

Desc r ip t i on  o f  Discharge: V e r m i c u l i t e  poured i n t o  an open b i n  caused 
f u g i t i v e  emissions a t  t h e  top  o f  the b in .  

t h e  b i n  was be ing f i l l e d .  

Dry m ix ing  area 

Emissions occurred on ly  when 

Summary o f  F u g i t i v e  Emissions 

T i  me Observat ion Per iod Percent Time w i t h  
(Min:Sec) V i s i b l e  Emission 

1420-1 429 29 : 00 65.5 
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TABLE C-34. PLANT GG. SUMMARY OF EMISSION TEST RESULTS 
P l a s t e r  Mixing and Bagging - O u t l e t  o f  Fabric F i l t e r  

( I n d u s t r y  T e s t )  

Emission Control Data 

Cleaning Mechanism: N/A 
Actual A i r - to -C lo th  Rat io  (cfm:ft  ) :  N/A 2 
F i l t e r  Fabr ic :  N/A 
Date of Last  Bag Replacement: N / A  

Run Number 1 2 3 Average 

General Oata 
ca t e  

T i  me 

Sampling dura t ion  (min)  

I s o k i n e t i c  r a t i o  (%)  

Production r a t e  (Mgfhr) 

Production r a t e  ( t o n l h r )  

E x i t  Gas Oata 
Temperature ( K )  

Temperature (OF) 

Mois ture ( X )  

n o w  r a t e  (m3/s) 

f l o w  r a t e  (ACFH) 

F low r a t e  (dNm3/s) 

f low r a t e  (OSCFM) 

P a r t i c u l a t e  Emissions 

s / d h 3  

gr ldscf  

g ~ m 3  

gr lac f  

kg/ h r  

l b f h r  

g/ kg 

l b f t o n  

1 

8/13/73 

1320-1 445 

60 

97.9 

3.6 

4.0 

320 

116 

0.54 

2.04 

4331 

1.59 

3374 

.009 

.004 

.007 

.003 

.050 

.111 

.014 

.028 

811 4/ 73 

0836-0946 

60 

91.1 

3.6 

4.0 

305 

90 

1.3 

2.42 

5135 

1.98 

4200 

.011 

.005 

.009 

.004 

.079 

.174 

,022 

,044 

8/14/73 

1024-1123 

60 

92.1 

3.6 

4.0 

31 9 

114 

0.61 

2.55 

5396 

1.70 

3608 

.014 

.006 

.009 

.004 

.064 

.141 

.018 

.035 

- 
- 
- 

93.7 

3.6 

4.0 

31 5 

107 

0.82 

2.34 

4954 

1.76 

3727 

.011 

.005 

.009 

.004 

.064 

.142 

,018 

.036 
- 



TABLE C-35. PLANT GG. SUMMARY OF EMISSION TEST RESULTS 
Land P l a s t e r  Storage Bins - O u t l e t  o f  Fabr ic  F i l t e r  

h i s s i o n  Control Data ( I n d u s t r y  Test )  

Cleaning Mechanism: N/A 
Actual Air-to-Cloth Ratio (cfm:ft2):  N/A 
Filter Fabric:  NIA 
Date of Last Bag Replacment:  N / A  

Run Number 1 2 3 Average 

General Data 
[B te 

Tf me 

Sampling dura t ion  (mln) 

I sokine t ic  r a t i o  (Z) 

Productlon r a t e  (Mg/hr) 

Production rate ( ton /h r )  

Exit Gas Data 
Temperature (K) 
Temperature (OF) 

Moisture (Z) 

flow r a t e  (m3/s) 

flow r a t e  (ACFM) 

flow rate (dNn3/s) 

flow rate (OSCFM) 

P a r t i c u l a t e  Emissions 

g / d d  

gr/dscf 

s/m3 
gr/acf  

ks/hr 

1 b/hr 

g/ kg 

1 b/ton 

8/16/73 

1006-1 123 

64 

110. 

a 

a 

382 

109 

1.2 

3.53 

7487 

2.89 

61 27 

.005 

.002 

.005 

.002 

.048 

. lo6 

a 

a 

8/16/73 

1217-1 325 

64 

104. 

a 

a 

379 

106 

1 . 3  

3.65 

7732 

3.00 

6361 

.005 

.002 

.005 

.002 

.049 

.lo8 

a 

a 

8/16/73 

1407-1 516 

64 

106. 

a 

a 

383 

110 

0.75 

3.60 

7628 

2.94 

6231 

.005 

.002 

.005 

.002 

.os9 

.130 

a 

a 

- 
- 
- 

108.7 

a 

a 

381 

108 

1.1 

3.59 

7616 

3.94 

6240 

.005 

.002 

.005 

.002 

.'052 

.115 

a 

a 
- 

aProduction data  a re  not ava i l ab le .  
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TABLE C-36. PLANT 00. SUMMARY OF EMISSION TEST RESULTS 
Direct Contact Flash Calciner - I n l e t  t o  Fabric Fi l ter  

Run Number 1 2 3 Average 

General Data 
Z t e  

Ti me 

Sampling dura t ion  ( m i n )  

I sokine t ic  r a t i o  (I) 

Production r a t e  (Mglhr) 

Production r a t e  ( t o n l h r )  

E x i t  Gas Data 
Temperature ( K )  

Temperature (OF) 

Moisture (I)  

f l o w  r a t e  (m3/s) 

f l o w  r a t e  ( A C F H )  

f l o w  r a t e  (dNm3/s) 

f l o w  r a t e  (DSCFM) 

P a r t i c u l a t e  Emissions 

g/dNm3 

gr/dscf  

g/m3 

gr/acf 

Whr 

lb /hr  

g/kg 

1 b/ton 

7 i l j i 8 0  

1524-2016 

60 

109.7 

6.4 

7.0 

422 

300 

52.6 

1.75 

3705 

0.574 

1217 

48.8 

21.3 

16.1 

7.01 

101 

223 

15.9 

31.8 

711 bib0 7/16/80 

091 3-1057 1248-1412 

60 60 

11-11.3 108.1 

6.4 6.4 

7.0 7.0 

421 425 

298 306 

45.2 50.0 

1 .75  1.76 

371 7 3731 

0.667 0.605 

1414 1283 

48.5 52.2 

21.2 22.8 

18 .5  18.0 

8.06 7.86 

117 114 

257 251 

18.4 18.0 

36.7 35.9 

- 
- 
- 

106.4 

6.4 

7.0 

422 

301 

49.3 

1.75 

3718 

0.616 

1305 

49.9 

21 .8 

17.5 

7.64 

111 

244 

17.4 

34.8 
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TABLE C-37. PLANT 00. SUMMARY OF EMISSION TEST RESULTS 
Direct Contact Flash Calciner - Outlet  o f  Fabric F i l t e r  

Emission Control D a t a  

Cleaning Mechanism: Pu lse- je t  
Actual A i r - to -C lo th  Rat io  (cfm:ft 1: 4 .3 : l  
F i l t e r  Fabric: Nomex 
Date o f  Last  Bag Replacement: Early May 1980 

Run Number 1 2 3 Average 

General Data 
Date 

Ti me 

7/16/80 7/16/80 7/16/80 - 
0926-1044 1327-1517 1612-1754 - 

Sampling dura t ion  (min) 72 96 96 - 
I s o k i n e t i c  r a t i o  (%) 109.3 108.5 102.7 106.9 

Production r a t e  (Mglhr) 6.4 6.4 6.4 6.4 

Production r a t e  ( ton /hr )  7.0 7.0 7.0 7.0 

E x i t  Gas Data 

Temperature (K) 438 439 439 439 

Temperature (OF) ' 329 331 331 330 

Moismre ( 9 )  

f l o w  r a t e  (m /s) 3 
46.2 47.6 49.3. 47.7 

1.98 1.90 1.90 1.93 

f l o w  r a t e  (ACM) 41 98 4037 401 9 4085 

f l o w  r a t e  ( d h 3 / s )  0.718 0.671 0.647 0.679 

f l o w  r a t e  (DSCM) 1522 1423 1371 1439 

P a r t i c u l a t e  Emissions 

g / d h 3  .021 .011 .009 ,014 

g r l d s c f  .009 .005 ,004 .006 

g/m3 ,007 ,005 ,005 ,005 

gr /acf  

kg/hr 

1 b/hr 

.003 .002 ,002 .002 

.054 .027 .023 ,036 

.120 0.060 0.050 0.080 

g lkg .009 .005 ,004 .006 

1 b/ ton ,017 ,009 .007 ,011 
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TABLE C-38. PLANT 00. SUMMARY OF V I S I B L E  EMISSIONS 
Direct Contact F lash  Calciner 

Emission Control Data 

Control Method: Bashnuse 
Cleaning Mechanism; P u l s e g e t  
A i r - to-Cloth Rat io  (cfm:ft ): 4.3:1 
Fabr ic  Type: Nomex 
Date of Last  Bag Replacement: Ear ly  May 1980 

General Data: 

Date: 7/15/80 and 7/16/80 

Type o f  P lant :  Gypsum 

Type o f  Discharge: Stack 

Discharge Location: Baghouse o u t l e t  

Height o f  Po in t  o f  Discharge: N/A 

Observer's Locat ion 
n,_L _ _ _ _  r n l _ _ L  _I__ ".>.*: 
y,3cmI Icc  t c  u l s ~ t ~ a r y e  W I I I L .  25 feet 

Height o f  Observation Point :  15 f e e t  above stack 

D i r e c t i o n  frcm Discharge Point :  above stack 

Background Descr ip t ion:  Ground (b lacktop road) 

Weather: Clear 

Wind D i rec t ion :  NW Wind Ve loc i ty :  5-10 mph 

Plune Descr ip t ion  

Detached: Yes (steam plume i n  morning) 

Color: White 

Estimated Distance Plume V i s i b l e :  

Summary of Averaqe Opaci ty  

- Time Opacity 
Date Set Number S t a r t  End. Sum Average 

7/15/80 1-10 
(Run #1/ 11-20 
I n l e t )  

7/16/80 1-10 ' 
(Run #2 11-15 
( I n l e t  and 
Run #1 
O u t l e t  ) 

7/16/80 1-10 
(Run #3 11 -20 
I n l e t  and 

1655 1755 0 0 
1755 1855 0 0 

0926 1026 
1026 1056 

1250 1350 
1350 1450 

0 
0 

0 
0 

0 
0 

0 - 
0 

Run #2 
O u t l e t )  

7/16/80 1-10 1620 1720 0 0 
(Run 13 11-15 1720 1754 0 0 
O u t l e t )  
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TABLE C-39. PLANT 00. SUMMARY O F  V I S I B L E  EMISSIONS 

Stucco S i l o  

Emission Controi D* ta  

2 Control Method : Baghouse Ai r - to-Cloth Rat io  (c fm: f t  ): 3.4:l 
Cleaning Mechanism: Shaker Fabric Type: Cotton 
Date o f  Last  Bag Replacement: 7/12/80 

General Data: 

Date: 7/15/80 Type of Plant: Gypsum Durat ion of Observation: 3 hrs. 

Type of Discharge: Stack 

Height o f  Po in t  of Discharge: 

Observer's Locat ion 

Discharge Location: Baghouse o u t l e t  

N/A 

Distance t o  Discharge Point:-60 ft. Height of Observation Point :  15 ft. above 

D i r e c t i o n  f r a n  Discharge Point :  N/A 

Background Descr ip t ion:  N/A 

Weather: Clear 

Wind D i rec t ion :  from W Wind Veloc i ty :  10-15 mph 

P l m e  Descr ip t ion  

Detached: No Color: White 

Estimated Distance P l m e  V i s i b l e :  N/A 

Summary o f  Aviraqe Opacity 

Time Opac i tx  - 
Set Number S t a r t  End Sum Average Date 

711 5/80 1-10 
(Run # l )  

7/16/80 1 
(Run #2) 2 

3 ,  
4-1 0 

1130 1230 0 

1100 1106 0 
1106 1112 
1112 1118 

0 
35 

1118 1200 0 

0 

0 
0 
1.5 
0 

711 6/80 1-6 1520 161lZ 0 0 
(Run 83) 7 1602 1608 30 1.3 

1608 161 4 50 2.1 
161 4 1620 0 0 
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TABLE C-40. PLANT 00. SUMMARY OF FUGITIVE E M I S S I O N S  
Stucco Storage and Trans fer  

General D a t a  

Date: 7/16/80 Dura t ion  o f  Observat ion:  t h r e e  hours 

Type o f  Discharge: F u g i t i v e  

Locat ion  o f  Discharge Po in t :  Screw conveyor, bucket  e l e v a t o r  and s torage b i n  
t r a n s f e r  p o i n t s  

Desc r ip t i on  o f  Discharge: P o t e n t i a l  f u g i t i v e  emissions from openings i n  
conveyor enc1osures.at  t rans fe r  p o i n t s  and a long conveyor. T rans fer  and 
s torage system operated under negat ive  pressure.  
emissions ducted t o  f a b r i c  f i l t e r .  

Captured f u g i t i v e  

Summary o f  F u g i t i v e  Emissions 

T i  me 0 bse r v a  t i on Per iod  Percent Time w i t h  
(Min:Sec) V i s i b l e  Emission 

1400-1 420 
1425-1 445 
1450-1 51 0 

151 5-1 535 
1 540-1 600 
1605-1625 

1630-1650 
1655-1 71 5 
1720-1 740 

20: 00 
20:no 
20:oo 

20: 00 
20 : 00 
20:oo 

20:oo 
2o:oo 
20:oo 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
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TABLE C-41. PLANT RR. SUMMARY OF EMISSION TEST RESULTS 
Continuous K e t t l e  Ca lc iners  and Gr ind ing  M i l l s  - 

O u t l e t  o f  E l e c t r o s t a t i c  P r e c i p i t a t o r s  ( I n d u s t r y  Test )  

Sccrce Descrlption 

two grinding mills, two continuous k e t t l e  c a l c i n e r s  and two screw conveyors. 
Emission sources  cont ro l led  by t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r  include 

Gun Number 1 2 3 Average 

General Data 
rn t e  

Ti me 

Sampling dura t ion  (min) 

I s o k i n e t l c  ratio ( X )  

Production r a t $  (Mg/hr) 

Production rat& ( ton /h r )  

Exit Gas Data 
Temperature (K) 

Temperature (OF) 

Moisture ( X )  

Flow rate (m /s) 

Flow rate (ACFM) 

F low rate (dNm3/s) 

Flow rate (DSCFM) 

3 

P a r t i c u l a t e  Emissions 
s / d h 3  

gr /dscf  

s/m3 
gr/acf  J 

kg/hr 

lb /hr  

g/ kg 

lb / ton  

12/5/79 

0804-0910 

64  

110. 

65.2 

71 .8 

355 

180 

13.5 

10.7 

22,714 

6.62 

14,036 

. 1 70 

.075 

.098 

,043 

4.70 

8.87 

.06 

.12 

12/5/79 

1257-1403 

64 

110. 

65.2 

71.8 

356 

182 

14.6 

10.7 

22,629 

6.49 

13,268 

.076 

.033 

.044 

.019 

1.78 

3.93 

.03 

.os 

12/5/ 79 

1440-1546 

64 

106. 

65.2 

71.8 

359 

187 

13.8 

10.7 

22,714 

6.53 

13,835 

,055 

.024 

.032 

,014 

1.29 

2.84 

.02 

.04 

- 

- 
108.7 

65.2 

71 .8  

357 

183 

14.0 

10.7 

22,686 

6.55 

13,880 

.loo 

.044 

.055 

.025 

2.38 

5.25 

.04 , 

.07 
- 

aProduction r a t e  given includes total weight of stucco produced plus 
weight' o f  rock mil led per hour. 
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TABLE C-42. PLANT TT. SUMMARY OF OUlISSION TEST RESULTS 
Batch Kettle Calciner - I n l e t  t o  Fabric F i l t e r  

Zun :lumber 1 2 3 Averagea 

General “st: 

Date 

Ti me 

Sampling dura t ion  ( m i n )  

I s o k i n e t i c  ra t io  (Z) 

Production ra te  (Mg/hr) 

Production rair ( t o n / h r )  

&it Gas Oaia - iemperature i : i j  

Temperabre ( O F )  

! % i s a r e  ( Z )  

Tiow rat?  (m /s) 

n o w  r a t e  (ACFi.0 

flow r a t e  (dNm3/s) 

flow r a t e  ( O S C 3 )  

3 

.Fsr t icula  te 3 i  ssions 
s/dNm3 

g ~ m 3  

grldscf  

gr /acf  

kg/hr 

l b /h r  

9 I b  

Tblion 

10/28/80 

1400-1 600 

40 

109.4 

4.4 

4.9 

34T 

166 

32.7 

1.38 

2927 

0.79 

1674 

72.6 

31 .7 

41 .7  

. 18.4 

207 

456 

47 

93 

10/28/80 

1640-1 940 

18.5 

98.1 

4.4 

4.9 

345 

161 

, 33.0 

1 .41 

2988 

0.81 

1716 

47.2 

20.6 

25.6 

11.2 

138 

303 

31 

62 

10/29/80 

9040-1210 

19  

138.8 

4.4 

4.9 

353 

176 

46.9 

1.21 

2560 

0.54 

1140 

35.5 

15.5 

25.8 

6.92 

69.0 

152 

16 

31 

- 
- 
- 

103.8 

4.4 

4.9 

346 

164 

32.9 

1.40 

2958 

0.80 

1696 

60.0 

26.2 

33.7 

14.7 

172 

379 

39 

78 

aThis represents  the average of the  first two runs only. The t h i r d  run  had a n  
unacceptable i s o k i n e t i c  sampling r a t e .  
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TABLE C-43. PLANT TT. SUMMARY OF EMISSION TEST RESULTS 

Batch K e t t l e  C a l c i n e r  - O u t l e t  o f  Fabr ic  F i l t e r  

Emission Control Data 

2 Cleaning Mechanism: Pu l se - j e t  
Actual Air-to-Cloth Ratio (cfm:ft ): 
F i l t e r  Fabric: Nomex 
Oate of Last Bag Replacenent: 9/10/80 

4.6:1 

Run Number 1 2 3 Average 

General Data 
Oa te 

Time 

hmpl ing  duration (min) 

I sok ine t i c  r a t i o  ( X )  

Production r a t e  (Mg/hr) 

Production r a t e  ( ton /h r )  

E x i t  Gas Data 
Temperature ( K )  

Temperature (OF) 

Moisture ( X )  

f l o w  rate (m /s) 

f l o w  r a t e  (ACFM) 

f l o w  rate (dNm3/s) 

f law rate (OSCFM) 

3 

P a r t i c u l a t e  Emissions 

g /dm3 

gr/dscf 

g r l ac f  
a 

kg/hr 

1 b/hr  

g l  kg 

lb/ton 

10/28/80 

1400-1 600 

160 

97.8 

4.4 

4.9 

341 

154 

25.1 

1.37 

2911 

0.88 

1860 

.089 

.039 

.057 

.025 

.285 

.628 

.064 

.128 

in/28/8o 

1730-201 5 

160 

102.9 

4.4 

4.9 

341 

154 

23.6 

1.35 

2852 

0.89 

1881 

.009 

.004 

.007 

.003 

.030 

.065 

.007 

,013 

10/31/80 

9045-1 233 

160 

110.0 

4.4 

4.9 

353 

176 

29.1 

1.38 

2922 

0.81 

1724 

.069 

.030 

.041 

.018 

.202 

.446 

,046 

,091 

- 
103.6 

4.4 

4.9 

345 

161 

26.0 

1.37 

2895 

0.86 

1821 

.057 

.025 

.034 

.015 

.173 

,380 

.039 

.078 
- 
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TABLE C-44. PLANT TT. SUMMARY OF V I S I B L E  EMISSIONS 

Batch Kettle Calciner 

Emission Control Data 

2 Control Method: Fabric F i l t e r  A i r - to -C lo th  Rat io  !cfm:ft !! 5.?:1 
Cleaning Mechanism: Pulse- je t  Fabr ic  Type: Nomex 
Date o f  Last  Bag Replacement: 9/10/80 

General Data: 

Date: 10/28/80, 10/29/80 & Type of P lant :  Gypsum 

Type o f  Discharge: Stack Discharge Locatfon: Baghouse o u t l e t  

H e i a h t  nf Po in t  of Discharoe: 

Observer's Locat ion 

10/31/80 

60 f e e t  from ground 

Distance t o  Dischame Po in t :  25 f t  Heiaht of Observation Point :  62 ft. from 

D i r e c t i o n  fran Dischaqe Point :  NW 

Background Descr ip t ion:  P lant  b u i l d i n g s  

Weather: Partly cloudy - c l e a r  

Wind D i r e c t i o n :  SW Wind Ve loc i ty :  5-10 mph 

Plume Descr ip t ion:  c lean steam plume 

Detached: Yes Color: White 

Estimated Distance P l m e  V is ib le :  30 f e e t  

ground 

Summary of Average Opaci ty  

- Time Opacity 
Date Set Number S t a r t  End Sum Average 

10/28/80 1-27 1359 1641 0 0 
(Run # l )  

.. . 

10/29/80 1-20 
(Run #3/ 
i n l e t )  

0858 1058 0 0 

1 0/31/80 1-20 0909 1109 0 0 
(Run 43/ 
out  1 e t )  , 
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TABLE C-45. PLANT TT. SUMMARY OF E M I S S I O N  TEST RESULTS 

Continuous K e t t l e  Ca lc ine r  - I n l e t  t o  Fabr ic  F i l t e r  

Run Xumber 1 2 3 Average 

Seneral Data 
Oate 

T1 me 

hmplfng duration (min) 

Isokinetic ratio (%) 

Production rate (Eg/hr) 

Production rate (ton/hr) 

& f t  Gas Data 
Temperature (K) 

Temperature (OF) 

Hoisture (%) 

f l o w  rate (m /s) 

f l o w  rate ( A C M )  

F l o w  rate (dNm3/s) 

f l o w  rate (DSCFM) 

3 

Farticulate h iss ions  
s ~ d d  

grldscf 

gr/acf 

kglhr 

lb/hr 

9 Ik9  

l b / t o n  

10/30/80 

0930-1 01 8 

20 

96.5 

10.0 

1 1  .o 

399 ' 

258 

59.1 

1.49 

3156 

0.454 

963 

113 

49.5 

34.6 

15.1 

186 

409 

18.6 

37.2 

10/30/80 

1312-1404 

20 

95.6 

10.0 

1 1  .o 

404 

268 

58.8 

1.50 

3182 

0.456 

967 

133 

58.1 

40.5 

17.7 

21 9 

482 

21.9 

43.8 

10/30/80 - 
1523-1603 

20 

- 
- 

103.4 98.5 

10.0 10.0 

11  .o 1 1  .o 

397 400 

256 261 

61 .4 59.8 

1.35 1.4s 

2865 3068 

0.389 0.433 

824 91 8 

128 125 

55.7 54.4 

36.6 37.3 

16.0 16.3 

179 194 

394 428 

17.9 19.5 

35.8 38.9 
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TABLE C-46. PLANT TT.  SUMMARY OF EMISSION TEST RESULTS 

Continuous Kettle Calciner - Outlet o f  Fabric Filter 

Emission Control Data 

Cleaning Mechanism: Pulse- je t  
Actual Air-to-Cloth Ratio (cfm:ft  ) :  
Fllter Fabric:  Nomex 
Date of Las t  Bag Replacement: 9/10/80 

5.5:l  

Run Numbera 2 3 4 Average 

General Data 
Date 

T i  me 

Sampling du ra t ion  (min) 
. _ _ L i _ _ A 2 _  ..-LA- t " ,  
'>ULI,,SLIC I ( I L I U  \', 

Production rate (Mg/hr) 

Production r a t e  ( t o n l h r )  

Exit Gas Data 
Temperature (K) 

Temperature ("F) 

Moisture ( X )  

now r a t e  (m3/s) 

f l o w  r a t e  (ACFM) 

f l o w  r a t e  ( d h 3 / s )  

f low r a t e  (DSCFM) 

P a r t i c u l a t e  Emissions 

S / d h 3  

g r l d s c f  

9/m3 
, g r l a c f  

kglhr 

l b l h r  

g l  kg 

1 b l ton  

10/30/80 

1230-1350 

80 
."A n 
I\,Y." 

10.0 

11 .o 

383 

230 

51.1 

1.34 

2845 

0.51 

1072 

.22 

.095 

.082 

.n36 

.396 

3 7 2  

.040 

.079 

10/30/80 

1452-1 559 

64 
3nn 1 
I " Y . 9  

10.0 

11 .o 

384 

232 

51.1 

1.34 

2851 

0.50 

1070 

.21 

.090 

.078 

. n34 

.373 

.a21 

.038 

.075 

10/30/80 

1704-1810 

64 
111" 1 
I Y V . 9  

10.0 

11 .o 

386 

235 

53.0 

1.32 

2801 

0.47 

1004 

.22 

.096 

.078 

.034 

.375 

.e27 

.038 

.075 

384 

232 

51.7 

1.33 

2832 

0.49 

-1049 

.22 

.094 

.080 

.035 

.381 

.E40 

.038 

.076 
- 

aThe first o u t l e t  t e s t  was discarded because of an unacceptable i s o k i n e t i c  
sampling r a t e .  
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TABLE C-47. PLANT TT. SUMMARY OF V I S I B L E  EMISSIONS 
Continuous K e t t l e  C a l c i n e r  

Emission Control Data 
2 Control Method: Fabr ic  F i l t e r  A i r - to-Cloth Ratio ( c f m : f t  ) :  5.5:l 

Cleaning Mechanism: Pulse- je t  Fabr ic  Type: Nomex 
Date o f  Last  Bag Replacement: 9/10/80 

General Data:  

Date: 10/30/80 Type o f  Plant: Gypsum 

Type o f  Discharge: Stack 

Height of Po in t  o f  Discharge: 

Discharge Location: O u t l e t  of baghouse 

60 f e e t  from ground 

Observer's Location 

Distance t o  Discharge Point :  

D i r e c t i o n  from Discharge Point :  SW 

12 ft. 

Background Descr ip t ion:  Blue sky 

Weather: Clear 

Wind D i rec t ion :  W - N U  

P l m e  Descr ip t ion:  Clean steam plume 

Detached: Yes 

Height o f  Observation Point :  same as stack 
o u t l e t  

Wind Ve loc i ty :  10 mph 

Color: White 

Estimated Distance P l m e  V i s i b l e :  30-40 f e e t  

Sumnary of Average Opacity 

- Time Opacity 
Date Set Number S t a r t  End Sum Average 

10/30/80 1-10 1250 1350 0 0 

10/30/80 1-10 1440 1540 0 0 

10/30/80 1-10 1540 1640 0 0 

I 
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TABLE C-48. PLANT TT. SUMMARY OF EMISSION TEST RESULTS 
Board End Sawing and Paper Scor ing - 

O u t l e t  o f  Fab r i c  F i l t e r  

Emission Control Data 

Cleaning Mechanism: Shaker 
Actual Air-to-Cloth Ratio (cfm:ft2):  4.6:l  
Filter Fabric:  Cotton 
Date of Last Bag Replacement: 10/6/80 

Run Number 1 2 3 Average 

General Data 
Date 

Ti me 

Sampling durat ion ( m i n )  

I sokine t ic  r a t i o  (%) 

Production r a t e  (Mg/hr) 

Production rate ( ton lhrp  

Exi t  Gas Data 
Temperature (K) 

Temperature (OF) 

Moisture (%)  

Flow r a t e  (m /s) 

flow rate (ACFM) 

f l o w  rate (dNm3/s) 

Flow r a t e  (DSCFM) 

3 

P a r t i c u l a t e  Emissions 

g / d h 3  

g/m3 

grldscf  

gr/acf , 
kglhr 

l b l h r  

g/kg 

1 b / t o n  

1 0/31 /80 

11 15-1 200 

40 

96.8 

27.9 

30.7 

295 

71 

1 . 2  

1.90 

4026 

1.90 

4029 

,021 

.009 

.021 

.009 

.144 

.318 

.005 

.010 

10/31/80 

1310-141 5 

40 

93.6 

27.9 

30.7 

297 

75 

1 . 5  

1 .a5 

3930 

1.84 

3897 

,018 

. ooa 

.o ia  

.008 

.127 

,280 

,005 

,009 

10/31/80 

1607-1655 

40 

97.3 

27.9 

30.7 

294 

70 

0.72 

1 .a6 

3951 

1 .aa 
3982 

.032 

,014 

.032 

.014 

.212 

.466 

,008 

.015 

- 
- 
- 

95.9 

27.9 

30.7 

295 

72 

1.1 

1.87 

3969 

1.87 

3969 

.023 

.010 

.023 

.010 

.161 

.354 

,006 

.012 
- 

aEstimated f r o m  boardl ine speed. 
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TABLE C-49. PLANT TT. SUMMARY OF VISIBLE EMISSIONS 
Board End Sawing and Paper Scor ing 

Emission Control Data 

Control Method: Baghouse 
Cleaning Mechanism: Shaker 
Date o f  Last Bag Replacement: 10/6/80 

Ai r - to-Cloth Rat io  (cfm:ft '): 4.6:l 
Fabr ic  Type: Cotton 

General Data: 

Date: 10/31/80 Type of Plant: Gypsum 

Type of Discharge: Stack Discharge Location: Baghouse o u t l e t  

Height o f  Po in t  o f  Discharge: 

Obsewer's Locat ion 

40 f e e t  from ground 

Distance t o  Discharge Point :  20 ft. Height of Observation Point :  30-32 ft. above 

D i r e c t i o n  frun Discharge Point :  South 
ground 

Background Descript ion: Blue sky 

Weather: Clear 

Wind D i rec t ion :  WSW Wind Ve loc i ty :  2-5 mph 

P l m e  Descr ip t ion:  No plume 

Detached: Color: 

Estimated Distance Plume V is ib le :  

Summary o f  Averaqe Opaci ty  

Time Opaci ty  - 
Date Set  Number S t a r t  End Sum Average 

10/31/80 1-8 
(Run # l )  

(Run 82) 
1 0131 180 1-4 

10/31/80 1-10 
(Run R3) 

1125 1213 

1310 1334 

1517 1617 

0 

0 

0 

0 

0 
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TABLE C-50. PLANT TT. SUMMARY OF FUGITIVE E M I S S I O N S  
Board End Sawing Operat ion 

General Data 

Date: 10/31/80 

Type o f  Discharge: F u g i t i v e  

Loca t ion  o f  Discharge Po in t :  

D e s c r i p t i o n  o f  Discharge: 

Board end sawing opera t i on  a t  end o f  
b o a r d l i n e  

P a r t i c u l a t e  emissions from board sawing a r e  
captured  by a hood surrounding t h e  saw. 
Co l l ec ted  dus t  i s  ducted t o  a f a b r i c  f i l t e r .  

Some emissions escape capture.  

T i  me 

Summary o f  F u g i t i v e  hi ssions 

Observat ion Per iod Percent Time w i t h  
(Min:Sec) V i s i b l e  Emission 

141 5-1 425 
1430-1 445 
1600-1 620 

1620-1 640 
1640-1 700 
1700-1 720 

20:oo 11.7 
15:OO 8.5 
20:oo 16.7 

20:oo 
20: 00 
20: 00 

14.8 
16.3 

6.4 

1725-1 745 20: 00 2.8 
1750-1 830 40:OO 4.3 
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TABLE C-51.  PLANT TT. SUMMARY OF V I S I B L E  EMISSIONS 
P l a s t e r  Mixing and Bagging Operation 

Emission Control Data 
2 Control Method : Baghouse Ai r - to-Cloth Rat io  (c fm: f t  ): 1 : l  

Cleaning Mechanism: Shaker Fabr ic  Type: Cotton 
Date of Last  Bag Replacement: unknown 

General Data:  

Date: io/zg/ao Type of P lant :  Gypsum Duration o f  Observation: 1% hrs. 

Type o f  Discharge: Stack Discharge Location: O u t l e t  o f  baghouse 

Height of Po in t  o f  Discharge: 50 f e e t  above ground 

Observer's Location 

Distance t o  Discharge Point :  

D i r e c t i o n  fran Discharge Point :  SW 

75 ft. Height  of Observation Point :  Ground l e v e l  

Background Descr ip t ion:  Blue Sky 

Weather: P a r t l y  cloudy - c l e a r  

Wind D i rec t ion :  SW Wind Ve loc i ty :  5-10 mph 

P l m e  Descr ip t ion:  No Plume 

Detached: Color: 

Estlmated Distance Plume V i s i b l e :  

Sumnmry o f  Averaqe Opac i ty  

- Time Opadty 
Date Set Number S t a r t  End Sum Averaae 

1 o/zg/ao 1-5 

i o i 29 iao  1-10 

i i z a  1158 0 

1245 1345 0 

0 

0 
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TABLE C-52. PLANT TT. SUMMARY OF VISIRLE EMISSIONS 
Land Plaster  and Stucco Transfer System 

h i s s i o n  Control Data 
2 Control Method: Baghouse 

C1 eani ng Nechan i sm: Pul se- je t  
Oate of Last  Bag Replacement: 9/25/80 

Ai r - to-Cloth Rat io  (c fm: f t  ) :  6.4:l 
Fabr ic  Type: Dacron 

General Data: 

Date: 10/29/80 h 10/30/80 Type o f  P lant :  Gypsum Durat ion of Observation: 3 hrs. 

Type o f  Discharge: Stack 

Height of Po in t  o f  Discharge: 

Observer's Locat ion 

Olschaqe Location: Baghouse o u t l e t  

100 f e e t  f rom ground 

Distance t o  Discharge Point :100 ' ( ln /29)  Height of Observation Point :  90 '  (10/29) 
30' (10/30) 70' (10/30) 

D i r e c t i o n  from Oischarge Point :  NE on 10/29 h N on 10/30 

Background Oescr ip t ion:  Blue sky 

Weather: Clear 

Wind Oi rec t ion :  SW Wind Veloc i ty :  5-15 mph 

P lme Oescript ion: No plume 

Detached: Color: 

Estimated Distance Plume V i s i b l e :  N/A 

Sumnary o f  Averaqe Opacity 

%erase Date Set  # Start-End Sum 
Time 

10/29/80 1 1400 1406 0 0 
(Run # l )  2 1406 1412 0 0 

3 1412 1418 0 0 
4 1418 1424 0 0 
5 1424 1430 0 0 
6 1430 1436 0 0 
7 1436 1442 0 0 
8 1442 1448 0 0 
9 1448 1454 0 0 

10 1454 1500 0 0 
10/30/80 1 0903 0909 0 0 
(Run #Z) 2 0909 0915 0 0 

3 091 5 0921 0 0 
4 0921 0927 0 0 
5 0927 0933 0 0 

9 Time 
Date Set # Start-End Sum veraqe 

10/30/80 6 0933 0939 25 1 .n 
7 0939 0945 15 0.6 
8 0945 0951 25 1 .o 
9 0951 0957 25 1 .o 

10/30/80 1 1003 1009 10 0.4 
(Run 13) 2 1009 1015 zn 0.8 

3 1015 1021 20 0.8 
4 1021 1027 10 0.4 
5 1027 1033 20 0.A 
6 1033 1039 45 1.9 
7 1039 1045 40 1.7 I 

10 0957 1003 0 0 

8 1045 1051 30 1.3 
9 1051 1057 95 4.0 

10 1057 1103 40 1.7 
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