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1 . 0  INTRODUCTION 

T h i s  document summarizes i n f o r m a t i o n  g a t h e r e d  b y  t h e  U.S. E n v i r o n -

men ta l  P r o t e c t i o n  Agency (EPA) on t h e  c o n t r o l  o f  e m i s s i o n s  f r o m  s o f t w o o d  

p l ywood  m a n u f a c t u r i n g .  The p r i m a r y  sources  o f  e m i s s i o n s  f r o m  t h i s  

i n d u s t r y  a r e  veneer  d r y e r s  and p a n e l  sanders .  Veneer d r y e r s  e m i t  con-

d e n s i b l e  and noncondens ib le  o r g a n i c  compounds and m i n o r  q u a n t i t i e s  o f  

p a r t i c u l a t e  m a t t e r .  The r a t e  o f  u n c o n t r o l l e d  c o n d e n s i b l e  and noncon-

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

t e s t  method, wood c h a r a c t e r i s t i c s  ( s p e c i e s ,  m o i s t u r e  c o n t e n t ,  e t c . ) ,  and 

d r y e r  o p e r a t i n g  c o n d i t i o n s  ( t e m p e r a t u r e ,  speed, e t c . ) .  As an example of  

t h e - m a g n i t u d e  o f  t o t a l  o r g a n i c  emiss ions  f r o m  a p lywood p l a n t ,  N a t i o n a l  

C o u n c i l  o f  t h e  Paper I n d u s t r y  f o r  A i r  and Stream Improvement,  I n c . ,  

(NCASI) s t a f f  measurements o f  t o t a l  o r g a n i c  emiss ions  f r o m  u n c o n t r o l l e d  

Sou the rn  p i n e  veneer  d r y e r s  showed average Method 25 e m i s s i o n s  r a t e s  o f  

1 3 . 7  g/m2 as C,, 9.5-mm b a s i s  ( 2 . 8  l b /1 ,000  f t2 ,  0 .375- in .  b a s i s )  on 

f r e s h  c u t  veneer .  F o r  a  r e p r e s e n t a t i v e  new Sou the rn  p l ywood  p l a n t  w i t h  

t h r e e  d r y e r s  p r o d u c i n g  1 7 . 2  x l o 6  m2/yr ,  9.5-mm b a s i s  (185 x l o 6  f t 2 / y r ,  

0 .375- i  n. b a s i s )  o f  p lywood,  t o t a l  o r g a n i c  emiss ions  w o u l d  be 235 Mg/yr  

(259 t o n / y r ) .  Panel  sanders  p roduce  p a r t i c u l a t e  e m i s s i o n s  a t  a r a t e  

depend ing  on t h e  f i n a l  p r o d u c t .  A p p r o x i m a t e l y  1 8  t o  20 p e r c e n t  o f  a l l  

s o f t w o o d  p l ywood  p r o d u c t i o n  i s  sanded. 

The i n d u s t r y  i s  l a r g e l y  l o c a t e d  i n  t h e  N o r t h w e s t  and South.  Veneer 

d r y e r  emiss ions  a r e  c o n t r o l l e d  i n  some N o r t h w e s t e r n  S t a t e s ,  n o t a b l y  

Oregon, b y  a v a r i e t y  o f  w e t  s c r u b b i n g  and i n c i n e r a t i o n  schemes. I n  t h e  

South ,  where i n d u s t r y  g r o w t h  i s  expec ted  t o  c o n c e n t r a t e ,  a l l  b u t  a few 

d r y e r s  a r e  u n c o n t r o l l e d .  Panel  sanders  a r e  c o n t r o l l e d  b y  f a b r i c  f i l t r a -

t i o n  i n  most S t a t e s ,  a l t h o u g h  h i g h - e f f i c i e n c y  c y c l o n e s  may meet e m i s s i o n s  

s t a n d a r d s  i n  some Sou the rn  S t a t e s .  



The remainder  o f  t h i s  r e p o r t  d e t a i l s  t h e  sources and types  o f  

emiss ions f rom t h e  plywood i n d u s t r y ,  t h e  types  and c o s t s  o f  emiss ions  

c o n t r o l  techn iques ,  env i ronmenta l  impacts  a s s o c i a t e d  w i t h  t hese  c o n t r o l  

techn iques ,  and a v a i l a b l e  emiss ions t e s t  da ta .  



--- 

- - -  

2. SOURCES AND TYPES OF EMISSIONS 

2 . 1  PRODUCT CHARACTERIZATION 

Plywood i s  a  p r o d u c t  composed o f  l a y e r s  o f  wood veneer g l u e d  t o g e t h e r  

w i t h  an adhesive,  u s u a l l y  a synthet ic-r-esj-n.  The g r a i n  o f  each success ive  

l a y e r  i s  p l a c e d  a t  r i g h t  angles t o  g i v e  t h e  p r o d u c t  s t r e n g t h  i n  two 

d i r e c t i o n s .  A veneer,  o r  p l y ,  i s  a  t h i n  shee t  o f  wood, pee led  o r  s l i c e d  

f rom a  l o g .  Softwood plywood i s  c o n s t r u c t e d  u s i n g  veneers,  i n c l u d i n g  

t h e  f a c e  p l y ,  f rom c o n i f e r o u s  o r  need lebear ing  t r e e s .  Wood spec ies used 

i n  sof twood plywood manufacture i n c l u d e  Douglas f i r ,  Whi te  fir, hemlock, 

Ponderosa p i n e ,  Southern p i n e ,  and redwood. Hardwood veneer d r y i n g  and 

sanding a r e  n o t  cons ide red  i n  t h i s  document because emiss ions f rom these  

processes a r e  i n s i g n i f i c a n t  compared t o  emiss ions  f rom sof twood processes.  

Softwood plywood i s  used f o r  r o o f  decks, e x t e r i o r  shea th ing ,  plywood 

s i d i n g ,  a l l - w e a t h e r  wood f ounda t i ons ,  and rough f l o o r i n g  i n  hous ing  

c o n s t r u c t i o n .  It i s  a l s o  used i n  l i g h t  i n d u s t r i a l  r o o f s ,  heavy tongue- 

and-groove commercial f l o o r  systems, and f u r n i t u r e .  l There a r e  about  50 

t o  60 d i f f e r e n t  grades o f  sof twood plywood, and many m i l l s  produce more 

t han  one t y p e  o f  p l y ~ o o d . ~  

2 .2  INDUSTRY PROFILE 

The m a j o r i t y  o f  p l a n t s  i n  t h e  sof twood plywood i n d u s t r y  a r e  l o c a t e d  

i n  t h e  P a c i f i c  Nor thwes t  (Oregon, Washington, and C a l i f o r n i a ) ,  w i t h  t h e  

second- la rges t  c o n c e n t r a t i o n  i n  t h e  Southeast.  I n  1980, sof twood p l y w o ~ d  

p r o d u c t i o n  t o t a l  l e d  1.53 b i l l i o n  m2, 9.5-mm b a s i s  (16.5 b i l l  i o n  f t2 ,  

3 /8 - in .  basis)."f t h i s  t o t a l ,  0.28 b i l l i o n  m2,  9.5-mm b a s i s  ( 3 .0  

b i l l i o n  f t2 ,  3 /8 - in .  b a s i s ) ,  c o n s t i t u t e d  sanded plywood p r o d u c t i o n .  

T h i s  plywood p r o d u c t i o n  r a t e  i s  a  16-percen t  decrease f rom t h e  1.85- 

b i l l i o n  m2,  9.5-mm b a s i s  ( 2 0 . 0 - b i l l i o n  f t2 ,  3 /8 - in .  b a s i s ) ,  p r o d u c t i o n  

r a t e  o f  1978. Tab le  2 - 1  shows t h e  number o f  p roduc ing  u n i t s  i n  each 

S t a t e  t o g e t h e r  w i t h  p r o d u c t i o n  by S t a t e  and r e g i o n .  



TABLE 2-1. PLYWOOD PRODUCTION BY STATE AND REGION, 19804 
( b i l l i o n  m2,  9.5-mm b a s i s )  

I n d u s t ~ y  p r o d u c t i o n  Pe rcen t  
Region and S t a t e  U n i t s  (m2 x lo9/yr)  o f  U.S. t o t a l  

Nor thwest  

Oregon 
Washi na ton  
~ a l , , i , f o r n i a  0.029- 6 -

Southeast  Y 

L o u i s i a n a  
Texas 
A1 abama 
M i s s i s s i p i  
Arkansas 
Georg ia  
N o r t h  Caro l  ina 
South C a r o l i n a  
F l o r i d a  
V i r g i n i a  
Okl ahoma 
Mary 1  and 

I n l a n d  

Montana 
Idaho  

TOTAL 1.515 -100.0 
-



I n  January  1980, an e s t i m a t e d  267 f a c i l i t i e s  were m a n u f a c t u r i n g  

sof twood p lywood and veneer i n  t h e  c o n t i n e n t a l  U n i t e d  S t a t e s .  O f  t h i s  

number, 65 p l a n t s  p roduced  o n l y  veneer ,  w h i l e  202 p l a n t s  produced e i t h e r  

p l ywood  a l o n e  o r  b o t h  p l ywood  and veneer.  By January  1982, many m i l l s  

were c l o s e d ,  e i t h e r  t e m p o r a r i l y  o r  pe rmanea t l y .  

The t o p  f i v e  f i r m s  accounted f o r  40.5 p e r c e n t  o f  p r o d u c t i o n  i n  

1972 and f o r  47.5 p e r c e n t  3 f  p r o d u c t i o n  i n  1979.3 The t o p  20 f i r m s  

accoun ted  f o r  a p p r o x i m a t e l y  70.9 and 75.2  p e r c e n t  o f  p r o d u c t i o n  i n  1972 

and 1979, r e s p e c t i v e l y ,  T h e r e f o r e ,  i n d u s t r y  1  eaders  g a i n e d  marke t  

share  l a r g e l y  a t  t h e  expense o f  sma l l  f i r m s .  

Most r e c e n t  g r o w t h  i n  new p l a n t s  has o c c u r r e d  i n  t h e  South. A l s o ,  

t h e  a p p a r e n t  i n d u s t r y  t r e n d  has been t o w a r d  g r e a t e r  c a p a c i t y  among new 

p l a n t s .  Consequent ly ,  Sou thern  p l a n t s  a r e  g e n e r a l l y  newer and have 

l a r g e r  c a p a c i t i e s  t h a n  do N o r t h w e s t e r n  p l a n t s .  I n  1979, an average 

N o r t h w e s t e r n  p l a n t  produced 8.36 m i  11 i o n  m2, 9.5-mm b a s i s  (90 mi 11 i o n  

f t2 ,  3/8- in. b a s i  s )  , o f  so f twood  p lywood.  The average Sou theas te rn  

p l a n t  produced 11.9 m i l l i o n  m2, 9.5-mm b a s i s  (128 m i l l i o n  f t2,  3 /8 - in .  

b a s i s ) ,  o f  so f twood  p lywood i n  1979. 

Da ta  a r e  n o t  a v a i l a b l e  on t h e  ages o f  i n d i v i d u a l  p l a n t s .  Most  

N o r t h w e s t e r n  p l a n t s  a r e  30 y e a r s  o l d ,  whereas most Sou theas te rn  p l a n t s  

a r e  l e s s  t h a n  15 y e a r s  o l d .  P l a n t s  c l o s e  p e r i o d i c a l l y  and a r e  f r e -

q u e n t l y  r e b u i l t  because o f  change o f  wood s u p p l y  o r  change o f  ownersh ip .  

P r o d u c t i o n  a t  s i n g l e  s i t e s  may c o n t i n u e  f o r  decades (e .g . ,  t h e  McCleary 

Washington p l a n t  was b u i l t  i n  1912j"r may be t e r m i n a t e d  a f t e r  a few 

months. 

Many companies i n  t h e  so f twood  p lywood i n d u s t r y  a r e  v e r t i c a l l y  

i n t e g r a t e d .  Weyerhaeuser, Crown Z e l l e r b a c h ,  Un ion  Camp, G e o r g i a - P a c i f i c ,  

Southwest F o r e s t  I n d u s t r i e s ,  and I n t e r n a t i o n a l  Paper a l l  own t i m b e r  

s tands  t h a t  s u p p l y  l o g s  f o r  p l ywood  manufacture .  These companies have 

an advantage o v e r  f i r m s  t h a t  must purchase t i m b e r  on t h e  open marke t  

because stumpage c o s t s  have jumped a l m o s t  75 p e r c e n t  s i n c e  1978, t o  

n e a r l y  $400 p e r  1,000 b o a r d  f e e t .  S t .  Regis ,  Champion, P o t l a t c h ,  B o i s e  

Cascade, L o u i s i a n a - P a c i f i c ,  and W i l l a m e t t e  s u p p l y  o v e r  h a l f  t h e i r  raw 

m a t e r i a l  needs f r o m  t h e i r  own t i m b e r l a n d s .  



I n  1979, t h e  sof twood plywood i n d u s t r y  employed app rox ima te l y  

46,100 workers .  S t a t e s  l e a d i n g  employment a re  Oregon, Washington, 

Texas, and Lou i s i ana ,  accoun t i ng  f o r  67 p e r c e n t  o f  t o t a l  i n d u s t r y  

employment i n  1977. lo  

Employment s t a t i s t i c s  f o r  t h e  yea rs  1972 t h rough  1977 a r e  g i v e n  i n  

Table 2-2. The t a b l e  shows t o t a l  es tab l i shmen ts  and empioyees, wages, 

hours,  and p r o d u c t i o n  workers.  I t  l i s t s  f i g u r e s  f o r  v a l u e  added by 

manufacture,  m a t e r i a l s  c o s t ,  and shipment. 

2 . 2 . 1  Markets  

A number o f  f a c t o r s  a f f e c t  t h e  U.S. p lywood market .  It appears 

t h a t  over  t h e  n e x t  few yea rs ,  o r i e n t e d  s t r a n d  boards and wafe rboard  w i l l  

be used i n c r e a s i n g l y  as plywood s u b s t i t u t e s .  I n  f a c t ,  i t  i s  es t ima ted  

t h a t  nonveneer panel  p r o d u c t i o n  may be up t o  0.232 b i l l  i o n  m 2 ,  9.5-mm 

b a s i s  (2 .5  b i l l i o n  f t2 ,  3 /8 - in .  b a s i s ) ,  i n  t h e  coming yea rs .4  

I n t e r n a t i o n a l  a c t i v i t i e s  modera te ly  impac t  U.S. p r o d u c t i o n .  The 

U n i t e d  S t a t e s  impo r t s  sof twood plywood m a i n l y  f rom Canada and Mexico, 

though n o t  t o  any s i g n i f i c a n t  e x t e n t .  Softwood s a l e s  overseas account  

f o r  some 5  p e r c e n t  o f  U.S. p r o d u c t i o n .  Because U.S. companies have 

ga ined  agreements i n  t h e  growing i n t e r n a t i o n a l  markets  and because 

p o t e n t i a l  c o m p e t i t o r s  (Scandinav ia  and U. S .S .  R. ) do n o t  have s u f f i c i e n t  

wood o r  p l a n t  c a p a c i t y ,  U.S. p r o d u c t i o n  shou ld  expand i n  t h e  f u t u r e  t o  

serve  t h e  e x p o r t  marke t .4  

The p r i c i n g  c f  sof twood p lywocd p roduc t s  d e p i c t s  a  c l a s s i c  case o f  

p r i c e  e l a s t i c i t y  o f  demand: many market  v a r i a b l e s  a f f e c t  t h e  p r i c e  o f  

sof twood p roduc t s ,  making them p r i c e  s e n s i t i v e .  Even a  sma l l  p r i c e  

decrease can i n c r e a s e  p r o d u c t  demand, wh ich  i n  t u r n  f o s t e r s  an i nc reas -

i n g l y  c o m p e t i t i v e  i n d u s t r y .  

Demand de te rminan ts  f o r  t h e  sof twood plywood market  compr ise a 

v a r i e t y  o f  f a c t o r s ,  t h e  p r i m a r y  f a c t o r  b e i n g  t h e  number o f  f o r e c a s t e d  

hous ing  s t a r t s .  Du r i ng  t h e  f o r e c a s t  p e r i o d ,  veneer panel  use i s  e s t i -  

mated a t  520 m2 p e r  s i n g l e - f a m i l y  u n i t  and 300 m2 p e r  m u l t i f a m i l y  u n i t .  

These es t ima tes  r e f l e c t  t h e  e x p e c t a t i o n  t h a t  new uses l i k e  wood founda- 

t i o n s  and s t r u c t u r a l  panel  f l o o r s  w i l l  r e p l a c e  conc re te  w a l l s  and s l a b  

f l o o r s .  These new uses w i l l  o f f s e t  l o s t  plywood use r e s u l t i n g  f rom t h e  



-- --- 

T A B L E  2-2. EMPLOYMENT STATISTICS- -SOFTWOOD VENEER AND PLYWOOD"' 
- .~..- -- -~ . . . . .~ -.- . ~.--~.. . -. -.. .~ 

All establishments 


With 20 -All employees Production workers Value Cost of Value of 

employees added by materials shipments 


Yearb companiesC Total or more Number Payroll Number Hours 
Wages manufacture ( $  mil- ( $  mil-

(No. ) (No.) (NO. ) (1.000's) ($ mil lions) (1.000's) (alllions) ($ millions) ($ millions) lions) lions) 

(S millions) 

1972 Census 121 232 225 43.7 403.6 39.9 85.3 356.5 935.4 1,071.3 2,011.5 

1974 ASH (NA) (NA) (HA) 42.8 421.1 38.5 78.1 363.3 832.0 1,299.8 2.123.8 

1975 ASH (NA) (NA) (NA) 41.1 438.6 36.7 75.0 377.5 850.3 1,386.5 2,243.5 

1976 ASH (NA) (NA) (NA) 45.0 537.8 40.5 84.5 468.0 1.304.2 1,880.5 3,164.1 

1917 Census 129 256 224 46.2 634.6 41.9 89.0 556.9 1,583.7 2,231.1 3,804.8 
~ -- - ~ - - - - - -..--

a~ndustrywas defined or redefi~~ed
for 1972 Census of Manufacturers, so data are available only for years shown. 

annual survey of manufacturers (ASH) years, data are estimates based on a representative sample of establishments canvassed annually and may 

I differ from a canvass of all establishments. 


C

For the census, a company is defined as a business organization consisting of one establishment or more under commonownership or control. 




t r e n d  toward  c o n s t r u c t i n g  s m a l l e r  u n i t s  w i t h  more common w a l l s .  Mob i l e  

homes add t o  t h e  r e s i d e n t i a l  volume. S t r u c t u r a l  panel  use i s  expected 

t o  grow i n  t h i s  marke t  as t h e  t r e n d  toward  more double-wide u n i t s  con-

t i n u e s .  Use p e r  u n i t  i s  expected t o  i n c r e a s e  f rom 38 m2 t o  80 m2 on t h e  

average. 

The second- la rges t  market  f o r  s t r u c t u r a l  pane ls  i s  t h e  homeowner 

market ,  abou t  t w o - t h i r d s  o f  which i s  f o r  s t r u c t u r a l  a d d i t i o n s ,  a l t e r a -

t i o n s ,  and p r o p e r t y  improvements. T h i s  ca tego ry  i n c l u d e s  garages, 

s t o rage  sheds, p r i v a c y  sc reen ing ,  p a t i o s ,  and p l a n t e r s .  The remainder  

o f  t h e  homeowner marke t  i n c l u d e s  such misce l laneous  uses as f u r n i t u r e ,  

s h e l v i n g ,  t o y s ,  games, p e t  s h e l t e r s ,  temporary  c l o s u r e s ,  p a n e l i n g ,  and a  

h o s t  of  o t h e r  a p p l i c a t i o n s .  The homeowner marke t  i s  expected t o  c o n t i n u e  

t o  i nc rease  a t  a  2- t o  3-percent  r a t e  each yea r ,  r e f l e c t i n g  p o p u l a t i o n  

growth,  con t inued ,  s t r o n g  upgrad ing  o f  houses, and a d d i t i o n a l  a c t i v i t y .  

D i v e r s e  i n d u s t r i a l  uses c o n s t i t u t e  t h e  t h i r d - l a r g e s t  s t r u c t u r a l  

panel market .  The two l a r g e s t  use areas a r e  m a t e r i a l s  h a n d l i n g  ( p a l l e t s ,  

b i n s ,  c r a t e s ,  and i n d u s t r i a l  s h e l v i n g )  and t r a n s p o r t a t i o n  ( t r u c k  bod ies ,  

bus f l o o r s ,  r a i l  c a r  l i n e r s ,  and r e c r e a t i o n a l  v e h i c l e s ) .  A l l - v e n e e r  

s t r u c t u r a l  pane ls  dominate t h e  i n d u s t r i a l  markets  and a r e  expected t o  

con t i nue  t o  do so, e s p e c i a l l y  i n  m a t e r i a l s  h a n d l i n g  and t r a n s p o r t a t i o n  

equipment areas. 

N o n r e s i d e n t i a l  consumptjon c o n s t i t u t e s  t h e  f o u r t h - l a r g e s t  s t r u c t u r a l  

panel market .  Plywood used i n  b u i l d i n g  c o n s t r u c t i o n  and i n  conc re te  

f o rm ing  accounts  f o r  90 p e r c e n t  o f  t h e  n o n r e s i d e n t i a l  market.  A u x i l i a r y  

a p p l i c a t i o n ;  i n c l u d e  s i gns ,  b a r r i c a d e s ,  workhorses, bench sho r i ng ,  

r e t a i n i n g  w a l l s ,  and highway sound b a r r i e r s .  A p p l i c a t i o n s  such as sound 

b a r r i e r s  and r e t a i n i n g  w a l l s  have p o t e n t i a l  f o r  s u b s t a n t i a l  growth.  

O v e r a l l ,  n o n r e s i d e n t i a l  uses a r e  f o r e c a s t  t o  expand g r a d u a l l y  a t  1 t o  2  

p e r c e n t  p e r  y e a r .  

2 .3  TRENDS 

The sof twood plywood i n d u s t r y  has shown a  h i g h l y  v a r i a b l e  b u t  

c o n s i s t e n t l y  i n c r e a s i n g  p r o d u c t i o n  p a t t e r n  ove r  t h e  p a s t  t h r e e  decades. 

Some p r o d u c t  l i n e s  r e c e n t l y  have expanded w h i l e  o t h e r s  have n e a r l y  

d isappeared because o f  c o m p e t i t i o n  f rom s u b s t i t u t e s  o r  changing consumer 

t a s t e s  . 



Produc t i on  t r ends  over  t h e  l a s t  20 years  a r e  shown i n  F i g u r e  2-1, 

which shows softwood plywood p r o d u c t i o n  by reg ion .  Note t h a t  Southern 

p r o d u c t i o n  inc reased f rom zero t o  45.3 pe rcen t  o f  t h e  n a t i o n a l  t o t a l  

d u r i n g  t h a t  t ime.  U n t i l  1981, Southern p r o d u c t i o n  had inc reased every  

yea r  except  f o r  1974. Western and i n l a n d  p r o d u c t i o n  g e n e r a l l y  has 

f l u c t u a t e d  around a base l e v e l ,  i n c r e a s i n g  l e s s  c o n s i s t e n t l y  t han  Southern 

p r o d u c t i o n  has. 

Whi le  sof twood plywood p r o d u c t i o n  has inc reased g r a d u a l l y  over  t h e  

p a s t  decade, i t  has n o t  matched t h e  11-percent  annual r a t e  e s t a b l i s h e d  

f rom 1945 t o  1968. Du r i ng  t h e  p a s t  decade, t h e  i n d u s t r y  has expanded 

p r o d u c t i o n  by add ing  o r  r e p l a c i n g  veneer d rye rs  i n  e x i s t i n g  p l a n t s  and 

by b u i l d i n g  new g r e e n f i e l d  p l a n t s .  Because d r y i n g  c a p a c i t y  i s  a l i m i t i n g  

f a c t o r  i n  many p l a n t s ,  a d d i t i o n a l  d r y i n g  c a p a c i t y  has a u t o m a t i c a l l y  

inc reased t o t a l  p r o d u c t i o n  capac i t y .  Most o f  t h e  new p l a n t s  have been 

c o n s t r u c t e d  i n  t h e  Southeast.  

The r a p i d l y  i n c r e a s i n g  t imbe r  and plywood p r o d u c t i o n  i n  t h e  Southeast 

and South should con t i nue  t o  i nc rease  w e l l  i n t o  t h e  1980 's .  Timb2r 

supply  has been a p r imary  f a c t o r  i n  development o f  t h e  Southern p i n e  

plywood i n d u s t r y .  Because they  have been assured t imbe r  a v a i l a b i l i t y  

f rom p r i v a t e  ho lde rs  o f  t imbe r l and ,  many f i r m s  have expanded c a p a c i t y  by 

b u i l d i n g  m i l l s  i n  t h e  South r a t h e r  than  by  i n c r e a s i n g  c a p a c i t y  i n  a 

r e g i o n  c o n t r o l l e d  by p u b l i c  t imbe r  management. 

I n  1980 and 1981, producers c u t  p r i c e s  t o  move wood, a s t r a t e g y  

t h a t  proved o n l y  m a r g i n a l l y  success fu l .  The u n d e r l y i n g  problem i s  a  

depressed housing market ,  which i n  1981 c losed  many Western m i l l s ,  some 

permanent ly.  

Many p l a n t s  a re  now o p e r a t i n g  i n  t h e  red.  Some a re  ab le  t o  con t inue  

o p e r a t i n g  o n l y  w i t h  p a r e n t  company subs id ies  th rough t h e  c u r r e n t  recess ion .  

T h i s  s u b s i d i z a t i o n  i s  p a r t l y  due t o  t h e  f a c t  t h a t  some companies need 

wood c h i p s  from t h e i r  plywood m i l l s  as raw m a t e r i a l s  f o r  t h e i r  paper 

m i l l s .  

Energy and m ine ra l  resource shor tages c o u l d  be cons idered  a poten-

t i a l  boon t o  t h e  plywood i n d u s t r y .  Plywood comes f rom a renewable 

resource  and can be manufactured w i t h  f a r  l e s s  energy t han  can most 

o t h e r  b u i l d i n g  m a t e r i a l s .  





The plywood i n d u s t r y  t r a d i t i o n a l l y  has used s h o r t - t e r m  market  

c o n d i t i o n s  and p r o d u c t i o n  c o s t s  as p r i n c i p a l  f a c t o r s  i,n d e c i d i n g  t o  

b u i l d  new p l a n t s  o r  t o  c l o s e  e x i s t i n g  ones. As a n e t  e f f e c t ,  r a p i d  

p l a n t  t u r n o v e r s  have had a ma jo r  impact  on t h e  number o f  new p l a n t s .  

A l so ,  most p l a n t s  c l o s e  p e r i o d i c a l l y  because o f  wood supp ly ,  p r o d u c t  

l i n e ,  o r  owner changes. 

However, t h e  s i z e  o f  i n d i v i d u a l  p l a n t s  has i nc reased  ove r  t h e  p a s t  

few y e a r s ,  e s p e c i a l l y  f o r  new, i n t e g r a t e d  sof twood p lywood p l a n t s .  

I n c o r p o r a t i o n  o f  plywood o r  veneer f a c i l i t i e s  i n t o  t o t a l  wood p r o d u c t i o n  

complexes (wh ich  i s  o c c u r r i n g  i n  l a r g e  f o r e s t  i n d u s t r y  c o r p o r a t i o n s )  

w i l l  be r e f l e c t e d  i n  i nc reased  s t a b i l i t y  and con t i nued  upgrad ing  of  

i n d i v i d u a l  p l a n t s .  I t  i s  es t ima ted  t h a t  e x i s t i n g  veneer d r y e r s  undergo 

ma jo r  r e c o n s t r u c t i o n  o r  m o d i f i c a t i o n  every  15 years .  l 1  There a r e  

p r e s e n t l y  no known p l a n s  f o r  new plywood p l a n t s ,  though once recove ry  

f rom t h e  hous ing slump commences, t h i s  s i t u a t i o n  m igh t  change. 

E x i s t i n g  sof twood plywood c a p a c i t y  a t  2.27 b i l l  i o n  m2, 9.5-mm b a s i s  

(24.4 b i l l  i o n  f t2 ,  3 /8 - in .  bas i s ) ,  i s  s u f f i c i e n t  t o  meet i nc reased  

sof twood p lywood demand th rough 1986, which i s  p r e d i c t e d  t o  be 1.89 

m i l l i o n  m2,  9.5-mm b a s i s  (20.3 b i l l i o n  f t2 ,  3 /8 - in .  b a s i ~ ) . ~  However, 

p a s t  t r e n d s  i n d i c a t e  t h a t  new p l a n t s  w i l l  be b u i l t  t o  r e p l a c e  p l a n t s  

t h a t  c l o s e  o r  t o  seek a l a r g e r  market  share by o f f e r i n g  a more eccn- 

o m i c a l l y  produced p roduc t .  From 1977 t o  1979, p r o d u c t i o n  i n  t h e  South 

i nc reased  12 pe rcen t ,  where i t  appears most new growth i n  t h e  plywood 

i n d u s t r y  w i l l  occur .  Annual plywood p r o d u c t i o n  may reach 2 .4  b i l l  i o n  

m 2 ,  9.5-mm b a s i s  (26.5 b i l l i o n  f t2 ,  0 .35 - i n .  b a s i s ) ,  by 1995. The above 

p r e d i c t i o n s  must be used w i t h  c a u t i o n  because o f  t h e  c u r r e n t  economic 

slump. 

2 .4  PROCESSES AND THEIR EMISSIONS 

Four processes used t o  produce plywood a r e  l i s t e d  below: 

Green p rocess - - l og  c o n d i t i o n i n g ,  f o l l o w e d  by p e e l i n g  i n t o  

green veneer;  

Veneer d r y i n g ;  

Veneer p a t c h i n g  and g rad ing ,  l ayup  and g l u i n g ,  and p r e s s i n g  t o  

make plywood; and 

S i z i n g  and f i n i s h i n g  o f  t h e  plywood. 



F igu re  2-2 i s  a  gene ra l i zed  f l o w  c h a r t  f o r  these  processes. 

2 .4 .1  Green Processes 

Cont inua l  l ow- l eve l  emissions o f  v o l a t i l e  wood components occur  

th roughout  t h e  l i v e s  o f  sof twood t r e e s .  These emissions c o n t i n u e  when 

t h e  l i v e  t r e e s  a r e  c u t  and d u r i n g  t h e  veneer d r y i n g  process; t h e  emiss ion  

r a t e  inc reases  as temperature and wood su r face  a rea  inc rease .  V o l a t i l e  

components- -pr imar i ly  te rpenes- -a re  es t ima ted  a t  20 g/m2, 9.5-mm bas i s  

(4  lb/1,000 f t2 ,  0.375- in .  b a s i s ) ,  of p roduc t  f o r  f r e s h l y  c u t  Southern 

p ines .  l2By t h e  t i m e  green veneer has been prepared  f o r  d r y i n g ,  t h i s  

component has decreased s i g n i f i c a n t l y .  Most s t u d i e s  o f  te rpene l o s s  

from wood i n d i c a t e  r a p i d  l o s s  f rom logs  o r  t h i n  sheets o f  wood w i t h i n  1 

t o  8 weeks a f t e r  c u t t i n g .  l3l4l5Georg ia -Pac i f i c  exper ience i n d i c a t e s  

t h a t  l o g s  l o s e  approx imate ly  6 pe rcen t  o f  t o t a l  we igh t  i n  wood m o i s t u r e  

d u r i n g  a  t y p i c a l  3-week l ~ gs to rage pe r i od .  l6 

A f t e r  d e l i v e r y  t o  a  west coas t  plywood f a c i l i t y ,  t h e  l o g s  a r e  

s t o r e d  i n  a  pond o r  p i l e d  on a  p repared  s u r f a c e  c a l l e d  a  c o l d  deck. The 

l a t t e r  s to rage method r e q u i r e s  water  sp ray ing  i n  warm p e r i o d s  t o  p reven t  

l o g  d e t e r i o r a t i o n .  I n  t h e  South, l c g s  u s u a l l y  come d i r e c t l y  f rom t h e  

woods t o  an open l o g  ya rd .  Pond s to rage i s  a lmost  never  used, and water  

sp ray ing  i s  o n l y  used i f  p ro longed s to rage i s  a n t i c i p a t e d .  Next ,  l o g s  

a r e  debarked and c u t  i n t o  s p e c i f i c a l l y  s i z e d  b locks .  The b a r k  i s  recov-

ered  and used f o r  f u e l .  

The n e x t  o p e r a t i o n  a t  most p l a n t s  i s  l o g  c o n d i t i o n i n g - - t r e a t i n g  t h e  

l ogs  w i t h  hea t  and m o i s t u r e - - f o r  which h o t  water  v a t s  o r  spray chambers 

a re  used. A t  some m i l l s ,  softwoods a r e  pee led  c o l d  w i t h o u t  such con- 

d i  t i c n i  ng. 

Veneer can be c u t  f rom l o g s  by severa l  methods. E s s e n t i a l l y ,  a l l  

sof twood veneer i s  c u t  by p e e l i n g  o r  r o t a r y  c u t t i n g .  Other  methods a r e  

used p r i m a r i l y  f o r  d e c o r a t i v e  c u t s  f o r  f ace  veneer and f o r  s p e c i a l  

e f f e c t s  w i t h  c e r t a i n  woods. Softwood veneer i s  c u t  t o  th icknesses  

rang ing  f rom 2.5 t o  8 .0  mm ( 0 . 1  t o  0.313 i n . ) .  

A f t e r  t h e  veneer i s  peeled,  i t  i s  b rough t  as a  semicont inuous 

r i b b o n  th rough au tomat ic  c l i p p e r s  and c u t  t o  s i z e  b e f o r e  d r y i n g .  These 

machines a u t o m a t i c a l l y  d e t e c t  and c l i p  o u t  unacceptable s e c t i o n s  of 
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Figure 2-2. Process flow diagram for veneer and plywood production. 



veneer.  The green veneer i s  t h e n  s o r t e d  a c c o r d i n g  t o  s i z e ,  wood spec ies ,  

and veneer grade and whether  i t  i s  heartwood o r  sapwood. T h i s  s o r t i n g  

i s  necessary  b e f o r e  t h e  veneer can be d r i e d  because d i f f e r e n t  t y p e s  o f  

wood r e q u i r e  d i f f e r e n t  d r y i n g  c o n d i t i o n s .  S o r t i n g  i s  t h e  l a s t  s t e p  

b e f o r e  d r y i n g .  

Byproduc ts  o f  veneer c u t t i n g  a r e  l o g  co res ,  wood c h i p s ,  and veneer 

scraps s u i t a b l e  o n l y  f o r  c h i p p i n g .  Conveyance o f  coarse  m a t e r i a l  l eads  

t o  n e g l i g i b l e  a i r  emiss ions ,  w h i l e  conveyance o f  f i n e  m a t e r i a l  can l e a d  

t o  p a r t i c u l a t e  emiss ions.  

2.4.2 Veneer D r y i n g  

F r e s h l y  c u t  veneer must be d r i e d  b e f o r e  i t  can be g l u e d  and p ressed  

i n t o  plywood. A veneer d r y e r  i s  a  hea ted  chamber w i t h  l a y e r s  o f  r o l l s  

( t y p i c a l l y  f o u r  t o  e i g h t )  t o  c a r r y  t h e  veneer.  Heat t r a n s f e r r e d  t o  t h e  

wood by  h o t  gases c i r c u l a t i n g  i n  t h e  d r y e r  causes t h e  veneer t o  d r y  t o  a  

low m o i s t u r e  c o n t e n t .  Th i s  f i n a l  m o i s t u r e  c o n t e n t  i s  t y p i c a l l y  2 t o  5 

p e r c e n t  f o r  Doug1 as f i r s  and 3 t o  8 p e r c e n t  f o r  Southern p i nes .  l 7  

Two methods o f  h e a t i n g  veneer d r y e r s  a r e  i n d i r e c t  (steam) and 

d i r e c t  hea t .  W i t h  steam hea t ,  t h e  d r y e r  i s  separa te  f rom t h e  b o i l e r ,  

wh ich  produces steam t o  hea t  t h e  i n t e r n a l  c o i l s  i n  c o n t a c t  w i t h  d r y e r  

a i r .  W i t h  d i r e c t  h e a t ,  h o t  combust ion gases p r o v i d e  t h e  energy neces-

sa ry  t o  d r y  t h e  veneer.  D i r e c t - f i r e d  d r y e r s  a r e  f u e l e d  w i t h  e i t h e r  gas 

o r  wood. I n  g a s - f i r e d  d r y e r s ,  combust ion cccu rs  a t  a  bu rne r  i n s i d e  t h e  

d r y e r ,  and t h e  hea ted  a i r  i s  c i r c u l a t e d  t o  t h e  veneer w i t h  fans.  I n  

w o o d - f i r e d  d r y e r s ,  a i r  i s  hea ted  o u t s i d e  t h e  d r y e r  b y  combust ion o f  wood 

f u e l .  Combustion gases a r e  mixed w i t h  r e c i r c u l a t i n g  d r y e r  a i r  i n  a  

b l e n d  box and t r a n s p o r t e d  i n t o  t h e  d r y e r .  

D rye rs  a r e  a l s o  c h a r a c t e r i z e d  by  t h e  method used t o  c i r c u l a t e  h o t  

a i r  t o  t h e  veneer  sheets .  L o n g i t u d i n a l - f l o w  d r y e r s  may have one t o  

t h r e e  zones; a  two-zone l o n g i t u d i n a l - f l o w  d r y e r  i s  shown i n  F i g u r e  2-3. 

A zone i s  t h e  p o r t i o n  o f  a  d r y e r  t h a t  has a s e l f - c o n t a i n e d  a i r  c i r c u l a -  

t i o n  system, as shown i n  F i g u r e  2-4; a i r  c i r c u l a t e s  t h rough  a l o n g i -

t u d i n a l  zone p a r a l l e l  t o  veneer movement. The a i r  i s  moved by  cen- 

t r i f u g a l  fans  l o c a t e d  a t  one end o f  t h e  zone. I n  a steam-heated l o n g i -

t u d i n a l  d r y e r ,  a i r  f l o w s  p a s t  steam c o i l s  i n  t h e  upper plenum, t h r o u g h  a 





d e l i v e r y  man i f o l d  a t  t h e  end o f  t h e  zone, and down i n t o  t h e  v a r i o u s  

decks c o n t a i n i n g  moving veneer. l8 The a i r  i s  c o l l e c t e d  i n  ano ther  

man i f o l d  a t  t h e  oppos i t e  end o f  t h e  zone b e f o r e  i t  reaches t h e  cen-

t r i f u g a l  fans. Steam c o i l s  a l s o  a re  i n s t a l l e d  among t h e  veneer decks i n  

t h e  d r y i n g  p o r t i o n  o f  t h e  d rye r .  I n  most d i r e c t - h e a t e d  systems, i n s t e a d  

of steam c o i l s ,  h o t  gases generated o u t s i d e  t h e  d r y e r  supp ly  t h e  r e q u i r e d  

heat .  I n  t h e  g a s - f i r e d  d rye rs  c u r r e n t l y  used, a  gas bu rne r  l o c a t e d  on 

t h e  upper plenum s u p p l i e s  heat .  

Over 90 p e r c e n t  o f  t h e  new d rye rs  i n s t a l l e d  i n  t h e  l a s t  5 yea rs  a r e  

je t - imp ingment - type  d r y e r s  ( j e t  d r y e r s ) . l g  20 F i g u r e  2-5 shows a  t h r e e -  

zone j e t  d r y e r ,  where h o t  a i r  i s  d i r e c t e d  on to  t h e  veneer su r face  th rough 

j e t s  o r  ho les  i n  h o r i z o n t a l  plenums. The j e t s  o f  h o t  a i r  e f f e c t i v e l y  

t r a n s f e r  mo is tu re  f rom t h e  wocd by d i s t u r b i n g  boundary l a y e r s  on t h e  

veneer sur face .  These d rye rs  g e n e r a l l y  have h i g h e r  green end temperatures 

and more c o n t r o l  zones than  do l o n g i t u d i n a l  d r ye rs .  J e t  d r y e r s  may be 

d i r e c t  f i r e d  o r  steam heated. F igu re  2-6 shows a  c ross  s e c t i o n  o f  a 

steam-heated j e t  d r ye r .  I n  a  j e t  d r y e r ,  one s i d e  o f  t h e  u n i t  i s  under 

p o s i t i v e  pressure.  The c o n d i t i o n  o f  door sea l s  on t h i s  s i d e  o f  t h e  

d r y e r  p a r t i a l l y  determines t h e  e x t e n t  o f  f u g i t i v e  emiss ions.  A l l  d r y e r s  

a r e  equipped w i t h  b a f f l e s  a t  each end t o  min imize  i n f i l t r a t i o n  o r  leakage 

w h i l e  a l l o w i n g  veneer movement. 

Emissions f rom d r y e r  s tacks  vary  acco rd ing  t o  d r y e r  type .  Some o f  

t h e  emiss ions f rom g a s - f i r e d  d r y e r s  a re  unburned methane and o t h e r  

1  ow-mol ecu la r -we igh t  hydrocarbons. 21 Because they  e m i t  combust ion 

gases, wood - f i r ed  d r y e r s  may e m i t  more o rgan i cs  than  do g a s - f i r e d  and 

steam-heated veneer d r y e r s .  However, a  wood - f i r ed  d r y e r  may have fewer  

o v e r a l l  o rgan i c  emiss ions t han  a  steam-heated veneer d r y e r  and t h e  

assoc ia ted  wood - f i r ed  b o i l e r  do because some d r y e r  o rgan i cs  may be 

des t royed by h i g h  temperatures i n  t h e  b l e n d  box o r  combust ion u n i t .  

Dryer  emissions a l s o  va ry  acco rd ing  t o  t ype  o f  wood i n  t h e  d r y e r .  Fo r  

example, on t h e  b a s i s  o f  mass emiss ions p e r  p r o d u c t i o n  u n i t ,  d r y i n g  

Ponderosa p i n e  veneer may y i e l d  over  t w i c e  t h e  emissions f rom d r y i n g  

Doug1 as f ir veneer. 
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Figure 2-6. Cross section of a steam-heated jet dryer. 



Stack damper s e t t i n g  d i r e c t l y  i n f l uences  t h e  amount o f  o rgan ic  

m a t e r i a l  vented from a  veneer d rye r ,  as w e l l  as d r y e r  o p e r a t i n g  e f f i c i e n c y .  

I n  t h e  h i g h  wet b u l b  temperature method,22 23  2 4  2 5  t h e  dampers a r e  s e t  

t o  reduce t h e  volume o f  a i r  exhausted and t o  r a i s e  t h e  humid i t y  i n  t h e  

d rye r .  The d e s i r e d  wet b u l b  temperature i s  t y p i c a l l y  about 66' C. Some 

d rye rs ,  p a r t i c u l a r i y  j e t  d rye rs  i n  t h e  South, a re  operated w i t h  t h e  

s tack  dampers i n  t h e  c losed  p o s i t i o n  (a l though some a i r  i s  exhausted 

through b u i l t - i n  openings i n  t h e  dampers). Heat l o s s  i s  reduced and 

heat  t r a n s f e r  t o  t h e  veneer i s  increased i n  d rye rs  operated by t h e  h i g h  

wet b u l b  temperature method. Advantages inc lude:  (1) more even 

veneer mo is tu re  con ten t ,  (2)  h ighe r  p roduc t i on ,  (3)  lower f u e l  cos ts ,  

(4) l e s s  chance o f  overdry ing ,  ( 5 )  l e s s  chance o f  d r y e r  f i r e s ,  and 

(6 )  lower c a p i t a l  c o s t  o f  a i r  p o l  1  u t i o n  c o n t r o l  equipnent.  2 5  When d rye r  

vents a re  c losed,  t h e  s t a t i c  pressure i n  t h e  d r y e r  i s  increased,  causing 

h ighe r  f u g i t i v e  emissions o u t  d r y e r  ends and through any leaks  i n  

t he  d r y e r  s h e l l .  Therefore,  t he  c o n d i t i o n  o f  door and r o l l  sea l s  

becomes ve ry  impor tan t  on a  d r y e r  operated i n  t h e  h i g h  wet b u l b  tempera- 

t u r e  mode. F u g i t i v e  emissions a re  d iscussed f u r t h e r  i n  Chapter 3. 

The pr imary  emissions from veneer d rye rs  are  organ ic  aeroso ls  and 

gaseous organ ic  compounds. A smal l  amount o f  w ~ o d  f i b e r  a l s o  i s  emi t ted .  

The organ ic  m a t e r i a l  i s  a  m i x t u r e  o f  compounds d r i v e n  from t h e  wood by 

steam t h a t  forms w i t h i n  t h e  wood when mois ture  i n  t h e  veneer i s  heated. 

These m a t e r i a l s  a re  i n  gaseous form u n t i l  coo led  t o  below approximate ly  

150° C,  a t  which t ime an aerosol  begins t o  form. 26 A t  ambient a i r  

temperatures, a  vapor f r a c t i o n  remains, w h i l e  t h e  remainder o f  t h e  

m a t e r i a l  i s  an aeroso l .  Douglas f ir and L o b l o l l y  p i n e  veneer b o t h  

showed h i g h  gaseous f r a c t i o n s  ( g r e a t e r  than 80 percent )  i n  a  recen t  

Washington S ta te  U n i v e r s i t y  The vapor f r a c t i o n  a t  21' C 

c o n s i s t s  main ly  o f  monoterpenes (CI0Hl6) i n  va r i ous  combinat ions, depend-

i n g  on t h e  wood species. The most common monoterpenes a re  a-pinene, 

p-pinene, camphene, ,13-carene, and limonene. The predominant monoter- 

pene, a-pinene, i s  t he  major  component o f  commercial t u r p e n t i n e  and 

occurs i n  many v o l a t i l e  o i l s . 2 6  The aerosol  f r a c t i o n  a t  21' C p robab ly  

con ta ins  a d d i t i o n a l  monoterpene. 20 However, t he  bu l  k o f  t h i s  complex 



m i x t u r e  c o n s i s t s  o f  compounds o f  h i g h e r  mo lecu la r  we igh ts  t han  t h e  

monoterpenes. The compound groups i d e n t i f i e d  i n c l u d e  r e s i n  ac ids  

( n o t a b l y  a b i e t i c ) ,  f a t t y  ac ids ,  and n e u t r a l  sesqui - and d i - t e r p e n e  

compounds, a1 1 o f  which have a t  l e a s t  15 carbon atoms. 21 26 D e t a i l e d  

gas chromatograph-mass spect rometer  analyses o f  condens ib le  o rgan i c  

emiss ions f rom severa l  wood species a r e  a v a i l a b l e .  26 The re1  a t i v e  

abundance o f  vapor /aerosol  f r a c t i o n s  i n  d r y e r  emissions v a r i e s  acco rd ing  

t o  wood type  b u t  a l s o  depends on measurement technique.21 26 

Emissions r a t e  d a t a  f o r  veneer d r y e r s  a r e  summarized i n  Chapter 6. 

A t  l e a s t  f o u r  d i f f e r e n t  t e s t  methods have been used t o  q u a n t i f y  d r y e r  

emiss ions,  and t h e  r e s u l t i n g  d a t a  a r e  n o t  always comparable because o f  

d i f f e r e n c e s  i n  p h y s i c a l  c o n f i g u r a t i o n s ,  condenser temperatures,  and 

a n a l y t i c a l  schemes. Chapter 6 con ta ins  a d e s c r i p t i o n  o f  t e s t  methods 

t h a t  i s  u s e f u l  i n  i n t e r p r e t i n g  t h e  veneer d r y e r  emiss ions d a t a  below. 

Emissions v a r y  f rom d r y e r  t o  d r y e r .  W i th  t h e  same t e s t  method (Oregon 

Method 7),  condens ib le  emiss ions f o r  Douglas f ir a lone  have been measured 

a t  f rom 1.3 t o  1 4  g/m2, 9.5-mm b a s i s  (0.26 t o  2.86 lb/1,000 f t2 ,  0.375- in .  

b a s i s )  a t  d i f f e r e n t  steam-heated d rye rs .  

L i m i t e d  sampl ing by Washington S t a t e  U n i v e r s i t y  (WSU) i n d i c a t e s  

t h a t  t h e  noncondensible f r a c t i o n  equals  o r  exceeds t h e  condens ib le  

f r a c t i o n  o f  emissions from Douglas f i r s .  The s tudy  s t r o n g l y  suggests 

t h a t  noncondensible emissions make up 80 pe rcen t  o f  Southern p i n e  

emissions. 26 An ex tens i ve  1972 s tudy  by WSU found Douglas f i r  conden-

s i b l e  emissions t o  average approx imate ly  4.4 g/m2, 9.5-mm b a s i s  (0.9 

1 b/1,000 f t2,  0.375-i  n. bas i s ) .  Noncondensi b l e  emi ss ions  f rom Douglas 

f i r s  were r e p o r t e d  t o  be much lower ,  b u t  c a l c u l a t i o n  e r r o r s  were l a t e r  

d iscovered.  Corrected,  noncondensible Douglas f i r  emiss ions f rom t h e  

1972 s tudy  average 2 .0  (sapwood) t o  4.0 (heartwood) g/m2, 9.5-mm b a s i s  

(0 .4  t o  0.8 lb/1,000 f t2,  0.375-in.  b a s i s ) . 2 7  Condensible emiss ions 

f rom Southern p ines  a r e  es t ima ted  f rom t h i s  r e p o r t  t o  be approx imate ly  

4.0 g/m2, 9.5-mm bas i s  (0 .8  lb/1,000 f t2 ,  0.375-in.  bas i s ) .  Noncon-

densi  b l  e  Southern p i n e  emissions averaged approx imate ly  11g/m2, 9.5-mm 

b a s i s  (2 .3 lb/1,000 f t2 ,  0.375- in .  b a s i s ) ,  a f t e r  c o r r e c t i o n s  f o r  c a l -

c u l a t i o n  e r r o r s .  2 7  Thus, t h e  r a t i o  o f  noncondensi b l e  t o  condens ib le  



emissions c a l c u l a t e d  f rom t h e  1972 WSU s tudy  d a t a  a r e  i n  l i n e  w i t h  those 

r e p o r t e d  i n  t h e  1981 WSU r e p o r t .  Exact agreement would n o t  be expected 

because o f  d i f f e r e n c e s  i n  t e s t  methods (see Chapter 6) .  

2.4.3 Veneer P repa ra t i on ,  Layup, and G I  u i  ng  

Plywood c o n s i s t s  o f  sheets  o f  veneer bonded by l a y e r s  o f  g lue .  Dry 
veneer i s  inspec ted ,  c l i p p e d ,  and s p l i c e d  as needed. Steps i n  t h e  layup  

process a re  veneer p r e p a r a t i o n ,  layup  o r  g l u i n g ,  and p ress ing .  Knot 

ho les  a r e  p lugged,  and t h e  veneer i s  regraded as necessary t o  p repa re  

sheets f o r  layup .  

D i f f e r e n t  plywood p roduc ts  r e q u i r e  d i f f e r e n t  g l ues  t o  bond t h e  

veneer sheets.  Approx imate ly  98 pe rcen t  o f  t h e  softwood p-ro-

duced i n  t h i s  c o u n t r y  i s m-hyde r e s i n s .  

Glue i s  a p p l i e d  t o  t h e  plywood, which i s  moved i n  l oose  l a y e r s  t o  

t h e  p r e s s i n g  area. Many g lues  must s tand  f o r  a few minutes b e f o r e  

p ress ing .  * ~ n u t e s ,  depending on t h e  panel  

t h i ckness .  Phenol- formaldehyde g lues  a r e  steam pressed a t  temperatures 

rang ing  f rom 132' t o  174' C and a t  pressures up t o  1,030 kPa (150 p s i ) . 2 9  

Du r i ng  p r e s s i n g  and when t h e  presses a re  re leased,  some gaseous o rgan i cs  

may be e m i t t e d  f rom unreac ted  monomers. These f u g i t i v e  emiss ions have 

been cons idered  o n l y  i n  terms o f  t h e i r  i n - p l a n t  e f f e c t s .  T h e i r  presence 

r e q u i r e s  adequate v e n t i n g  t o  p r o t e c t  worker  h e a l t h  and t o  e l i m i n a t e  

odors.  

2 .4.4 Plywood F i n i s h i n g  

The l a s t  s tep  i n  plywood p r e p a r a t i o n  i s  t r imming  and f i n i s h i n g .  

The plywood i s  t r immed by s t a t i o n a r y  c i r c u l a r  saws, which remove up t o  

25 mm (1 i n . )  on each s i d e  t o  produce even-edged sheets.  Then t h e  

plywood sheets may be sanded on one o r  b o t h  faces ,  depending on t h e  

f i n a l  p roduc t .  Only 18  t o  20 pe rcen t  o f  a l l  p lywood i s  sanded. Du r i ng  

sanding, t h e  sheets move on a conveyor th rough enc losed au tomat ic  sanders, 

which a r e  c l e a r e d  con t i nuous l y  o f  sanderdust  by pneumatic c o l l e c t o r s  

l o c a t e d  above and below t h e  plywood. 

M i l l s  may produce one o r  severa l  grades o r  c l a s s i f i c a t i o n s  o f  

plywood; t h e  amount o f  p lywood sanded v a r i e s  f rom none a t  some p l a n t s  t o  

t h e  e n t i r e  p r o d u c t i o n  a t  o thers .  The depth o f  c u t ,  o r  amount o f  m a t e r i a l  



sanded f rom each plywood face ,  v a r i e s  w i d e l y  w i t h  p roduc t .  Dust f rom 

sanding and t r imming  ope ra t i ons  i s  t r a n s f e r r e d  by pneumatic systems t o  

cyc lone  c o l l e c t o r s ,  i n  a d d i t i o n  t o  which many p l a n t s  have i n s t a l l e d  

baghouses. Sanderdust and sawdust a re  va luab le  byproducts  and a r e  used 

as f u e l  f o r  b o i l e r s  o r  d i r e c t - f i r e d  combust ion u n i t s .  

2.4.5 Techno log ica l  Changes 

Al though Douglas f i r s  t r a d i t i o n a l l y  have been used i n  sof twood 

plywood manufacture, t e c h n o l o g i c a l  i nnova t i ons  have a l l owed  t h e  use o f  

o t h e r  softwoods: hemlocks, spruces, White f i r s ,  r e d  cedars,  and Southern 

p ines .  Trees o f  these species a r e  s m a l l e r  i n  d iameter  t han  i s  t h e  

c o a s t a l  Douglas f ir. A l a t h e  was developed t o  accommodate l o g s  w i t h  

d iameters as smal l  as 20.3 t o  25.4 cm (8  t o  10 i n .  ) . 30 

I n  1964, t h e  j e t  veneer d r y e r  rep laced  t h e  r o l l e r  d r y e r  as most 

e f f e c t i v e .  The new j e t  d r y e r s  enabled o u t p u t  volume t o  double,  w h i l e  

t h e  number o f  employees necessary remained cons tan t  o r  decreased.30 

Other  t e c h n o l o g i c a l  changes t h a t  i nc rease  p r o d u c t i v i t y  i n c l u d e  

au tomat ic  c l i p p i n g  o f  veneer sheets,  panel kno t  h o l e  p a t c h i n g  w i t h  h o t  

p l a s t i c ,  and au tomat ic  high-speed h o t  p ress  l oad ing ,  c u r i n g ,  and 

un load ing .  21 
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3. EMISSION CONTROL TECHNIQUES 

3 . 1  INTRODUCTION 

C o n t r o l l i n g  e m i s s i o n s  f r o m  p lywood veneer  d r y e r s  b e g i n s  w i t h  

m a i n t a i n i n g  d o o r  s e a l s ,  d r y e r  s k i n s ,  t o p s ,  and b a f f l e s ;  p r o p e r  b a l a n c i n g  

o f  a i r  f l o w s ;  and use o f  e n d - s e a l i n g  s e c t i o n s  t o  m i n i m i z e  f u g i t i v e  

e m i s s i o n s .  S t a c k  emiss ions  f r o m  p lywood  veneer  d r y e r s  and p a n e l  sanders  

can b e s t  be c o n t r o l l e d  b y  add-on equipment.  The s t r a t e g y  f o r  r e d u c i n g  

veneer  d r y e r  e m i s s i o n s  has c e n t e r e d  on removal  o f  t h e  o r g a n i c  a e r o s o l  

component t o  reduce  plume o p a c i t y .  Wet s c r u b b i n g  and i n c i n e r a t i o n  a r e  

t h e  most common c o n t r o l  t e c h n i q u e s  f o r  veneer  d r y e r s .  F a b r i c  f i l t r a t i o n  

r e p r e s e n t s  c u r r e n t  t e c h n o l o g y  f o r  c o n t r o l  o f  s a n d e r d u s t  emiss ions ;  b u t  

s u f f i c i e n t  b l o w o u t  p a n e l s ,  h a l o n  d e l u g e  systems, s p a r k  d e t e c t o r s ,  and 

a b o r t  g a t e s  must  be  added t o  m i t i g a t e  t h e  f i r e  hazard.  l 

3 . 2  VENEER DRYER EMISSION CONTROL 

3 . 2 . 1  Wet S c r u b b i n g  

The most common t e c h n o l o g y  f o r  veneer  d r y e r s  i s  w e t  s c r u b b i n g ,  f o r  

w h i c h  s e v e r a l  t y p e s  o f  equ ipment  a r e  a v a i l a b l e .  I n  each case,  a w a t e r  

s p r a y  i s  i n t r o d u c e d  i n t o  t h e  d r y e r  exhaus t  s t ream,  r e s u l t i n g  i n  c o o l i n g  

and condens ing  o f  o r g a n i c  m a t e r i a l .  Water vapor  may condense o n t o  t h e  

o r g a n i c  a e r o s o l  , 2  and t h e  r e s u l t i n g  d r o p l e t s  a r e  l a r g e  enough t o  be 

removed b y  c y c l o n i c  c o l l e c t o r s ,  f i l t e r s ,  o r  m i s t  e l i m i n a t o r s .  O r g a n i c  

m a t e r i a l  t h a t  rema ins  i n  t h e  vapor  phase escapes c o l l e c t i o n  and reaches  

t h e  atmosphere.  T h e r e f o r e ,  w e t  s c r u b b i n g  w i l l  have a  l o w  o r g a n i c  

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

h i g h  gaseous f r a c t i o n s .  

Scrubbers  e m p l o y i n g  a  number o f  d i f f e r e n t  c o l l e c t i o n  mechanisms 

have been used t o  c o n t r o l  veneer  d r y e r  emiss ions .  R e p r e s e n t a t i v e  



examples o f  t hese  c o l l e c t o r  t ypes  a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g  subsec- 

t i o n s .  These systems have o n l y  been used a t  Nor thwes te rn  p l a n t s .  No 

systems have been i n s t a l l e d  a t  p l a n t s  d r y i n g  Sou thern  woods. 

3 .2 .1 .1  Mu1 t i p l e  Spray Chambers. The B u r l e y  Scrubber ,  t h e  most 

common wet  sc rubb ing  d e v i c e  used today ,  employs t h r e e  t o  f i v e  sp ray  

chambers i n  s e r i e s .  The f ive-chamber  model c o n t a i n s  a f i n a l  demi s t i n g  

zone where a h igh-speed c e n t r i f u g a l  f a n  removes d r o p l e t s .  The t h r e e -  

chamber model, wh ich  i s  c u r r e n t l y  b e i n g  marketed, r e q u i r e s  no f a n  and 

has an o p e r a t i n g  p ressu re  d rop  o f  o n l y  62 t o  124 Pa (0.25 t o  0.50 i n .  

wa te r ) .  The three-zone u n i t  i s  r e p o r t e d  t o  meet Oregon 's  10  p e r c e n t  

o p a c i t y  l i m i t  on d r y e r  exhausts  t h a t  have m o i s t u r e  c o n t e n t s  o f  a t  l e a s t  

24 p e r c e n t  by  v 0 1 u m e . ~  T h i s  d e v i c e  i s  des igned  t o  t r e a t  t h e  exhaus t  

f rom a  s i n g l e  steam-heated o r  g a s - f i r e d  d r y e r  and g e n e r a l l y  i s  i n s t a l l e d  

above t h e  d r y e r .  Chapter  6  c o n t a i n s  t h e  r 2 s u l t s  o f  emiss ions  t e s t s  o f  

B u r l e y  Scrubbers  and seve ra l  o t h e r  we t - sc rubb ing  dev ices .  The removal  

e f f i c i e n c y  o f  B u r l e y  Scrubbers  f o r  p a r t i c u l a t e  and condens ib l e  emiss ions  

g e n e r a l l y  i s  l e s s  t h a n  50 pe rcen t .  From r e c e n t  Oregon Department o f  

Env i ronmenta l  Q u a l i t y  (ODEQ) Method 7  t e s t s ,  ODEQ r e p o r t s  t h a t  t h i s  

sc rubber  can 1i m i t p a r t i c u l a t e  and condens ib l e  emiss ions  t o  3 .2  g/m2, 

9.5-mm b a s i s  (0.65 lb /1 ,000 f t2,  0.375- in .  b a s i s ) ,  f o r  Western woods.3 

3 .2 .1 .2  Combinat ion Packed Tower and C y c l o n i c  Col 1  e c t o r s .  An 

example o f  a comb ina t i on  packed tower  and c y c l o n i c  c o l l e c t o r  i s  t h e  

G e o r g i a - P a c i f i c  Emiss ion  E l i m i n a t o r  (now marketed by  Coe M a n u f a c t u r i n g  

Company), wh ich  c o n s i s t s  o f  a  sp ray  s e c t i o n  f o l l o w e d  by  a  bank o f  2 t o  

12 cyc lones  i n  para1  l e l  and a  packed spray  tower .  The packed t owe r  

may be equipped w i t h  f i b e r - p a d  m i s t  e l i m i n a t o r s .  A  schemat ic  d iagram o f  

t h e  system i s  g i v e n  i n  F i g u r e  3-1. G e o r g i a - P a c i f i c  Emiss ion E l  i m i n a t o r s  

have been i n s t a l l e d  t o  t r e a t  t h e  exhausts  o f  f rom one t o  t h r e e  steam-

hea ted  o r  d i r e c t - f i r e d  veneer d r y e r s .  Because o f  t h e i r  s i z e ,  t h e  u n i t s  

a r e  i n s t a l l e d  o u t s i d e  o f  t h e  b u i l d i n g s  hous ing  t h e  d r y e r s .  O v e r a l l  

p r e s s u r e  d rop  ac ross  such a  system i s  app rox ima te l y  2,860 Pa (11.5 i n .  

wa te r )  w i t h o u t  t h e  m i s t  e l i m i n a t o r  and 4,850 Fa (19.5 i n .  wa te r )  w i t h  

t h e  m i s t  e l i m i n a t ~ r . ~  Emiss ion t e s t  r e s u l t s  f o r  these  u n i t s  a r e  g i v e n  

i n  Chapter 6. Removal e f f i c i e n c i e s  f o r  p a r t i c u l a t e  and condens ib l e  
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o rgan i c  emiss ions have been measured t h rough  ODEQ Method 7  a t  up t o  

59 p e r c e n t  w i t h o u t  t h e  m i s t  e l i m i n a t o r  and up t o  9 1  p e r c e n t  w i t h  t h e  

m i s t  e l i m i n a t o r .  ODEQ r e p o r t s  t h a t  t hese  u n i t s  w i t h  m i s t  e l i m i n a t o r s  

can l i m i t  p a r t i c u l a t e  and condens ib le  emiss ions t o  1 . 2  g/m2, 9.5-mm 

b a s i s  (0.25 1  b/1,000 f t2 ,  0.375- i n .  b a s i s )  , f o r  steam-heated and gas- 

f i r e d  d r y e r s ;  1 .6  g/m2, 9.5-mm b a s i s  (0.35 lb/1,000 f t2 ,  0 .375- in .  

b a s i s ) ,  f o r  wood - f i r ed  d r y e r s  w i t h  f u e l  m o i s t u r e  c o n t e n t  l e s s  t h a n  

20 p e r c e n t ;  and 1 .8  g/m2, 9.5-mm b a s i s  (0.40 lb/1,000 f t2 ,  0.375- in .  

bas i s ) ,  f o r  wood - f i r ed  d r y e r s  w i t h  f u e l  m o i s t u r e  c o n t e n t  o f  20 p e r c e n t  

o r  g r e a t e r .  

Va r i ous  s imp le  wet -sc rubb ing  dev ices  have been i n s t a l l e d  on 

Nor thwes te rn  veneer d r y e r s  i n  t h e  p a s t  10 yea rs .  Most o f  t hese  wet  

sc rubbers  never  have r e c e i v e d  widespread use. Emiss ion r e d u c t i o n s  o f  

these u n i t s  a r e  n o t  expected t o  be b e t t e r  t han  those  o f  t h e  B u r l  ey  and 

Georgia-Paci  f i c  sc rubbers  w i t h o u t  m i  s t  e l  i m i  na to r s .  Emiss ions d a t a  f o r  

two u n i t s ,  t h e  Buchholz Scrubber and t h e  Leckenby Scrubber,  a r e  g i v e n  i n  

Chapter 6. 

3 .2 .1 .3  Sand F i l t e r  Scrubbers.  The Rader SandAir  F i l t e r  is a  

dev i ce  i n c o r p o r a t i n g  a wet -sc rubb ing  s e c t i o n  f o l l o w e d  by a wet-sand 

f i l t e r  and m i s t  e l i m i n a t o r .  F i g u r e  3-2 i s  a schematic diagram o f  t h e  

system. The Rader SandAir  F i l t e r  has been i n s t a l l e d  a t  more t h a n  s i x  

plywood p l a n t s  i n  t h e  N o r t h w e ~ t . ~  E x i s t i n g  systems t r e a t  t h e  exhaust  

f rom two o r  more steam-heated d r y e r s .  The l a r g e r  p a r t i c u l a t e  m a t e r i a l  

i s  removed i n  t h e  sc rubber ,  w h i l e  a p o r t i o n  o f  t h e  rema in ing  o r g a n i c  

m a t e r i a l  i s  c o l l e c t e d  i n  t h e  f i l t e r  bed o r  t h e  m i s t  e l i m i n a t o r .  A wa te r  

spray c a r r i e s  t h e  condensed m a t e r i a l  t h rough  t h e  f i l t e r  bed t o  a separa-

t i o n  system. The des ign  p ressu re  drop o f  t h e  SandAir  u n i t  i s  a p p r o x i -  

ma te l y  4,500 kPa (18 i n .  wa te r ) .  Emiss ion d a t a  f o r  t h i s  d e v i c e  a r e  

summarized i n  Chapter  6. The r e s u l t s  i n d i c a t e  t h a t  up t o  90 p e r c e n t  o f  

p a r t i c u l a t e  and condens ib le  o rgan i c  m a t e r i a l  (as d e f i n e d  by ODEQ Method 7) 

may be removed by  t h e  SandAir  system. 

3 .2 .1 .4  I o n i z i n g  Wet Scrubbers.  I o n i z i n g  wet  scrubbers have been 

under development as veneer d r y e r  emiss ion  c o n t r o l  dev i ces  f o r  severa l  

years .  Severa l  C e i l c o t e  I o n i z i n g  Wet Scrubbers have been i n s t a l l e d  on 

d r y e r s  i n  t h e  N o r t h ~ e s t . ~The C e i l c o t e  u n i t  has f o u r  main c o l l e c t i o n  
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f ea tu res :  (1) a water  spray;  (2)  packed towers;  (3) e l e c t r o s t a t i c  

c o l l e c t i o n  p l a t e s ;  and (4) a m i s t  e l i m i n a t o r .  One packed tower  i s  

p l aced  on each s i d e  o f  t h e  c o l l e c t i o n  p l a t e s .  C e i l c o t e  makes b o t h  

s i n g l e - and dua l - s tage  u n i t s ,  t h e  dua l -s tage  unit.s hav ing  two s e t s  o f  

c o l l e c t i o n  p l a t e s  p laced  i n  s e r i e s .  A l though no emiss ion  d a t a  have been 

p u b l i s h e d  showing removal e f f i c i e n c i e s  o f  f u l l - s c a l e  u n i t s ,  a p i l o t  u n i t  

demonstrated 57 t o  84 p e r c e n t  removal of  p a r t i c u l a t e  and condens ib le  

o rgan i c  emiss ions as measured by ODEQ Method 7.1° ODEQ has summarized 

severa l  t e s t s  o f  exhausts f rom f u l l - s c a l e  u n i t s .  The agency 's  conc lus ion  

i s  t h a t  C e i l c o t e  u n i t s  can l i m i t  p a r t i c u l a t e  and condens ib le  emiss ions 

t o  1 .2  g/m2, 9.5-mm b a s i s  (0.25 lb/1,000 ft2,0.375- in .  b a s i s ) ,  f o r  

steam-heated and g a s - f i r e d  d r y e r s ;  1 .6 g/m2, 9.5-mm b a s i s  (0 .35 1b/ 

1,000 f t2 ,  0.375- in .  b a s i s ) ,  f o r  wood - f i r ed  d r y e r s  w i t h  f u e l  m o i s t u r e  

c o n t e n t  l e s s  t han  20 pe rcen t ;  and 1 . 8  g/m2, 9.5-mm b a s i s  (0.40 1 b/  

1,000 f t2 ,  0.375-in.  b a s i s ) ,  f o r  wood - f i r ed  d r y e r s  w i t h  f u e l  m o i s t u r e  

c o n t e n t  o f  20 pe rcen t  o r  g r e a t e r . 3  I o n i z i n g  wet scrubbers have o n l y  

been used on wood - f i r ed  and g a s - f i r e d  d rye rs .  

3 .2 .2  I n c i n e r a t i o n  

Veneer d r y e r  emiss ions a r e  c o n t r o l l e d  a t  some l o c a t i o n s  by i n c i n e r a -

t i o n  i n  wood - f i r ed  b o i l e r s  o r  furnaces.  The e n t i r e  exhaust  f l o w  f rom a 

steam-heated veneer d r y e r  sometimes can be sen t  t o  a b o i l e r ,  w h i l e  o n l y  

a p o r t i o n  o f  t h e  exhaust  f rom a d i r e c t - f i r e d  d r y e r  i s  no rma l l y  r e t u r n e d  

t o  t h e  fu rnace  o r  f u e l  c e l l .  A t  l e a s t  one Southern p l a n t  has d i r e c t -  

f i r e d  d r y e r s  w i t h  exhaust gas r e c y c l e  t o  t h e  fu rnace ,  b u t  no such systems 

have been t e s t e d  f o r  emiss ions removal.  B o i l e r  i n c i n e r a t i o n  o f  veneer 

d r y e r  emiss ions has n o t  been demonstrated on a Southern p i n e  veneer 

d r y e r .  However, Georgia-Paci  f i c l 1  r e p o r t s  problems w i t h  d u c t i  ng any t y p e  

o f  Southern p i n e  d r y e r  exhaust f o r  any d i s t a n c e  because o f  condensat ion. 

Condensation o f t e n  occurs i n  t h e  d r y e r ,  so i n s u l a t i o n  i s  o f  l i t t l e  va lue.  

I n  such cases, steam t r a c i n g  o f  t h e  duc ts  may be a v i a b l e  a l t e r n a t i v e ,  

a l t hough  i t  has n o t  been demonstrated i n  t h i s  a p p l i c a t i o n .  

3 .2 .2 .1  B o i l e r  I n c i n e r a t i o n .  B o i l e r  i n c i n e r a t i o n  systems have 

been i n s t a l l e d  i n  a t  l e a s t  13 p l a n t s  i n  t h e  Northwest.  l2With  t h i s  

method, d r y e r  exhaust  i s  used as combust ion a i r  i n  t h e  b o i l e r .  D rye r  



exhaus t  can be i n t r o d u c e d  as u n d e r f i r e  a i r  and/or o v e r f i r e  a i r .  The 

most s o p h i s t i c a t e d  systems i n v o l v e  au tomat ic  d i s t r i b u t i o n  o f  d r y e r  

exhaus t  as o v e r f i r e  and u n d e r f i  r e  a i r ,  acco rd ing  t o  steam demand. l2 

Because no a d d i t i o n a l  combust ion dev i ce  i s  r e q u i r e d  i n  b o i l e r  

i n c i n e r a t i o n ,  t h e  main c a p i t a l  expend i t u res  a r e  f o r  ductwork,  fans ,  

p ressu re  c o n t r o l l e r s ,  and b o i l e r  o v e r s i z i n g  o r  m o d i f i c a t i o n s .  A l l  d u c t s  

a r e  h e a v i l y  i n s u l a t e d  t o  p r e v e n t  condensat ion o f  d r y e r  emiss ions.  

B o i l e r  m o d i f i c a t i o n s  i n c l u d e  i n s t a l l i n g  wate r -coo led  g r a t e s  as w e l l  as 

p o r t s  f o r  i n t r o d u c i n g  d r y e r  exhaust.  l2Drye r  exhaust  has been duc ted  t o  

b o i l e r s  l o c a t e d  ove r  350 m f rom t h e  d r y e r .  l3 

Severa l  g e n e r a l i z a t i o n s  can be made about  b o i l e r  i n c i n e r a t i o n  

systems. Furnace temperatures o f  1,190' C (2,000' F) o r  g r e a t e r  a r e  

found i n  most wood - f i r ed  b o i l e r s . 1 4  Residence t imes  f o r  f u e l  i n  t h e  

f u rnace  s e c t i o n  a r e  on t h e  o r d e r  o f  2.5 s f o r  sp reader -s toker  b o i l e r s ,  

b u t  combust ion a i r  r es i dence  t i m e  may be l e s s  f o r  these  and dutch-oven 

b o i l e r s .  These temperatures and res idence  t imes  a r e  above t h e  minimum 

requ i rements  f o r  thermal  d e s t r u c t i o n  o f  hydrocarbons. l5There fo re ,  

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

degree o f  m i x i n g  i n  t h e  h igh- tempera tu re  a rea  o f  t h e  b o i l e r s .  B o i l e r  

des igns  p r o v i d e  f o r  a h i g h  degree o f  m i x i n g  t o  promote combust ion o f  

v o l a t i l e  m a t e r i a l s  f rom t h e  f u e l .  Temperature and res idence  t i m e  con-

s i d e r a t i o n s  suppo r t  t h e  p o t e n t i a l  f o r  a h i gh ,  o v e r a l l  removal r a t e  o f  

t o t a l  veneer d r y e r  emiss ions (perhaps g r e a t e r  t han  90 pe rcen t )  b y  b o i l e r  

i n c i n e r a t i o n .  However, a t  l e a s t  two a t t emp ts  t o  measure t h e  d e s t r u c t i o n  

e f f i c i e n c y  o f  these  systems f o r  t o t a l  o rgan i c  emiss ions  have been unsuc-

c e s s f u l .  A removal r a t e  f o r  condens ib le  o r g a n i c  m a t e r i a l  o f  app rox ima te l y  

70 p e r c e n t  was suggested by  t h e  r e s u l t s  o f  one t e s t  (see Chapter 6) .  A 

we t -sc rubb ing  dev i ce  on t h e  b o i l e r  exhaust  may be r e q u i r e d  t o  meet a 

h i g h  l e v e l  o f  emiss ions r e d u c t i o n .  

B o i l e r  i n c i n e r a t i o n  may n o t  be a v i a b l e  c o n t r o l  t echn ique  f o r  

c e r t a i n  e x i s t i n g  p l a n t s .  The combined d r y e r  exhaust  volume f o r  a t y p i c a l  

p lywood m i l l  approaches t h e  c a p a c i t y  o f  t h e  p l a n t  b o i l e r  t o  accep t  

combust ion a i r .  I n  some cases, t h a t  c a p a c i t y  may be exceeded. For  

example, newer b o i l e r s  t h a t  a r e  des igned t o  ope ra te  e f f i c i e n t l y  on 



r e l a t i v e l y  low excess a i r  m ight  be unable t o  accept t h e  exhaust volume 

from a l l  d ryers .  For t h i s  reason a l so ,  new b o i l e r s  might  have t o  be 

overs ized t o  accommodate t h e  system. 

3.2.2.2 I n c i n e r a t i o n  i n  a Fuel C e l l .  The technology f o r  hea t i ng  

dryers  w i t h  wood-waste f u e l  has developed cons iderab ly  i n  t h e  l a s t  10 

years. The process invo:ves bu rn ing  f u e l  i n  a furnace o r  f u e l  c e l l  and 

us ing  t h e  h o t  combustion gases as an energy source f o r  t h e  d rye r .  A 

p o r t i o n  of t h e  d r y e r  exhaust gas i s  re tu rned  t o  a b lend ing  zone o f  t h e  

furnace o r  t o  a b lend  box and i s  mixed w i t h  t h e  h o t  combustion gas 

be fore  be ing  re tu rned  t o  t h e  d rye r .  Combustion gases must be blended 

w i t h  d r y e r  gases because combustion gases a r e  t o o  h o t  f o r  d i r e c t  i n j e c -  

t i o n  t o  t h e  d rye r .  F igu re  3-3 i s  a schematic diagram o f  a t y p i c a l  

system. The amount o f  d r y e r  exhaust t h a t  reaches t h e  b lend  box v a r i e s  

among systems.16 l7l a  Systems t h a t  r e c y c l e  a l a r g e  f r a c t i o n  o f  t h e  

d rye r  exhaust (e.g.,  65 percent )  t y p i c a l l y  have b lend box e x i t  tempera- 

t u r e s  o f  427' C (800' F). When a sma l l e r  f r a c t i o n  o f  d r y e r  exhaust i s  

recyc led  (e.g.,  35 percent ) ,  b lend  box e x i t  temperatures a r e  t y p i c a l l y  

621' C (1,150' F). High-temperature ductwork and i n s u l a t i o n  a r e  needed 

i n  t h e  l a t t e r  case. 

A t  l e a s t  t h r e e  types o f  systems c u r r e n t l y  a re  a v a i l a b l e .  l6l7l8 

I n  t h e  most common system, d r y  wood-waste i s  burned i n  a c y c l o n i c  burner  

t h a t  i s  designed t o  h o l d  wood p a r t i c l e s  i n  t he  burner  u n t i l  combustion 

i s  complete. Ambient a i r  i s  in t roduced as combustion a i r .  Hot combustion 

gases from t h e  burner  a re  mixed w i t h  d r y e r  exhaust i n  a b lend box and 

a re  r e t u r n e d  t o  t h e  d r y e r .  Blend box e x i t  temperatures a re  427' t o  

649' C (800' t o  1,200' F). 

I n  a second t ype  o f  wood- f i red  system, wet o r  d r y  wood-waste i s  

burned i n  a p i l e  furnace. Combustion a i r  c o n s i s t s  o f  ambient a i r  and 

( t y p i c a l l y )  exhaust from t h e  d r y  end o f  a veneer d rye r .  Dryer  exhaust 

i s  i n t roduced  a t  var ious  p o i n t s  i n  f o u r  combustion chambers, i n c l u d i n g  

t h e  pr imary  chamber c o n t a i n i n g  t h e  wood p i l e .  Temperatures range from 

approximate ly  982' t o  1,093' C (1,800' t o  2,000' F) a t  t h e  pr imary  

chamber t o  427' C (800' F) a t  t h e  f i n a l  chamber e x i t .  l9 





Fina l l y ,  a d i r e c t - f i r e d  system i s  used in which wet o r  dry wood- 

waste i s  introduced i n to  a f l u id i zed  furnace. Ambient a i r  i s  used as 

combustion a i r .  Combustion products a t  approximately 871' t o  982' C 

(1,600' t o  1,800' F) a r e  mixed w i t h  t he  dryer  re tu rn  flow in  a blend 

box; t he  r e su l t i ng  mixture i s  ducted t o  the  dryer  a t  427' t o  649' C 

(800' t o  1,200' F) . l9 
Emissions data  f o r  wood-fired veneer dryer systems a r e  given in  

Chapter 6. The f a t e  of the  condensi t le  organic material  i s  masked by 

the  inorganic p a r t i c u l a t e  (ash) load c h a r a c t e r i s t i c  of d i r e c t - f i r e d  

systems. Exis t ing data  do not i nd i ca t e  the  percent  of po l l u t an t s  removed 

in  the  blend box. In such systems, inorganic p a r t i c u l a t e  matter (ash) 

may s e t t l e  out  i n  the  dryer o r  impinge on the  veneer su r face ,  whereas 

organic material  may be p a r t i a l  ly  destroyed in the  blend area .  The 

exhaust from wood-fired veneer dryer systems i s  sometimes f u r t h e r  con-

t r o l l e d  by high-efficiency wet-scrubbing devices such as  the  Georgia- 

Pac i f i c  Emission Eliminator o r  t he  Cei lcote  Ionizing Wet Scrubber. 

EPA experience suggests  t h a t  inc inera t ion  of a l l  dryer exhaust i n  a 

fuel  c e l l  o r  furnace could be achieved in  wood-fired systems. Figure 3-4 

i s  a conceptual diagram of such a system. Ambient a i r  would be heated 

t o  required dryer temperatures in  a high-temperature a i r - t o - a i r  heat  

exchanger by hot furnace exhaust gases. A port ion of t he  dryer exhaust 

gases would be used as combustion a i r  f o r  the  wood f u e l ,  and another 

port ion (perhaps 40 percent)  would be recycled t o  the  dryer .  Maintaining 

a fuel c e l l  exhaust temperature of 760' t o  871' C (1,400' t o  1,600' F) 

and providing s u f f i c i e n t  residence time should achieve organic emissions 

removal e f f i c i e n c i e s  of g r ea t e r  than 90 percent .  The disadvantages of 

t h i s  system include the  need t o  modify cur ren t ly  ava i l ab le  burner designs,  

increased d i f f i c u l t y  in  balancing a i r  flows due t o  one o r  more addi t ional  

fans and control  dampers, and po t en t i a l l y  increased fuel  requirements. 

Balancing problems would tend t o  be more severe f o r  systems involving 

m u 1  t i p l e  d ryers ,  while addi t ional  fuel  requirements would be c ruc ia l  f o r  

p lan t s  t h a t  a r e  marginally s e l f - s u f f i c i e n t  in  fuel  (e .  g. , layup p l an t s ) .  

I t  i s  s t ressed  t h a t  t h i s  i s  a conceptualized system and t h a t  the  required 

technology (espec ia l ly  burner technology) may not cur ren t ly  e x i s t .  





3.2.2.3 C a t a l y t i c  I n c i n e r a t i o n .  P i  l o t  s t u d i e s  have been conducted 

on a c a t a l y t i c  i n c i n e r a t i o n  system f o r  veneer d r y e r  exhausts.  I n  t e s t s  

o f  a u n i t  hand1 i n g  0.065 stdm3/s (138 s t d f t 3 / m i n )  a t  259' C (499' F) and 

316' C (601' F), t h e  emiss ions r e d u c t i o n  was 93 pe rcen t ,  as measured by 

ODEQ Method 7,*O and t h e r e  were no v i s i b l e  emissions (except  f o r  steam). 

A t  183' C (361' F), t h e  emiss ions r e d u c t i o n  was 84  pe rcen t  and b l u e  haze 

emiss ions went above 10  pe rcen t  o p a c i t y .  Ma jo r  d isadvantages o f  t h i s  

system a r e  t h e  need f o r  supplementary f ue l  and p l u g g i n g  of t h e  c a t a l y s t  

bed. No s a l e s  o f  t h e  system have been made because i t  i s  c o s t l y  compared 

t o  t h e  B u r l e y  s c r u b b e r . l  

3.2.3 Low-Temperature D r y i  ng  

D rye r  emiss ions on a p e r - u n i t - o f - p r o d u c t i o n  b a s i s  may be reduced by 

l o w e r i n g  d r y e r  temperatures.  T h i s  procedure reduces veneer p r o d u c t i o n  

r a t e s ,  because l onge r  d r y i n g  t imes  a re  r e q u i r e d  a t  lower  temperatures.  

Low-temperature d r y i n g  may o n l y  be f e a s i b l e  a t  f a c i l i t i e s  t h a t  have 

excess d r y i n g  c a p a c i t y ,  an uncommon s i t u a t i o n .  M a i n t a i n i n g  t h e  r e q u i r e d  

a i r  c i r c u l a t i o n  r a t e s  i n  t h e  d r y e r  may s u b s t a n t i a l l y  i nc rease  t h e  e l e c -  

t r i c a l  energy c o s t s  p e r  u n i t  o f  p roduc t i on .  I n  t e s t s  o f  t h r e e  d r y e r s ,  

p a r t i c u l a t e  and t o t a l  o rgan i c  emiss ions (as measured by  a Washington 

S t a t e  U n i v e r s i t y  method) were reduced by l o w e r i n g  d r y e r  temperatures 

(see Chapter 6).  Emission r e d u c t i o n s  v a r i e d  g r e a t l y ,  w i t h  t h e  h i g h e s t  

r e d u c t i o n  be ing  74 percen t .21  

3 .2 .4  Con t ro l  o f  F u g i t i v e  Dryer  Emissions 

F u g i t i v e  emiss ions can comprise a s i g n i f i c a n t  p o r t i o n  o f  t h e  t o t a l  

emissions f rom a veneer d rye r .  The main f a c t o r s  a f f e c t i n g  t h e  q u a n t i t y  

o f  f u g i t i v e  emissions a r e  t h e  t ype  o f  d r y e r ,  t h e  c o n d i t i o n  o f  door  sea l s  

and end b a f f l e s ,  and s t a c k  damper s e t t i n g s .  I n  t h e  Nor thwest ,  s t a c k  

dampers g e n e r a l l y  a re  s e t  t o  m a i n t a i n  a d e s i r a b l e  mo is tu re  l e v e l  i n s i d e  

t h e  d rye rs .  Damper s e t t i n g s  a1 so can be used t o  ba lance t h e  a i r  f l ows  

w i t h i n  a d r y e r  and, t hus ,  t o  min imize  energy l o s s .  T h i s  i s  e s p e c i a l l y  

t r u e  f o r  l o n g i t u d i n a l  d r y e r s ,  f o r  which i t  i s  d e s i r a b l e  t o  m a i n t a i n  

n e u t r a l  p ressu re  a t  d r y e r  ends by means o f  t h e  dampers. I n  t h e  South, 

dampers a r e  s e t  i n  t h e  c l osed  p o s i t i o n  on many j e t  d r ye rs .  Even w i t h  

t h e  dampers c losed,  1 .5 t o  4  m3/s o f  exhaust  gas may escape th rough t h e  

a n n u l i  between dampers and s tack  w a l l s  o f  a three-zone j e t  d r y e r  



However, m a t e r i a l  ba lance c a l c u l a t i o n s  show t h a t  i n  such d r y e r s  t h e  

evaporated wa te r  a lone  would r e s u l t  i n  exhaust  r a t e s  o f  approx imate ly  

3 m3/s. The emiss ions t h a t  do n o t  leave  th rough  s t a c k  exhausts must 

escape as f u g i t i v e  emiss ions th rough t h e  doors,  s k i n s ,  and ends o f  t h e  

d rye rs .  I n - p l a n t  obse rva t i ons  i n d i c a t e  t h a t  f u g i t i v e  emiss ions may be 

s i g n i f i c a n t ,  b u t  q u a n t i t a t i v e  measurements o f  f u g i t i v e  emiss ions a r e  n o t  

ava i  1  ab le .  

Con t ro l  techniques f o r  m i n i m i z i n g  f u g i t i v e  emiss ions i n c l u d e  

maintenance o f  door  sea l s ,  d r y e r  sk ins ,  t ops ,  and end b a f f l e s ;  p rope r  

b a l a n c i n g  o f  a i r  f l o w s  ( c o n s i d e r i n g  t h e  s f f e c t  o f  damper s e t t i n g s  on 

i n t e r n a l  d r y e r  p ressure) ;  and use o f  end-sea l ing  sec t i ons .  D rye r  doors 

can be sealed and shimmed as necessary t o  e l i m i n a t e  v i s i b l e  emiss ions 

caused by leaks.  New sea l s  a r e  u s u a l l y  needed o n l y  every 2 years ;  

however, q u a r t e r l y  i n s p e c t i o n  and maintenance o f  sea l s  may be reasonable 

because o f  t h e  energy l osses  and emissions assoc ia ted  w i t h  l e a k i n g  

doors.  l 2 2  Maintenance o f  sk ins  and tops  c o n s i s t s  o f  a p p l y i n g  i n s u l a t i n g ,  

s e a l i n g  m a t e r i a l  where f e a s i b l e  and r e p l a c i n g  those  p o r t i o n s  when o t h e r  

methods a re  no l o n g e r  adequate. 

End-seal ing s e c t i o n s  a re  p r e s s u r i z e d  s e c t i o n s  added t o  a  d r y e r  t o  

p reven t  emiss ions and energy l o s s  f rom t h e  ends o f  a  d r y e r  o r  t o  p r e v e n t  

i n f i l t r a t i o n  o f  c o l d  a i r  i n t o  t h e  d rye r .  End seal  s e c t i o n s  may be 

p o s i t i v e l y  o r  n e g a t i v e l y  p ressu r i zed .  No a v a i l a b l e  da ta  show t h e  

e f f e c t i v e n e s s  o f  end sea l  sec t i ons  i n  c o n t r o l l i n g  f u g i t i v e  emiss ions.  

One vendor,  who r e g u l a r l y  i n s t a l l e d  end sea l  s e c t i o n s  w i t h  scrubbers,  

f i n d s  t h a t  ano ther  method o f  s e a l i n g  d r y e r  s k i n s  and doors i s  more 

e f f e c t i v e  t han  a re  end seal  sec t i ons .  A seal  i n g  compound i s  used on 

t h e  d r y e r  s k i n s  and doors,  and i n  c o n j u n c t i o n  d r y e r  o p e r a t i o n  i s  eva lu -  

a t e d  t o  maximize d r y e r  e f f i c i e n c y .  However, a t  l e a s t  one d r y e r  vendor 

i s  c o n s i d e r i n g  seal  s e c t i o n s  on t h e  green ends o f  j e t  d r ye rs  as a  means 

o f  r educ ing  t o t a l  exhaust f l ow .  23 

3 . 3  PANEL SANDER EMISSION CONTROL TECHNIQUES 

U n c o n t r o l l e d  plywood panel  sander emiss ions a r e  emissions t h a t  pass 

t h rough  a  p r imary  p roduc t  r ecove ry  cyc lone.  These cyc lones have t r a d i -  

t i o n a l l y  been l a r g e ,  convent iona l  u n i t s  w i t h  d iameters  t y p i c a l l y  3.0 m 



(10 f t).  However, i n  some cases, two separate cyc lones have been 

i n s t a l l e d  t o  handle t h e  sanderdust f rom t h e  tops and bottoms o f  t h e  

panels .  2 4  

3 .3 .1  H i g h - E f f i c i e n c y  Cyclones 

Wi th  i n c r e a s i n g  S t a t e  p ressure  t o  c o n t r o l  sanderdust emiss ions,  

i n s t a l l a t i o n  o f  h i g h - e f f i c i e n c y  cyc lones,  e i t h e r  as s i n g l e  u n i t s  o r  i n  

banks o f  sma l l e r  cyc lones,  has rep laced i n s t a l l a t i o n  o f  a s i n g l e ,  con-

v e n t i o n a l  cyc lone.  A t y p i c a l  bank of cyc lones c o n s i s t s  of four  cyc lones 

t h a t  a r e  i n  para1 1  e l  and empty t h e  c o l  1  ec ted  m a t e r i a l  i n t o  a s i  n g l e  

hopper. 2 5  The advantage o f  h i  gh-ef  f i c i  ency c y c l  ones is h i g h  removal 

e f f i c i e n c y  w i t h o u t  a baghouse. Emissions d a t a  f rom sanderdust cyc lones 

a re  r e l a t i v e l y  abundant; however, t h e  i n p u t  r a t e  t o  t h e  cyc lone has been 

determined i n  r e l a t i v e l y  few t e s t s  (see Chapter 6). Removal e f f i c i e n c i e s  

f o r  sanderdust cyc lones t h a t  had been t e s t e d  averaged from 94 t o  99.5 pe r -

cent .  The dimensions o f  these cyc lones a r e  n o t  known. These removal 

e f f i c i e n c i e s  a r e  h igh ,  cons ide r i ng  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  

sanderdust.  Plywood sanderdust s i z e  i s  r e p o r t e d  t o  be between 10 and 80 

pm (99.8 pe rcen t  by we igh t )  w i t h  a mean p a r t i c l e  s i z e  o f  22 pm on a  

count  bas i s .26  

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

When new sanders a r e  i n s t a l l e d  i n  t h e  Southern Sta tes ,  f a b r i c  

f i l t e r  systems (baghouses) o r  h i g h - e f f i c i e n c y  cyc lones w i l l  be used. 

F igu re  3-5 i s  a cutaway view o f  a t ype  o f  f a b r i c  f i l t e r  system o f t e n  

used t o  c o n t r o l  sanderdust emissions. I f  c u r r e n t  p r a c t i c e s  con t i nue ,  

new sanders i n  t h e  P a c i f i c  Northwest p robab ly  w i l l  be c o n t r o l l e d  by 

s i n g l e  cyc lones (ach iev ing  perhaps 94 t o  99 pe rcen t  removal)  f o l l o w e d  by 

a f a b r i c  f i l t e r  system. The exact  pe rcen t  removal o f  these systems 

cannot be c a l c u l a t e d  because i n l e t  load ings  g e n e r a l l y  a r e  n o t  measured. 

However, baghouse emissions from plywood sanding ope ra t i ons  a r e  t y p i c a l l y  

0.009 g/stdm3 (0.004 g r / s t d f t 3 ) .  28  Th i s  f i g u r e  corresponds t o  99.9 per -

c e n t  removal o f  emissions from a  touch sanding system o p e r a t i n g  a t  a 

moderate r a t e  (0.25 mm depth o f  c u t ,  2,100 m2/h o f  su r face  area  sanded). 

Whi le  t h i s  h i g h  removal i s  suggested by e x i s t i n g  data,  average removal 

th rough t h e  l i f e  o f  t h e  system may be l i m i t e d  t o  99 percent .  Given t h e  
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Figure 3-5. Fabric filter system for control of sanderdust emissions.27 



cho ice ,  some f i r m s  e l e c t  t o  t r y  t o  meet S t a t e  emiss ion l i m i t s  u s i n g  o n l y  

h i g h - e f f  i c i  ency cyc lones  because o f  t h e  exp los ion  hazard o f  baghouses. 

3 .4  CONCLUSIONS 

B o i l e r  i n c i n e r a t i o n  appears t o  be t h e  b e s t  c o n t r o l  t echn ique  f o r  

emissions f rom steam-heated d r y e r s ,  based on temperature and res idence 

t i m e  cons ide ra t i ons .  I n c i n e r a t i n g  a  p o r t i o n  o f  d r y e r  emiss ions i n  a 

f u e l  c e l l  i n  c o n j u n c t i o n  w i t h  h i g h - e f f i c i e n c y  wet sc rubb ing  o f  t h e  

remain ing  emiss ions appears t o  be t h e  b e s t  e x i s t i n g  techn ique  f o r  

c o n t r o l l i n g  emissions from wood-waste-f i red d rye rs .  H i g h - e f f i c i e n c y  

sc rubb ing  appears t o  be t h e  b e s t  c o n t r o l  techn ique  f o r  g a s - f i r e d  d rye rs .  

F u r t h e r  emiss ions t e s t i n g  i s  needed, p a r t i c u l a r l y  on Southern d r y e r s ,  t o  

e s t a b l i s h  removal r a t e s  f o r  each o f  these c o n t r o l  techniques.  

Con t ro l  o f  emissions f rom plywood sanding ope ra t i ons  can b e s t  be 

achieved by baghouses i n  c o n j u n c t i o n  w i t h  p r imary  c o l l e c t o r s  (cyc lones) .  

O v e r a l l  removal r a t e s  o f  g r e a t e r  t han  99 pe rcen t  can be achieved. 
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4. COST OF EMISSIONS CONTROL 

4 . 1  INTRODUCTION 

Costs f o r  c o n t r o l l i n g  emissions f rom veneer d r y e r s  i n c l u d e  c a p i t a l  

and o p e r a t i n g  expend i tu res .  Costs vary  depending upon a number o f  

f a c t o r s ,  i n c l u d i n g  p l a n t  age, p l a n t  l a y o u t ,  t ype  o f  p rocess ing  

equipment, o p e r a t i o n a l  parameters,  and geography and c l i m a t e .  T h i s  

chap te r  p resen ts  emissions c o n t r o l  c o s t s  f o r  s i x  model p l a n t s  b e l i e v e d  

t o  be r e p r e s e n t a t i v e  o f  e x i s t i n g  plywood f a c i l i t i e s  and new p l a n t s  

l i k e l y  t o  be b u i l t  i n  t h e  n e x t  5 t o  10 years .  

Two b a s i c  types  o f  c o n t r o l  techniques a r e  used by t h e  i n d u s t r y :  

thermal  i n c i n e r a t i o n  and wet scrubbing.  The c o s t  d i f f e r e n c e  between a 

b o i l e r  i n c i n e r a t i o n  system and an e f f i c i e n t  sc rubb ing  system such as a 

Georg ia -Pac i f i c ,  C e i l c o t e ,  o r  Sandai r  scrubber  i s  n o t  g r e a t  f o r  some 

p l a n t s .  A company d e c i s i o n  r e g a r d i n g  an emiss ions c o n t r o l  system i s  

t hus  based o n l y  p a r t i a l l y  on c o s t .  

4 .2  MODEL PLANTS 

Softwood veneer d r y e r s  ( h e r e a f t e r  c a l l e d  veneer d r y e r s )  and panel  

sanders a r e  t h e  plywood p r o d u c t i o n  processes t h a t  have p o t e n t i a l l y  

s i g n i f i c a n t  emissions. Hardwood veneer d r y i n g  and sanding a r e  n o t  

cons idered  i n  t h i s  document because emissions from these  processes a r e  

i n s i g n i f i c a n t  compared t o  emissions f rom sof twood processes. 

A l l  o f  t h e  model p l a n t s  rep resen t  e i t h e r  new d r y e r s  and sanders 

i n s t a l l e d  i n  e x i s t i n g  p l a n t s  o r  new plywood p l a n t s .  T h i s  i s  done f o r  

t h e  sake o f  example and does n o t  imp l y  t h a t  t h e  c o n t r o l  techniques 

p resented  h e r e i n  cannot be a p p l i e d  t o  e x i s t i n g  process equipment. I n  

gene ra l ,  t h e  c a p i t a l  cos t s  o f  r e t r o f i t t i n g  emissions c o n t r o l s  t o  e x i s t i n g  

process equipment w i l l  be h i g h e r  t han  t h e  c a p i t a l  cos t s  o f  i n s t a l l i n g  

t h e  c o n t r o l  systems w i t h  new process equipment. However, i n  t h e  case 



of b o i l e r  i n c i n e r a t i o n ,  b o i l e r s  t h a t  a r e  a l r e a d y  opera ted  w i t h  h i g h  

excess a i r  may r e q u i r e  lower  c a p i t a l  cos t s  f o r  m o d i f i c a t i o n  t h a n  t h e  

inc rementa l  c a p i t a l  c o s t  o f  o v e r s i z i n g  a new b o i l e r  t o  accept  veneer 

d r y e r  emissions. The p o s s i b i l i t y  a l s o  e x i s t s  t h a t  a b o i l e r  may n o t  

have s u f f i c i e n t  c a p a c i t y  t o  accept  veneer d r y e r  emiss ions and must be 

determined on a case-by-case bas i s .  

The m a j o r i t y  o f  veneer d r y e r s  b u i l t  i n  t h e  l a s t  5 yea rs  c u r r e n t l y  

a re  je t - imp ingement - type  d rye rs  ( j e t  d r ye rs ) ,  a t r e n d  expected t o  

con t inue .  l Coe Manufac tu r ing  Company and I r v i  ngton-Moore Company a r e  

t h e  p r imary  manufac tu re rs  o f  j e t  d r ye rs .  Coe, which dominates t h e  

i n d u s t r y  i n  d r y e r  sa les ,  s o l d  approx imate ly  80 new j e t  d r y e r s  t o  U.S. 

p l a n t s  between 1976 and 1981. * Most o f  these  u n i t s  a re  i n  p l a n t s  i n  

t h e  Southern S ta tes ,  where v i r t u a l l y  a l l  growth i n  t h e  sof twood plywood 

i n d u s t r y  w i l l  occur .  However, s i n g l e  d r y e r s  may be s o l d  t o  p l a n t s  i n  

o t h e r  areas t o  r e p l a c e  o l d  d r y e r s  o r  t o  add t o  e x i s t i n g  p l a n t  c a p a c i t i e s .  

Veneer d rye rs  may be c l a s s i f i e d  acco rd ing  t o  t h e i r  source o f  hea t  

energy. Steam-heated ( i n d i r e c t - h e a t e d )  d r y e r s  a r e  t h e  more common 

t ype  o f  d r ye r .  The a i r  i n  these  u n i t s  i s  heated as i t  passes over  

i n t e r n a l  steam c o i l s .  D i r e c t - f i r e d  d rye rs  a r e  heated by h o t  gases o f  

combust ion f rom t h e  b u r n i n g  o f  n a t u r a l  gas o r  wood f u e l .  As r e f l e c t e d  

i n  t h e  model p l a n t s ,  wood-waste (sanderdust ,  plywood t r i m  waste, and 

hogged bark )  w i l l  be t h e  predominant f u e l  f o r  new d i r e c t - f i r e d  d rye rs .  

Veneer d rye rs  a r e  designed acco rd ing  t o  t h e  number o f  d r y i n g  

sec t i ons  needed t o  ach ieve  a d e s i r e d  d r y i n g  r a t e .  D r y i n g  s e c t i o n s  a r e  

t y p i c a l l y  1 .8  t o  2 . 1  m (6  t o  7 f t )  long ;  t h e  number o f  s e c t i o n s  p e r  

d r y e r  ranges f rom 6 t o  26. 

New sanders a r e  expected t o  be high-speed, w i d e - b e l t  u n i t s  capable 

o f  l i g h t  o r  f u l l  sanding. Opera t ion  o f  t hese  sanders w i l l  va ry  among 

p l a n t s  because some p l a n t s  sand a l l  pane ls  w h i l e  o the rs  sand o n l y  a 

smal l  f r a c t i o n  o f  t h e  panels  produced. 

Model p l a n t s  a r e  used f o r  c o s t  a n a l y s i s  o f  emiss ions c o n t r o l  

techn iques .  These p l a n t s  a r e  b e l i e v e d  t o  be r e p r e s e n t a t i v e  o f  new 

d r y e r s  and sanders t h a t  would be i n s t a l l e d  a t  a wide range o f  plywood 

m i l l s ,  b o t h  e x i s t i n g  m i l  1s and those  1 ik e l y  t o  be b u i  1t. F o l l o w i n g  a 



d e t a i l e d  d i s c u s s i o n  o f  these  model p l a n t s ,  emiss ions c o n t r o l  c o s t s  f o r  

each one a r e  presented.  

The s i x  model p l a n t s  desc r i bed  i n  Tables 4 -1  t h rough  4-6 and 

summarized i n  Tab le  4-7 i n c l u d e  new veneer d r y e r s  and new plywood 

sanders. Model P l a n t  1c o n s i s t s  o f  a new, 16 -sec t i on ,  steam-heated 

j e t  d r y e r  and a new panel  sander. T h i s  d r y e r  i s  t y p i c a l  o f  new d r y e r s  

i n s t a l l e d  i n  Western m i l l s ,  b u t  such u n i t s  sometimes a r e  i n s t a l l e d  i n  

Southern m i  11s. For  example, such a d r y e r  m igh t  be b u i l t  t o  rep lace  

one o r  two o l d e r  d r y e r s  i n  a smal l - t o  medium-sized Western p l a n t  o r  a 

smal l  Southern p l a n t  t h a t  produces 7 .4  t o  9.3 x l o 6  m2/yr, 9.5-mm 

b a s i s  (80 t o  100 x l o 6  f t 2 / y r ,  0.375-in.  bas i s ) .  T h i s  e x i s t i n g  p l a n t  

m igh t  employ 250 persons and opera te  6,370 h /y r .  Model P l a n t  2 i n c l u d e s  

a wood - f i r ed  j e t  d r y e r  whose p r o d u c t i o n  r a t e  equals  t h a t  o f  Model 

P l a n t  1. Such a d r y e r  i s  r e p r e s e n t a t i v e  o f  a u n i t  t h a t  m igh t  be 

i n s t a l l e d  a t  a smal l - t o  medium-sized Western p l a n t  o r  a smal l  Southern 

p l a n t  u s i n g  wood - f i r ed  d rye rs .  T h i s  e x i s t i n g  p l a n t  m igh t  have t h e  

same p r o d u c t i o n  r a t e ,  o p e r a t i n g  hours,  and number o f  employees as does 

t h e  e x i s t i n g  p l a n t  desc r i bed  f o r  Model P l a n t  1. 

Model P l a n t s  1and 2 i n c l u d e  new sanders t h a t  a r e  assumed t o  

opera te  5,500 h /y r .  T h i s  m igh t  be t h e  case i n  a m i l l  t h a t  sands a 

h i g h  pevcentage o f  i t s  p roduc ts .  

Model P l a n t  3 c o n s i s t s  o f  a new, 20-sec t ion ,  steam-heated j e t  

d r y e r  and a plywood sander. T h i s  model p l a n t  c o n t a i n s  a d r y e r  o f  t h e  

s i z e  l i k e l y  t o  be i n s t a l l e d  a t  e x i s t i n g  Southern plywood m i l l s .  Such 

an e x i s t i n g  p l a n t  m igh t  be a medium-sized m i l l  p roduc ing  a t o t a l  o f  

13.9 x l o 6  m2/yr, 9.5-mm b a s i s  (150 x l o 6  f t 2 / y r ,  0.375-in.  b a s i s ) ;  

o p e r a t i n g  6,370 h / y r ;  and employing 300 persons. Model P l a n t  3 c o n t a i n s  

a plywood sander t h a t  operates 2,000 h / y r  o r  about  one s h i f t  p e r  day. 

Western p l a n t s  i n s t a l  1 i n g  plywood sanders a r e  r e q u i r e d  t o  i n s t a l  1 

baghouses on new sanders. However, Southern p l a n t s  t h a t  i n s t a l l  

sanders m igh t  i n s t a l l  h i g h - e f f i c i e n c y  cyc lones r a t h e r  t han  baghouses. 

Whi le  some Southern p l a n t s  do n o t  produce sanded pane ls ,  sanders a r e  

expected t o  be i n s t a l l e d  where a market e x i s t s  f o r  sanded plywood. 

The number of pane ls  sanded a t  a Southern m i l l  seldom exceeds 50 pe rcen t  

o f  t o t a l  p roduc t i on .  
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TABLE 4-1. PARAMETERS FOR MODEL PLANT 1 


D e s c r i p t i o n :  A  s i n g l e  steam-heated d r y e r  and a  s i n g l e  p lywood sander 

Veneer d r y e r  t o  be c o n t r o l l e d :  

Number o f  u n i t s  1 
Type New 1 6 - s e c t i o n ,  steam-heated j e t  d r y e r  
p r o d u c t i o n a  4.7 x l o 6  m2/yr ( 5 1  x l o 6  f t2 /y r )  f i n a l  

p r o d u c t ;  5 .9  x l o 6  m2/yr (63 x l o 6  
f t2 /yr)  t h rough  d r y e r  

Annual o p e r a t i n g  t i m e  6,370 h 
Exhaust  f l o w  r a t e  4.72 stdm3/s (10,000 s t d f t 3 / m i  n)  

wet  b a s i s  
Exhaust  tempera tu re ,  163O C (325' F) 

u n c o n t r o l l e d  
U n c o n t r o l l e d  emiss ions  b 28 Mg/yr ( 3 1  t o n / y r )  

Sanders t o  be c o n t r o l l e d :  

Number o f  u n i t s  1 
Type W ide -be l t  panel  sander 
~ r o d u c t ionC 6.9 x l o 6  m2/yr (74 x l o 6  f t2 /yr)  
Annual o p e r a t i  ng t i m e  5,500 h 
Exhaust  f l o w  r a t e  14 .2  stdm3/s (30,000 s t d f t 3 / m i  n) 

wet  b a s i s  
Exhaust  tempera tu re  21° C (70' F) 
Uncon t ro l  1  ed  emiss ions  39.3 Mg/yr (43.3 t o n / y r )  

a ~ e n e e r  d r y e r  p r o d u c t i o n  r a t e s  a r e  g i v e n  on a  9.5-mm (0.375- i  n. ) - t h i c k n e s s  
b a s i s .  P r o d u c t i o n  t h rough  d r y e r  i n c l u d e s  10 p e r c e n t  r e d r y  and 10 p e r c e n t  
f a l l - d o w n  l osses .  

b ~ o t a l  p a r t i c u l a t e  and condens i  b l e  o r g a n i c  emiss ions  a r e  based upon t h e  
b e s t  a v a i l a b l e  i n f o r m a t i o n  f o r  Douglas f ir .  Some o t h e r  Western spec ies  
a r e  known t o  have l owe r  em iss i on  r a t e s .  Southern sof twoods ( v a r i o u s  p i n e  
spec ies )  may have h i g h e r  emiss ion  r a t e s .  

Sander p r o d u c t i o n  i s  based on a  Western m i l l  t h a t  sands b o t h  s i d e s  o f  t h e  
p  1  ywood. 

d ~ a r t i c u l a t e  emiss ions  c o n t r o l  l e d  b y  h i g h - e f f i c i e n c y  cyc lones .  
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TABLE 4-2. PARAMETERS FOR MODEL PLANT 2  

D e s c r i p t i o n :  A  s i n g l e  w o o d - f i r e d  d r y e r  and a s i n g l e  p l ywood  sander  

Veneer d r y e r  t o  be c o n t r o l l e d :  

Number o f  u n i t s  1 
Type New 1 2 - s e c t i o n ,  w o o d - f i r e d  j e t  d r y e r  
p r o d u c t i o n a  4 .74 x l o 6  m2/yr ( 5 1  x l o 6  f t 2 / y r )  f i n a l  

p r o d u c t ;  5.9 x l o 6  m2/yr (63 x l o 6  
f t 2 / y r )  t h r o u g h  d r y e r  

Annual o p e r a t i  ng t i m e  6,370 h 
Exhaust  f l o w  r a t e  7 .55 stdm3/s (11,000 s t d f t 3 / m i  n) 

w e t  b a s i s  
Exhaust  tempera tu re ,  

u n c o n t r o l l e d  
U n c o n t r o l l e d  emiss ions  b 

Sander t o  be c o n t r o l l e d :  

Number o f  u n i t s  1 
Type
P r o d u c t i  onC 

W i d e - b e l t  pane l  sander  
6 .9  x l o 6  m2/yr (74 x l o 6  f t 2 / y r )  

Annual o p e r a t i n g  t i m e  5,500 h 
Exhaust  f l o w  r a t e  14.2  s t d m V s  (30,000 s t d f t 3 / m i  n) 

w e t  b a s i s  
Exhaust  t e m p e r a t u r e  21° C (70° F) 
U n c o n t r o l l e d  emiss ions  39.3 Mg/yr (43.3 t o n / y r )  

- - - - - -

aVeneer d r y e r  p r o d u c t i o n  r a t e s  a r e  g i v e n  on a 9.5-mm ( 0 . 3 7 5 - i n . ) - t h i c k n e s s  
b a s i s .  P r o d u c t i o n  t h r o u g h  d r y e r  i n c l u d e s  10 p e r c e n t  r e d r y  and 1 0  p e r c e n t  
f a l l - d o w n  losses .  

b ~ o t a l  p a r t i c u l a t e  and condens i  b l e  o r g a n i c  e m i s s i o n s  a r e  based upon t h e  
b e s t  a v a i l a b l e  i n f o r m a t i o n  f o r  Douglas f ir. Some o t h e r  Western s p e c i e s  
a r e  known t o  have l o w e r  e m i s s i o n  r a t e s .  Sou thern  sof twoods ( v a r i o u s  p i n e  
s p e c i e s )  may have h i g h e r  e m i s s i o n  r a t e s .  

'sander p r o d u c t i o n  i s  based on a Western m i l l  t h a t  sands b o t h  s i d e s  o f  t h e  
plywood. 

d ~ a r t i c u l a t e  emiss ions  c o n t r o l  l e d  b y  h i g h - e f f  i c i e n c y  c y c l o n e s .  
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TABLE 4-3. PARAMETERS FOR MODEL PLANT 3  


D e s c r i p t i o n :  A s i n g l e  steam-heated d r y e r  and a s i n g l e  plywood sander 

Veneer d r y e r  t o  be c o n t r o l l e d :  

Number o f  u n i t s  1 
Type New 20-sec t ion ,  steam-heated j e t  d r y e r  
P roduc t i  ona 5.9 x l o 6  m2/yr (64 x l o 6  f t 2 / y r )  f i n a l  

p roduc t ;  7.3 x l o 6  m2/yr (79 x l o 6  
f t 2 / y r )  th rough d r y e r  

Annual o p e r a t i n g  t i m e  6,370 h 
Exhaust f l o w  r a t e  6.13 stdm3/s (13,000 s t d f t 3 / m i  n) 

wet  bas is 
Exhaust temperature,  

uncon t ro l  1  ed 
U n c o n t r o l l e d  emissions b 

Sander t o  be con t ro ! led :  

Number o f  u n i t s  1 
Type Wide-be l t  panel sander 
P roduc t i on  3.3 x l o 6  m2/yr (36 x l o 6  f t 2 / y r )  
Annual o p e r a t i n g  t i m e  2,000 h 
Exhaust f l o w  r a t e  14.2 stdm3/s (30,000 s td f t 3 /m in )  

wet  bas is 
Exhaust temperature 21° C (70° F) 
Uncont ro l  1  ed emiss ionsC 11.0 Mg/yr (12 .1  t o n / y r )  

aVeneer d r y e r  p r o d u c t i o n  r a t e s  a r e  g i v e n  cn  a 9.5-mm (0 .375- in . ) - th ickness  
bas i s .  P roduc t i on  th rough d r y e r  i nc ludes  10 pe rcen t  r e d r y  and 10 percen t  
fa1  1-down losses .  

b ~ o t a l  p a r t i c u l a t e  and condensi b l  e  o rgan i c  emi s s i  ons a re  based upon t h e  
b e s t  a v a i l a b l e  i n f o r m a t i o n  f o r  Douglas fir. Some o t h e r  Western species 
a r e  known t o  have lower  emiss ion r a t e s .  Southern softwoods ( v a r i o u s  p i n e  
species)  may have h i g h e r  emiss ion r a t e s .  

P a r t i c u l a t e  emissions c o n t r o l l e d  by h i g h - e f f i c i e n c y  cyc lones.  
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TABLE 4-4. PARAMETERS FOR MODEL PLANT 4  

D e s c r i p t i o n :  A s i n g l e  veneer d r y e r  and a s i n g l e  plywood sander 

Veneer d r y e r  t o  be c o n t r o l l e d :  

Number o f  u n i t s  1 
TY pe New 15 -sec t i on ,  wood - f i r ed  j e t  d r y e r  
p roduc t i ona  5.9 x l o 6  m2/yr (64 x l o 6  f t 2 / y r )  f i n a l  

p roduc t ;  7.3 x l o 6  m2/yr (79 x l o 6  
f t 2 / y r )  th rough d r y e r  

Annual o p e r a t i n g  t i m e  6,370 h 
Exhaust f l o w  r a t e  9 .91  stdm3/s (14,000 s t d f t 3 / m i  n) 

wet b a s i  s  
Exhaust temperature,  

uncon t ro l  1  ed 
U n c o n t r o l l e d  emiss ions b 

Sander t o  be c o n t r o l l e d :  

Number o f  u n i t s  1 
Type Wide-be l t  panel  sander 
P roduc t i on  3.3 x l o 6  m2/yr (36 x l o 6  f t 2 / y r )  
Annual o p e r a t i n g  t i m e  2,000 h 
Exhaust f l o w  r a t e  14.2 stdm3/s (30,000 s t d f t 3 / m i n )  

wet b a s i s  
Exhaust temperature 21' C (70° F) 
Uncont ro l  l e d  emiss ionsC 11.0 Mg/yr ( 12 .1  t o n / y r )  

a ~ e n e e r  d r y e r  p r o d u c t i o n  r a t e s  a re  g i ven  on a 9.5-mm (0.375- i  n. ) - t h i ckness  
bas i s .  P roduc t i on  th rough d r y e r  i nc ludes  10 pe rcen t  r e d r y  and 10 pe rcen t  
f a l l - d o w n  losses.  

b ~ o t a l  p a r t i c u l a t e  and condens ib le  o rgan i c  emiss ions a re  based upon t h e  
b e s t  a v a i l a b l e  i n f o r m a t i o n  f o r  Douglas f ir. Some o t h e r  Western species 
a re  known t o  have lower  emiss ion r a t e s .  Southern softwoods ( va r i ous  p i n e  
species)  may have h i g h e r  emiss ion r a t e s .  

P a r t i c u l a t e  emiss ions c o n t r o l l e d  by h i g h - e f f i c i e n c y  cyc lones.  



-- - 

TABLE 4-5. PARAMETERS FOR MODEL PLANT 5  

Desc r i p t i on :  A new plywood p l a n t  w i t h  t h r e e  steam-heated d r y e r s  and a 
s i n g l e  plywood sander 

Plywood p roduc t i on :  17.2 x l o 6  m2/yr,  9.5-mm b a s i s  
(185 x l o 6  f t 2 / y r ,  0.375-in.  bas i s )  

P l a n t  annual o p e r a t i n g  t ime:  6,370 h 

Number o f  employees: 350 

Land area: 0.20 km2 (50 acres)  

Veneer d r y e r s  t o  be c o n t r o l l e d :  

Number o f  u n i t s  3 
Type New steam-heated j e t  d r y e r s ,  58 

sec t i ons  t o t a l  
17.2 x l o 6  m2/yr (185 x l o 6  f t 2 / y r )  f i n a l  

p roduc t ;  21.1 x l o 6  m2/yr (228 x l o 6  
f t 2 / y r )  through d r y e r  

Annual o p e r a t i  ng t ime  6,370 h 
Exhaust f l o w  r a t e  17.5 stdm3/s (37,000 s t d f t 3 / m i n )  

wet bas i s  
Exhaust temperature, 

u n c o n t r o l l e d  
U n c o n t r o l l e d  emissions b 

Sander t o  be c o n t r o l l e d :  

Number o f  u n i t s  1 
Type Wide-bel t  panel sander 
P roduc t i on  3.3 x l o 6  m2/yr (36 l o 6  f t 2 / y r )  
Annual o p e r a t i  ng t ime  2,000 h 
Exhaust f l o w  r a t e  14.2 stdm3/s (30,000 s t d f t 3 / m i  n) 

wet b a s i s  
Exhaust temperature 21° C (70° F) 
Uncont ro l  1  ed emissionsC 11.0 Mg/yr (12 .1  t o n / y r )  

aVeneer d r y e r  p r o d u c t i o n  r a t e s  a r e  g i v e n  on a 9.5-mm (0 .375- in . ) - th ickness  
bas i s .  Produc t ion  th rough d r y e r  i nc ludes  10 pe rcen t  r e d r y  and 10 pe rcen t  
f a l l - down  losses.  

b ~ o t a l  p a r t i c u l a t e  and condensi b l  e  o rgan ic  emissions a r e  based upon t h e  
b e s t  a v a i l a b l e  i n f o r m a t i o n  f o r  Douglas f ir. Some o t h e r  Western species 
a r e  known t o  have lower  emiss ion r a t e s .  Southern softwoods ( v a r i o u s  p i n e  
species)  may have h i g h e r  emiss ion r a t e s .  

' p a r t i c u l a t e  emissions c o n t r o l  l e d  by h i g h - e f f i c i e n c y  cyc lones.  



TABLE 4-6. PARAMETERS FOR MODEL PLANT 6  

D e s c r i p t i o n :  A new plywood p l a n t  w i t h  t h r e e  wood - f i r ed  d r y e r s  and a 
s ing l  e  plywood sander 

Plywood p roduc t i on :  17.2 x l o 6  m2/yr, 9.5-mm b a s i s  
(185 x l o 6  f t 2 / y r ,  0 .375- in .  b a s i s )  

P l a n t  annual o p e r a t i n g  t ime:  6,370 h 

Number o f  employees: 350 

Land area: 0.20 km2 (50 ac res)  

Veneer d r ye rs  t o  be c o n t r o l l e d :  

Number o f  u n i t s  3 
Type New wood - f i r ed  j e t  d r y e r s ,  43 

s e c t i o n s  t o t a l  
17.2 x l o 6  m2/yr, 9.5-mm b a s i s  (185 x 

l o 6  f t 2 / y r ,  0.375- in.  b a s i s )  f i n a l  
p roduc t ;  21 .1  m2/yr (228 x l o 6  f t2 /  
y r )  t h rough  d r y e r  

Annual o p e r a t i n g  t ime  6,370 h 
Exhaust f l o w  r a t e  28.3 stdm3/s (39,000 s t d f t 3 / m i  n) 

wet  bas is 
Exhaust tempera tu re ,  

u n c o n t r o l  1  ed 
U n c o n t r o l l e d  emiss ions b  

Sander t o  be c o n t r o l l e d :  

Number o f  u n i t s  1 
Type Wide-be l t  panel  sander 
P roduc t i on  3.3 x l o 6  rn2/yr (36 x l o 6  f t 2 / y r )  
Annual o p e r a t i  ng t ime  2,000 h 
Exhaust f l o w  r a t e  14.2 stdm3/s (30,000 s t d f t 3 / m i n )  

wet  b a s i s  
Exhaust tempera tu re  21' C (70° F) 
Uncont ro l  1  ed emi ss ionsC 11.0 Mg/yr ( 12 .1  t o n / y r )  

a
Veneer d r y e r  p r o d u c t i o n  r a t e s  a r e  g i v e n  on a 9.5-mm (0.375- i  n. ) - t h i c k n e s s  
bas i s .  P roduc t i on  t h rough  d r y e r  i n c l u d e s  10 p e r c e n t  r e d r y  and 10 p e r c e n t  
f a l l - d o w n  losses .  

b ~ o t a l  p a r t i c u l a t e  and condens ib le  o rgan i c  emiss ions a r e  based upon t h e  
b e s t  a v a i l a b l e  i n f o r m a t i o n  f o r  Douglas f i r .  Some o t h e r  Western spec ies 
a r e  known t o  have lower  emiss ion  r a t e s .  Southern softwoods ( v a r i o u s  p i n e  
spec ies )  may have h i g h e r  emiss ion  r a t e s .  

' p a r t i c u l a t e  emiss ions c o n t r o l  1ed by h i g h - e f f i c i e n c y  cyc lones.  



-- 

TABLE 4-7. SUMMARY OF MODEL PLANT PARAMETERS 
- - - - - - .-- - --- - - -- - -- - - - -- -- ... -- -- ---

Veneer dryer t o  -be contro l  l ed  Plywood sander t o  be con t ro l led  

-- Veneer dryers Uncontrollgd Sanded plywood Uneontrol l fd 
Hodel Number Veneer productiona Exhaust f low ra te  emissions product ion emissions 

&%it o f  units- Type lo6 m2/yr lob f t 2 / y r  stdn3/s s tdf t3 /min Hg/yr ton/yr lo6 m2/yr lo6 f t 2 / y r  stdm3/s s tdf t3 /min Hg/yr ton/yr 

4 1 Mood- f i r e d  5.9 64 9.91 14 ,000 46 51 3.3 36 14.2 30,000 11.0 12.1 

6 3 Wood-fired 11.2 185 28.3 39,000 134 148 3.3 36 14.2 30,000 11.0 12.1 
--- -- -- -- --- - .. - -- ---- --.--- - -- -- -----
"~nntral  operating time i s  6,370 h. As f i n a l  plywood product; a 9.5-mm (0.375-in. )-thickness basis i s  used. 

f' %'articulate condensible organic emissiorrs. 
w C 
0 Part icu late emissions from product recovery cyclone 



Most o f  t h e  parameters  o f  Model P l a n t  4  a r e  i d e n t  c a l  t o  t hose  o f  

Mode1  P l a n t  3  excep t  t h a t  Model P l a n t  4 ' s  veneer d r y e r  i s  a wood - f i r ed  

u n i t  . Model P l a n t  4  m i g h t  be i n s t a l l e d  a t  an e x i s t i n g  Southern p l a n t  

t h a t  uses d i r e c t - f i r e d  r a t h e r  t han  steam-heated d r ye rs .  The parameters 

d e s c r i b i n g  such an e x i s t i n g  p l a n t  a r e  assumed t o  be t h e  same as those  

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

compr i s i ng  Model P l a n t  3. 

Model P l a n t  5  i s  r e p r e s e n t a t i v e  o f  a  new Southern p lywood p l a n t .  

A t y p i c a l  new p l a n t  h e a t i n g  w i t h  steam w i l l  c o n t a i n  t h r e e  d r y e r s  

hav ing  a t o t a l  o f  58 s e c t i o n s .  A l though t h e  number o f  d r y i n g  s e c t i o n s  

reques ted  by d i f f e r e n t  companies v a r i e s ,  most new p l a n t s  u s i n g  steam 

a r e  expected t o  be l a r g e  m i l  1  s  c o n t a i n i n g  55 t o  60 d r y i n g  s e c t i o n s .  

New p l a n t s  o f  t h i s  s i z e  w i l l  have plywood p r o d u c t i o n  r a t e s  o f  app rox i -

m a t e l y  17.2 x l o 6  m2/yr, 9.5-mm b a s i s  (185 x l o 6  f t2 /y r ,  0.375- in .  

b a s i s ) .  Some plywood companies p l a n  new p l a n t s  based on lower  

p r o d u c t i o n  r a t e s ;  many o f  these  p l a n t s  a r e  overdes igned f o r  t h e  

o r i g i n a l ,  l owe r  p r o d u c t i o n  and have r a t e s  approaching those  g i v e n  

above. D i r e c t - f i r e d  d r y e r s  r e q u i r e  fewer  s e c t i o n s  t han  do steam-

heated d r y e r s  t o  ach ieve  comparable d r y i n g  r a t e s .  T h i s  d i f f e r e n c e  i s  

cons ide red  i n  t h e  p r e s e n t a t i o n  o f  Model P l a n t  6, wh ich  i s  r e p r e s e n t a t i v e  

o f  a new p l a n t  t h a t  w i l l  use wood - f i r ed  d r y e r s .  Sanders a r e  expected 

t o  be i n s t a l l e d  a t  new p l a n t s  where a market  e x i s t s  f o r  sanded plywood. 

I n  such cases, however, most o f  t h e  p l a n t ' s  pane ls  p r o b a b l y  w i l l  n o t  

be sanded, as i n d i c a t e d  i n  Model P l a n t s  5 and 6. Sander parameters 

a r e  i d e n t i c a l  t o  those  o f  Model P l a n t s  3  and 4. 

New plywood m i l l s  g e n e r a l l y  a r e  des igned t o  ope ra te  c o n t i n u o u s l y  

5  days/wk and 50 wk/yr.  Veneer d r y e r s ,  however, a r e  expected t o  

ope ra te  a d d i t i o n a l  hours each week and a t o t a l  o f  about  6,370 h / y r .  

The d r y i n g  r a t e s  o f  t h e  new veneer d r y e r s  i n  Model P l a n t s  1 

th rough  6  can be ach ieved  o n l y  w i t h  new j e t  dryer^.^ D r y i n g  r a t e s  p e r  

s e c t i o n  v a r y  among Western p l a n t s  because seve ra l  spec ies  o f  wood a r e  

used and because Douglas f ir heartwood and sapwood have d i f f e r e n t  

d r y i n g  p r o p e r t i e s .  P roduc t i on  r a t e s  i n  Tables 4 - 1  t h rough  4-7 a r e  

i n t e n d e d  t o  r e p r e s e n t  t y p i c a l  c o n d i t i o n s  a t  b o t h  Southern and Western 



p l a n t s .  Because sanding r a t e s  va ry  g r e a t l y ,  depending on t h e  p roduc t  

mix  o f  i n d i v i d u a l  p l a n t s ,  i t  i s  d i f f i c u l t  t o  e s t a b l i s h  a t y p i c a l  

p r o d u c t i o n  r a t e  f o r  sanders. A Western m i l l ,  Model P l a n t  1o r  2, 

t y p i c a l l y  w i l l  sand b o t h  s ides  o f  t h e  plywood a t  a r a t e  o f  420 panels /h.  

Tables 4 - 1  and 4-2 p r o v i d e  an es t ima te  o f  5,500 h / y r  sanding t i m e  f o r  

Model P l a n t s  1and 2. The sanding r a t e s  i n  Tables 4-3 t h rough  4-6 a r e  

based on touch  sanding o f  one s i d e  o f  each panel a t  a r a t e  o f  app rox i -

ma te l y  560 panels /h.  A t  2,000 h / y r  annual o p e r a t i n g  t ime ,  each sander 

would be opera ted  one s h i f t  p e r  day. The sanding r a t e s  a r e  b e l i e v e d  

t o  be r e p r e s e n t a t i v e  o f  new sanders i n  Southern p l a n t s .  

Tab1 es 4 - 1  th rough 4-7 g i v e  uncon t ro l  1  ed p a r t i c u l a t e  and 

condens ib le  emiss ions f o r  t h e  d rye rs  and sanders i n  t h e  s i x  model 

p l a n t s .  T o t a l  VOC emissions a re  p robab l y  two o r  more t imes  condens ib le  

emiss ions b u t  a re  n o t  p resented  because t o t a l  o rgan i c  emiss ions f a c t o r s  

have n o t  been f i r m l y  es tab l i shed .  U n c o n t r o l l e d  p a r t i c u l a t e  and 

condens ib le  emiss ions from steam-heated d r y e r s  a r e  es t ima ted  u s i n g  a  

5.9-g/m2, 9.5-mm b a s i s  (1.2- lb/1,000 f t2 ,  0.375-in.  bas i s ) .  T h i s  

average va lue  i s  ob ta ined  from da ta  c o l l e c t e d  th rough ODEQ Method 7  

(see Sec t i on  6)  and i s  based f o r  t h e  most p a r t  on Douglas fir. Douglas 

f ir i s  an i m p o r t a n t  softwood and has an emissions f a c t o r  between t h e  

low va lues  o f  t r u e  f i r s  and t h e  h i g h e r  va lues  o f  p ines .  For  wood - f i r ed  

d rye rs ,  b a s e l i n e  emiss ions a r e  cons idered  e q u i v a l e n t  t o  u n c o n t r o l l e d  

emissions because c e r t a i n  d r y e r  systems i n  t h e  South and o t h e r  areas 

o f  t h e  U n i t e d  S ta tes  may have no emiss ions c o n t r o l  because o f  r e l a -

t i v e l y  low b l e n d  box temperatures o f  approx imate ly  427' C (800' F). 

U n c o n t r o l l e d  p a r t i c u l a t e  and condens ib le  emissions f rom d i r e c t - f i r e d  

d rye rs  a r e  es t ima ted  a t  7 .8 g/m2, 9.5-mm b a s i s  (1 .6  lb/1,000 f t2,  

0.375-in.  bas i s ) .  Veneer d r y e r s  and emiss ions c o n t r o l  systems a r e  

d iscussed i n  more d e t a i l  i n  Chapters 2 and 3. 

Emissions f o r  t h e  sanders i n  Model P l a n t s  1and 2  a re  based upon 

an average c u t t i n g  depth i n  Western m i l  1s o f  0.9 mm (0.035 i n .  ) ,  t h e  

combined depth f o r  b o t h  s ides .  An emiss ions es t ima te  f o r  these  

plywood sanders i s  5.72 g/m2 (1.17 lb/1,000 ft2). Emissions f o r  t h e  

plywood sanders i n  Model P l a n t s  3  th rough 6  a r e  es t imated  a t  3 . 1  g/m2 



o f  sanded p lywood (0.67 lb /1 ,000 f t2) .  T h i s  emiss ions  r a t e  was d e r i v e d  

f rom an average sand ing  dep th  o f  0.5 mm (0.02 i n . ) ,  wh ich  cor responds 

t o  t y p i c a l  sand ing  o f  o n l y  one s i d e  a t  a Sou thern  m i l l .  Sanderdust  

emiss ions  a r e  assumed t o  be 99 p e r c e n t  c o n t r o l l e d ,  which i s  t h e  c o n t r o l  

l e v e l  o f  a  h i g h - e f f i c i e n c y  cyc lone .  T h i s  assumpt ion i s  made because 

v i r t u a l l y  a l l  S t a t e s  r e q u i r e  t h e  use o f  h i g h - e f f i c i e n c y  cyc l ones  as a 

minimum. 

4.3 COSTS 

Veneer d r y e r  and sander emiss ions  c o n t r o l  c o s t s  i n  1981  d o l l a r s  

a r e  p r o v i d e d  f o r  Model P l a n t s  1 th rough  6. These c o s t s  a r e  budget-

l e v e l  e s t i m a t e s ,  accu ra te  t o  +30 p e r c e n t  f o r  t h e  model p l a n t s  under 

c o n s i d e r a t i o n .  Cau t i on  shou ld  be used when t h e  c o s t s  i n  t h i s  s e c t i o n  

a r e  a p p l i e d  t o  s p e c i f i c  p l a n t s .  N e i t h e r  b o i l e r  i n c i n e r a t i o n  n o r  we t  

sc rubb ing  has been used on f u l l - s c a l e  Sou thern  veneer d r y e r s ,  n o r  have 

these  t e c h n o l o g i e s  been t e s t e d  adequa te ly  i n  t h e  South on p i l o t - s c a l e  

u n i t s .  Emiss ions f r om Southern p i n e s  may be more d i f f i c u l t  t o  c o n t r o l  

by sc rubb ing  t h a n  emiss ions  f rom Western woods a re .  Fur thermore,  

c o n t r o l  c o s t s  a r e  s i t e  s p e c i f i c  and v a r y  g r e a t l y  depending on 

d i f f e r e n c e s  i n  p l a n t  and b o i l e r  des ign ,  p r o d u c t i o n  parameters ,  wood 

spec ies ,  and o t h e r  f a c t o r s .  Tab le  4-8 g i v e s  t h e  i n s t a l l e d  c a p i t a l  

c o s t s  f o r  wet sc rubb ing  and b o i l e r  i n c i n e r a t o r  systems f o r  steam-heated 

d r y e r s  i n  Model P l a n t s  1, 3,  and 5. B o i l e r  i n c i n e r a t o r  c a p i t a l  c o s t s  

a r e  more l i k e l y  t o  show wide v a r i a t i o n  f rom p l a n t  t o  p l a n t .  Bo i  1  e r  

i n c i n e r a t i o n  c o s t s  f o r  a new p l a n t  (Model P l a n t  5)  i n  Tab le  4-8 in c l  ude 

app rox ima te l y  $280,000 (1981 d o l l a r s )  a d d i t i o n a l  c o s t s  f o r  t h e  p  1  a n t  

b o i l e r ,  wh ich  m i g h t  have t o  be o v e r s i z e d  o r  o t h e r w i s e  m o d i f i e d .  

B o i l e r  i n c i n e r a t i o n  c o s t s  do n o t  i n c l u d e  c o s t s  f o r  steam t r a c i n g  0 f 

d u c t s  f r om  d r y e r s  t o  b o i l e r .  Steam t r a c i n g  m i g h t  be necessary  i n  

p l a n t s  d r y i n g  p i n e  (e .g . ,  Sou thern  p l a n t s )  t o  p r e v e n t  a f i r e  hazard 

f rom t h e  b u i l d u p  o f  p i t c h  i n s i d e  duc ts .  

Tab le  4-9 shows t h e  e s t i m a t e d  c a p i t a l  c o s t s  f o r  wet  sc rubb ing  

c o n t r o l  o f  d i r e c t - f i r e d  d r ye rs .  Two sc rubb ing  u n i t s  p r o b a b l y  would  be 

r e q u i r e d  f o r  a  system t h e  s i z e  o f  Model P l a n t s  5 and 6. P a r t i a l  

i n c i n e r a t i o n  i n  a f u rnace  o r  b l e n d  box p r e s e n t l y  i s  p a r t  o f  a l l  



TABLE 4-8. CAPITAL COSTS OF CONTROL OPTIONS FOR MODEL PLANTS 
WITH STEAM-HEATED DRYERS ' 

Model Number I n s t a l  l e d  
p l a n t  o f  dev ices c o s t  
number c o n t r o l l e d  C o n t r o l  o p t i o n  ($1,000' s ) ~  

Veneer d r y e r s  

1d r y e r  Wet sc rubb ing  210 
B o i l e r  i n c i n e r a t i o n  156 

1d r y e r  Wet sc rubb ing  235 
Boi  1  e r  i n c i n e r a t i o n  192 

3 d r y e r s  Wet sc rubb ing  480 
B o i l e r  i n c i n e r a t i o n  614 

Plywood sanders 

1sander F a b r i c  f i1  t r a t i  on 125 

a ~ i d - 1 9 8 1  cos t s .  I n c l u d e  cos t s  o f  duc t s ,  m i  s ce l  laneous equipment, and 
b o i l e r  m o d i f i c a t i o n .  



TABLE 4-9. CAPITAL COSTS OF CONTROL OPTIONS FOR MODEL PLANTS WITH 
DIRECT-FIRED DRYERS 

Mode 1 Number I n s t a l  l e d  
p l a n t  
number 

o f  dev ices  
c o n t r o l  1  ed Cont ro l  o p t i o n  

c o s t  
($1,000 ' 5 )  

Veneer d r y e r s  

2 1d r y e r  Wet sc rubb ing  

4 1d r y e r  Wet sc rubb ing  

6 3 d r y e r s  Wet sc rubb ing  

Plywood sanders 

2,4,6 1 sander F a b r i c  f i 1 t r a t i o n  



d i r e c t - f i r e d  systems and, t h e r e f o r e ,  no c o s t s  a r e  ass igned t o  such an 

arrangement. I n s t a l l e d  c a p i t a l  c o s t s  o f  f a b r i c  f i l t r a t i o n  dev ices  f o r  

plywood sanders a l s o  a r e  g i v e n  i n  Tables 4-8 and 4-9. B lowout  pane ls  

a r e  i n c l u d e d  i n  these  cos t s .  The need f o r  ha lon  deluge systems, spark  

d e t e c t o r s ,  e t c . ,  i s  s i t e  s p e c i f i c ,  depending on insurance  requ i rements .  

A d d i t i o n a l  f i r e  p r e v e n t i o n  systems w i l l  i nc rease  t h e  c a p i t a l  c o s t  o f  

t h e  f a b r i c  f i l t r a t i o n  dev ice ,  b u t  t h e  t o t a l  c o s t  w i t h  such systems 

g e n e r a l l y  w i l l  be l e s s  t han  t w i c e  t h e  c o s t  shown. 

Annual o p e r a t i n g  c o s t s  f o r  steam-heated d rye rs ,  d i r e c t - f i r e d  

d r y e r s ,  and sanders a r e  p resented  i n  Tables 4-10 and 4-11, r e s p e c t i v e l y .  

E l e c t r i c i t y  cos t s  a r e  based on a charge o f  $0.04/kWh. Labor c o s t s  a r e  

based upon a Bureau o f  Labor S t a t i s t i c s  (Department o f  Labor) e s t i m a t e  

o f  $10.30/h as t h e  average h o u r l y  r a t e  f o r  plywood m i l  1  workers.  

Overhead i s  based on a 60-percent  r a t e  o f  maintenance and l a b o r  cos t s .  

Maintenance cos t s  a re  es t ima ted  acco rd ing  t o  t ype  o f  c o n t r o l  dev ice.  

Tables 4-12 and 4-13 p r o v i d e  annua l i zed  c o s t s  and an es t ima ted  

c o s t - e f f e c t i v e n e s s  o f  p o l l u t a n t  removal.  D rye r  and sander c o n t r o l  

c o s t s  a re  in c l  uded. The assumed p a r t i c u l  a te/condensi  b l  e  removal 

e f f i c i e n c y  f o r  b o i l e r  i n c i n e r a t i o n  (90 pe rcen t )  i s  based on eng inee r i ng  

judgment o f  a removal e f f i c i e n c y  t h a t  c o u l d  be expected i n  a  w e l l -

designed and opera ted  system; t e s t i n g  o f  a c t u a l  systems has n o t  

s u c c e s s f u l l y  q u a n t i f i e d  a removal e f f i c i e n c y .  However, use o f  t h i s  

removal e f f i c i e n c y  leads t o  a p o l l u t a n t  removal r a t e  (mass b a s i s )  t h a t  

may be c o n s e r v a t i v e  ( l ower  t han  a c t u a l )  because t o t a l  o r g a n i c  emiss ions 

a r e  b e l i e v e d  t o  be two o r  more t imes  as h i g h  as p a r t i c u l a t e / c o n d e n s i b l e  

o rgan i c  emissions f o r  most wood species c f  i n t e r e s t  (see Chapter 6).  

An o v e r a l l  removal e f f i c i e n c y  o f  80 pe rcen t  o f  p a r t i c u l a t e  and 

condens ib le  o rgan i c  emissions i s  expected f rom h i g h - e f f i c i e n c y  wet 

scrubbers w i t h  m i s t  e l i m i n a t o r s  used on steam-heated o r  d i r e c t - f i r e d  

d rye rs .  P a r t i a l  i n c i n e r a t i o n  o f  t h e  d r y e r  exhaust s t ream i n  a  h o t  

(650° C o r  g r e a t e r )  f u e l  c e l l  can be used i n  c o n j u n c t i o n  w i t h  a h igh-

e f f i c i e n c y  wet scrubber .  Th i s  t ype  o f  system i s  n o t  l i s t e d  i n  Tab le  

4-13 because n e i t h e r  t h e  p a r t i c u l a t e  ( i no rgan i c ) / condens ib le  emiss ions 

s p l i t  no r  t h e  removal e f f i c i e n c i e s  i n  t h e  f u e l  c e l l  can be es t ima ted  

re1  i a b l y .  



-- -- - - -- - - -- 

TABLE 4-10. ANNUAL OPERATING COSTS OF CONTROL OPTIONS FOR MODEL PLANTS WITH STEAM-HEATED DRYERS 

Number o f  Annual ope ra t i ng  cos ts  veneer 
Model d r y e r  ($1,0OO1s) 

p l a n t  a f f e c t e d  Maintenance 
number f a c i l i t i e s  Cont ro l  o p t i o n  E l e c t r i c i t y  and l a b o r  Overhead To ta l  

Veneer d rye rs  

1 Wet scrubbing 14 35 2 1  70 

B o i l e r  i n c i n e r a t i o n  9 26 17 52 

3 1 Wet scrubbing 18 3 5 21 74 

B o i l e r  i n c i n e r a t i o n  11 

3 Wet scrubbing 53 

B o i l e r  i n c i n e r a t i o n  3 3 49 26 108 

Plywood sanders 

- Fab r i c  f i  1 t r a t i o n  11 

3,5 - Fab r i c  f i  1 t r a t i o n  4 10 6 20 
-



-- 
TABLE 4-11. ANNUAL OPERATING COSTS OF CONTROL OPTIONS FOR MODEL PLANTS WITH DIRECT-FIRED DRYERS 

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

Number o f  Annual ope ra t i ng  cos ts  veneer 
($1,000 ' s)Model d r v e r  

p l a n t  a f f e c t e d  Maintenance 
number f a c i l i t i e s  Cont ro l  o p t i o n  E l e c t r i c i t y  and l a b o r  Overhead To ta l  

Veneer d rye rs  

1 Wet scrubbing 2 3 35 21 79 

4 1 Wet scrubbing 30 3 5 21 86 

6 3 Wet scrubbing 85 70 42 197 

Plywood sanders 

- Fab r i c  f i l t r a t i o n  11 25 15 5 1  





-- 

----- 

TABLE 4-13. ANNUALIZED COSTS OF CONTROL OPTIONS FOR PLANTS W I T H  D IRECT-F IRED DRYERS 
-- ----------pp -

Number o f  Assumed Overa l l  To ta l  Overa l l  cost  
Model veneer dryer c o n t r o l  e f fect iveness o f  Annualized annualized per  u n i t  f o r  
p l a n t  a f fec ted  e f f i c i e n c y  p o l l u t a n t  c a p i t a l  costs  D i r e c t  costs  costs p o l l u t a n t  removal 
number f a c i l i t i e s  Control  op t ion  (%) (Mg/yr) ( ton /y r )  ($1 .000 '~ )  ( $ 1 , 0 0 0 ' ~ )  ($,lOOO1s) ($/Mg) ($/ton) 

Veneer dryers 

2 1 Wet scrubbing 80 30 33 47 79 126 4,200 3,800 

4 1 Wet scrubbing 80 37 41 52 86 138 3,700 3,400 

6 3 Wet scrubbing 80 107 118 113 197 310 2,900 2,600 

Plywood sanders 
P 

2 Fabric f i l t r a t i o n  99. gd 35 39 27 5 1  78 2,200 2,000
N 
0 

4,6 Fabric f i l t r a t i o n  99. gd 10 11 27 20 47 4,700 4.300 
---- -- - - -. -- -- --- --- --
a~ondens ib leorganic emissions as measured by ODEQ Method 7. 

b ~ h e s evalues are subject t o  considerable uncer ta in ty  f o r  reasons discussed i n  the t e x t .  
C Includes 4 percent f o r  taxes, insurance, and admin is t ra t i ve  costs. Ten-year l i f e  i s  assumed a t  12 percent cos t  o f  c a p i t a l  

( c a p i t a l  recovery fac to r  equals 0.177). 

d ~ v e r a l1 e f f i c iency  o f  cyclones and f a b r i c  f i l t e r s  



Chapte r  3  d i s c u s s e d  a h y p o t h e t i c a l  sys tem t h a t  wou ld  i n c i n e r a t e  

t h e  e n t i r e  exhaus t  s t ream f r o m  a d i r e c t - f i r e d  d r y e r .  T h i s  system i s  

n o t  i n c l u d e d  i n  t h e  c o s t  t a b l e s  because o f  u n c e r t a i n t y  a b o u t  t h e  f a t e  

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

r e s e a r c h  and development and f u r n a c e  o r  b u r n e r  m o d i f i c a t i o n  needed. 

O v e r a l l  c o s t s  o f  p o l l u t a n t  removal i n  Tab les  4-12 and 4-13 a l s o  

depend on t h e  emiss ions  f a c t o r  used i n  t h e  c a l c u l a t i o n s .  Emiss ions 

f a c t o r s  v a r y  g r e a t l y  w i t h  s p e c i e s ,  b u t  most t e s t i n g  has been done on 

Douglas f ir plywood. NCASI s t a f f  measurements o f  t o t a l  o r g a n i c  

emiss ions  f r o m  Sou thern  p i n e  veneer d r y e r s g  showed average Method 25 

emiss ions  r a t e s  o f  13.7  g/m2 as C1, 9.5-mm b a s i s  (2.8 lb /1 ,000 ft2, 

0.375- in .  b a s i s )  on f r e s h  c u t  veneer  and 10 .7  g/m2 as C1, 9.5-mm b a s i s  

(2 .2  lb /1 ,000 f t2,  0.375- in .  b a s i s )  on veneer t h a t  had been c u t  24 t o  

48 hours  b e f o r e  d r y i n g .  These l i m i t e d  d a t a  i n d i c a t e  t h a t  Sou thern  

p i n e  s p e c i e s  may e m i t  two o r  more t i m e s  t h e  5 . 9  g/m2, 9.5-mm b a s i s  

(1 .2  lb /1 ,000 f t2,  0.375- in .  b a s i s )  assumed i n  t h i s  r e p o r t ,  m o s t l y  as 

noncondens ib le  o r g a n i c s .  The b o i l e r  i n c i n e r a t i o n  c o s t s  p e r  u n i t  

p o l l u t a n t  removed i n  t h e  t a b l e s  may be c o n s e r v a t i v e  ( h i g h e r  t h a n  

a c t u a l )  b y  a f a c t o r  o f  two o r  more f o r  Sou thern  and Western p i n e s  and 

may be c o n s e r v a t i v e  even f o r  Douglas f i r s ,  because c o n s i d e r a b l e  

f u g i t i v e  emiss ions  and noncondens ib le  s t a c k  emiss ions  were n o t  

accoun ted  f o r  i n  p r e v i o u s  t e s t s  o f  t h i s  spec ies .  

R e l a t i v e  c a p i t a l  and o p e r a t i n g  c o s t s  o f  emiss ions  c o n t r o l  compared 

t o  e n t i r e  p l a n t  c o s t s  can be de te rm ined  f r o m  i n f o r m a t i o n  i n  Tab les  4-14 

and 4-15. Complete p l ywood  p l a n t  c a p i t a l  c o s t s  a r e  p r e s e n t e d  i n  

T a b l e  4-14. Model P l a n t s  1 t h r o u g h  4  a r e  e x i s t i n g  m i l l s  t h a t  c o u l d  be 

r e p l a c e d  t o d a y  f o r  t h e  c o s t s  p resen ted ,  f o r  t h e  g i v e n  t o t a l  p r o d u c t i o n .  

The complete  p lywood m i l l  wou ld  be expected t o  have a n n u a l i z e d  d i r e c t  

c o s t s  shown i n  T a b l e  4-15. The c a p i t a l  c o s t s  f o r  c o n t r o l  equ ipment  

may be up t o  a b o u t  23 p e r c e n t  o f  c a p i t a l  c o s t s  o f  t h e  veneer  d r y e r  and 

2 1  p e r c e n t  o f  c o s t s  o f  t h e  p lywood sander.  C a p i t a l  c o s t s  f o r  veneer  

d r y e r  e m i s s i o n  c o n t r o l  equ ipment  a r e  a p p r o x i m a t e l y  1t o  2  p e r c e n t  o f  

t h o s e  c o s t s  f o r  comp le te  p lywood p l a n t s ;  c a p i t a l  c o s t s  o f  sander 

e m i s s i o n  c o n t r o l  systems a r e  l e s s  t h a n  1p e r c e n t  o f  complete  p l a n t  



- - - 

TABLE 4-14. CAPITAL COSTS OF COMPLETE PLYWOOD PLANTSL0 
-- -...- - --- -- -- .--. .----. - -.----. - -- - ----- -- -- -- -. ---------. --

C a p i t a l  c o s t  
o f  new 

plywood p l a n t  
Cap i ta l  cos ts  Cap i ta l  o r  rep1 acement 

Mode 1  New o r  Number T o t a l  p l a n t  o f  new model c o s t  o f  c o s t  o f  
p l a n t  e x i s t i n g  o f  new p roduc t i on  veneer d rye r ( s )  plywood sander e x i s t i n g  planta  
number p l a n t  veneer d ryers  (m2 x 106/yr)  ($1,O0O1s) ($1,00O1s) ( $ 1 , 0 0 0 ' ~ )  

N = new p l a n t .  

E = e x i s t i n g  p l a n t .  
aInc ludes  the  cos t  o f  new d rye r ( s )  and sander. 
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cos ts .  T o t a l  annua l i zed  cos t s  o f  veneer d r y e r  o r  sander emiss ion  

c o n t r o l  a r e  l e s s  t han  1percen t  o f  t o t a l  annua l i zed  p l a n t  cos t s  i n  

each case. 
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5. ENVIRONMENTAL IMPACT 

The f o l l o w i n g  s u b s e c t i o n s  d i s c u s s  t h e  a i r ,  w a t e r ,  s o l i d  waste ,  

and energy  i m p a c t s  o f  v a r i o u s  t y p e s  and l e v e l s  o f  e m i s s i o n  c o n t r o l .  

The bases f o r  e s t i m a t i n g  e n v i r o n m e n t a l  i m p a c t s  a r e  t h e  model p l a n t  

p a r a m e t e r s ,  as d i s c u s s e d  i n  Chap te r  4, and t h e  c o n t r o l  e f f i c i e n c i e s  

t h a t  a r e  p r e s e n t e d  i n  Chap te r  3. 

5 . 1  AIR POLLUTION IMPACT 

The i m p a c t  on e m i s s i o n s  o f  p a r t i c u l a t e  and c o n d e n s i b l e  o r g a n i c  

m a t e r i a l  (as  d e f i n e d  b y  ODEQ Method 7) t h a t  r e s u l t s  f r o m  v a r i o u s  

c o n t r o l  o p t i o n s  i s  e s t i m a t e d .  A c t u a l  e m i s s i o n s  f r o m  veneer  d r y e r s  may 

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

f u g i t i v e  e m i s s i o n s  a r e  n o t  i n c l u d e d .  A l l  d r y e r s  have f u g i t i v e  

e m i s s i o n s ,  b u t  t h o s e  e m i s s i o n s  have n o t  been d e f i n e d  q u a n t i t a t i v e l y .  

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

l a b l e  o r g a n i c  compounds. 

T a b l e  5 - 1  o u t l i n e s  t h e  c o n t r o l  o p t i o n s  and p r o v i d e s  e s t i m a t e s  o f  

e m i s s i o n  r e d u c t i o n s  f o r  each o f  t h e  s i x  model p l a n t s .  Separa te  r e s u l t s  

a r e  p r e s e n t e d  f o r  steam-heated and d i r e c t - f i r e d  d r y e r s  because s e p a r a t e  

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

t y p e s  o f  d r y e r s .  Steam-heated d r y e r s  a r e  c o m p a t i b l e  w i t h  i n c i n e r a t i o n  

o f  t h e  exhaus t  s t ream i n  t h e  p l a n t  b o i l e r .  D i r e c t - f i r e d  d r y e r s  can  

r e c y c l e  a p o r t i o n  o f  t h e i r  exhaus t  s t ream t o  a f u r n a c e  o r  b l e n d  box  t o  

remove o r g a n i c  compounds f r o m  t h a t  s t ream.  The r e m a i n i n g  exhaus t  

gases can  be c o n t r o l l e d  most  e f f i c i e n t l y  b y  a  w e t  sc rubber .  These 

e s t i m a t e s  may be s u b j e c t  t o  c o n s i d e r a b l e  e r r o r  because removal  

e f f i c i e n c i e s  and e m i s s i o n  f a c t o r s  a r e  n o t  f i r m l y  e s t a b l i s h e d .  

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

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



I 

bAnnual emi s s i  onsa under each control option 
Affected 

Model plant  numberC faci  1 i  t i e s  

Steam-heated dryers 80% removal d 90% removal d 

1 dryer 5.6 (6 .2)  2.8 (3 .1 )  
1 dryer 
3 dryers 

Di rect-f  i  red dryers 80% removal d 

2 1 dryer 
4 1 dryer 

ui 6 3 dryers 
N 

Plywood sanders 99.9% removal d 

1 sander 
1 sander 

aFor veneer dryers--emissions a re  est imates of pa r t i cu l a t e  and condensible organic compounds 
(ODEQ 7 ) ;  for  sanders, emissions a r e  est imates of par t i cu la te .  

b ~ o n t r o l  Option I - - for  veneer dryers ,  no removal equipment; 
- - for  sanders, high-efficiency cyclonic co l lec to rs .  

Control Option 11--for steam-heated dryer ,  high-efficiency wet scrubbers; 
- - for  d i r ec t - f i  red dryer ,  high-temperature blend box with wet scrubbing. 
- - for  sanders, high-efficiency cyclonic co l lec to rs  and fabr ic  f i l t r a t i o n .  

Control Option 111--for steam-heated dryers ,  bo i le r  incinerat ion.  
CModel plants consis t  of two types of processing uni ts :  veneer dryers and plywood sanders. Each 
of these processes has separate control options. 

d~emoval e f f i c ienc ies  have not been firmly es tabl  i  shed. The est imates may be subject  t o  considerable 
e r ro r .  



a f t e r  a d d i t i o n  o f  p o l l u t i o n  c o n t r o l  equipment. No measurable secondary 

impact t o  t he  a i r  i s  expected from any o f  t he  c o n t r o l  op t ions .  Cont ro l  

Opt ion  I 1  f o r  bo th  steam-heated d rye rs  and f o r  d i r e c t - f i r e d  d rye rs  

w i l l  add mois ture  t o  the  a i r  because they  i n c l u d e  wet scrubbing of  t h e  

exhaust stream. Cont ro l  Opt ion  I11 i n v o l v e s  i n c i n e r a t i o n ,  which adds 

carbon d i o x i d e  and carbon monoxide t o  the  atmosphere. However, t h e  

a d d i t i o n a l  carbon d i o x i d e  and carbon monoxide do n o t  add s i g n i f i c a n t l y  

t o  t h e  amount o f  these compounds t h a t  o therw ise  would be e m i t t e d  by 

the  b o i l e r .  A l l  steam-heated d rye rs  a re  expected t o  have a  correspond- 

i n g  b o i l e r  a t  t h e  p l a n t ,  and from eng ineer ing  c a l c u l a t i o n s ,  d r y e r  

exhausts and b o i l e r  a i r  requirements g e n e r a l l y  a re  compat ib le.  

5 . 2  WATER POLLUTION IMPACT 

EPA r e g u l a t i o n s  r e q u i r e  softwood plywood p l a n t s  t o  have zero-

d ischarge systems. l Wet scrubbers separate co l  1  ec ted  p i t c h  and water  

and add water  as needed t o  rep lace  water  l o s t  t o  t h e  atmosphere. 

C o l l e c t e d  p i t c h  i s  burned i n  a  b o i l e r  o r  l a n d f i l l e d .  To operate 

e f f i c i e n t l y ,  wet scrubbers may t r e a t  and d ischarge t h e i r  r e c i r c u l a t e d  

water  a f t e r  an excess amount o f  p i t c h  has accumulated i n  t he  water  

supply,  b u t  t h i s  p r a c t i c e  c u r r e n t l y  i s  n o t  common i n  the  plywood 

i n d u s t r y .  I f  necessary, t h i s  r e c i r c u l a t e d  water  may be t r e a t e d  i n  t he  

e x i s t i n g  wastewater t rea tment  system. Because o f  e x i s t i n g  regula-  

t i o n s ,  t h e  p o t e n t i a l  impact o f  t he  r e g u l a t o r y  a l t e r n a t i v e s  r e q u i r i n g  

wet scrubbing i s  minimal.  B o i l e r s  and wood- f i red  f u e l  c e l l s  used as 

i n c i n e r a t o r s  have no wastewater discharges t h a t  can be a t t r i b u t e d  t o  

t h e i r  use as veneer d r y e r  emiss ion c o n t r o l  devices. 

5.3 SOLID WASTE 

The o n l y  r e g u l a t o r y  a1 t e r n a t i v e s  t h a t  r e s u l t  i n  accumulated s o l  i d  

waste are  those r e q u i r i n g  wet scrubbing devices.  I n  such devices,  t h e  

heav ier  o rgan ics  g e n e r a l l y  a re  removed from r e c i r c u l a t e d  water  as a 

wet sludge. Th is  sludge may c o n t a i n  up t o  13 kg/h (29 l b /h )  o f  o rgan ic  

m a t e r i a l  a t  a  l a r g e  plywood p l a n t  such as Model P l a n t  5. Th is  r e l a -  

t i v e l y  smal l  amount of m a t e r i a l  can be destroyed by i t s  i n j e c t i o n  i n t o  

t h e  b o i l e r  a t  a  steam-heated p l a n t ,  a l though d i r e c t - f i r e d  p l a n t s  may 

have t o  dispose o f  t he  sludge i n  a  l a n d f i l l  o r  i n  t he  p l a n t ' s  wastewater 



t r ea tmen t  system. Sander d u s t  c o l l e c t e d  f rom plywood sanders i s  n o t  

cons idered  s o l i d  waste. T h i s  m a t e r i a l  i s  used as f u e l  i n  a lmost  a l l  

p l a n t s .  

5 .4  ENERGY IMPACT 

Most plywood p l a n t s  use nonf  s s i l  (wood) f u e l  as t h e  main source 

o f  hea t  energy. Over 50 pe rcen t ,  by we igh t ,  o f  a plywood p l a n t ' s  raw 

m a t e r i a l s  ( l o g s )  a re  n o t  s u i t a b l e  f o r  p roduc ing  veneer. A  p o r t i o n  o f  

t h i s  m a t e r i a l  i s  used as f u e l  f o r  b o i l e r s  and furnaces.  The re fo re ,  

many e x i s t i n g  plywood m i l l s  and v r t u a l l y  a1 1  new m i l l s  a r e  s e l f -

s u f f i c i e n t  i n  f u e l  energy. Notab e except ions  a r e  e x i s t i n g  veneer 

p l a n t s  t h a t  purchase pee led  veneer and o t h e r  p l a n t s  u s i n g  g a s - f i r e d  

d rye rs .  

Fuel consumption o f  t h e  steam-heated model p l a n t s  ( d r y e r s )  i s  

es t ima ted  based on a steam requ i rement  o f  9,530 kg steam/1,000 m 2 ,  

9.5-mm b a s i s  (1,950 l b  steam/1,000 f t2 ,  0.375- in .  bas i s ) .  Fuel  

consumption by t h e  d i r e c t - f i r e d  model p l a n t s  ( d r y e r s )  i s  assumed t o  be 

approx imate ly  t h e  same as t h a t  o f  t h e  steam-heated p l a n t s  o f  correspond-

i n g  p r o d u c t i o n  r a t e s .  Annual f u e l  consumption es t imates  are:  Model 

P l a n t s  1and 2, 90 TJ o r  85 x l o 9  B tu ;  Model P l a n t s  3  and 4,  110 TJ o r  

100 x l o 9  B tu ;  and Model P l a n t s  5  and 6,  320 TJ o r  300 x l o 9  B tu .  

Whi le  new p l a n t s  w i l l  be b u i l t ,  most o f  t h i s  new p r o d u c t i o n  w i l l  

be a t  t h e  expense o f  e x i s t i n g  p r o d u c t i o n  i n  o t h e r  geographic areas. 

N a t i o n a l  f u e l  energy demand f o r  t h i s  i n d u s t r y  w i l l  n o t  change s i g n i f i -  

c a n t l y  due t o  growth. Na t i ona l  f u e l  energy demand e s s e n t i a l l y  w i l l  

n o t  change due t o  inc reased use o f  c o n t r o l  dev ices s i n c e  none o f  t h e  

c o n t r o l  o p t i o n s  f o r  d r ye rs  and sanders r e q u i r e  a d d i t i o n a l  f u e l .  

Plywood m i l l s  consume e l e c t r i c a l  energy f rom o u t s i d e  sources. 

Table 5-2 g i ves  es t imates  o f  e l e c t r i c a l  energy use o f  t h e  s i x  model 

p l a n t s .  The e l e c t r i c a l  energy impact  o f  t h e  c o n t r o l  o p t i o n s  i s  r e l a -

t i v e l y  i n s i g n i f i c a n t  i n  each case. For  example, a l a r g e  plywood p l a n t  

p roduc ing  17.2 x 1 0 h 2 / y r ,  9.5-mm b a s i s  (185 x l o 6  f t 2 / y r ,  0 .375- in .  

b a s i s ) ,  m igh t  consume 72 TJ/yr  (20 x l o 6  kWh/yr), w h i l e  t h e  a d d i t i o n a l  

e l e c t r i c a l  energy r e q u i r e d  f o r  t h e  fans  assoc ia ted  w i t h  wet sc rubb ing  

o f  a1 1 t h r e e  d r y e r s  would be approx imate ly  2.6 TJ / y r  (0.72 x l o 6  kWh/yr). 



Energy consumption bybcontrol  op t ion  
Affected (TJ/yr) 

Model p l a n t  number f a c i  1 i t i e s  I I I I11 

No 
Steam-heated d rye r s  emission con t ro l  80% removal 90% removal 

1 1 drye r  9 10 10 
3 1 drye r  11 12 12 
5 3 drye r s  31 34 34 

N 0 

Di r ec t - f  i  red d rye r s  emission con t ro l  80% removal 

1 drye r  7 
1 drye r  9 
3 d r y e r s  26 

Plywood sanders  Base1 i  ne 99.9% removal 

1-6 1 sander  1 . 0  1 . 4  
-. 

aModel p l an t s  c o n s i s t  of two types  of process ing  u n i t s :  veneer d r y e r s  and plywood sanders .  Each 
of t hese  f a c i l i t i e s  has s e p a r a t e  r egu la to ry  a l t e r n a t i v e s .  

TJ ( t e r a j o u l e )  equals  l o 9  J .  



Dur ing  t h e  n e x t  decade, a  new t r e n d  toward  cogenera t ion  o f  e l e c t r i c i t y  

a t  l a r g e  new m i l l s  may develop. I f  t h i s  t r e n d  occurs,  t h e  i nc rease  i n  

e l e c t r i c a l  energy consumption f rom f o s s i l - f u e l  burn ing ,  nuc lea r ,  o r  

h y d r o e l e c t r i c  power p l a n t s  may be l e s s  t han  t h a t  i n d i c a t e d  above. 
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6. TEST METHODS AND TEST RESULTS 

T h i s  s e c t i o n  d i s c u s s e s  t e s t  methods t h a t  have been used t o  measure 

e m i s s i o n s  f r o m  p lywood veneer  d r y e r s  and p lywood sanders  and p r e s e n t s  

t h e  r e s u l t s  o f  s e l e c t e d  source  t e s t s .  The c h o i c e  o f  t e s t  method i s  

i m p o r t a n t  when e m i s s i o n s  f r o m  veneer  d r y e r s  a r e  e v a l u a t e d  because o f  

t h e  t y p e s  o f  compounds e m i t t e d .  As d i s c u s s e d  i n  Chap te r  2 ,  veneer  

d r y e r  e m i s s i o n s  c o n s i s t  o f  a  p a r t i c u l a t e  f r a c t i o n  ( m a i n l y  wood f i n e s  

and ash) ,  a  c o n d e n s i b l e  f r a c t i o n  ( m a i n l y  compounds o f  1 5  o r  more 

c a r b o n  atoms),  and a  noncondens ib le  f r a c t i o n  ( m a i n l y  t e r p e n e s  o f  10 

ca rbon  atoms). The c h o i c e  o f  condenser  t e m p e r a t u r e  i n  t h e  s a m p l i n g  

t r a i n  d e t e r m i n e s  where t h e  condensib le /noncondensib le  s p l i t  o c c u r s  

among t h e  v a r i o u s  o r g a n i c  compounds e n t e r i n g  t h e  t r a i n .  D i f f e r e n t  

t e s t s  o f  e m i s s i o n s  f r o m  t h e  same wood s p e c i e s  have shown w i d e l y  v a r y i n g  

condens i  b l e  t o  noncondensi  b l e  r a t i o s ,  p r o b a b l y  f o r  t h i s  reason.  l The 

mass f r a c t i o n s  o f  c o n d e n s i b l e  and noncondens ib le  e m i s s i o n s  a l s o  d i f f e r  

among wood s p e c i e s ;  e . g . ,  some t e s t s  have shown t h a t  e m i s s i o n s  f r o m  

L o b l o l l y  p i n e  d r y e r s  c o n t a i n  more t h a n  85 p e r c e n t  t e r p e n e s ,  w h i l e  scme 

t e s t s  have shown t h a t  e m i s s i o n s  f r o m  W h i t e  f i r  d r y e r s  c o n t a i n  l e s s  

t h a n  20 p e r c e n t  t e r p e n e s .  T h i s  s i t u a t i o n  i s  f u r t h e r  c o m p l i c a t e d  b y  

t h e  need f o r  i s o k i n e t i c  s a m p l i n g  a f t e r  we t  s c r u b b e r s  because some o f  

t h e s e  o r g a n i c  compounds condense i n  such c o n t r o l  dev ices .  A  combina- 

t i o n  o f  t e s t  methods i s  r e q u i r e d  t o  o b t a i n  s e p a r a t e  measurements o f  

t h e  noncondens ib le  and c o n d e n s i b l e  m a t e r i a l s .  

6 . 1  VENEER DRYER TEST METHODS 

6 . 1 . 1  Oregon Depar tment  o f  Env i ronmenta l  Q u a l i t y  (ODEQ) Method 7 

ODEQ Method 7 i s  e s s e n t i a l l y  a  m o d i f i e d  U.S. Env i ronmenta l  P r o t e c -

t i o n  Agency (EPA) Method 5. The sampl i n g  t r a i n  i s  shown i n  F i g u r e  6 - 1  



C K  VALVE 

Figure 6-1. Oregon Department of Environmental Quality Method 7 sampling traim2 



The major m o d i f i c a t i o n  t o  t h e  Method 5 sampling t r a i n  i s  t h e  a d d i t i o n  

o f  an unheated backup f i l t e r  between t h e  t h i r d  and f o u r t h  impingers 

whose purpose i s  t o  c o l l e c t  organic aerosols n o t  c o l l e c t e d  w i t h i n  t h e  

impingers. An op t iona l  m o d i f i c a t i o n  i s  t h e  exc lus ion  o f  t he  f i l t e r  

normal ly  l oca ted  i n  t h e  heated chamber preceding the  imp ingers. 

However, when t h e  f i l t e r  i s  used, the  g lass  cyclone a l so  i s  inc luded,  

t h e  purpose o f  t h e  combinat ion being t o  e l i m i n a t e  wood f i b e r  o r  ash 

p a r t i c u l a t e  mat ter .  

Sampling i s  performed i n  accordance w i t h  EPA Method 5 procedures. 

The sample i s  recovered from t h e  impingers when sample-exposed surfaces 

and t h e  f i l t e r  support  f r i t ( s )  a re  r i n s e d  w i t h  acetone, a l though a 

water r i n s e  i s  sometimes used a lso .  Each f i l t e r  i s  removed and p laced 

i n  i n d i v i d u a l  p e t r i  dishes. A ch loro form-ethy l  e ther  procedure iden- 

t i c a l  t o  t h a t  o r i g i n a l l y  proposed f o r  Method 5 i s  used t o  e x t r a c t  t he  

condensi b l  e organics from the  impinger water samples. The e x t r a c t  

and t h e  glassware acetone r i nses  are  evaporated separa te ly  a t  21' C 

(70' F) o r  l e s s ,  desiccated f o r  24 hours, and weighed. Fo l lowing 

organ ic  e x t r a c t i o n ,  t h e  impinger water i s  evaporated a t  104' C (220' F ) ,  

desiccated f o r  24 hours, and weighed. The backup f i l t e r  and f o u r t h  

imp inger ' s  s i l i c a  gel  a l so  are weighed. The amount o f  condensible 

organics i s  determined when r e s i d u a l s  are t o t a l e d .  Emission concentra- 

t i o n s  are  determined according t o  EPA Method 5 c a l c u l a t i o n  procedures. 

The g rea tes t  p o t e n t i a l  problem w i t h  ODEQ Method 7 i s  sample l o s s ,  

which i s  most l i k e l y  t o  occur du r ing  sample t r a n s f e r ,  e x t r a c t i o n ,  and 

e x t r a c t i o n  so l ven t  evaporat ion.  Even t h e  h igh-molecular-weight  organics 

have a f i n i t e  vapor pressure a t  normal room temperatures, so some l o s s  

may occur. Some o f  t h e  monoterpenes are  c o l l e c t e d  w i t h i n  t h e  impingers 

and on t h e  f i l t e r  a t  t y p i c a l  sampling t r a i n  temperatures. However, 

they  are l o s t  du r ing  evaporat ion procedures. 

6.1.2 Washington Sta te  U n i v e r s i t y  (WSU) Method 

The WSU Method was developed i n  t h e  e a r l y  1970's (sampling began 

i n  J u l y  1970) under j o i n t  sponsorship o f  t he  Plywood Research Foundation 

and EPA. F igure  6-2 dep ic t s  t h e  sampling t r a i n .  The sample probe i s  

an unheated g lass  tube w i t h  a f r i t t e d  g lass  f i l t e r  f i t t e d  i n  the  
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upstream end t o  p rec lude  wood f i b e r s  e n t e r i n g  t h e  sample stream. It 

i s  connected t o  a s p i r a l  condenser ma in ta ined a t  21' t o  27' C (70' t o  

80' F) i n  an i c e  bath.  The condenser des ign  p rov ides  l eng thy  c o n t a c t  

between t h e  sample stream and t h e  c o l d  sur faces  and has a l a r g e  

r e s e r v o i r  t o  c o l l e c t  t h e  condensed organ ics  and water  vapor. The 

exhaust stream temperature f rom t h e  condenser i s  approx imate ly  21' 

(70' F). Eventual l y ,  a f i  1 t e r  was l oca ted  a t  t h e  condenser e x i t  t o  

c o l l e c t  any escaping aeroso ls .  A vacuum pump, ro tameter ,  vacuum 

gauge, and t o t a l  hydrocarbon ana lyzer  (THA) complete t h e  sampl ing 

t r a i n .  The THA i s  used t o  measure t h e  v o l a t i l e  (noncondensible) 

o rgan i c  f r a c t i o n .  

Sampling i s  performed a n i s o k i n e t i c a l l y  a t  a s i n g l e  p o i n t  w i t h i n  

t h e  s tack.  Fo l l ow ing  sampling, c o l l e c t e d  organ ics  a r e  t r a n s f e r r e d  

f rom t h e  condenser i n t o  sample b o t t l e s  and acetone i s  used as a r i n s e  

agent. The probe a1 so i s  r i n s e d  w i t h  acetone and t h e  r i n s e  combined 

w i t h  t h a t  f rom t h e  condenser. I n  t h e  l a b o r a t o r y ,  a Rinco evapo ra t i ng  

apparatus i s  used t o  evaporate t h e  water  and acetone f rom t h e  condensed 

o rgan i c  f r a c t i o n .  The apparatus '  r o t a t i n g  f l a s k  i s  ma in ta ined a t  40' 

+5' C (104' + 9' F) i n  a water  b a t h  heated by an e l e c t r i c a l  h o t p l a t e .  

The pressure  w i t h i n  t h e  f l a s k  i s  h e l d  a t  9 1  t o  95 kPa (27 t o  28 i n .  

Hg) vacuum u n t i l  t h e  water  and acetone have evaporated, l e a v i n g  a 

p i t c h y ,  res inous ,  v a r n i s h - l i k e  res idue.  T o t a l  r e s i d u e  we igh t  i s  

determined a f t e r  a 3-hour s t a b i l i z a t i o n  pe r i od .  Th i s  we igh t  i s  used 

i n  c o n j u n c t i o n  w i t h  ro tameter  read ings ,  sample t imes,  and s tack  vo lu -

m e t r i c  f low da ta  t o  determine condensib le o rgan i c  emissions. 

The THA measurements o f  t o t a l  o rgan i c  concen t ra t i on  da ta  i n  

terms o f  e q u i v a l e n t  p a r t s  p e r  m i l l i o n ,  volume bas i s  hexane a r e  recorded 

d u r i n g  t h e  t e s t .  A t ime-weighted average c o n c e n t r a t i o n  i s  determined 

and t h e  v o l a t i l e  emiss ion r a t e  c a l c u l a t e d  w i t h  s tack  f l o w  parameters. 

Comparative a n a l y t i c a l  t e s t s  o f  t h e  WSU Method and an ODEQ t e s t  

method (an exper imenta l  procedure t h a t  formed t h e  bas i s  f o r  ODEQ 

Method 7) i n d i c a t e d  a l o s s  o f  condensib le m a t e r i a l  d u r i n g  t h e  Rinco 

apparatus evapora t ion  procedure o f  t he  former. The evapora t ing  

temperature--40' + 5' C (104' + 9' F)--coupled w i t h  t h e  low pressure--91 



t o  95 kPa (27 t o  28 i n .  Hg)--vacuum appa ren t l y  causes v o l a t i l i z a t i o n  

o f  some o f  t h e  heav ie r  o rgan i cs  and any o f  t h e  l i g h t e r  monoterpenes i n  

t h e  condensate. V o l a t i l i z a t i o n  o f  t h e  monoterpenes would be expected 

based on vapor p ressure  curves f o r  these compound^.^ These vapor 

p ressure  da ta  t e n d  t o  i n d i c a t e  t h a t ,  a t  normal s tack  temperatures o f  

163' C (325' F) and h ighe r ,  t h e  monoterpenes w i l l  e x i s t  i n  a  vapor 

s t a t e .  However, a t  condenser ( o r  imp inger )  temperatures,  t h e  vapor  

p ressures  o f  t h e  monoterpenes a re  reduced s i g n i f i c a n t l y .  There fo re ,  a  

s i g n i f i c a n t  f r a c t i o n  shou ld  be condensed and c o l l e c t e d .  Hea t i ng  t h e  

samples inc reases  t h e  vapor p ressure ,  which causes t h e  accompanying 

l o s s  o f  v o l a t i l i z e d  f r a c t i o n .  The l o s s  by  evapo ra t i on  i s  i n t e n s i f i e d  

by t h e  appara tus '  low abso lu te  pressure.  The d r i v i n g  f o r c e  f o r  

a t t a i n i n g  e q u i l i b r i u m  cannot  be achieved. A s i m i l a r  s i t u a t i o n  e x i s t s  

w i t h  ODEQ Method 7 ,  b u t  t h e  l o s s  should n o t  be as g r e a t  because 

evapo ra t i on  i s  per formed a t  ambient temperature and pressure.  F o l l o w i n g  

i n i t i a l  s t a c k  t e s t i n g  acco rd ing  t o  t h e  WSU Method, c o r r e c t i o n  f a c t o r s  

were developed (based on l i m i t e d  da ta )  t o  account f o r  l o s s  o f  condensed 

m a t e r i a l .  The l o c a t i o n  o f  t h e  THA a l s o  may have been a  source o f  

e r r o r  i n  t h e  WSU t e s t i n g  i n  t h e  e a r l y  1970's .  Adsorp t ion  l osses  may 

have occur red  between t h e  condenser and t h e  a n a l y ~ e r . ~  

6.1.3 EPA Method 25 

EPA Method 25--Determinat ion o f  T o t a l  Gaseous Nonmethane Organic  
-a-


as and Ana l ys i s  Procedure-- is  Emissions - Carbon: Manual Sampling -
e s s e n t i a l l y  an ex tens ion  o f  t h e  Los Angeles A i r  P o l l u t i o n  Con t ro l  

D i s t r i c t  (LAAPCD) T o t a l  Combustion ( o r  Carbon) Ana l ys i s  techn ique  

developed t o  determine compl iance w i t h  t h e  D i s t r i c t ' s  Rule 66 o rgan i c -  

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

A sample i s  wi thdrawn a n i s o k i n e t i c a l l y  f rom t h e  emiss ion  gas 

stream th rough  a  c h i l l e d  condensate zone by means o f  an evacuated 

gas-sampl ing t a n k . =  F i g u r e  6-3 shows an EPA Method 25 sampl ing t r a i n  

m o d i f i e d  f o r  sampl ing veneer d r y e r  emissions. The w a t e r - i c e  b a t h  

condenser, n o t  a s tandard  component o f  t h e  Method 25 t r a i n ,  was added 

by EPA t o  p reven t  i c e  c r y s t a l s  f rom b l o c k i n g  t h e  d r y  i c e  condenser. 

A n a l y t i c a l  r e s u l t s  ob ta ined  f rom independent ana l y s e s  o f  t h e  condensate 
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t r a p s  and evacuated t a n k  f r a c t i o n s  a r e  combined t o  de te rmine  t o t a l  

gaseous nonmethane o rgan i cs .  A f t e r  sampl ing,  t h e  o r g a n i c  c o n t e n t s  o f  

t h e  condensate t r a p  a r e  c a t a l y t i c a l l y  o x i d i z e d  t o  ca rbon  d i o x i d e  

(C02), wh ich  i s  c o l l e c t e d  q u a n t i t a t i v e l y  i n  an i n t e r m e d i a t e  t ank .  An 

a l i q u o t  i s  t h e n  taken ,  reduced t o  methane, and measured by  a fla.me 

i o n i z a t i o n  d e t e c t o r  (FID).  A p o r t i o n  o f  t h e  sample c o l l e c t e d  i n  t h e  

evacuated sample t a n k  i s  i n j e c t e d  i n t o  a gas chromatograph ic  column t o  

sepa ra te  t h e  nonmethane o r g a n i c s  f rom t h e  i n h e r e n t  ca rbon  d i o x i d e ,  

carbon monoxide, and methane. The nonmethane f r a c t i o n  a f t e r  e l u t i o n  

i s  o x i d i z e d  c a t a l y t i c a l l y  t o  C02, reduced t o  methane, and measured by  

FID. F i g u r e  6-4 i s  a s i m p l i f i e d  schemat ic  o f  t h e  a n a l y s i s  p rocedure .  

6 .1 .4  Combinat ion EPA Method 5X and EPA Method 25 

D u r i n g  two source t e s t s ,  EPA has used a samp l ing  t r a i n  c o n s i s t i n g  

o f  EPA Method 5X ( m o d i f i e d  EPA Method 5) and one o r  more EPA Method 25 

train^.^ F i g u r e  6-5 i s  a schematic o f  t h i s  samp l ing  system. The 

Method 25 t r a i n s  sample a s l i p  s t ream f rom beh ind  t h e  i n i t i a l  Method 5X 

f i l t e r .  Thus, b o t h  Method 5X and Method 25 samples a r e  t aken  i s o k i n e t -

i c a l l y .  EPA Method 5X i s  s i m i l a r  t o  EPA Method 5 and ODEQ Method 7,  

t h e  ma jo r  e x c e p t i o n  b e i n g  t h a t  t h e  p robe  and f r o n t  f i l t e r  a r e  m a i n t a i n e d  

a t  177' + 14' C (350' + 25' F j .  Th i s  tempera tu re  i s  a p p r o x i m a t e l y  t h e  

average veneer d r y e r  exhaust  tempera tu re ;  t h e  f i l t e r  a t  t h i s  t empe ra tu re  

exc ludes  f rom t h e  Method 25 samples o n l y  o r g a n i c  m a t t e r  t h a t  condenses 

a t  o r  above 177' C (350' F). Standard Method 25 and ODEQ 7 a n a l y t i c a l  

p rocedures  a r e  used on t h e  samples c o l l e c t e d .  

T h i s  samp l ing  and a n a l y s i s  system p r o v i d e s  es t ima tes  o f  b o t h  

p a r t i c u l a t e  p l u s  condens ib l e  o r g a n i c  emiss ions  (Method 5X) and t o t a l  

o r g a n i c  emiss ions  (Method 25). These r e s u l t s  a r e  n o t  comparable 

because Method 25 measurements i n c l u d e  t h e  noncondens ib le  m a t e r i a l  

w h i l e  Method 5X does no t .  Method 5X has t h e  same p o t e n t i a l  p rob lem 

w i t h  l o s s  o f  sample d u r i n g  a n a l y s i s  d i scussed  f o r  ODEQ Method 7.  

6 .2  PLYWOOD SANDER TEST METHOD 

EPA Method 5 i s  t h e  t e s t  method a p p l i c a b l e  t o  sanders.  Few 

sanderdus t  c o n t r o l  systems have been t e s t e d  t o  show removal  e f f i c i e n c y .  
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P a r t i c u l a t e  loads f rom sanders o f t e n  a r e  c a l c u l a t e d  f rom t h e  plywood 

feed  r a t e  and t h e  depth o f  c u t  due t o  sanding. Emiss ion r a t e s  a f t e r  

c o n t r o l  dev ices can then  be measured w i t h  EPA Method 5. 

5 .3  RESULTS OF EMISSION TESTING 

6 .3 .1  Veneer Dryers  

6 .3 .1 .1  U n c o n t r o l l e d  Emissions. Table 6 - 1  p resen ts  t h e  r e s u l t s  

o f  t e s t s  o f  u n c o n t r o l l e d  veneer d r y e r s  d r y i n g  Douglas f ir .  The da ta  

rep resen t  p a r t i c u l a t e  and condens ib le  o rgan i c  emissions as measured by 

ODEQ Method 7  o r  EPA Method 5X. The wide v a r i a t i o n  i n  emiss ions even 

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

emissions f a c t o r s  f o r  plywood veneer d rye rs .  Some o f  t h i s  v a r i a t i o n  

i s  p robab l y  due t o  d i f f e r e n c e s  i n  t h e  e x t e n t  o f  unmeasured, f u g i t i v e  

emiss ions among t h e  d rye rs  t e s t e d .  The average emiss ion  r a t e  f o r  t h e  

seven t e s t s  o f  steam-heated d r y e r s  i s  5.9 g/m2, 9.5-mm b a s i s  (1.2 

!b/1,000 f t2,  0.375-in.  bas i s ) .  The average emiss ion  r a t e  f o r  t h e  

seven t e s t s  o f  g a s - f i r e d  d rye rs  i s  5.4 g/m2, 9.5-mm b a s i s  (1.1 l b /  

1,000 ft2,0.375- in .  b a s i s ) ;  these t e s t s  a l s o  show wide v a r i a t i o n  i n  

emiss ion  f a c t o r s .  

The average emiss ion  r a t e  o f  p a r t i c u l a t e  and condens ib le  m a t t e r  

f o r  s i x  t e s t s  o f  wood - f i r ed  veneer d rye rs  i n  Table 6 - 1  i s  5.13 g/m2, 

9.5-mm bas i s  (1.05 1  b/1,000 f t2 ,  0.375- in .  b a s i s ) .  Opera t ing  cond i -  

t i o n s  f o r  th2se systems a r e  n o t  known, and t h i s  average may n o t  be 

t y p i c a l  o f  t h e  i n d u s t r y .  The American Plywood A s s o c i a t i o n  es t imates  

t h a t  a more reasonable average emiss ion f a c t c r  i s  7 .8 g/m2, 9.5-mm 

b a s i s  (1 .6  lb/1,000 f t2,  0.375- in .  bas is ) .1°  

EPA measured u n c o n t r o l l e d  o rgan i c  emissions by us ing  EPA Method 25 

a t  two m i l  1s d r y i n g  p redominant ly  Douglas f ir .  The sampl i n g  t r a i n  was 

as i l l u s t r a t e d  i n  F i g u r e  6-5. Resu l ts  o f  these  t e s t s  a r e  d iscussed i n  

Subsect ion 6.3.1.2.  Uncont ro l  l e d  emissions f o r  these  two t e s t s  aver-

aged 4 .3  and 5 .4  g/m2 as C1, 9.5-mm b a s i s  (0.87 and 1.1 lb/1,000 f t2  

as C1, 0 .375- in .  b a s i s ) .  

WSU conducted ex tens i ve  t e s t i n g  o f  u n c o n t r o l l e d  veneer d r y e r s  i n  

t h e  e a r l y  1970 's .  Problems i n  t h e  WSU t e s t  method were d iscovered  

near t h e  end of t h e  t e s t i n g  program. C o r r e c t i o n  f a c t o r s  were 
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e s t a b l i s h e d  f o r  c e r t a i n  wood spec ies  based on l i m i t e d  comparisons t o  

ODEQ t e s t  r e s u l t s  ( t e s t s  per formed w i t h  a p r e l i m i n a r y  v e r s i o n  o f  Method 

Whi le  wide v a r i a t i o n s  were observed among d r y e r s  t e s t e d ,  average 

p a r t i c u l a t e  and condens ib le  o rgan i c  emiss ion  r a t e s  f o r  Douglas f ir and 

Ponderosa p i n e  a r e  es t ima ted  a t  4 and 10 g/m2, 9.5-mm b a s i s  (0 .9  and 

2 . 1  lb/1,000 f t2,  0.375- in .  bas i s ) .  Noncondensible o r g a n i c  emiss ions 

f rom these  two spec ies,  as measured by THA, a r e  es t ima ted  a t  0.3 and 

1.5 g/m2, 9.5-mm b a s i s  (0.07 and 0 .3  lb/1,000 f t2,  0.375- in .  bas i s ) ;  

noncondensib le  o r g a n i c  emiss ions f rom Southern p i n e  (spec ies  unknown) 

a r e  es t ima ted  f rom t h e  e a r l y  WSU da ta  a t  1 .5  g/m2, 9.5-mm b a s i s  (0 .3  

l b / f t 2 ,  0 .375- in .  bas i s ) .  As p r e v i o u s l y  d iscussed,  these  da ta  may be 

i n  e r r o r  because o f  sample l o s s  i n  t h e  t r a i n .  

I n  1981, a WSU team aga in  sampled a  s e r i e s  o f  u n c o n t r o l l e d  veneer 

d r y e r s  u s i n g  a s i m i l a r  c o l l e c t i o n  techn ique  f o r  condens ib le  emiss ions ,  

b u t  a n a l y s i s  was by gas chromatography/mass spect roscopy.  S t a i n l e s s  

s t e e l  c o l l e c t i o n  c a n n i s t e r s  and a n a l y s i s  by gas chromatography were 

used f o r  t h e  condens ib le  f r a c t i o n .  Tab le  6-2 summarizes da ta  on t h e  

s p l i t  between te rpene emiss ions and o t h e r  u n c o n t r o l l e d  s t a c k  emiss ions 

c o l l e c t e d  d u r i n g  t h i s  s tudy.  The noncondensi b l e  o r g a n i c  f r a c t i o n  

exceeds t h e  condens ib le  f r a c t i o n  f o r  most s tacks  i n  Tab le  6-2, i n  

c o n t r a s t  t o  r e s u l t s  o b t a i n e d  d u r i n g  t h e  e a r l i e r  WSU s tud ies .  N ~ n c o n -

d e n s i b l e  o r g a n i c  emiss ions f rom Douglas f ir and L o b l o l l y  p i n e ,  f o r  

example, compose more than  80 pe rcen t  o f  t o t a l  emiss ions f rom these  

woods i n  Tab le  6-2. Veneer p r o d u c t i o n  r a t e s  a r e  n o t  a v a i l a b l e  f o r  t h e  

1981 WSU s tudy ,  so emiss ion  f a c t o r s  cannot  be c a l c u l a t e d  f rom these 

data.  Resu l t s  suggest t h a t  e a r l i e r  t o t a l  emiss ion  r a t e  es t ima tes  by 

o t h e r  methods may be low. 

The N a t i o n a l  Counc i l  o f  t h e  Paper I n d u s t r y  f o r  A i r  and Stream 

Improvement, I n c .  (NCASI) r e c e n t l y  has conducted EPA Method 25 

emiss ions t e s t s  on a number o f  u n c o n t r o l l e d  veneer d r ye rs .  Resu l t s  

w i l l  be p u b l i s h e d  i n  a t e c h n i c a l  b u l l e t i n ,  which i s  p r e s e n t l y  i n  d r a f t  

form. Tab le  6-3 summarizes t h e  p r e l  i m i n a r y  t e s t  r e s u l t s .  Emissions 

f a c t o r s  r e p o r t e d  a r e  1-hour  average va lues  when t h e  d r y e r  was o p e r a t i n g  

a t  f u l l  c a p a c i t y  on t h e  spec ies  s p e c i f i e d  and a r e  n o t  a d j u s t e d  f o r  t h e  
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TABLE 6-2. DISTRIBUTION BETWEEN TERPENE EMISSIONS AND 
OTHER EMISSIONS1 

~inimuma ~ a x i m u m ~  T o t a l  emi s 'ons 

Wood Stacks sampled 
terpenes 

(%> 
nonterpene 

(% > measured 
(kg/h) ( l b /h )  

- -

Douglas f i r  1o f  5 (middle) 

White f i r  1o f  6 (middle) 

White f i r  ( 2  o f  4, 1o f  2 
green end and 1 
o f  2 d r y  end) 

Larch 2 o f  5 (green and 
d r y ) 

Larch 1o f  6 (middle) 

Lob1 01 l y  p i n e  

Lob lo l  l y  p i  ne 2 o f  5 (middle and 
d r y  

Shor t  l e a f  2 o f  3 (green and 
p i n e  d r y  

Short  l e a f  2 o f  3 (green and 
p i n e  d r y1 

Slash p ine  

aCalcu la ted from summation i n  l b / h  o f  on l y  s tacks sampled f o r  each dryer .  

b ~ h e s e  a re  t o t a l  d r y e r  emissions on ly  i f  a? 1 d rye r  stacks were sampled. 

Not i n c l u d i n g  alpha-pinene observed i n  the  condensate o r  f i l t r a t e  samples. 

d ~ n c lud i  ng a1 pha-pi nene observed i n  the  condensate and f i1 t r a t e  samples. 



Heat source Species M i  11 

Exhaust-. ...- -

temperature
("0 

Exhaust r a t e  

dstdm3/ d s t d f t 3 /  
1,000 m2 1,000 f t2  

Organic emissions 
(as C H A I.- - ---*, 

g/m2 lb/1,000 f t2  

Steam Doug1 as f i r  sap 
Douglas f i r  h e a r t  

A 
A 
E 
t 

Douglas f ir  mixed D 
D 
D 
F 
F 
F 

Douglas f i r  & 
hem1 ock E 

Lodgepole p i n e  
L o b l o l l y  & sho r t -

1 ea f  p i n e  

A 

G 
G 
J 
J 

Douglas f ir  r e d r y  A 

Wood- res  idue 
d i r e c t - f i r ed  

Douglas f i r  sap 
Douglas f i r  h e a r t  
Douglas & w h i t e  f i r  
Hemlock& w h i t e  f i r  

M 
M 
L 
J 



pe rcen t  r e d r y .  Normal ly  about  10 t o  20 pe rcen t  o f  t h e  veneer must be 

r e d r i e d .  Emissions f a c t o r s  f o r  r e d r y  a r e  very  low compared t o  green 

veneer. D a i l y  average emiss ions f a c t o r s  shou ld  be a d j u s t e d  t o  compen- 

sa te  f o r  t h e  amount o f  r e d r y  o r  would be c a l c u l a t e d  based on d a i l y  n e t  

p roduc t i on .  l 1  

6.3.1.2 Emiss ion Tes ts  o f  Con t ro l  Devices. ODEQ Method 7 i s  t h e  

o n l y  t e s t  method t h a t  has been used e x t e n s i v e l y  on exhaust  streams 

f rom veneer d r y e r  emiss ion  c o n t r o l  dev ices.  Tables 6-4 and 6-5 p resen t  

emiss ion  da ta  f o r  severa l  t ypes  o f  wet scrubbers,  which a r e  desc r i bed  

i n  more d e t a i l  i n  Chapter 2. Removal e f f i c i e n c i e s  o f  up t o  90 p e r c e n t  

o f  p a r t i c u l a t e  and condens ib le  o rgan i c  emiss ions (as measured by ODEQ 

Method 7) have been r e p o r t e d  f o r  c e r t a i n  h i g h - e f f i c i e n c y  wet  scrubbers 

t h a t  i n c o r p o r a t e  m i s t  e l i m i n a t o r s  i n t o  equipment design. 

Resu l t s  o f  an EPA source t e s t  o f  f o u r  steam-heated veneer d r y e r s  

c o n t r o l l e d  by a wet scrubber  were i nconc lus i ve .  The system t e s t e d  was 

a spray tower /cyc lone  scrubber  w i t h o u t  a  m i s t  e l i m i n a t o r .  Removal 

e f f i c i e n c y  f o r  p a r t i c u l a t e  and condens ib le  o rgan i c  emiss ions (as 

measured by EPA Method 5X) v a r i e d  from 6 t o  29 pe rcen t  i n  t h r e e  runs ,  

averag ing  o n l y  16 percen t .  The removal e f f i c i e n c y  f o r  t o t a l  o rgan i c  

emiss ions (as measured by EPA Method 25) ranged f rom l e s s  t han  zero t o  

14 p e r c e n t  i n  t h r e e  runs,  averag ing  l e s s  t han  zero. Whi le  i t  i s  

p o s s i b l e  f o r  o rgan i c  m a t e r i a l  t o  be s t r i p p e d  f rom scrubber  wa te r  by 

exhaust  gases, i t  i s  n o t  l i k e l y  t o  have occu r red  c o n s i s t e n t l y  through-  

o u t  t h e  week o f  t e s t i n g .  Some o f  t h e  e r r o r  i s  a t t r i b u t e d  t o  t h e  

d i f f i c u l t y  i n  a p p l y i n g  Method 25 t o  wet,  p a r t i a l l y  condensed exhaust 

streams such as sc rubber  o u t l e t s .  A n a l y t i c a l  r e s u l t s  f rom t h r e e  

l a b o r a t o r i e s  t h a t  s p l i t  Method 25 samples on t h i s  source t e s t  showed 

wide v a r i a t i o n ,  a l t hough  a l l  t h r e e  showed nega t i ve  removal e f f i c i e n c i e s  

across t h e  scrubber .  

At tempts t o  t e s t  b o i l e r  i n c i n e r a t i o n  systems a l s o  have been 

i n c o n c l u s i v e .  Resu l t s  o f  EPA sampl ing o f  such a system t r e a t i n g  

emiss ions f rom t h r e e  steam-heated veneer d r y e r s  a r e  g i ven  i n  Tables 

6-6 th rough 6-8. These da ta  i n d i c a t e  b u t  do n o t  c o n f i r m  t h e  proba- 

b i l i t y  t h a t  removal e f f i c i e n c y  o f  condens ib le  o rgan i c  compounds was 



m
u

r
-

o
r
-

o
m

-
r

-
m

m
 

0
0

0
0

0
0

 

0
0
0
0
0
0
 



m
a

C
l

o
Y

I
0

a
C

l
N

m
O

Y
I

N
N

N
C

I
N

N
 

,
u

u
u

 
u

u
 

0
0

0
0

 
0

0
0

 
m

a
m

a
 

o
a

m
 8

8
 

'?
m

*?
m

. 
cO

---, m
.5

 
N

N
N

N
 

v22a 
2

z
 



- - -- 

T A B L E  6-5. E M I S S I O N  D A T A  FOR S A N D A I R  F I L T E R  SYSTMES ON VENEER D R Y E R S ~l 2  l 5  
.- - - .. -- .-----

P a r t i c u l a t e  and b 
Test condensible organic emissions 

0r Veneer product ion I n l e t  O u t l e t  
run Number Temperaturea 

(1,000 m2/h, (1,000 f t 2 / h ,  concentrat ion concentrat ion 
( O  ''~ u n - Exhaust f low ra tea  and type 9.5-mm 0.375-in. (g/stdm3, ( g r / s t d f t 3 ,  (g/stdm3, ( g r / s t d f t 3 ,  Removal 

ber (stdm3/s) ( s t d f t v m i n )  o f  dryers I n l e t  O u t l e t  bas is)  has is )  dry)  dry  d ry )  d ry )  (%) 

2 (GA) 132 
3 (ST) 137 
3 (ST) 143 
3 (ST) (163) 
3 (ST) (163) 
3 (ST) (163) 
3 (ST) (163) 
3 (ST) (163) 
3 (ST) (163)
----..- ..------. 

GA = na tu ra l -gas- f i red  dryer(s).  
ST = steam-heated dryer(s).  

a ~ a l u e si n  parentheses are estimated. 

b ~ smeasured by ODEQ Method 7. 

' ~ r ybasis. Other f l ow r a t e  values are on a wet basis 

d ~ e s t s4 through 9 were run on the same u n i t .  I n  t e s t s  4 through 6, the f i l t e r  depth was 50 percent greater  than the 
design depth. 



T A B L E  6-6a. RESULTS OF EPA T E S T S  OF A B O I L E R  I N C I N E R A T I O N  SYSTEM--  
P A R T I C U L A T E  AND CONDENSIBLE ORGANIC E M I S S I O N S 7  

( M e t r i c  U n i t s )  

Run number 1 3 4a 5a 6 b
Date 9/21/81 9/23/81 9/24/81 9/24/81 9/25/81 Average 
Emission po in t  Dryers B o i l e r  2 bryers B o i l e r  2 Dryers Bo i le r  2 Dryers Bo i le r  2 Dryers Bo i le r  2 Dryers Bo i le r  2 


Sa~lple voltme (dry stdm3)' 1.41 1.10 1.31 1.04 NA 0.86 NA 0.92 1.18 1.08 1.30 1.07 

Stack gas flow rate 
(dry stdm3/min) 

Stack temperature ( O  C )  157 217 160 216 MA 159 NA 170 159 218 159 217 


Stack gas moisture (X by 15.1 17.4 11.7 19.2 MA 15.2 NA 21.2 11.2 18.3 12.7 18.3 
voltme) 

lsokinesis (X) 112 104 99.6 101 NA 95.5 MA 106 99.7 101 104 102 


Wet fan AP (m H20) NA 18.5 MA 12.7 NA 14.0 NA 23.9 NA 14.0 NA 15.0 

Average opacity (X) NA 16 N A 8 NA 9 N A 10 MA 9 MA 10 


Production ra te  (1.000 m2/hld 2.94 2.68 NA NA NA N A 2.26 2.63 
m 

kg/ 1,000 m2 4.73 5.48 6.38 6.01 NA NA N A MA 6.24 5.62 5.78 5.69 
---.- - -- ---- - - - _ ----.------
NA = not applicable. 

anoi ler  background emission test .  

b~verage does not include b o i l e r  background emission tests .  

C~ tandardconditions are 760 ru l lg a t  20° C.  

*on 9.5-MI basis, includes t r i m  factor ;  does not account f o r  redry material .  



-- -- 

------- 

TABLE 6-6b. RESULTS OF EPA TESTS OF A B O I L E R  I N C I N E R A T I O N  SYSTEM-- 
PARTICULATE AND CONDENSIBLE ORGANIC EMISS IONS7  \ 

( E n g l i s h  U n i t s )  

Run number 
Date 
Emission point  

1 
9/21/81 

Oryers B o i l e r  2 

3 
9/23/01 

Dryers B o i l e r  2 

4a 
9/24/81 

Dryers B o i l e r  2 

5a 
9/24/81 

bryers B o i l e r  2 

6 
9/25/81 

Dryers B o i l e r  2 
Average

b 

bryers B o i l e r  2 
- - - -

Sample volume (dry stdft31c 48.5 38.9 46.1 36.6 N A 30.5 NA 32.6 41.8 38.0 45.9 37.8 

Stack gas flow rate 
(dry /s tdf t3)c  

Stack temperature (" F) 315 422 320 421 NA 3 17 HA 3 38 322 424 319 422 

Stack gas moisture (% by 15.1 17.4 11.7 19.2 N A 15.2 N A 21.2 11.2 18.3 12.7 18.3 
volume) 

lsokinesis (%) 112 104 99.6 101 N A 95.5 HA 106 99.7 101 104 102 

Wet fan AP ( in .  tI20) N A 0.73 NA 0.50 NA 0.55 N A 0.94 NA 0.55 NA . 0.59 

Average opacity (X) N A 16 NA 8 N A 9 N A 10 N A 9 N A 10 
N 
O Production ra te  (1,000 f t2 /h)*  31.7 28.8 N A N A N A N A 24.3 28.3 

Particulate/condensi b l e  emissions 

g/dry s t d f t 3  0.153 0.104 0.175 0.107 NA 0.127 NA 0.150 0.156 0.082 0.161 0.098 

lb/1,000 f tzd 0 99 1.12 1.31 1.23 NA N A N A NA 1.28 1.16 1.19 1.17 
-- -- - - .-- - - .- -.---- -- ----- --- -- -- ------ -- ---- --
NA = not applicable 
aBoi l e r  background emission t e s t .  

b~verage does not include b o i l e r  background emission tests .  

'standard conditions are 29.92 in .  Hg a t  68" F .  

3/8-in. basis, includes t r i m  factor ;  does not account fo r  redry mater ia l .  



TABLE 6-7a. RESULTS OF EPA TESTS OF A BOILER INCINERATION SYSTEM--TOTAL 
ORGANIC EMISSIONS (METHOD 25) AT VENEER DRYER EXHAUST7 

( M e t r i c  U n i t s )  

Run number 1 3 6 
Date 9/21/81 9/23/81 9/25/81 Average 

Stack gas f low raae 
(dry  stdm3/min) 

Stack temperature ( O  C )  

Stack gas moisture (% by 
volume) 

Product ion r a t e  (1,000 rn2/h) b 2.94 2.68 2.26 2.63 

Analysis labora to ry  TRC NCASl TRC NCASI TRC NCASI TRC NCASI 

Tota l  organic emissionsc 

PPm ( C 1 )  

g/dry stdm3 (C,) 

kg/h (C,) 

kg/1,000 m2 (C,) 

TRC = TRC Environmental Consultants, Inc. 
NCASl = Nat ional  Council f o r  A i r  and Stream Improvement. 

a ~ t a n d a r d  cond i t i ons  are 29.92 in .  Hg a t  68O F. 

bOn 3/8- in. bas is ,  inc ludes t r i m  fac to r ;  does n o t  account f o r  red ry  mater ia l .  

C ~ m i s s i o n s  ca lcu la ted  and repor ted as C,. Does n o t  inc lude f r o n t  h a l f  r e s u l t s  from Method 5X sample. 

data p o i n t  from Test Run 1n o t  considered representat ive.  Parenthet ica l  values are approximations based on 
other  t e s t  runs. 



-- - 

TABLE 6-7b. RESULTS OF EPA TESTS OF A BOILER I N C I N E R A T I O N  SYSTEM--TOTAL ORGANIC 
EMISSIONS (METHOD 25) AT VENEER DRYER EXHAUST7 

( E n g l i s h  U n i t s )  

Run number 1 3 6 
Date 9/21/81 9/23/81 9/25/81 Average 

Stack gas f low raae 
(dry  stdm3/mi n) 

Stack temperature ( O  F)  

Stack gas moisture (% by 
vo l  ume) 

Production r a t e  (1,000 m2/h) b 
31.7 28.8 24.3 28.3 

Analysis labora to ry  TRC NCASI TRC NCASI TRC NCASI TRC NCASI 

Tota l  organic emissionsC 

PPm (C1) 

gr /dry  s t d f t 3  (C1) 

lb /h  (C1) 

TRC = TRC Environmental Consultants, Inc. 
NCASI = Nat ional  Council f o r  A i r  and Stream Improvement. 

a ~ t a n d a r d  condi t ions are 29.92 i n .  Hg a t  68O F. 

bOn 3/8-in. basis, includes t r i m  fac to r ;  does no t  account f o r  red ry  mate r ia l .  

C ~ m i s s i o n s  ca lcu la ted  and repor ted as C1. Does no t  inc lude f r o n t  h a l f  r e s u l t s  from Method 5X sample. 

data p o i n t  from Test Run 1n o t  considered representat ive.  Parenthet ica l  values are approximations based on 
other  t e s t  runs. 



-- - - - -- - - - - 

--6 

T A B L E  6-8a. RESULTS OF EPA T E S T S  OF A B O I L E R  I N C I N E R A T I O N  SYSTEM-- 
T O T A L  ORGANIC E M I S S I O N S  (METHOD 25) A T  B O I L E R  EXHAUST7 

( M e t r i c  U n i t s )  
-- - . - -- - - --- - - - --- - - - - - -- - - - - --- --. - ---- -- - - -- - - -- - - - - - ---

Run number 1 3 4a 5" 6 Average AverageC 
Date 9/21/81 9/23/81 9/24/81 9/24/81 9/25/81 (1, 3, 6)  (4, 5) 

Stack gas f low rabe 1,120 1,090 
(d ry  stdm3/min) 

Stack temperature ( O  C) 217 2 16 159 170 2 18 

Stack gas moisture (% by 17.4 
volume 

Product ion r a t e  (1,000 ~ ' / h ) ~  2.94 2.68 NA NA 2.26 2.63 NA 

Analysis laboratory TRC NCASI TRC NCASI TRC NCASI TRC NCASI T RC NCASI T RC NCASI IRC NCASI 

To ta l  organic emissions f 

PPm (CI) 741 23.3 1,175 146 744 173 1,425 120 755 71 .1  890 80.1 1,085 

kg/1,000m2 (c,) 8.50 0.267 14.3 1.78 N A ~  N A ~  N A ~  N A ~  11.4 1.07 11.4 1.04 N A ~  N A ~  
. - .-..-... -.--- ----- --- - - -.-- . ..-. - - - -- -- - -~ --- --...... ..-.. .. --.. -..-.. .- -

NA = no t  appl icable.  

a ~ o il e r  background emission t e s t .  

b ~ v e r a g e  does no t  inc lude b o i l e r  background emission t e s t .  

'Average o f  b o i l e r  background emission tes ts .  

d ~ t a n d a r d  condi t ions are 29.92 i n .  a t  68' F. 
3/8-in. bas is ,  inc ludes t r i m  f a c t o r ;  does no t  account f o r  red ry  m a t e r i a l .  

f ~ e s u l t s  no t  corrected f o r  COP in te r fe rence .  See Sect ion 5.3.2.5. (Adjustments w i l l  be made t o  the data i n  the f i n a l  r e p o r t ) .  

g ~ o i l e r  load increased near the end o f  Run 4 and mainta ined a t  increased load dur ing  Run 5. 
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g r e a t e r  t han  70 percen t .  However, Method 25 a n a l y t i c a l  r e s u l t s  showed 

such v a r i a t i o n  between l a b o r a t o r i e s  t h a t  c a l c u l a t i o n  o f  removal e f f i -  

c i e n c i e s  i s  n o t  v a l i d .  The cause o f  t h e  sampl ing and/or a n a l y t i c a l  

problems o f  t h i s  t e s t  i s  n o t  known. ODEQ has a t tempted  t o  t e s t  b o i l e r  

i n c i n e r a t i o n  systems a t  t h r e e  p l a n t s  u s i n g  a  THA, b u t  a  v o l a t i l e  

o rgan i c  compound (VOC)  removal e f f i c i e n c y  (69 pe rcen t )  c o u l d  o n l y  be 

c a l c u l a t e d  f o r  one p l a n t .  l 6  

Emission r e d u c t i o n s  r e p o r t e d l y  can be achieved by d r y i n g  veneer 

f o r  l onge r  t imes  a t  lower  temperatures t han  no rma l l y  used. Tab le  6-9 

g i v e s  t h e  r e s u l t s  o f  emiss ion t e s t s  on d rye rs  where i n t e r n a l  tempera- 

t u r e  (and thus  s t a c k  temperatures)  were lowered. 

6.3.2 S t a t e  Regu la t ions  A p p l i c a b l e  t o  Plywood P l a n t s  

Oregon i s  t h e  o n l y  S t a t e  t h a t  has emiss ion r e g u l a t i o n s  t h a t  app l y  

s p e c i f i c a l l y  t o  t h e  plywood i n d u s t r y .  Tab le  6-10 summarizes these  

r e g u l a t i o n s .  The S t a t e ' s  re fe rence  t e s t  method (Oregon Department o f  

Environmental  Q u a l i t y  Method 7) measures o rgan i c  ae roso l s  as p a r t i c u -

1  a te .  

The S t a t e  of  Washington and some l o c a l  agencies i n  Washington use 

genera l  r e g u l a t i o n s  which a r e  a p p l i c a b l e  t o  a l l  i n d u s t r y  t o  l i m i t  

emissions f rom plywood p l a n t s .  V i s i b l e  emissions a re  l i m i t e d  t o  an 

o p a c i t y  o f  20 pe rcen t ,  and p a r t i c u l a t e  m a t t e r  i s  l i m i t e d  t o  a  concen- 

t r a t i o n  o f  0.23 g /d ry  stdm3 ( 0 . 1  g r / d r y  s t d f t " .  

Other  l o c a t i o n s  l i m i t  emissions f rom t h i s  i n d u s t r y  o n l y  w i t h  an 

o p a c i t y  s tandard  t h a t  i s  a p p l i c a b l e  t o  a l l  i n d u s t r y ,  t y p i c a l l y  20 t o  

40 percen t .  

6 .3 .2 .1  Veneer Dryer  Con t ro l  Eva lua t ion .  These emissions c o n s i s t  

of  condens ib le  and noncondensible o rgan ics  and a  smal l  amount o f  

f i l t e r a b l e  p a r t i c u l a t e s .  A l though some losses  occur  d u r i n g  a n a l y s i s ,  

ODEQ 7  appears t o  be t h e  most reasonable procedure f o r  measuring 

condens ib le  o rgan ics  and f i l t e r a b l e  p a r t i c u l a t e s .  The procedure c o u l d  

be s a t i s f a c t o r y  t o  eva lua te  t h e  performance o f  wet  scrubbers and wet 

e l e c t r o s t a t i c  p r e c i p i t a t o r s  ( i o n i z i n g  wet  scrubbers) .  

6 .3.3 Plywood Sanders 

Few da ta  e x i s t  t h a t  show removal e f f i c i e n c i e s  o f  plywood sander- 

d u s t  emiss ion c o n t r o l  systems. Only e x i t  streams sometimes a re  t e s t e d ,  
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TABLE 6-10. SUMMARY OF STATE OF OREGON REGULATIONS 
FOR PLYWOOD MANUFACTURING 

Veneer d r v e r s  

Opac it y  : 10 pe rcen t  des ign  o p a c i t y  
10 pe rcen t  average o p e r a t i n g  o p a c i t y  
20 pe rcen t  maximum o p a c i t y  

P a r t i c u l a t e  l i m i t a t i o n s  f o r  wood - f i r ed  d rve rs :  

(a)  3.7 g/m2, 9.5-mm b a s i s  I f  f u e l  has mo is tu re  c o n t e n t  
(0.75 lb/1,000 f t2 ,  0.375-in.  by we igh t  o f  (20 pe rcen t  
b a s i s )  

(b)  7 .3 g/m2, 9.5-mm b a s i s  I f  f u e l  has mo is tu re  c o n t e n t  
(1.5 lb/1,000 f t2,  0.375-in.  by we igh t  o f  >20 p e r c e n t  
b a s i s )  

(c )  I n  a d d i t i o n  t o  (a) and (b)  above, 0 .4 g/kg o f  steam generated 

More r e s t r i c t i v e  l i m i t a t i o n s  can be p laced  on p a r t i c u l a r  p l a n t s  i n  
s p e c i a l  problem areas. 

Other  emiss ion sources (exc lud ing  veneer d r y e r s  and b o i l e r s )  

P a r t i c u l a t e  l i m i t a t i o n s :  

4.9 g/m2, 9.5-mm b a s i s  Plywood o r  veneer p r o d u c t i o n  
(1 lb /1 ,000  f t2 ,  0.375- in .  bas i s )  



---- -- 

T A B L E  6-11. E M I S S I O N S  FROM PLYWOOD SANDERS W I T H  PRODUCT RECOVERY C Y C L O N E S ' ~  l7 

P a r t i c u l a t e  Meanconcentrat ion 
Test e x i t i n g  Removal 

o u t l e t  p a r t i c l e  

o r  run Exhaust f low r a t e  Sanded product iona Depth o f  c u t  the cyclone e f f i c i e n c y  s i ze  (pm) 
number (stdm3/s) (s tdf t3 /min)  (1,000 m2/h) (1,000 f t 2 / h )  (mm) ( i n . )  (g/stdm3) ( g r / s t d f t 3 )  (%I Size Range 

a
Production re fe rs  t o  the surface area o f  one s ide o f  the oanels t h a t  reach the sander. 

b ~ n l e t  loadings were ca lcu la ted  based or, product ion data, depth-of-cut data, o r  changes i n  panel weight dur ing  sanding. 

C~easuredon a count basis. 

d~easured on a weight bas is  
e
Average o f  three tes ts  on a bank o f  fou r  cyclones 

f ~ r ybasis. Other f low r a t e  values are on a wet basis. 



and f a b r i c  f i l t e r  systems o f t e n  a re  assumed t o  be i n  compl iance w i t h o u t  

t e s t i n g .  Tab le  6 -11  summarizes t e s t  da ta  f o r  plywood sanderdust  cyc lones 

f o r  which i n l e t  p a r t i c u l a t e  l o a d i n g  can be es t imated .  These da ta  

i n d i c a t e  t h a t  h i g h - e f f i c i e n c y  cyc lones can achieve 99 pe rcen t  removal 

o f  plywood sanderdust.  Ac tua l  removal r a t e s  va ry  acco rd ing  t o  t y p e  of 

wood sanded, presence o r  absence o f  sawdust (sawdust i s  sometimes 

ducted t o  t h e  same cyc lone  as sanderdust ) ,  p a r t i c u l a t e  l o a d i n g  r a t e s ,  

and equipment design. 
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