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ABSTRACT 

This repor t  p re sen t s  t h e  r e s u l t s  of an ex tens ive  f i e l d - t e s t i n g  program 
t o  cha rac t e r i ze  p a r t i c u l a t e  emissions from a l f a l f a  dehydrating p l a n t s  and 
t o  eva lua te  t h e  cos t / e f f ec t iveness  of a v a i l a b l e  c o n t r o l  methods. 
Testing was conducted during t h e  growing seasons of 1971, 1972, and 1973 
a t  four teen  p l a n t s  i n  Kansas, Nebraska and Colorado. 

I n  the  f i r s t  t e s t i n g  phase (1971), cyclone e f f l u e n t s  were sampled t o  
determine m a s s  r a t e s  and s i z e  d i s t r i b u t i o n s  of p a r t i c u l a t e s  emitted 
from t h e  drying, gr inding ,  and p e l l e t i n g  opera t ions ,  under measured 
process opera t ing  conditions.  
of t h e  u n i t  operations.  
drying opera t ion  comprise more than 75% of the t o t a l  emissions, and 

7-J w e  g -rate, q u a l i t u e x - o p e  cyclone c o l l e c t o r  e f f i c i ency .  
Typically,  a 0% re c t i o n  i n  dryer  emissions i s  requi red  t o  meet t h e  
common process- e 

I n  the  second t e s t i n g  phase (1972), benchmark performance da ta  were 
obtained on two p i lo t - sca l e  and t h r e e  f u l l - s c a l e  w e t  scrubbers and on 
two f u l l - s c a l e  con t ro l  systems which recyc le  e f f l u e n t  from t h e  primary 
cyclone. During each performance tes t ,  proce o er t i n g  condi t ions  
were monitored. Performance d a t a  f o r  t h e  inc lude  f r a c t i o n a l  
c o l l e c t i o n  e f f i c i ency ,  gas throughput, p re s su re  drop, and water usage. 
Test r e s u l t s  i n d i c a t e  t h a t  medium e f f i c i ency  w e t  scrubbers have t h e  poten- 

Emission f a c t o r s  are presented f o r  each 
T e s t  r e s u l t s  show t h a t  emissions from the  

c u m o ? i t > % l , - - D r y e r  emissions vary with process- 

recyc le  of 

s u b s t a n t i a l  f u e l  savings.  

I n  t h e  t h i r d  phase (1973), f u l l  scale c o n t r o l  deviceslsystems were t e s t e d  
t o  determine t h e  e f f ec t iveness  and freedom from opera t ing  problems of an 
in te rmedia te  pressure  drop scrubber and r ecyc le  systems, and the  e f f ec t ive -  
ness of p l an t  modi f ica t ions  and opera t ing  procedures i n  reducing 
p a r t i c u l a t e  emissions. 
monitored process condi t ions  although t e s t i n g  w a s  l imi t ed  t o  p a r t i c u l a t e  
rate measurements at  t h e  o u t l e t s  of con t ro l  devices/systems. 
of w e t  c o l l e c t o r s ,  equipment and methods f o r  water treatment and sludge 
d isposa l  were a l s o  s tudied .  The r e s u l t s  of t h i s  phase demonstrate 
t h a t  dehydrating p l a n t s  can be operated i n  compliance of emission standards 
through p lan t  modi f ica t ions  a n d q e r a t i n g  procedures. The r e su l t s  f u r t h e r  
show t h a t  p a r t i a l  recyc le  of t he  primary e f f l u e n t  back t o  t h e  furnace-and/or 
the  use of%Zrscrub%ers are very.effect3Z-ifZFh~ddsfsubsfZiirialy reaucing 
t ~ a C d . c & & e ~ i s s & n s ,  However, the r e s u l t s  sugges t  t h a t  n i i y h e r  
recyc le  systems m r  wet scrubbers have t h e  c a p a b i l i t y  of br inging  a gross ly  
d i r t y  p l a n t  i n t o  compliance, i . e . ,  a p l a n t  which produces excessive smoke 
as a r e s u l t  of poor opera t ing  procedures andlor  process con t ro l s .  

Pe r iod ic  source t e s t i n g  was performed ur.der 

I n  the  case 

) 
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Based on cost f igures  submitted by the  control equipment manufacturers, 
' equipment and i n s t a l l a t i o n  costs f o r  a w e t  scrubber and water treatment 

system range from $35,000 t o  $45,000 and annual operating cos ts  a r e  
about $2,000. The ins t a l l ed  cos t  of a recycle system is about $20,000 
and a ne t  operating savings of $2,000 is realized because of decreased 
f u e l  usage. 
a control Bfficiency of about 60% f o r  an e f f luen t  of 30,000 a c h .  

This study waa funded by the  U. S. Environmental Protection Agency and by 
the American Dehydrators Association. Midwest Research I n s t i t u t e  
conducted the  f i e l d  tests and performed par t  of t he  engineering and cos t  
evaluations. 

These f igures  apply t o  a model control problem which requires 
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SECTION I 

CONCLUSIONS 

The source t e s t i n g  program conducted by t h e  American Dehydrators 
Association during t h e  p a s t  t h r e e  summers has  provided a s u b s t a n t i a l  
amount of information on the  c h a r a c t e r i s t i c s  of p a r t i c u l a t e  emissions 
from a l f a l f a  dehydrating p l a n t s  and t h e  e f f ec t iveness  of ava i l ab le  

dehydrator t o  p l an  and schedule a t echn ica l ly  and e c o n o m i c a l l p q u ,  
s t r a t e g y  f o r  the c o n t r o l  of p a r t i c u l a t e  emissions t o  meet t e Bay Area 

3 
con t ro l  methods and systems. It now appears poss ib l e  f o r  each (D”1 

Process Weight Rate Standard. o? 
The test program has shown t h a t  t h e  quan t i ty  and s i z e  d i s t r i b u t i o n  of 
emissions from the drying opera t ion  are s t rong ly  dependent on t h e  follow- 
ing conditions:  

i n s e c t  damage, age,  fo re ign  percentage of 
moisture i n  the dry  chops. 
normally occur toge ther ,  high p roduc t iv i ty  emissions may exceed low 
product iv i ty  emissions manyfold. 

P a r t i c l e  s i z e  d i s t r i b u t i o n  measurements have s h a m  t h a t  t he  primary 
cyclone emissions ( d r i e r  emissions) are comprised of mechanically c rea ted  
p a r t i c l e s  and hea t  generated p a r t i c l e s .  The p a r t i c l e s  c rea ted  me- 
chanically are genera l ly  l a r g e r  than 1 micron and are r e f e r r e d  t o  he re in  
a s  dust .  
range. 

A s  a consequence of drying, e s p e c i a l l y  overdrying which f requent ly  occurs 
with high product iv i ty ,  a very  f i n e  p a r t i c u l a t e  smoke i s  generated. 
the  smoke may c o n s t i t u t e  only a s m a l l  mass emission, i t  scatters l i g h t  very 
e f f e c t i v e l y  and may f r equen t ly  r e s u l t  i n  noncompliance with v i s u a l  opac i ty  
regulations.  
e f f i c i ency  con t ro l .dev ices  making e f f e c t i v e  c o n t r o l  p r a c t i c a l l y  impossible. 
Control o f  dryer  generated p a r t i c u l a t e  emissions i s  a l s o  complicated by 
the  l a r g e  volume of moist  c a r r i e r  gases. 

During t h e  t e s t i n g  program, it was learned  t h a t  t h e  v i s u a l  appearance of a 
plume is  not  a r e l i a b l e  i n d i c a t o r  of compliance with a mass l i m i t  regula- 
t ion .  I f  overdrying occurs a t  a p l a n t  where t h e  primary c o l l e c t o r  i s  
r e l a t i v e l y  e f f i c i e n t ,  t h e  opac i ty  l i m i t  might be  exceeded even though 
t o t a l  mass emissions are i n  compliance w i t h  the mass l i m i t  r egula t ion .  
On the  o ther  hand, good dryer  opera t ion  a t  a p l a n t  with an i n e f f i c i e n t  
primary cyclone may r e s u l t  i n  noncompliance wi th  the mass l i m i t  r egu la t ion  
even though t h e  plume ( a f t e r .  steam dissipation) 
opacity regula t ions .  

Emissions from t h e  gr inding  and p e l l e t i n g  opera t ions  cons i s t  of moderately 
coarse p a r t i c l e s  ca r r i ed  by a r e l a t i v e l y  dry air  stream. Additional f i n e  
p a r t i c l e s  are generated by these  opera t ions  i f  t h e  a l f a l f a  has  been over- 
dryed. A t  some p l a n t s ,  t h e  hammermill i s  t h e  production bot t leneck ,  and t h e  
ma te r i a l  is  overdryed t o  inc rease  throughput. 

Since low hay q u a l i t y  and high production rate 

I 

The smoke o r  hea t  c rea ted  p a r t i c l e s  are genera l ly  i n  t h e  submicron 

Although 

Moreovet, t h e  smoke r e a d i l y  pene t r a t e s  conventional medium 

is i n  compliance with 



The t e s t i n g  program has demonstrated the  capab i l i t y  of bringing a l f a l f a  
dehydrating p l an t s  i n t o  compliance through process modif icat ions and 
operat ing procedures. Compliance w a 8  based on production condi t ions at  
or above r a t ed  capacity and wl th  average q u a l i t y  (17% protein)  hay. 
quest ion s t i l l  remains of  whether i t  is poss ib le  t o  opers te  in compliance under 
conditions of low hay qua l i ty  and high production r a t e .  

The 

e performance t e s t i n g  of w e t  scrubbers and recycle  systems for the  con t ro l  
of p a r t i c u l a t e  emissions has demonstrated t h a t  both t y p e s  of systems a r e  
e f f e c t i v e  i n  reducing emissions. Earever.  in a l l  cases ,  t he  test p lan t s  were 
w e l l  “tuned“ p r i o r  t o  t e s t i n g  of a c o n t r o l  system so t h a t  p c o n t r o l l e d  

,emissions w e r e  probably w e l l  b e l m  the  a B a g e f o r  the- i@usry.  Dryer 
cont ro ls  were che?kTdXid adjusted and dryers  were ca re fu l ly  operated s o  
t h a t  the  generat ion of smoke~was minimized. 
operated below ra ted  capaci ty  during t e s t ing .  
a r e  ind ica t ive  of relatively clean 
representa t ive  of t he  industry as a whole. 

Although performance t e s t  r e s u l t s  a r e  encouraging, opera t iona l  problems 
remain t o  be solved. 
water treatment and s l u d g e  d isposa l  - more t e s t i n g  and development work is 
needed t o  provide p r a c t i c a l  and r e l i a b l e  so lu t ions .  The systems which 
recycle  e f f l u e n t  from the  primary c o l l e c t o r  requi re  more ca re fu l  p l a n t  
operat ion and condensation in t he  recyc le  l i n e  can be a problem. 

I n  some c a s e s , ~  p l a n t s  were 
r’!.. I n  o ther  words, the  r e s u l t s  

p l a n t s  which a r e  not  

The wet scrubber systems have a t tendant  problems of 

;: ?// .1 
-Recycle-systems . o H e r - a t t r s c t i v e  f u e l  s a v l n g s y b u t  - t h i s  advantage-may= be  

e a s i l y  exaggerated. 
end of the  dryer  increases  dryer  e f f i c i e n c y  at  lower evaporation r a t e s ;  
bu t ,  a s  t he  evaporation r a t e  is increased ,  the  amount of recycle  must be 
reduced to maintain s u f f i c i e n t  excess air and the  dryer  i t s e l f  becomes 
more e f f i c i e n t .  As a r e s u l t ,  i f  t h e  d rye r  is operated near capac i ty ,  the 
f u e l  savings may become ins ign i f i can t .  

Equipment cos t s  f o r  the  wet co l l ec to r s ,  based on da ta  submitted by the  
manufacturers, a r e  in the  range of $15,000 t o  $25,000 inc luding  about 
$5,000 f o r  a water treatment system. I n s t a l l a t i o n  cos t s  average about 
$15,000, and annual operat ing cos t s  average about $2,000 including 
manpower f o r  equipment maintenance. 

Equipment and i n s t a l l a t i o n  cos ts  f o r  r e t r o f i t  of t he  recycle  systems t o  an 
e x i s t i n g  p l an t  a r e  about $20,000. 
operat ing c o s t s  because of decreased f u e l  usage. 

The t e s t  d a t a  i n d i c a t e  t h a t  p a r t i a l  recyc l ing  of t he  primary cyclone 
e f f l u e n t  back t o  the  furnace had no e f f e c t  on carotene o r  xanthophyll  

Recycle of primary cyclone e f f l u e n t  back t o  t h e  f r o n t  

There may be  a ne t  savings i n  annual 

a b w y  under the  conditions of these  tests. 
- ~ ~- 1 

The t o t a l  p a r t i c u l a t e  emissions from an a l f a l f a  dehydrating p l a n t ,  P--- emission cont ro l ,  average l e s s  than 20 1bs . l t on  of p e l l e t  o r  meal produc- 
1 t ion.  

‘.. - . /’ \ 
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SECTION I1 

RECOMMENDATIONS 

.. I and operat ion c 

-~ 
lent measures. is th&roDer maintenance 

which once generated i T v i r t u a l l v  impossible t o  c o l l e c t .  Harvester 
knivm should be sharp and properiy ahjusted.  
be  uniform. 
and balancing of gas flows. Purnace design and de f i c i enc ie s  should 
be corrected where long flames and flame impingement are troublesome. 
Cyclone co l l ec to r s  should be designed and operated t o  achieve acceptable  
co l l ec t ion  e f f i c i e n c i e s .  Hammermill capaci ty  should be adequate and 
hammer and screen maintained properly.  These s t eps ,  p lus  some reduction 
in p lan t  throughput, e spec ia l ly  under condi t ions of low hay qua l i ty ,  
have been demonstrated t o  b r ing  p l an t s  i n t o  compliance. However, t he  
reduction of emissions by reducing throughput might w e l l  be the  most 
cos t ly  approach. 

Feeder discharge should 
Careful  a t t e n t i o n  should be given t o  temperature cont ro ls  

O e a r t i a l  recvcle  of the  primary cyclone e f f l u e n t  back t o  the  furnace 
appears t o  be  the  second most l o g i c a l  s t e p  t o  cont ro l l ing  the  
p a r t i c u l a t e  emissions from a l f a l f a  dehydrating p lan ts .  The t e s t  r e s u l t s  
show t h a t  recyc le  can s u b s t a n t i a l l y  reduce p a r t i c u l a t e  emissions, may 
reduce fuel-consumption, and would reduce the  n e t  amount of gas t o  b e  t r ea t ed  
i f  a scrubber,  or other  con t ro l  device,  has  t o  be  added. There is a 
po ten t i a l  fo r  operat ing problems with recyc le  a s  a r e s u l t  of condensation in 
the  recycle  l i nes .  Recycle, and o ther  opera t ing  procedures designed t o  
produce higher  moisture dry chops (10% t o  14%),  may cause plugging of t h e  
hillmnermill and o ther  p a r t s  of the  system un les s  t h e  t o t a l  p l an t  is sca led  
f o r  t h i s  type of production. 

0 The f i n a l  s t e p ,  i f  necessary,  t o  br ing  a p l a n t  i n t o  compliance, would be t o  
i n s t a l l  a medium energy wet scrubber.  The test r e s u l t s  i n d i c a t e  t h a t  a 
scrubber with 4" t o  6" of water pressure  drop will br ing  t h e  p a r t i c u l a t e  7 
emissions dorm by a t  leastm I f  the  p a r t i c u l a t e  emissions cons i s t  p r i -  
marily of dus t  Dar t i c l e s ,  a medium e n e r w  w e t  scrubber would a l m o s t  \ / 
ce r t a in ly  b r i n g  the  p lan t  i n t o  compliance. Although t h e  scrubber would / C 

not  be hiphlv e f f e c t i v e  on t he  submicron smoke Dar t ic les .  i t  would do a \ 
the  appearance of the  

smoky plume considerably.  
could not  be brought i n t o  compliance with v i s u a l  opaci ty  regula t ions  by 

There is a s t rong  p o s s i b i l i t y  t h a t  a p lan t  

,approach t o  con t ro l l i ng  the  

f i l t r a t i o n  with a bag house. 
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The p o t e n t i a l  f o r  f i r e s  i n  t h e  bag house can, a t  l e a s t ,  be  reduced wi th  
the use  of a "spark out" loop ; i .e . ,  extend the length  of the a i r  l i n e  
from the  cyclone c o l l e c t o r  t o  the  bag house s u f f i c i e n t l y  f o r  an i g n i t e d  
dus t  p a r t i c l e  t o  have time t o  b u m  out be fo re  i t  reaches t h e  bag house. 
A 60' a i r  l i n e  has worked s a t i s f a c t o r i l y ,  bu t  may not  be  t h e  optimum 
length.  

Hammermill emissions have been s a t i s f a c t o r i l y  con t ro l l ed  by r ecyc l ing  a 
l a r g e  po r t ion  of the e f f l u e n t  from t h e  hammermill system cyclone c o l l e c t o r  
back to  t h e  hammermill. The remaining po r t ion  of t h e  a i r  stream (15% t o  
30%) is  usua l ly  b l ed  of f  t o  the  primary cyclone i n  order  t o  prevent 
excessive hea t  bu i ld  up i n  t h e  hammermill. 
degree of e x p e r t i s e  i f  t h e  hammermill r ecyc le  system i s  t o  func t ion  
properly and not  cause opera t ing  problems. 

This approach r equ i r e s  a good 

' I  per  se. 

The following is a suggested check list f o r  an a l f a l f a  dehydrating p l a n t  
cont ro l  s t r a t e g y .  

1. Survey and cha rac t e r i ze  p l an t :  thoroughly assess t h e  opera t ing  . ~ .- - ~~ ~ - .  
~ ~~ ~ 

~- 
~~ 

condi t ion  of t he  p l a n t  inc luding  t h e ; p e r f o r m a E  c h a ? X e r i s f i c ~  -=- ~~ ~' 
of a l l  equipment, des ign  comoa t ib i l i t v ,  and maintenance reaui re -  
ments. 
system; the  performance of t h e  primary c o l l e c t o r ;  and the  
ope ra t iona l  l i m i t  f o r  dry  chops moisture.  
p r i o r i t i e s  f o r  rep lac ing  equipment and genera l ly  upgrading the  p lan t .  

P a r t i c u l a r l y  important are: the dr i e r - fue l  c o n t r o l .  

Review p lans  and set 

2. Upgrade p l a n t  opera t ions :  main ta in  and upgrade p l an t  t o  achieve 
good opera t ing  s tandards  as determined i n  s t e p  1. 
p a r t i c u l a r l y  important with regard  to  d r i e r  con t ro l s  and primary 
cyclone c o l l e c t o r  performance. 
hammermill capac i ty  t o  permit processing of dry  chops having a 
moisture content of around 10%. 
performance, and e s t a b l i s h  ope ra t ing  procedures t o  a s su re  t h e  
production of t h e  des i r ed  end product. 

This i s  

It may be  necessary t o  inc rease  

Optimize a i r  flows, furnace  

3. E s t i m a t e  and/or measure emissions from each source  opera t ion :  
A e l l e t  l i f t  and cooler  emissions should b e  low and not  r e a u i r e  r >  @ ?!/.,( 1 -  < cont ro l .  I f  the hammermill c o l l e c t o r  d i scharge  appears d i r t y ,  

consider con t ro l l i ng  i t  with a bag house. 
v i s u a l  opac i ty  problems exist i n  t h e  primary cyclone e f f l u e n t .  
It w i l l  probably r e q u i r e  some form of source t e s t i n g  t o  determine 
if t h e  primary cyclone emissions exceed t h e  standards.  

Determine whether 

4. Analyze p o t e n t i a l  production cons t r a in t s :  analyze t h e  e f f e c t s  and 
economic f e a s i b i l i t y  of reducing production dur ing  per iods  of low 
hay'quali ty.  Operating t h e  p l a n t  at a s l i g h t l y  reduced rate dur- 
i n g  pe r iods  of l o w  hay q u a l i t y  may be  a l l  t h a t  i s  necessary i n  
add i t ion  t o  s t e p  two t o  keep the  p l a n t  qpera t ing  i n  compliance. 
Compare t h e  r e s u l t a n t  va lue  of l o s t  production with estimated 
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cost of i n s t a l l i n g  and opera t ing  add-on con t ro l  devices. 

5. Se l ec t  s u i t a b l e  con t ro l  systema: as  requi red ,  s e l e c t  s u i t a b l e  
1 sys t em)  considering performance and cost  t r ade  
a t i v p s  3 stems. Kev Doints he re  a r e  the . .  

manufacturers'  w i l l i ngness  t o  guarantee r e s u l t s  i n  the operat- 
ing  cons t r a in t s  assoc ia ted  with each con t ro l  system. One should 
not design o r  buy con t ro l  equipment wi thout  having a good measure- 
ment of the gas flow i t  is supppsed t o  handle. 

The most cos t -e f fec t ive  scheme fo r  t h e  con t ro l  of p a r t i c u l a t e  emissions 
will moat l i k e l y  vary from p lan t  t o  p l an t  depending upon e x i s t i n g  p l a n t  
equipment and a v a i l a b l e  space. 

I 
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SECTION I11 

INTRODUCTION 

Dehydrated a l f a l f a  is the  a e r i a l  por t ion  of t h e  a l f a l f a  which has been 
a r t i f i c i a l l y  dr ied  under cont ro l led  conditions t o  in su re  maximum 
i n t e g r i t y  of n u t r i e n t s .  
and t r ans fe r r ed  t o  an automatic feeder t h a t  meters  i t  d i r e c t l y  i n t o  the 
combustion gases i n  t h e  d r i e r .  
single-pass r o t a t i n g  drum i n  which l i f t i n g  f l i g h t s  continuously r a i s e  
the a l f a l f a  and drop i t  i n t o  t h e  gas stream which moves i t  rap id ly  
through the d r i e r  in a concurrent manner. 
moisture of t h e  a l f a l f a  is removed i n  t h e  cons tan t  r a t e  drying phase 
where moisture d i f f u s e s  t o  the su r face  of t h e  p a r t i c l e s  a s  f a s t  as i t  is 
evaporated from t h e  sur face .  Af te r  remaining i n  the drum f o r  about two 
t o  ten minutes, the a l f a l f a  (which is now q u i t e  dry) ,  is separated from 
t h e  moisture laden gases by means of a cyclone or other  separa tor .  This 
is ca l l ed  the primary cyclone or pr imary .co l lec tor .  
i s  then t r ans fe r r ed  e i t h e r  d i r e c t l y  or through another cyclone f o r  cooling 
before going t o  a hammermill f o r  grinding. 
usua l ly  pe l l e t ed ,  cooled and placed i n  i n e r t  gas s to rage  f a c i l i t i e s .  

Dryer generated emissions a r e  discharged i n t o  the atmosphere from t h e  
primarv cvclone c o l l e c t o r s  which seva ra t e  the d r i ed  a l f a l f a  ChoDs from 

Chopped a l f a l f a  is brought i n  from t h e  f i e l d  

The d r i e r  may b e  e i t h e r  a t r ip le -pass  or 

During dehydration, most of t h e  

The a l f a l f a  (dry chop) 

The ground m a t e r i a l  is 

a r e  discharged i n t o  the atmosphere from t h e  hammermill and p e l l e t  cooler '> t h e  d r i e r - e f f l u e n t .  

co l l ec to r s .  The need t o  con t ro l  dryer  emissions has been es tab l i shed  from 

Hanrmermill and' p e l l e t  cooler  generated emissions 

t e s t  r e s u l t s  obtained from a 1971 American Dehydrators Association study(1) 
which showed t h a t  emissions from the  drying opera t ion  comprise more than 
75% of t o t a l  p a r t i c u l a t e  emissions from a dehydrating p l an t .  Whereas 
the emissions from t h e  hammem+ll and p e l l e t  cooler c o l l e c t o r s  a r e  
generated by mechanical ac t ion  and f a l l  i n  t h e  p a r t i c l e  s i z e  range of 
1 t o  100 microns, t h e  emissions from the primary c o l l e c t o r  a r e  formed by 
mechanical a c t i o n  and v o l a t i l i z a t i o n  of organic matter from the a l f a l f a  
on contact with t h e  ho t  dryer  gases. 

The rapid absorption of hea t  by evaporation keeps t h e  p l an t  substance 
cool enough (i.e. wet bulb temperature) t o  avoid burning as  long as  
there  is moisture i n  t h e  ma te r i a l .  
incoming wet m a t e r i a l  with pe r fec t  uniformity,  t h e  w e t  s o l i d s  would never 
reach a temperature exceeding t h e  dryer  o u t l e t  temperature. 
i ng  stock is not uniform i n  c r o s s  s e c t i o n a l  a r ea  or in moisture content. 
For t h i s  reason, some of t h e  incoming a l f a l f a  ( leaves  or other  small  c ross  
s e c t i o n a l  pieces) w i l l  dry completely while  s t i l l  i n  contac t  with gas from 
the burner which has not been cooled by contac t  with a l a r g e  amount of 
water mater ia l .  
evolve organic vapors or "smoke". Organic emissions (smoke) occur in a l l  
types of processes where organic ma te r i a l  i s  heated above 2000 or 3000 F. 
This fume-forming process involves condensation of t h e  vaporized organic 
mater ia l  as  t h e  temperature drops below the "dew point" temperature 
f o r  the material i n  question. The condensation produces very t i n y  p a r t i c l e s  
which may be as small as 0.01 microns in diameter a t  t h e  poin t  of formation. 
These t i ny  fume p a r t i c l e s  grow very rap id ly  by e l e c t r o s t a t i c  agglomeration. 

Were i t  poss ib l e  t o  hea t  a l l  of the 

However, t h e  incom- 

These p a r t s  w i l l  reach temperatures high enough t o  
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This mechanism becomes less e f f e c t i v e  as the  p a r t i c l e s  become l a r g e r  
and a l s o  as they become fewer i n  number. The r e s u l t  is t h a t  t h e  p a r t i c l e s  
tend t o  s t a b i l i z e  r a t h e r  quickly a t  s i z e s  in the 0.2 t o  0.5 micron range 
depending upon i n i t i a l  concent ra t ion ,  res idence  t i m e ,  and o t h e r  f a c t o r s .  I 
In t h e  summer of 1972, t h e  American Dehydrators Association i n i t i a t e d  a 
program t o  assess t h e  e f f ec t iveness  of techniques f o r  t h e  con t ro l  of 
mechanically generated and fume formed p a r t i c u l a t e  emissions from a l f a l f a  
dryers .  This involved f i e l d  measurements of =even con t ro l  devices o r  
s y s t e m s  - two p i lo t - sca l e  and three f u l l - s c a l e  w e t  c o l ~ e c t o r s  G c N b h e r s )  
and two f u l l - s c a l e  con t ro l  systems which recyc le  e f f l u e n t  from the  primary 
cyclone. These devicesfsystems were suggested by t h e  r e spec t ive  equipment 
manufacturers t o  p r w i d e  e f f e c t i v e  c o n t r o l d  dryer  generated p a r t i c u l a t e s  
i n  the  primary cyclone e f f l u e n t .  The c h a r a c t e r i s t i c s  of t h e  p a r t i c u l a t e s  
i n  c a r r i e r  gases discharged from primary cyclones had been determined i n  
the  ADA's  1 9 7 1  study. 

During t h e  summer of 1973, f u r t h e r  tests were conducted on t h e  two recyc le  
systems and the  f u l l  scale w e t  sc rubbers  t o  v e r i f y  t h e  e f f ec t iveness  of 
these  con t ro l  measures as ind ica t ed  i n  the  1972 tests. New H e i l  and 
Thompson recyc le  s y s t e m  i n s t a l l a t i o n s  at  Dundee and S t .  Marys, Kansas, 
r e spec t ive ly ,  were t e s t ed  i n  order  t o  take  advantage of improvements which 
had been made wer the  Grand I s l and  and Topeka i n s t a l l a t i o n s .  The f u l l -  
scale Koch w e t  scrubber w a s  moved from Rozel t o  Lawrence, Kansas where 
several p l a n t  modi f ica t ions  hLd ~b_en_made in_cluding .the-instal-Lation -of a- 

produced by us ing  the  wet scrubber.  

Three a d d i t i o n a l  p l a n t s  were t e s t e d  i n  1973 t o  measure t h e  e f f ec t iveness  
of p l a n t  improvements, s imp l i f i ed  recyc le  approaches, and genera l  e f f o r t s  
t o  balance a i r  flows, and maintain good opera t ing  procedures. 

The p l a n t  a t  Lawrence, Kansas was a l s o  t e s t ed  with t h e  e f f l u e n t  gases by- 
passing t h e  w e t  scrubber t o  determine the  degree t o  which emission levels 
can be con t ro l l ed  through p lan t  modi f ica t ions  and opera t ing  procedures. 

It w a s  hoped t h a t  t h e  1973 tests could be made under condi t ions  of low 
q u a l i t y  hay and high production rates i n  order  t o  document t h e  e f f e c t i v e  
l i m i t s  of the  var ious  con t ro l  methods under study. However, t h i s  w a s  not 
always poss ib l e  because of the  d i f f i c u l t y  i n  scheduling t h e  tests t o  
coincide wi th  t h e  times when these  condi t ions  preva i led  o r  because of t he  
p l a n t  ope ra to r ' s  preference f o r  having the  t e s t i n g  done under average 
condi t ions  r a t h e r  than under upse t  conditions.  

Table 1 presen t s  information on the p a r t i c u l a t e  emission c o n t r o l  equip- 
ment t h a t  was tested and on the  p l a n t s  where the equipment w a s  i n s t a l l e d .  
The s e l e c t i o n  of p l a n t s  and equipment t o  be t e s t ed  and arrangements f o r  
i n s t a l l a t i o n  of equipment and p repa ra t ion  f o r  t e s t i n g  were worked out. 
by the  Production Committee of the  American Dehydrators Association, i n  
cooperation with po l lu t ion  con t ro l  and dehydration equipment manufacturers. 

The performance t e s t i n g  w a s  conducted by Midwest Research I n s t i t u t e  
personnel who a l s o  provided s p e c i f i c a t i o n s  f o r  prepara t ion  of t h e  sampling 
s t a t i o n s  inc luding  the  loca t ion  of sampling p o r t s  and work platforms. 

i 
-- 

-~ f an -and  e G c t i i F m o F o r l a r g e  enough t o  handle the  e x t r a  pressure  drop 

8 



Process condi t ions  were monitored e i t h e r  by a process engineer from 
MRI o r  by someone t o  whom t h a t  r e s p o n s i b i l i t y  was delegated. Control 
equipment opera t ion  condi t ions ,  i.e., gas-phase pressure  drop and water 
usage, were measured o r  estimated by r ep resen ta t ives  of the  equipment 
manufacturers. 

Following the  conclusion of the  1972 f i e l d  t e s t i n g ,  t he  equipment 
manufacturers were asked t o  submit performance and cos t  da t a  f o r  a 
"model" c o n t r o l  problem. 
r e l a t i v e  c o s t  of purchasing, i n s t a l l i n g  and opera t ing  each con t ro l  
device  system and the  cos t  f o r  water t rea tment ,  i f  appl icable .  Midwest 
Research I n s t i t u t e  personnel developed the  model con t ro l  problem and 
prepared t h e  c o s t  ana lys i s .  

These d a t a  were analyzed t o  determine t h e  
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SECTION IV 

OBJECTIVES 

The primary ob jec t ive  of t h i s  p r o j e c t  was t o  determine the  
f e a s i b i l i t y  of con t ro l l i ng  the  e f f l u e n t  from t h e  primary 
c o l l e c t o r s  of a l f a l f a  dehydrating p l a n t s  by recyc l ing  t h e  
emissions o r  by us ing  w e t  scrubbers.  
r e l a t e d  s p e c i f i c  ob jec t ives .  These were: 

This inc ludes  seve ra l  

A. To evalua te  e f f ec t iveness  of recyc l ing  a por t ion  
of t he  e f f l u e n t  gases back t o  the  furnace i n l e t  in:  
1)  reducing the  amount of p a r t i c u l a t e  emissions 
t o  atmosphere; 2) increas ing  the  thermal e f f i c i ency  
of the  o v e r a l l  system; 3) improving n u t r i e n t  qua l i t y  
of t h e  d r i ed  product. 

To determine t h e  e f f ec t iveness  of a system f o r  
agglomerating, separa t ing  and recyc l ing  p a r t i c u l a t e  
i n  the e f f l u e n t  gases back t o  t h e  primary cyclone 
and i n l e t  t o  t he  furnace. 

B. 

C. To measure the  e f f i c i ency ,  horsepower requirements, 
performance c h a r a c t e r i s t i c s  and assoc ia ted  problems 
r e l a t i v e  to  the use  of w e t  scrubbers f o r  t h e  
removal of p a r t i c u l a t e  d s s i o n s  from t h e  e f f l u e n t  
gases of a l f a l f a  dehydrating p l an t s .  

D. To test medium energy w e t  scrubbers wi th  d i f f e r e n t  
impingement mechanisms t o  ob ta in  s u f f i c i e n t  da ta  
f o r  eva lua t ing  t h e  c a p a b i l i t y  of w e t  scrubbers t o  
con t ro l  emissions from a l f a l f a  p l a n t s  and t o  
determine i f  any p a r t i c u l a r  type  of w e t  scrubber 
i s  more e f f e c t i v e  i n  the  con t ro l  of e f f l u e n t  from 
a l f a l f a  dehydrating p l an t s .  

E. To gather  d a t a  relative t o  t h e  e f f e c t  of product 
condi t ions  (moisture and p r o t e i n  l eve l s )  and 
process parameters (production rate, gas temperatures, 
water spray  i n  feeder) on p a r t i c u l a t e  emissions from 
a l f a l f a  dehydrating p l an t s .  

To determine t h e  degree of p a r t i c u l a t e  emission 
con t ro l  which can be  r e a l i z e d  from p l a n t  modifica- 
t i o n s ,  a i r  flow balance and opera t ing  procedures. 

F. 
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SECTION V 

DESCRIPTION OF CONTROL EQUIPMmrT 

This s e c t i o n  p resen t s  a summary of t he  p r i n c i p l e s  of opera t ion  
and a desc r ip t ion  of the  p l a n t  i n t e r f a c i n g  f o r  each of t he  t e n  
cont ro l  systems/devices which w e r e  t e s t e d  i n  1972 and 1973. 
each case ,  a flow diagram is  given which shows duct  s i z e s ,  f a n  loca- 
t i ons ,  approximate gas flow rates, and the  loca t ions  of sampling 
s t a t i o n s .  

It should be  noted t h a t  t h e  c o n t r o l  equipment opera t ing  p r inc ip l e s  
given below are based on wording, p i c t o r i a l  representa t ions ,  and 
diagrams provided by the  r e spec t ive  equipment manufacturers; the  
asser ted  p a r t i c u l a t e  c o l l e c t i o n  mechanisms are not  necessa r i ly  
subs t an t i a t ed  or  re fu ted  by t h e  test d a t a  presented i n  Sec t ion  V I 1  
of t h i s  repor t .  

I n  

Fisher-Klosterman Wet Col lec tor  ( P i l o t  Scale) 

Figure 1 presents  a p i c t o r i a l  r ep resen ta t ion  of the  Fisher-Klosterman 
w e t  c o l l e c t o r ,  with annota t ions  desc r ib ing  t h e  p r i n c i p l e s  of operation. 

A p i lo t - sca l e  F/K u n i t  designed t o  handle about 700 acfm was i n s t a l l e d  
a t  Western A l f a l f a  Corporation's p l a n t  a t  Neodesha, Kansas. As s h a m  
i n  Figure 2, a f r a c t i o n  of t h e  skimmer recyc le  from t h e  primary cyclone 
c o l l e c t o r  t o  t h e  furnace,  w a s  ducted t o  t h e  F/K un i t .  
i n i t i a l  t e s t i n g ,  t h e  p o s i t i o n  of the a u x i l i a r y  f an  w a s  changed so t h a t  
the  F/K u n i t  operated under nega t ive  r a t h e r  than p o s i t i v e  pressure .  
Also, a hea te r  was added t o  raise the  temperature of t he  scrubber 
e f f l u e n t  gases above the  dew poin t  t o  f a c i l i t a t e  t e s t i n g  a t  t h e  o u t l e t .  

The F/K u n i t  w a s  suppl ied  with t ap  water a t  about 4 gal./min. 
measured gas pressure  drop w a s  about 11 i n .  of water.  

Following t h e  

The 

APPCOR W e t  Co l l ec to r  ( P i l o t  Scale) 

Figure 3 presents  a schematic diagram of the  APPCOR w e t  co l l ec to r .  
The gas t o  be  scrubbed e n t e r s  from the top of t he  u n i t  and flows 
downward p a s t  a sawtooth overflow w e i r .  The w e i r  i s  used t o  in t ro -  
duce make-up andlor  r e c i r c u l a t e d  water i n t o  the  scrubber. 

A scrubbing ac t ion  is  c rea t ed  by t h e  gas shear ing  t h e  water flowing 
from the  weir. The gas is  then acce lera ted  through an ad jus t ab le  
ven tu r i  nozzle. By c los ing  t h e  nozzle,  h igher  co l l ec t ion  e f f i c -  
iency can be  expected a t  t h e  expense of an increased pressure  
drop. 
sump, providing a second scrubbing ac t ion .  The gas then takes  a 
135-degree tu rn ,  and a t  t h i s  p o i n t  a l a r g e  quant i ty  of f i n e l y  
divided water p a r t i c l e s  are sprayed up and throughout the  i n t e r i o r  
of t he  scrubber. 

A t  t h e  nozzle t i p ,  t h e  dust-laden gas is  impacted i n t o  the 

The spray ,  which i s  caused by the acce lera ted  

13 



Cleaned gas exhaYS1S lrom 
the outlet at low axial v b  
loslly wllh 11111e residual 
klnolic energy. 

The scrubbing liquld Is 
inlroducsd at lw pressure 
into Ihe supply manilold 
whem it Is dlslribulsd uni- 
lormly lo lhe Imgenllal 
llquid supply tuber. The 
deslgn produces a conlln- 
YOUS lllm 01 liquid on lhe 
Inbrlor surtace of the col- 
lector. whlch splrels down- 
ward, waning the anlln 
coIIeclor wall. thus pie- 
venllng lhe I~rmallon 01 
rrVdry inlerlaces. 

The upper secllon 01 the 
CnIIeClor 1s a hlghly elll- 
dent c*nldl"gal Val*, 
ellminalor. As the cleened 
ga. .Iream I. lr.r.llng 
upward in a vortex. all 
droplets are spun Outward 
Io Ihe llquid lllm on I h e  wall, 
where they are caplured 
and washed down lo the 
discharge. 

The WLlWM We1 DUSI Col- 
Ieclorls B novel combinallon 
01 Venluri Conlacllng and 
cenlrllugal water olimlna- 
llon. U. 5 .  and Foreign 
Palenlr hare been spplled 
IO,. 

The Vonlud Conbstor Is II pnclwy 
shaped conlraslion In which the dust- v\ ..-Y I 

,laden gas Is acUIemled unllormiy 
lo a hlah v e l ~ l l v .  Tho lhmsl 01 tkc 

genllally when the conunuoui waler 
IIlm is shallemd lnio mllllons 01 t h y  

Inlo wlld streams 01 dd-laden waler 
aplralllng downward lo the conical 
sump. 

The liquid, conlalnlng the collested 
dust. llow1 lnlo lhe conical sum-. 

' Iianged discharge. From Ihls polnl. 
It may be plped lo II Msttllng pond Or 
clariller lank lor rsclrcdatlon. 

Figure 1 - Fisher-Klosterman Wet Collector  (Courtesy of  Fisher-Klosterman, Inc.) 
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gas shear ing  l i q u i d  from t h e  sump as the gas changes d i r e c t i o n ,  
provides t h e  t h i r d  scrubbing ac t ion .  The g a s i s  then passed 
through a series of v e r t i c a l  chevron moisture d rop le t  e l imina tors  
and out  t h e  back o r  top of t h e  scrubber.  

A p i lo t - sca l e  APPCOR u n i t  w a s  i n s t a l l e d  a t  Western A l f a l f a  Corpora- 
t i o n ' s  p l an t  i n  Neodesha, Kansas. 
of t h e  skimmer recyc le  from t h e  primary c o l l e c t o r  t o  t h e  furnace,  was 
ducted t o  the scrubber un i t .  

The APPCOR u n i t  w a s  operated with recycled water  which was supplied 
from a water c l a r i f i c a t i o n  system. 
was estimated by t h e  manufacturer t o  b e  6 gallmin. 
gas pressure  drop w a s  about 7 in.  of w a t e r .  

A s  shown i n  Figure 2 ,  a por t ion  

The water r e c i r c u l a t i o n  r a t e  
The measured 

Koch Wet Col lec tors  

Figure 4 p re sen t s  a p i c t o r i a l  r ep resen ta t ion  of a Koch w e t  c o l l e c t o r  
containing t h r e e  scrubber t r ays .  
ven tu r i  openings, and each opening is surmounted by a sp ide r  cage 
holding a f l o a t i n g  cap. I n  add i t ion ,  each t r a y  is  equipped with 
one o r  more downcomers and w e i r  flow b a f f l e s  t h a t  c o n t r o l  the  scrubbing 
l i q u i d  a s  i t  flows across  the  t r a y  and then t o  the  t r a y  below. The 
par t icu la te - laden  gas e n t e r s  t he  bottom i n l e t  and flows upward through 
the  caps. The l i q u i d  flows across  t h e  deck and is kept  i n  cons tan t  
f r o t h  by t h e  gas which e x i t s  each cap. 
maintained by the  weir, providing intimate g a d l i q u i d  contact.  The 
t r a y  d iv ides  t h e  l i q u i d  flow i n t o  f i n e  d rop le t s  t h a t  capture 
p a r t i c u l a t e s .  By using mul t ip l e  t r a y s ,  d i v i s i o n  and r ed iv i s ion  of 
the scrubbing l i q u i d  occurs with high gas and l i q u i d  residence t i m e  
on each t ray .  Before the  gas leaves  t h e  scrubbing chamber, i t  passes 
through a mis t  e l imina tor .  

A s i n g l e  Koch t r a y  and a mist e l imina to r  pad were i n s t a l l e d  i n  a 
s i l o  (10 f t  diameter x 60 f t  high) at  Oxford Dehydrating Company's 
p l an t  i n  Oxford, Kansas. Ef f luent  from t h e  primary c o l l e c t o r  w a s  
ducted t o  the  base  of t he  s i l o  as shown i n  Figure 5. Recirculated 
water was suppl ied  t o  the  t r a y  from a s e t t l i n g  b a s i n  a t  t he  bottom 
of the  s i l o .  The manufacturer estimated the  r e c i r c u l a t i o n  rate t o  
be 125 gallmin. and t h e  f r e sh  water make-up r a t e  t o  be 2 gallmin. 
The measured gas pressure  drop w a s  about 3 in. of water .  

Two Koch t r a y s  and a mist  e l imina to r  were i n s t a l l e d  i n  a s teel  s h e l l  
a t  a p l an t  i n  Rozel, Kansas, owned by Bert and Wetta Sa le s ,  Inc .  
The connecting ductwork is shown i n  Figure 5. Recirculated water 
was suppl ied  t o  t h e  t r a y s  from a s e t t l i n g  bas in  a t  t h e  bottom of t h e  
c o l l e c t o r .  The manufacturer es t imated  t h e  r e c i r c u l a t i o n  rate t o  b e  
175 gallmin. and the  f r e sh  water make-up r a t e  t o  be  2.5 gallmin. 
According t o  t h e  manufacturer, t he  gas pressure  drop was 6 i n .  of water. 

The scrubber u n i t  was removed from Rozel and i n s t a l l e d  at  the  Western 
A l f a l f a  Corporation p l an t  i n  Lawrence, Kansas f o r  the  1973 tests. 
One of t he  Koch t r a y s  was removed and the  mesh type m i s t  e l imina tor  
w a s  replaced with a chevron type. 
3-3% inches of water column. 

Each t r a y  conta ins  numerous 

A head of f ro thy  l i q u i d  is  

Pressure  drop across  the  u n i t  w a s  
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fgure 4 - Koch Wet Co l l ec to r  
(Courtesy of Koch Engineering 
Company, Inc . )  
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Air Conditioning Corporation Wet Collector 

The Air Conditioning Corporation wet scrubber consists of a 
long rectangular duct through which gases flow horizontally. 
duct contains several banks of spray nozzles and the scrubbing 
liquid is atomized by pumping the liquid under pressure through 
the nozzles. At the downstream end of the scrubber is a mist 
eliminator. 

An ACC scrubber unit which was approximately 4 ft x 4 ft x 10 ft 
was installed at a plant in Lexington, Nebraska, owned by Dawson 
County Feed Products, Inc. The connecting ductwork is shown in 
Figure 5 . Water was supplied from a fire hydrant to the unit 
at a rate of approximately 405 gallmin based on the 
manufacturer's nozzle performance calculations. According to 
the manufacturer, the gas pressure drop was 3 in. of water. 

The 

Thompson Recycle System 

Figure 6 presents a pictorial representation of the Thompson 
recycle system. 
through two venturi sections separated by a static regain 
chamber. The purpose of the venturi sections is to promote 

the first venturi section to cool the gases and to increase 
agglomeration. The gases in the static regain chamber are cooled 
to saturation temperature by mixing gases with ambient air (the 
damper on the air intake line was closed during testing; however, 
leakage into the static regain chamber was observed). Gases 
leaving the second venturi pass through the fan and into a 
360-degree rectangular helicoid elbow. The largest particles 
are skimmed from the effluent and returned to the primary collector; 
intermediate sized particles are returned to the front end of 
the dryer drum (the return line to the drum is not shown in 
Figure 6 ) ;  and the smallest particles which are skimmed, are 
returned to the dryer furnace. 

In 1972, the recycle system was tested at the Thompson Dehydrating 
Company's plant in Topeka, Kansas. At that plant, effluents from 
the hammermill and pellet mill dust separators were returned to 
the primary collector; thus, the plant had only one emission point. 
A schematic diagram of the Topeka plant, showing the location of 
sampling stations, is presented in Figure 7 . 
The venturi spray used about 2 gallmin of water, according to 
the manufacturer's estimate. The usage of water spray in the 
feeder was measured at about 6 galjmin. According to the 
manufacturer, the total gas pressure drop across the Thompson 
recycle system was 9 in. of water. 

The 1973 tests were conducted on the Thompson recycle system at 
the Thompson St. Marys, Kansas plant. This system is essentially 
the same as the one at Topeka. However, no water spray was used 
in the Venturi or at the feeders during the St. Marys tests. 
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Heil Recycle System 

The H e i l  r ecyc le  system skims off a l a r g e  por t ion  (about 35%) of 
the  e f f l u e n t  from t h e  primary c o l l e c t o r  and r e tu rns  i t  t o  t h e  
dryer  furnace f o r  i n c i n e r a t i o n  of the  p a r t i c u l a t e  matter.  The 
recyc le  duc t  is insu la t ed  t o  prevent hea t  l o s ses  and cool ing  of 
the  e f f l u e n t  below t h e  dew poin t .  

I n  1972, t h e  H e i l  r ecyc le  sys temwas  t e s t ed  a t  a p lan t  i n  Grand 
I s l and ,  Nebraska, owned by Morrison and @ i r k ,  Inc. A schematic 
diagram of t h e  Grand Is land  p l a n t ,  showing the  loca t ion  of 
sampling po in t s ,  is presented i n  Figure 8. 
extension duct had been i n s t a l l e d  on t h e  o u t l e t  of t he  primary 
c o l l e c t o r  t o  provide f o r  accura te  measurement of t he  p a r t i c u l a t e  
emissions. 
t o  60 i n . ,  t o  i nc rease  t h e  v e l o c i t y  wi th in  the  duct so t h a t  accura te  
flow measurements could be made. 

The H e i l  r ecyc le  system a t  Dundee, Kansas which w a s  t e s t e d  i n  1973 
is b a s i c a l l y  the  same as t h e  system a t  Grand I s l and .  
f l o w  diagram is  shown i n  Figure 9.  

No water is  used i n  t h i s  system. 

An elbow and ho r i zon ta l  

The extension duct w a s  reduced i n  diameter, from 74 i n .  

The p lan t  

To Atmosphere 

f 5 '  Dia 

Skimmer Recycle 
34" Dia. To Furnace 21,000 acfm , 

Primary 
Dryer Drum Collector 

t 
Dry Chop 

Figure 8 - Grand Is land  Plan t  In t e r f ac ing  Wi th  Heil Recycle System 
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Abilene P l a n t  Modifications 

Severa l  s i g n i f i c a n t  modi f ica t ions  were made on t h e  a l f a l f a  
dehydrating p l an t  at  Abilene, Kansas p r i o r  t o  the  1973 produc- 
t i o n  season. A new furnace  and s h o r t  flame burner (designed 
t o  burn the  gas i n  a t h ree  f o o t  flame) were i n s t a l l e d  to  
reduce t h e  emissionswhich r e s u l t  from flame impingement on t h e  
green chops. 
p o s i t i v e  t o  nega t ive  pressure  a i r  flow and was exhausted i n t o  
a l a r g e  concre te  (20'  X 4 0 ' )  s i l o  with sealed roof and 36" 
diameter s t a c k  wi th  necessary sca f fo ld ing  and p o r t  holes f o r  
source t e s t i n g .  

The hammermill and p e l l e t  m i l l  systems were a l s o  made negat ive  
and exhausted i n t o  the  s i l o  a t  the  same poin t  t h e  primary cyclone 
e f f l u e n t  en tered  the  s i l o .  A recyc le  l i n e  w a s  i n s t a l l e d  from the  
drum fan  t o  the  furnace with t h e  c a p a b i l i t y  of re turn ing  up t o  
30% of the  gases back t o  t h e  furnace.  
fac ing  is shown i n  Figure 10. 

The primary cyclone system w a s  converted from 

The Abilene p l an t  i n t e r -  

Lawrence P lan t  Modifications 

This  p l a n t  has  two 8' X 24' - 3 pass a l f a l f a  dehydrating drums. 
P r i o r  t o  modi f ica t ions ,  t he  p l an t  was of r a t h e r  standard design 
with p o s i t i v e  primary c o l l e c t o r s ,  secondary cooling c o l l e c t o r s ,  
meal c o l l e c t o r s ,  p e l l e t  l i f t  c o l l e c t o r s  and p e l l e t  cooling co l l ec -  
t o r s .  

The modi f ica t ions  cons is ted  of a complete re-design and re-build- 
i n g  of a i r  flow systems from t h e  drums and converting from 
p o s i t i v e  systems t o  one main negat ive  system. 

The two drums were ducted to  a s i n g l e  negative primary cyclone. 
The dehydrated chops drop from t h e  cyclone i n t o  a pull-through 
hammermill v i a  a l a r g e  r o t a r y  a i r l o c k .  The h o t  gasses a r e  drawn 
from t h e  top of t h e  cyclone t o  t h e  main m i l l  f a n  which, i n  tu rn ,  
can exhaust d i r e c t l y  t o  atmosphere o r  by means of a valve t o  t h e  
Koch s i n g l e  t r a y  scrubber.  

The hammermill system employs a closed loop which re turns  a l l  b u t  a 
small por t ion  (20-30%) of t h e  a i r  back t o  t h e  hammermill. A small 
a i r  balancing l i n e ,  t o  prevent h e a t  bu i ld  up, i s  located between 
the  r e tu rn  loop t o  t h e  hammermill and the  suc t ion  s i d e  of t h e  primary 
m i l l  fan. Figure 11 presen t s  the  p l a n t  flow diagram. 
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Neodesha and Berthoud P lan t  Modifications 

The Neodesha, Kansas and Berthoud, Colorado p l a n t s  have s i m i l a r  
flow diagrams shown i n  F igure  12 .  
primary cyclone c o l l e c t o r s  and modified hammemill meal handling 
systems. Carefu l  a t t e n t i o n  was g iven  to  balancing a i r  flows and 
s i z i n g  of co l l ec to r s .  

A p o s i t i v e  displacement skimmer w a s  i n s t a l l e d  at  both p l a n t s  
between the  top  of the primary c o l l e c t o r  and the in t ake  t o  the 
drum furnace  handling about 6000 CFM on a continuous bas i s .  
Berthoud, t h e  skimmer e n t r y  device  t o  the  furnace was modified t o  
give b e t t e r  d i s t r i b u t i o n  of t h e  recycled gases i n t o  t h e  furnace.  
The furnace  was a l s o  lengthened an a d d i t i o n a l  three f e e t  i n  an 
e f f o r t  t o  reduce flame impingement on the  green  chops en te r ing  
t h e  drum. 

Both have p o s i t i v e  pressure  

A t  
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SECTION V I  

MEASUREMENT TECHNIQUES, EQUIPMENT AND PROCEDURES 

Two types of source tests were performed to  determine, respective- 
ly ;  the  mass flow r a t e  of p a r t i c u l a t e s ,  and t h e  p a r t i c l e  s ize  
d i s t r ibu t ion .  The mass r a t e  test  cons is ted  of t h e  measurement of 
dust  loading and the  carrier gas flow rate, temperature and 
composition (by moisture and Orsat ana lys i s ) .  

In tegra ted  p a r t i c u l a t e  samples, r ep resen ta t ive  of t he  e n t i r e  duc t  c ros s  
sec t ion ,  were co l l ec t ed  by sampling f o r  equal  i n t e r v a l s  of t i m e  over a 
network of properly d i s t r i b u t e d  poin ts .  For each tes t ,  t he  duration 
of sampling w a s  s u f f i c i e n t  so t h a t  sho r t  term f l u c t u a t i o n s  i n  
p a r t i c u l a t e  flow were averaged. 

For the  p a r t i c u l a t e  sizing tests, an Andersen in-stack impactor was 
mounted on t h e  end of t he  sampling probe in p lace  of t h e  normal t i p .  
The Andersen impactor measures s i z e  d i s t r i b u t i o n  in s i t u ,  thereby 
eliminating p a r t i c l e  agglomeration problems encountered when 
p a r t i c u l a t e  samples must be t r ans fe r r ed  before  s i z i n g  ana lys i s .  

Table 2 i nd ica t e s  t he  process parameters t h a t  were measured 
during t e s t i n g  and the  frequencies and methods of measurement. 
These parameters have been c l a s s i f i e d  i n t o  t h r e e  groups: raw 
mater ia l s ,  product ( p e l l e t s ) ,  and process opera t ing  conditions.  

I n  most cases,  samples of a l f a l f a ,  i .e.,  green chops, dry chops, 
meal and p e l l e t s .  were sen t  t o  t e s t ing  l a b o r a t o r i e s  f o r  moisture 
ana lys i s .  The labora tory  r e s u l t s  were considered more accura te  
than r e s u l t s  of ana lys i s  in t he  f i e l d  with a po r t ab le  moisture 
balance. Therefore, f i e l d  r e s u l t s  a r e  given in t h i s  r epor t  only 
f o r  the  cases f o r  which labora tory  r e s u l t s  were not obtained. 

I sok ine t i c  sampling was used t o  c o l l e c t  p a r t i c u l a t e  samples' which 
va l id ly  represented average condi t ions  ( p a r t i c u l a t e  concentration 
and p a r t i c l e  s i z e  d i s t r i b u t i o n )  over the  e n t i r e  c ros s  s e c t i o n  of 
t h e  flow stream. The sampling t r a i n  is descr ibed  i n  t h e  Federal  
Register(2) and i n  a recent  paper by Cowherd and Vandegrift(3).  
An s-shaped p i t o t  tube  is  a t tached  t o  the  probe so t h a t  ve loc i ty  of 
t h e  flow stream near t h e  probe t i p  may be monitored while t h e  sample is 
being withdrawn. In t h i s  way, rapid adjustment of t h e  sampling r a t e  
can be made t o  a t t a i n  the  i s o k i n e t i c  condition. 
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The average vfbcity was determined by measuring the flow over the 
proper network of sampling points within the CKOSS section of 
the duct. The average temperature and moisture content of the 
carrier gases were also measured with the standard particulate 
sampling train. 
measured by collecting an integrated gas samplein a tedlar bag 
and by analyzing it with an Orsat apparatus. 

Several difficulties hherent in testing the kind of effluent 
produced by alfalfa dryers should be pointed out. Foremost 
amng these is the problem of measuring gas flows and grain 
loadings for very high moisture content streams. The measure- 
ment of velocities using the pitot-tube is not particularly 
difficult, but the measurement of moisture content by condensa- 
tion and collection of the liquid water seems to c,ause a fair 
amount of difficulty. In several of the tests, the moisture 
content is reported as considerably above the saturation level 
for the sample temperature. This suggests that some of the 
tests may have been run on a stream that was cooled below 
the dew point and had condensation taking place in the 
ductwork. Also, there are some difficulties associated with 
measuring particle size when the gas stream is extremely wet, 
and there is a possibility of condensation occurring in the 
sampler. The problems are associated again with potential 
volume change due to water condensation, and with the possibil- 
ity of collected particles which have been wetted by water 
droplets or agglomerated by water condensation. 

The inherent inaccuracies of the methods used in this testing 
program to measure gas flow rate, particulate concentration, 
and particulate mass flow rate (the product of the two) have 
been thoroughly analyzed i n  a recent paper by Shigehara et al.( 4 ). 
The cumulative error in the measurement of flow rate is ?5% or 
less; in the measurement of emission rate, the cumulative error 
is 210% or less. However, there is the possibility of a 20% 
error in the measurement of particulate rate in the presence 
of flow swirl; this is because an S-shaped pitot tube may 
read as much as 15% higher if sufficiently inclined relative 
to the flow direction( 5 ). Errors in the measurements 
of process parameters are estimated to be 510% OK less. 

Procedures which were followed in the processing and analysis 
of the collected particulate matter are essentially the same 
as those outlined in the Federal Register(2 At the end 
of each source test, the particulate sample was transferred 
from the sampling train to appropriate containers and returned 
to the Institute for precision laboratory analysis. 

For the particulate sizing tests, an eight-stage Andersen 
impactor was used in place of the normal probe tip on the 

The dry-gas composition of the carrier gases was 

). 

isokinetic sampling tkain. The impactor separated the 
particulates into eight size classes with the greatest 
resolution in the 0.5 to 15 p size range. The sampling 
for a sizing test was determined by the dust loading in 
effluent gases. 
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Calcula t ion  of the r e s u l t s  of t h e  p a r t i c u l a t e  emission tests w a s  
done by e l e c t r o n i c  computer. Correc t ions  were made for dev ia t ions  
from i s o k i n e t i c  sampling; such dev ia t ions  were genera l ly  less 
than 10% and corresponding co r rec t ions  less than 5%. 

The equations f o r  process weight rate (PUR) and evaporation rate 
(ER) are as follows: 

(100-MJ 
PWR(lb/hr) = PR x 2000 0 

(100-Mg) ; 

r 0 -  

+PR x 2000( ) ( ) ; 
(100-Mg) (100-m) 

Where PR = p e l l e t  production r a t e  ( ton lh r )  , 
% = percent  moisture i n  green  chops (dryer  i npu t ) ,  

Me = percent moisture i n  p e l l e t s .  
- ~~ ~~ ~~~~~ . ~. = percent .mofs ture=in  d ry  chops- (dryer=output) j  and. - ~ : ~ ~  - 

For t h e  1971 and 1972 tests on t h e  p o s i t i v e  pressure  cyclone 
c o l l e c t o r s ,  a 900 elbow and long h o r i z o n t a l  extension duct were 
i n s t a l l e d  on the cyclone o u t l e t  f o r  t h e  purpose of e l imina t ing  
the  normal swirl of gases being discharged from t h e  co l l ec to r s .  
Testing w a s  conducted e igh t  duc t  diameters downstream from t h e  
elbow, but  t he re  was s t i l l  occas iona l  swirl and the  long exten- 
s i o n  duct c r ea t ed  some s l i g h t  problems of back pressure  and 
sett l ing of p a r t i c u l a t e  matter. The c o s t  of f a b r i c a t i n g  and 
i n s t a l l i n g  t h e  long ex tens ion  duc ts  was a l s o  very  expensive, 
running up t o  $2,000. 

To overcome t h e  d i f f i c u l t i e s  assoc ia ted  w i t h  t h e  extension duc t ,  
two types of s t r a igh ten ing  vane arrangements were t r i e d  i n  1973. 
Both proved s a t i s f a c t o r y ,  b u t  t h e  one sham i n  Figure 13 w a s  
s l i g h t l y  preferab le .  
wi th  t h e  s w i r l  removed by t h e  s t r a igh ten ing  vanes,  i t  was poss ib l e  
t o  use  much s h o r t e r  duc ts  and s t i l l  be cons i s t en t  with the  Federal  
Register(2) by sampling at  t h e  prescr ibed  number of t r ave r se  poin ts .  

The sampling platforms and l adde r s  were arranged b a s i c a l l y  a s  
shown i n  Figures 1 4  and 15. 
each cub ic l e  should b e  5-15% of t h e  s t a c k  area. Smaller cub ic l e s  
have less swir l ,  but more back pressure  and v i c e  ve r sa .  
cub ic l e  length  should be t h r e e  times t h e  width of t h e  cubic le .  
Thus, smaller cubic les  w i l l  lower t h e  height of t h e  s t r a igh ten ing  
vane sec t ion .  

Vertical ex tens ion  ducts were used b u t ,  

In des igning  s t r a igh ten ing  vanes, 

The 
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TOP VIEW HONEYCOMB 

SIDE VIEW 
ONE CUBE 

EACH CUBICLE APPROXIMATELY 
5- 15% OF STACK AREA 

Figure 13. Straightening vanes. 

STACK 

36 in. .60 in. 

*PORTS - 4 in. NIPPLE (4 in. TO 6 in. LONG) WITH CAP 

Figure 14 Testing platform. 
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STACK . 

1 

~ODOO 

2 STACK 
DIAMETERS 

1 MINIMUM OF 2 STACK DIAMETERS ABOVE STRAIGHTENING VANES EIGHT STACK 
STACK DIAMETERS ABOVE LAST DISTURBANCE IF STRAIGHTENING VANES 

I 42 in. 

NOT USED. 
.?J VERTICAL PLATFORM HAND R A I L  BRACES NOT OVER 2-5 in. FROM EACH 

END OF T H E  13 in. GAP IN THE HAND R A I L  TO HELP SUPPORT TEST 
EQUIPMENT. 

3 MIDDLE R A I L  REMOVED A T  WHICHEVER END O F  THE PLATFORM 
T H E  LADDER IS INSTALLED. 

F igure 15. Test ing platform s idev iew.  
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SECTION VI1 

MEASURED PERFORMANCE DATA AND CONTROL EFFECTIVENESS 

This.section presents a summary of performance data and particle size 
measurements and discusses the effectiveness of the emission control 
devicesfsystems that were tested. The measures used to assess the 
comparative effectiveness of the equipment are: the Bay Area process- 
weight-rate emission standard; collection efficiency versus particle 
size for the wet collectors; and overall collection efficiency for the 
recycle .systems. 

Fisher-Klosterman Wet Collector 

Table 3 presents a summary of measured performance data for the Fisher- 
Klostennan pilot-scale wet collector at the Neodesha plant. The 
particulate samples obtained during Tests 1 and 3 indicated the 
possibility of contamination of the outlet stream with particulate mat- 
ter which had condensed in the ducting near the fan during periods when 
the F/K unit was not operating. This would have the effect of decreas- 
ing the apparent collection efficiency. 
and the air and water flow rates were adjusted for Test 6 with the 
resulting improvement in the collection efficiency. 

It should be noted that the average particle size at the inlet to the 
FfK unit was much smaller than the size measured in the cyclone 
effluent at the Neodesha plant during the 1971 growing season. 
particulate loading was also considerably reduced from that which was 
measured in 1971. This may be due to the long length of small diameter 
duct which transported the gases to the F/K unit. 
that some of the large particles were deposited on the inside surfaces 
of this connecting ductwork. 

Figure % presents the particle size distribution obtained at the 
inlet to the F/K collector. 
loading at the collector outlet made it impossible to obtain an 
acceptable size distribution measurement. 

Based on the average of three tests, the F/K collector reduced particu- 
late emissions by 46%. 
after the system was modified to eliminate condensation, was 5 8 . 6 %  
as compared to an average of 40% on Tests 1 and 3 .  

The ducting was redesigned 

The 

It appears likely 

The fine particle size and the low grain 

However, the reduction in emissions on Test 6, 

APPCOR Wet Collector 

Table 4 presents a summary of measured performance data for the APPCOR 
pilot-scale wet collector. 
Neodesha plant, an attempt was made to increase emissions. This 
apparently resulted in considerably larger particle size at the inlet 
to the APPCOR unit than had been measured in the 1971 tests of the 
effluent from the primary collector at the Neodesha plant. 

During testing of the APPCOR unit at the 

Figure 17 presents the particle size distributions that were obtained 
at the scrubber inlet and outlet. 

Based on the average.of three tests, the APPCOR unit reduced particulate 
emissions by 64%.  
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WEIGHT % GREATER THAN STATED SIZE 

WEIGHT % LESS THAN STATED SIZE 

Figure 16- P a r t i c l e  S i z e  D i s t r i b u t i o n s  - F/K Wet C o l l e c t o r  

39 



WEIGHT Yo GREATEK THAN STATED SIZE 

WEIGHT % LESS THAN STATED SIZE 

Figure 17 - Particle Size Distributions - APPCOR wet Collector 
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Koch Wet Col lec tors  

Table 5 presents  a summary of 1972 performance d a t a  f o r  t he  s i n g l e  
Koch t r a y  that w a s  i n s t a l l e d  i n  the s i l o  a t  t h e  Oxford p l an t .  The 
measured p a r t i c u l a t e  loading and average p a r t i c l e  size at  t h e  
i n l e t  t o  t he  s i l o  w a s  f a i r l y  t y p i c a l  of va lues  f o r  t h e  primary 
cyclone e f f l u e n t s  t e s t ed  i n  1971. 
p a r t i c l e  s i z e  d i s t r i b u t i o n s .  

A t  t he  Oxford p l an t ,  t h e  s i n g l e  t r a y  Koch scrubber,  based on 
the average of two tests, reduced p a r t i c u l a t e  emissions by 51%. 
The Oxford p l an t  was operated between 67% and 94% of capacity 
and had uncontrolled emissions of about 70% of the allowable 
l i m i t  of the  Bay Area process-weight-rate standard.  

Table 6 presents  a summaqof performance d a t a  f o r  t h e  two-tray 
Koch u n i t  a t  the  Rozel p l an t .  
a def ic iency  i n  f an  capac i ty  and r e s u l t a n t  decreased air flow 
caused the  furnace  t o  cyc le  from i d l e  t o  m a x i m u m  output. This 
apparent ly  r e s u l t e d  i n  t h e  generation of add i t iona l  f i n e  
p a r t i c u l a t e  matter from the burning of t h e  a l f a l f a  and lowered 
the average p a r t i c l e  s i z e  a t  the c o l l e c t o r  i n l e t .  (For Test 6 
the  scrubber u n i t  was  disconnected, and the  emission r a t e  was  
s u b s t a n t i a l l y  reduced.) 
uncer ta in ty  i n t o  t h e  v a l i d i t y  of the  r e s u l t s  obtained a t  t h i s  
p l a n t  and may have accounted f o r  a measured e f f i c i ency  below t h a t  
of t h e  s i n g l e  t r a y  Koch scrubber t e s t ed  a t  Oxford. 

Figure 19  g ives  the  p a r t i c l e  s i z e  d i s t r i b u t i o n s  t h a t  were obtained 
a t  the  Rozel p l an t .  

The two t r a y  u n i t  at  Rozel, based on  t h e  average of t h ree  tests, 
reduced p a r t i c u l a t e  emissions by 26.5%. 
i n t o  compliance with the  Bay Area s tandard  because the  uncont ro l led  
emissions were f a i r l y  c lose  t o  compliance. 

This dryer  was operated above its r a t e d  capac i ty  based on 75% 
moisture i n  t h e  green chop and operated wi th in  compliance of t he  
Bay Area s tandard  on t h e  one test made wi th  the  Koch u n i t  
disconnected. 

Table 7 p resents  a summary of t h e  1973 da ta  obtained on t h e  Koch 
u n i t s  at  Oxford and Lawrence, Kansas. E f f i c i e n c i e s  are n o t  shown 
f o r  these  tests because simultaneous inlet and o u t l e t  measurements 
were not  taken. 
t he  degree of con t ro l  which could b e  obtained with the  w e t  scrubber;  
no t  t he  scrubber ' s  e f f i c i ency .  

F igure  18 g ives  t h e  measured 

When the Koch u n i t  was'connected, 

This ope ra t ing  problem introduces 

This brought t he  p l an t  

The purpose of t hese  tests was t o  measure only 
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WEIGHT % GREATER THAN STATED SIZE 

WEIGHT % LESS THAN STATED SIZE 

Figure 1 8  - Particle Size Distributions - Koch Wet Collector (Oxford) 
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WEIGHT % GREATER THAN STATED SIZE 

Figure 19 - Particle Size Distributions - Koch Wet Collector (Rozel) 
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During t h e  1973 tests a t  Oxford, t h e  e f t l u e n t  from the  primary cyclones 
f o r  both drums was ducted t o  the  s i l o  conta in ing  t h e  Koch Tray. The 
p l a n t  was w e l l  i n  compliance with the  Bay Area Standard when operated 
up t o  90% of evaporative capac i ty  on s l i g h t l y  above average q u a l i t y  
material (18.5% p r o t e i n  hay). The hammermill system w a s  cont ro l led  w i t h  
a bag f i l t e r  which allowed only 0.01-0.03 l b s .  of p a r t i c u l a t e  emissions 
t o  escape per  hour. 

The p lan t  at  Lawrence, Kansas was  t e s t e d  both with and without t he  2-tray 
Koch scrubber. 
c o l l e c t i o n  e f f i c i ency  of 57% f o r  t h e  w e t  scrubber s ince  the  average 
uncontrolled emission 
emission rate of 11.28 l b s l h r .  
very c lose  to  compliance on a l l  b u t  one of the t e s t 8  without t h e  w e t  
scrubber.  
lower dry  chop moistures than t h e  previous tests i n  order  t o  measure 
t h e  e f f ec t iveness  of the  w e t  scrubber and t h e  l e v e l  of uncontrolled 
emissions under these  conditions.  The uncont ro l led  emissions increased 
s u b s t a n t i a l l y ,  b u t  t he  con t ro l l ed  emissions remained v i r t u a l l y  unchanged. 

The mesh type mis t  e l imina tor  used a t  oxford and Rozel was suscep t ib l e  t o  clog- 
ging. This problem apparently d id  not e x i s t  with the  chevron type mist  
e l imina tor  used i n  the  scrubber a t  Lawrence, Kansas. 

These tests were not  made simultaneously,  but i n d i c a t e  a 

rate was 26.44 l h s l h r  with an average con t ro l l ed  
The p l a n t  was e i t h e r  i n  compliance o r  

Tests 146-148 were run a t  h igher  back-end temperatures and 

Nr Conditioning Corporation Wet Ca l l cc to r  - 

Table 
Conditioning Corporation w e t  c o l l e c t o r  a t  the  Lexington p lan t .  
The measured p a r t i c l e  size d i s t r i b u t i o n  and p a r t i c u l a t e  loading 
a t  the  c o l l e c t o r  i n l e t  were t y p i c a l  of values for  t h e  p r i m r y  
cyclone e f f l u e n t s  t e s t ed  i n  1 9 7 1 .  

The A i r  Conditioning Corporation s y s t e m  reduced t h e  primary 
cyclone emissions a t  t h e  Lexington p lan t  t o  a l e v e l  w e l l  below 
the  Bay Area standard. Based on the  average of t h ree  tests, 
t h i s  un i t  reduced the  p a r t i c u l a t e  emissions by 

8 presents  a summary of performance da ta  f o r  t h e  A i r  

79%. 

It is l i k e l y  t h a t  t h e  measured co l l ec t ion  e f f i c i ency  of t h e  Air 
Conditioning scrubber was s u b s t a n t i a l l y  increased because of the  
l a r g e  percentage (59-71%) of water vapor which condensed i n  t h e  
scrubber. The condensation of water vapor w a s  g rea t ly  enhanced 
by t h e  temperature of the water which w a s  drawn from a nearby 
f i re  hydrant. Thus, t h e s e  r e s u l t s  do not necessar i ly  r e f l e c t  
t h e  e f f ic iency  of t h i s  un i t  under normal i n s t a l l a t i o n  conditions 
where the  water would b e  recycled. 
e f f e c t s  very l i t t l e  condensation. 

The Lexington p lan t  had r a the r  high uncontrolled p a r t i c u l a t e  
emissions f o r  a p lan t  operating a t  only about 40% of capacity. 

Figure 20presents  t h e  p a r t i c l e  s i ze  d i s t r i b u t i o n s  tha t  were 
obtained a t  the  ACC scrubber i n l e t  and o u t l e t .  

Recycled water becomes heated and 
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Figure 20- Particle Size Distributions - ACC Wet Collector 
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P a r t i c l e  S ize  Di s t r ibu t ions  

The test r e s u l t s  show p a r t i c l e  s i z e  d i s t r i b u t i o n s  from the  
one micron and l a r g e r  s i z e  range, which incliides the  
mechanically generated dus t s ,  down i n t o  the  sub-micron range, 
which almost c e r t a i n l y  conta ins  fumes formed by v o l a t i l i z a t i o n  
Of p a r t  of t he  charge ma te r i a l .  Another c lear -cu t  i n d i c a t o r  of 
t he  combination of a dus t  and fume i n  a gas stream is a c l e a r l y  
non-linear p l o t  of cumulative frequency versus  p a r t i c l e  s i z e  
on log-normal p robab i l i t y  paper. The p lo t t ed  curves most o f t e n  
show t h i s  s t a t i s t i c a l l y  f o r  t he  dryer  e f f l u e n t ,  al though some of 
t he  o the r  gas streams show r e l a t i v e l y  l i n e a r  d i s t r i b u t i o n s .  

Theore t i ca l ly ,  any mechanical gr inding  o r  a t t r i t i o n  process should 
produce dust which d i s t r i b u t e s  i n  a log-normal manner. This i s ,  
a p l o t  of t he  logarithm of t h e  p a r t i c l e  diameter versus  the  
f r a c t i o n  i n  each s i z e  range should g ive  an approximately normal 
d i s t r i b u t i o n  curve. 

Whenever p a r t i c l e s  generated by two d i f f e r e n t  mechanisms which 
have widely d i f f e r e n t  average p a r t i c l e  s i z e s  are mixed toge ther ,  
they form a bi-modal p a r t i c l e  s i z e  d i s t r i b u t i o n  when p lo t t ed  on 
ordinary coordinates and when p lo t t ed  on log-normal cumulative 
p robab i l i t y  paper they make a curve very  much l i k e  the  ones 
shown i n  s e v e r a l  of t h e  p l o t s .  

F rac t iona l  Col lec t ion  Eff ic iency  

I n  assess ing  the  performance of each w e t  c o l l e c t o r  a s  compared t o  
the  o the r s ,  the  f r a c t i o n a l  c o l l e c t i o n  e f f i c i e n c y  i s  a more meaning- 
f u l  measure than the  o v e r a l l  c o l l e c t i o n  e f f i c i e n c y ,  because the  
p a r t i c l e  s i z e  d i s t r i b u t i o n s  a t  the  scrubber inlet vary from p lan t  
t o  p lan t .  
wet c o l l e c t o r s ,  which were ca l cu la t ed  from t h e  i n l e t  and o u t l e t  
p a r t i c l e  s i z e  d i s t r i b u t i o n s .  Although i t  was not poss ib l e  to  p l o t  
a curve f o r  t he  Fisher-Klosterman u n i t  due to  the  l a c k  of an 
acceptable s i z e  d i s t r i b u t i o n  measurement a t  t he  scrubber o u t l e t ,  
i t s  o v e r a l l  performance i n  c o l l e c t i n g  f i n e  p a r t i c l e s  was  favorable.  

Figure 21 shows t h a t  t he  APPCOR scrubber u n i t  was most e f f i c i e n t  
i n  c o l l e c t i n g  t h e  l a r g e r  p a r t i c l e s  (approximately 20-microns) 
although t h e  c o l l e c t i o n  e f f i c i ency  of t h i s  u n i t  decreased rap id ly  
as the  p a r t i c l e  s i z e  decreased. For t h e  smal le r  p a r t i c l e s  (approxi- 
mately 2-microns) t he  Koch u n i t  a t  Oxford was the  most e f f i c i e n t  
followed by t h e  Koch u n i t  a t  Rozel and the  A i r  Conditioning u n i t .  
These c o l l e c t i o n  e f f i c i e n c i e s  a r e  wi th in  t h e  accepted range f o r  
medium e f f i c i ency  w e t  scrubbers.(6) 

However, t he  e f f i c i e n c i e s  obtained d id  not c o r r e l a t e  w e l l  with t h e  
scrubber pressure  drop. The fundamental problem i n  r e l a t i n g  the  
scrubber e f f i c i e n c i e s  t o  the  test  condi t ions  under which they 
were obtained probably l i e s  i n  t h e  f a c t  t h a t  t h e  scrubbers a r e  a l l  
b a s i c a l l y  well-equipped t o  c o l l e c t  t h e  l a r g e  p a r t i c l e s ,  bu t  not 
capable of doing very much of a job  on t h e  submicron f r ac t ion .  
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Figure 2 1  p re sen t s  t h e  f r a c t i o n a l  e f f i c i e n c y  curves f o r  t h e  
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Summary of W e t  Scrubbers 

Wet scrubbers are genera l ly  grouped i n  t h r e e  more or less a r b i t r a r y  
ways. Low energy scrubbers or air  washers ope ra t e  a t  pressure  drops 
on t h e  order  of 1 or 2'' w a t e r  column and are e f f e c t i v e  i n  c o l l e c t i n g  
l a r g e  p a r t i c l e s  (over two or t h ree  microns) a t  high e f f i c i ency .  
They are not  u se fu l  f o r  c o l l e c t i n g  fumes or f i n e  dus t s ,  and a r e  
not l i k e l y  t o  be  s a t i s f a c t o r y  f o r  t he  a l f a l f a  dryer  app l i ca t ion .  
Medium energy scrubbers u sua l ly  opera te  from 2 or 3" water column 
t o  10" or so,  and a r e  q u i t e  e f f e c t i v e  f o r  a l l  p a r t i c u l a t e  matter 
except submicron p a r t i c l e s .  

There is every i n d i c a t i o n  from the  test r e s u l t s ,  t h a t  a scrubber 
with several inches of water pressure  drop w i l l  b r ing  t h e  
p a r t i c u l a t e  emissions down by a t  l e a s t  50% and w i l l  probably b r ing  
a p l an t  i n t o  compliance if t h e  problem c o n s i s t s  p r i n c i p a l l y  of 
dus t  r a t h e r  than smoke emissions. Severa l  scrubber types ought t o  
be  s u i t a b l e .  These inc lude  t h e  multi-Venturi type, conventional low 
pressure  drop Venturi  scrubbers,  wetted high ve loc i ty  cyclones, etc. 

I n  add i t ion ,  t he re  is  some i n d i c a t i o n  t h a t  a w e t  scrubber is  h e l p f u l  
even when smoking is a s i g n i f i c a n t  problem. 
i s  not l i k e l y  t o  be  h ighly  e f f i c i e n t  on the  sub-micron smoke p a r t i c l e s ,  
i t  does do a good job of c u t t i n g  the  accompanying dus t  emission down, 
and may improve the  appearance of a smoky plume considerably. 

High energy scrubbers  wi th  p re s su re  drops ranging from 10" t o  as 
high a s  120" water column are f requent ly  used t o  c o l l e c t  fume-like 
materials from such sources as BOF s tee l  making furnaces,  g l a s s  
melting furnaces and coa l  dryers .  
p ressure  drops on t h e  order  of 60" water column are q u i t e  e f f e c t i v e  
i n  captur ing  submicron fume p a r t i c l e s  from smelting app l i ca t ions ,  
e t c . ,  they are o f t e n  inadequate f o r  t he  c o l l e c t i o n  of organic fumes. 
This is probably due more t o  the  low s p e c i f i c  g r a v i t y  of t he  fume 
material than t o  a l a r g e  d i f f e rence  i n  p a r t i c l e  s i z e .  The former 
are usua l ly  some 2.5 t i m e s  as dense as water, whi le  the  organic 
fumes tend t o  be  about t h e  same dens i ty  as water, or a l i t t l e  less. 

The p r o b a b i l i t y  is g r e a t  t h a t  a high energy Venturi  scrubber would 
have t o  opera te  a t  pressure  drops between 60 and 100" water column 
i n  order  t o  reach c o l l e c t i o n  e f f i c i e n c i e s  on the  order  of 90% 
or  so of the  fume materials i n  the  a l f a l f a  dryer  discharge.  

Although t h e  scrubber 

While Venturi  scrubbers a t  
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Water C l a r i f i c a t i o n  

The problem of water c l a r i f i c a t i o n  and s ludge  d i sposa l  is  inherent  
t o  the  use  of w e t  scrubbers.  
Kansas, t h i s  problem w a s  solved wi th  the  following arrangement. The 
bottom four teen  f e e t  of t h e  10 '  X 60' concre te  s i l o  was used as a 
s to rage  tank f o r  t h e  water whichwxf? c i r cu la t ed  over t h e  Koch t r a y  
i n  the  s i l o .  
wi th  a d r a i n  a t  t h e  lowest po in t .  

When t h e  scrubber i s  i n  opera t ion ,  ten ga l lons  of water sludge i s  
drained o f f  per  minute and pumped t o  a s e t t l i n g  and evaporation 
pond. 
bottom, excess water i s  pumped t o  fou r  rain b i r d  spray  nozz les ,  
i r r i g a t i n g  a g ras s  sodded area. 

There is  no no t i ceab le  odor throughout t h i s  system when only t h e  
e f f l u e n t  from t h e  primary c o l l e c t o r  i s  handled by t h e  w e t  scrubber.  
Approximately once a yea r  t he  c o l l e c t i o n  pond i s d r a i n e d ,  t h e  
sludge is  removed and spread on a n  a l f a l f a  f i e l d  f o r  f e r t i l i z e r .  

A p i l o t  c o m e r c i a l  water c l a r i f y i n g  u n i t  w a s  used f o r  a few days 
i n  1973 a t  t h e  Oxford Dehydrating Co. p l an t .  
u n i t  was measured at  s l i g h t l y  over  10 ga l lons  per  minute. 

~~ ~~~ .~ ~ _~Chemical-treatment-consisted- of=the-addition-of -lime and a - synthe t ic  
polymer, Drewfloc 260. The l i m e  w a s  added a t  a r a t e  of approximately 
3 l b s  per hour t o  produce a pH of 7.  
rate of 1 l b l l 0  h r s .  The c o s t  of t h i s  chemical treatment was 
roughly 25c p e r  hour. 

A clear e f f l u e n t  w a s  produced almost immediately a f t e r  chemical 
treatment w a s  i n i t i a t e d .  The amount of s o l i d s  removed i n d i c a t e s  
the necess i ty  f o r  desludging t h e  u n i t  every e i g h t  hours.  The 
volume of concentrated sludge, whi le  s u b j e c t  t o  v a r i a t i o n  from 
opera t ion  t o  opera t ion ,  would probably be about 1120th of t he  feed  
volume, o r  240 ga l lons  every e i g h t  hours.  

A s  an a l t e r n a t i v e  t o  us ing  l i m e  as t h e  a l k a l i  source ,  i t  may be  
b e n e f i c i a l  t o  u se  something else which would produce a more 
so lub le  s a l t ,  such as sodium hydroxide or soda ash. Spot 
checks run on beakers f u l l  of t h e  c l a r i f i e r  feed i n d i c a t e  t h a t  t h e  
primary func t ion  of l i m e  is t o  a d j u s t  pH t o  a po in t  where t h e  f loc -  
cu len t  or polymer would be e f f e c t i v e .  I f  a sodium based a l k a l i  is 
used r a t h e r  than l i m e ,  t he re  would be less chance of developing a 
s a t u r a t e d  s o l u t i o n  with r e spec t  t o  calcium salts i n  t h e  scrubber 
i t s e l f .  The need t o  use  a sodium based a l k a l i  would have t o  be 
evaluated on a n  ind iv idua l  b a s i s  dependent upon t h e  calcium hardness 
of t he  make up water t o  t h e  scrubber.  

A f l o t a t i o n  type w a t e r  c l a r i f y i n g  u n i t  w a s  designed, constructed 
and i n s t a l l e d  by Western Alf;Lfa Corp. personnel a t  t h e  Lawrence 
p l an t .  This u n i t  worked q u i t e  s a t i s f a c t o r i l y ,  during t h e  w e t  
scrubber tests, and d i d  not  r e q u i r e  t h e  use  of chemicals t o  
coagula te  the  s o l i d s .  

A t  t h e  Oxford Dehydrating p l a n t ,  Oxford, 

The bottom of the  s t o r a g e  tank has  a cone shaped hopper 

This pond i s  waterproof and a f t e r  t h e  s ludge  settles t o  the  

Feed rate t o  t h e  

_- 
~~ ~. 

The polymer w a s  added a t  t h e  
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Severa l  cor ros ion  problems have been encountered and should be  
taken i n t o  cons idera t ion  whenever anyone uses  w e t  scrubbing 
equipment f o r  t h e  c o l l e c t i o n  of organic  dus t s .  
a c i d i c  and w i l l  a t t a c k  carbon steel and poss ib ly  concre te  over a 
long period of t i m e .  The a l t e r n a t i v e  s o l u t i o n s  t o  t h i s  problem 
involve the  use  of cor ros ion  r e s i s t a n t  ma te r i a l s  such as rubber,  
p l a s t i c s ,  and s t a i n l e s s  s teel ,  o r  t he  con t ro l l ed  a d d i t i o n  of l ime 
o r  c a u s t i c  t o  keep t h e  water i n  t h e  scrubbing system a l k a l i n e .  
Chemical con t ro l  i s  probably t h e  cheapes t ,  b u t  it r equ i r e s  very  
good opera t ing  a t t e n t i o n .  
a c i d i c  water i s  l i k e l y  t o  damage carbon steel tanks,  p ip ing  and 
Pumps. 

The water becomes 

Even a few days of opera t ion  with 
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Thompson Recycle System 

Table 9 presents  a summary of 1972 performance da ta  obtained f o r  t h e  
Thompson recyc le  system a t  t h e  Topeka p l an t .  During t h e  f i r s t  week 
of t e s t i n g  (Tes ts  1-8) ,  p a r t i c u l a t e  loadings i n  t h e  primary cyclone 
e f f l u e n t  and p a r t i c u l a t e  emission r a t e s  were high, compared t o  aver- 
age va lues  measured ( a t  o the r  p l an t s )  i n  t h e  1971 study. There was 
a l s o  cons iderable  evidence of t h e  depos i t ing  and sloughing of par t icu-  
l a t e  m a t e r i a l  from the i n s i d e  of t h e  ductwork. In order  t o  reduce t h i s  
problem, the manufacturer decided t o  i n s u l a t e  t h e  fan,  h e l i c a l  s epa ra to r ,  
and t h e  o u t l e t  s tack.  

During the second week of t e s t i n g  ( t e s t s  9-12) p a r t i c u l a t e  loadings 
and emission r a t e s  were considerably lower than during t h e  f i r s t  week, 
and t h e  percent of p a r t i c u l a t e  recycled was higher.  Also, hay q u a l i t y  
was higher.  Tes t  11 was run with t h e  recyc le  l i n e s  shu t  off and 
ind ica ted  l i t t l e ,  i f  any, p a r t i c u l a t e  buildup i n  t h e  ductwork. However, 
flow plugging problems occurred f requent ly ,  mos t ly  a t  t h e  hammemill. 
Af te r  t h e  t e s t i n g  had been completed, t h e  manufacturers reported find- 
ing  equipment malfunctions which they f e e l  s u b s t a n t i a l l y  impaired p l an t  
opera t ions  and p a r t i c u l a t e  emission con t ro l .  

Figure 22 presents  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 s  obtained a t  the 
o u t l e t  of t h e  primary c o l l e c t o r  and a t  the i n l e t  t o  t h e  fan ( loca t ions  

of p a r t i c u l a t e  agglomeration i n  t h e  v e n t u r i  s ec t ions  and t h e  s t a t i c  
rega in  chamber. 
samples were taken on d i f f e r e n t  days with d i f f e r e n t  hay q u a l i t y  and 
production conditions.  

The Thompson p lan t  a t  Topeka w a s  i n  compliance with the Bay Area 
standard when operated a t  l e s s  than 75% capacity.  A t  t h e  h igher  
production r a t e s  (75% t o  85% of capac i ty ) ,  t h e  e f f ec t iveness  of t h e  
recyc le  system was reduced. The use of water sprays i n  t h e  feeder 
( t e s t s  1, 8, 9 ,  10 and 12) may have reduced p a r t i c u l a t e  emissions, 
however, t h i s  e f f e c t  cannot be i s o l a t e d  from t h e  e f f e c t  of reduced 
process-weight-rate. During T e s t  11, t h e  p l an t  was near ly  i n  compli- 
ance without recyc le  and without water sprays.  
than normal water usage rate a t  t h e  feeder  was used t o  simulate 
hay condi t ion  which occurs a s  a result  of heavy dew o r  r a i n .  

The 1973 t e s t  da t a ,  Table 10, obtained on t h e  Thompson recyc le  system 
a t  S t .  Marys, Kansas show t h e  p l an t  t o  be w e l l  wi th in  compliance with 
the Bay Area standard even when operated above 100% of r a t ed  evaporative 
capacity.  
under t h e  conditions of t h e  1972 Topeka t e s t s .  
d i f f i c u l t  t o  make a d i r e c t  comparison between t h e  two p l a n t s  because 
t h e  manufacturers r a t ed  t h e  1 2  X 42 drum, a t  S t .  Marys, a t  27,000 l b s l h r  
evaporative capac i ty  on 78% moisture green chops, whereas t h e  1 2  X 36 
drum a t  Topeka was r a t ed  a t  30,000 l b s / h r  evaporative capac i ty  on 75% 
moisture green chop. 

The manufacturers estimated t h a t  t h e  S t .  Marys system w a s  recyc l ing  
40% of the pr imary  cyclone o u t l e t  gases back t o  the furnace,  primary 
cyclone, and drum. 

i - 
~~ ~ one and f i v e  i n  - Figure 7) .  .T&se--dis t r ibutsoxshow s l i g h t e v i d e n c e  . ~ -1 

However, i t  should be noted t h a t  t h e  o u t l e t  and i n l e t  I 

During T e s t  8 ,  a h igher  
a "wet" 

This i s  a d e f i n i t e  improvement over t h e  r e s u l t s  obtained 
However, i t  i s  
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Figure 22 - Particle Size Distributions - Thompson Recycle System 
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H e i l  Recycle System 

Table 11 presents  a summary of peiformance da ta  f o r  t h e  H e i l  r ecyc le  
system a t  the Grand I s l and  p l a n t .  Tes t ing  was done with and without 
recyc le  t o  determine t h e  e f f e c t  of t h e  recyc le  system. Without 
recyc le ,  emission rates and p a r t i c u l a t e  loadings i n  t h e  primary 
cyclone e f f l u e n t  were high compared t o  average values measured ( a t  
o the r  p lan ts )  i n  1971, although t h e  average p a r t i c l e  s i z e  was f a i r l y  
typ ica l .  Figure 23 presents  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 s  t h a t  
were obtained a t  t h e  o u t l e t  and recyc le  loca t ions .  

With t h e  recyc le  system i n  opera t ion ,  t h e  p a r t i c u l a t e  loading and 
average p a r t i c l e  s i z e  a t  t h e  cyclone o u t l e t  were s u b s t a n t i a l l y  reduced. 
However, cont ro l led  dryer  emissions exceeded the Bay Area l i m i t a t i o n  
i n  two out of t h r e e  cases .  
90% of capacity.  

The t e s t  r e s u l t s  show t h e  He i l  skimmer arrangement t o  b e  e f f e c t i v e  i n  
concentrating t h e  l a r g e r  p a r t i c l e s  i n  t h e  recyc le  stream. 
loading i n  t h e  recyc le  gases w a s  g rea t e r  by a f a c t o r  of 1.2 - 3.9 
than t h e  g ra in  loading i n  t h e  o u t l e t  gases. This is supported i n  
t e s t  9 by an average p a r t i c l e  s i z e  of 7 . 7  microns i n  t h e  recyc le  gases 
a s  compared to  an average p a r t i c l e  s i z e  of l e s s  than one micron i n  the 
o u t l e t  gases. 

The re  was %id&ce of  considerable buildup of p a r t i c u l a t e  mat te r  on 
t h e  i n t e r i o r  wa l l s  of t h e  extension duct. 
deposited mater ia l  was removed from the bottom i n t e r i o r  of t h e  duct 
p r i o r  t o  t h e  i n i t i a l  t e s t i n g .  
t h i s  mater ia l  had accumulated during about one month with t h e  recyc le  
system i n  operation. The f a c t  t h a t  the p a r t i c u l a t e  matter was 
p r e f e r e n t i a l l y  deposited on t h e  bottom of t h e  extension duct ind ica ted  
t h a t  p a r t i c u l a t e  was s e t t l i n g  from t h e  e f f l u e n t  stream; the observed 
flow ve loc i ty  with recyc le  averaged only about 1,800 ft /min. 

Table 1 2  contains the 1973 t e s t  da t a  obtained on t h e  H e i l  r ecyc le  
system a t  Dundee, Kansas. T e s t s  were not conducted t o  determine 
t h e  emission reduction caused by  p a r t i a l  recyc l ing  of t h e  primary 
cyclone gases back t o  t h e  furnace.  However, the t o t a l  e f f e c t  of 
recyc le ,  p lan t  design, and opera t ing  procedures was a p l an t  with 
emissions a t  113 t h e  allowable l e v e l s  of t h e  Bay Area Standard. 

The tests were run at  84% t o  123% of r a t ed  capac i ty  based on 34,000 
l b / h r  evaporative capacity at  75% moisture i n  t h e  green chops. 

A comparison of t e s t  136 with tests 137 through 139 shows t h e  
tremendous e f f e c t  of dry  chops moisture  content on v i s u a l  opacity.  
A t  7% moisture i n  the dry  chops, v i s u a l  opacity was 35-40%, 
whereas a t  11% dry chops moisture,  v i s u a l  opac i ty  was less than 
10%. The e f f e c t  on t o t a l  p a r t i c u l a t e  emissions w a s  not appreciable.  

The Dundee p lan t  was equipped wi th  a bag f i l t e r  f o r  con t ro l  of t h e  
hammermill system emissions. 

The p l adwas  opera t ing  between 80% and 

The g ra in  

~~ 
- ~ - 

~~ ~ 
-~ -~ - -. -~ -~ 

~ 

A cake of 4-5 i n .  of 

According t o  a He i l  r ep resen ta t ive ,  
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Figure 23 - Particle Size Distributions - Heil Recycle System 
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Summary of Recycle 

With re ference  t o  t h e  recyc le  systems, t h e  maximum e f f i c i e n c y  of 
c o l l e c t i o n  and removal of p a r t i c u l a t e  matter would correspond t o  t h e  
s i t u a t i o n  in which a l l  of t h e  recycled p a r t i c u l a t e  mat te r  is elimin- 
a ted  by inc ine ra t ion  or by discharge from t h e  bottom of the primary 
cyclone c o l l e c t o r .  I n  t h i s  case,  t h e  p a r t i c u l a t e  removal e f f i c i e n c y  
of t h e  recyc le  system would be equal t o  t h e  percent of t h e  p a r t i c u l a t e  
(in the  primary cyclone e f f luen t )  which is recycled. 
a r e  given in the  l a s t  columns of Tables 9 and 11. 

The t o t a l  e f f ec t iveness  of a recyc le  system i n  reducing p l an t  emissions 
may b e  g r e a t e r  than the p a r t i c u l a t e  removal e f f i c i ency ,  because of 
changes in t h e  drying gases which could reduce the amount of p a r t i c u l a t e  
emissions c rea ted  in t h e  drum, and should b e  determined a s  follows: 

% Emission Reduction = (emission w/o recycle-emission w/recycle)X 

These percentages 

emissions w/o recyc le  

P a r t i a l  recyc l ing  of t h e  primary cyclone gases back t o  t h e  furnace 
has s e v e r a l  a t t r a c t i v e  p o t e n t i a l  advantages: 

1. The s u b s t i t u t i o n  of steam f o r  air appears t o  reduce 
t h e  f r o n t  end temperature enough t o  m a k e  a s u b s t a n t i a l  
imp_rov_euent in the "smoke" problem, Le., l e s s  smoke 
appears t o  b e ~ c r e s t e d  with an e f f e c t i v e l y  designed-- ~- ~~~ = - ~ ~- - _= 

recyc le  system. 

The p a r t i c u l a t e  emissions from t h e  primary cyclone a r e  
apparent ly  reduced a t  l e a s t  p ropor t iona l  t o  t h e  amount 
of recyc le .  

There may be a f u e l  savings depending upon design of 
system and r a t e  of production. 

I f  a scrubber or o the r  con t ro l  device  must be added, 
t h e  n e t  amount of gas t o  b e  t r e a t e d  is reduced by t h e  
amount of recycle.  

- c  - - -  _ _  - - ~  ~~ ~ 

~ ~ ~~ 
~ ~~ ~~ 

2. 

3. 

4 .  

A p lan t  with recyc le  s e e m  t o  r equ i r e  a l i t t l e  mre opera tor  a t t en -  
t i o n  and i t  is e s s e n t i a l  t o  have t h e  r e c y c l e - l i n e  adequately 
in su la t ed  t o  prevent condensation. 
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Effec t  of Recycle on Product Qual i ty  

During some of t h e  tests on t h e  H e i l  r ecyc le  system, samples of raw and 
f in i shed  product were co l l ec t ed  and subsequently analyzed to  determine 
t h e  e f f e c t  of r ecyc le  on carotene and xanthophyll  s t a b i l i t y .  

Fresh a l f a l f a  w a s  co l l ec t ed  from t h e  dehydrator feeder  by combining 
seve ra l  grab samples f o r  each condition. 
i n  a p l a s t i c  bag, quickly f rozen  wi th  d ry  ice ,  re turned  t o  the  labora tory  
and freeze-dried.  

Af te r  drying and gr inding  t h e  meals were analyzed f o r  carotene and 
nonepoxide xanthophyll  (NEX), pro te in ,  f i b e r  and meal moisture. A 
s i n g l e  sample of each component was co l l ec t ed  f o r  experiment 3-0 and 
s i m i l a r l y  analyzed. The average ana lyses  va lues  f o r  each experiment 
are presented i n  Table 13. 

These da t a  i n d i c a t e  t h a t  "recycling" had no e f f e c t  on carotene o r  
xanthophyll s t a b i l i t y  under t h e  condi t ions  of t hese  tests. 
probably because p a r t i a l  recyc l ing  of the gases d id  n o t  reduce the  
oxygen content s u f f i c i e n t l y  t o  prevent n u t r i e n t  l o s s e s  during dehydra- 
t ion .  

The "recycle" meal moistures were s l i g h t l y  h igher  (6.3 - 10.4%), but 
not s u f f i c i e n t l y  d i f f e r e n t  from those  of the r e g u l a r l y  dehydrated 
a l f a l f a  t o  in f luence  xanthophyll r e t en t ion .  The moisture content 
of t h e  a l f a l f a  meal d r i ed  under "regular" condi t ions  var ied  from 
5.1 to  7.4%, which is a f a i r l y  good range f o r  preventing xanthophyll 
l o s ses  which occur from overheating and overdrying. 

The f r e s h  chops were placed 

Corresponding dehydrated meal samples were co l lec ted .  

This  is 

Abilene P l a n t  Modifications 

Table 14 dep ic t s  the  test r e s u l t s  obtained on t h e  Abilene p lan t .  Tests 
101 through 103 were on extremely low q u a l i t y  material, a t  high produc- 
t i o n  r a t e s  and the p a r t i c u l a t e  emissions exceeded allowable limits. 
Tests 114-116 were with varying degrees of r ecyc le  and i n d i c a t e  a 
reduction i n  emissions as t h e  amount of gases recycled t o  the  furnace 
is  increased. However, t h i s  i s  cont rad ic ted  by test 119 which r e s u l t e d  
i n  a Higher level of emissions than test 116 even though both w e r e  a t  t h e  
same level of r ecyc le  whi le  test 119 was a t  a lower production rate and 
higher dry  chops moisture. 
test 116 may be t h e  r e s u l t  of water spray  i n t o  t h e  gases j u s t  before  they 
entered t h e  s i l o .  

The p l an t  was wi th in  allowable emission levels during tests 141-145 since the  
sum of allowable emissions f o r  each process (drying, grinding, and 
pe l l e t ing )  i s  g r e a t e r  than  t h e  t o t a l  emissions from t h e  s i l o .  

Although tests 117 and 118 were not  run simultaneously with any of t he  o the r  
tests, i t  i s  reasonable t o  specu la t e  t h a t  t he  p a r t i c u l a t e  cont r ibu t ions  
from the  hammermill and p e l l e t  m i l l  systems were r a t h e r  high during t h e  
o ther  tests. 
systems discharged i n t o  the  s i l o  along wi th  t h e  e f f l u e n t  from t h e  primary 
cyclone, th i s  must have confounded the  o t h e r  test r e s u l t s  making i t  
Y Y ~ ~ ~ L U L S  LV YSLSIYILIC_ LLIS LSVSI UL ~ L L L C Y L ~ L S  emissions being emitted 

Thus, the lower l e v e l  of emissions during 

Also, s i n c e  t h e  e f f l u e n t  from the hammermill and p e l l e t  m i l l  

,-..---*.--- L- ... ..... 1 _ r  _^.._ 
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from the  b a s i c  dehydration process. The s i l o  may have co l l ec t ed  
some of the  p a r t i c u l a t e  matter emanating from t h e  hammermill and 
p e l l e t  m i l l  systems. 
undoubtedly have been much less had only the  dryer  emissions been 
discharged i n t o  t h e  s i l o .  

However, t h e  emission rate from t h e  s i l o  would 

Neodesha and Berthoud P lan t  Modif icat ions 

The Neodesha test r e s u l t s ,  Tab le  15, are f a i r l y  encouraging, even 
though t h e  p l an t  w a s  not  i n  compliance during most of t h e  tests 
cause of chc condi t ions under which t h e  tests were conducted. It w a s  
impossible t o  run t h e  p l an t  under s teady s ta te  condi t ions  because 
of s ca rce  hay and breakdowns with t h e  harves t ing  equipment. The hay 
a l s o  contained a high amount of gases which cont r ibu tes  t o  excess ive  
par t icu la te ,emiss ions .  

The Berthoud p lan t  w a s  not  i n  compliance during i t s  tests, Table 1 5 ,  
wi th  the  most apparent reason being t h e  lower dry chops moisture 
content  as compared t o  t h e  Lawrence p l an t  which operated i n  compliance 
even without t h e  w e t  scrubber i n  opera t ion ,  Table 7. 

be- 

Comparison With The Bay Area Standard 

Figures  24, 25, 26, and 27 present  plots of t h e  percent  of a l lowable 
p a r t i c u l a t e  emissions versus  the  percent  of production capac i ty  f o r  
each of t h e  f u l l - s c a l e  con t ro l  deviceslsystems t h a t  were tested. 
al lowable emissions were determined according t o  t h e  Bay Area emission 
s tandard.  
green chops moisture ,  8% dry  chops moisture  and 7% p e l l e t  moisture  
and on the  evaporat ive capaci ty  of t h e  dryer. 
connected by a ho r i zon ta l  l i n e ,  f o r  each of t h e  1973 Thompson tests. 
The p lo t s  i nd ica t ing  t h e  higher  percent  of product ion capac i ty  were 
derived from a p lan t  evaporat ive capac i ty  based on 78% moisture  green 
chops. 
capaci ty  and t h e  p l o t s  f o r  t h e  o ther  p l an t s  were der ived from evapora- 
t i v e  capac i t i e s  based on 75% moisture green chops. 

It should be  noted t h a t  those p l an t s  wi th  more than one source opera- 
t i o n  (shown on previous t ab le s )  have h igher  a l lowable emissions f o r  a 
given process-weight-rate than t h e  p l a n t s  with only t h e  one source 
operat ion,  t h e  dryer .  This  is  because, f o r  t h e  multi-source 
opera t ions ,  t h e  al lowable emissions f o r  each process  (drying,  gr inding,  
and pe l l e t iug )  are t o t a l e d  t o  give one allowable emission from the  
common discharge poin t  f o r  a l l  t h e  process; e .g . ,  a p l an t  with a 
process-weight-rate of 20,000 l b s l h r  through the  dryer  would be allowed 
19.2 l b .  of emissions p e r  hour from t h e  primary cyclone i f  t h e  primary 
cyclone is handling only the  dryer  discharge;  whereas, another  p l an t  
wi th  t h e  same process-weight-rate through t h e  dryer  would be  allowed 
29.6 l b s .  of emissions per  hour from t h e  primary cyclone i f  it was  
Processing 8,000 l b s .  p e r  hour through t h e  hammermill and t h e  hamer-  
m i l l  System e f f l u e n t  was a l s o  being discharged through t h e  primary cyclone. 

- .- -~ ~~~~ . ~~ 
- __ - ~~~~~ 

~~ 
~ ~~~~ 

~ ~~~~ ~ 
. .- 

The 

The production capac i ty  w a s  ca lcu la ted  on t h e  b a s i s  of 75% 

Figure 25 shows two p l o t s ,  

The Thompson p l o t s  i nd ica t ing  lower percentage of production 
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Visual Opacity 

Visual opac i ty  readings were made a t  some of t h e  p l an t s ,  by q u a l i f i e d  
S t a t e  Control Department personnel,  during t h e  1972 and 1973 source 
tests. Table 16  shows these  v i s u a l  opac i ty  readings and t h e  
corresponding measured g r a i n  loadings and pounds of emissions pe r  hour. 
The v i s u a l  opac i ty  is  expressed as t h e  average of a l l  readings taken 
during a source test. 

TABLE 1 6  

VISUAL OPACITY READINGS 

T e s t  

9-2 

10-2 

11-2 

1 2 1  

- 

-122 ~~ 

- 

125 

12 7 

131 

132 

136 

137 

138 

141 

142 

143 

Visual Opacity % 

39 

17  

45 

c 10 

--e 10 

34 

32 

c 10 

c 10 

38 

,= 10 

,= 10 

25 

26 

48 

~ -~ 

72 

P a r t i c u l a t e  Emissions 
grlacf l b s l h r  

.082 

.068 

.137 

.061 

.093 

.089 

.135 

.049 

.045 

.066 

.028 

.046 

.073 

.079 

.092 

- - 

25.1 

21.1 

49.3 

17.1 

24.5 

28.9 

43.4 

13.3 

12.2 

12.8 

~ -~~ 

6.65 

10.8 

28.5 

30.6 

34.9 



SECTION V I 1 1  

EFFECT OF PROCESS CONDITIONS 

The r e s u l t s  of ADA's 1971 study ind ica t ed  a s t rong  dependence of 
dryer-generated par t iculate  emissions on i npu t .  hay q u a l i t y  and 
dryer  opera t ing  conditions.  This s ec t ion  of t h e  r epor t  quan t i f i e s  
t h a t  dependence through s ingle-p lan t  and mul t ip lan t  co r re l a t ions .  
The mul t ip lan t  c o r r e l a t i o n  inc ludes  da t a  from t h e  1971 study. 

This s e c t i o n  a l s o  presents  a comparison of cyclone c o l l e c t i o n  
e f f i c i ency  and a t abu la t ion  of  emission f a c t o r s  derived from t h e  
r e s u l t s  of t he  1971 and 1972 s t u d i e s .  Factors are given f o r  
t he  gr inding  and p e l l e t i n g  opera t ions  as w e l l  a s  t he  drying opera- 
t i on .  

Single-Plant Corre la t ion  (Topeka) 

Analysis of the  performance da ta  for a s i n g l e  p l a n t  ind ica ted  t h a t  
the  p a r t i c u l a t e  emission rate from the  primary cyclone c o l l e c t o r  
was s t rong ly  dependent on t h e  dry  chops (or  p e l l e t )  production 
rate and on hay q u a l i t y  ( p e l l e t  p ro t e in ) .  
a measure of t h e  rate a t  which dry  mat te r  passes through t h e  dryer .  

Multiple regress ion  techniques were used t o  c o r r e l a t e  the da t a  
from the  Topeka p l a n t ,  which exhib i ted  t h e  g r e a t e s t  ranges of 
v a r i a t i o n  i n  process parameters. A high degree of cor re l a t ion  
(mul t ip le  c o r r e l a t i o n  c o e f f i c i e n t  = 0.98) was obtained with t h e  
following equation: 

The production rate is 

(Prod. Rate)3.0 

(% Pr0t.ein)Z.Z 
Emission Rate = 710 X 

where the  emission rate is expressed i n  l b / h r  and t h e  production 
rate i n  ton /hr .  

This equation s t a t e s  t h a t  emissions nea r ly  double a t  a cons tan t  produc- 
t i o n  r a t e  when t h e  p r o t e i n  i s  decreased from 21% to  16%.  Moreover, 
t h e r e  is a cubic dependence on production r a t e ;  f o r  example, i f  t h e  
production rate is  increased from 75% of capac i ty  t o  100% of capac i ty ,  
t he  r a t e  of emissions is more than doubled. Although t h e  number of 
da ta  po in t s  used i n  developing t h i s  c o r r e l a t i o n  equation was not 
l a r g e ,  t h e  high degree of c o r r e l a t i o n  i n d i c a t e s  t h a t  t h i s  equation 
should be r e l i a b l e  i n  p red ic t ing  t h e  s e n s i t i v i t y  of emissions t o  these  
two process parameters f o r  t h i s  p l an t .  

Since low q u a l i t y  hay and high production r a t e  normally occur toge ther ,  
t he re  i s  a very  l a r g e  d i f f e rence  in emissions poss ib le  between operat- 
i ng  condi t ions  during t h e  high product iv i ty  period (midsummer) and the  
low p roduc t iv i ty  period (ear ly  and l a t e  summer). 
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Multiplant Correlation (Fine Particle Emissions) 

Analysis of multiplant data (including data from the 1971 study) 
by multiple regression techniques also substantiated the dependence 
of the particulate emission rate on process parameters. However, 
the degree of correlation was sharply reduced due to the 
dissimilarities in plant operating characteristics, i . e . ,  differences 
in dryer size and performance and in primary cyclone collection 
efficiency. The differences in dryer size were compensated for by 
introducing percent of production capacity into the correlation 
instead of the absolute production rate, and separating the dryers 
into two size categories. 
efficiency were compensated for by considering only fine particle 
(less than 5 p) emissions, which are not efficiently collected by 
any of the cyclones. 

For the dryers in the smaller capacity category (15,000 to 20,000 
lb/hr of evaporation), a high degree of correlation (multiple 
correlation coefficient = 0.91) between fine particle emkssions and 
process conditions was obtained with 'the following equation: 

The differences in cyclone collection 

A graph of the above equation is presented in Figure 28. 

For the dryers in the larger capacity category (30.000 to 34,000 lb/hr 
of evaporation), only a moderate degree of correlation (multiple 
correlation coefficient * 0.71) could be obtained, and the 
reliability of the correlation equation, as a predictive tool, was 
correspondingly reduced. 

In both the single $ant and multiplant correlations between dryer- 
generated particulate emissions and process conditions, emissions 
(total and fine particle) were found to increase with increasing 
production rate and with decreasing hay quality. 

&'for particles <5 microns 
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Cyclone Col lec t ion  Eff ic iency  

TO compare t h e  r e l a t i v e  c o l l e c t i o n  e f f i c i e n c i e s  of the  primary 
c o l l e c t o r s  involved in t h i s  study 
assumption was made tha t  t h e  s i z e  d i s t r i b u t i o n  of t h e  t o t a l  
p a r t i c u l a t e s  en te r ing  a primary c o l l e c t o r  d i d  n o t  vary s ign i f i can t -  
l y  from one p l an t  t o  another .  
e f f i c i ency  i s  indica ted  by a small  f r a c t i o n  of large particles 
(> 5 .u) i n  the  c o l l e c t o r  e f f luen t . .  The r e s u l t s  o f  t h i s  comparison 
are shown i n  Table 1 7 ;  as expected, t h e  s tandard conica l  cyclones 
are indica ted  t o  be  t h e  most e f f i c i e n t .  

This ,  p lus  t h e  grouping of t h e  c o l l e c t o r s  by type, supports  t h e  
assumption on which Table 17 was based. 

and i n  t h e  1971 study,  t h e  

Based on t h i s  assumption, high 

TABLE 1 7  

COMPARATIVE EFFICIENCIES 
OF PRIMARY CYCLONE COLLECTORS 

WT 9: of 
Large P a r t i c l e s  

.- - Plan t  Col lec tor  TE (> 5 p )  i n  Emissions 
~ ~- . 

~ .~ _. ~~~ ~~ ~~ 

~~ ~ - ~~ - 
~ ~ -Rozel _ _  - ~ ~ 

Conical 2 5  

Neodesha (1971) Conical 40 

Grand I s l and  Conical 45 

~~ ~ 

Arlington 

Rossvi l le  

Conical 

Flat-bottom 

45 

50 

Lexington Flat-bot  tom 50 

Oxford 

Topeka 

Darr 

Conical  

Flat-bot  tom 

Cy l ind r i ca l  

55 

60 

80 
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Emission Fac tors  

Table 18 presents  a summary of uncont ro l led  emission f a c t o r s  
f o r  t h e  drying, gr inding  and p e l l e t i n g  opera t ion ,  and combinations 
thereof.  These f a c t o r s  were der ived  from r e s u l t s  of t h e  1971 tests 
of P lan t s  A-D (1) and the  1972 tests of p l a n t s  E-I .  In t he  l a t t e r  
case, t h e  uncontrolled emissions are t h e  va lues  a t  the  i n l e t s  t o  
con t ro l  equipment o r  with r ecyc le  flows s h u t  o f f .  

As s h a m  i n  Table 18  , t h e  t o t a l  p l a n t  emissions average less 
than 20 l b l t o n  of p e l l e t s  (or meal). 
than the  va lue  of 60 l b l t o n  of meal repor ted  by the  U.S. 
Environmental P ro tec t ion  Agency (7) and comonly used by the  
states i n  es t imat ing  emissions from a l f a l f a  dehydrating mills. 

Table 18 shows the  emissions from each source on p l a n t s  which 
have sepa ra t e  o u t l e t s  t o  atmosphere from t h e  dryer,.hammermill 
and p e l l e t  m i l l  cyclone c o l l e c t o r s .  
both the  dryer  and hammermill cyclones. 
r e t u r n  the  hammermill and p e l l e t  m i l l  cyclone e f f l u e n t  t o  t h e  
primary "dryer" cyclone and thus have only one emission source 
f o r  t he  t o t a l  plant.  However, test A-102 is  l i s t e d  as dryer  + 
hammermill because t h e  p e l l e t i n g  system w a s  shu t  darn during t h i s  
test and the  one emission source contained only t h e  e f f l u e n t  from 
.the dryer  and hammemill. 

Th i s  is  s i g n i f i c a n t l y  less 

P l a n t  D has  one o u t l e t  f o r  
P l a n t s  A,  B and E 
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SECTION IX 

CONTROL COSTS - MODEL PROBLEM 

For the evaluation of the comparative coats of the control of 
dryer-generated particulate emissions, each equipment manufacturer 
waa asked to submit performance and cost data applicable to the 
control of emissions from a "model" dryerlprimary cyclone. The 
effluent properties which were specified for the model problems are 
representative of a typical alfalfa dehydrating plant but do M t  
necessarily reflect the severest air pollution conditions which might 
exist. 
were also given. 

Table 19 preaente the model problem data form. The requested 
performance data included the gas pressure drop and water usage 
for a control devicelaystem which would meet or exceed the 
specified collection efficiency of about 60%. 
cost data included coat8 of purchasing. installing and operating 
the control devicelsystem and costs for water treatment. 

Table 20 gives a summary of cost data submitted by each manufac- 
turer. 
were specified in the completed forms; 

The range of variation in the coat figures auggeats that there were 
significant differences in cost estimating techniques and/or in 
cost items included in the totals. For example, it is difficult 
to imagine that the variation in ductwork costs (Item A-3) for a 
wet scrubber could be as large as shown. 
the inclusion of. freight costs; only Fisher-Uosterman 
apecifica1l.y mentioned this item. Also it should be no'ted that 
the Koch figures are based on the inatallation of the scrubber on 
top of the primary cyclone and on the uae of a sand-lined aettling 
pond for disposal of scrubber liquid. 

The wide variations in installation costs presented by the companies 
la partly because the model problem did not delineate specific 
installation parameters. However, it ia difficult to imagine that a 
wet scrubber could be installed on any dehydrating plant for only 
$1,100 as shown by one company. Since the companies obviously used 
different assumptions in arriving at their installation coats, 
these figures cannot be w e d  to compare the installation coats of one 
wet scrubber to another. These figures simply show that wet scrubber 
inatallation costa may range from $5,000 - $20,000. 
In general the manufacturers will "guarantee" performance of emission 
control equipment if such equipment andlor the plant are operated 
in accordance with the manufacturer's instructions. The "guarantees" 
are also predicated on the uncontrolled plant being generally no more 
difficult to control than the model plant. 
the manufacturer's liability for equipment performance ia usually not 
stated and therefore requires clarification. 

Make-up water properties and wastewater impurity limits 

The requested 

As indicated in the table, varying degrees of coat breakdown 

A second example would be 

However, the extent of 
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TABLE 19 

MODEL PROBLEM DATA FORM 

PERFORMANCE AND COST DATA 
- MODEL CONTROL PROBLEM - 

Company 

Information submitted by 

Phone No. 

I. 

Signature Date 

Description of Model Control Problem 

A. Effluent Properties (Primary Cyclone) 

1. Flow rate = 30,000 acfm 

2. Temperature = 225°F 

3. Moisture content -~ -= 37% by v~l. ~ - - -  - ~ - -  

4. 

5. Particulate size distribution: 

Particulate loading = 0.20 grains/acf 

85% finer than 20 p 
67% finer than 10 p 
51% finer than 5 p 
40% finer than 2 II 
33% finer than 1 u 

6 .  Uncontrolled emission rate = 51 lb/hr 

7. Maximm allowable emission rate = 20 lb/hr 

B. Water Properties 

1. City water available at 80"F, 250 mg/l total dissolved 
solids, virtually free of suspended solids and BOD. 

Wastewater impurity limits are < 500 mg/l TDS, 
< 30 mg/l BOD, < 50 mg/l COD, 6.5 5 

2 .  30 mg/l SS, 
pH 5 8.5. 
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TABLE 19 : (Continued) 

11. Performance Data 

A.  Pressure drop required = in. of H20 

B. Water required: 

Recirculation rate = GPM at psi.AP 

Make-up rate = GPM 

C. Expected particulate collection efficiency = % by weight 

Would you guarantee, based on the specified operating.conditions, 
that emissions will not exceed the 20 lb/hr limit? 

Would you be willing to bear the cost of any performance test 
by a mutually acceptable testing organization? 

Yes No 

Coments: 

111. Cost Data 

A. Estimated equipment cost - including collector, ductwork, fans, 
pumps, water treatment facilities, and all appurtenances 
= $  

B. Estimated installation cost (for all of the above) = $ 

C. Estimated total installed cost (A + B) = $ 

D. Estimated annual operating ,cost (water and electricity), assuming 
3,000 operating hour per year = $ 

Comments : 
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TABLE 20 

MODEL PROBLEM COST DAT& 

Manufacturer 
Thompson F/K APPCOR ACC Koch Heil 

I. Equipment 

A. Particulate 
Csllection 
1. Collector 9,850 7,500 
2.. Fan 5,600 
3 .  Ductwork 12,350 1,000 
4. Other 

8,000 
n.r. n.r. n.r. 
n.r. 

Total 322,200 $14,100 $13,300 $8.000 $17.800 $17.000 

B. Water Treatment 
1. Clarifier 

3. Other 
2 .  Pump 

n.r. 
1.000 
1,000 

11. Installation 

A. Materials 

B. Labor 

C. Total $17.600 $15,000 $ 1.100 $ 5,000 $ 1.600 $ 3,000 

111. operation (3,000 hr) 

A. Power $ 450 

H20) 6 in. 7 in. 3 in. 3 in. 
(Pressure Drop 

B. Water $ 50 n.r. 
(Recirc.) 122 60 405 125 0-8 
(Make-up)gpm 2 3.7 7.2 12 

C .  Labor $ 500 

D. Total $ 2.500 8 2,090 $ 800 $ 1,200 ($ 2,3OO)kd($ 6,OOO)h’ 

- a/ n.r. - item not required 
Fuel savings figures as provided by the manufacturers. 
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SECTION X 

SAMPLING LOG. PERFORMANCE AND PROCESS DATA, 
AND PLANT EQUIPMENT SPECIFICATIONS 

Table 21 presents  t h e  sampling log. i.e., t h e  time during which 
each test was conducted, t he  dehydrating p l an t s  where tests were 
conducted, t he  c o n t r o l  devicesfsystems t h a t  were t e s t ed  and the  
sampling loca t ions .  The t a b l e  a l s o  i nd ica t e s  the  source opera- 
t i o n s ,  Le. ,  drying (D) and hammemilling @MI, which con t r ibu te  
p a r t i c u l a t e  matter t o  the  e f f l u e n t  from t h e  primary cyclone. 
T e s t  numbers ending i n  "A" denote p a r t i c l e  s i z i n g  t e s t s  
conducted with the  Andersen in-s tack impactor. In all t a b l e s ,  
,I I 3, . r e f e r s  t o  an i n l e t  sample, and "0" r e f e r s  t o  an o u t l e t  sample. 

Tables 22-29 present  performance d a t a  f o r  each of t h e  p a r t i c u l a t e  
emission con t ro l  devices/systems which were t e s t ed  and  process da t a  
f o r  each of t he  p l a n t s  where t h e  con t ro l  equipment was i n s t a l l e d .  
Table 22 lists the  f a c t o r s  used i n  ca l cu la t ion  of t h e  q u a n t i t i e s  
l i s t e d  i n  Tables 23 through 36. 

Table 37 lists information on t h e  r o t a r y  drum dryers  a t  t h e  a l f a l f a  
dehydrating p lan ts  which were u t i l i z e d  in t he  s tud ie s  reported 
herein.  
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TABLE 38 

BAY AREA 
PROCESS WEIGHT TABLE 

MAXIMUM ALLOWABLE EMISSION RATE 

Process Weight Rate Rate of Emission Process Weight Rate Rate of Emission 
lb/hr tonslhr lblhr lblhr tonslhr lblhr 

100 0.05 0.551 16,000 8.00 16.5 
200 0.10 0.877 18,000 9.00 17.9 
400 0.20 1.40 20,000 10. 19.2 
600 0.30 1.83 30,000 15. 25.2 
800 0.40 2.22 40,000 20. 30.5 

1,000 0.50 2.58 50,000 25. 35.4 

1,500 0.75 3.38 60,000 30. 40.0 
2,000 1.00 4.10 70,000 35. 41.3 
2,500 1.25 4.76 80,000 40. 42.5 
3,000 1.50 5.38 90,000 45. 43.6 
3,500 1.75 5.96 100,000 50. 44.6 
4,000 2.00 6.52 120,000 60. 46.3 

5,000 2.50 7.58 140,000 70. 47.8:~- 
6,000 3.00 8.56 160,000 80. 49.0 
7,000 3.50 9.49 200,000 100. 51.2 
8,000 4.00 10.4 1,000,000 500. 69.0 
9,000 4.50 11.2 2,000,000 1,000. 77.6 
10,000 5.00 12.0 6,000,000 3,000. 92.7 
12,000 6.00 13.6 

_ _  
~ 

- ~ 
- ~~ 

-- _ _  - ~ -. - _  
~~ ~~~ ~ 

Interpolation of the data in Table 25 for other process weights 
shall be accomplished by use of the-following equations: 

Process weights 5 30 Tonlhr - E=(4.1) 

Process weights 

E = rate of emissions in lb/hr 
P = process weight in Tonlhr 

w 
30 Tonlhr - E = (55) (Po'11) - 40 

Where: 
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