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9 RESEARCH REPORTING SERIES RTP, N.C. 27711 

P.er;e?cch r e p o r t s  of t h e  O f f i c e  of  Research  and Development. U.S. 
Environmenta l  P r o t e c t i o n  Agency. have  been grouped i n t o  seven  S e r i e s .  
These seven  broad  c a t e g o r i e s  were e s t a b l i s h e d  t o  f a c i l i t a t e  f u r t h e r  
development and a p p l i c a t i o n  of  env i ronmen ta l  t echnology.  E l i n i n a t L o n  
of t r a d i t i o n a l  g roup ing  was c o n s c i o u s l y  p lanned  t o  foster technology 
tr;::nsfer and a maximum i n t e r f a c e  i n  r e l a t e d  f i e l d s .  The seven  series 
art:: 

\ ,  

.- 
1. Environmenta l  H e a l t h  E f f e c t s  Research  
2. Environmenta l  P r o t e c t i o n  Technology 
3. E c o l o g i c a l  Research  
4. Environmenta l  N o n i t o r i n g  
5 .  Socioeconomic Environmental  S t u d i e s  
6 .  S c i e n t i f i c  and T e c h n i c a l  Assessment R e p o r t s  (STAR) 
7.  I n t e r a g e n c y  Energy-Environment Research  and  Development 

T h i s  r e p o r t  h a s  been  a s s i g n e d  to t h e  INTERAGENCY ENERGY-ENVIROh?lE!JT 
RESEARCiI AND DEVELOPEST s e r i e s .  Repor t s  i n  t h i s  series r e s u l t  from 
t h e  e f f o r t  funded under  t h e  17-agency F e d e r a l  Energy/Environment - Research  and Development Program. These  s t u d i e s  r e l a t e  to EPA'S 
m i s s i o n  t o  p r o t e c t  t h e  p u b l i c  h e a l t h  and welfare from a d v e r s e  e f f e c t s  
of p o l l u t a n t s  a s s o c i a t e d  w i t h  ene rgy  sys t ems .  
if; to a s s u r e  t h e  r a p i d  development of domes t i c  ene rgy  s u p p l i e s  i n  a n  
envi ronmenta l ly- -compat ib le  manner by p r o v i d i n g  t h e  n e c e s s a r y  
env i ronmen ta l  d a t a  and c o n t r o l  technology.  I n v e s t i g a t i o n s  i n c l u d e  
a n a l y s e s  of t h e  t r a n s p o r t  of e n e r g y - r e l a t e d  p o l l u t a n t s  and t h e i r  h e a l t h  
and e c o l o g i c a l  e f f e c t s ;  a s s e s s m e n t s  o f ,  and development o f ,  c o n t r o l  
t e c h n o l o g i e s  f o r  ene rgy  sys t ems ;  and i n t e g r a t e d  a s s e s s m e n t s  of a wide 
r a n g e  of e n e r g y - r e l a t e d  env i ronmen ta l  i s s u e s .  

REVE3W NOTICE 

The goa l  o f  t h e  Program 

This report has been reviewed by the participatillg Federal 
Acencies , and approved for publication. Approval does not 
signify that the contents necessarily reflect the views and 
policies of the Government, nor does mention of trade names 
or  commercial p.r-o&cts constitute endorsement or recornmen- 
dation for use. 

This document I s  a v a i l a b l e  t o  t h e  p u b l i c  th rough t h e  Nacional ?ethnical 
I n f o r m a t i o n  S e r v i c e ,  S p r i n g f i e l d ,  V i r g i n i a  22161. 
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1 . 0  INTRODUCTION 

The purpose of  t h i s  r e p o r t  i s  t o  provide t h e  Environ- 
mental Protect j .on Agency w i t h  an i d e n t i f i c a t i o n  and q u a n t i f i c a -  
t i c n  of t h e  important  multi-media o r g a n i c  emis s ions ,  e f f l u e n t s ,  
and wastes  from s t a t i o n a r y  sources  on a nat ionwide b a s i s .  

This  r e p o r t  d i v i d e s  t h e  major p o l l u t a n t  sources  i n t o  
The o r g a n i c  emiss ions  and e f f l u e n t s  from t h l r t e e n  c a t e g o r i e s .  

t h r s e  c a t e g o r i e s  a r e  q u a n t i f i e d  and the  major sources  a r e  iden-  
t i f i e d  w i t h i n  t h e  c a t e g o r i e s .  The sources  wi th  t h e  l a r g e s t  p0- 
t e n t i a l  f o r  r educ i ion  of o rgan ic  m i s s i o n s  an& e f f l u e n t s  a r e  
i d a n t i f i e d  and t h e  c o n t r o l s  r e q u i r e d  t o  achieve  t h e  r educ t idns  
a r e  d i scussed .  Because a l l  bu t  a f e w  of t he  numbers i n  c h i s  r e -  
p o r t  a r e  e s t i m a t e s  of inde termina te  accuracy ,  e r r o r s  o €  10% and ,  
i n  sone c a s e s ,  15% a r e  t o  be expec ted .  

1 . L Objeccives 

The o b j e c t i v e  of  t h i s  program i s  to  desc r ibe  the  r e l a -  
t i v e  importance of  e x i s t i n g  mult i -media  o rgan ic  emissions and 
e f f l u e n t s  from domestic s t a t i o n z r y  s o u r c e s .  The q u a n t i t y  and 
c o n t r o l  p o t e n t i a l  o f  t he  d i scha rges  a r e  addressed .  The s t a t i c n -  
a r y  sources  cons idered  a r e  grouped i n  t h i r t e e n  major c a t e g o r i e s .  
These c a t e g o r i e s  a r e  as fo l lows :  

CateEory D e s c r i p t i o n  

i F o s s i l  f u e l  e x t r a c t i o n  (gas  w e l l s .  o i l  w e l l s ,  o i l /  
gas  w e l l s ,  coa l  mines ,  e t c . )  

I1 F o s s i l  f u e l  p rocess in2  (natur3.l gasolir ,e ? l a n t s ,  
s u l f u r  recovery ,  coa l  p r e p a r a t i o n ,  e t c .  

iIi F o s s i l  f u e l  t r a n s p o r t a t i o n .  s t o r a g e ,  and d i s t r i -  
b c t i o n  ( p i p e l i n e s ,  g a s o l i n e  t r a n s f e r ,  e t c . )  

I 
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Category Des crip t& 

IV Fossil fuel refining (petroleum refineries. coke 
ovens, etc.) 

V 

VI 

VI1 

Fossil fuel combustion (commercial, industrial, 
utility, etc.) 

Fossil fuel feedstock chemical processing (all 
processes which start with feedstock derived from 
fossil fuels and produce intermediate or end 
products) 

Non-combustion orgvlic chemical utilization (in- 
dustrial/comercial, printing, dry cleaning, etc.) 

VI11 Agricultural and forest products (corn o i l ,  turpcn- 
tine, food proce.ssing, etc.) 

IX Open sources (agricultural burning, etc.) 

X Natural sources (pine forests, etc.) 

c 

XI Solid waste disposal (solid waste incineration, 
landfilling, etc. ) 

XI I Municipal wastewater treatment 

XI11 Other sources (forest fires. etc.) 

1.2 Approach 

In the initial phase of the program, readily available 
infomation on stationary sources of organic 'emissions and efflu- 
ents was assembled. Infornation concerninz process descriptions, 

' 1  i 
. . I  
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opera t ing  parameters ,  c u r r e n t  o rgan ic  chemical  c o n t r o l s ,  and 
c o n t r o l  problems were a l s o  obta ined .  
inc lude  previous  and c u r r e n t  EPA s t u d i e s ,  new source  performance 
s t anda rd  s t u d i e s ,  known emission f a c t o r s ,  Radian f i l e s ,  and 
o t h e r  publ izhed  o r  unpublished Informat ion .  

Th6 informat ion  sources  

As t h e  d a t a  base  w a s  assembled,  t h e  d a t a  was d iv ided  
i n t o  the  major c a t e g o r i e s  f o r  subsequent  e v a l u a t i o n .  
r e s u l t i n g  from process  s t reams were eva lua ted  along wi th  " fug i -  
t i v e "  type  emissions a s s o c i a t e d  w i t h  equipment l eaks  such a s  
those  from pumps, v a l v e s ,  and flan2;es. 
open" sou rces  such a s  f o r e s t  f i r e s  ' a n d  from n a t u r a l  sources  

such a s  p i n e  f o r e s t s  a r e  a l s o  inc luded .  

P o l l u t a n t s  

Emissions r e s u l t i n g  from 
11 

The informat ion  c o l l e c t e d  f o r  each category w a s  d i -  
vided i n t o  l o g i c a l  c l a s s e s  and grouped f o r  f u r t h e r  assessment 
of emissions and e f f l u e n t s  from processes  and o p e r a t i o n s .  A 
complete l i s t  of t h e  emission and e f f l u e n t  r a t e s  from the  pro-  
cesses  and ope ra t ions  s t u d i e d  i s  p re sen ted  i n  Sec t ion  2 .  An 
a t tempt  was made t o  i d e n t i f y  the  major sou rces  o f  emissions and 
e f f l u e n t s  f r o m  each ca t egory .  

The c o n t r o l l a b i l i t y  of  t he  sou rce  was a s ses sed .  Then, 

s p e c i f i c  processes  and ope ra t ions  t h a t  r ep resen ted  the  g r e a t e s t  
p o t e n t i a l  f o r  t he  r educ t ion  o f  o r g a n i c  emissions and e f f l u e n t s  
by the  app1ica:ion of  c o n t r o l  technology were s e l e c t e d  f o r  
f u r t h e r  s tudy .  

The s e l e c t e d  processes  and ope ra t ions  a r e  desc r ibed  
i n  d e t a i l  i n  S e c t i r n  '3 .  
t e n t i o n  t o  the  s p e c i f i c  n a t u r e  and s o c r c e  of t h e  o r g a n i c  e n i s -  
s i o n s  and e f f i u e n t s .  Also d i scussed  i n  d e t a i l  a r e  the  c o n t r o l  
technologies  r e q u i r e d  f o r  r educ t ion  of t h e  emission and e f f l u e n t  
r a t e ,  and t h e  p o t e y t i a l  r educ t ion  i n  o rgan ic  p o l l u t a n t s  r e s u l t -  
i n g  from t h e  a p p l i c a t i o n  of t h a t  c o n t r o l  ceehno.logy. 

The d e s c r i p t i o n s  g ive  cons ide rab le  a t -  
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1.3 Methodology 

Procedures were established for assessing the emission 
and effluent rates for the various sources and for determining 
the! control of these sources. The procedures apply to all the 
cat:egories studied. 

The quantification of the organic pollutants was ac- 
coriiplished by assembling readily available information. Occa- 
siunally. sources gave conflicting information on pollutant 
quintities. 
select the source which provided the most accurat? information. 
Thcse approaches are discussed below. 

In these instances, several approaches were used to 

1) Frequently, information sources provide an evalua- 
tion of the quality of the data used to estimate 
the pollutant rates. This evaluation was particu- 
larly valuable in the fossil fuel feed stock chemi- 
cal processing (FFFCP) category. The definitions 
of the data quality and an example of the distribu- 
tion of the quality in the FFFCP category is sum- 
marized as follows: 

Percent of 
. Heaning Total DaCa Quality 

A Adequate data of reasonable 
accuracy. 19, 

B Partially estimated data of 55% 
indeterminate accuracy. 

C Totally estimated data of 36% 

D No data; estimates based on 8% 

indeterminate accuracy. 

generalized loss factor. 

.. 
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When c o n f l i c t i n g  d a t a  were encountered and t h e  
d a t a  q u a l i t y  was r a t e d ,  t h e  b e s t  q u a l i t y  d a t a  
were used. 

I :  I I  I 

2) Occas iona l ly ,  d a t a  o f  t he  same es t ima ted  q u a l i t y  
gave c o n f l i c t i n g  p o l l u t a n t  r a t e s  o r  c o n f l i c t i n g  
d a t a  had no e s t ima ted  q u a l i t y .  In  t h e s e  i n s t a n c e s ,  
t h e  r e p o r t s  were a s s e s s e d  and r e fe rences  were 
checked when necessa ry  t o  eva lua te  t h e  d a t a  and 
procedures  used.  Then, t h e  b e s t  d a t a  were s e l e c t e d  
on t h a t  b a s i s .  _ I  

I 

I 
I '. 

3) F i n a l l y ,  i f  none o f  t h e  above informat ion  was prc-  
v ided ,  eng inee r ing  judgement was used t o  s e l e c t  
t he  b e s t  d a t a .  The eng inee r ing  judgement was 
based on a knowledge o f  t h e  process  ope ra t ion  and 
p o l l u t a n t  r a t e s  from s i m i l a r  p rocesses .  

S p e c i f i c  examples of  poor q u a l i t y  d a t a  o r  a 1.ack o f  
d a t a  a r e  d i scussed  i n  S e c t i o n  3 .  

1.4 D e f i n i t i o n s  

Three terms a r e  used throughout  t h i s  r e p o r t .  The term 
emissions i s  used t o  d e s c r i b e  p o l l u t a n t s  emi t t ed  t o  t h e  atmo- 
sphere .  'Zffliients r e f e r s  t o  p o l l u t a n t s  emi t ted  t o  bcdies  of 
water .  Wastes r e f e r s  t o  s o l i d  was te  emiss ions .  These t e r n s  
and some o t h e r  terms a r e  def ined  f u r t h e r  i n  the  fo l lowing  pa ra -  
graphs .  

Atmospheric P o l l u t a n t s  

The atmospheric  p o l l u t a n t s  a r e  sepa ra t ed  i n t o  v o l a t i l e  
o rgan ic s  and o rgan ic  p a r t i c u l a t e s .  Each emission type  i s  analyzed 

-5- 
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and discussed separately since the two types have different ef- 
fects on the ambient air quality. A l s o ,  the control technologies 
for the two types are significantly different and the potentials 
for emission reduction must be asssssed separately. 

Special emphasis was given tg the quantification and 
control of the volatile organics. The organic particulate emis- 
sions were determined by estimating the fraction of organics 
present in the total particulate emissions. Where possible. the 
enissions were quantified by assuming the current degree of con- 
troi practiced today. 
estimating emissions to be fully controlled by currently avail- 
able technology. 

Reduction potentials were determined by 

Water Effluents 

In general, current estimates of organic water ef- 
fluents are lacking. However, EPA publications of development 
documents for effluent limitations guidelines are available for 
a large segment of industry. 
sources relating to effluent limitations for 1977 (Best Practica- 
ble Control Technology Currently Available, BF'CTCA) and 1983 
(Best Available Technology Economically Achievable, BATEA). 
Consequently, this report assumes 1977 effluent limits as "cur- 
rent" control levels and the 1983 effluent limits as the control 
technology providing potential effluent reductions. This ossump- 
tion may provide higher rates and reductions than actually antic- 
ipated since the 30-day limitations were used and these are 
usually higher than the average yearly effluent. However, the 
assumption is generally consistent within the report and con- 
sequently, the effluent and reduction comparisons should be 

The guidelines provide information 

realistic. I 
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The o r g a n i c  con ten t  of water  e f f l u e n t s  w s s e l e c t e d  
as t h e  parameter  t o  a s s e s s  t h e  o r g a n i c  e f f l u e n t  q u a n t i t y  from 
the  processes  arid ope ra t ions  s t u d i e d .  
t h e  a c t u a l  q u a n t i t y  of o rgan ic s  p r e s e n t  i n  e f f l u e n t  water  s t reams.  
This  parameier  was s e l e c t e d  i n  t h e  s t u d y  a s  the  b e s t  measure of  
organics  a c t u a l l y  in t roduced  i n t o  t h e  envir0nmer.t. Biochemical 
oxygen demand (BOD), chemical oxygen demand (COD), and t o t a l  
org,anic carbon (TOC) a r e  more commonly used parameters  a s s o c i a t e d  
w i t h  water q u a l i t y  s t u d i e s ;  however, t h e s e  parameters  do n o t  e s t i -  
mat,e t he  a c t u a l  mass r a t e  o f  o r g a n i c  e f f l u e n t s .  For example, 30D 
i s  the  most commonly r e p o r t e d  p a r a P e t e r  i n  the  l i t e r a t u r e ,  bu t  
sany o r g a n i c  compounds a r e  n o t  b i o l o g i c a l l y  degradable  and t h e i r  
presence i s  n o t  i n d i c a t e d  by BOD measurements. 

Organic con ten t  r e f e z s  t o  

The o rgan ic  con ten t  of  wa te r  e f f l u e n t s  i s  e s t ima ted  
frcm information on biochemical  oxygen demand (BOD), chemical 
oxygen demand (COD), and t o t a l  o r g a n i c  carbon (TOC).  
conten t  of e f f l u e n t s  was e s t ima ted  by s e v e r a l  methods which a r e  
l i s t e d  i n  dec reas ing  o rde r  o f  p r e f e r e n c e :  

The o rgan ic  

from the  l i t e r a t u r e ,  determine c o r r e l a t i o n s  
between BOD, COD, o r  TOC and o rgan ic  c o n t e n t ,  

from TOC in fo rma t ion ,  c a l c u l a t e  t h e  o r g a n i c  
con ten t  by assuming t h e  composition and 
averabe molecular  weight  of the  o r g a n i c ,  

from B0D:TOC c o r r e l a t i o n s  i n  l i t e r a t u r e  f o r  
s i m i l a r  p r o c e s s e s .  c a l c u l a t e  t he  o r g a n i c  
conten t  as i n  2 ) ,  o r  

from COD in fo rma t ion ,  e s t i m a t e  the  carbon 
p r e s e n t  assuming complete ox ida t ion  o f  t he  
o rgan ic  and c a l c u l a t e  t h e  o rgan ic  conten t  
a s  i n  2 ) .  

-7- 
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There are inaccurac i e s  a s s o c i a t e d  wi th  t h e  abo-.e 
methods f o r  e s t i m a t i n g  o rgan ic  con ten t  of  water  e f f l u e n t s .  The 
f i r s t  method should be reasonably a c c u r a t e .  
t i o n  a s s o c i a t e d  wi th  rhe o t h e r  methods i s  t h a t ,  s i n c e  TOC i s  
d i r e c t l y  r e l a t e d  t o  t h e  o rgan ic  c o n t e n t ,  t he  o rgan ic  composi- 
t i o n  of  t h e  e f f l u e n t  can be r e p r e s e n t e d  by one t y p i c a l  compound. 
The t y p i c a l  compound i s  s e l e c t e d  a s  t h e  major product from a 
process  o r  ope ra t ion .  For s p e c i a l  c a s e s ,  such as polymeriza- 
t i o n ,  t h e  monomer i s  s e l e c t e d ,  o r  f c r  r e f i n e r i e s ,  a t y p i c a l  o r  
average hydrocarbon i s  s e l e c t e d .  Th i s  s e l e c t i o n  i s  based on the  
assumption t h a t  feed. m a t e r i a l  tu processes  and b y - p r o d x t s  from 
processes  which can contrihu:e t o  e f f l u e n t  r a t e s  a r e  s i m i l a r  t o  
t h e  products  of t h e  process .  The accuracy  of  t S i s  assumption 
decreases  f o r  processes  having o r g a n i c  e f f l u e n t s  t h a t  a r e  no t  
s i m i l a r  t o  the  p roduc t ,  such a s  d i l u e n t  s t r eams ,  l u b r i c a n t s ,  
s o l v e n t  r e f i n i n g ,  and i n h i b i t o r s .  

The basic: assump- 

i 

: !  .; 
Other  o rgan ic  water  e f f l u e n t  parameters  examined a r e  

o i l  and g rease  (O/C) e f f l u e n t s  and suspended s o l i d s  (SS). Sus- . I  

. !  pended s o l i d s  from t h e  processe:; s t u d i e d  he re  usua l ly  contair .  
pome o rgan ic  m a t t e r .  However, . information on the  orpariic con- 
t e n t  of SS is very  l i m i t e d .  Co2sequently.  t he  t o t a l  SS r a t e  i s  
r epor t ed  wi th  no breakdown of  c r g a n i c  c o n t e n t .  For t h i s  r e p o r t ,  
g r e a t e s t  emphasis i n  a s s e s s i n g  importance o f  waste  water  e f -  
f l u e n t s  is placed  on o rgan ic  con ten t  of t he  water  c a l c u l a t e d  
from BOD. COD, and TOC. 

. .  

S o l i d  Wastes 

The s o l i d  wastes produced a r e  not  l i s t e d  by category 
s i n c e  adequate  i n f o m a t i o n  was no t  a v a i l a b l e .  Elost ope ra t ions  
and processes  d ispose  of s o l i d  was te  on s i t e  by i n c i n e r a t i o n ,  

d i spose  of s o l i d  wastes o f f  s i t e .  
c l a n d f i l l ,  o r  o t h e r  means, o r  they r e t a i n  c o n t r a c t o r s  t o  p rope r ly  

The s o l i d  waste t h a t  i s  

w -a-  
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properly disposed of is not considered a pollutant. 
the solid waste category does examine the environmental inpact 
of disposal techniques for municipal facilities handling solid 
wastes. In this manner, the environmental impacts of solid 
wastes are assessed and compared with atmospheric emissions and 
water effl-cnts from other categories, since solid wastes ulti- 
eacely result in atmospheric emissions by decomposition or in- 
cinerazion and water effluents by leachicg. 

However, 

Stationary Sources 

Most organic pollutant sources involve fossil fuels. 
These fo.,sil fuel operations involve extraction, various process- 
ing and handling steps, and utilization. Other sources not re- 
lated to fossil fuels include agricultural ana forest products, 
open and natural sources, solid waste disposal and municipal 
sewage. 

Some sources not related to fossil fuels are also not 
point sources. An example of this is the natural source category. 
This category examines organic emissions from such naturzl sources 
as living plants, decomposition of organic material and enteric 
fermentation in animals. Evaluation of emissions from natural 
sources allows comparisons between them an3 the fossil fuels 
categories. These comparisons are made so that the results of 
pollution controls can be determined realistically on a mass 
basis. 

Hydrocarbons 

In general, organic compounds are composed prinarily 
of carbon and other elements such as hydrogen, oxygen, nitrogen 
and halogens. Hydrocarbons refer to a specific class or' organics 
composed sslely of carbon and hydrogen. For the purposes of this 
re;.xt, the term "hydrocarbons" sometimes refers to other organic 
narerials also. 

-9- 
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Organic Chemical Cont ro l  Technolopy 

The r educ t ion  i n  o r g a n i c  emissions and e f f l u e n t s  from 
tho  major c a t e g o r i e s  and i n d i v i d u a l  processes  and ope ra t ions  i s  
determined from c u r r e n t  c o n t r o l  techno1 sy .  Where p o s s i b l e .  
t he  c o n t r o l s  f o r  p o l l u t a n t s  from s p e c i f i c  sources  a r e  those  
coinmonly used. In some c a s e s ,  commonly used s p e c i f i c  c o n t r o l  
in tormat ion  was no t  a v a i b b l e .  Engineer ing  judgement was then  
used t o  determine a s p e c i f i c  c o n t r o l  o r  t y p i c a l  c o n t r o l  e f f i c i e n c y  
f o r  t h e  c l a s s  o r  type  o f  emission to determine a r s d u c t i o n  P O -  

t e n t i a l .  As an example: 
t o  d e t e r n i n e  t h e  n o s t  d e s i r a b l e  c o n t r o l  f o r  a process  vent s t ream 
i f  c o n t r o l s  a r e  n o t  used i n  t h e  i n d u s t r y .  However, mnst  p rocess  
vents  can be c o n t r o l l e d  by a d s o r p t i o n ,  abso rp t ion ,  condensat ion 
or i n c i n e r a t i o n .  
c i e n c i e s  and c o n t r o l  p o t e n t i a l s  can be es t imated .  
o f  a s p e c i f i c  c o n t r o l  a s  t h e  most d e s i r a b l e  i n  a c t u a l  a p p l i c a -  
t3ons w i l l  r e q u i r e  an indep th  s t u d y  and may d i f f e r  f o r  t h e  same 
process  from one l o c a t i o n  t o  t h e  9 e x t .  

1 .5  Summary o f  R e s u l t s  

i t  i s  beyond t h e  scope of t h i s  r e p o r t  

These c o n t r o l s  have t y p i c a l  o p z r a t i n g  n f i i -  
The s e l . w t i o n  

1. T o t a l  v c l a t i l e  o r g a n i c  emissions a r e  about an 
o rde r  of magnitu2e h i g h e r  than  the  organic  p a r t i c u -  
l a t e  emissions and t h e  o rgan ic  water  e f z l u e n t s .  
T o t a l  non-methane v o l a t i i e  o rgan ic  emissions a r e  
two- to- three  t imes as h igh  as e i t h e r  t h e  o r -  
gan ic  p a r c i c u l a t e  emissions o r  t he  organic  water  
e f f l u e n t s .  

2 .  For ty -e igh t  pe rcen t  of  t h e  non-methane vola- 
t i l e  o rgan ic  emissions and 75% of t he  organic  
p a r t i c u l a t e  emiss ions  a r e  c o n t r o l l a b l e .  About 
h a l f  of  t hese  c o n t r o l l a b l e  v o l a t i l e  emissions 

-10- 
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and one-third of .the controllable particulate 
emissions are from open burning sources which 
usually occur in remote areas and contribute 
little to photochemical smog. 
account for over 20% of the total non-methane 
organic emissions. 

These open sources 

3 .  Thirty-five percent of tke particulate emis- 
sions are from the plywood and veneer indus- 
try and grain and feed processors, all of which 
are controllable. 

4 .  Effluents from natural sources werc not Considered 
because a natural BOD is inheienc in the aquatic 
ecosystem. Thirty-five percent of the remaining 
effluents are considered controllable. Twenty- 
nine percent could be controlled with terriaFy 
control of municipal waste water treatment facili- 
ties. 

5 .  Process emissions should. be considered foremost 
because they tend to be in populated areas and 
are amenable to control technology. Also ,  most 
toxic emissions are from these sources. 

6 .  Fifty percent of the process volatile non-methane 
emissions are from non-combustion organic chemical 

. utilization and chemical processing. Another 459, 
are from fossil fuel refining and transportaticn. 
There is no single large controllable emission 
source. 

7. Agiccltural and forest products account f o r  90To 

D f  tks process organic particulate ruissions. 

-11- 



1.6 

Seventy- f ive  p e r c e n t  of t hese  emissions a r e  from 
t h e  plywood and veneer i n d u s t r y  and from g r a i n  
and f eed  p rocesso r s .  

E) F i f t y  pe rcen t  of t h e  p rocess  o rgan ic  e f f l u e n t s  
a r e  from a g r i c u l t u r a L  and f o r e s t  p r o d u c t s ;  477, 
a r e  from chemical p rocess ing .  
l a r g e  c o a t r o l l a b l e  e f f l u e n t  source .  

These i s  no s i n g l e  

Conclusions and Recommendations 

This  r e p o r t  i n c o r p o r a t e s  s e v e r a l  unique f e a t u r e s  that 

These f e a t u r e s  a r e  a s  f o l -  
d i s t i n g u i s h  i t  from previous  s t u d i e s  concerning o rgan ic  chemical 
p o l l u t a n t s  from s t a t i o n a r y  sources'. 
l o w :  

It i s  t h e  f i r s t  r e p o r t  t o  a s ses s  m u l t i -  
media impacts t oge the r  f o r  comparison. 

* While i t  does no t  gene ra t e  new d a t a ,  i t  
p u l l s  prev ious  s t u d i e s  toge the r  i n t o  one 
package t o  ccmpare the  impacts of  impor- 
t an t  processes  and ope ra t ions  on a mass 
emission b a s i s .  

- It: i s  the  f i r s t  r e p o r t  t o  break atmo- 
s p h e r i c  amissions ~ j f  o rgan ic s  down i n t o  
v o l a t i l e s  and p a r t i c u l a t e s  for  comparison. 

It i s  the  f i r s t  i n  depth look a t  major 
emission and e f f l u e n t  sources  from o r -  
ganic  chemical p rocess ing .  

\. 
/ 
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- It is  t h e  f i r s t  attempt t o  address  t h e  
q u a n t i t i e s  of  c o n t r o l l a b l e  emissions 
and e f f l u e n t s  from a broad c ross  s e c t i o n  
of  sou rces  and t o  a s s e s s  and compare t h e  
d a t a .  

Conclusions 

These unique f e a t c r e s  and t h e  methodology o f  t he  r e -  
p o r t  a l low t h e  d a t a  t o  be processed  t o  make the  fo l lowing  con- 
c l u s i o n s  : 

1) 

2) 

3) 

The o r z a n i c  m i s s i o n s  2nd e f f l u e n t s  a r e  a 
reasonably  complete assessment  of  t he  major 
o r g a n i c  p o l l u t a n t s  from t'le r e s p e c t i v e  i n -  
dus t r i e s .  

As a r e s u l t  of t h e  tide a l l o c a t e d  t o  a.:;sess 
t h e  major c a t e g o r i e s ,  t h e  d a t a  f o r  process  
type  c a t e g o r i e s  a r e  reasonably  f i r m  whi le  
t h e  d a t a  f o r  the  o t h e r  c a t e g o r i e s  (espe-  
c i a l l y  n a t u r a l  s o u r c e s ,  open sources  and 
"other"  sou rces )  a r e  no t  a s  f i rm.  

Other  f a c t o r s ,  such a s  geographica l  l o c a t i o n  
of  s i t e s ,  r e a c t i v i t y ,  t o x i c i t y  o f  p o l l u t a n t s ,  
c o s t  o f  c o n t r o l s ,  and n e t e o r o l o g i c a l  char -  
a c t e r i s t i c s ,  must be  cons idered  i n  a d d i t i o n  
t o  mass p o l l u t a n t  r a t e s  t o  develop a c o n t r o l  
s t r a t e g y  i n  the  U.S. P o l l u t a n t  sources  
should  be cons ide red  on an area-wide b a s i s .  
These f a c t o r s  and t h e  c o n t r i b u t i o n  of a l l  
s i g n i f i c a n t  p o i n t  sou rces  w i t h i n  t h e s e  a r e a s  
should  also be cons idered .  

-13- 
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The quantities of organic atmospheric emis- 
sions are greater than organics in water 
effluents; however, the air emissions are 
dispersed in a larger medium. 

Open sources, which usually occur in remote 
areas, are the largest source of non-methane 
organic emissions. Other sources of volatile 
organic emissions are varied; none is sig- 
nificantly large. 

About half of the non-methane volatile 
emissions, most from fossil fuel-related 
industries, are controllable. 

Control of grain and feed processors and 
the plywood and veneer industry could re- 
duce particulate organic emissions by one 
third. 

Natural sources of organic effluents wore not 
considered. Tertiary control of municipal 
waste water treatment facilities would greatIy 
reduce organic effluents. The pulp and paper 
industry is the only other contributor of any 
consequence. 

Recommendations 

The evaluation of orzanic pollutants from stationary 
sources and their control potential leads to the identification 
of several areas fcr further consideration. There are: 

-14- 
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S p e c i f i c  problem a r e a s  r e l a t i n g  t o  o rgan ic  
p o l i u t a n t s  should be  i d e n t i f i e d  and a s ses sed  
on a source-by-source b a s i s .  

Add i t iona l  f i e l d  work and sampling should 
be conducted t o  v e r i f y  ernission and e f f l u e n t  
r a t e s  and i d e n t i f y  components. 

The p rocesses  i n  p a r t i c u l a r  problem a r e a s  
wi th  the  g r e a t e s t  degree  of  c o n t r o l  shou ld  
r e c e i v e  s p e c i a l  a t t e n t i o n .  

Ths chemical p rocess ing  i n d u s t r y  i s  s o  com- 
p l e x  and d i v e r s e  t h a t  i t  i s q u i r e s  s p e c i a l  
a t t e n t i o n .  The mass emiss ion  and e f f l u e n t  
r a t e s  shcu ld  be v e r i f i e d  and expanded t o  
improve t h e  q u a l i t y  of a v a i l a b l e  d a t a .  The 
p d l u t a n t s  should b e  c h a r a c t e r i z e d  by moni- 
t o r i n g .  S p e c i f i c  gaograph ica l  s i t e s  and 
complexes should be cons idered .  

Add i t iona l  work i s  needed t o  i d e n t i f y  BOD/ 
COD/TOC/Total Organic r e l a t i o n s h i p s .  

Informat ion  should be genera ted  on the  q u a n t i t y ,  
composition -and u l t i m a t e  f a t e  of s o l i d  was tes .  

Add i t iona l  d a t a  i s  needed r eza rd ing  t h e  f a t e  
of  p o l l u t a n t s  i n  t h e  environment and t h e i r  
l o n g - t e r n  e f f e c t s .  

More work is  needed t o  a s s e s s  the  t o x i c i t y  
and h e a l t h  e f f e c t s  of  t h e  p o l l u t a n t s  w i th  

i 
I -15- 
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proper consideration for composition changes 
2nd their ultimate fate. 

9 )  The cost effectiveness of various corCro1 
strategies should be considered so that relation- 
ships between cont:ol potentials and control 
c o s t s  can be optimized to reduce pollutants to 
required levels. 
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2.0 RESULTS 

The organic emissions and effluents from the major 
categories are examined in this section so that the impact of 
emission controls may be assessed. A listing of the emissions 
and effluents from the selected processes is presented in Tatle 
2.0-1. Reduction potentials are presented in Table 2.0-2. A 
summary of these two is presented in Table 2 . 0 - 3 .  A more com- 
plete listing of all the emissions and effluents considered in 
the fossil fuel feedstock chemical processing category is pre- 
sented in the Appendix. 

i 

The areas representing the greatest potential for reduc- 
tion are discussed in the following sections. 

2.1 Overall Organic Emtssions and Effluents 

The emissions and effluents and their control potentials 
from all the categories are d3,scussed in this section. The effect 
of controls for the various categories and processes are assassed. 

The total volatile organic emissions are about an order 
of magnitude higher than the organic particulate emissions and 
the water effluents. Non-methane volarile organics alone are only 
three times the organic particulates and twice the organic water 
effluents. The controllable volatile emissions are also only 2-3 
times the controllable organic particulates and controllable or- 
ganic water effluents. 

2.1.1 Atmospheric Emissions 

The atmospheric emissions are divided i.nto volatiles 
and particulate5 30th typzs of emissions are discu,sed. 

-17- 
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2 . 1 . 1 . 1  V o l a t i l e  Organic Emissions 

The v o l a t i l e  o rgan ic  emiss ions  a r e  p re sen ted  i n  Table  
2 .1-1.  Non-methane emissions a r e  a l s o  i d e n t i f i e d  and t h e  con- 
t r o l l a h l e  non-methane emissions a r e  presented  by ca t egory .  The 
processes  and ope ra t ions  r e p r e s e n t i n g  t h e  g r e a c e s t  p o t e n t i a l  f o r  
emission r educ t ion  a r e  p r e s e n t e d .  
t i a l l y  reduce t h e  t o t a l  non-methane emissions by less than  1 
percen t  a r e  cons idered  too sma l l  f o r  t h e  purpose o f  r e d u c t i o n  o f  
emissions on a mass b a s i s .  These r e l a t i o n s h i p s  a r e  shown 
g r a p h i c a l l y  i n  F igures  2 . 1 - 1  and 2 . 1 - 2 .  

Processes  which can poten- 

I 
i 

Approximately 49% of t h e  t o t a l  non-methane v o l a t i l e  
o r g a n i c  emissions a r e  c o n t r o l l a b l e .  
a s  fo l lows :  a g r i c u l t u r a l  and p r e s c r i b e d  f o r e s t  burning.  1 2 % ;  
open burning o f  r e f u s e ,  9%; petroleum r e f i n i n g  and p l a s t i c s  

c o a t i n g .  8%; graphic  a r t s  rind d r y  c l e a n i n g ,  2%; a l i  o t h e r  po l lu -  
tant sources ,  8%. 

2 .1 .1 .2  Organic P a r t i c u l a t e  Emissions 

This  t o t a l  may be subdivided 

I process ing  i n d u s t r i e s ,  10%: g a s o l i n e  rnarkecing and s u r f a c e  
I 
j 
I 
I 

The o rgan ic  p a r t i c u l a t e  emissions a r e  p re sen ted  i n  
Table 2 . 1 - 2 .  The c o n r r o l l a b l e  p a r t i c u l a t e  emissions are a l s o  
p re sen ted  a long  wi th  c .pera t ions  and processes  r ep resenc ing  t h e  
l a r g e s t  emission r educ t ion  p o t e n t i a l .  These r e l a t i o n s h i p s  a r e  
presented  g r a p h i c a l l y  i n  F igu res  2.1-3 and 2.1-4. 

Approximately 74% of the t o t a l  o rgan ic  p a r t i e u l a r e  
emissions a r e  c o n t r o l l a b l e .  T h i s  t o z a l  is d i s t r i b u t e d  as fo l lows  
g r a i n  and f eed  m i l l i n g  and s t o r a g e ,  18%; plywood and venee r ,  17%; 
a g r i c u l t u r a i  and f o r e s t  p r e s c r i b e d  burn ing ,  14%; open r e f u s e  
burn ing ,  9%. c o a l  r a i l  t r a n s p o r t a t i o n  and beehive coke ovens ,  3%; 
a l l  o t h e r  sou rces ,  13%. 
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FIGURE-2.1-1 DISTRIBUTION OF T O T A L  VOLATILE NON-METHANE EMISSIONS 

FIGURE 2.1-2 DISTRIBUTION OF CONTROLLABLE VOLATILE NON-METHANE EMISSIONS 
\ 
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FIGURE 2.1-3 DlSTRlBtiTlON OF TOTAL, ORGANIC PARTICULATE EMISSIONS 

FIGURE 2.1-4 DISTRIBUTION OF CONTROLLAaLE CRGANIC PARTICULATE EMISSIONS 
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2.1.2 Water Effluents 

The organic water effluents from the major categories 
are presented in Table 2.1-3 along with the controllable organic 
effluents and the processes and operations representing the 
preatest potential for organic effluent reduction. Processes 
vhich reduce the total organic effluents by less than 1 percent 
were not included as potential methods for pollutant reduction. 
!s:ffluents from natural sources were not quantified. A natural 
IiOD is inherent in the aquatic ecosystem. Figure 2.1-5 repre- 
5,ents the distribution of the total organic water effluent. 

.- 

I 

I 

I 

I 
Upgrading of municipal wastewater systems to tertiary 1 

control accounts for a reduction of 29 percent out of the total 
35 percent potentially controllable effluents. 
paper !.ndustry is the only other process or operation that rep- 
resents a reduction potential of 1 percent or more. 
tribution is presented graphically in Figure 2.1-5. 

The pulp and 

This dis- 

2 . 2  Process Organic Emissions and Effluents 

The data fron the thirteen major categories presented 
in Section 2.1 indicate that a few large emission and effluent 
sources dominate the organic emission and effluent picture in 
the U.S. This is especially true for the volatile atmospheric 
emissions and water efflcents. Therefore, other considerations 
are important when assessing reduction potentials for organic 
eriasio!;s and effluents. These other consideratians include 
site-specific problems relating to geographical areas, pollutant 
toxicities. meteorological and dispersion characteristics, cost 
effectiveness of controls, photochemical reactivity, health 
effect:.. and other effects such as odor arid plant ecology. 
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FIGURE 2.1-5 DISTRIBUTION OF TOTAL ORGANIC WATER EFFLUENTS 

FIGURE 2.1-6 DISTRIBUTION OF CONTROLLABLE ORGANIC WATER EFF..LENTS 
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A detailed assessment of these considerctions is 
beyond the scope of this report. However, certain general L 

I {  
some of these considerations: L. 
assumptions can be made to provide insight into the impact of 

1) Xethane emissions are of sezmdary importance 
because of their nezligible health effects 
and photochemical re?.ctivity. Therefore, 
the methane emitters are not considered as 
important as the others in this report. 

i i  
i /  
L~ 

I 

. -. 

2 )  Natural emissions are of secondary importance 
since they occur over a large geographical, 
area and are, therefore, relatively dilute. 
Natural emissio3s also cccur in remote 
locations with minimal effect on large 
population centers. Since NO, emissions 
are concentrated in heavilr populated 
areas, the photochemical smog effects froYl 
natural organic emissions are not as impor- 
tant. Finally, natural sources are 
essentially uncontrollable. 

. .  

3)  Other categories excluded from consideration 
f o r  similar reasons are "open" sources and 
"other" sources. "Other" sources are usually 
uncoxtrollable and occur most often in remote 
areas. "Open" sources, though mostly con- 
trollable, also tend to occur in remote areas. 

Therefore. consideration of the process emission cate- 
gories is logical when benefits from organic emissicn reductions 
aze assessed. These categories include fossil fuel transporta- 
tion, refining, combustion, feedstock chemical processing, 

-38- 



organic chemical utilization 
products. In general, these 

I' i . . .. . .  
I ,  . .  . 

and agricultural and forest 
process operations are located 

mostly in populated areas where health effects are very impor- 
tant and where high NOx concentrations conbine with the emissions 
t3 create photochemicai smog problem. A l s o ,  process emissions 
usually are amenable to existing control technology (although 
the economics still resain a question for many specific pro- 
cesses). 
these categortes. 

Finally, most of the toxic emissions result from 

Consequently, t:hese assumptions allow the process 
emission categories to be assessed separately by the impact of 
their reduction potentfala as a class. 

Similarly. process water effluents are completely 
dominated by the municipal wastewater category. Overall, the 
effluents from septic tanks are the most serious problem but 
septic tanks are considered uncontrollable effluents from rural 
or remote sources. 
minor problem after controls are implemented. 
impact of the process effluents can be considered. 

Municipal sewage is con.:idered to be a 
Therefore: the 

The non-methane volatile organic emissions from the 
process categories arc over twice as large as :he organic par- 
ticulate emissions and an order of magnitude higher than the 
organic water efzluents. Similarly. controllable non-methane 
volatile organic emissions from the process categories are nore 
than tdce as large as controllable orsmic particulate emis- 
sions and an order of magnitude higk.er than the controllable 
water ef f 1 :Lents . 
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2.2.1 Process ALmosoheric Emissions 

Atmospheric emissions from fossil fue transportat tn, 
refining, feedstock chemical processing, non-combustion organic 
chemical utilization, and agrlcultural and forest products ca?e- 
gories are considered in this section. 

2.2.1.1 Volatile Organic Emissions 

The volatile organic emisslons.from the process cate- 
gories are presented fn Table 2.2-1. The processes selected for 
study in this project are also presented. These processes are. 
generally the largest emitters in their category and have the 
largest reduction potential.. 

The non-combustion organic chemical utilization cate- 
gory accounts for 387. of the total volatile organics from pro- 
cess categories. Next are fossil fuel refining and transpor- 
tation with 23.27. and 2 2 . 1 X  of the total, .:espectively. Fossil 
fuel chemical feedstock processing is next with 1 1 . 5 9 .  of the 
total followed by agricultural and forest products which account 
for 5 . 4 9 .  of the total process type emissions. 

Table 2.2-1 also presents the estimated total controll- 
able emissions for each category. The organic chemical utili- 
zation category has the hiyhest reduction potential w i t ' i  30.6; 
of the total emissions estiaated to be controllable from this 
category. Xext are the refining, trans?ortation and chernical 
processing categories with reduction potentials of 15%, 14.6% 
and 10.2%, respectively. The smallest reduction potential is 
from the agricultural and forest products category with 5 . 4 % .  
Therefore, a reduction potential of approxinately 75.8% exists 
.'or a l l  the process type categories. 

i 
I 
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VOLATILE NON-METWE ORGANIC EMISSIONS FROM C O E E . L A B L E  PROCESSES 
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The processes  s t u d i e d  i n  t h i s  r e p o r t  account  f o r  65 .0% 
of t h e  t o t a l  e s t ima ted  r educ t ion  p o t e n t i a l  o f  7 4 . 2 % .  
cesses  s t u d i e d  account f o r  a l l  b u t  1% of  the  e s t ima ted  r educ t ion  
p o t e n t i a l  i n  each ca tegory  except  chemical process ing  and f o s s i l  
f t le l  t r a n s p o r t s t i o n .  
u t i l i z a t i o n  c a t e g o r i e s  i n  p a r t i c u l a r  have many more emission 
sources  than  do the  o t h e r  c a t e g o r i e s .  The c h a s i c a l  p r o c e s s i r g  
category emissions r e s u l t  from miny sma l l e r  ope ra t ions  grouped 
i n t o  chemical complexes which can have a s i g n i f i c a n t  emission 
r a t e  a t  p rocess ing  s i t e s .  

The pro-  

The chemical process ing  and hydrocarbon 

The above r e l a t i o n s h i p s  a r e  presented  g r a p h i c a l l y  i n  
F igure  2 . 2 - 1  and Figure 2 . 2 - 2 .  

2 . 2 . 1 . 2  P a r t i c u l a t e  Organ-ic Emissions 

Emphasis i s  p laced  on t h e  q u a n t i f i c a t i o n  and c o n t r o l  
of  v o l a t i l e  o rgan ic  a i r  emissions r a t h e r  than p a r t i c u l a t e  o rgan ic  
emission.  Consequently.  t he  processes  s e l e c t e d  f o r  f u r t h e r  s tudy 
a r e  u s u a l l y  chosen on t n e  b a s i s  of t he  c o n t r o l  p o t e n t i a l  f o r  t he  
v o l a t i l e  o rgan ic s .  
t i c u l a t e s  i s  u s u a l l y  a s ses sed  on ly  when a l a r g e  v o l a t i l e  o rgan ic  
r educ t ion  i s  a l s o  ach ievab le .  However, l a r g e  p a r t i c u l a t e  o r p n i c  
e m i t t e r s  a r e  o c c a s i o n a l l y  s e l e c t e d  when they have a l a r g e  inpac t  
on a category such a s  soap and d e t e r g e n t  product ion i n  the  f o s s i l  
f u e l  feeds tock  chemical p rocess ing  category and g r a i n  and f eed  
m i l l s  and e l e v a t o r s  i n  t h e  a g r i c u l t u r a l  and f o r e s t  prLducts 
cate5ory . 

The c o n t r o l  p o t e n t i a l  f o r  t h e  o rgan ic  p d r -  

The p a r t i c u l a t e  o r g a n i c  emiss5ons from the  process  
c a t e g o r i e s  a r e  p re sen ted  i n  Table  2 . 2 - 2 .  The processes  s e l e c t e d  
f o r  f u r t h e r  s tudy  i n  t h i s  p r o j e c t  8 r e  a l s o  pres,ented. These 
processes  a r e  g e n e r a l l y  the  l a r g e s t  e m i t t e r s  i n  t h e i r  ca t egc ry  

-42- 
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FIGURE 2.2-1 DISTRIBUTION OF VOLATILE NON-METHANE EMISSIONS FROM CONTROL-  
LABLE PROCESSES 

1 

FIGURE 2.2-2 DISTRIBUTION OF CONTROLLABLE VOLATILE NON-METHANE EMISSIONS 
1 I FROM CONTROLLABLE PROCESSES 
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and have the largest reduction potential. 
particulate emitters are not listed in this table but were 
assessed for reduction potentials that are too small for 
further consideration. 

Some organic 

The agricultural and forest Troducts category is by 
far the largest emitter of organic particulates from the pro- 
cess type categories with 90% of the total emissions. 
fossil fuel refining with 7% of the total followed by fossil 
fuel transportation. storage, and distribution and by feedstock 
chemical processing with 2% and 1%, respectively. 

Next is 

Table 2 . 2 - 2  also presents the estimated total con- 
trollable emissions for each category. The agricultural and 
forest products category has the highest potential for reduc- 
tion wi:h 89% of the total estimated controllable emissions. 
Next are the refining, transportation, and chemical processing 
categories with 7%, 2 2 .  and 1%. respectively. Therefore, 
approximately 98% of the total emissions from the process type 
categories are controllable. 

The fossil fuel, grain and feed mills, and elevators 
categories account for a reduction potential of 48%. 
estimated reduction potential of 32X for plywood and veneer is 
added (this process was not selected for study) the reduction 
potential for 5 processes is 807. of the emission total. 
fore, the difference between the reduction potentials for the 
listed processes and the total reduction potentials of the pro- 
cess categories is 182. Xost of this difference is in the agri- 
cultural and forest categories. Several other larg;.. sources of 
particulates (see the Appendix) have reduction poteqtials. 
These relationships are shown graphically in Fi&ures 2 . 2 - 3  and 

When an 

There- 

2 . 2 - 4 .  
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FIGURE 2.2-3 DISTRIBUTION O F  T O T A L  PARTICULATE ORGANIC EMISSIONS FROM CON- 

TROLLABLE PROCESSES 

FIGURE 2.2-4  DISTRIBUTION OF CONTROLLABLE PARTICULATE ORGANIC EMISSIONS 

FROM CONTROLLABLE PROCESSES 
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Although this analysis does nst account for secondary 
particulate generation, it does illustrate the impact tbat geo- 
graphical considerations can have on emission reduction poten- 
tials of organic particulates in the U.S. 

2 . 2 . 2  Process Water Effluents 

I 
Water effluents from fossil fuel refining, feedstock 

chemical processing. and agricultural and forest products cate- 
gories are considered in this section. 
organic chemical utilization and fossil fuel transportation are 
considered to be too small for this discussion. 

Water effluents from 

I 

I 

cess categories are presented in Table 2 . 2 - 3 .  The pr9cesses I 

The organics present in water effluents from the pro- / 
I 

selected for study in this project are generally the largpst 
sources of organic effluents in their category and have the 
largest reduction potential. 

The fossil fuel chemical processing and agricultural 
and forest products categories are the largest sources of organic 
water effluents with 4 6 . 8 %  and 49.7% of the total, respectively. 
The fossil fuel refining category accmnts for 3.5% of the total 
organic water effluents. 

Table 2 . 2 - 3  also presents the estimated total controll- 
able organic water effluents for the categories. 
processing category has the largest potential for redxtion with 
40 .7% of the total effluents estimated to be controllable from 
this category. 
follows with 3 2 . 3 9 .  and ; s t  is the refhing catezory with 2.7%. 
Therefore, a reduction potential of about 7 5 . 7 X  exists for all 
the process type categories. 

The chemical 

The agricultural and forest products category 
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The processes  s t u d i e d  i n  t h i s  r e p o r t  have a combined 
r educ t ion  p o t e n t i a l  o f  on ly  37.0% of t h e  t o t a l  75.7:. c o n t r o l l -  
a b l e  o rgan ic  water  e f f l u e n t s .  In t h e  r e f i n i n g  ca tegory .  t he  
two o p e r a t i o n s  s t u d i e d  account  f o r  a l l  t he  emissions from t h i s  
ca tegory .  However, f o r  t h e  a g r i c d t u r a l  and f o r e s t  p roducts  
ca tegory  a 9% d i f f e r e n c e  e x i s z s  between t h e  r educ t ion  p o t e n t i a l  
o f  t h e  processes  s t u d i e d  and t h a t  of t h e  ca tegory  t o t a l .  
t h e  chemical p rocess ing  ca tegory  the  d i f f e r e n c e  between t h e  r e -  
duc t ion  p o t e n t i a l  o f  s e l e c t e d  processes  and t h a t  of t h e  ca tegory  
t o t a l  i s  29.7%. Many p rocesses  i? t h e  a g r i c u l t u r a l  and f o r e s t  
products  ca tegory  a r e  water  e f f l u e n t  sou rces ;  t h e  chemical pro- 
c e s s i n g  ca tegory  has  even more water  e f f l u e n t  sou rces ,  none of  
which a r e  extremely l a r g e .  However, chemical processes  t e n 2  t c  
be grouped t o g e t h e r  i n  chemical complexes, causing a s i g n i f i c a n t  
o rgan ic  water  e f f l u e n t  r a t e  a t  p rocess ing  s i t e s .  
s h i p s  a r e  shown g r a p h i c a l l y  i n  F igures  2 . 2 - 5  and 2.2-6. 

For 

These r e l a t i o n -  

The a n a l y s i s  of t h e  o r g a n i c  water  e f f l u e n t s  aga in  
i l l u s t r a t e s  t h e  impact t h a t  'geographica l  c o n s i d e r a t i o n s  can 
have on o rgan ic  wafer  e f f l u e n t  r educ t ton  p o t e n t i a l s  o v e r a l l  i n  
t h e  U.S. 
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FIGURE 2.2-5 DlSTRl6UTlON OF T O T A L  ORGANIC EFFLUENTS F 9 0 M  C 
PROCESSES 

ITROl 

SOURCES u/ 
I 
I 

FIGURE 2.2-6 DISTRIBUTION O F  CONTROLLABLE ORGANIC EFFLUENTS FROM CON 
TROLLABLE PROCESSES 
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3.0 EDUCTION POTENTIALS OF ORGANIC EMISSIONS AND 
EFFLUENTS FROM THIXTEEN MAJOR CATEGORIES 

This section of the report describes the industrial 
processes employed in each category and discusses in detail the 
emissions and effluents from the processes selected for further 
study, the control methods available for effluent and emission 
reduction from each process, and an estimate of the potential 
reduction of organics in metric tons (MT) per year. 

3.1 Fossil Fuel Extraction 

The fossil fuel excraction category encompasses the 
Almost crude oil, natural gas, and coal production indiistries. 

all of the organic emissions associated with extraction of 
fossil fuels result from fugitive sources. 

A sununary of the atmospheric emissions from the in- 
dustries in this cateogry is presented in Table 3.1-1. 

Organic water effluents from fossil fuel extraction 
are also considered in ths section. Enough data was available 
that the organic effluents could be estimated from crude oil 
production. Table 3.1-2 contains these estimates. However, 
organic emissions due to oil spills from crude production into 
surface waters are not quantified in chis report. 
on the environment is difficult to assess, since limited informa- 
tion is available on the parameters involved. Data such as 
amount of organic recovered after the spill, amount of organic 
reaching the atmosphere by evaporation. amount of organic reaching 
surface waters. and amount of organic soluble in surface waters 
are generally unzvailable. 
only from crucIe production. 
fossil fuel extraction is assumed to be negligible. 

The impact 

Waterborne effluents are produced 
The generation o€ s o l i d  wastes. from 
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TABLE 3.1-1. FOSSIL F E L  EXTRACTION - VOLATILE YT- 

Emissions of 
Ref. Year V o l a t i l e  Organics - - 

Iossll Fuel Extraction 
630.000 1 

270.000 1 

1 ,610 ,000  2 

Crude O i l  1975 

Natural Gas 1975 

Coal 1973 

2 ,510 ,000  Total :  

Source: 1. MO-201 
2. IR-011 
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TABLE 3.1-2.  FOSSIL FUEL EXTRACTION - ORCA!IIC EFFLUENTS 

Effluents (mlyear) 

Total OrKanics - __ - COD ss O I C  - 
F o s s i l  Fuel 2xtraction 

Crude O i l  

Onshore 
Offshore 30 N/A 

29,000 41,000 56,000 8,000 12,000 

1: N I A  N I A  

Totai: 29,030 

Sources: EU-15L 



3.1.1 Crude Oil Production 

Process Description 

In an onshore producing oil well. three methods are 
used for bringing the oil to the surface: 
lifting (injection of gas into the flowing colwnn), and pumping. 
Most producing wells are operated by mechanical lifting methods 
using either plunger or centrifugal type subsurface pumps. 

natural flow, gas 

The production from each well is then sent to a complex 
gathering system which consists of pipes. valves, and fittings . 
necessary for combining a11 of the production or for separating 
the individual well productions in the case of varying qualities. 
There are, in addition, test separators and talks for testing 
the oil qualicy. 

Because the crude oil is produced in association with 
gases and water (usually brine), the crude must be separated. 
The water can be removed by one of several means: 
(2)  chemical destabilization, ( 3 )  electrical cualescence, and 
(4) gravitational settling. The associated hydrocarbon gases 
are separated by one of two methods. The two-phase method is 
used f o r  separating oil and gas while the three-phase method is 
used when g a s ,  oil, and wazer are being separated. 

(1) heat, 

Following water and gas separation, the crude oil is 
usually sorted in tanks prior to shipment to the refinery. 
recovered liquids produced with the crude are handled in hori- 
zontal cylinders or spheres. The associated gas separated froin 
the crude is usually sent to processing plants f o r  upgrading. 
Occasionally. the recovered gases are vented or flared if their 
quancity does not warrant the expense of shipment f o r  processing 
and sales and/or the well is located in a remote area. 

The 

i 
i 
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Offshore production operations are very similar to 
onshore operations with the added complications of space limita- 
tions and the generally hostile environment. 
wells, offshore oil is brought to the surface by natural flow, 
gas life, or purping with subsurface pumps. 

As with onshore 

i 
The crude is comonly sent to a ccntral production 

platform via pipeline for processing. Delivery to shore for I 

processing is also a possibility, but the usual practice is the 
separation of gas and water from the oil on offshore platforms. I 

1 
i Offshrce production is generally tracsported to land 

minimize the storage of crude on the offshore via pipelines 
structures. However, as development proceeds farther from shore, 
more offshore storage will be utilized. The oily water that has 
been separated from the crude may be delivered on::hore for treat- 
ment ac a conventional cleaning and dehydrating pIant before 
release to the ocean. Alternatively, it may be rc8injec;ed to 
the reservoir to help maintain pzessure. Reinjection is wide- 
spread in offshore California operarions. The separated gases 
are either collected and processed for narket or they are vented 
and flared. 

Atmos3heric Emiss'ions and Coccrol 

The atmospheric emissions from domestic offshore and 
onshore crude production result primarily from fugitive sources: 
wastewater separators, pump seals, compressor seals, relief 
valves, pipeline valves, and flanges. Other sources inclcde t.he 
storage tanks which emit light hydrocarbons not removed in the 
gas separation units and the gases which are vented from remote 
production facilities.' Honsanto Research Corporation estimates 
that 630,000 metric tons per year of volatile organics are 
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emitted to the atmosphere from petroleum extraction @40-201), 
These losses are almost entirely low molecular weight saturated 
gases such as methane and ethane. 
are among the least photochemically reactive volatile organics. 

These types of hydrocarbons 

In brief, the existing control technology for petroleum 
productior. of hydrocarbon emissions consists of the following: 

Storage Facilities: 

Floating roof tanks or internal 
floating covers 

- Vapor recovery units 

Wastewater Separators: 

* Seal from atmosphere 

- Vent to vapor recovery 

- Floating covers 

Pump and Compressor Seals: 

Convert packed seals to mechanical 
seals 

Install .double seals 

Relief Valves: 

* Upstream rupture discs 

+ Vent to vapor recovery or flare 
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Pipeline Valves: 

* Regular maintenance of stuffing 
boxes 

Heaters and Compressor Engines: 

* Carburetion adjustments 

?.emote Location Vents: 

* Incineration 

Miscellaneous Losses: 

. Regular maintenance 

- Good housekeeping 

The potential for reduction of the organic enissions 
from petroleum production is difficult to assess due to the 
scarcity of data on the degree of organic emission control cur- 
rently practiced by the industry. 
controls on petroleum production facili:ies, the organic emissions 
could be reduced 60 percent. 
378.000 XTIyear. 

Assuming the use of the above 

This results in a reduction of 

Water Effluents and Control 

Waterborne organic effluents from the crude oil 
production industry result from one of two sources: 
oily brine produced along with the crude, and the accidental 
spills resulting from the pzoduction activities and equipment. 

the disposed 
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O n  the average, two to three cubic neters of water are 
produced per cubic meter of oil produced onshore. Thus, approxi- 
mately 4.0  million cubic meters (1.05 x lo9 gallons) of oily salt- 

! water are produced daily in the United States. Approximately 
four percent of this total is discharged to rivers. 
the remaining water is injected in underground formations, used 
for secondary recovery, or disposed of in such a way that the 

- 1  The bulk of 

I . '  i 

I 
oily water does not reach United States waterways. ! 

I 

i 
Based on average pollutant concentration figures I 

I 
! 

reported for produced formation water in the EPA's Effluent Guide- 
lines Document for the Offshore Sevment of the Oil and Gas Extra- 

COD, TOC. suspended solids, and oil and grease emitted can be 
calculated (EN-376). These calculations reveal that roughly 
41,000 MT/year of BOD; 24,000 MT/year of TOC; 56,000 NT/year of 
COD; 8.000 MT/year of suspended solids; and 12,000 MT/year of 
o i l  and grease are disc'larged to water from onshore pecroleum 
production. Assuming a.n organic compound to csirbon molecular 
weight ratio of 1.2 for the discharged organic compounds, the 
total organic emission level is calculated to be 29,000 "/year 
for onshore production. 

! 

; 
; 

- -- - - 
ction Point Source Category, estimates for the amount of BOD, -- 

I 

Crude oil spills from produccion activities represent 
another potential for water pollution. 
quantity of oil spilled from pr-duction systems have been cal- 
culated from data presented by EPA in its Petroleum Svstems 
Reliabilitv Analvsis document (RI-107). Calculations show that 
approximately 260,000 =/year of oil I s  lost from onshore pro- 
duction systems primarily from leaking pipes and valves. All 
of this oil does not reacn the waterways; nuch is recovere<, 
some volatilizes, and some bicdegrades on the land. However, 
data on the disposition of spilled oil is not available, 70 for 

Estimates .for :he yearlv 
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the purpose of this report, spilled oil is not quantified for 
air and jlater pollution. A 2  estimate of L0,OOO ffl/year for Off- 
shore petroleum spills was obtained from data 3n offshore pro- 
duction systems. Again, much of this oil is recovered, but some 
volatilizes so that the dispositiol: 0' the sFil1ed oil is unknown 
The major sources are leaking pipes , valves, pumps, malfunction- 
ing level sensors causing system overlJads, relief valves, and 
rupture discs. 

.. 

The offshore production of petroleum produces roughly 
one barrel of brine water per barre' of oil ( r . 1 ; - 3 7 6 ) .  In 1073. 
0.253 hm3/day (1.59 x los barrels/day) of oil was produced from 
offshore wells. Therefore, ap?roic:.xately the same amount of 
brine water was also produced. 
the oil and gas extraction ind,istrp will meet the E?h regulations 
established for its water effluents for 1977, the discharge of 
organics from offshore productioa of oil can be estimated. Tinat 
regulation states that 48 mg of o i i  ind grease per liter of water 
discharged is the naximum allowable race. This amounts to a 
total crganic discnarse of 30 met.ric fans per year from offshore 
crude production, based on the SECE a::sumptions made concerning 
onshore production effluent wastes. 

Assiming the offshore segment of 

A wide range of control and treatment technolopies 
have been,developed EO deal with petroleum production wastes. 
Local factors, discharge criteria, availability of space, waste 
characceristics, and other factors i.r.fluence the method of treat- 
ment. Techniques used to sepzrate o i l  from the produced forna- 
tion water inc:.ude: (1) gas flotation, ( 2 )  parallel plate 
coalescers, (3) filters. ( 4 )  gravity separation, and ( 5 )  chemical 
treatment. Two "zero discharge" techniques comonly used to 
dispose of oily wastewater are: (1) discharge of the water to 
pits, ponds, o r  rescrvoirs for evaporation, and ( 2 )  reinjection 
to acceptable underground formations. 
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The control techniques involved in reducing crude oil 
production spills include the application of regular inspection 
and maintenance practices especially for spill-prone equipment 
such as level sensors, relief valves, pump gaskets, seals, pack- 
ing, saltwater dump valves, and rupture discs. Another control 
measure includes the piping of relief valve and rupture disc 
overflow io a sump cr secondary containment. 
rosion preventing techniques such as chemical inhibicors, 
sacrificial cathodes, galvanizing, or increased use of plastic, 
glass reinforced or similar pipe materials in limited low pressure 
areas of the gathering subsystem are several other methods which 
help prevent the spillage of crude oil or oily water from pro- 
duction systems. 

The use of cor- 

The reduction potential for the oil spillage from 
crude production systems appears rather high since many field 
operations have eliminated spill problems Jith preventi-re pro- 
grams. Deta is lacking for the calculation of an organic emission 
reduction percentage, but poven spill control measures are avail- 
able. The reduction patenrial is difficult co determine for oil 
spills to waterdays. 

ihe best availabie control technology achievable for 
creating produced formation water has been identified by the EPA 
as evaporation ponds or holding pits and reinjection (EN-376). 
Thus, the potential for reduction of this source of organic ef- 
fluent is assumed to be 100 percent. This amounts to a reduction 
of 29,030 EIT/year of organic effluents from offshore and onshore 
oil production. 
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3.1.2 Natural Gas Extract- 

Process Description 

Natural gas produced in facilities separate from crude 
oil prgduction com7rises 80 percent of the total amount cf gas 
marketed in the United States. 
reservoirs not containing crude oil varies considerably in 
composition. 
offshore wells is practically the same. However, the gas- 
conditioning equipment located at the well site or at some nearby 
central location ilsuP.11y varies depending upon the gas composition. 

Gas produced f r m  underground 

The basic production equipment for onshore and 

The basic equipment at the wellhead includes various 
valves and fittings commonly referred to as a Christmas tree. 
The wellhead equipment regulates the high pressure natural flow 
of the pas from the reservoir. After the wellhead, the gas is 
treated according to its composition. The conditioning equip- 
ment may include separators which remove liquid hydrocarbons and 
condeqsed water from thP ras stream, heaters, deh:rdrators. and 
compressors. 
such as H2S, the gas may lie created by chemical injection for 
inhibction of corrosive attach on the flow system equipment. In 
some cases removal of the corrosive compound or compounds is 
economical. 

Should the :iatural gas ccntsin corrc~sive elements 

Offshore gas wells are similar in many r e s p e c t s  to 
their onshore counterparts. 
prohibit processing of the produced gas. Therefore, this gas 
is usually sent to shore for conditioning. 
and regulations ordinarily necessitate bettzr maintenance 
practices offshore than for onshore operations. 

However, 'space iimitations usually 

Safety precautlons 
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Atmospheric Emissions and Control 

Volatile organic emissions from natural gas extraction 
result primarily from fugitive sources. 
corroded pipelines, compressor seals, separators, and dehydrators 
are all potential sources of fugitive emissions. 
Research Corporation (MO-201) estimates that 270,000 metric tons 
of volatile organics are emitted from natural gas extraction t o  
the atmosphere yearly. 
primarily of the light saturated hydrocarbons commonly found in 
natural gas with methane being the primary component of the 
emissions. 

The valves, pipe flanges. 

Eonsanto 

These volatile organics are composed 

The control of orbanic emissi5ms from natural gas 
production relies heavily upon regular maintenance of equipment 
2nd good housekeeping at tne well site. 
offer some help in reducing the organic emissions. 
the su5stitution of mechanical seals for packed seals or. centrif- 
ugal compressors and the installation of dual packed seals on 
reciprocating compressors are control methods used to reduce 
emissions from compressors. 

Equipment changes can 
For example, 

Pressure relief valves are occasional sources of 
organic emissions, especially during system upsets. Their 
emissions may be controlled by manifolding to a vapor control 
device or a Slowdown system. For relief valves where dis- 
charge i,.:o a closed system is not desirable because of con- 
venience or safety, fragile blanks called rupture discs can 
be inscalled before the valve. 
pressure relief valve from leaking and protect the valve seat 
from corrosive environments (NA-086). The organic emissi.ons 
from relief valves controlled by rupture discs or blowdown 
systems are negligible. I 

Rupture discs prevent the 
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Organic emissions originating from product leaks ar 
valves and flanges can only be controlled by regular inspection 
and prompt maintenance of valve packing boxes and flange gaskets. 
The emissions reduction from control of valves and flanges is 
undefinable because of it3 dependence on the corrosiveness of 
the gas handled, the degree of maintenance, and the characteristics 
of the equipment. 

As with crude o i l  prodcction, insufficient data exists 
for a reliable estimate of the reduction potential for the mass 
emissions of atmospheric hydrocarbons f rom natural gas extraction. 
Because the primary source of atmospheric emissions of organics 
from gas production is fugitive emission sources, as is that for 
oil production, the reduction potential is assumed to be the 
same--60 Dement. This amounts to a mass emission reduction 
potential of 162,000 HT/year of volatile organics from natural 
gas production. 

I 

3 . 1 . 3  Coal Production 

Process Description 

Coal mines are classified by the methods used to 
extract the coal. The actual ethod selected, whether sur- 
face mining or underground mining, is based upon a number of 
physical and economic factors. 
mines have reported organic chemical emissions to the atmosphere 
(IR-011). 
discussed. 

However, only underground coal 

For this reason only underground mining will be 

Underground nines are developed by driving entrjrways 
into a coal seam and are classified according to the manner in 
which the seam is entered. The thrse common methods of entry 
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to the coal scam are: (1) drift mines, (2) slope mines, and 
(3 )  shaft mines. 

The mining techniques used in the mines are not depen- 
dent on the type of entrpay ir. use. 
mines in the Unrted States use the room and pillar extraction 
technique. 
of main tunnels, or headings, from the points of entry t o  the 
seam. Fr.wn these mrin headings, perpendicular secondary headings 
are driven. Slocks of coal are then extracted in a systematic 
pattern, formkg room along both sides of the headings. Pillars 
of intact coal are left between the mined areas to support the 
roof and prevent surface subsidence above the mine. 
development in an underground mine may leave as much as 60 per- 
cent of the coal in pillsrs. Following development, some of 
those pillars may be safely mined and removed as the machinery 
retreats from an area cf the mine. This may significantly in- 
crease the coal recovery. 

The majority of the coal 

Room and pillar extraction beeins with the driving 

Initial 

Atmospheric Emissions and Control 

All coal beds contain hydrocarbon gases. These gases 
(98 percent mechare) are contained in the fine pore ~tructure 
in the beds and migrate into active mine workings when che bed's 
equilibrium conditions are upsec. However, the deeper coal beds, 
accessible only by underground mining techniqLes. are the only 
ones which contain significant amounts of met'iane. 

The Bureau of Mines estimated for 1373 thac over 
6.5 hm' of methane are emitted daily (229.7 x IO6 ft3/day) from 
underground coal mines (IR-011). This amounts t o  approximately 
1,608,000 metric tons of methane emitted yearly from coal ex:r;Ic- 
tion. This estimation is a conservative m e .  The Bureau of 
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Miner included in their study only those mines which produced 
nethane in excess of 2,830 m3/day (100,000 ft3/day). 

A promising control method for reducing the emissions 
of methane from underground coal mines is the drilling of verti- 
cal boreholes from the surface into the coal seam at selected 
spots and recovering the methane as natural gas. 
technique offers the advantage of recovering a marketable product 
which could be sold if produced in enough quantity, The Bureau 
of Mines reports several mines which emit around 2 8 0 , 0 0 0  m3/day 
(10 x lo6 ft3/day) of methane. Other promising control methods 
available inrlude (ZA-044) :  the use of horizontal holes in a 
coal seam to infuse an acti.ve face area with water, thus divert- 
ing the flow of methane away from the mining area; the use of 

long horizontal holes to degasify a section prior to mining; and 
hydraulic fracturing of the bed to increase i.ts permeability, 
thus aiding methane flows chrough the coal to a vertical or 
horizontal degasification hole. 

This control 

The procedures mentioned above have been found effective 
for removing 20 to 50 percent of the methane that would ordinarily 
be ventilaced to the atmosphere ( Z A - 0 4 4 ) .  Based on these effi- 
ciencies, a reasonable estinste is that the reduction potencia1 
for hydrocarbon emissions from coal extractim is ratkLer high 
and the percent reduction could be up to 81l percent. 
in a reduction potential of 1,290,000 MT/year. 

This results. 
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3.2 F o s s i l  Fuel P rocess ing  

Organic emissions from t h e  n a t u r a l  gas  process ing ,  and 
coal process ing  i n d u s t r i e s ,  and t h e i r  c o n t r o l ,  &!re examined he re .  
The primary source of  atmospheric emissions from gas process ing  
i s  f u g i t i v e  l eaks  in equipment. 
from c u a l  process ing  a r e  from process  ven t s  and s t a c k s  such a s  
thermal d r i e r s .  

Most v o l a t i l e  o rgan ic  emissions 

A summary of  t he  atmospheric  emissions from :de indus-  
t r i e s  i n  t h i s  ca tegory  i s  p re sen ted  i n  Table 3 . 2 - 1 .  

TABLE 3.2-1 
FOSSIL FUEL PROCESSING - AMOSPHERIC EMISSIONS 

Emissions (MT! y r )  

Year OrLa,iics O-rzanics 
V o l a t i l e  P a r t i c u l a t e  

F o s s i l  Fuel Process ing  

Natura l  Gas 1 9 7 5  1 , 7 1 4 , 0 0 0  -- 
Coal 

T o t a l  

1575 2 , 4 0 0  L 7 300 

1 , 7 1 6 ,  LO3 7 , 3 0 0  

Reference: MC-201 

No i n f o r n a t i o n  was found concerning the  water  o r  s o l i d  
wastes from n a t u r a l  %as and coa l  process ing .  For the  pur;oses gf 
t h i s  s t d y .  s o l i u  wastes  proce-sed on s i . t e  by 1 - n d f i l l ,  s p o i l  
p i l e ,  o r  c t h e r  meam ware no t  assumed t o  be an enviror..nental 
probleir. Organic s o l i d  waste  emissions end o rgan ic  wat .r e f c l u -  
e n t s  a r t  assumed t o  be n e g l i g i b i e  f o r  t h i s  category. 
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3.2.1 

Process  Desc r ip t ion  

The gas  t rea tment  f a c i l i t i e s  normally encountered i n  
t h e  f i e l d  are designed t o  cond i t ion  t h e  n a t u r a l  gas t o  make i t  
markecable. 
such as HzS and C O z .  dehydra t ion .  product  recovery ,  and t h e  con- 
t r o l  of  d e l i v e r y  p r e s s u r e  through t h e  use of  p r e s s u r e  reducing 
r e g u l a t o r s  oc compressor::. 

The ope ra t ions  may inc lude  t h e  removal or' fmpur i t i e s  

Cas-processing p l a n t s ,  on t h e  o t h e r  hand, are usually 
opera t ed  to recover  valcm5le products  which may be l e f t  i n  t h e  
g3s fo l lowing  f i e l d  proc:essing. These products  may inc lude  n a t -  
u r a l  6aso:inc. bu tane ,  propane. e thane ,  ar.1 even pure methane a t  
some p l a n t s .  To accompl.ish t h i s ,  t h e  process ing  p1ar.t inc ludes  
>any of  t he  func t ions  p e r f g m e d  by gas-condi t ion ing  equipnent 
such a3  dehydra t ion  and a c i d  gas  r e s o v a i .  
p l a n t  may be considered as ano:hsr 'gas -condi t ion ing  f a c i l i t y .  
These f a c i l i t i e s .  o f t e n  r e f e r r e d  t.) as n a t u r a l  g a s o l i n e  p l a n t s .  
u s u a l l y  provide  f r a c t i o n a t i n g  equ..:ment f o r  s e p a r a t i c g  t h e  re- 
covered Liquid hydrocarbons i n t o  pure products  or predetermined 
mixtures .  ' . e r e  HzS is removed trom t h e  g a s ,  a p i a n t  may inc lude  
f a c i l i t i e s  t o  recover  ele=er.cal s*:Iiur. 

For  t h i s  reason a gas  

The u n i t s  found i 7  gas -p lan t  o p e r a t i o n s  a r e  s i m i l a r  t u  
t hose  found i n  t h e  f i e l d ;  the primary d i f f e r e n c e  i s  t h e  s i z e  and 
perha9s the  zechanica; des lgn  o f  t h e  u n i t s .  The t y p i c a l  types  
of equipnent  f c m d  i n  n a t u r a l  g a s o l i n e  n l a n t s  a r e  abso rbe r s ,  
s t r - p p e r s .  f r a c t i o r ? c o r s ,  h e a t  exchan,? s .  and a i r  cov le r s  or 
c o o l i n g  tower'.. 
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Atmospheric Emissions and Con:rot 

The primary sources of atmospherLc organic emisstons 
from natural gas processing operations are fugitive losses and 
natural gas venting. 
as pipeline valves. flanges, gaskets, and compressor seals. 
Venting lo~se? occur primarily during processing system upsets 
or from the fsulty operation of pressure relief valves. 
mated 1 . 7 2 4  x l o b  metric tons per year of hydrocarbons are emitted 
from natural gas processing (XO-201). These emissions are com- 
posed primarily of methane with lesser quantities of ethane, pro- 
pane, butane, 32d other low-molecular weight saturated hydro- 
carbons. 

The fugitive losses occur from sources such 

An esti- 

The wntrol of these emissions from natural gas process- 
ing relies heavily upon regular maintenance of equipment and good 
housekeeping at the. processing site. Equipment changes can offer 
some help in reducing the emissions of hydrocarbons. For example, 
substituting mechanical seals for packed seals 02 centrifugal com- 
2:essors and installing dual packed seals on reciprocating com- 
pressors are control measures which reduce the quantity of hydro- 
carbons emitted. 

The controls used to reduce the loss of hydrocarbons 
from relief valves include the installation of manifolding to a 
vapor control device or a blowrlowx system. 
where discharge into a closed syszem is not desirable, fragile 
rupture discs prevent the relief valve from leaklng and protect 
the valve seat from corrosive environments (XA-1196). These con- 
trols effectively reduce the enissions from relief valves to 
negligible quantities. 

For relief valves 

-68- 



_.,. > .... 

SI 

il 
'1 ! I  

i-' I !  

I t  
\.! 

i ', 
I :  
I <.! 

: I  ! I  
. I  

. .  
I 9 ,  

I .  

The enissions from product leaks at valves and flanges 
can only be controlled by regular inspection and prompt mainten- 
ance c f  valve packing boxes and flange gaskets. 
reduction from proper maintenance of valves and flanges is diffi- 
cult to deeermhe because it is dependent on the corrosiveness of 

istics of the environment. However, because the primary source 
of atmospheric hydrocarbon emissions from gas processing i s  fugi- 

that for crude oil and natural gas processing, 60 percent. This 
means a mass emissidii reduction potential of 1 , 0 3 0 , O ~ ~ O  XT/yr of 

The emissions 

the gas handled, the degree of maintenance, and the character- 1 
' 

tive leaks, the reduction potential is assumed to be the same as I 

I 

hydrocarbons to the atmosphere. i 
3.2.2 Caal Processing 

Proc e s s De s cr iption 

Coal processing consists of the operations used by the 
industry to upgrade the quality of raw coal prior to its sale. 
The physical character and chemical composition of the raw coal 
and the customer specifications on the pro6uct determine the 
extent and type of 7rocessing. 

Three types of.protessing plants are used to prepare 
the -iarioits types of prodi!ct. coal demanded by che market: 1) 
"comp1er.e processing", 2 )  "partial. processing", in which only 
coarse coal is cleanea; ;rid 3 )  "coal crushing", iii which the 
coal is merely crushed tc a specified maximum sire. Because the 
complete pre?aration plant includes all processing operatisns, 
it is the only one described. 

At the preparation plant, coal  from the nine is broken 
a! i screened to remove oversized naterial, then stored until the 
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batch  process ing  .n t h e  p l a n t  begins .  
c l a s s i f i e d  accordlng t o  s i z e  by sc reen ing  and then routed  t o  
var:ous c l ean ing  process  equipment. In  g e n e r a l ,  t h i s  c l ean ing  
process  may be wet ,  d r y ,  or  a combination of  bo th .  

From s t o r a g e  t h e  coa l  i s  

Wet c l ean ing  systems u t i l i z e  c e n t r i f u g a l  o r  g r a v i t y  I 

sepa ra t ion  o f  heav ie r  i m p u r i t i e s  from the c o a l .  The w e t  c l ean ing  
i t s e l f  does n o t  emit o r g a n i c s ;  however, t h e  a u x i l i a r y  processes  
o f  handl ing and dry ing  can be major sources .  A f t e r  t h e  c l ean ing ,  
t h e  coa l  is mechanically d r i e d  by dewatering screens  and c e n t r i f -  
uga l  d r i e r s .  Should the  custorrer d e s i r e  low surface.  moisture  
c o a l ,  secondary dry ing  is  : r e q u i r e d .  Low mois ture  levels  a r e  b e s t  
accomplished by thermal dry ing .  A survey o f  t h e  i n d u s t r y  i n d i -  
c a t e s  t h a t  new c o a l  p r e p a r a t i o n  p l a n t s  i n s t a l l i n g  thermal d r i e r s  
w i l l  use  a f lu id ized-bed  type .  I n  t h i s  dryi-g technique ,  h o t  
f l u e  gases  from a c o a l - f i r e d  furn;ce pass  uY through a moving 
bed of f i n e  w e t  c o a l .  The c o a l  i s  d r i e a  as t h e  c o a l  p a r t i c l e s  
come i n t o  i n t i c a t e  con tac t  w i t h  t h e  h o t  gases  dur ing  f l u i d i z a t i o n .  
P a r t i c u l a t e  o rzan ic  emissions occur  i n  t he  form of  u l t r a l i n e  coa l  
p a r t i c l e s  e n t r a i n e d  and c a r r i e d  from t h e  d r i e r  by t h e  conbust ion 
gases .  T h e  d r i e d  coal i s  s t o r e d  p r i o r  to  shipment. 

~ 

A l l  c o a l  c leaning  systems i n s t a l l e d  s i n c e  1966 have 
used pu:sating a i r  columns t o  s e p a r a t e  coa l  from i t s  impur i t i e s  
(EN-220). The p a r t i c u l a t e  o rgan ic  chemical emissions Zron t hese  
ope ra t ions  a r e  neg1igib:e. 

AtmosDheric Exiss ions  and'conti-ol  

P o c e n t i a l  p a r t i c u l a t e  o rgan ic  emissions f o r  f l u i d i z e d -  
bed d r i e r s  cpstream ~f c s n t r o l  equipment are i n  the  range of  115 
t o  L60 grams Fer nc.-Dal cubic  meter .  The emissions measured 
downstrean of  c;;cldiic$, which a r e  an i n t e g r a l  p a r t  o f  t h e  coa l  
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cleaning process, range from 1.6 to 32 gram per normal cubic 
meter (EX-220) .  

The products of combustion from the coal burned in the 
drier to generate the hot gases contain measurable quantities Of 
gaseous organics. Particulate emissions from thermal driers 
amount to about 7 . 3  x 10’ metric tons per year while the gaseous 
organic emissions are 2 . 4  x 10’ metric tons per year W - 2 9 1 ) .  

I 

I Single cyclone collectors and multiple cyclones for 
I 

product recovery have efficiencies of 70 and 85%, respectively. 
Water sprays following cyclones have an efficiency of 95:: (C,N-071), 
and wet scrubbers following cyclones have efficiencies of from 
99 to 99.99,. 

The reduction potential for particulate organic enis- 
sions from coal pr0ccssir.g is fairly high because of the limited 
number of processing plants and the excent of the developnent of 
apTlicable control technology. However, the reduction Fotential 
for gaseous.hydrocarbon emissions fron thema1 drying is very 
low. Only conbustion modifications could reduce the Easeous 
emissions, and only limited control is available from this method. 
The percent reduction estimated for particulate emissions from 
thencal driers is a little less than 50 percent (EX-071, EX-220) .  
This results in a raduction potential of 3559 W / y r  of organic 
particulates. 
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3 . 3  F o s s i l  Fue l  T ranspor t a t io r . ,  S to rage ,  and D i s t r i b u t i o n  

This  ca tegory  inc ludes  emissions from the  d i s t r i b u t i o n  
network f o r  t he  t r a n s p o r t a t i o n  of  f o s s i l  f u e l s  and t h e i r  p roducts .  
The emissions a s s o c i a t e d  w i t h  the  d i s t r i b u t i o n  network r e s u l t  
from s t o r a g e  a t  d i s t r i b u t i o n  f a c i l i t i e s  and load ing  and unloading 
a t  d i s t r i b u t i o n  p o i n t s .  1 ,  

The ca tegory  i s  d iv ided  i n t o  subgroups by t h e  type  of 
The major subgroups are g a s o l i n e  market-  

These major sub- 

I 
I 
I 

m a t e r i a l  t r a n s p o r t e d .  
i n g ,  j e t  f u e l  market ing,  d i s t i l l a t e  an3 d i e s e l  f u e l  marke t ing ,  
r e s i d u a l  f u e l s  market ing and crude t r a n s p o r t .  

p i p e l i n e s ,  and loading  o p e r a t i o n s .  Loading o p e r a t i o n s  inc lude  
both marine loading  and r a i l  and t r u c k  load ing .  

I 

groups a r e  c h a r a c t e r i z e d  by e n i s s i o n s  from s t o r a g e  f a c i l i t i e s ,  I 
I 

A suarmary of t h e  atmospheric emissions from the pro- 
ces ses  i n  t h i s  ca tegory  i s  p resen ted  i n  Table  3 . 3 - 1 .  

The t o t a l  en.issions from t h e  t r a n s p c r t a t i o n  category 
a r e  over  2 .0  x l o 6  mlyr. 
from s t o r a g e  ope ra t ions  i s  nearljr  0 . 5  x lo6  m / y r  and from load-  
ing  ope ra t ions  .'s almost 0 . 9  x lo6 MT/yr. 
duc t ions  a r e  e s t ima ted  by assuming t h a t  c u r r e n t  *%e o f  c o n t r o l s  
i s  extended t o  complct? a p p l i c a t i o n  c f  c o n t r o l s .  These c o n t r o l s  
are g e n e r a l l y  assur.Ld -3  be  f l o a t i n g - r o o f  t anks  f o r  t h e  s t o r a g e  
f a c i l i t i e s  and bgttctc l oad ing  o r  submerged f i l l  a long  wi th  vapor 
racovery  an2 vapor balance f o r  l o ~ d i n g  o p e r a t i o n s .  

The p o t e n t i a l  r e d u c t i o n  i n  emissions 

These p o t e n t i a l  r e -  

Water e f f l u r a t s  and s o l i d  wastes  a r e  n e g l i g i b l e  i n  t h i s  
ca t egory .  
d i s t r i b u t i o n  i s  a source  o f  wa te r  p o l i u t i o n .  However. t he  impact 
on t h e  environnent  depends on a knowledge of t h e  amount of organic  

Contamination of  s u r f a c e  waters  from s p i l l s  dur ing  
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recovered a f t e r  t h e  s p i l l ,  the amount of o r g a n i c  reaching  the  
atmosphere by evapora t ion ,  t h e  amount of  o r g a n i c  reaching  s u r -  
f a c e  w a t e r s ,  and t h e  amount o f  o rgan ic  s o l u b l e  i n  s u r f a c e  wa te r s .  
L i t t l e  in format ion  i s  a v a i l a b l e  on t h e s e  f a c t o r s .  I n  a d d i t i o n ,  
t h e  o v e r a l l  q u a n t i t y  of organ ic s  s p i l l e d  i s  small when compared 
t o  t o t a l  emissions from t h e  t r a n s p o r t a t i o n  ca tegory .  The poten-  

t i a l  f o r  r educ t ion  of t h e s e  s p i l l s  i s  not  as l a r g e  as f o r  many 
o t h e r  emission sources .  For t h e s e  r easons ,  s p i l l s  du r ing  t r a n s -  
p o r t a t i o n  ope ra t ions  w i l l  n o t  be q u a n t i f i e d  i n  t h i s  r e p o r t .  

The important  p rocesses  which e m i t  o r g a n i c  chemicals 
i n  the  f o s s i l  f u e l  t r a n s p o r t a t i o n ,  s t o r a g e ,  and d i s t r i b u t i o n  
ca tegory  a r e  i d e n t i f i e d  i n  t h i s  s e c t i o n .  These processes  a r e  
examined t o  determine t h e  p o i n t  of o r g a n i c  emissions from t h e  
p rocesses .  
f u g i t i v e  sources  a r e  cons idered .  
o f  organic  emissions from t h e  processes  o r  o p e r a t i o n s  i s  assessed  
when p o s s i b l e .  

Emissions from p rocess  e f f l u e n t  s t r e a m  and from 
The c u r r e n t  l e v e l  of c o n t r o l  

3 . 3 . 1  Gasol ine Xarketinp, 

The g a s o l i n e  market ing indus t ry  inc ludes  a l l  t r a n s f e r  
. >  and s t o r a g e  o p e r a t i o n s  t h a t  occur  when g a s o l i n e  products  a r e  

t r a n s p o r t e d  from petroleum r e f i a e r i e s  t o  t h e  consumer. F igure  
3 . 3 - 1  shows flow p a t t e r n s  f o r  motor g a s o l i n e  from r e f i n e r y  s t o r -  
a,<e t o  t h e  v e h i c l e  r e h e l i n g  s t a t i o n s  i n  t h e  U.S. marketing n e t -  
wcrk. 
by p i y e l i n z s ,  t a n k e r s  and b a r g e s ,  o r  r a i  tenk c a r s .  

Saso l ine  i s  t r a n s p o r t e d  from r e f i n e r y  s t o r a g e  t o  t e rmiaa i s  

3.3.1.1 Bulk Terminals 

The primary d i s t r i b u t i o n  f a c i l i t y  i n  the  gaso l ine  nar- 
k e t i n g  network i s  t h e  bulk t e r m i n a l .  Gasol ine products  a r r i v e  
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a t  t h e  > I %  L e m i n a l  by p i p e l i n e  and :re s t o r e d  i n  l a r g e  above- 
ground t a n k .  
i n t o  Lank t r u c k s  a!< t r . ,nspor ted  t o  smaller bulk  load ing  s t a -  
t i o n s  and t o  serrLc2 s t a t i o n s .  

.. ;=om t 'ceso s t o r a g e  t anks  t h e  gasoline. i s  loaded 

S tZ t i . ' t i c s  from t h e  1967'Census c f  Business show 2701 
t e rminz l s  i n  cha t  yea r .  T o t a l  n a t i o n a l  l i q u i d  s t a r a g e  c a p a c i t y  
of motor g a s o l i n e  a t  t e r m i n a l s  was -23 hm' ( 6 . 2  b i l l i o n  g a l l o n s )  
w i t h  an average c a p a c i t y  o f  8700 m 1  ( 2 . 3  m i l l i o n  g a l l o n s )  p e r  

cerminal  (US-031). Table 3 . 3 - 2  c o n t a i n s  a compi la t ion  of t h e  

b i l l i o n  g a l l o n s ) .  

consumption while  t h e  ntrmber o f  bulk t e rmina l s  r e m i n e d  unchanged. 

Sales volume at bulk  t e rmina l s  had presumably 

Genera l ly ,  th'e g a s o l i n e  s t o r a g e  tanks  a r e  s u b j e c t  t o  

Organic chemical emissions from tanks o f  t h i s  des ign  a r e  l i m i t e d  I 

t i n g  from the  wet tcd  wa l l s  as t h e  l i q u i d  l e v e l  i s  lowered. These 
minor o rgan ic  chemical emiss ions  a r e  g e n e r a l l y  less than  0 . 3  
gal lons/1000 g a l l o n s  handled  (DU-001). 

Organic chemical emissions from t h e  tank t r u c k  loading  

t h e  o rgan ic  chemicals i n  the vapor space  are d i sp laced  t o  t h e  

was previous ly  loaded.  



TABLE 3.3-2 - 
U. S .  BULK STORAGE CAPACITY BY TANK S I Z E  

Tank Size 

L e s s  than 42,000 gallons 
42,OCO - 62,000 gallons 
63,000 - 83,000 gallons 
84,000 - 104,000 gallons 

io5.00~ - 2Q9,OOO gallons 
210,000 - 1,049,000 gallons 

~ , O ~ O , O O O  - 2,099,000 gallons 
2,100,000 - 6,i99,000 gallons 
6,300,000 - 20,999,000 Zallons 
Greater t;,an 21,000,000 gallons 

Storage Caoacity 
hm’ (LO’ gal) 

0.36 (95.975) 
0.92 (242.837) 
0.94 (249,542) 
0.52 (137.078) 
0.81 (214,148) 
0.71 (186,960) 
0.84 (221,792) 
5.25 (1,386,821) 
8.92 (2,357,165) 
8.03 (2,120,770) 

Source: US-031 
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Bulk loading  s t a t i o n s  a r e  secondary d i s t r i b u t i o n  
f a c i l i t i e s  which r e c e i v e  g a s o l i n e  from bulk t e r n i n a l s  by l a r g e  
tank  t r u c k s ,  s t o r e  the  g a s o l i n e  i n  somewhat sma l l e r  aboveground 

tank t r u c k s  t o  l o c a l  farms,  b u s i n e s s e s .  and s e r v i c e  s t a t i o n s .  

of gaso l ine  a t  bulk s t a t i o n s  was 4 hm' (i.0 b i l l i o n  g a l l o n s )  w i th  
an average capac i ty  of 151 m'  ( 4 0 , 0 0 0  g a l l o n s )  pe r  b u l k  s t a t i o n  

si- 
t s'corage t a n k s ,  and subsequent ly  dispense the  g a s o l i n e  v i a  s n a l l e r  

I n  1967 t h e r e  were 26 ,338  b u l k  stations. Liquid s t o r a g e  capac i ty  

._ 
/ 

; i' 
- 

(US-031). L ,  

., ; 
' ! ;  

There were fewer bulk  s t a t i o n s  and t e rmina l s  i n  1 9 7 2  , I  

I 
than  i n  1967 .  
c o n f i r n  t h i s  assessment .  They i n d i c a t e  t h a t  t h i s  r e d u c t i o n ,  p r i -  i ' 

mari ly  i n  the  number of bu lk  s t a t i o n s ,  i s  f o r  economic r easons .  I .  

w i th  l a r g e  tank t r u c k s .  
i n c r e a s e d .  The decrease  i n  number of bulk s t a t i o n s  w i l l  no t  
n e c e s s a r i l y  have a major impact on o v e r a l l  aar!;eting o p e r a t i o n s .  

O i l  company o f f i c i a l s  and i n d u s t r y  r e p r e s e n t a t i v e s  

More g a s o l i n e  d e l i v e r i e s  w i l l  be made d i r e c t l y  from t e m i n a l s  I 
Storage  volumes a t  t e r n i n a l s  w i l l  be 

The combined s a l e s  volume a t  bulk s t :a t ions  and t e r n i n a l s  
i s  presumed to  have inz reased  a t  a . r a t e  c o m e n s u r a t e  w i t h  t h e  
s t eady  i n c r e a s e  i n  g a s g l i n e  consumption. 

Atmospheric Eniss ions  arid Control  

S i g n i f i c a n t  o r g a n i c  emissions from s t o r a g e  tanks '? . re  
genera ted  a t  bulk s t a t i o n s .  
h o r i z o n t a l  and cannot be f i t t e d  wi th  f l o a t i n g  r o o f s ,  o r  because 
roof  r e g u l a t i o n s  do no t  apply t o  such small  t a n k s ,  the  s t o r a s e  
tanks a t  bulk loading  s t a t i o n s  a r e  gene ra l ly .uncon t ro l1ed  and 
a r e  thus  a s i g n i f i c a n t  source  of  o rgan ic  emiss tons .  

Because t h e  s t o r a g e  t a n k s  a r e  o f t e n  

. .  . .  
. .  . .  

. .  . .  
-.78T.'~. , -  _ _ _ ,  . , . . -  

. .~ . . .. .. 
. .. 



I 

tl 
Q 
n 

3 

8 e 

Organic emissions f r o s  bulk  s t a t i o n s  can b e  c o n t r o l l e d  
w i t h  t h e  i n s t a l l a t i o n  of a vapor recovery system, s i n c e  c o n t r o l  
w i th  f l o a t i n g  roof  tanks  may no t  be f e a s i b l e .  A vapor recovery  

sys tem designed f o r  a bulk s t a t i o n  may b e - d e s i g n e d  t 3  recover  
emissions from bo t5  s t o r a g e  an.l tank t ruck  loading  o p e r a t i o n s .  
F igu re  3 . 2 - 2  i s  a schematic  drawing o f  the  vapor snd l i q u i d  flow 
a t  a t y p i c a l  bulk s t a t i o n  wi th  c o n t r o l s .  

-n 

? ?  4; 

The o rgan ic  emission reduct ion  p o t e n t i a l  f o r  bu lk  
s t a t i o n  s t o r a g e  o p e r a t i o n s  i s  95X. 
duc t ion  i n  emissions of  104,000 MT!yr of hydrocarbons from the  
p r e s e n t  emission r a t e  of ios,ooo n / y r .  

T n i s  w i l l  amount t o  a r e -  2 ' 

- The o t h e r  s i g n i f i c a n t  emission source  from g a s o l i n e  
bulk  s t a t i o n s  r e s u l t s  f rom tank  t r u c k  Load$ng o p e r a t i o . S .  , During 
t h e  loading o p e r a t i o n ,  vapor i n  t h e  t r a n s p o r t  t r u c k  is d i sp laced  
t o  the  atmosphere a s  i t  is bzing  f i l l e d  from Sulk s t a t i o n  s t o r a g e .  
The amount o f  ernissions gene ra t ed  is dependent p r i m a r i l y  on t h e  
type  of loading o p e r a t i o n .  

ii 
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Top loading  and bottom loading a r e  the  two b a s i c  methods 
~ 

of f i l l i n g  t r a n s p o r t  t anks .  
done wi th  s p l a s h  f i l l  o r  submcrged f i l l .  
g a s o l i n e  i s  d ischarged  i n t o  the  uppe-  p a r t  of th,. tank compart- 
ment  through a Lhort  spout which never  d i p s  below t h e  s u r f c c e  

promctes evapora t ion  and may even r e s u l t  i n  l i q u i d  entrainment  
of  some gaso l ine  d r o p l e t s  i x  t h e  e x p i l l e d  vapors .  

Hi th  subsu r face  o r  submerged l c a d i n g ,  g a s o l i n e  i.s d i s -  

charged i n t o  the  tank  compartment below t h e  s u r f a c e  of l i q u i 2  . i n  

t h e  use  o f  a long spout  o r  f i x e d  p i p e  ex tending  i n t e r n a l l y  from 

The t o p  loading  ?rocedurr? can be 
With s p l a s h  l o a d i n g ,  

'? 
ti 
:r a i  , of  the  space l i q u i d .  The f r e e  f a l l  of  t h e  g a s o l i n e  drop1er.s 

:r 1. 

is. 
i. 

- 
.I 
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i :- t h e  tank .  T h i s  i s  accomplishsd f o r  top  loading  ope ra t ions  by 
, .  -. I :  
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the top tank entry to the bottom of the compartaent. 
bottom loading, 
bottom. This method achieves the same effect as submerged top 
loading while providing other advantages such as ease of loading 
operations nnd safety. 
already been converted to bottom loading. 

Uith direct 
transfer piping is connected directly to the tank 

Consequently. many bulk stations have 

Organic emission levels from loading operations are 
partly influenced by the transport's previous operation. 
low volatility products were transported previously or the 
transport was purged of organic v..por prior to loading, the 
organic eaissions fro3 gasoline loading mav be significantly 
lower. The potential rechction in emissions from loading oper 
ations using vapor recovery systeis is es-imated to be 959,. 
This would result in a reduction cf organic emissions of 91,600 
>tT/yr from a present level of 94,700 XT/yr. 

3.3.1.3 Service StatioIE 

If 

i 
I :  

In 1973 there were 219.000 service stations (?1A-168). 
A gasoline service station is defined by the ' J .S .  Departaent of 
Commerce as a retail outl.et with more than 507: of its dollar 
volume coming froa the sale and service of petroleum products. 
The total number of gasoline service stations is under%oin:, 
rapid change. 
and Surveys. Inc., a !:et< York firn. reveals that in 1974 there 
were 196.000 U.S. service stations, 9.1% less than their 1973 
survey figure of 2l6.000 (AU-020). 

A survey conducted in Yay and June 1974 by A t ! S i t s  

Detailed breakdowns of service station sizes as func- 
tions of sales volunes are difficult to obtain due to the reluc- 
tance of oil companies to aake this infcmation public. In 
1973, average nonthl:! service station throughput was 117 n' 

- a i -  



(30.800 gallons) per month according to an estimate by Lundberg 
Survey, Inc. (LU-044). 

A n  YPA analysis of service station sales sta:istfcs 
from the 1967 Census of Business reveals the totals shown in 
Table 3 . 3 - 3  for the number of stations in various size categor- 
ies ( Y A - 3 1 4 ) .  

Servtce stations are :he final facility in the gasoline 
marketing network. At the stations, gasoline is received by tank 
truck, stored in underground tanks, and dispensed to automobile 
fuel tanks. 

Figure 3 . 3 - 3  is a schematic d:awing of vapor and liquid 
flow through a typical service station. 

Atmospheric Fmissions and Control 

Volatile organics in ths storage tank vapor space are 
displaced as the tank is filled with gasoline Erom the tank tr*ick. 
The quanttty of these emissions is dependent on filling rate, 
filling method, Xeid Vapor Pressure, and the systen temperature. 
An analogous situation occurs when a partially empty vehicle tank 
is filled. 

Breathing losses from the underground gasoline storage 
tanks are another source of organic emissions. Secause the 
tanks are underground. breathing losses due to diurnal tenper- 
ature effects are mininized. 

vary xith 
loadinz. 

Enissions resulting from underground tank filling 
the method of tank loading, i.e., splarh or submerged 
Use of splash loads results in 13rge emissions of 
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TA5I.E 3 . 3 - 3  
U . S .  GASOLINE SERVICE STATIOX 

SALES VOLLME DISTRISUTION 

Service S t a r i o n  S a ~ e s  Volume 
j Gal lons  /Year) 

Less chan 150,000 

150,000-200.500 

200,000-250.000 

250.000-3OO.OOC 

Larger chan 301: ,000 

Number of S:arions 
I n  1967 

17.100 

21,200 

;! 5,500 

03.100 

216,000 

_- 

: .  

! 

54,100 

, 
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organics. Submerged loading reduces the vapors generated. In 
addition, test data indicate that 957. of the displaced vapor 
can be recovered by r;;,:-ming the displaced vapors to the tank 
truck. This data indicates that a well-desigried vapor balance 
or displacement system wiil provide efficient control of under- 
grocnd tank refilling vapors with the u'se of emission control 
technology and equipment commercially available today. 

The estimated potential reduction of volatile organics 
emitted from service station underground tan'. filling is 95%. 
This provides a reduction in volatile organic emissions of 
383,000 MT/yr from 399.000 XT/yr. 

.- . 

There are two basic types of emission control systems 
for vehicle refueling: vapor displacement and vacuum assist. 
There is sene disagreement on the relative effectiveness of these 
two systems. 
operates by simply transferring vapors from the vehicle fuel tank 
to the underground tink where they are stored until final trans- 
fer to a tank truck. Vacuum assist systems eoploy a blower or a 

-'mu pump and a secondary recovery device. The vacuum pum? 
: . .es a negative pressure in the vehicle fillneck. vhich "pulls" 
' v  >arbon vapor to a secondary recovery uxit. 

- The vapor displacement, or vapor balance, system 

i'he estimated pcential reduction in organic emissions 
from ref*JL-:ing operations by using vapor balance or vacuun assist 
systems is 907.. This reduces the current emission rate of 
457,000 I.IT/yr by 4 2 0 , 0 0 0  m/yr. 

3.3.2 Jet Fuel !larketin:, 

Jet fuel is essentially kerosene-boiling-range rnaterial 
with critical freeze point, f l a s h  point, and smoke ?oinc specifi- 
cations. The flash point is controlled by the amount of naphtha 

-85- 
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blended i n t o  t h e  j e t  f u e l .  PIaphtha tends t o  lower t h e  pour 

r e s t r i c t i o n s )  i s  used.  Hydrocrackers can be used t o  produce 
h igh -qua l i ty  kerosene blend s t o c k s  by isomerizing t h e  paraff5r .s .  
This i s o & + r i z a t i o n  lowers the  frPc,ze poin t  and raises t h e  ..moke 
po in t  by s a t u r a t i n g  t h e  nromacics (DO-970). 

po in t  and i n  most i n s t ances  m n x i n m  naphtha (up t o  f l a s h  po in t  LI 

!.I 
l i  

'I 

i -  

f u e l  consumed i n  t h e  U . S .  was f o r  a i r l i n e  o r  m i l i t a r y  use .  The . .  

l i o n  b a r r e l s ) ,  whi le  t he  demand f o r  naphtha-tyge j e t  f u e l  was 

Data f o r  1973 shows t h a t  approximately 957, o f  a l l  j e t  

demand for kero'sene-cype j e t  f u e l  f o r  1973 was 48 hm' (393 m i l -  

13  hm' (80 r n i l l i c n  b a r r e l s ) .  These f i g u r e s  show an inc rease  i n  
t h e  demand f o r  kerosene-type f u e l  and a decrease i n  t h e  denand 
f o r  naphtha-type f u e l  when compared t o  1 9 7 2  f i . g u r e s . 4 5 . 6  hm' 
(293 m i l l i o n  b a r r e l s )  and 14 hm' (88 m i l l i o n  b a r r e l s ) .  respec-  
t i v e l y  . 

) I  

I i  

I !  i i .  

O f  t h e  60.5 hni' (381 mi l l i on  b a r r e l s )  of j e t  fr;el con- 
suned i n  t h e  U . S .  i n  1972, 7.6 ha'  ( 4 8  m i l l i o n  b a r r e l s )  were 
t r anspor t ed  by barge and t anke r  (A?1-0?9), whi le  36.4 kml (229 
m i l l i o c  b a r r e l s )  were cr.ansported by p ipe l ine  (95-144). Accord- 
ing  t o  t h i s  d a t a ,  15 hs' (95 m i l l i o n  b a r r e l s )  of  j e t  f u e l  were 
t r anspor t ed  by sone o t h e r  means, such a s  r a i l r o a d  tank c a r  o r  
tank  t ruck .  with some 1 .4  ha' (9  n i l l i o n  b a r r e l s )  l e f t  un- 
accounted (,CY-099). 

Nonrefinory s t o r a g e  c a p a c i t i e s ,  f o r  j e t  f u e l s  i n  1968 
wi th  a r e f i n e r y  throughput o f  55.5 hm' (349 m i l l i o n  barrel.;; 
was 2 . 7 6  hn' (17.4 m i l l i c n  b a r r e l s )  (YS-001). Since  the  1973 
throughput exceeds t h e  1968 f i g u r e  by 10%. s t o r a g e  c . a c a c i t i r s  
a r e  a s s m e d  t o  have a l s o  inc reased .  although 197-3 c a p a c i t i e s  
a r e  unava i l ab le .  !.richin the  na rke t ing  s y s t e n .  j e t  fu.>?s a r e  
s t o r e d  a t  bulk s t a t i o n s  and bu lk  t e r a i n a l s .  Petrolerun bulk 
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stations are defined generally as those having capacities less 

truck or rail transport. Bulk terminals generally handle large 
throuzhputs and are supplied primarily by pipeline, tanker, or 

L than L? dam' ( 2  million gallons) and receiving their supply by 

1 
rT . ' I  

-. ,'.* 
- - < . * .  , 

i 
? 

13 .. . 
'. 

. :  

1 '  

i l  barge. 

Storage capacities for naphtha-type jet fuels amounted 
to 1 hn' (6.1 million barrels) in 1968, while those for. kerosene- 
type jet fuels amounted to 1.79 hm' (11.3 million barrels) 
( IS-001) .  

1 1  
i ! i. 
. i  
I :  

Organic emission sources in the jet fuels marketirg ! t  

industry are very similar t o  the emission sources in the gasoline 
marketing industry. In brief. storage losses can be controlled 
by converting to floating-roof tanks or by venting excess vapor 

unloading missions can be: controlled by venting the displaced 
vapors to a vapor recover) unit. 

' 

from fixed-roof tanks to it vapor recovery system. Loadins and , '  

1 ;  
1 ;  

3 . 3 . 3  Distillate and Diesel Fuel !larketing 

Distillate fuel oil refers to petroleum prorixts which 
boil in the 176 to 3 L 3 ' C  (359 to 650'F) range. This includes 
Numbers 1. 2 .  and 4 fuel oils. Siesel fuels are also included 
ir. this fraction. Grade ?!o. 2 fuel oil is the designation given 
to the heatinp o r  furnace oil most  comnonly used for dornestic 
and snall coxmercial space heating and is the t 'uel  oil generally 
referred to as distiliate fuel. 
ally a clean product with a low sulfur and ash content and no 
asphaltic matter. As a result. distillate fuels f o m  no sediaent 
in storas.? and have less tendency to f o m  ash or carbon deposits 
when burned. These properties, coxbind rich viscosities rnuch 

lower than r.esidua1 f u e l s ,  make clean and trouhle-free coxbustion 
easier to zchieve. 

Domestic heating o i l  L.: gener- 
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Diesel f u e l  is s imi la r  t o  d i s t i l l a t e  f u e l .  Diesel 
f u e l  is o f t e n  r e f e r r e d  t o  by ASTX grade  n m b e r s  1-9 and 2 - 0 .  

s i n c e  it i s  marketed as burner  f u e l  and grades 1 and 2 .  Some 
t y p i c a l  s p e c i f i c a t i o n s  f o r  f u e l  o i l  and d i e s e l  f u e l s  are l i s t e d  
i n  Table  3.3-4 (DO-070). 

Diesel f u e l  is burned i n  t h e  compression i g n i t i o n  
engine r a t h e r  than i n  a feel burner .  A s  a r e s u l t ,  i g n i t i o n  
q u a l i t y  becomes an imporiant  c h a r a c t e r i s t i c .  Th i s  i g n i t i o n  
q u a l i t y  is expressed  as a ce t ane  number which may be.improved 
( r a i s e d )  by t h e  removal of a romat ics  o r  by t h e  inc lus ion  o f  
a c d i t i v e s  t o  i n i t i a t e  t h e  combustion p rocesses .  P a r a f f i n i c  
f u e l s  a r e  b e t t e r  s u i t e d  f o r  d i e s e l  use because of lower se l f -  
f g n i t i o n  tempera tures .  

~ 

For ty -e igh t  ?e rcen t  of t h e  174 hm] (1.1 b i l l i o n  b a r r e l s )  
of d i s t i l l a t e  f u e l  o i l  consmed i n  t h e  U.S. i n  1973 w a s  used as 
hea r ing  o i l .  Twenty-four pz rcen t  of  t h e  t o t a l  w a s  used as d i e s e l  
f u e l .  Table  3.3-5 shows a breakdown o f  d i s t i l l a t e  f u e l  o i l  de- 
mand by uses  : . 1973. 

T r a n s p o r t a t i o n  d a t a  f o r  1972 show t h a t  of  t h e  168  hm' 
( 1 . 0 6  b i l l i o n  b a r r e l s )  of  d i s t i l l a t e  f u e l  o i l  used i n  t h e  3 . S . .  
21.9 hm] (138 m i l l i o n  b a r r e l s )  were moved by t anker  and bar5e 
(AM-99'3) and 104 hm' (657 m i l l i o n  b a r r e l s )  were noved by p i p e l i n e  
(US-144). Ths remaining 42.5 hm' (268 m i l l i o n  b a r r e l s )  were 
t r anspor t ed  by means of  r a i l r o a d  tank c a r  and tank t r u c k .  Pipe- 
l i n e  movement f i g u r e s  a r e  n o t  a v a i l a b l e  f o r  1373. but  of  t h e  
174 hn'  (1.1 b i l l i o n  b a r r e l s )  consumed, 17.2 hn?' (198 n i l l i o n  
b a r r e l s )  were moved by t anke r  and barge (AH-093). 

Storage  c a p a c i t i e s  f o r  d i s t i l l a t e  f u e l  o i l  i n  t he  
marketing s y s t e z  i n  1'368 (with a throughput of  138 hm' (871 m i l -  
l i o n  b a r r e l s )  aqounted t o  26.8 hm' (16s n i l l i o n  b a r r e l s )  (ns-991). 
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TABLE 3 . 3 - 4  
PROPEilTIES OF DISTILLATE F'JELS 

Propertv No. 2 .  Fuel O i l  Diesel F ~ 2 . l  

60(140) 62.7to68.3(145to155) I 

Pour Point,  max.. " C ( ' F )  -20(- 5) -23 to-12 ( - l O t o + l ~ ~  I 

Flash, min. ,  'C('F) 
I 
I 

Sulfur, =ax. wtR 0 . 5  0 . 5  

Cetane Number, min. 40.0 5 2 . n  



TABLE 3.3-5 
U.S. DISTILUTE FUEL OiL DOMESTIC DE!!AYD BY USES 

(Daily averages  i n  la' (lo' 4 2  z a l l o n  b a r r e l s )  

! [  

Yo. 2 . . . . . . . . . . . . . . . . . .  194 ( 1 , 2 2 2 )  i.l 

1973 
.. Heating Oils: 

I ?  No. 1 
( 1  Automatic Burners.  14 ( 91) . . . . . . . .  

Other  Heat ing.  . . . . . . . . . .  6 ( 4 0 )  

N o . 4  . . . . . . . . . . . . . . . . .  18 ( 115) 
T o t a l  .I . . . . . . . . .  2 3 3  (1,468) \ '  . . . . . . .  

! 

I n d u s t r i a l  . . . . . . . . . . . . . . . . .  2 9  ( 1 9 4 )  
Oil Cospany Fuel 7 ( 4 1 )  . . . . . . . . . . . . . .  

. . . . . . . . . .  i E l e c t r i c  U t i l i t y  Company 34 < 2 1 4 ) '  
Rai l roaLs .  . . . . . . . . . . . . . . . . .  45 ( 2 8 2 )  
Vessel Bunkering 11 ( 7 3 )  
H i l F t a r y  Use . . . . . . . . . . . . . . . . .  9 ( 5 4 )  . .  

! 

. . . . . . . . . . . . . .  1 
I 
I 

Diesel Type 
OnHighway . . . . . . . . . . . . . .  94 (~ 5 9 4 )  
Off Highway . . . . . . . . . . . . . .  2 5  ( 155) 
T o t a l  . . . . . . . . . . . . . . . . .  119 ( 749) 

! 

. . . . . . . . . . . . . . . . .  A l l  Other  2 (  1 5 1  

TOTAL . . . . . . . . . . . . . . . . . . . . .  499 (3.09a' 

' I n c l u d e s  11 dan'/day (68,OOC h a r r e l s  pe r  d a y )  o f  d i s t i l l a t e  
f u e l  used by s t e a q  e l e c t r i c  p l a n t s .  A L S O  inc luded  a r e  3 
dam3/day (17.000 b a r r e l s  per  day) o f  kerosene-type j e t  f u e l  
used by e l e c t r i c - u t i l i t y  companies. 

-. -. . . . .  
. . . . .  . . .  .~ . .. I / -' . . . .  .,? 

...... 
. .  !.. 

.I 

. < '  
>., :..-.A\,. , / ->, 

I 
---:. L.. . .  :-.,' , ,f ..I 



' . .  i 
I 

. . 
I 

- 
. .. 
I '  

/ ' .  

I I' r n  
. .w 

.. . -. . . 

'\ 
? - .. -. 

. . ._ - _  ., 

.. 

! 
. .  . 

i .  

.. .. 

L 

I 

* (e , 

I 
! *  

i 
I 
i 
I 
I , 

i 

I n  1973 throughput exceeded t h e  1968 f i g u r e  by 29 pe rcen t .  
S torage  c a p a c i t i e s  have a l s o  been increased  accord ingly .  

Organic emissions from t h e  marketing of  d i s t i l l a t e  
and d i e s e l  f u e l s  p r i m a r i l y  o r i g i n a t e  from s t o r a g e  tank evapora- 
t i o n  and from' tank  t r a c k  and r a i l c a r  loading .  

Emission c o n t r o l s  h a v e . n o t  been app l i ed  t o  d i e s e l  and 
dis t i l1a:e  f u e l s  market ing because of  t h e i r  r e l a t i v e l y  low 
v o l a t i l i t y  and o rgan ic  emission r a t e .  

3 . 3 . 4  Residual  Fue ls  Market ing 

P.esidu31 f u e l  o i l s  are g e n e r a l l y  def ined  a s  c rude  o i l  
d i s t i l l a c i o n  r e s idues  having a b o i l i n g  po in t  of 343"C(650°F) o r  
g r e a t e r .  In  a d d i t i o n  t g  t hese  "s t ra ight - run"  o i l s ,  f u e l s  of 
che r e s i d u a l  type a r e  produced from t h e  va r ious  r e f i n e r y  
crackin,: p rocesses .  Residual  o i l  i s  no t  considered a choice 
energy source amung t h e  f o s s i l  f u e l s .  I t  i s  com?o::ed of t h e  
h e a v i e s t  p a r t s  of t he  c rude  and conta ins  a s p h a l t i c  m a t t e r ,  
a spha l t enes .  s u l f u x ,  and smal l  amounts of  mecdls. T y p i c a l l y ,  
r e s i d u a l  fuels a r e  used t o  provide  sream and h e a t  f o r  i n d u s t r y  
and l a r g e  b u i l d i n g s ,  genera te  e l e c t r i c i t y ,  and power s h i p s .  

Residual  f u e l  o i l s  can be def ined  a s  Xumber 5 and 
Nurber 6 hear ing  (burner )  o i l s ,  heavy d i e s e l ,  heavy i n d u s t r i a l ,  
and heavy marine (Bur.ker "C") f u e l  o i l s .  Fuel  o i l  terminology 
i s  n o t  shz rp ly  de f ined .  For example. Bunker I: f u e l  i s  a hea7.y 
f u e l  o i l  t h a t  g e n e r a l l y  corresponds t o  Grade 6 f u e l  o i l .  The 
terns h e a t i n g  o i l s  and SLrner f u e l  o i l s  a r e  o f t e n  used 
synonymously. 

The s t eady  inc rease  Ln t he  use of c a t a l y t i c  c racking  
r e f i n e r i e s  fol lowing Vor?d !Jar Ii had the  e f f e c ?  of decreas ing  
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t h e  percentage y i e l d  of  r e s i d u a l  f u e l s  a s  w e l l  a s  changing t h e i r  
makeup. 
c r ack ing ,  t he  r e d n i n g  o i l  s o l d  as r e s i d u a l  f u e l  became heav ie r  
and heav ie r .  Previous common i n d u s t r y  p r a c t i c e  was t o  blend thdse 
heavy s t o c k s  w i t h  l i g h t e r  d i s t i l l a t e s  t o  reduce t h e i r  v i s c o s i t i e s  
t o  a s a l a b l e  f u e l  l e v e l .  A f t e r  t h e  war,  r e f i n i n g  processes  i n  
t h e  United S t a t e s  began t o  produce t h e  more p r o f i t a b l e  products  

As more h igh -bo i l ing  m a t e r i a l s  were charged t o  c a t a l y t i c  

I - '  
more e f f i c i e n t l y .  Residual  f u e l  o i l s  account f o r  7 . 6  percent  r i ,  ; 

(EN-043). I n  1973. 0 .15 hm'/day.(971 thousand b a r r e l s  p e r  day) ! I  
another  0 .29  hm'/day (1627 thousand b a r r e l s  per  day) were i . ,  

t h e  y i e l d  of  r e s i d u a l  f u e l s ;  however, i f  t h e  c u r r e n t  res idui ; l  I 

i. a 

of average n a t i o n a l  petroleum product ion and r e f i n i n g  y i e l d s  

of r e s i d u a l  o i l s  were produced 13 domestic r e f i n e r i e s  while  

imported (A'.'-099). U .  S. r e f i n e r i e s  have cont: nued t c  reduce 

shor t ages  and h ighe r  p r i c e s  p r e v a i l ,  t h i s  t r end  could b e  slowed 
o r  even r e v e r s e d .  

I I '  ._. 

I .  

Fixed-roof tanks  opera ted  a t  atmospheric p re s su re  a r e  
These predominantly used i n  the  s to r3ge  of r e s i d u a l  f u e l  o i l s .  

f u e l s  have low v o l a t i l i . t i e s ;  and evapora t ion ,  breathing, and 
working l o s s e s  a r e  mini.ma1. Residual f u e l s  a r c  hea ted  throughout 
s t o r a g e  and transportr.:i.on ope ra t ions  t o  main ta in  manageable 
v i s c o s i t i e s .  

Residual  f u e l  o i l  can be t r anspor t ed  by t a n k e r ,  ba rge ,  
p i p e l i n e ,  tank t r u c k ,  o r . r a i l r o a d  tank c a r .  Of the  0 . 4  hml/day 
(2 .8  m i l l i o n  b a r r e l s  pe r  day) of r e s i d u a l  o i l  consumed i n  t h e  
U . S .  i n  1973, 0 . 2 5  hm'/day (1 .8  m i l l i o n )  were impor t&;  rhus, t h e  
m a j o r i t y  of r e s i d u a l  f u e l s  a r e  handled by tanker  snd barge .  
Furthermore.  i n  1973, 7 dam'/day ( 4 4 , 0 0 0  b a r r e l s  ?8r day) of 
r e s i d u a l  o i l s  were t r a n s p o r t e d  by tanker  and barge f - ~ m  ::he 
Gulf Coast t e  the  East  Coast and 4 dam'(24,OOQ b a r r e l s  ptr day) 
were t r a n s p o r t e d  from the  Gulf Coast  t o  the  Hidwes-. - i ia  t he  
M i s s i s s i p p i  River  (,k?l-099). 
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The p o s s i b i l i t y  of  s u b s t c n t i a l  a tmospheric  hydrocarbon 
emissions from r z s i d u a l  f u e l  o i l s  dur ing  s to rhge  or t r a n s p o r t a t i o n  
i s  minimal. Number 6 r e s i d u a l  f u e l  o i l  has  a n e g l i g i b l e  vapor 
p r e s s u r e ,  i . e . ,  less than 690 Pa(O.1 p i a ! ,  and as a r e s u l t ,  hydro- 
carbon emissions from market ing t h i s  f u e l  a r e  n e g l i g i b l e .  

3 . 3 . 5  Crude Oil Transpor: 

The most important  mode of  t r a n s p o r t i n g  petroleum over- 
I 

I land is  t h e  p i p e l i n e .  The b i s i c  f u n c t i o n  of t runk  p i p e l i n e s  i n  
domestic o i l  f i 91ds  is t h a t  of t r a n s p o r t i n g  crude o i l  from f i e ld  
s t o r a g e  t o  r e f i n e r y  s t o r a g e .  i n  1973 a d a i l y  average of  1 . 3  F.m3 
( 8 . 0  m i l l i m  b a r r e l s )  of  domest ic  crude was moved t o  r e f i n e r i e s  
through p i p e l i n e s .  T h i s  figiire r ep resen ted  87 pe rcen t  of  domestic 
product ion  f o r  t h a t  year  (AX-099). 

Before t h e  p ibe l - ines  are b u r i e d ,  t hey  a r e  wrapped wi th  
a p r o t e c t i v e  c o a t i n g  t o  prevent  co r ros ion  of  t h e  p ipe  e x t e r i o r .  
The p i l e  m i y  a l s o  be ec;uipped wi th  cathode p r o t e c t i o n .  I n t e r n a l  
co r ros ion  ;s a problem only  i n  those  l i n e s  carr;dng crudes 
con ta in ing  s u l f i d e s .  

S e a r l y  a l l  of t h e  e x i s t i n g  p i p e l i n e s  a r e  l a i d  below 
g rade .  Subsurfsce  F n s t a l l a t i o a  p r o t e c t s  them from weather  and 
from ac.cidenta1 damage by earzh.-moving equipment. Offshore p ipe-  
l i n e s  are l a i d  ia t r enches  or. t h e  f l o o r  of  t h e  s e a  t o  guard 
a g a i n s t  damage b;r"dave action, s to rms ,  and sh ipping  a c c i d e n t s .  

!' , ' 
Although the U.S. p i 2 e l i n e  system i s  e x t e n s i v s ,  i t  i s  

sometimes necessa ry  and economical t o  t r a n s p o r t  crude by barge 
or :.2rrker t c  r e f i n e r i e . ~  i n  c z r t a i n  p a r t s  of t h e  count ry .  Hany 
r e . f i n e r i e s  a r e  l o c a t e d  on navigable  waters  and ope ra t e  docks f o r  
r e c e i v i n g  o r  ;;hipping o i l  by canker  o r  barge .  Tankers of many 
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sizes transport crude oil and products i n  coastal traffic and 

miles) (EN-045) of coastline and 40,000 kn(25.000 miles) (AM-155) 

potential for domestic traffic by water. 

Tanker and barge movements of crude oil for several 

over inland waterways. The United ,cates has 20,000 km(12,OOO 1 

of navigable inland waterways and therefore offers a large 

recent years are shom in Table 3.3-6 in daily averages of dam’ i 
(thousands of barrels). Crude transported by water is usually 
moved by pipeline from the point of production to the point of 
water shipment. The barges used for transport of crude oil are 

in bulk and are powered by towboats or tugboats. Other forms of 
crude transport are railway tank cars and tank trucks. These are 
less comcaly used methods, but they are. neccssities.in some 
areas. The daily average of crude transported to :he refineries 
by tank car and tank truck in 1973 was 2.42 dam’(159.000 barrels), 
or about 2 percent of the domestic production. 

called tank barges. They are designed to carry liquid products i .  

Imports of crude oil for I973 averaged 0.5 hm’(3.2 
million barrels per day). This figure constitutad a 46 perc.ent 
incrsase of crude import.3 over 1972 figures. Table 3 . 3 - 7  
provides an illustration of the rate of growth of crude imports 
over the past years. 

TABLE 3 . 3 - 6  
TANKER AND BARGE XOVEEENTS OF CRUDE O I L  

dam’/day (LO’ barrels/day) 

Gulf Coast to Mid-West 
Gulf Coast to West Coast 

Source: AH-099 
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TABLE 3.3-7 
CRUDE OIL IMPORTS 

i n  dam' ( l o 3  b a r r e l s / d a y )  

* Preliminary 
** January 

Source: AY-099 

A l a r g e  percentage of the  imports  must be t r a n s p o r t e d  
over  t h e  ocean i n  marine canke r s .  S i ace  more and no re  o i l  has  
been t r a n s p o r t e d  from the  l e s s e r  developed coun t r i e s  t o  the  
h i g h l y  i n d u s t r i a l i z e d  n a t i o n s ,  t h e  world t anke r  f l e e t  has grown 
i n  numbers and i n  c a p a c i t y .  I n  1950 t anke r s  t 6 t a l e d  25.7 Gg 
(25.3 m i l l i o n  deadweight eons (DWT)). By 1972 t anker  tonnage 
w a s  186.1 Gg(1.83.2 m i l l i o n  D W T ) .  The avciage s i z e  tanker  
inc reased  i n  the  same time pe r iod  from 12 Mg(12.000 DWT) t o  
60 blg(58,OOO DWT). The l a r g e s t  t anke r  i n  use i n  1950 was under 
25 Mg(25,OOO DWT). but  i n  1972 t he  l a r g e s c  t anke r  i n  use  wds i n  
excess  of 305 Mg(30C,000 DWT). and v e s s e l s  of 548 Mg(540,OOO DWT) 
were under c o n s t r u c t i o n  (PR-074). Thn- i n c r e a s i n g  emphasis on 
l a r g e  c a r r i e r s  r e s u l t s  from the  f avorab le  economics of c a r r y i n g  
l a r g e  loads  on long t r i p s .  

The e x i s t i n g  United S t a t e s  . po r t s  a r e  unable t o  accomo- 
da te  the  l a r g e  "super tankers" .  This  f a c t  has n e c e s s i t a t e d  loading  
and unloading ac o f f s h o r e  anchcrages .  The o i l  may be loaded and 
unloaded v i a  submarine pipelj.r:e t o  the  s h o r e .  I t  may a l s o  be 
handled i n  an o f f s h o r e  s t o r a g e  f a c i l i t y  and l a t e r  t r anspor t ed  t o  
shore  by sma l l e r  tanker;  and b a r g e s .  
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Crude oil is handled in a system closed except f o r  
points of transfer. Crude is supplied to refineries through a 
transportation system which includes tank farms, bulk terminals 
and other storage points connected by overland and water trans- 
portaticn systems. Figure 3 . 3 - 4  illustrates the relative sizes 
of systems involved in transporting crude oil to refineries. 

Atmospheric Emissions and Control 

The organic clsmicals emitted in transferring crude to 
the refinery are mostiy low molecular weight saturated hydro- 
carbons. I f  the oil transportation system is open to the 
atmosphere at any point, dissolved light gases will be lost. As 
in every other phase of production, storage tanks are potenzial 
sources of emission. 

Pipelines are subject to losses caused by corrosion 
damage or  accidents. Spills account f o r  only a small percentage 
of thc quantity of products carried, but the volume of products 
carried is very large. Other emissions sources in pipeline 
systems are valves, pumps, flanges, and other fittings. Even 
small leaks in the many fittings and pumping equipment may result 
in sizable emissions because of the large volumes transported 
through the pipeline network. 

Most emissions from tznk cars, tank trucks and marine 
facilities occur during loading operations. Most tank cars and 
trucks &re filled from the top by subs-irface loading and marine 
tankers are filled from the bottom throi.gh fill pipes which are 
integral parts of the carriers. These methods of loading create 
the least amount of turbulence and result in the least amount of 
vaporization when compared to splash loading methods. 
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Sto rage  tanks a r e  another  s i g n i f i c a n t  sou rce  of  o r s a n i c  
emissions.  L igh t  hydrocarbon gases  which have remained wi th  t h e  
crude may be d ischarged  t o  the  atmosphere from a s t o r a g e  tank o r  
dur ing  r i l l i n g  ope ra t ions  a s  a r e s u l t  o f  ambient temperature  
changes.  I n  1968, approximately 75% o f  t h e  s t o r a g e  tanks a:: ;e- 
f i n e r i e s  were equipped wi th  f l o a t i n g - r o o f  tanks .  
t h a t  s t o r a g e  f a c i l i t i e s  i n  t h e  crude t r a n s p o r t a t i o n  system a r e  
s i m i l a r l y  equipped. The r e d u c t i o n  i n  o r g a n i c  emissions r e s u l t -  
i n g  from t h e  a p p l i c a t i o n  o f  f l o a t i n g - r o o f  tanks t o  t h e  remaining 
s t o r a g i  tanks i s  246.000 MT/yr from the  t o t a l  emission r a t e  of  
526,000 P l y r .  The a c t u a l  emiss ion  r a t e  and, t h i s ,  t h e  r educ t ion  
po ten t i a l .  f o r  o rgan ic  emissions f r c n  s t o r a g e  tanks i n  the  crude 
t r a n s p o r t a t i o n  system may b e  cons iderably  l e s s ,  s i n c e  i t  i s  
l i k e l y  t h a t  f l o a t i n g  roo f s  have been employed i n  many of  t he  
tanks t h a t  were uncon t ro l l ed  i n  1968. 

I t  i s  assumed 
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3 . 4  Fossil Fuel Refining 

Organics produced by the fossil fuel refining category 
include air emissions and water effluents resulting f rom the 
refining of petroleum and coal. Emissions resulting from natural 
gas processing and natural gasoline plant operation are discussed 
in Secticn 3 . 2 ,  Fossil Fuel Processing. 

The emissions and effluents associated with petrolelm 
refining result from the processing steps that make up today's 
com?lex petroleum refinery. Coal cohing operations are the major 
source of organic emission and effluents from coal refinink in 
the U.S. Other coal processing and refining operations such as 
coal gasification and liquefaction are not yet conducted on a large 
enough scale to impact overall U.S. organic emission rates. 

The petroleum refining and coal coking operations are 
further divided into subgroups rciating to processing steps or 
operations con:ribu:ing to acnocpheric emissions. A summary of 
the atmospheric emissions from the processes and operations in 
this category is presented in Table 3 . 4 - 1 .  Water effluents 
resulting from petraleum refining and coal coking are also 
examined. For this study organics from solid waste processed by 
industry on site by incineration, landfill, or other means were 
not quantified. However, the environmental impact of any 
industrial solid waste disposed of by municipalities is considered 
in Section 3 . 1 2 .  Section 3 . 1 2  also contains an evaluation of the 
impact of organic emissions resulting from solid 5iaste disposal.. 

The important oyganic emission soarces in the fossil 
fuel refinin2 CLtegory are identified in this section and are 
exaclined to deternine the point of organic emission. Emission 
from ~:ocess effluent screams and from fugitive sources are 
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considered. 
volatile emissions and also have .the greatest potenrial for 
reduction. 

lhe process vent and storage losses are the largest 

The specific operations which represent the largest 
potential for reduction of vclatile organic emissions result 
mainly from the petroleum refining industry. The coke manu- 
facturing industry has potential .'or organic emission reduction 
but these reductions are smaller and less defined than those in 
the petroleum inhustry (FA-283). 

The total volatile organic emission rate from the 
The potential 

The 

refining category is nearly 2 . 2  x l o 6  I?T/yr. 
reduction in emissions is about 0.9 x - 1 0 6  MT/yr from process vents 
and is nearly 0.5 x l o s  NT/yr from storage operations. 
potential reduction for fugitive emissions in only 0 . 0 2  x lo5 
MT/yr. Where possible, the po.entia1 reductions are estimated 
by assuming the degree of application of current controls and 
extending the use of the controls across the industry. 

Development docunents for proposed ef5luent limitations 
guidelines and new source performance standards in fossil fuel 
rr2fining industries provided the most recent and comprehensive 
assessment of organic effluents and their control. 
reason, the anticipated petroleum refining and coking effluent 
rates reflect the BPCTCA for industries to achievz by July 1. 1977 
Many faci1i:ies have already converted to meet BPCTCA effluent 
rates and rnar.7 more are in the process of convertirig. 

For this 

The potential for reduction of organic water effluents 
is assumed fron effluent guideline documenrs to be the July 1, 
1983 efflumt limitation o r  Best Available Technology Economically 
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Achievable (BATEA). The r educ t ion  of o rgan ic  e f f l u e n t s  from the  
BPCTCA l e v e l  t o  the  BATEA 1e;rel i s  t h e  p o t e n t i a l  o rgan ic  water  
e f f l u e n t  r educ t ion .  

A s i g n i f i c a n t  r educ t ion  i s  achievable  i n  both t h e  
petroleum r e f i n i n g  and by-product  coking i n d u s t r i e s .  No poten-  
t i a l  r educ t ion  f o r  beehive ovens i s  achievable  from BPCTCA t o  
BATEA s i n c e  BPCTCA r e s u l t s  i n  no e f f l u e n t s  from t h i s  o p e r a t i o n .  

3.4.1 Petrolexrn Rrf ininK 

3.4.1.1 Process  Desc r ip t ion  

Petroleum r e f i n i n g  is t h e  t h i r d  l a r g e s t  i n d u s t r y  i n  t h e  
United S t a t e s  and r e p r e s e n t s  a p o t e n t i a l  o rgan ic  emission F:Oblem 
because of  t he  l a r g e  q u a n t i t i e s  of petroleum l i q u i d s  r e f i n e d  and 
the  i n t r i c a c y  of  t he  r e f i n i n g  p rocess .  

Gene ra l ly .  each petroleum r e f i n e r y  i s  ii unlque hybr id  
whose des ign  i s  determined by the  i o c a l  market denands and t h e  
c h a r a c t e r i s t i c s  of t h e  crgde be ing  processed .  Hcrever ,  r e f i n e r i e s  
normally can be c l a s s i f i e d  i n t o  one of t h e  fo l lcwing  f i v e  b a s i c  
r e f i n e r y  types .  

The d i v e r s e  range o f  products  and manufacturing pro: 
ce s ses  i n  petroleum r e f i n e r i e s  sugges ts  t h a t  subca tegor i e s  f o r  
d i f f e r e n t  segments of t he  i n d u s t r y  be developed. A process  
o r i e n t e d  s u b c a t e g o r i z a t i o n  of t he  industr .y has  been developed. 
Subca tegor ies  a r e  based on raw waste  load  c h a r a c t e r i s i t c s  and 
a r e  r e l a t e d  t o  the  complexity of  r e f i n e r y  o p e r a t i o n s .  

The American Pe t ro l eun  I n s t i t u t e  ( A P I )  has developed 
a c l a s s i f i c a t i o n  system which ubes t h i s  technology breakdohn. 
The U . S .  r e f i n e r i e s  have been d iv ided  ir: to f i v e  c l a s s i f i c a t i o n s  
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with varying degrees of processing complexity and a characteris- 
tic distribution of products. 
presented below (EN-407) : 

The API classification system is 

-... . .i_ 

Topping - Primary operation is separation of 
crude into its'major fractions but nay 
include some hydrotreating. 

!J 
!.1 Topping and Cracking - Operations include 

separation, conversion, and cracking processes 
for mximization of gasoline product. 

Topping, Cr:acl:in- and Petrochemicai - Some 
petrochemical processing is performed in 
addition tc cracking, conversion, and 
topping operations. 

Integrated - Lube oil, wax, and asphalt 
processing are integrated into topFing. 
cracking and conversion processing. 

Integrated and Petrochemical - Petrochenical 
manufacturing is combined with the refining 
operations of an integrated refinery. 

Approxixately 28 percent of the refineries in the U.S 
.- 

, . .  
L ..:.. 

- .- . ..: 
,l-. . ... 

are topping and cracking refineries; 20 percent are toppirg, 
cracking, and petrochemical refineries: and 20 percent are 
integrated refineries. 

As of January 1, 1 9 7 4 ,  were 247 petroleum refineries 
were operating in the U . S .  with a total crude capacity of 2 . 2 6  hm' 
( 1 4 , 2 0 0 , 0 0 0  barrels per day) (Ai-089). Individual refinery 



fl capacities range from 159 m' (1,000 barrels per day) to 70 dam' 
(445,000 barrels per day). The ten largest refineries comprise 
over 25 percent of the nation's capacity (EN-043). Table 3.4-2 
presents a aistribution of the refinery sizes for 1971 (EN-043). 
There is a trend toward larger and fewer refineries. 

Is ' 
Characterization of the refining processes applied to 

a so-called "typical" refinery is difficult because of the wide 
variety of refining schemes and processes available to the refiner. 
Because of the emphasis today on gasoline. a fully integrated 
gasoline refinery will be used in the example of a typLcal 

n 

I! 
' I  refinery . 1, 
I .  

ij 
i l  

i t  
. .  

I 

! 

, .  

! :  
I .  

1.;  
. .  
I :  
! !  
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! 
. .  

! .  
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The commonly used refinery process units are: 

! 
/ 

atmospheric and vacuum distillati9:i; 

gas treatin3 and light en& reccvery; 

conversion processes - alkylation, reformin:, 
isoaerization; 

hydrodesulfurization; 

cracking; 

alternative vacuum residual processing. such as 
solvent deasphalting. coking. and asphalt 
distillation; and 

lube processing. 
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TABLE 5 . 4 - 2  
REFIYERY S i Z E  DISTSISUTION - 197i 

nerv Capacicv 

1 dam'(C70,OOO bled) 

1-3.2 dan~(70 ,000-200 ,000  i/cd) 

>3.2 dam' (>.?00.000 b/cd)  

% of Toe& 

Ref iner:rs Be nfng Ca?.icit:r 

% of Total. 
! 

-- 
i 
/ 75.9  2 6 . 4  

19.3 h 1 . 6  

5 . 1  30.0 
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In addition, there are severel important auxiliary 
processes, such as: 

crude desalting, 

* sulfur recovery and t;L!. gas treatment, 

- hydrogen production. 

* blending and storage. 

* sour water stripping, 

wastewater stripping, 

* wastewater treatment, and 

- utility steam boilers. 

Organic emissions vary greatly from one petroleum 
refi,iery to another depending on such factors as capacity, age, 
crude type, processing complexity, a?plication of.contro1 measures, 
and degree of maintenance (EN-043). 

Because refineries are a cmplex collection of integrated 
processing units, the pinpointing of individual organic emission 
sources would be an extensive task. This section attemFts to 
characterize and, where possible, to quantify the organic 
emissions from major sources within a typical refinery. 
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' I  ' 3 . 4 . 1 . 2  Atmospheric Emissicns and Control  
- j  
,, ' 

. .  . .  . .  

'.. 

These e n i s s i o n  sources  a r e  grouped i n t z  conbust ion 1 '  I :  

sources ,  tankage and loading  s o u r c e s ,  p rocess  s o u r c e s ,  and Ll , 

u ! ,  

CJ . 

11 : 

f u g i t i v e  sources .  

3 . 4 . 1 . 2 . 1  Combl;stion Sources 

I A t y p i c a l  petroleum r e f i n e r y  has s e v e r a l  major com- 

I i  bus t ion  sources  which inc lude  p rocess  h e a t e r s ,  b o i l e r s  and 
compressor engines .  Organics a r e  emi t ted  from these  sources  
because of incomplete f u e l  combustion. 

J 

. ,  3 . 4 . 1 . 2 . 2  S t c r a g e  and Loading Sources I 
! 

1 j '  

The h igh  v o l a t i l i t y  of f eeds tocks ,  i n t e r m e d i a t e s ,  and 
p m d u c t s  s t o r e d  and loaded i n  r e f i n e r y  tank ;'arms makes s t o r a g e  
and loading  l o s s e s  one of  t he  l a r g e s t  p o t e n t i a l  v o l a t i l e  o rgan ic  
emission sources  i n  t h e  r e f i n i n g  i n d u s t r y .  Because most products  
and feeds tocks  a r e  t r a n s p o r t e d  by p i p e l i n e ,  s t o r a g e  l o s s e s  a r e  
g r e a t e r  than loading  l o s s e s .  

. .  

Fixed-roof ,  t l o a t i n g - r o o f ,  and i n t e r c a l  f l o a t i n g  cover 
tanks arii t he  most cormcon tanks  i n  r e f i n e r y  s e r v i c e .  These tanks 
range i n  s i z e  from 3 t o  25 dam' (20,000 t o  160,000 b a r r e l s )  and 
average 11 dam' (70,UOO b a r r e l s )  (XS-001). The major sources  of 
orgLnic emissions from f ixed - roo f  tanks a r e  b r e a t h i n g  and f F l l i n g  
l o s s e s ,  whi le  the major source  of  emissions from f loa tFng  roo f s  
and i n t e r n a l  flcatirt,:  covers  i.s s tanding  s t o r a g e  l o s s e s .  

. .  In  1968 approximately 75 pe rcen t  of t he  s t o r a g e  tanks 
a t  r e f i n e r i e s  were equipped w i t h  f i o a t i n g  r o o f s .  The r educ t ion  
i n  o rgan ic  emissions r e s u l t i n g  from the  a p p l i c a t i o n  of f l o a t i n g  

', roo f s  t t  t h e  r e o a i n i n z  s t o r a g e  tanks  i s  4 5 2 , 0 0 0  MT/yr.  The 
a c t u a l  emission r a t e  and,  t h u s ,  the  reduct ion  p o t e n t i a l  f o r  

.i 

* . 

.> . 1 . 
. ,  , 
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organ ic  emissions from s t o r a g e  tanks i n  r e f i n e r i e s  may be con- 
s i d e r a b l y  l e s s  today s i n c e  f l o a t i n g  roo f s  have probably been 
employed i n  nany of  t he  tanks t h a t  were uncon t ro l l ed  i n  1968. 

The g r e a t e s t  determinanc i n  the  t o t a l  emissions gen- 
e r a t e d  i n  product  l o a d i n s  i c .  t h e  method o f  d i spens ing .  I n  
s p l a s h  load ing  the  l i q u i d  i s  d ischarged  by a s h r t  spout  i n t o  
t h e  upper p a r t  o f  t h e  t ank .  The r e s u l t a n t  f r e e  f a l l  n o t  only 
i n c r e a s e s  evapora t ion  bu t  may r e s u l t  i n  a f i n e  m i s t  of l i q u i d  
d r o p l e t s .  I n  sbbmerged s u r f a c e  and b o t t o a  load ing ,  t h e  product  
i s  d ischarzed  w i t h i n  a few inches  of the  tank bottom. Turbulence 
decreases  markedly,  t h e r e f o r e ,  l o s s e s  by evapora t ion  and en- 
t r a i n e d  d r o p l e t s  a r e  cor respondingly  reduced. 

3 . 4 . 1 . 2 . 3  Process  S o u r c E  

: 

i 

A s u b s t a n t i a l  p o r t i o n  of t h e  v o l a t i l e  organic  emissions 
from petroleum r e f i n e r i e s  can be a t t r i b u t e d  t o  i n d i v i d u a l  r e f i n i n g  
processes  o r  t o  i n d i v i d u a l  a u x i l i a r y  p rocesses .  These sources  
inc lude  c a t d y s t  r e g e n e r a t o r s ,  barometr ic  condensers ,  blowdown 
systems, wastewater  s e p a r a t c r s ,  a i r  blowi.ig, and coo l ing  towers.  
Because p rocess  emission sources  a r e  i d e n t i f i a b l e ,  t h e i r  emissions 
a r e  more a c c u r a t e l y  q u a n t i f i e d  and more e a s i l y  c o n t r o l l e d .  

C a t a l y t i c  Cracker C a t a l y s t  Regeneiators  

An i n t e g r z l  p a r r  o f  a c a t a l y t i c  c rack ing  u n i t  i s  the  
c a t a l y s t  r egene ra to r '  (F igu res  3 . 4 - 1  and 3 . 4 - 2 )  where coke t h a t  
i s  formed on the  c a t a l y s t  s u r f a c e  during c rack ing  is burned o f f  
C a t a l y t i c  c racke r  r e g e n e r a t o r s  o p e r a t e  cont inuous ly .  
t he  combustion r a t e  i s  c o n t r o l l e d  by 1imit i r .g  t he  a i r  t o  the  
r egene raco r ,  t h e r e  i s  only p a r t i a l  o x i d a t i o n .  l eav ing  many 
unburned hydrocarbons i n  the  r egene ra to r  f l u e  g a s .  

Because 
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. I  FIGURE 3.4-1 TYPICAL MOVING-BED CATALYTIC CAACKING UNIT 

I. 
~. . . .  

n , .  
i i  j 

FIGURE 3.4-2  TYPICAL ?LUIDIZED BED CATALYTIC CRACi(!riG UNIT 

-110- 



D 

. . .  

1 '1 

f 1 
n 

D 
.. 
. I  

!.I 
... 
i t  
! I  

:- . . .  
. .  : ., 

The main c o n t r o l  n,ethod f o r  t he  r educ t ion  of  - J o l a t i l e  
o r g a n i c  e n i s s i o n s  i n  t h i s  f l u e  gas  i s  i n c i n e r a t i o n  i n  a carbon 
monoxide waste  hea t  b o i l e r .  The r n i s s i o n s  can be almost complet?ly 
e l imina ted  and va luab le  thermal  energy can be  recovered from the  
f l u e  g a s .  

Although CO b o i l e r s  a r e  n o t  ex tens ive ly  used today ,  
they a r e  becoming s t anda rd  equipment i n  new r e f i n e r i e s  and expan- 
s i o n s  o f  e x i s t i n g  u n i t s .  This  i s  a r e s u l t  o f  bo th  energy con- 
s e r v a t i o n  and inczzased  concern f o r  a i r  q u a l i t y .  

The r educ t ion  p o t e n t i a l  f o r  v o l a t i l e  o rgan ic  emissions 
from c a t a l y t i c  c racking  u n i t s ,  assuming f u e l  a d d i t i o n  f o r  complete 
combustion of  hydrocarbons,  i s  147,000 MT/yr (BU-1-85), 
t he  r e s u l t  of c o n t r o l l i n g  e s s e n t i a l i j  100 percent  o f  t h e  v o l a t i l e  
o r g a n i c s  from c a t a l y t i c  c rack ing  u n i t s .  

T h i s  i s  

; -  
Vacuum Je t -Barometr ic  Condensers 

Most r e f i n e r i e s  o p e r a t e  some process ing  equipment 
beiow atmospheric  p r e s s c r e .  T!ie vacuum d i s t i l l , :  t i o n  column i s  
the  most common o f  t he  p rocesses  o p e r a t i n g  a t  a vacuum. Steam 
d r iven  vacuum j e t s  o r  e j e c t c r s  coupled wi th  a barometr ic  con- 
denser  a r e  f r e a c e n t l y  used i n  r e f i n e r i e s  t o  produce and main ta in  
vacuums (Fi;.a.Kc 3 . 4 - 3 ) .  Light  hydrocarbons which do no t  condense 
i n  t h e  b:.'rome:.r;.c condenser 'are d i scharged  to  the atmosphere.  

Vo; .a t i le  o rgan ic  hydrocarbcn emiss-Lons from barometr ic  
condensers OIL ;racuum j e t s  a r e  a t t r i b u t a b l e  t o  both  t h e  ven t ing  of 
non-condensable hydrocarbons a s  well a s  t o  the  evapora t ion  of  
h y d r o c a r b o x  from the  o i l y  barometr ic  condensates .  

Three measures f o r  minimizing o i l y  condensate genera t ion  
a r e  Techsnica l  vacucm p m p s ,  l ean  o i l  a b s o r p t i o n ,  and s u r f a c e  . .  

.. -111- 
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FIGURE 3.4-3 TYPICAL S T E A M  EJECTOR-BAROMETRIC C O N D E N S E 2  
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condensers .  While mechanical vacuum pumps have l i t t l e  e f f e c t  on 1 ;  
1 :  the  q u a n t i t y  of  :ion-condensable hydrocarbons gene ra t ed ,  they do 

e l i m i n a t e  the  gene ra t ion  o f  o i l y  steam condensate .  
of a l ean  o i l  abso rp t ion  u n i t  between the  vacuum tower and the  
f i r s t  s t a g e ' v a c u m  j e t  h e l p s  t o  minimize t h e  q u a n t i t i e s  of bo th  
non-condensables and o i l y  c o z d m s a t e  (MI-055). The r i c h  o i l  
e f f l u e n t  i s  reused  as charge s t o c k  and r o t  r egene ra t ed .  

densa tes  but  have l i t t l e  e f f e c t  on the  q u a n t i t y  of non-condensables 

The i n s e r t i o n  

Surface  
condensers i n  p l ace  of ba romet r i c  condensers minimize o i l y  con- i 

j 

i (  

(AT-040). 
, 

Because gene ra t ion  of non-condensable vapors  cannot 
be completely e l imina ted  from vacuum pumps o r  steam e j e c t o r s ,  

3 ,  

I 
t hese  emissions must be c o n t r o l l e d  by e i t h e r  vapor i n c i n e r a t o r s  
o r  vapor recovery  u n i t s .  Vapor i n c i n e r a t o r s  combust t he  vapors 
by c a t a l y t i c  o r  d i r e c t  flame methods. 
t h e  o t h e r  hand recover  the  hydrocarbon.vapors  and r e t u r n  them to  
process ing  s t reams.  

Vapor recovery u n i t s  on 

. _  
The r educ t ion  p o t e n t i a l  f o r  o rgan ic  chemical emissions , - : .  1.; 

.,i.- ~ 

from vac*:um j e t s  i n  the  petroleum r e f i n i n g  i n d u s t r y  i s  117 ,000 ! 
EIT/yr I 

b. : _. -, . .  

Blowdown Systems 

I i P e r i o d i c  maintenance and rep i . i r  of equipment a r e  
i e s s e n t i a l  t o  r e f i n e r y  o p e r a t i o n .  
'1. I ; 
I .,;; I .  

.. 

Blowdown emissions r e s u l t i n g  from the  purging o f  
o rgan ic s  from equipment can be e f f e c t i - r e l y  c o n t r o l l e d  by vent ing  

,i 
-1 . .  i n t o  an i n t e g r a t e d  v a ? o r - l i q u i d  recovery system. A l l  u n i t s  and 

equipment s u b j e c t  t o  shutdowr,s, u p s e t s ,  emergency ven t ing ,  and 
purging a r e  manifolded i n t o  a m u l t i - p r e s s u r e  c o l l e c t i o n  syscem. 

.,.a 

,. 

* ! 
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Discharges i n t o  t h e  c o l l e c t i o n  system are segrega ted  accord ing  
t o  t h e i r  ope ra t ing  p r e s s u r e s .  A series of  f l a s h  drums and con- 
derLsers a r ranged  i n  descending p res su res  s c p a r a t e s  t h e  blowdown 
i n t o  vapor p r e s s u r e  c u t s .  
c u t s  can be f l a r e d  and/or  r e - r e f i n e d .  

These recovered gaseous and l i q u i d  

Fu l ly  i n t e g r s t e d  recovery systems can reduce r e f i n e r y  
blowdown emissions and have a r educ t ion  p o t e n t i a l  o f  318,000 
MT/yr of  o rgan ic s  (BU-185). This  r educ t ion  potenti?!: assumes 
t h a t  most r e f i n e r i e s  a r e  c u r r e n t l y  applying some degree o f  blow- 
down system c o n t r o l .  

Air Blowing 

A i r  blowing of  petroleum producrs i s  today confined 
l a r g e l y  t o  t h e  manufacture of  a s p h a l t ,  although. a i r  i s  occasion-  
a l l y  blown through heav ie r  petroleum products  t o  remove mois ture .  
F igu re  3 . 4 - 4  d e p i c t s  a t y p i c a l  a s p h a l t  a i r -blowing p rocess .  The 
use  of  a i r  blowing f o r  a g i t a t i o n .  formerly q u i t e  common, is today 
p r a c t i c a l l y  non-existen:.  

Prosess  Drain:; and Waste Water Separc.:ors .- 
:,i 

Some equipment and a number of  ope ra t ions  i n  o i l  r e -  
f i n e r i e s  i nc lud ing  b l i n d  changing, sampling, turnarounds.  l e a k s ,  

.' 
.... 

.- - 
4 

J 

, 

and s p i l l s ,  a l low organic  chemicals t o  reach d r a i n s  and event*call:: 
t he  wastewater s e p a r a t o r s .  I n  a d d i t i o n ,  much o f  t h e  water  routed  
t o  t h e  d r a i n s ,  i nc lud ing  water  from process ing ,  pump s e a l  coo l ing ,  
and f l u s h i n s ,  is a l r eady  conteminated wi th  hydrocarbons.  Drains 
g e n e r a l l y  flow t o  an API s e p a r a t o r  f o r  g r a v i t y  s e p a r a t i o n  o f  t h e  
o i l  and water  ? r i o r  t o  t r ea tmen t  i n  t h e  wastewater t rea tment  
p lanc .  I f  t he  d r a i n s  2nd wastewater s e p a r a t o r  a r e  uncovered, 
organics  can e*Japorate t o  t h e  atmosphere. 
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Contro l  measures f o r  reducing t h e  evapora t ive  emissions 

from process  d ra ins  and wastewater  s e p a r 2 t o r s  c e n t e r  around (1) 
r e d u c i q  t h e  q u a n t i t y  o f  o rgan ic s  evaporated and (2)  enclos ing  
t h e  wastewater s y s t e m .  

I 
I. I - 

1 .  . ,  " 

I .  , _ .  ., .. .. 
, .. .._ ,. 

. .  I I ',.m The q u a n t i t y  o f  o r g a n i c  chemicals evaporated can f i r s t  r ;  / I  be  reduced by minimizing through good housekeeping t h e  voluzne o f  
o i l  leaked t o  t h e  wastewater s y s t e a s .  Lowering the  temperature 
o f  t h e  wastewater w i l l  a l s o  reduce organic  chemical evapora t ion  

. .  i 

... 1 .  L. f!:. ' 

(AM-055) .  
. ,  

1 I/ 
1;' 
I,/' ! 

Measures f o r  e n c l o s i n g  t h e  wastewater sys  tems inc lude  
manhole cove r s ,  ca t ch  b a s i n  l i q u i d  s e a l s ,  and f i x e d  o r  f l o a t i n g  

f o r n  of  vapor d i sposa l  o r  vapor  r e c o w r y  device i n  conjunct ion 
w i t h  f ixed  r o o f s  on APT s e p a r a t o r s  (EL-033). 

I 

- .. roo f s  f o r  A P I  s e p a r a t o r s .  The p o t e n t i a l  a l s o  e x i s t s  f o r  some 

,j., 

I . .  
. ... ' . . I . .  

- /  

, x i . . ,  
.. .. ... 

._ 
The p o t e n t i a l  f o r  r educ t ion  of v o l a t i l e  o rgan ic  emis- 

,-.._ 
s i o n s ,  accounting f o r  t he  e x i s t i n g  degree o f  c o n t r o l ,  i s  1 9 5 , 0 0 0  
HT/yr (BU-185). 

I 

I' 
. - . /  

.- 

Cooline Tower 

Petroleum r e f i n e r i e s  use l a r g e  q u a n t i t i e s  o f  water  f o r  
cool ing .  Before t h e  water  can be reused.  t ke  h e a t  absorbed i n  
pas s ing  through process  h e a t  exchangers must be removed. This  
coo l ing  i s  u s u a l l y  accomplished by a l lowing  the  water  t o  cascade 
through a cool ing  tower where evapora t ion  remcves t h e  s e n s i b l e  
h e a t  from t h e  water .  Organic chex ica l s  a r e  leaked i n t o  the  coc l -  
i n g  water  system by h e a t  exchangers .  Organic emissions a r e  gen- 
e r a t e d  a t  t he  c o o l i n s  to;Jers -xhen these  o r z a n i c s  evaporate  to  
t h e  s u r f a c e .  

'! 
/ __ . . 
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3 . 4 . 1 . 2 . 4  Fug i t ive  Sources  

One o f  t h e  l a r g e s t ,  y e t  ha rdes t  t o  c o n t r o l ,  c a t e g o r i e s  
of v o l a t i l e  o rgan ic  emissions from petroleum r e f i n e r i e s  i s  fug i -  
t i v e  sou rces .  F u g i t i v e  emiss ions  a r e  n o t  s o l e l y  a t t r i b u t e d  t o  a 
p a r t i c u l a r  type of  r e f i n i n g  p rocesses  o r  a u x i l i a r y  processes  b u t  
occur  throughout t h e  r e f i n e r y .  
sources  are g e n e r a l l y  sma l l ,  b u t  they  become s i g n i f i c a n t  because 
o f  t h e i r  prevalence.  F u g i t i v e  sources  inc lude  pump s e a l s ,  r e l i e f  / I 

v a l v e s ,  p i p e l i n e  v a l v e s ,  sampling,  and b l i n d  changing. 

F u g i t i v e  l o s s e s  from i n d i v i d u a l  

Punp and Compressor S e a l s  

Pumps and compressors can l e a k  a t  :he p o i n t  of  con tac t  
between t h e  moving s h a f t  and t h e  s t a t i o n a r y  cas ing .  
t h e  leaked product  w i l l  evaporare  t o  t h e  atmosphere. The two 
types  of  s e a l s  comonly  Lised i n  t h e  pecroleum indus t ry  a r e  packed 
seals and mecb.anica1 s e a l s .  

If v o l a t i l e ,  / 

Pressu re  R e l i e f  Valves 

For safe::; anL equipmenc p r o t e c t i o n ,  high p r e s s u r e  
v e s s e l s  a r e  commonly equipped wi th  r e l i e f  va lves  t o  v e n t  excess ive  
p r e s s u r e s .  Corrosion n:ay cause  p r e s s u r e  r e l i e f  va lves  co r e s e a t  
improperly a f t e r  blowoff ,  c r e a t i n g  a p o t e n t i a l  source f o r  vo laL i l e  
0 r g a r . L ~  l eaks  and ernLssions. 

P i p e l i n e  3 l i n d  Changinp 

Refinery o p e r a t i o n s  f r e q u e n t l y  r e q u i r e  t h a t  a p i p e l i n e  
be  used f o r  - o r e  than m e  p r c d u c t .  To prevent  leakaze ana con- 
taminatio?. *): a 
producc-feeding 
a l i n e  invoi..res 

p a r t i c u l a r  produc:, o t h e r  product-connect ing o r  
l i n e s  a r c  cus tomar i ly  "bl inded o f f " .  "Blinding" 
i n s e r t i n g  a f l a t  s o l i d  p l ace  betrA.een TXO f l anges  
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of a pipe connection. 
spillage of the product in the pipeline can occur. 
of volatile organic emissions from the spiilage is a function of 

distance to nearest drain, and amount of liquid spilled. 

In inserting or withdrawing a blind, -d ! I  i 

.iJ I : 
0 

The magnitude 

the spilled liquid's vapor pressure, type of ground surface, 

Purging Sampline, Lines 

The operation of process units is constantly checked 
I( 
1L! 

i.1 throughout the refinery by routine analysis of feedsrocks and 

sampling lines must be purged, resulting in possible.organic 
products. To obtain representative sanples for these analysis. I d  

vapor emissions. & .. 
i 

Others ! 

Every refinery has several unaccountable volatile 
organic emission sources plus sources not commor, to all refineries, 
such as asphalt blowing, coke processing, and lube processing. 
This category of emissions amounts to about 20 kg of organics/ 
dam3 (7  lbs of organics/l@ barrels) of refinery feed (AT-040). 

3.4.1.3 Wacer EfflueRts - and Control 

Considerable information is available for making 
meaningful qualitative interpretations of organic efEluent loadings 
from refinery processes. A summary of this information is 
presented in Table 3.4-3. The pollutant parameters describing 
organic effluents are BOD,  COD, TOC, oil and grease, and sus- 
pended solids. Phenol is another common parameter, but phenol 
values are much smaller than on a aass emission rate basis. The 
organic effluent parameters and associated 
Table 3.4-4. The potential reductions are 
difference betxeen EPCTCA levels and BATEA 
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TAELE 3 . 4 - 4 .  PETROLELX R E F I N E R Y  ORGXIIC E F F L L m  1 ,  J i  

30D -A 
-3  
- C  
-D 
-E 

COD -A 
- 3  
- C  
-2  - _ _  

Totals 

Pocencial Be&xcion \'m/yr)' 

iocalo 

Pocencial ileduc:ion (XT/yr) 

O i l  and Grease -A 

-c 
-D 
-E 

-a 

Tocalo 

Sus;endrd %lids - A  
- 3  
-C 
-D 
- 2  

Tocals 

roc 
- 3  
-C  
-D 
-E 

7 7 2  
23,200 
27,500 . 32,500 
152.572 
18,600 

2.1LO 
69.000 
73.200 
81.300 

2 5 6 ,  i L 0  
11.100 

476 
9.910 
8.370 
18,000 

7,070 
&).a26 
- 

673 
5,690 
7.590 

10,700 

30.153 
-2 

- 

412 
2,810 
1.7iO 
2.190 
1.620 
8.952 

z.iao 
21.700 
10.800 
17.500 
L a  
6 4 . 0 8 0  

1 P 1  
1.250 
812 

1,130 
801 

4.186 
- 

5 5 7  
3.770 
2,260 
3.320 
1.100 

..2.01; 

.- .- 

906 
6,190 
3.780 
5.250 
3.5iC 
19.696 

7 ,  G61 

53.710 

3.3C2 

10.126 

13.93: 

I, 

70 
311 
350 i 
559 I..! $01 

1.891 ~ , 
/ !-! 
290 

3.070 ,'; 
1.720 I 
3.020 ' 
2.270 
10.37G I 

, , !  
- 

I 

<*l 
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The potential reduction in organic effluents from 
petroleum refineries is estimated to be 16,700 >lT/yr of organics 
This reduction is esclmated from the difference between B?CTCX 
levels and BATEA levels for TOC. The TOC reduction is increased 
by a factor of 1.2 to calculate the organic effluent reduction. 
The 1.2 factor is the ratio of organic carbon molecular weights 
obcained by assuming most of the organics are Cs hydrocarbons 
with an average molecular weight of 7 2 .  

The actual potential o;ganic reduction may be less than 
that estimated. from BPCTCA and BATEA since these values represent 
30-day maximums rather than yearly averages. However, the poten- 
tial reduction for the refining industry should be consistent 
with the other categories si.. . the methed of calculation is 
similar. 

i 

The BPCTCA is based on both in-plant and end-of-pipe 
ccntrcls. The in-plant technology includes the following (EN-407): 

installation of sour water strippers ta 
reduce sulfide ar.d amnonia loads entering 
the wastewar-'r treatment plant, 

elimination of once-through barometric 
condenser water by using surface condensers 
or recycle systems with oily water cooling 
towers, 

segregation of unpolluted storm runoff and 
oncs-through cooling waters from normally 
treared process waters, and 

better monitoring and maintenance of surface 
condensers or use of wet and dry recycle 
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* sy-tems to eliminate pollution of once-through 

L . ;  cooling water. 

:.. 
i ! )  

The BPCTCA end-of-pipe treatment consists of (EN-407): 

4 ;';, . ".( 
,' ' 

equalization and storm diversion, 

initial oil and solids removal (API sdparators 
or baffle plate separators), 

further oil 'and solias removal (clarifiers 
dissolved air flotation, or filters), 

carbonaceous waste removal (activated sludge, 
aerated lagoons, oxidation ponds, trickling 
filter, actplated carbon, or combinations 
of these), and 

filters (sand, dual media, or multi-media) 
following biological treatment met hods. 

. .  

;-. . .  - -. 
The BATEA results from further rediiction of water 

... flows in-plant and the addition of activated carbon treatment 
to the end-of-pipe controls. 

,! 

. .  .... 

Required treatment to achieve B?CTCA and BATEA is 
dependent upon the needs .and operaticns of the individual 
refinery and requires specific studies. 

... Crude Oil and Product Storage 

I' 
\ I' 
\i 
: \ 

1. 
.-. 

, 
-1 . During storage, water and suspended solids in crude ... . . .  oil separate; the water layer accumulates below the oil and 

.-.. is drawn off. Finisht I product storage is also a source of  
i 

~11 . j 
* .* 
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separated water layers. Tank cleaning can contribute large 
amounts of water streams high in ;r&anic &ontent. 

Ballast waters from tankers are often discharged into 
ballast water tanks or holding ponds at refineries. 

Crude Desalting 

Two common methods are used for crude oil desalting: 
chemical desalting and electrostatic desalting. Both methods 
empioy process water to remove impurities, resulting in a waste- 
water stream. 

I 

Crude Distil lation 

Several processes can be used to fractioxate crude. 
These are atmospheric distillation, vacuum distillation, vacuum 
flashing, and three-stage crud: distillation. There are two 
sources of wastewater from crude oil fractionation: 

wastidater from overhead accumulacors, 

- wastewater frwn 'arometric condensers. 

Organic wastewater loading ctin also be in 

and 

ceased din 
sampling when oil saapling l.hes are discharged to the sewer. 

Cracking - 

The major.sourcr of wastewater in cracking is from the 
steam strippers and overhead accumulators on the fractionators. 
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Polymerization 

Most of the wastewater comes from the pretreatment of 
feedstock to the reactor by caustic washing. 

Alkylation 

The major discharge from sulfuric acid alkylation is 
the spent caustic wash fron the neutralization of hydrocarbon 
streams leaving the sulfuric acid alkylation reactor. 
is drawn off the overhead accumulators. 

Water also 

Hydrofluoric acid alkylation does not have spcnt acid 
or caustic waste streams. The major sources of wastewater are 
the overhead accumulators on the fractionator. 

Iosmerizati. 

Isomerization wastewaters present no major pollutant 
discharga problems (EN-407). 

Reforning 

A small volume of wastewater containing a low concentra- 
tion of oil Ls produced by the reformer overhead accumulator (EN-407) 

Solvent Refininp 

) I  The major solvent refining Frocesses are solvent de- 
asphalting, dewaxing. !.ube oil solvent refinipg. aromatic ex- 
traction, and butadiene extraction. The major potential pollutants 
from the various solvent refining processes are the solvents theK- . .  

selves. The main source of wastewater is fr?m the bottom cf 
fractionation towers. Some solvent enters the sewer from pump 
seals, flanse leaks and ocher sources. 



Hydro t r ea t ing  

The p r i n c i p l e  h y d r o t r e a t i n g  processes  a r e  p re t r ea tmen t  
of  c a t a l y t i c  reformer f e e d s t o c k ,  naphtha d e s u l f u r i z a t i o n ,  - lube 
oil p o l i s h i n g ,  p re t r ea tmen t  of c a t a l y t i c  c racking  f e e d s t o c k ,  
heavy g a s - o i l  and r e s i d u a l  d e s u l f u r i z a t i o n ,  and naphtha s a t u r a -  
t i o n .  The o rgan ic  loading  and q u a n t i t y  of wastewater gene ra t ed  
by h y d r o t r e a t i n g  depends on the  process  used and the  f eeds tock .  

Asphal t  Blowing 

Wastewaters from a s p h a l t  blowing con ta in  high concen- 
t r a t i o n s  of  o i l s  and have a h igh  oxygen demand (EN-407) .  

Drying and Sweetening 

The n o s t  comnon waste  s t ream from dry ing  and sweetening 
o p e r a t i o n s  i s  spent  c a u s t i c  vh ich  has high BODs and COD. Other 
waste s t reams from the  :recess r e s u l t  from water washing of t he  
t r e a t e d  product  and regs:nerat ion of t he  t r e a t i n :  s o l u t i o n .  

3 . 4 . 2  Coke Hanu f a c  t y r  i n q  

The n a j o r i t y  of  coke manufactur ing i n  the  United 
S t a t e s  i s  performed t o  supply coke t o  tile s t e e l  i n d u s t r y .  I n  
an i n t e g r a t e d  s t e e l  m i l l .  coke i s  a b a s i c  r a x  m a t e r i a l  f o r  the 
b l a s t  furnace .  This  s e c t i o n  d e s c r i b e s  the  cokin: i n d u s t r y  znc! 

sources  of  o r g a n i c  emissions a s s o c i a t  -.d wi th  coking p rocesses .  

The beehive a n l  t h e  by-product processes  a r e  used f o r  
coke manufacture i n  t h e  United S t a t e s  today.  Beehive ovens a r e  
n o t  widely used because o f  economic and environmental  d i sadvan t -  
ages .  V o l a t i l e  o rgan ic  emissions i n  the  beehive process  a r e  h i g h  
becaurje they  a r e  not  recovered ,  bu t  organic. e f f l u e n t s  a r e  low. 
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Today t h e  by-product p rocess ,  which recovers  t h e  v o l a t i l e  o rgan ic s ,  
produces about  99 pe rcen t  of  t h e  m e t a l l u r g i c a l  coke (EN-395). 

Coke product ion i n  1974 decreased from previous  yea r s  
because of a s t r i k e .  I n  1973, probably a morc r e p r e s e n t a t i v e  
yea r .  61.7 x lo6 MT of  coke .tias produced from by-product .pro-  
ces ses  and 0 . 8  x LO6 MT of coke w a s  produced from t h e  beehive 
process .  

3 . 4 . 2 . 1  By-product Coking 

3 .4 .2 .1 .1  Process  Desc r ip t ion  

Coke manufactur'ing by t h e  by-product process  i s  
accompiished i n  ovens i n  which bituminous coa l  i s  hea ted  to d r i v e  
o f f  t h e  v o l a t i l e  components. A i r  i s  excluded from t h e  avens.  
The r e s i d u e  remaining i n  t h e  ovens i s  coke, and t h e  v o l a t i l c s  
a r e  recovered i n  t h e  by-product p l a n t  t o  produce t a r ,  ligh: o i l s ,  
coke oven g a s ,  and o t h e r  p o t e n t i a l l y  val.uable materials. The 
coking i s  done i n  narrow, r e c t a n g u l a r ,  s i l i c a  b r i c k  ovens arranged 
s i d e  by s i d e  i n  groups c a l l e d  b a t t e r i e s .  Each oven i s  t y p i c a l l y  
45 cen t ime te r s  wide,  4 . 5  meters h igh ,  and 1 2  meters long.  Heat 
i s  supp l i ed  by burning gas  i n  f l u e s  between t h e  wall, of  t h e  
ad jacen t  ovens.  Typ ica l ly  f o r t y  percent  of  t he  coke oven gas  
produced i s  used tc h e a t  t h e  ovens.  Usual ly ,  t h e  Tanaining gas 
i s  used a s  f u e l  i n  o t h e r  s t e e l  m i l l  ope ra t ions  (EN-395). 

1 

Coal i s  charged through p o r t s  l o c a t e d  on t h e  top  of 
an oven and then hea ted .  A t  t h e  en.d o f  t h e  coking p e r i o d ,  the 
coke i s  pushed out  of  t h e  oven wi th  a ram i n t o  an open rai lway 
c a r .  The coke i s  t r a n s p o r t e d  t o  a tower f o r  water quenching and 
then t r a n s f e r r e d  t o  a s i z i n g  p l a n t .  
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3.4.2.1.2 Atmospheric Emissions '* .. , .  
' .,' 

. ,/; I V o l a t i l e  o rgan ic  emissions can occur  dur ing  t h e  fo l lowing  
cokiyg s t e p s :  charg ing ,  coking c y c l e ,  and d i scha rg ing .  In  -. ' v ,  

' . 11 . 

I' a d d i t i o n ,  o r g a n i c  p a r t i c u l a t e  emissions car occur  dur ing  the  i 1 

.q u fo l lowing  coking s t e p s :  un loading ,  cha rg ing ,  coking c y c l e ,  d i s -  
1 4,,.; ..: 
i f  
6 

charg ing ,  and quenching. 

Unloading I 

I /  ! 

Organic p a r t i c u l a t e s  i n  t h e  form o f  coa l  ar'e emi t t ed  I .i 
I . .  ! 

as the  c o a l  i s  unloaded a t  t he  cokinf, s i t e  and s t o c k p i l e d  f o r  
I !  

I 
f u t u r e  use .  

. .  

! 

.. .- . 
ii 

. .. 
.. . .  

,/' 

, 

+ .. 

Chargir.; 

The c o a l  i s  cnarged i g t o  the  coke ovens by a mobile 
machine c a l l e d  a l a r r y  c a r ,  
coke ovens.  A l e v e l e r  ba r  is i n s e r s e d  i n t o  the  oven t o  l e v c l  
t h e  coa l .  Lids  which s e a l  t he  charg ing  h o l e s  i n  the  oven roof 
a r e  then s e t  i n  p l a c e .  
t he  displacement  of about 90 pe rcen t  o f  t he  f r e e  space i n  the  oven 
by  the c o a l  charge.  
v o l a z i l e s .  A s  c r e s u l t ,  s team,  g a s ,  and displace!! a i r  blow o u t  
of  t he  oven p o r t s  c a r r y i n g  v o l a t i l e  o rgan ic s  and o rgan ic  p a r t i -  
c u l a t e s  

t r a v e l i n g  on r a i l s  on top of  t h e  

The emissions dur ing  charging resu l :  from 

Heat ing of the  coa l  dur ing  chnrging produces 

Cokinp, Cycle 

Af t e r  cha rg ing ,  coal i s  heated i n  t he  ovens. 
t h e  hea t ing  c y c l e ,  t he  oven i c  s e a l e d  and u s u a l l y  rrdincained a t  
a s l i g h t  p o s i t i v e  p re s su re  t o  pzevent a i r  inf i l1:rat ion.  

can evolve f r o 3  the  coke ovens around seals a t  the  charging 
p o r t s  and doors .  

During 

Gases 
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Discharging 

A f t e r  t he  coking c y c l e ,  a pushing machine removes the  
oven door on the  pushing end of t he  oven and a l i g n s  a r a n  i n s i d e  
t h e  door j a m s .  On t h e  coke s i d e ,  a machine removes t h e  door 
an3 p o s i t i o n s  a coke guide a g a i n s t  t h e  door jams.  

machine then pushes t h e  s l a b  s f  ho t  coke ou t  of t he  oven and 
i n t o  a quench c a r  p o s i t i o n e d  below the  coke guide .  

The pushing 

The emissions dur ing  the  d ischarg ing  cyc le  a r e  smoke 
from incompletely coked c o a l s  and dus t  from thermal  d r a f t i n g  of 
p a r t i c l e s  of abraded coke. 

Quenching 

The quench c a r  con ta in ing  the  d i scha rged ' coke  i s  moved 
t o  a semi-enclosed tower where water  i s  sprayed on the  hot  coke. 

8 ' 
l! 
CI 

Afte r  t h e  coke has been quenched and cooled.  t he  quench c a r  mo.res . .  

moving t o  t h e  coke handl ing  a r e a .  ! 

t o  a coke wharf where the  coke i s  dumped onto  a conveyor b e l t  

F ine  coke brczeze formed during che push and s e t t l i n g  
i n  :he quench c a r  i s  r .aised i n t o  the  plama of quenching steam 
by the  d r a f r  from the  steam formation.  

3 . 4 . 2 . 1 . 3  Uater  Eff1ueni.s and C o n t r o l  

A v a r i e t y  of methods,  u s u a l l y  by-product recovery  
t echn iques ,  has  been used through t h e  y e a r s .  These methods have 
changed due to changing economic f a c t o r s ,  e f f l u e n t  q u a l i t y  
r e s t r i c t i o n s  and t r e a t n e n t  technology c a p a b i l i t i e s .  

A s  i n  petroleum r e f i n e r i e s .  t he  s i g n i f i c a n t  p o l l u t i o n  
p a r m e t e r s  r e l a t i n g  t o  o rgan ic  eff1uen:s a r e  E O D ,  T O C ,  o i l  and 
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I I , 

il g r e a s e ,  and suspended z c l i d s .  Es t imates  of COD l e v e l s  a r e  no t  
The o rgan ic  e f f l u e n t  p a r m e t e r s  and a s s o c i a t e d  r a t e s  

- roke manufacture a r e  p re sen ted  i n  Table  3 .4-5 .  TI-e p o t e n t i a l  
r educ t ions  a r e  e s t ima ted  a s  t h e  d i f f e r e n c e  between BPCTCA l e v e l s  
and BATEA l e v e l s  (EN-395). 

!able. 

The p o t e n t i a l  r educ t ion  i n  o rgan ic  e f f l u e n t s  from coke 
manufacturs i s  e s t ima ted  t o  be 9680 X T / y r  of o rgan ic s .  This  
reduct ion  i s  e s t ima ted  a s  t h e  d i f f e r e n c e  between BPCTCA l e v e l s  
and BATEX l e v e l s .  The TOC f o r  BPCTCA i s  e s t ima ted  t o  be s i m i l a r  
t o  p e t r o l e u i  r e f i n e r i e s  and. t h e r e f o r e .  a f a c t o r  of 2 . 2  h ighe r  
than B03r. The TOC f o r  BATEX i s  e s t ima ted  by assuming an 87% 
reduc t ion  i n  TOC from BPCTCA l e v e l s .  Experimental  d a t a  i n  t h e  

s e c t i o n  of processes  virh s i m i l a r  wastewater t rea tment  (EN-384). 
o rganic  chemicals i n d u s t r y  i n d i c a t e s  87'7. removal from a c- -0ss-  

To o b t a i n  the  ? o r e n r i a l  o rganic  r educ t ion ,  the  TOC 
reduct ion  i s  i nc reased  t.y a f a c t o r  of 1 . 2  which assumes t h a t  
most of t h e  o rgan ic s  p re sen t  a r e  hydrocarbons w i t h  an average 
molecular weight of 72.  

A s  mentioned e a r l i e r ,  t h e  a c t u a l  potent ia :  o rganic  
r educ t ion  may be l e s s  than t h a t  es t imated  from BPCTCA and BATEA 
s i n c e  these  va lues  r e p r e s e n t  30-day maximums r a t h e r  thzn y e a r l y  

averages.  However, t h e  p o t e n t i a l  reduct ion  f o r  the  coke manu- 
f a c t u r i n g  i n d u s t r y  should be c o n s i s t e n t  w i t h  t he  o t h e r  c a t e g o r i e s  

The base l e v e l  of t r e a t n e n c  i n  Table 3 .4-5 i s  an e4 , :' .. 
- s t i n a t e  of t he  e f f l u e n t s  w i t h .  a l e v e l  of t rea tment  i n  e x i s t e n c e  
i Jr  p r a c t i c a l l y  a l l  p l a z t s  w j rh in  the  i n d u s t r y  (EN-T95). 

The BPCTCA i s  based on t h e  employment of t he  follo:qihz 
technologies  (EX-395): 
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with lime addition 

dephenolLzation, 

sediment at ion, 

- final cc.oler blowdown EO dephenolizer, 

- b h i z o l  wastcs blowdom. to dephenolizer, 

once-through crystallizer effluent t o  

sedimentation. and 

. pH neutralization. i 

i i  
L) 

The BATS. results, from controls established in 
addition to BPCTCA, are as fol-lows (EN-395) : 7 .  

.. . 
.. . .. - 
I !  ., 
. .  ..\I 

'\ 
: \  

.I 

recycle cr::stalli.zer effluent to f i n a l  
cooler recycle syscem. 

. clarification, 

multi-stage biological oxi.dation with 
methanol addition, and 

* pressure filtration. 
.. 

The nos: significant water wastes resulting from the 
by-producr coke plant are excess amonia liquor, finai cooling 
water overflwg, light oil recover!r wastes, and indirect cooling 
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4 water  (EN-395). In  a d d i t i o n ,  small  v o i m e s  of water  may r e s u l t  
. . .  . .. 

from wharf d ra inage ,  quench water  overflow and c o a l  p i l e  r u n o f f .  . . : .  
I . -  '. . 

* 
Ammonia Liquor 

* _ _  I n  t h e  r educ t ion  of coa l  t o  coke,  t h e  coa l  v o l a t i l e s  
I. a r e  c o i l e c t e d  and cooled by spraying w i t h  water .  This  cool ing  

r 

condenses a l a r g e  p o r t i o n  of  t a r  i n  the  gas and t h e  mixture  
flows t o  a decan te r  tank .  The p a r t i a l l y  cooled gas  pas ses  through 
primary coo le r s  where the  r enpe ra tu re  i s  f u r t h e r  reduced. The 
water and t a r  r e s u l t i n g  f r a n  t h i s  ope ra t ion  a r e  a l s o  pmped t o  
t h e  decan te r  tank .  H o i t t u r e  i n  the  coa l  accounts f o r  t h e  n e t  
product ion  of water  from t h e s e  cool ing  s t e p s .  The excess  l i q u i d  
i s  t h e  ammonia l i q u o r  an? i s  the  major s i n g l e  source of contami- 
na t ed  water  frcm coke making. 

F i n z l  Cooling _Water Overflow 

D i r e c t  con tac t  o f  t h e  gas i n  t h e  f i n a l  coo le r  w i th  
sprays  of water  absorbs remaining so lub le  gas componencs and 
removes condensed o r  s o l i d i f i e d  o rgan ic s .  This  water  i s  u s u a l l y  
r e c i r c n l s t e d .  When a c losed  system i s  not  u sed ,  t h i s  wastewater 
may ex-t-:.! :he ammonia l i q u o r  a s  t he  major source of high con- 
taninati:.: l oads  (EX-395).  

il ... 

._. 
-. 

I 

. .  

Light  O i l  Recovery Wastes 

' T h \  l i g h t  o i l  recovery system produces contaminated 
wastewater f rom the  s t r i p p i n g  o p e r a t i o n s .  Cooling water i s  a l s o  
disckazged t o  the  sewer.  
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I n d i r e c t  Cooling Water 

1ndi.rect  cool ing  water  i s  not  u s u a l l y  cons idered  was te ,  
b u t  l eaks  i n  c o i l s  and tubes  may c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  
o rgan ic  loading  of t h i s  s t ream (EN-395). 

Miscel laneous E f f l u e c t s  

Cokc wharf d ra inage  and s tock  p i l e  runoff  a r e  minor 
sources  of e f f l u e n t s .  
wastewaters do not  e n t e r  a r e c e i v i n g  stream. 

3 . 4 . 2 . 2  Beehive Coking 

These a r e a s  a r e  u s u a l l y  t renched  and the  

I n  t h e  beehive p r o c e s s ,  a i r  is admit ted t o  t h e  coking 
chamber ir. c o n t r o l l e d  amounts t o  burn the  v o l a t i l e  products  d i s -  
t i l l e d  from the  c o c l  and t o  gene ra t e  hea t  f o r  f u r r h e r  d i s t i l l a -  
t k n .  T h s  beehive oven produces only coke and no s u c c e s s f u l  
a t tempts  ha,;? been made t o  recover  the  products  o f  d i s t i l l a t i o n .  

The oven is  charged frcm above and coking proceeds 
from t h e  cop of the  c o a l .  A t  t he  end of t he  coking cyc le  t h e  
coke i s  quenched i n  t h e  oven wi th  water and then  the  coke i s  
drawn from the  oven. The p rucess  i s  very  d i r t y  and s e n e r a t e s  
smoke which d i schs rges  t o  t h e  atmospher? when the  brickwork 
door i s  removed. Water i s  used only  f o r  coke quenching. The 
use  9f r ecyc le  i n  t h e  beehive process  can g r e a t l y  reduce t h e  
t h e  volur;,e of wastewater .  A p rope r ly  c o n t r o l l e d  beehive oven 
will have very l i t r l e  water  disch&:ge. 
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3.5 Fossil. Fuel Combustion 

The fossil fuel combustLon category exaaines the 
i I - organic emissicns from external combustion stationary sources 

as well as internal combustion stationary sources. External 
combustion sources include steam-electric generating plants, 
industrial boilers and furnaces, commercial and institutional 
boilers, and commercial and residential space heating units. 
Internal. combustion stacionary source include internal com- 
bustion engines used to Senerhte electricity and ongines used 
to pump gas and other fluids. 

7 ~, 
! I  

j !, 
/ " *  

.-I 

\ 

. .  
- 1  
. ,  

Volatile organics from fossil fuel conbustion are 
i "' 

/ 
discharged with the flue gases from the combustion unit. The 

Table 3.5-1 summarizes atmospheric organic emissions from fossil 
fuel combustion in stationary sources. The orpnic water 
effluents and solid wastes from fossil fuel comlcstion ars 

organics result- from the incomplete combustion of the fuel. I 
I 

negligible. The magnitude of an overall reduction potential . .  

for tkis category could not be determind frox the availabie 
literature. Assuming thet catalytic converters could be 
adaptec; c o  industrial internal combustion engl?es, a reduction 
in that s:Ycsroup's emissions has been calculatsd. Tkis is 
discussed in Section 3.5.2. 

I 

3.5.1 External - Combustion Stationary Sources 

The external combustion sources are organized accordins 
to the type of fael burned in tne unit. Coal, fuel oil, and 
natural gas are the primary 5Jels used in statixary external 
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combust5.on uriits. Wood is used in some instances and is a 

significant source of atmospheric organic emissions. 
ing seccions discus; coal, oil, natural gas, and wood combustion 
in externally fired units. 

The follow- 

3.5.1.1 CDal Combusricn 

Coal is the most abundant fossil fuel in the United 
States. 
of furnaces ranging in size from small hand-fired units with 
capacities of 4 . 5  to 9 kilograms (10 to 20 pounds) of coal per 
hour to large pulverized-coal-fired units which may burn 275 to 
360 MT (300 to 400 tons) of coal per hour. Approximately 480 x 
10' MT (530 x 10' tons) of coal were consumed in 1972 to supply 
thermal energy in the United States (US-205). 

It is burned to produce heat and steam in a wide variety 

Atmospheric EmisGons and Control 

The combustion of coal in externally fired equipment 
results in the emission of hydrocarbons and other organic 
marerial if combustion is not complete. Due to variations in 
combustion efficiency, organic emissions depend on the particulx 
size and t p e  of combustion unit. A l s o ,  considerable variation 
in organic emissions can occur depending on the operation of an 
individuzl unit. Atmospheric organic -missions from coal 
combustion in externally fired units are presented in Table 3.5-2. 

Organic emissions from stationary combustion of coal 
can be reduced by improved 9perating.practices and improved 
equipment design. 
technique available for controlling atmospheric organic 
emissions from coal combustion. The comhustion units si.ould 
always be operated within their design limits and according to 

Good operating practice is the most practical 
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the specifications recommended by the manufacturer to achieve a '..\ 

i l  

1-1 

'd high degree of combustion efficiency. Combustion units and 
equipment should be kept in good repair to meet design specifi- 

changes in the performance of the unit and thus is useful in 
cations. Flue gas monitoring equipment is helpfill in detecting L A  

keeping organic emissions at a minimum. ._. 
! '  

8 .  \.: The organic emissions from coal combustion may also 
be con:rolled by improved equipment design. 
reduce emissions by reducing the quantity of fuel required for 
a given energy output. 

Improved design can 

These organic emission controls provide some potential 
fora reduction of emissions; however, no information is avail- 
able concerning the psrcent,reduction that can be expected.. The 
reduction potential is not anticipated to be large, however, 
especially for the smaller units such as those found in commercial 
and residential applications. Smaller units do rot have air-fuel 

what lower temperatures and therefore have lower average combustion 
efficiencies. 

..! 

.. 
mixing ability comparable to larger units. They opera:e at some- 1 

TABLE 3 . 5 - 2  
ATMOSPHERIC - ORGANIC EHISSLONS 

FROM COAL COMBUSTION 

Scxrce Refs - Emissions (ifT/yr) - 

Utility 1 1 0 5 . 0  x 10' 

Residential 2 11.7 x 10' 
Industrial 1 5 5 . 4  x 103 

Commercial 1 8.9 x 103 - 
Source: 1. PU-036 

2 .  KO-201. 
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3.5.1.2 Fuel Oil Combustion 

The two major types of fuel oil are residual and 
distillate. Distillate fuel is primarily a domestic fuel, but 
it is used in some commercial and industrial applications where 
a high-quality oil is required. The primary differences between 
residual oLl and distillate oil are the higher ash and sulfur 
content of residual oil and the fact that residual oil is much 
more viscous and therefore harder to burn properly. 

. .  

Atmospheric Emissions and Control 

Organic emissions from fuel oil combustion are 
dependent on type and size of equipment, method of firing, and 
maintenance practices. Table. 3.5-3 presents the estimates for 
the yearly atmospheric emission rates of organics from fuel 
oil combustion in externally fired units. 

TABLE 3.5-3 
ATXOSPHEXIC ORGANIC EMISSIONS 

FROX XIEL OIL CO:*!BUSTION -. 

Source - Refs __ Emissions (?IT 1 y r )  

Industrial/Commercial 1 56.4 10' 

Utility 1 20.8 x 103 
Res iden tial 2 24.3 x 10' 

Sources: 1. PU-306 
2. ?.10-201 

These emissions can be reduced by good operating 
practice and iaproved equipment Sesign. No inforrnacion was 
foucd concerning the expected percent reduction of emissions 
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through t h e  a p p l i c a t i o n  of t h e s e  c o n t r o l  methods. However, t h e  
p o t e n t i a l  i s  n o t  e s t ima ted  t o  be ve ry  l a r g e .  

3 . 5 . 1 . 3  Natura l  Gas Combustion 

Natura l  gas  has become one of t he  major f u e l s  used 
i n  t h e  U.S. I t  i s  used p r i m a r i l y  i n  power p l a n t s ,  i n d u s t r i a l  
h e a t i n g ,  and domest ic  and commercial space h e a t i n g .  Marketed 
product ion of n a t u r a l  gas  i n  t h e  United S t a t e s  i n  1974 t o t a l a d  
almost 600 b i l l i o n  cub ic  meters  (22 t r i l l i o n  f t 3 )  accord ing  
t o  the  U.S. Bureau of  Mines (US-474). The ma jo r i ty  of t h i s  
t o t a l  was used a s  f u e l  wi th  most of t he  remainder going t o  
feeds tock  f o r  chemical p l a n t s .  

, 
Atmospheric Emissions and Control 

Natura l  gas  i s  c m s i d e r e d  t o  be a r e l a t i v e l y  c l ean  
f u e l .  However, some organic  emissions do occur  from i t s  
combustion. When i n s u f f i c i e n t  a i r  i s  supp l i ed  t o  t h e  combustion 
u n i t ,  l a r g e  m o u n t s  of  v o l a t i l e  o rgan ic  chemicals may be emir ted  
t o  t h e  atmosphere.  
v a r t e s  accord ing  t o  t h e  type and s i z e  of equipment and a c t e n t i o n  
given t o  maintenance. Table 3.5-4 p r e s e n t s  e s t ima tes  f o r  t he  
y e a r l y  a tmospheric  o rgan ic  emission r a t e s  from n a t u r a l  gas  
combustion i n  e x t e r n a l l y  f i r e d  u n i t s .  

The e n i s s i o n  f r o n  n a t u r a l  gas combustion 

The c o n t r o l  of t h e s e  emissions i s  accomplished i n  the  
same manner a s  a r e  t h e  o rgan ic  emissions from c o a l  aiid o i l  
combustion. Proper rsperating p r a c t i c e s  and improved equipment 
design a l low f o r  mor? e f f i c i e n t  combustion of t h e  gas/ai .r  mix tcre  
and t h e r e f o r e  reduce the  quant!.ty of hydrocarbons (and carbon 
monoxide) emi t t ed .  :Jo i n f o m a t f a n  was found which d i scussed  t h e  
percent  r educ t ion  of emissions fol lowing a p p l i c a t i o n  of t hese  

- 140 - 



c o n t r o l  methoc?s. However, assuming most n a t u r a l  gas conbust ion 
u n i t s  o p e r a t e  irk a reasonably  e f f i c i e n t  manner 
p o t e n t i a l  i s  no t  expected t o  be very l a r g e .  

t h e  r educ t ion  

TABLE 3 . 5 - 4  
ATMOSPHERIC ORGANIC EMISSIONS 
FROM NATURAL GAS COHBUSTION 

_c-- A 

Refs Enis s ions  (MT I s r )  - Source 

I n d u s t r i a l  1 76.4 x 
R e s i d e n t i a l  2 12.4 x 10' 
Comer c i a 1  3 1 . 8  x 10 '  
U t i l i t y  3 1 . 7  x 103 

Sources:  1. EN-226 
2. MO-201 
3. PU-036 

3.5.1.4 Wood Combustion 

Wood is no longer  a major energy source f o r  i n d u s t r i a l  
hea t  o r  power g e n e r a t i o n .  
h e a t  source and t o  some e x t e n t  i n  those  i n d u s t r i e s  which 
gene ra t e  cons i ?e rab le  q u a n t i t i e s  of wood was tes .  T h i s  s e c t i o n  
i s  concerned wi th  the  combustion of wood i n  furnaces  and r e s i -  
d e n t i a l  f i r e p l a c e s  f o r  p rocess  o r  space h e a t i n g  Furposes .  I t  i s  
n o t  concerned w i t h  t he  burning of m o d  wastes  a s  a means of 
s o t i d  waste d i s p o s a l .  

However, i t  i s  used a s  a domestic 

Atmospheric Emissions and C c n t g  

Atmospheric o rgan ic  emissions r e s u l t i n g  from the  
burning of wood i n  furnaces  and f i r e p l a c e s  a r e  due mostly t o  
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i n e f f i c i e n t  conbus t ion .  A s  w i th  c o a l ,  o i l ,  and gas  combustion, 
t h e  s i z e  of t he  furnace  and degree of maintenance a f f e c t  t he  
q u a n t i t y  of hydrocarbons emi t t ed .  Another major f a c t o r  i s  t h e  
water  conten t  of  t he  f u e l .  Moisture  i n c r e a s e s  t h e  atmosDheric 
o rgan ic  emiss ions .  Table 3 . 5 - 5  p r e s e n t s  t h e  y e a r l v  organic  
atmosDheric emissions from t h e  e x t e r n a l  combustion of wood 
(EN-226). 

I ,  

I 

rABLE 3 . 5 - 5  
ATMOSPHERIC O R G k V I C  EHISSIONP 

FROM WP9D COMBUSTION 

-- Source Emissions (FIT/yr) 

I n d u s t r i a l  28.0 x 10 
R e s i d e n t i a l  4 . 3  x 10 

Source: EN-226 

The c o n t r o l  of o rgan ic  emissions fron! wood-fired 
furnaces  i s  b e s t  accomplished through the proper  maintenance of 
t h e  combustion c.quipment. No information was .:'our.d regard ing  
the  percent  r educ t ion  u f  emissions from applyi1::g proper  mainte- 
nance p r a c c i c e s .  The r educ t ion  p o t e n t i a l  f o r  t hese  emissions 
nay be moderate assuming t h a t  most wood-fueled furnaces  a r e  no t  
s u b j e c t  t o  r e g u l a r  maintenance. However, t h e  pe rcen t  r educ t ion  
cannoc be determined from a v a i l a b l e  l i t s r a t u r e .  

3 . 5 . 2  I n t e r n a l  Combustion S t a t i o n a r y  Sources 

In g e n e r a l ,  sources  inc luded  i n  t h i s  ca tegory  a r e  
i n t e r n a l  comtast ion engines used i n  a p p l i c a t i o n s  s h i l a r  t o  
those a s s o c i a t e ?  wi th  e x t e r n a l  combust im sources .  This  
ca tagory  inc ludes  gas  t u r b i a e s  and l a r g e ,  heavy-duty,  general  
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utility reciprocating engines. Most stationary internal com- 
bustion engines are used to generate electric power, to pump 
gas or other fluids, and to compress air for pnem.atic machinery. 

Atmospheric Emissions and Control 

The organic emissions from stationary iaternal 
combustion sources result from incomplete combustion of the fuel 
and subsequent discharge of :he unbunled hydrocarbons :in the 
exnaust. The organics emit:ed may contain components present 
in the fuel as well as organics formed from the partial combus- 
tion and thermal cracking of the fuel (aldehydes and low molecu- 
lar weight saturated and unsaturated k;cirocarbons). 

Table 3.5-6 presents estimates of the quantities of 
organics emitted yearly to the atmosphfre from fuel oil and gas 
combustion in stationary internal combustion engines (AE-014). 

TABLE 3.5-6 
ATMOSPHERIC ORGAN IC EElIS S IONS 

FROZ? STATIONARY IPiTERIIAL COW3USTION S3URCES 

Source Emissions (iblT/yr) 

Industrial - Gas 237.0 x lo3 
Utility - Oil 68.2 x 103 
Utility - Gas 11.8 x 10' 

Source: AE-OIL 

The quantity of organics emitted fron these sources 
ma;. be minimized by proper operating practices and good mainte- 
nance. The organic emissions could be essentially eliminated 
through the appiication of catalytic converfers tc the engine 
eshaust. For this reason, tSe percent reduction of these emis- 
sions is assumed to be 99 percent. This results in a reduction 
potential of nearly 314,000 XT organics/yr. 
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3.6 Organic Chemical Processing 

The organic chemical processing industries (OCPI) 
convert hydrocarbons obtained mainly from petroleum, coal and 
natural gas into synthetic intermediates and products. The 
major products of these industries are synthetic crganic chemicals 
which include solvents, pesticides,. plastics and resins, surface 
active agents, elastomers, explosives, fibers, plasticizers. and 
dyes and pigments. Processes. normally considered is operztions 
of petroleum refining and natural gas and coal processing are 
exclilded from the OCPI. Figure 3.6-1 shDws the relationships 
between the industries and examples 
cessed in the industries (RA-222).  

3 .  6.. 1 Attnosuheric Emissions 

Organic pollutants may be 
from organic chemicai processing in 
fron various process operations ma:: 

of organic chemicals pro- 

emitted to the atmosphere 
various ways. Vented gases 
contain orsanic compounds. 

Vents are required for pressure control and removal of by-products 
o r  incrts, and venting may b,.. ..,ecessitated by upset conditions 
in the plant. Other sourccs of orzanic pollutants considered 
fugitive emissions include evaporation from storage tanks, load- 
ing facilities, sampling, spillage, processing equipment leakage, 
barometric condensors, cooling cowers, and miscellaneous soui'ces. 

The quantity of volatile organics and organic'particu- 
late emissions from significant processes and groups of processes 
included in the OCPI has been estimated. Estimates for 143 
operations which produce basic petrochemicals. synthetic organic 
chemicals, or induscrial organic chemical products are sunrnarized 
in Table A - 1  in the .k?endix. The 140 ?roducts included in 
Table A - 1  were selected on tt.e basis of production volume data 
and descriptions of processing fron the literature ( I u - 1 2 2 ) ,  
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ER-030, 30-201, EN-68). Generally, organic chemical intermediates 
were included if their production volume exceeded 23,000 PlT 

(SO x lo5 pounds) (RA-222) or if published emission raL.ss were '1 ! 

greater than 1000 NT/yr. Table A-1 gives production volumes !,I 

volatile organic emissions. The total estimated atmospheric ill 
I \  

'1 I 

and the products aze listed in order of decreasing quantities of 

emissions from these,industries are.1,400,000 i'T/yr volatile 
organics ana 45,800 MT/yr organic particulates. 

L _  

?he best emission data was selected from estimates in 
the literaure (ER-030, PE-160. HG-201, EI-017. SH-241, H0-244, 

. ~ .  PR-115, PR-116). Large discrepancies were found in the emission j I  
estimates obtained from various aour~es; therefore, the quality .~. 
of  each estimate was considered. 
following index of uncertainty levels based on the quality of 

given for eacS estimate in Table A-1. \ I  

2 1  

Estimates were ranked by the . .  ' ,  
: I  

the data used in making the estimate. Uncertainty levels are 
i 

. .  

: , 

A 

B 

C 

D 

Adequate data of reasonable accuracy 

Partially estimated data of indeterminate 
accuracy 

. .  

Totally estimated deta of indeterminate 
accuracy 

No data; estimates based on generalized loss 
factor .. 
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Q u a n t i t a t i v e  da t a  on f u g i t i v e  emissions from chemical 
processes  a r e  extremely s c a r c e .  
g e n e r a l l y  based t o t a l l y  OIL es t ima ted  d a t a  and i s  no t  s u b s t a n t i a t e d  
by d c t u a l  f i e l d  t es t s .  I n  some c a s e s ,  f u g i t i v e  emission a s t ima tes  
have been based on "unexplained" l o s s e s  appear ing  i n  m a t e r i a l  
ba lances  around process ing  u n i t s .  Es t imates  based on t h i s  type 
of d a t a  a r e  probably i n a c c u r a t e ,  s i n c e  the  "unex?lained" l o s s e s  
r e p r e s e n t  small  d i f f e r e n c e s  between l a r g e  numbers sub.:ect t o  
meter ing and a n a l y t i c a l  i n a c c u r a c i e s .  

The a v e i l a b l e  informat ion  i s  

Calcn!.?.tions of  f u g i t i v e  o rgan ic  emissions from a 
227,000 YT (500 x 10' po-md) pe r  yea r  e thy lene  p l a n t  were done 
i n  1967 by Nencher (PIE-136) u s i n g  emission f a c t o r s  found i n  
Pub l i c  Health Se rv ice  P u b l i c a t i o n  No. 763 ;'or a .p l anL  p r a c t i c i n g  
s t r i n g e n t  c o n t r o l .  Organic l o s s e s  from v a l v e s ,  pumps, com?ressors,  
c o a l i n g  i i a t e r ,  r e l i e f  v a l v e s ,  s t o r a g e  t a n k s ,  and o t h e r  , n i s c e l l a -  
neous lo s s?s  were es t imated  t o  be equa l  t o  5.21 percen t  of 
throughput f o r  t h e  p l a n t .  :lencher s t a t e d  t h a t  most c a l c u l a t i o a s  
of t h i s  sort show t h a t  the '  t c t a l  emissions of  hydrocarbons from 
hydrocarbon process ing  p l a n t s  range from 0 . 1  t a  0 . 6  percent  of 
t o t a l  p l a n t  throughput .  The  low va lue  3f 0 . 2 1  pe rcen t  de'termiried 
Cor the  ethyl(-,::.e plart t  i s  a ? p l i c a b l e  t o  p1an:s where s t r i n g e n t  
c o n t r o l  i s  p r sc t i c : e~ l .  

I 
L. 

F u g i t i v e  smissions from p e t r o c h , m i c e l  ?recessing p l a n t s  .. . .  

!'> 

I' \ i '  
! I  
1 :  

! 

, ... ! I  -were addressed by D e w i e r .  e t  a l .  (PE-160)  i n  a r r c z n t  survey of 
a tmospheric  emissions from t h e  p e t r o c h e n i c a l  i n d u s t r y .  In t hese  
survey  r epor t s .  o p e r a t o r s  w i t h i n  t h e  i n d u s t r y  estirL ted  t h a t  f u g i -  
t i v e  emissions from .:heir p l a n t s  rafigea from 0 . 0 1  t o  2 . 0  percent  
of  throughput with an average of about 0 . 5  percent  of  throughput .  

! I  , .,' 

~. < 
. .  

i l  
.I . .  IC ! I ~ S  been concluded from t h e  above in fo rma t i rn  t h a t  , ,  c . .~ f u g i c i v e  emissions from f o s s i l  f u e l  chemical process ing  p l a n t s  

. .  
1 :  

average about 0.5 percent  o f  throughpuc and t h a t  process  emissicns 

... ' m  :" 

.. .- 
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aqeragr  about  0 .73  pe rcen t  o f  throughpllt.  The s u . m a t i i n  oi tnese 
emission f ac tous  g i v e s  t h e  industry-wide t o t a l  o rgan ic s  emission 
f a c t o r  of  1 .23  percent  o f  thrcwghput.  I 

it i 
il  1 

Severa l  investigatior.:; h a w  concluded t h a t  emiss+.ons . .  
dur ing  t h e  p r o d u c c i m ,  convers ion  and handl ing  of o rgan ic  chemicals 
range from abocz 0 . 5  t o  2 .9  pe rcen t  o f  t o t a l  p r o J c c t i o n  (ER-030) 
The r e s u l t s  of  t h i s  s tudy  i n d i c a t e  t h a t  emissions from t h e  O C P I  
average 1 . 2 3  percenc of to:al p roduct ion ,  which i s  approxisatel; :  / 
equal t o  t h e  median va lue  of  izhe previLus s t u d i e s .  Th i s  cype of  

ces ses  s i n c e  emissions vary  g r e a t l y  wi th  p l a n t  des ign .  maintenance 

t o r s ,  b u t  the f a c t o r  appears  t o  ue a p p l i c a b l e  t o  t h e  i n d u s t r y  a s  
a whole. 

i 
' i l  

; I  I 

ernisslon f a c t o r  i s  n o t  n e c e s s a r i l y  a p p l i c a b l e  t o  i n d i v i d u a l  yro- 

and o p e r a t i o n a l  procedures ,  f eeds tocks ,  p roducts .  and o t h e r  fac.- .. . 

- 

; . I  

I 
i 

I 

I '  
I 

Process  emissims normally emanate f rom ven t s  wichin a , 
p l a n t .  The v o l a t i l e  o rgan ic s  i n  i-hese ven t  s - r e a s  can be con- 
t r o l l e d  by cunvent iona l  methods o f  coLi t rL l l ing  organic  atmospheric 
p c l l u Z - t s  frohi s t a t i o n a r y  s o u r c e s ,  i . e . .  combustion, condensat ion.  - 

a d s o r p t i o n ,  absorpt ior . ,  and p r i c e s s  changes.  These c o n t r o l s  can 
b e  used t c  achieve  alm,?st a 1.00 percen t  removal e f f i c i e n c y .  
renoval  e f f i c i e n c y  of  99 p e r c e n t  a €  v o l a t i l e  o.cgarLcs vi11 be 
assumed as  f e a s i h l e  f o r  ven t  s t reams i n  t h e  O C P I  i n  determining 
r educ t ion  p o t e c t i a i s .  I n  m g s f  c a s e s ,  f u r t h e r  s t a d y  w i l l  be 
r e q u i r e d  ta determine t h r  economically feasib;e  r educ t ion  p.oten- 
t i a l s  f o r  t h e  v a r i o u s  p rocesses .  

A 

Organic p a r t i c u l a t e  emissions i n  vent  s t reams can be 
reduced by convont iona l  methods o f  particcl: , ie removal, i . e .  , 
meckanical c o l l e c t o r s ,  e l e c t r o z t a t i c  p r e c i p i t a t c r s ,  s c r u b b e r s ,  
and f i l t e r s .  The remoJal e f f i c i e n c y  :F t h e s e  devicss  v a r i e s  
depending on des ign ,  o p e r a t i o n ,  and p a r t i c l e  s i z e .  

.. . ! .. . 



F u g i t i v e  emissions can be minimized by va r ious  methods 
i n c l u d i n g  (>E-136) : 

Good housekeeping a z 5  maintenance p r a c t i c e s  

I n s t a l l a t i o n  o f  f l o a t i n g  roof tanks t o  c o n t r o l  
evapora t ion  of  l i g h t  hydrocarbons.  

I n s t a l l a t i o n  of  vapor recovery l i n e s  t c  ven t s  
of v e s s e l s  Lhat a r e  c o n t i n u a l l y  f i l l e d  and 
emptied . 

I 
Manifolding o f  purge l i n e s  used f o r  s t a r t u p s  
and shutdowns t o  vapor recovery o r  i l a r e  
systems.  

Venting of  vi :uum j e t  exhaust  l i n e s  to  
s u i t a b l e  reco,'ery p o s i t i o n s  o r  r ep lazenen t  
o f  vacuum j e t s  w i t h  vacuum pumps. 

Shipment of  products  by p i p e l i n e  r a t h e r  
than by r a i l c a r  o r  t r u c k s .  

Covering of  wastewater  s e p a r a t o r s  

Discharging of r e l i e f  va lves  t o  a f l a r e  
mani f o 1 d . 

I 

I n  c a l c u l a t i n g  the  r educ t ion  p o t e n t i a l  a s s o c i a t e d  v i c h  f u g i t i v e  
e n i s s i o n s ,  s t r i n g e n t  ccr. tro1 p r a c t i c e s  w i l l  be assuined capable  
of main ta in ing  f u g i t i v e  emissions a t  0.%1 ? e r c c n t  of throughput 
and t h a t  t h e  i n d u s t r y ' s  cu r re r , t ,  ave-:it;s emissions from f u g i t i v e  
sources  a r e  equa l  t o  0 . 5 0  pe rcen t  of  rh.:ou$iput. 
i nduca te  t h a t  a ' 5 8  percent  reGuction of  fugitive emissions i s  
ach ievab le  by t he  a p p l i c a t i o n  sf s r  ingent  cc;::rols. 

. .  These l-alues 

... 
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Industry-wide r e d u c t i o n  o f  w l a t i l e  organic  process  
emissions by 99 pe rcen t  and f u g i t i v e  emissions by 58 pe rcen t  1- 

would r e s u l t  i n  t h e  r educ t ion  of  2n es t imated  1 , 2 7 0 , 0 0 0  XT 
p e r  yea r  o f  v o l a t i l e  o rgan ic  emiss ions .  Desc r ip t ions  of  t he  
p rocesses ,  emiss ions ,  and c o n t r o l  techniques f o r  t h e  seven major 
sources  of  v o l a i i l e  o rgan ic  emissions and organic  p a r t i c u l a t e s  
w i t h i n  t h e  OCPI a r e  given i n  Sec t ions  3 . 6 . 1 . 1  through 3 . 6 . 2 . 3 .  

.. 

The r educ t ion  p o t e n t i a l  f o r  each o f  t h e  s p e c i f i c  p rocesses  d i s -  
cussed i s  given i n  Table  3.6-1. I 

I 1  
' 1 )  

I n  g e n e r a l ,  t h e  seven processes  d i scussed ,  approximately . '  
45 percent  o f  t h e  v o l a t i l e  o rgan ic s  emi t ted  f r o n  t h e  v o l a t i l e  

which r e q u i r e  major purge streams. These types of  process  

techniques , f o r  s t a t i o n a r y  sources  and r ep resen t  the g r e a t e s t  
p o t e n t i a l s  f o r  r educ t ion  w i t h i n  t h e  i n d u s t r y .  

o rgan ic s  end t t ed  from t h e  i n d u s t r y ,  a r e  l a r g e  volume processes  I . .  

emissions a r e  amenable t o  convent iona l  hydrocarbon control .  
\ ; 

. .  

3 . 6 . 1 . 1  Ammonia Prod!- 

Process 3esc; : ipt ion 

Ammonia i s  manufactured by t h e  c a t a l y t i c  r e a c t i o n  of  
hydrogen and n i t r o g e n  a t  h igh  temperatures  and p r e s s u r e s .  
t y p i c a l  p l a n t  a hydrocarbon feed  s t ream i s  d e s u l f u r i z e d ,  mixed 
wi th  steam, and c a t a l y t i c a l l y  reformed t o  carbon monoxide and 
hydrogen. A i r  i s  supp l i ed  t o  t h e  secondary reformer to provide  
oxygen and a n i t r o g e n  t o  hydrogen r a t i o  of 1 t o  3 .  The gases  
e n t e r  a two-stage s h a f t  conve r t e r  where che carbon monoxide 
reacts wi th  steam t o  form carbon d ioxide  and hydrogen. The gas 
s t ream i s  scrubbed t o  y i e l d  a gas con ta in ing  less than 1 percent  
CO2. A meth:. . . l a tor  may be used co convert  unreac ted  CO t o  i r e r t  
CHu befo re  t h e  gases  a r e  ccmpressed and f e d  t o  t h e  conve r t e r .  

I n  a 
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A l t e r n a t i v e l y ,  t h e  pases  l e a v i n g  t k e  C o r  sc rubber  may pass  through 
a CO scrubber  and tnen  t o  t h e  c o n v e r t e r .  The s y n t h e s i s  gases  a r e  
conver ted  t o  a m o n i a  i n  t h e  c o n v e r t e r .  

Atmospheric Emissions and Cont ro ls  

The conver ted  ammonia gases  a r e  p a r t i a l l y  r ecyc led ,  and 
t h e  ba lance  i s  cooled and compressed t o  l i q u e f y  t h e  ammonia. The 
noncoDlensable p o r t i o n  of  t h e  gas s t ream,  c o n s i s t i n g  of  anreac ted  
n i t r o g e n ,  hydrogen. and t r a c e s  of  i n e r t  gases  such a s  methane, 
carbon moncxide. and argon,  i s  l a r g e l y  recyc led  t o  the  c o n v e r t e r .  
To prevent  t h e  a c c u i u l a t i o n  of t hese  i n e r t  gases  some of t h e  
poncondensable gases  must be purged from t h e  s y s t e n .  Atmospheric 
emissions of purge 53s produce 45 kg o rgan ic=  p:z >lT of ammonia 
(EN-071). The purge gas i s  sometimes scrubbed with water  t o  
reduce atmospheric emissions of  a m o n i a ,  b u t  o t h e r  o rgan ic s  a r e  
n o t  reduced by t h i s  c o n t r o l  method. F u g i t i v e  o rgan ic  emissions 
from zmmonia processes  have n o t  been e s t ima ted ,  bu t  they a r e  
probably n e g l i g i b l e  when compared t o  purge gas emiss ions .  

The o rgan ic  compounds I n  t h e  purge gas s t ream can be 
almost completely e l imina red  (approximately 99 percent  rermval) 
by convent iona l  methods of  c o n t r o l l i n g  organic  emissions from 
s t a t i o n a r y  sources .  This  r educ t ion  p o t e n t i a l  app l i ed  t o  the  t o t a l  
o r s a n i c  emissions from the  ammonia p r o c e s s ,  3 2 2 , 7 0 0  Y I  per  year  
(HO-201), would r e s u l t  ir. a r educ t ion  of 319.500 1.n organics  
pe r  y e a r .  These emissions a r e  considered t o  be e s s e n t i a l l y  
methane. 

3 . 6 . 1 . 2  Carbon Black Product ion 

Process  Descr ip t ion  

Carbon black i s  produced by the  r eac t io r .  of o i l  and/or 
gas wicn  a l i n i t e d  suppl;. o f  a i r  a t  temperature. o i  1 , 3 7 0  t o  
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1,650'C. Three b a s i c  processes  f o r  producing carbon b lack  
c u r r e n t l y  e x i s t  i n  t h e  United S t a t e s .  They a r e  t h e  furnace  
p r o c e s s ,  account ing  f o r  about  89 percenc of  p roduc t ion ;  t he  o l d e r  
channel  p rocess ,  which accouLits f o r  l e s s  than 2 percent  of pro-  
d u c t i o n ;  and the  thermal p rocess  (SC-312). 

The channel p rocess  has  t h e  g r e a t e s t  p o t e n t i a l  fo r  

i atmospheric  p o l l u t i o n ;  however, t h i s  process  i s  u n l i k e l y  t o  be 
inco rpora t ed  i n t o  any f u t x e  p l a i t  designs and the  s: @e r e -  
maining p l a n t  i n  t h e  Uai ted S t a t e s  may soon be Thased ou t  (PA- 
222) .  
l i m i t e d  growth. E f f l u e n t  gases  a r e  r ecyc led  i n  t h i s  p rocess ;  

Usage of t h e  thermal  ~ r o c e s s  !.s ex?ect-x! t o  achieve  only 

t h e r e f o r e ,  t h e r e  a r e  e s s e n t i a l l y  no' atmospheric emissions (SC- 1 

312).  For t h e s e  r easons ,  t h e  channel  and t h e r m 1  processes  do I 
n o t  war ran t  f u r t h e r  c o n s i d e r a t i o n  i n  t h i s  r e p o r t .  I 

The furnace p rocess  errploys e i t h e r  gas  o r  o i l  a s  t he  \ 

primary source of t h e  carbon b l ack .  I n  e i t h e r  p ' -ocess ,  t he  f u e i  
i s  i n j e c t e d  i n t o  a r e a c t o r  w i t h  2 l i m i t e d  su?ply of combustion 
a i r .  The processes  art! s i m i l a r ,  bu t  t he  furnace  des igns  a r e  
d i f f e r e n t .  

', 

The f l u e  g a s e s ,  l a r g e l y  carbon monoxide. hydrogen, 
n i t r o g e n ,  and water  vapor ,  c a r r y  t h e  carbon from the  furnace  t o  
a coo l ing  tower where water  sp rays  reduce the  temperature  t o  
about  260°C. Agglomeration of  t h e  f i n e  b lack  ? a r t i c l e s  occurs  
i n  e i t h e r  an e l e c t r o s t a t i c  p r e c i p i t a t o r  o r  cyclcne  c o l l e c t o r .  
The e 1 e ; r o s t a t i c  p r e c i p i t a t o r ,  when used ,  i s  g e n e r a l l y  followed 
by cyclone c o l l z c t o r s  and bag f i l t e r s .  The gases  a r e  disctiar;ed 
through t h e  s t a c k  o f  t h e  f i n a l  c o l l e c t o r  d i r e c t l y  t o  the  atmos- 
phe re .  

The recovered carbon b lack  i s  t r a n s p o r t e d  to  the  f i n i s h -  
i n g  a r e a  by screw o r  pneumatic crnveyors  where i t  i s  passed through 
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a pulve i z e r  t o  break up lumps. The carbon black i s  then  con- 
v e r t e d  t o . p e l l e t s  o r  beads by a wet procedure .  
is then s e n t  t o  d r i e r s ,  s c reened ,  bagged, and s e n t  t o  s t o r a g e .  

The wet product 

Atmospheric Emissions and Cont ro ls  

An ex tens ive  eng inee r ing  and c o s t  s tudy  of  a i r  p o l l u t i o n  
c m t r o l  f o r  carbon black manufacture by t h e  furnace  process  nas 
'been publ ished (SC-312) and was t h e  b a s i s  f o r  c h i s  d i s c u s s i o n .  

The main process  vent  gas  c o n s i s t s  of  t he  gross r e a c t o r  
e f f l u e n t  p lus  quench water  a f t e r  recovery of carbon b l a c k .  
gas r e p r e s e n t s  the  main source  of emissions from the  carbon b lack  
p l a n t .  For a " typ ica l "  40.800 ?lT/yr (90 m i l l i o n  1 5 / y r )  furnace  
o i l  carbon b lack  p rocess ,  t he  ven t  s t ream emi ts  about 318 kg of  
hydrocarbons (methane and a c e t y l e n e )  and 11 kg of p a r t i c u l a t e  
carbon black per  hour (13C-312). 

This  

I n  carbon b lack  p l a n t s  where pneumatic conveyors a r e  
used f o r  moving prodiicts t o  the  f i n i s h i n g  a r e a ,  t he  c a r r i e r  gas 
may be vented a f t e r  recovery of  en t r a ined  carbon b l ack .  Cata 
i n d i c a t e s  t h a t  t h i s  s t r e m  can e n i t  from 0 .06  t o  0 . 3  kg of  carbon 
black p a r t i c u l a t e s  per  HT of  product ion  (SC-312). Some p l a n t s  
use: a c losed  loop system and e l i n i n a t e  t h i s  ven t ing .  

I n  most p l a n t s  much of  the  ho t  gas used i n  t h e  dry ing  
ope ra t ion  does no t  come i n  d i r e c t  con tac t  w i th  the carbon black 
bu t  i s  used a s  an i n d i r e c t  h e a t  source  and ,  t h z r e f o r e .  con ta ins  
no e n t r a i n e d  carbon b l ack .  The remainder of  che ho t  g a s ,  35 to  
70 p e r c e n t ,  i s  charged d i r e c t l y  to '  t he  d r i e r  i n t e r i o r  f o r  r e -  
aova l  of water  vapor .  Th i s  purge gas e n t r a i n s  carbon p a r t i c l e s  
and i s  u sua l ly  vented a f r e r  pas s ing  through a f i l t e r  o r  water  
sc rubber  fo r  p a r t i c u l a t e  r e m w a l .  This venc s t ream t y p i c a l l y  
concains  about 2 kg of  caybur. b lack  p a r t i c l e s  pe r  !tT of product 
( S C - 3 1 2 ) .  
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Car5on b lack  con ten t  o f  t h i s  baggage and ' s torage a rda  

The s r o r a g e  and bagging a r e a s  z r e  u s u a l l y  
ven t  s t ream v a r i e s  depending upon the  o p e r a t i o n s  being performed 
i n  the  s t o r a g e  a r e a .  
x i t h i n  a b u i l d i n g  and a v a c u m  c lean-up  system which e j e c t s  
f i l t e r e d  a i r  i s  t y p i c a l l y  inc luded .  
of carbon black emi t ted  from t h i s  vent  were a v a i l a b l e .  

No e s t i m a t e s  of  t he  q u a n t i t y  

Some p l a n t s  vent  t h e  fu rnace  keac to r s  d i r e c t l y  t o  t h e  
! 
i 

a t ncsphe re  du r ing  r e a c t o r  warm-up. 
a new r e a c t o r  i s  put  i n t o  s e r v i c e  t o  m s 5 t  i nc reased  product ion  
requi rements .  
gas be fo re  the  r e a c t o r  i s  p u t  oil l i n e  feeding  only  o i l .  
e s s e n t i a l l y  no carbon b lack  or hydrocarbons a r e  emi t t ed  dur ing  

This  ven t ing  occurs  only  when 

Reactor warm-up i s  accomplished by b u r n h g  n a t u r a l  
' I  Therefore ,  

I 
! 

. '  ,i : t h i s  ven t ing  operatio.7.  
), ,. . I 

P a r t i c u l a t e  emissions can occur  from a number.of m i . - -  
c e l l aneous  sources  i n c l u d i n g :  

1. 

2 .  

3 .  

4 .  

5 .  

6. 

1, 
i -  

i n a d v e r t e n t  . s p i l l a g e s  wh<??n dra?ing samples 
from produc t ion  l i n e ,  

unplugging producr ion  l i n e  s toppages ,  

c l ean ing  of process  equipment and ho?per 
c a r s ,  

l eaks  i n  p rocess  equipment, 

bagging o p e r a t i o n  of hopper c a r s ,  and 

bags t o m  d a r i n g  s t a c k i n g  i n  warzhouses or 
loading  and unloading  of box c a r s  or t r u c k s .  
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Miscel laneous carbon hl.ack losse:; equal  about 0 . 1  k g / W  of product 

port-d i n  t h e  l i t e r a t u r e .  

1 ;  

L.1 
i-1 

/ I! 

(SC-312). Nc f u g i t i v e  emissions of  v o l a t i l e  orgar::.cs were r e -  -I 

Based upon obse1:Tations and econor.t,',cs, t h e  b e s t  f e a s i b l e  
a i r  p o l l u t i m  c o n t r o l  sys t em f o r  e x i s t i n g  carbon black p l a a t s  
would incli lde bag f i l t e r s  f o r  recovery of product from conbus- 

product f i n i s h i n g  ven t  gas  s t reams.  I n  a < d i t i o n ,  a plume burner  

t i o n  process  ven t  g a s ,  e n t r a i n e d  carbon b lack  from d r i e r s ,  and . I  

o r  f l a r e  system, depending upon the  o f f - g a s  h e a t i n g  v a l u e ,  should 
i 'j 

b e  used t o  combust burnable  m a t e r i a l  i n  t he  e f f l u e n t  of  the  pro- i . 1 ,  

: j  
i t  con ta ins  combust ible  m a t e r i a l .  The b e s t  c o n t r o l  systems f o r  , ... 

b o i l e r  and steam dr iven  . x e s s  rquiprnent. The implementatior. I 

' I  

1 ,  

c e s s  ven t  gas  f i l t e r .  The d r i e r  vent  should a l s o  be burned i f  

new p l a n t s  would i i iclude " e above equipment p h s  a waste hea t  

o f  t hese  c m t r o l s  would e s s e n t i a l l y  e l i a i n a t e  the  emissions of 
v o l a t i l e  o rgan ic s  from t h e  fu rnace  carbon b lack  process  and 
r e s u l t  i n  a reduct ion  of  approxinPcely 96 ,700  YZ hydrocarbons 
p e r ' y e a r .  Bag f i l t e r s  a r e  commonly used f o r  p r a d x t  recovery 
i n  furnace carbon black p l a n t s  (SC-132); s i n c e  t h i s  r e p r e s e n t s  
t he  b e s t  c o n t r o l  mechod. t he  reduc.tion p0 ten t i a . l  f o r  ?&r tLcu la t e s  
i s  considered ne&!iqible.  

/ I  

. .  

3.6.1.3 A c r y l o n i t r i l e  Product ion -.- 

Process  Desc r ip t ion  

A c r y l o n i t r i l e  i s  produced . n  the U.S. by tb.e Sohio 
v e r s i o n  of t h e  a m o x i d a t i o n  o f  prcpylene .  In t h i s  vapor-phase . .  

a i r ,  ammonia, and propylene a r e  fed to  a f l u i d  bed r e a c t o r  a t  . .  
400-510°C. P r i o r  co 1 9 7 2 ,  an antimony-uranium oxide system . .  
(Caca lys t  21.) was used a s  a r e a c t i o n  c a t a l y s t .  Since t h a t  t i n e ,  

c a t a l y t i c  p r o c e s s ,  2 .p~-ox ima te ly  s t o i c h i o m e t r i c  o ropor t ions  of  

. .  
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a new c a t a l y s t  ( C a t a l y s t  41) has  been in t rodured  which i n c r e a s e s  
t h e  y i e l d  of a c r y l o n i t r i l e  and hydrogen cyanide and produces 35 
percenc less hydrocarbon emiss ions .  Cata:.yst 4 1  i s  g radua l ly  
r e p l a c i n g  the  o l d e r  c a t a l y s t .  

The r e a c t i o n  i s  exothermic and hea t  removal i s  r equ i r ed .  
The r z a c t i o n  h e a t  i s  u s u a l l y  used t o  gene ra t e  s team, and th2 cooled 
e f f l u e n t  is t hen  s e n t  t o  a wa te r  quench tower where upconverte.d 
ammonia i s  n e u t r o l i z e d .  The stream is then fed. t o  a water  absur-  
b e r - s t r i p p e r  system i h e r e  r e a c t i o n  products  a r e  recovered ana 
i n e r r  gases  a r e  r e j e c t e d .  The r e a c t i o n  product  ~ t r e a m  con ta ins  
a c e t o n i t r i l e ,  x r y l o n i t r i l e ,  and hydrogen cyanide .  Thic s t ream 
i s  u s u a l l y  f r a c t i o n a t e d  t u .  remove .HCN. and t h e n  a c e t o n i t r i l e  i s  
s e p a r a t e d  from t h e  tower bottoms by e x t r a c t i v e  d i s t i l l a t i o n  
us ing  cJater a s  t he  e x t r a c t i o n  soi rent.  The f i n a l  two s t e p s  
invnlve  d ry ing  of  t he  acry lonicr i :  s t recm and d i s t i l l a t i u n  t o  
remove heavy ends .  

Atmospheric .- Emis.sion$ and Cent- 

1.n ex tens ive  eng.Lneering and c o s t  s tudy  nf a i r  pollution 
c o n t r o l  f o r  a c r y l o n i c r i l e  m e n u f z c t x e  has been publ i shed  and 
was the  b a s i s  f o r  thi:. d i s c u s s i o n  \SC-287). 

Tha main pyocess gas vent  from the  absorber  i s  the  
c h i e f  source of a i r  emissicns from tho  p r o c e s s .  The conipocicion 
and flow r a t e  of t h e  vent  za s  var ]  somewhat depending on the  
type  of c a t a l y s t  and r e a c t o r  c o n d i t i o n s .  In  a 90,700 HT per  
year  p lanc ,  t he  ven t  gas  flow averages  about 9,220 moles pe r  
hour  i f  C a t a l y s t  2 1  i s  used and about  7,180 moles pe r  h o u  i f  
C a t a l y s t  41 i s  u s e d .  The o rgap ic  ;ontent  of  t he  vent  i s  
normally 0 . 4 - 1 . 7  mole percent  u s ing  Ca ta lys t  2 1  and 0 . 8  nole  per -  
cen t  wizh C a t a l y s t  41. The v o l z c i l e  organics  c o n s i s t  p r imar i ly  
of propylene ,  propane,  and a c e t o n i t r i l e .  A l l  p l a n t s  use a F i s t  
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e l i m i n a t o r  on t h i s  s t ream t o  remo.ve e n t r a i n e d  water .  However, no 
a d d i t i o n a l  a i r  p o l l u t i o n  c o n t r o l  . ievices  a r e  c u r r e n t l y  used on 
t h i s  s t ream. 

The prpdcct  f r a c t i o n a t i o n  vent  i s  a smal l  vent  s t ream 
which var ies  g r e a t l y  i n  composition 8r---din;:  upcv t h e  type o f  
prodiicc reccvz.;y system used. Xormaliy r gent s t reams from the  
f r a c t i o n a t i o n  system a r e  combined and s e n t  t o  an i n c i n e r a t o r  
o r  f l a r e .  

The product ion  o f  a c e t o n i t r i l e  and hydrogen cyanide 
by-p-oducts u s u a l l y  exceeds demand and t h e  excess  prodac t ion  i s  
s e n t  t o  a n  i n c i n e r a t o r .  The composition of  t n i s  materia: would 
be expected t o  r e r u l :  i n  emissions of  v o l a t i l e  o rgan ic s  and 
o t h e r  po l lvTants .  

A pld?+ s t a r t - u p  u s u a l l y  occurs  every  one o r  two years.  
During t h i s  ope ra t ion ,  che r e a c t o r  e f f l u e n t  may be d i r e c t l y  vented 
fo t h e  a m o s p h e r e .  A s t a r t - u p  normally r e q u i r e s  l e s s  t h i n  one 
hour .  Vent sti'eams r e s u l t i n g  from p l a n t  upse t s  o r  o t h e r  ene:-  
genc ies  a r ?  d i v e r t e d  t o  the  f l a r e  s*.ack o r  5 j -product  i n c i n e r a t o r .  
TherefLre.  emissi.ons r e s u l t i n g  from these  occu;rences a r e  minimal. 

F u g i t i v e  emissions r e s u l t  from vents  or. a c r y l o n i t r i l e  
and a c e t o n i t r i l r  s t o r a g e  tanlcs .xhich a r e  d i r e c t l y  vented t o  the  
atmosphcrs.  I n  scme cases ,  conserva t ion  type ven t s  a r e  employc6 
on thesz  canks. Hydrogen cyanide i s  s t o r e d  under a F d s i t i v e  
p r e s s c r e  and 7 zpors a r e  n o r n a l i y  ccc i ed  t o  recover  hydrogen 
cyanide a2d t:.ec s c : t  t o  incinerate.;. 

o f  organi-.  emissions from t h e s e  o r  o t h e r  f u g i .  Fve P m L s s i m s  
Iio q u a n t i t a t i v e  e s t ima tzs  

sources  were made. 

Th- use of  Cat;lyst  41  instearl  o f  C a t a l y s t  2 1  
h y l r o c a r b c i  etnissions from t h e  process  1-1; approximately 

reduces 
35 percent  
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The mGst f e a s i b l e  c o n t r o l  method f @ r  f u t u r e  r educ t ions  of o r s a n i c  
a i r  erniss-ons would be t o  provide  a thermal i n c i n e r a t o r  on the  
absorber  v e n t .  P l a n t s  us ing  C a t a l y s t  2 1  and thermal i n c i n e r a t i o n  
of rhe  abso rbe r  vent  s t ream b-ould erri t  approximately 0 . 5  ;:g of  
hydrocarbons p e r  XT of p r g d u c t i m ,  ~r l e s s  than 1 pe rcen t  of r \ e  
165 kg p e r  MT of  hydrocarbons emi t t ed  b:- a typical.  p l a n t  us ing  
C a t a i y s t  21 without  an i n c i n e r a t o r .  
, on t ro l  methods t o  a c r y l o n i t r i l e  p l a n t s  would r e s u l t  i n  an e s t i -  
mated r e J u c t i o n  of @ L , O O O X T  p e r  year  of  v o l a t i l e  o rgan ic  emis- 
s i o n s  . 

The a p p l i c a t i o n  of t hese  

3.6.1.4 Ethylene Dich lo r ide  Product ion 

Ethylenc d i c h l o r i d e  (EDC) i s  p r o d c o d  from e thy lene  
by e i t h e r  a d i r e c t  J r  oxychlorina' ion p rocess .  Most EDC p l a n t s  
are base6 on a balanced combination of t hese  two p rocesses .  About 
58 percent  of t h e  EDC is produced by direc:  chlor-iriation and the  
remaining p o r t i o n  by oxych lo r ina t ion  (SC-316). Both of t hese  
processes  hhve s i g n i f i c a n t  environmental  impacts and w i l l  be 
d i scussed .  

3.6.1.4.1 process  D e s c r i . , . ! a  

D i r e c t  Ch lo r ina t ion  

S to i ch iomet r i c  q u a n t i t i e s  of  
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l o r i n  t h  1 ne 
a r e  f e z  t o  t h e  boL;om # > €  9 tower- type r e a c t o r  f i l l e d  wi th  l i q u i d  
ECC nnd d f e r r i c  c h l o r i - l e  c a t a l y s t .  The reacl 'or  o p e r a t e s  a t  
about  43°C and 2 kg  per  cm' 
'a f r a c t i o n a t o r .  Th-. vapors  e x i t i n g  the  column pass  c m d e n s e r s  
and then absorbers  t3 remove EDC, hydrcgen ch l .or ide ,  and 
c h l o r i n e .  The crude EDC i s  washed wich a d i l u c e  c a u s t i c  s o l u t i o n  
and then d r i e d .  I n  some ? l a n t s  t h e  EDC underEQes a f i n a l  d i s -  

t i l l a t i o n  t q  remove heavy ends .  

(PE-160). The top of  t he  column is 



, u I Qxychlorinat ior i  

Approximately s t o i c h i o m e t r i c  amounts of e t h y l e n e ,  
I 

anhydrous hydrogen c h l o r i d e ,  and a i r  (o r  oxygen) are f e d  t o  a 
c a t a l y t i c  r w c t o r  o p e r ? t i n g  a t  230-3OO0C (SC-316). The r e a c t o r  

i n d i r e c t  h e a t  exchange. A f t e r  f u r t h e r  coo l ing ,  rhe p a r t i a l l y  

gases .  pr ima-i ly  n i t r o g e n ,  a r e  vente*. t o  t h e  atmospbare. Usual ly  

e f f l u e n t  i s  i n i t i a l l y  coo1.ed by e i t h e r  a d i r e c t  water  quench o r  '1 1.J 
condenssd e f f l u e n t  i,? sere t o  a phase s e p a r a t o r .  Noncondensable i- i 

: (  .- 
t h e  gaseJ  a r e  contac ted  wi th  e i t h e r  water  or ?n .aromatic so lven t  y i I f o r  ranoval  of  hydregen c h l o r i d e  and EDC recovery.  The crude i. J 

i j  
as i n  t h e  d i r e c t  p rocess .  I !  

.EDC from t n e  s e p a r a t o r  undergoes t h e  Sam* f i n a l  process ing  s t e p s  

8 ,  
i. 

3 . 6 . 1 . 4 . 2  Acmospheric Ynfssions 

Engineeri;ig 9~12 c o s t  s t u d i e s  of  a i r  p o l l u t i o n  c o n t r o l  i 
. ,  f o r  EDC manufach-e  have '..den publ i shed  (PE-160, SC-316). These 

r e p o r t s  provide t h e  b a s i s  f3r t L e  d i scuss ion  o f  .missions and j 
c o n t r o l s .  . :  

Direct Process 

The scrubbing column vent  i s  t k e  major sburce of  a i r  
emissions from t h e  d i r e c t  c h l o r i n a t i o n  process .  The scream 
conr'iins smal l  amounts o f  e t h y l e n e ,  e thylene  d i c h l o r i d e ,  v iny l  
chlcr.:de, e'ihyl c h l o r i d e ,  and i n e r t  imnur i t i e s  i n  t h e  feed .  
Abo.2.t 4 .7  kg of  organic  compounds a r e  emi t ted  from t h i s  source 
p e r  I+? of  EDC -rnduced. 

Fug i t ive  emissjcns from l e a k s ,  sui! Is, and a i sce l l aneous  
causes  a r e  escimated t o  b 2  0 . i l  kg p e r  Y'F c f  EDC produced. E X  
s to rage  :anks are u s u a l '  vented direct1;- t o  che B :mosp!.ere. 
Emissions' a r e  reduced i n  s o r e  cases  by nizrogen padding. S torage  
1.osses s r e  equal  t o  Elout  0 . 6  kg y e r  :IT of E X  produced. 

-160- 



Oxychlor ina t ion  Process  

The main process  ven t  gas s t ream u s u a l l y  i s  vented 

The s t ream c o n s i s t s  o f  t h e  e r o s s  r e a c t o r  e f f l u e n t  a f t e r  i from a s c r u b b ? r  and i s  t h e  primary a i r  emissior, sou rce  i n  the  
p rocess .  
quenching and t r i m  coo l ing  t o  recover  EDC. 
averages about  36 >iT per  hour ( 2 7 4 0  moles p e r  hour' i n  a t y p i c a l  

The vent  s t ream flow i 
I 
i 
i 318,000 NT p e r  year  (700 m i l l i o n  poutids p e r  year )  CDC p l a n t .  

The o rgan ic  f r a c t i o n  of t h e  s t ream norna l ly  ranges from 9 . 2 7  CO 
11.2 ffiole pe rcen t  c o n s i s t i n g  p r i m a r i l y  oi' e t h y l e n e ,  e thane ,  EDC. 
e t h y l  c h l o r i d e ,  and methane ( i f  ? r e s e n t  i n  t h e  f e e d ) .  

f eed  p u r i r y ,  c a t a l y s t  a c t i v i t y ,  r eac t01  o p e r a t i n g  c o n d i t i o n s ,  

The q u a n t i t y  
and composition of  t h e  s t ream vary depezding on f a c t o r s  such a s  I 

and t h e  s p e c i f i c  p rocess ing  scheme employed. 
j' 

The product  f r a c t i o n a t i o n  vent i s  a small s t ream which 
va-.i:s g r e a t l y  i n  composi t ion,  depending upon t h e  type of  f r a c -  
t i o n a t i o n  sys tem used and t h e  f i n a l  product p u r i t y .  
emissions a r e  r e p o r t e d  t o  be "minor". 
vented d i r e c t l y  t o  rhe  atmosphere and l o s s e s  a r e  e s t ima ted  t o  be 
about  0 . 6  kg 2 e r  iff of E X  produced. 

F u g i t i v e  
EDC s t o r a g e  tanks -re 

3 . 6 . 1 . 4 . 3  Control  of S r n i s s a  

The o rgan ic  emi:;sions from ver.t s t reams i n  bo th  pro-  
ces ses  can be e l i n i n . l t e d  .JY thermal  i n c i n e r a t i o n  of  t h e  s t reams.  
Emissions from t h e  f r a c t i m a t i o n  a r e a  can be c o n t r o l l e d  by vent  
condensers .  An i n c i n e r a t o r  should be followed bv an absorber  
t o  remove any hydrogen c h l o r i d e  produced i n  t h e  i c c i n e r a t o r .  
F u g i t i v e  e n i s s i o n s  can be reduced by s t r i n g e n t  a p p l i c a t i o n  of 
c o n t r o l s  such a s  good housekeeping and maintenance p r a c t i c e s  and 
in s t a l l a t . : on  of  f l o a t i n g  roof t anks .  The r educ t ion  p o t e n t i a l  
vh ich  could be achieved by t h e  a p ? l i c a t i o n  of  t hese  c o n t r o l  
methods i s  estima.ted t o  be 5 5 , 4 0 0  ?lT o f  v o l a t i l e  orgardcs  pe r  
y e a r .  

-161- 
\ , .. . 
\ 



1 : ! il 

i . .  
I 

3.6.i.5 Tglcene Product ion  

P rccess  D e s c r i n t i z  

\ I  
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i i  
.\pproximdtely 85 pe rcen t  o f  t h e  recovered toluene i s  

i s o l a t e d  from petLoleum r e f i n e r y  c L t a l y t i c  re formate ,  approxi-  

product  of  o l e fLn  manufac;ure), and t h e  remaindt: comes from 

i( 
mately 1 2  percen t  i s  ob ta ined  frmn p y r o l y s i s  Easol ine  1.a by- 

coke-oven l ighr .  o i l  2nd a s  a by-product o f  s t y r e n e  aani - fac ture  .-. 
(HE-154). i 

I (  

!.. 

I ,  

i !  
S e v e r a l  methods are  used f o r  e x t r a c t i n g  aromatics' from 

reformate .  Thcse methods i n c l u d e  ex . t r ac t ive  d i s t i l l a t i o n ,  L i q u i d /  

method i s  so lvenc  e x t r a c t i o n  us ing  s d f o n a n e  ( i A - 3 3 3 )  
l i q u i d  e x t r a c t i o n ,  and adso rp t ion  on s i l i c a  g21. The fa\-ored 1 .  

I 
I n  rhe  r x t  x t i o n  ?recess, feed  i s  in t roducc?  t o  t h e  

c e n t e r  0: a contlnuol;s counter2ccrent-extractim.2 colunn.  .c? 

r i c h  s o l v e n t  Cs charged t3 a s c r i p p e r .  A f r a c t i o n  i s  r m  VCL 

overhead ar.4 t h e  j a z t i a l l y  s t r i p p e d  exc rac t  i:: fu rche r  o i s t i i i c d  
t o  recover  the  aromat.ics.  
washed t o  recover  sma'i.1 amo-J-ts o f  e n t r a i n e d  s o l v e r c s .  , ' 

TI--. r a f f i n a t e  and e x t r a c t  a r e  y a t e r  

I n  o t c a i n i n g  aromatic: from pyro1ysl.s gasol..i.n?, the  
f e e d  must f i r s t  be s t a b i l i z e d  by h y d r o t r e a t i n g  p r i o r  t o  c h  

recovery  of a romat ics  by s o l v m t  z x t r a c t i o n .  The feedsecck 2nd 
r ecyc led  hydro:en ;re preheatet i  and passed thro:!gh R s e r i e s  o f  
h y d r o t r e a t i n g  r e a c t o r s  c o n t a i n i n g  a p l  ?tinurn c2r31: rs t .  The 
r e a c t o r  e f f l u e n t  i s  cooled and dischlrger l  i n t o  r. s e p a -  i t o r .  
gas s t r eam t a k i n  overhead <s scrubbed wi th  c a u s t i c  s o l u t i o n  an;! 
r ecyc led  t o  t n e  reac:>r. The l i 3 u i d  phase f ro=  t?, separ?to.r  
5 s  passcc .  t!:rough a c o a l e s e r  where water  i s  used t o  t r a p  cc!:e 
p a r t i c l e s  mc! a s t a b i l i z e r  where l i g h t  hy<. x r b o n s  ;:re removed. 
The s t a b i l i z e d  l i q u i d  i s  t hen  5xtrac:ted w i . h  a solvent t o  re..over 

T h e  
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aromat ics  i n  a process  s i m i l a r  t o  t h a t  d i scussed  above f o r  
recover ing  a romat ics  from c a t a l y t F c  re;'ormate. . 

Atmospheric Emissions and Coti t .  .c;'.. 

:'o d a t a  is a v a i l a b l e  conc6ming acaosp*.eric emiss i sns  
from t hese  processes  f o r  producing to luene .  Tile t o t a l  emiss iors  
f r a n  t h e  processes  a r e  e s t ima ted  t o ' b e  ! . 5  ? e r c m t  c f  t he  pro-  
duct (ER-030). This  e s t i n a t e  was based on tne  n o m a 1  range o f  
emissions occur r ing  from t h e  product ion ,  c m v e r s ~ . c ~ a ,  a n t  handl ing  

of  o rgan ic  chemicals (0 .5  - 2 . 0  percen t )  and was a d j u s t e d  f o r  I 

t h e  v o l a t i l . i t y  arid s o l u b i l i t y  o f  t o luene .  I t  i s  a l s o  e s t ima ted  I 
Lhat t k e  Fugi t ive  emissions from t h e  processes  a r e  equal t o  I 

one- th i rd  G ?  ?.he t o t a l  rmis s i cns  ( 0 . 5  percent )  based on the  in -  
dus t r y  ave:ag& (PE-160, ME-136) . 

,; 
: 

Process  (vent )  emissions can be almost  completely 
e l iminased  (approxi.mately 99 pe rcen t  r educ t ion )  by convent iona l  
methods, i . e . ,  condensatio; ,  i n c i n e r a t i o n ,  adso rp t ion .  e t c .  Iha 
f u g i t i v e  e q i s s i o n s  c a r  b e  reduced t o  about 0 . 2 1  percent  (?E-136) 
o f  throughput by s t r i n g e n t  mair.tenance. 
p o t e n t i e l s  and t h e  emissions c s t h a t e s ,  t he  annual v o l a t i l e  
o rgan ic  emissi-ns  from to luene  manufacturing p rocesse i  could be 
r e d u e d  by about  43,800 ?IT p e r  y e a r .  

Based on these  r educ t ion  

3.6.1.. 6 Carbon Tetrac&orT(:& Produscion I n--. 

5.6. l.?. . i Prucess  . 3 s c r i p t i o n s  

Carbon t e t r a c h l o r i d e  is made by t h s  fGiLowing t h r e e  
i n d u s t r i a l  p rocesses  : 

(1) them.a l  c h l o r i n a t i o n  . if  m e t h a i l ,  



(?) thermal  c h l o r i n a t i o n  of propane, and 

( 3 )  c h l o r i n a t i o n  of  carbon d i s u l f i d e .  

I n  1 9 7 0 ,  approximately 40 percen t  o f  t h e  carbon t e t r a c h l o r i d e  
was  produced by t h e  f i r s t  p r o c e s s ,  about 35  percent  by the  second 
p rocess ,  and t h e  remainder by t h e  t h i r d  process  (PR-116). 

Chlo r ina t ion  of  Methane 

This  process  invol.ves f o u r  main s t e p s :  (1) r e a c t i o n ,  
(2) hydrogen c h l o r i d e  recovery ,  ( 3 )  ch lo r ides  recovery ,  and 
( 4 )  c h l o r i d e s  r e f i n i n g .  High p u r i t y  methane, r ecyc le  methane, 
and c h l o r i n e  are mixed and f e d  t o  t h e  r e a c t o r  operatin:  a t  409" 
t o  500°C. The r e a c t o r  e f f l u e n t  i s  cooled and f ed  t o  t h e  H C 1  
recovery sy4;ten. This  system c o n s i s t s  of  two columns; i n  t h e  
f i r s t ,  t h e  hydrogen c h l o r i d e  i s  absorbed i n  water  and t h e  second 
co!.umn s t r i p s  anhydrous H C I .  

The HCL-free gases  from t h e  abso rbe r  a r e  scrubbed 
with c a u s t i c  soda t o  remove f i n a l  t r a c e s  of  H C l  and a r e  f ed  t o  
ch lo r ides  recovery .  Compression, coo l ing ,  and l i s t i l 1 i : t i o n  
a r e  used t o  s e p a r a t e  t h e  carbon t e t r a c h l o r l d e  and by-p-oducts. 
Unreacred =ethane i s  s e p a r a t e d ,  dryed wi th  s u l f u r i c  a c i d  i n  the  
dehydrator  columr.. an6 r ecyc led .  

' ihernal Chl.orinatf&~ o f  Propane -- 

:hlsr ine and propane feeds' a r e  in t roduced  t o  a vapor izor  
where they a r e  nixe: w i t n  r ecyc led  c h l o r i d e s .  The gases  are f ed  
t o  an a d i a b a t i c  r e a c t o r  which ope ra t e s  a t  atmospheric p r e s s x e  
and 550" t o  700°C. The r e a c t o r  e f f l u e n t  i s  e s s e n t i a l l y  f r e e  of 
urireacted hydrocarbon and c o n s i s t s  mainly o f  carbon t e t r a c h l o r i d e .  
pe rch lo roe rh j l ene ;  H C l  and excess  c h l o r i n e .  The e f f l u e n t  i s  

. .  
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r a p i d l y  quenched by c o n t a c t  w i t h  a l i q u i d  which i s  l a r g e l y  pe r -  
ch lo roe thy lene .  The cooled e f f l u e n t  i s  f ed  t o  a column which 
s s p a r a t e s  pe rch lo roe thy lene  as a Lcttoms s t ream.  Carbon t e t r a -  
c h l o r i d e  i s  withdrawn from the  condenser a s  a l i q u i d ,  and hydro- 
gen c h l o r i d e ,  c h l o r i n e ,  and t r a c e s  of  hydrocarbon gases  and 
removed overhead.  The vapor s t r r a m  i s  scrubbed w i t h  water  t o  
remove hydrogen c h l o r i d e .  d r i e d  wi th  concen t r a t ed  s u l f u r i c  a c i d ,  
and r ecyc led  t o  f eed .  A p o r t i o n  o f  t h e  d r i e d  gas  i s  purged t o  
remove i n e r t s .  

I 

Carbon D i s u l f i d e  Ch lo r ina t ion  

Both d i r e c t  and i n d i r e c t  c h l o r i n a t i o n  of  carbon d i -  
s u l f i d a  a r e  employed i n a u s t r i a i l y .  In t h e  d i r e c t  p r o c e s s ,  a 
r ecyc led  mixture  of  carbon t e t r a c h l o r i d e ,  carbon d i s u l f i d e  and 
s u l f u r  c h l o r i d e s  i s  con tac t ed  w i t h  excess  c h l o r i n e  over  an i r o n  
c a t a l y s t  a t  approximatley :30°C. D i s t i l l a t i o n  of  t h e  r e a c t o r  
e f f l u e n t  y i e l d s  an overhead product  o f  r e l a t i v e l y  p r e  carbon 
t e t r a c h l o r i d e .  This  m a t e r i a l  may be c r e a t e d  w i t h  a b a s e ,  t o  
remove st.! f u r  c h l o r i d e s ,  and then  d r i e d .  

The i n d i r e c t  p rocess  i s  s i m i l a r .  Fresh  carbon d i s u l f i d e  
feed  i, r m c t e d  wi th  s u l f u r  monochloride.  A d i r e c t - c h l o r i n a t i o n  
p o l i s h i x g  r e a c t o r  i s  used t o  conve r t  r e s i d u a l  carbon d i s u l f i d e  
,atid t o  f a c i l i t a t e  t h e  subsequent  d i s t i l l a t i o n ,  where crude carbon 
t e t r a c h l o r i d e  i s ' removed overhead and molten s u l f u r  c o n t a i n i p s  
some s u l f u r  noaochlor ide  i s  t h e  Lottoms produc;. The crude 
'carbon t eLrach lo r ide  may be p u r i f i e d  a s  i n  t h -  direct_ c h l o r i n a -  
t i o n  p r o c e s s .  

3 . 6 . 1 . 6 . 2  AtmosDheric Emissions and C o n m  

Processes  f o r  t he  thermal  c h i o r i n a t i o n  of both methane 
and propane r e q u i r e  cont inuous purging o f  r ecyc led  vapor f o r  
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i . ne r t s  removal. The methane process  i s  vented a t  t h e  dehydra tor  
column. The streams c o n t a i n  b o t h  raw m a t e r i a l s  and c h l o r i n a t e d  
m a t e r i a l s .  
pounds emi t t ed  from t h e  methaae based process  i s  showmbelow 

One e s t i m a t e  o f  the q u a n t i t i e s  o f  t h e  o rgan ic  com- 

(PR-116). 

Quant i ty  Emit ted 
Compound & g p T  Product) 
C H i C l  13  
CH2CI.2 2 
CH Y 1 
CClV 1 
C C 1 3 H  1 

The dry  c h l o r i n e  r e c y c l e  i n  t h e  propane process  i s  purged. Chlo- 
r i ne  i s  the major p o l l u t a n t  i n  t h i s  s t ream,  b u t  t r a c e  q u a n t i t i e s  
of chlorocarbons a r e  expected t o  b-. p r e s e n t .  30 es t ima tes  of  
t h e  q u a n t i t i e s  o f  t h e s e  o rgan ic  compounds i.n t h e  purge stream 
were a v a i l a b l e .  Sepor t ed ly ,  no o rgan ic  c o n t r o l  devices  a r e  
ut:-lized on t h e s e  purge s t r eams .  

The v e r t  frum che n e u t r a l i z e r  i n  t h e  carbon d i s u l f i d e  
process  c o c t a i n s  an e s t ima ted  2 kg CS2 and 14 kg C C I b  p e r  >lT of  
product  (PR-116). 

. .. 

No e s t i m a t e s  3f f u g i r i v e  emissions from rhe carbon 
t e t r a c h l a r i d e  manufactur ing process2s  were availab1.e. However, 
unexplained ( f u g i t i v e )  iosses were inc luded  i n  t h e  t o t a l  emissions 
e s t i m a t e ,  43,398 PfT of  o rgan ic s  from thd methane and carbon d i -  
s u l f i d e  p rocesses ,  i n  1973 (XO-201)". These l o s s e s  were d e t e r -  
mined by R a t e r i a l  b&lances ,  conve r s ion ,  ar.d y i e l d  d a t a  f o r  t h e  
p r o c e s s e s .  

- 
"This e s t l m a t c  i n d i c a t e s  t h a t  t h e  t o t a l  emissions from t h e  process  

a r e  equa l  t o  approximately 9 . 4  percent  of  t h e  weight of  che t o t a l  
t e t r a c h l o r i d e  product ion .  This  base  f a c t o r  seems abnormally high 
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. I.(.-' ..,, .. Approximately 99 percent  of  t he  o rgan ic  compounds i n  
t h e  process  ven t  s t reams can be e l imina ted  by convent iona l  c o n t r o l  
methods, i . e .  condensa t ion ,  i n c i n e r a t i o n ,  adso rp t ion .  e t c .  I f  
i n c i n e r a t i o n  i s  used f o r  ven t  s t ream c o n t r o l ,  t he  i n c i n e r a t o r  
or a f t e r b u r n e r  should  b e  followed by a scrubber  t o  remove HCl 
formed by t h e  cotcbustion of t h e  ch lorocarbons .  F u g i t i v e  e n i s s i o n s  
and s t o r a g e  l o s s e s  can be reduced from the  ezLimated i n d u s t r y  
average of  about  0 .5  pe rcen t  o f  throughput t o  about  0 . 2 1  percent  
o f  throughput by s t r i n g e n t  maintenance (ME-136). 

. .  .. . . -. . 
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Appl i ca t ion  o f  t h e s e  poten t . iz1  reduct ic . ls  t o  t he  e s t i -  
mated t o t a l  emissions from carbon t e t r a c h l o r i d e  manufacture 
i n d i c a t e s  a reducLion p o t e n t i a l  o f  about  41 ,700  M / y r .  

E 
, . a 'y ' ,  : 11 

l? 

K. ', ;. . ,  

I LI . .  .. . 

i 3.6.1.: Soap and Detergent  Nanufas turs  

Process  Desc r ip t ion  

Soap i s  manufactured by t h e  c a t a l y t i c  hydro lys i s  of 

\ ,  

\. : , 

- I ;  < -  
: ,J,* 
: A /  .,.-, : 
: , .c.:  , .  I ,; 1 
. '  .: Y .I\.. : !~ , 
. . . ,  . l i z e d  o r  "saponi f ied"  wi.th sodium o r  potassium hydroxide t o  

'I : .'. i 
I 

. . . .  

var ious  f a t s  o r  oils t o  produce f a t t y  o i l s  which a r e  then  n e u t r a -  

form t h e  soap.  

of t h e  f a t t y  a c i d  i n  t h e  k e t t l e - b o i l  p rocess .  The g l y c e r i n  i s  
concen t r a t ed  t o  80 pe rcen t  and r e f i n e d  by d i s t i l l a t i o n .  

... ~ . .  

Glycer in  may be genera ted  a s  a by-product of  
. I ,  

! .  
/* 
- . ~  f a t t y  acir!  manufacture c t r  a s  a by-product from s a p o n i f i c a t i o n  

: I  
I ;.. .; '. 

? ( .  n '  , 
. .  -. 'i I .  , 

> '~ .. [-', 

. .  I. .;: 
. .  

, .. 

I .. L. .-J i ' -2 \ i !  
Decergent manufacture g e n e r a l l y  begins  w i t h  s u l f u r a t i o n  . '*\, ~ 

by s u l f u r i c  a c i d  of  a f a t t y  a l coho l  o r  l i n e a r  a l k y l a t e .  The 
s u l f u r a t e d  compound i s  n e u t r a l i z e d .  and .va r ious  dyes ,  perfumes, 

. i . .  
, ( - '  ' 

, I. 

'. I 1 
, ,  C .  

. >  and o t h e r  compounds a r e  added.  The r e s u l t i n g  p a s t e  o r  s l u r r y  i s  
I .  t h en  sprayed i n t o  a v e r t i c a l  d ry ing  tower where i t  i s  d r i e d  w i t l .  

'. ~, 
I .I . 
j :  .; . . . .  . .  

. . A , .  . . , .  .. . . .. . 
a s t ream o f  h o t  a i r .  The d r i e d  product i s  coo led ' and  packaged. ,. -7 

'a 7 .  
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- 
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AtmosDheric Emissions and Control  

The major a i r  p o l l u t a n t s  i n  t h e  manufacture of  soap and 
de te rgen t  a r e  odor and p a r t i c u l a t e s .  
scrdbbing a l l  exhaust  fume:; and ,  i f  necessa ry ,  i n c i n e r a t i n g  the  
remaining compounds. Uncontrol led p a r t i c u l a t e  emissions a r e  
about 4 5  kg p e r  NT of d r i e d  d e t e r g e n t  and 7 . 5  kg p e r  Eff of  soap 
produced (EX-071, H 0 - 2 4 4 ) .  Appl ica t ion  of  t he  b e s t  p a r t i c u l a t e  
c o n t r o l  system (combinations of cyc lones .  s c rubbe r s ,  e t c . )  can 
reduce t h e  p a r t i c u l a t e  emissions t o  approximately 0 . 2 2  kg pe r  
MT of d r i e d  de t e rgen t  and 0.013 kg p e r  ?lT of  soap produced 
( H O - 2 4 4 ) .  The reduct ion  of  p a r t i c u l a t e  emissions t o  t h e s e  i e v e l s  
would r e s d t  i n  t h e  r e d u c t i o n  of an e s t ima ted  1 7 , 9 0 0  NT p e r  yea r  

Odors may be c o n t r o l l e d  by 

o f  o rgan ic  p a r t i c u l a t e s . ,  I 

3 . 6 . 2  Water E f f l u e n t s  

Wastewater sou rces  w i t h i n  t h e  organic  chemical pro- 
ces s ing  i n d u s t r y  can be d iv ided  i n t o  the  fo l lowing  f i v e  genera l  
c a t e g o r i e s  ( J E - 0 2 7 )  : 

1. 

2 .  

3 .  

4 .  

5 .  

wastes  c o n t a i n i n g  raw m a t e r i a l  o r  product 
r e s u l t i n g  from t h e  s t r i p p i n g  of t he  producc 
from s o l u t i o n :  

by-products ;  

s p i l l s ,  s l a b  washdowns, v e s s e l  c l e a n o u t s ,  
sample over f lows ,  e t c ;  

cool ing  tower and b o i l e r  blowdoGin. steam 
condensate ,  water - t rea tment  was te s ,  and 
general  wdShing.Water; and 

scorm r u n - o f f .  
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The l a r g e  v a r i e t y  o f  compounds produced by the  o rgan ic  
chemical p rocess ing  i n d u s t r y  makes c h a r a c t e r i z a t i o n  and t r e a t -  
me1.i of wastewaters  d i f f i c u l t  and complex. Wastewaters f ro& 
p l a n t s  manufactur ing s i m i l a r  o r  w e n  t h e  same products  u s u a l l y  
have d l s s i m i l a r  c h a r a c t e r i s t i c s .  These d i f f e r e n c e s  can b s  
a s c r i b e d  t o  t h e  use of  d i f f e r e n t  nanufac tu r ing  p r o c e s s e s ,  ope ra t -  
i n g  procedares  and by-product d i s p o s a l  p r a c t i c e s .  The wast'is 
a r e ,  however, r e l a t e d  t o  t h e  method of water  usage a s s o c i a t e d  
w i t h  t h e  v a r i o u s  manufactur ing p rocesses .  The o rgan ic  chemicals 
i n d u s t r y  has  been subca tegor i zed  (EN-153) by t h e  type of process  
water  usaxe i n  t h e  p r o c e s s e s .  Process  water  i s  def ined  a s  311 
wate r  coming i n  c o n t a c t  w i t h  chemicals w i t h i n  t h e  process  and 
inc ludes  : 

1. water  r e q u i r e d  o r  produced i n  t h e  
chemical r e a c t i o n ;  

2 .  water  used a s  a s o l v e n t  o r  a s  an aqueous 
r e a c t i o n  medium; 

3 .  water  e n t t r i n g  t h e  process  wi th  a r e a c t a n t  
o r  which i s  used as a d i l u e n t ;  

4 .  water assoc ia te :  w i t h  a c a t a l y s t  system, 
e i t h e r  dur ing  t h e  r e a c t i o n  o r  dur ing  
c a t a l y s t  r e g e n e r a t i o n ;  

5 .  wa te r  used a s  an absorbent  o r  a s  a 
scrubbing medium f o r  s e p a r a t i o n  pu rposes ;  

~i 
4. i 6. steam used i n  steam s t r i p p i n g  o p e r a t i o n s ;  i~ 

7 .  w a t e r . u s e d  t o  wash, remove, o r  s e p a r a t e  
chemicals from the  r e l l c i o n  mixture ;  



'~. ... . .. 

U I  

I U l  
8 .  water  a s s o c i a t e d  wi th  mechanical devices  such 

as steam j e t  e j e c t o r s ;  

1 1  9 .  water  used a s  2 quench Qr d i r e c t  c o n t a c t  L 
c o o l a n t ;  

1 0 .  water  used t o  c l e a n  o r  purge equipment; and 
I 
! I  
L' 

I 11. runoff  o r  wash tis-er a s s o c i a t e d  w i t h  t he  
I 7 

I 
process  a r e a .  

I I Four p rocess -o r i en tcd  subca tegor i e s  d e s c r i b i n g  mode I . , - .  
of  v a t e r  usage have been e s t a b l i s h e d  f o r  che organic  chemicals 

c e s s e s ,  whi le  subcategory n r e l a t e s  t o  ba t ch  p rocesses .  These I 

. .  
i n d u s t r y .  Subca tegor ies  A ,  B, and C r e l a t e  t o  cont inuous p r o -  

> 

! i , subca tegor i e s  were f u r t h e r  desc r ibed  by waste  loads from p ro -  
ces ses  w i t h i n  t h e  s u b c a t e g o r i e s .  The scbca tegor i e s  ?.re desc r ibed  

. .  I a s  follows (EN-1.53) : I ,S> i 

I .  ! 
A .  Nonaaceotis Processes  

\. . 

H i n i n a l  con;act occurs  between water  and r e a c t a n t s  c i  
products  w i t h i n  t h e  p r o c e s s .  
o r  d i l u e n t  and  i s  no: a r e a c t i o n  p roduc t .  The only  water  usage 
stems from p e r i o d i c  washes o f  working f l u i d s  o r  c a t a l y s t  hydra- 
ti.:n. 

!$ater i s  n o t  r equ i r ed  a s  a r e a c t a n t  

B .  P rocesses  wi th  Frocess Water Contact  as Steam 
Diltient GL' Absor- 

Process  water  usage i s  i n  the form of d i l u e n t  steam, 
a d l r e c t  conv.ct  quench, o r  a s  an absorbent  f o r  r e a c t o r  e f f l u e n t  

R e a c t i o n s - a r e  a l l  vapcr phase and occur  m e r '  s o l i d  c a t a -  
Xost processes  have an abzorber  coup led -wi th  steam 

-'gases.. 
lysr  :. 
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stripping of chemicals for purification and recycle. 
also used for catalyst de-coking. 

Steam is 
. .  

, I  
'1. i . .  

;.Pi- 
I .  

i i ,. : ~, * 
-' C .  Ccntinuous Liquid-Phase Xeaction Sirstems 

Process water usage involves liquid-phase reactions 
Additional water 

, - ' where the catalyst is ip an aqueous medim. 
may be required for final purification or neutralization of 
products. 

:i 

I'; 
' LJ D. Batch and Semicontinuous Processes 

i 

Processes are carried out in reaction kettles. E4any I 
1 reactians are liquid-phase wich aqlieous catalyst systems. FiLxr 

presses and centrifages are comoniy used to separate solid pro- 

. .  

; '' 'J ducts from !iquid. 
. i  
, : 

. I  i 1  

._ .. 3f represmtctivo processes for the folir subcategories (EN-157) . ! 

(.. 

il! 
i i 
1.; only. Most continuous processes achieve segregation znd do not 

! 1  \ I  

R z + r  waste load ( R n j  data were obtained ii. field surveys 

These .tats :-e summarized ir. Table 3 . 6 - 2 .  The R l J L ' s  associated 
with the continuous processes are based on contacc proceis water 

include noncontact cooling water or steam. Subcategory D in- 
clxdes all wasteware,: zsaocia:ed witn.the. process. 

*,.. 
I .  

,-' 

' ,: . j-) The ?VL's f<,r the various processes of the OCPI were 
estimated from &:a generated in the above study and similar 
studies made for .various segments of organic. chemical industry 
(EN-385, EN-160, EN. 154, 21-162,  EN-3F.4). The R V I ' s  were derived 
from data cr. r:le speclf:.c processes whenevcr pass:, .'e. When data 
was unavaiLcb1e for a process, its R'NZ vas estimate; by ,:sing the 

i l  

-7 

,' _ . . .  I.! 
i - i  
I '  
!; 

. . .  
. .  

, 

, . .  
. /  

average RWL of the ,t4bcategory to which ;:.was assigned. 

I 
. .  

.. ? 
:*. 
. '  
. .\ I. ! ' I  

I .  . . /  
. .  

h ," 
.. j! . ~. 
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Three d i f f e r e n t  l e v e l s  of t r ea tmen t  t o  reduc: t he  d i s -  
These l e v e l s  charge of  aqueous p o l l u t a n t s  have been des igna ted .  

o f  t rea tment  a r e  l i s t e d  below; t h e  f i r s t  two a r e  a p p l i c a b l e  t o  
e x i s t i n g  p l a n t s  and t h e  t h i r d  t o  new p l a n t s .  

Best  P r a c t i c a b l e  Cont ro l  Technology Curren t ly  Ava i l ab l s  
(BPCTCA) (by 7-1-77) 

Best  Avai lab le  TechnolGgy Economically Achievable 
(BATEA) (by 7-1-83) 

Best Avai lab le  Demonstrated Control  Technology 
(BADCT) (new sources )  

E f f l u e n t  l i m i t a t i o n  g c i d e l i n e s  have been de.fined f o r  

Xany a l t e r n a t e  systems of  end-of-pipe wastewater 
the var jous  processes  i n  t h e  p rev ious ly  mentioned development 
documents. 
t rea tment  and in -p rocess  m o d i f i c a t i o n  and p o l l u t i o n  c o n t r o l  
equipment e x i s t .  
b i n a t i o n s  of p o l l u t i o n  c o n t r o l  measures b e s t  s u i t e d  f o r  complying 
wi th  the  publ i shed  l i m i t a 5 z r 1 s  and s t anda rds .  

1ndivid; la l  manufacturers  s e l e c t  s p e c l f i c  com- 

BPCTCA and ,ruAr;:nt E f f l u e n t  E s t i n a t e s  

BPCTCA f o r  t h e  o r g a n i c  chemicals i n d u s t r y  inc ludes  bo th  
in-process  c o n t r o l s  and end-of -process  t r ea tmen t  t echno log ie s .  
These r .echnologies a r e  exemplary o f  t hose  f o r  t h e  e n t i r e  OCPI :  

Waste c h a r a c t e r i z a t i o n  s t u d i e s  i n d i c a t e  which contami- 
na t ed  c o n t a c t  process  water  s t reams can be segrega ted  from non- 
contaminated streams t o  reduce the  waste volume t o  be t r e a t e d  
i n  a c e n t r a l i z e d  waste t rea tment  p l a n t .  Ln a d d i t i u n ,  p rocess  
%Ler s t reams can be c h a r a c t e r i z e d  by t h e  ehse  w i t h  which c e r t a i n  
c o n s t i t u e n t s  can be r r cove red  or d i f f i c u l t y  of u l t ima teLy . ' t r ea t ing  
t h e  wastes.. 
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BPCTCA process modifications include the substitutioi 
of nonaq'ieous media for carryi,:g out the reaction or purifying 
the products. Changes in the reactants, reacfant purity, or 
catalyst systems can sometime: zliminace aqueous waqte by-products 
Reuse of water within tt,e process also should be investigated. 
Equipment for separation of an organic phase from aqueous phase 
are prwided with backup coalescers or polishing filters for the 
aqczms phase. Direct vacuum-jet condensers replace indirect 
condensers or vacuum pumps. 

In addition to waste reductiom through the above 
practices, recovery of products and by-products can be combined 
with wastewater purification. Chemical recovery from the waste- 
waters includes physical separation of the chemicals from the 
wastewater as well as subjecting the wastewaters to additional 
chemical reactions that will render them more amenable to recovery 
and purification. 

End-of-process treatnent technologies comaensurate with 
BPCTCA are based on the utililation of biological oxidation 
systems including activated sludge, extended aeration, aerated 
lagoons, trickling filters, and anaerobic and floculative lagoons. 
These system include additional treatment operations such as 
equalization, neutralization, primary clarifications with oil 
removal, nutrient addition, and effluent polishing sceps sGch 
as coagulation, sedimentation, and fiitrati.on. Effluen: sus- 
pended solids (primarily biological solids) are expectcd to be 
maintained below 60 mg/liter for the ma:cimum 30-day average (EN- 
153). The waste reduction factors shown in Table 3.6-3 ere con- 
sistent with BPCTCA (SI-105) : 

. -174- 
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TABLE 3 . 6 - 3  
2ASTE REDUCTIO3 FACTOR3 ACH1L:ABLE 

THROJGH USE OF BPCTCA LEVEL or WATER T R E A T X N ~  
Process  Water Use E T C A  Reduction of RWL, !qedi= 
: ubcat egory  Values fl; 

BOD s .- C 3 D '  - 
A 90 75 

B - 1  90 75 
B-2 98 ?5 
c-1 95 75 

75 c-2 99 
D 95 75 

~ 

. ,  

'Cor) eff1uer.t l i r d i t a t i o n s  have n o t  been s p s c i f i e d  
f o r  BPCTCA. 

For  quan t i fy ing  em;ssions i n  t h i s  r e p o r t ,  c u r r e n t  
e f f l u e n t s  from the v2r ious  processes  a r e  assumed a t  t h e  l e v e l s  
ach ievab le  by z p p l i c a t i o n  of WCTCA r equ i r ed  i n  1977. 
qkant  ;.ty of p o l h t a n t s  wac e s t ima ted  itsing product ion  d a t a  from 
the  most r e c e n t  a v a i l a b l e  year  a long  wi th  COD, BODs, SS.  and 
TOC emissions based on B X T C A .  ?he q u a n t i t y  of  p o l l u t a n t s  
emi t ted  af t :?r  a p p l i c a t i o n  of  BPCTCA was e s t ima ted  by e i t h e r  
apply ing  .re.duction f a c t o r s  f o r  BPCTCA t o  t.he e s t i a a t e i  P.LJL'.? or 
by u t i l i z a t i o n  o f ' t h e  pub l i shed  e f f l a e a t  l i m i t a t i o n s  !naxiznurn 
average of dai:y va lues  f o r  any pe r iod  of 35 consecut ive  d a y s ) .  
The f i r s t  nethr.d w a s  normaliy aised t o  e s t ima te  e f f l u e n t  COD, 
s i n c e  FPCTCA e f f l u e q t  l i m i t a t i o n s  f o r  most segmenrs of t he  
i n d u s t r y  do n o t  i x i a d e  COD v a l u e s .  The l a t t e r  method w a s  
u s u a l l y  used t o  ssc imate  e f f l u e n t  BODS and SS. The 30-day 
m i x i m u m  average :in:itarion al lows f o r  normal v a r i a t i o n s  of 
exemplary desigi.:ed ~ i - ~ i  opera t ed  waste  t rea tment  systems;  tb,?re- 
f o r e ,  t h i s  methoti p r r b e b l y  g ives  a somewhat h igh  e s t i m a t e  of 
e f f l u e n t  concent ra - '  lior.b. 

The t o t a l  

i 

. .  

. .  , .  . .  
. . . .  . ._ .. 
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The e s t ima te6  c u r r e n t  emissions from the  proce:ses 
i /  i ' . .  J ;  

wi th in  the organic  chemical processing i n d u s t r i e s  a r e  presenred 1) 
: <+,.. / . j '  I1 i s  ques t ionab le  due to t h f  assunpt ions  involvLd i n  making the  

which produke s i m i l q r  Jr even tiic saEe products .  

<'-. ' \,,: 
j . L.?-:.>, i n  Tab1.e A - 2  i n  t he  Appe:.dix. 

e s t ima tes  and the  d l f fe rer :ces  noted previous ly  betweer! ? r cces scs  

The accuracy c f  t hese  es t imate5  

/. _: ' _ .  11 . . .  . .  
I f l 

,..',.., 
,./ *I 

BATEA and Reduction P o t e n t i a l  I i  
I L .  I -' i ' .< 

I ' -- ..., q.,:,,: 

.h9\ .,i ' l., ., 
~: .I.. .. :. 
. ' i  ' "\ I' ': 

The ?\TEA i s  Lased upon :he'most.exempl.3lry conbigat ion / . i  

i., 

4 . .  
i 1 1  

I, 

4 . .. 
of in-process  and end-of -proces: t r e a t n e n t  and c o n t r o l  tec!x%..ogies.  
The fol lowing.  in -process  c s n t i a l s  a r e  inc luded:  

1 ! . ' i / ,  
' .. 'I..;.. x .  ' . .. ... . ,.,' . 

, -  

I .  t h e  s u b s t i t u t i o n  df noncoiltact hea t  exchangors I 

I 
f o r  i i i r e c t  concact  water cool ing:  

t he  use of  nonaqueous quench Redia wheKe d i r e c t  
con tac t  quench i s  r e q u i r e d ;  

,::I 

, .' J, y 
. T '  

'? ."\, ._: . ; 
, '  ., i 

I 
I .  

- "-..< 
2. 

b ,  . ,  

-., .. -': . .  

3 t he  r ecyc le  and r euse  ( a f t e r  t reatrnmc) nF .later 

where :>nss ib le ;  

4 .  t h e  use  Df prczess  water t o  pr0Cur.e low p r e s s u r e  
steam by roncont=.ct  h e a t  exchaagers i n  r s f l u x  
condensers of d i s t i l l a t i o r  col~?: . . : ;  

: 

5. t he  recovery of spent  a c i d s  cr caus t ' c  solut ior .5  
f o r  r e u s e :  

. .  . .  
. .  . 

/ : .  , 

. .  
. .  
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The model end-of-process  t r ea tmen t  system was determined t o  be 
b i o l o g i c a l  t r ea tmen t  followed by f i l t r a t i o n  and a d d i t i o n a l  
a c t i v a t e d  carbon t r ea tmen t .  

This  model system o r  e q u i v a l e n t  combinations can pro-  
v ide  90 pe rcen t  BODs and 69  p e r c e n t  CQD r educ t ions  below BPCTCA 
effluents. The SS BATEA e f f l u e n t  l i m i t a t i o n s  average approximately 
Li5 percen t  of BPCTCA l i m i t a t i o n s .  The TOC BATEA l e v e l s  average 
about  87 pe rcen t  r educ t ion  below BPCTCA. 

The r educ t ion  p o t e n t i a l s  f o r  o rgan ic  water  p o l l u t a n t s  
i n  t h e  o rgan ic  chemical p rocess ing  i n d u s t r y  were c a l c u l a t e d  from 
che d i f f e r e n c e  between e f f l u e n t s  w i t h  BPCTCA systems and BATEA 
qystems. These d i f f e r e n c e s  were u s u a l l y  e s t ima ted  by one of 
t h r e e  methods: (1) a p p l i c a t i o n  o f  t h e  r educ t ion  f a c t o r s  f o r  
RATEA t o  t h e  e s t ima ted  e f f l u e n t s ' w i t h  BPCTCA; ( 2 )  use  of  t h e  
d i f f e r e n c e  between t h e  publ i shed  e f f l u e n t  l i m i t a t i o n s  (maximum 
30-day averages)  f o r  BPCTCA and BATEA; o r  (3)  r educ t ions  below 
BPCTCA e f f l u e n t  l e v e l s  by c o n t r o l  methods a p p l i c a b l e  t o  a s p e c i f i c  
p rocess .  The s p e c i f i c  processes  f o m d  t o  be the  l a r g e s t  sources  
of  o r g a n i c  water  p o l l u t a n t s  w i t h i n  t h e  i n d u s t r y  a r e  d i scussed  
i n  d e t a i l  i n  t h e  fo l lowing  s e c t i o n .  The B O D 5 ,  COD, TOC, and 
t o t a l  o rgan ic s  i n  e f f l u e n t s  from t h e s e  processes  and t h e i r  
r educ t ion  p o t e n t i a l s  a r e  shown i n  Table  3 .6 -4 .  

The concen t r a t ion  of  t o t a l  o rgan ic s  i n  t h e  e f f l u e n t s  
was e s t ima ted  from t h e  TOC va lues  f o r  BPCTCA and BATEA. The 
TOC va lues  wsre assumed t o  r e s u l t  from t h e  major product  of  
t he  process  o r ,  f o r  processes  such a s  polymers, '  t h e  major feed-  
s tock  of t h e  p rocess .  This  assumes t h a t  t h e  by-products  a r e  
s i m i l a r  to t h e  feeds tock  o r  p roduc t .  
cons ide r  o t h e r  m a t e r i a l s  t h a t  can add t o  t h e  waste load such as 

organ ic  d i l u e n t s  , i n h i b i t e r s  , o r  1uk . r i can t s .  To c a l c u l a t e  t o t a i  . 
o r g a n i c s ,  t h e  TOC va lues  were rrult iF?.ied t y  t he  r a t i o  of molecular  

T h i s  assumption does no t  

-. . 

!, 

/ 
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1 
! weights  shown i n  equa t ion  1, where W product  i s  t h e  molecular  

weight o f  t h e  process  product  o r  f eeds tock .  

(MWproduct ) 

('mcarbon ) 
x (TOC) = T o t a l  Organics 

3 . 6 . 2 . 1  Dyes and Pigment Product ion  

Process  Desc r ip t ion  

The o rgan ic  dyes and pigments i n d u s t r y  conve r t s  i n t e r -  

: i  mediate o rgan ic  chemicals i n t o  more complex m a t e r i a l s  and 
u l t i m a t e l y  i n t o  dyes and pigments.  
complex due t o  t h e  d i v e r s i t y  of t he  p roduc t s .  The o rgan ic  dyes 
and pigments i n d u s t r y  i n  the  Linited S t a t e s  s e l l s  more than 1000 
d i f f e r e n t  products .  

The i n d u s t r y  i s  extremely 

i 

f 

ou t  i n  manufacturing dyes and pigments (MA-222;.  Deta i l ed  d i s -  i 

i 
I 
1 
i 

1 
Because of  t h e  l a r g e  number of compounds t h a t  are 

< 
produced, most dyes and pigments a r e  produced i n  smal l  ba t ches .  
A t o t a l  of f o r t y - e i g h t  processes  summarize the  o p e r a t i o n s  c a r r i e d  

cuss ions  of t h e s e  ope ra t ions  w i l l  n o t  be inc luded  i? t h i s  r e p o r t ;  
however, t he  g r e a t  ma jo r i ty  of dyes and pigments a r e  manufactured 
by processes  s i m i l a r  t o  a t y p i c a l  azo dye manufactur ing process  

! 

1 

(EN-153). 

Raw m a t e r i a l s  ( i nc lud ing  aromatic  hydrocarbons,  i n t e r -  
media tes ,  v a r i o u s  a c i d s  and a l k a l i e s ,  and solvent?) a r e  fed  i n t o  
the  r e a c t o r  which n o m a l l y  o u e r a t e s  a t  a tmospheric  p r e s s u r e .  
The r e a c t i o n s  a r e  exothermic and terrperature  c o n t r o l  i s  accom- 
p l i s h e d  p r i m a r i l y  by d i r e c t  add.irion of  i c e  t o  t h e  r e a c t o r .  J acke t  

.. . c i o l i n g  i s  a l s o  commonly.practiced. ' . . 
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The dye p a r t i c l e s  p r e c i p i t a t e  from t h e  r e a c t i o n  mix- 
The vent  gases  from t h e  r e a c t o r  are scrubbed with water  t u r e .  

be fo re  being discharged i n t o  t h e  atmosphpre. 
from che r e a c t o r  i s  t r e a t e d  i n  a plate-and-frame f i l t e r  p re s s  
where t h e  dye p a r t i c l e s  a r e  sepa ra t ed  from t h e  mother l i q u o r .  
Tke mother l i q u o r  i s  e i t h e r  d i r e c t l y  discharged i n t o  sewers o r  
r r e a t e d  t o  recover  some o f  t h e  rnetlil s a l t s .  The moist  cake is 
discharged i n t o  sha l low t r a y s  which a r e  placed it-. a c i r c u l a t i n g  
a i r  d r y e r .  
d r i e d  dye i s  ground and mixed w i t h  a d i l u e n t ,  scch a s  s a l t .  t o  
make i t  uniform i n  c o l o r  s t r e n g t h .  

The l i q u i d  e f f l u e n t  

Vacuum drye r s  and druni d rye r s  .nay a l s o  be used .  The 

Water E f f l u e n t s  and Con t ro l  

The major water  p o i l u t i o n  sources  from t h e  azo dye 
process  a r e  t h e  mother l i q u o r  f rom t h e  f i l t e r  p r e s s ,  i n t e r m i t t a n t  
r e a c t o r  clean-up w a t e r s ,  :he draw-off from the  vent  gas  sc rubbe r ,  
and genera l  c leaning  waters.  Because o f  t h e  frequenc changing o f  
f e f d  materiaLs and produccs,  l a r g e  amounts of water  and c l ean ing  
a i d s  a r e  r equ i r ed  t o  c l ean  r e a c t o r s  and f i l t e r  p r e s s e s .  

P l a n t  wastewater surveys have bren conducted a t  dye 
and pigment p l a n t s  (EN-385). ?he RLTL's were found t o  vary 
g r e a t l y ,  duc t o  t h e  b a t c h  nacure of  t he  processes .  The high 
o rgan ic  loading  i.1 t h e  xas t ewa te r  i s  due p r i n a r i l y  t o  incompl2te 
c r y s t a l l i z a t i c n  and s e p a r a t i o n  o f  t h e  produccs from the  rnother 
l i q u o r .  Organic l o s s e s  and c l ean ing  a i d s  a l s o  c o n t r i b u t e  t o  
t h e  organic  l o a i i n g .  

Noncontact cool ing  water  i s  discharged i n t o  sewers t o  
d i l u t e  t h e  wastewaier: t o  be t r e a t e d .  Reuse o r  r ecyc le  of  t h e  
wastewater f_om t h i s  type o f  process  i s  considered un feas ib l e  
because the  xastewacer  i s  contaminated with sal:s, n e t a l  i o n s ;  
and a high c o l o r  i n t e n s i t y  ( E N - 1 5 3 ) .  

I U i ;  
I 
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The a p p l i c a t i o n  of  BATEA w i l l  reduce e f f l u e n t s  of  BODS, 
COD, a.id SS by approximately 90, 6 9 ,  and 55 p e r c e n t ,  r e s p e c t i v e l y ,  
below e f f l u e n t  w i th  BPCTCA (EN-153). By u t i l i z i n g  these  r educ t ion  
f a c t o r s ,  annual  e f f l u e n t s  from dye and pigment p l a n t s  could be 
reduced by about  52,900 I IT o f  o r g a n i c / y r .  The BODS, COD,  TOC and 
o rgan ic  loads a r e  p re sen ted  i n  Table  3.6-2. 

3.6.2.2 Polyvinyl  Chlor ide  Product ion  

Process  Desc r ip t ion  

Polyvinyl  c h l o r i d e  (PVC) i s  produced by a f r e e  r a d i c a l  
po lymer iza t ion  of  v i n y l  c h l o r i d e .  All v i n y l  c h l o r i d e  polymeriza- 
t i o n s  a r e  conducted i n  b a t c h  o p e r a t i o n s  a t  low temperature  and 
p r e s s u r e .  PVC is  p r i m a r i l y  made by suspension po lymer i za t ion ,  
bu t  i t  nay a l s o  be made by bulk polymer iza t ion  o r  emulsion 
polymer iza t ion  (HE-154). 

I n  emulsion an& suspens ion  po1ymerizati .m t h e  v i n y l  
c h l o r i d e  monomer i s  d i spe r sed  i n  an aqueous phase du r ing  the  
r e a c t i o n .  Sxne t e c h n i c a l  d i f f e r e n c e s  between emulsion and sus -  
pension s y s t e m  p e r t a i n  t o  t h e  po lymer iza t ion  r e a c t i o n  i t s e l f ,  
bu t  t hese  do no t  have a b e a r i n g  on t h e  p o t e n t i a l  aqueous p o l l u -  
t i o n  problem (EN-160). There fo re ,  bo th  processes  w i l l  be d i s -  
cussed t o g e t h e r .  

Jacke ted .  s t i r red ba tch  r e a c t o r s  f o r  PVC polymer iza t ion  
vary  i n  s i z e  from 8 t o  40 m' (2000 t o  10.000 g a l l o n s ) .  The ba tch  
c y c l e  c o n s i s t s  of t h e  i n t r o d u c t i o n  of a water-monomer emulsion t o  
t h e  s t i r r e d  r e a c t o r .  The h e a t  of  r e a c t i o n  i s  removed by c i r c u l a t -  
i n g  coo l ing  water  through the  r e a c t o r  j a c k e t .  The r e a c t o r  i s  
vented  through a condenser  f o r  monomer recovery and the  conden- 
s a t e  ,. i nc lud ing  any w a t e r ,  1 s '  r e t u r n e d  d i - r ecc ly  t o  ttie ..ves's.el.' 
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On com?letion of t h e  ba tch  a shor t  "soaking" time i s  
allowed f o r  completion of t he  r e a c t i o n .  The wastewater load  
depends on the  f i n a l  p rocess ing  s t e p s  inc lud ing  coagu la t ion ,  steam 
s t r i p p i n g ,  washing, and dry ing . '  

Water E f f l u e n t s  and Control  

The major wastewater stream from PVC product ion  by 
emulsion o r  suspension polymer iza t ion  processes  i s  t he  water  
s epa ra t ed  from t h e  emulsion o r  suspension a f t e r  t h e  ba tch  r z a c t o r  
(EN-160). The major wastewater flow from the  bulk  polymer iza t ion  
process  i s  decanted condensate  from t h e  condenser a t  t h e  vacuum 
s t r i , p p e r  which removes u n t r e a t e d  monomer, contaminants and by- 
products  from t h e  r e a c t o r  (EN-160). 

! 

i The p o t e n t i a l  r educ t ion  of  organic  waste i n  e f f l u e n t s  
fromiPVC producrion r e s u l t i n g  from a p p l i c a t i o n  of 8ATEA t o  BPCTCA 
i s  28,,100 ?.IT o r g a n i c / y r .  The r educ t ion  i s  e s t ima ted  by determin- 
ing  t.he d i f f e r e n c e  i n  BPCTCA and BATEX TOC l e v e l s  (EX-160) and 
mul t ip ly ing  by t h e  r a t i o  o f  t h e  molecular weight of  v i n y l  c h l o r i d e  
t o  carbon. This  assumes t h a t  most o f  t h e  organic  load  i s  v i n y l  
c h l o r i d e  nonomer o r  2x1 organic  by-producr of  s imi la r  composition. 
The BODs, TOC, COD and organic  .loads are presented  i n  Table  3 .6-2.  

3 . 6 . 2 . 3  > K h v l  Nethacrv la te  Product ion 

Proccss  Desc r ip t ion  

Methyl mechscrylate  i s  produced commercially i n  t h e  U.S. 
by t h e  ace tone  cyanohydrin process .  F i r s t ,  ace tone  cyanohydrin 
i s  made by r e a c t i n g  hydrogen cyanide and ace tone  i n  a cooled 
r e a c t o r  v i t h  an a l k a l i n e  c a t a l y s t .  The excess c a r a l y s t  i s  neu- 
t r a l i z e d  an< crude  acetone cyanohydrin i s  s t o r e d  i n  hold ing  t anks .  
The s a l t  formed by n e u t r a l i z a t i o n  i s  f i l t e r e d  and the  crude acetone 
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cyanohydrin i s  f ed  t o  a two-stage d i s t i l l a t i o n  u n i t .  Water and 
ace tone  a r e  removed and r ecyc led  i n  t h e  f i r s t  column, and the  
remainder of t h e  water  i s  removed a t  h igh  vacuum from the  second 
column. 

Acetone cyanohydkin and concen t r a t ed  s u l f u r i c  a c i d  
r e a c t  i n  a cooled h y d r o l y s i s  k e t t l e  t o  make methacrylamide sul- 
f a t e .  Xethacrylamide s u l f a t e  r e a c t s  cont inuous ly  w i t h  methanol 
i n  an e s t e r i f i c a t i o n  k e t t l e .  I n h i b i t o r s  a r e  added a t  va r ious  
p o i n t s  t o  prevent  po lymer iza t ion .  The e s t e r i f i e d  s t ream is pumped 
t o  t h e  a c i d  s t r i p p i n g  column from which the  a c i d  r e s i d u e  (109. w t .  
o r g a n i c  subs tances)  can be s e n t  :o a s p e n t  a c i d  recovery  u n i t  
(SAR). The recovered s u l f u r i c  a c i d  i s  r ecyc led  t o  the  hydro lys i s  
r e a c t o r .  

The a c i d  s t r i p p i n g  column overhead s t raam i s  d i s t i l l e d  
t o  remove methyl methacry la te  and un reac t rd  methanol.  The methanol 
i s  r ecyc led .  The remaining t r a c e s  of methanol i n  t he  methyl 
methacry la te  a r e  removed by wa te r  e x t r a c t i o n ,  a f t e r  which the  
nonomer i s  p u r i f i e d  i n  a r e r u t  tower.  

Water E f f l u e n t s  and Cont ro l  

The a c i d  r e s i d u e  from t h e  a c i d  s t r i p p i n g  column i s  the  
major waste s t ream genera ted  i n  t h e  p rocess .  This  waste scream 
i s  s e n t  e i t h e r  t o  the  SAR u n i t  p rev ious ly  mentioned o r  i t  i s  
d i scharged  i n t o  sewers .  The was te  s t reams genera ted  a s  bottoms 
from va r ious  s t i l l s  a r e  combined w i t h  the  a c i d  r e s i d u e  f o r  spen t  
a c i d  recovery .  Water samples from s t r e a n s  encer ing  and exiLing 
rhe  SAR u n i t  ilave been analyzed (EN-153) .  and t h e  r e s u l t s  a r e  
shown i n  ? a b l e  3 . 6 - 5 .  
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TABLE 3.6-5 
- CHARACTERISTIC': - OF WATER EFFLUENT FP.OM SPENT ACID RECOVERY= 

SAR Effluent - SAR Influent 
Flow 4440 1/MT 3550 l/MT 
COD 1 7 8 , 0 0 0  mg/i 110 mg/l 
BODS 2 0 , 7 0 0  mg/l 15 mgtl 
TOC 6 9 . 9 9 8  mgll 1 8  mg/l 

The stream entering the SAXhas a high concentration 
of floating solids. The floating solids removed in the SAR may 
be incinerated. High concentrations of metal contaminants such 
as copper and iron are also indicated. 
metals is removed along with floating solids in the SAR unit; 
however. the metal concentration in the streams discharged to 
sewers is still higher than general discharge criteria for bio- 
logical processes. The sulfuric acid concentration is reduced 
from 40 percent by weight in the influent to the SAR to 1 percent 
by wei3ht in the effluent, but the sulfate concentration in the 
discharge stream is still high enough to inhibit che normal 
functioning of a biologicel treatment process. 

A large portion of the 

Because of the highly exothermic reactions involved, 
the process requires a large amount of cooling water. 
survq data (EN-163) show that gross cooling water usage amounks 
to 366 kg psi kg of methyl methacrylate. Process water, 0.56 kg 
per kg of product, is introduced into the system as direct strean 
stripping. 

The 

The BATEA for this process is a Spen: Acid Xecovery 
The economics of a 220,000 Z?T/yr spen: acid recovery plant unit. 

have been estimated (EX-153) far two different processes: spen: 
acid recovery by neutralization and by complete combustion. 
possible alternative to SAR. where geology is favorable, is deep 
well disposal. 

A 
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The use of  SAR throughout  t h e  i n d u s t r y  would reduce 
e f f l u e n t  o rgan ic  l e v e l s  by 26,900 MT o r g a n i c / y r .  The BGD5, COD. i 

I 
I 

TOC and o rgan ic  e f f l u e n t  loads  a r e  presented  i n  T3ble 3 . 6 - 2 .  
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3.7 Noncombustion Organic  Chemical U t i l i z a t i o n  

The nonsonbustion o rgan ic  chemical u t i l i z a t i o n  category 
examines organic  emissions from ope ra t ions  which u t i l i z e  indus- 
t r i a l  and commercial grade o rgan ic  chemical products .  The bu lk  
of  t he  emissions from t h i s  ca t egory  r e s u l t s  from t h e  evapora t ion  
of s o l v e n t s  used i n  va r ious  p rocess ing  and coating'  ope ra t ions .  

The category is d iv ided  i n t o  subgroups based upon the  
i n d u s t r i e s  examined as l i s t e d  i n  Table 3.7-1. The major subgroups,  
i nc lud ing  s u r f a c e  c o a t i n g ,  g raph ic  a r t s .  d ry  c l ean ing ,  rubber  and 
p l a s t i c  p rocess ing .  and f a b r i c  t r ea tmen t ,  a re  desc r ibed  i n  
Sec t ions  3.7.1 through 3.7.5. A summary of t he  a i r  e n i s s i o n s  
from the  i n d u s t r i e s  i n  t h i s  ca t egory  i s  presented  on Table 3.7-1. 

Water e f f l u e n t s  and s o l i d  wastes  were a l s o  examined 
.- f o r  t h i s  ca tegory .  The on ly . sou rce  of  water  e f f l u e n t s  f r o n  t h i s  

category w a s  th2  t i r e  and i n n e r  tube segment of t he  rubber  pro- 
ces s ing  indus t ry .  No d a t a  was found on s o l i d  wastes  f o r  any 
subgroups i n  t h i s  ca tegory .  Table  3.7-2 conta ins  a summary of  
::he o r g m i c  water  e f f l u e n t s  from t h e  t i r e  arrd inner  tube produc- 
t i o n  i n d u s t r y .  

3.7.1 Surface  Coating 

3.7.1.1 Process  Descr ip t ion  

Surface  coa t ing  oper  ion con 
fol lowing process ing  s t e p s :  degreas ing ,  

i s t  of  c n e  o r  more of the  
su r face  coa t ing  app l i ca -  

t i o n ,  and dry ing  and cu r ing .  Each of these s t e p s  w i l l  be discussed 
i n  t h e  fol lowing s c c t i o n s .  

i l  
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Degreasing 

The s u r f a c e  of meta l  p roducts  i s  l u b r i c a t e d  wi th  o i l s ,  / ' j  
g r e a s e s ,  o r  s t e a r a t e s  du r ing  the ' i r  f a b r i c a t i o n  t o  f a c i l i t a t e  the  -. 

i )  
var ious  drawing, forming,  and machining ope ra t ions .  These l u b r i -  
c a n t s ,  a s  w e l l  a s  d u s t  and d i r t ,  must be removed from t h e  me ta l  
s u r f a c e  p r i o r  t o  s u r f a c e  c o a t i n g .  This  c l ean ing  o p e r a t i o n  i? 
c a l l e d  deg reas ing ,  and i t  i s  used t o  ensl;re t h a t  t h e  s u r f a c e  
coa t ing  adheres  t o  the  meta l  s u r f a c e .  

L I 

, .., 

i I  

! I  
Three c h l o r i n a t e d  hydrocarbon compounds a r e  used  i n  u n i t s  l', . 

f o r  degreas ing .  These a r e  t r i c h l o r o e t h y l e n e ,  l , l , l - t r i c h l o r o e t h a n r ,  
and perchloroe thyle-e .  Equipment used inc ludes  vapor sp ray  de- 
g r e a s e r s ,  d i p  tank  d e g r e a s e r s .  l i q u i d  spray  d e g r e a s e r s ,  and d iphase  , 
degreass r s  employing an a q u w u s  s o i v e n t  a lone  w i t h  t h e  o r g a n i c  
s o l v e n t .  

Sur face  Coatin? AODliCatiOn 

Manufactured a r t i c l e s  o f t e n  r e c e i v e  coa t ings  f o r  s u r f a c e  
decora:ion and/or  p r o t e c t i o n  b e f o r e  be ing  marketed. A number of  
b a s i c  c o a t i n g  ope ra t ions  a r e  u t i l i z e d  f o r  t h i s  purpose.  Inc luded  
beiow is a l i s t  o f  t hese  d i f f e r e n t  ope ra t ions  and a b r i e f  
d e s c r i p t i o n .  

: 
Sprayin& - Spraying ope ra r ions  a r e  pereormed 
i n  a booth o r  enc losu re  vented by a d r a f t  
f a n .  I n  the  o p e r a t i o n ,  a coat;ng m a t e r i a l  
i s  fo rced  through a nozzle  wnich d i r e c t s  
t h e  c o a t i n g  a s  a spray  upon :he d e s i r e d  
s u r f a c e .  The o r g a w c  s o l v e n t  vapors a r e  
vented through t h e  fume hood system. 
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Dip Coating - I n  d i p  c o a t i n g  o p e r a t i o n s ,  the  
o b j e c t  t o  be coa ted  i s  i m e r s e d  i n  a tank 
con ta in ing  the  s u r f a c e . c o a t i n g  j u s t  long 
enough t o  be coa ted  completely.  
p a i n t  d r a i n s  back i n t o  the  tank.  

The excess  

Flow Coaring - This  technique i s  used on 
i tems which cannot  be dipped due t o  the  
buoyancy. The a r t i c l e  i s  coa ted  by the  
l i q u i d  r e l e a s e  from overhead nozze l s  
and f lowing i n  a s t e a d y  s t ream over  
t h e  a r t i c l e .  Excess p a i n t  d r a i n s  from 
t h e  coa ted  o b j e c t  and i s  r e c i r c u l a t e d .  

Co i l  Coacing - In t h i s  o p e r a t i o n ,  l ong ,  
f l a t  s t r i p s  o r  c o i l s  of metal  a r e  c o a t e i  
by means of r o l l e r s .  
commonly used ,  one p a r t i a l l y  immersed i n  
the  c o a t i n g  m a t e r i a l  and two o t h e r s  which 
ap?ly the  p a i n t  by t r a n s f e r  from the  f i r s t  
r o l l e r .  

Three r o l l e r s  a r e  

Dryine, and Curing 

Applied s u r f a c e  coa t ings  a r e  d r i e d  and cured by hoth  

' .\ 

n a t u r a l  evapora t ion  and by fo rced  evaporacion w i t h  h e a t i n g .  
The forced  evapora t ion  of  s o l v e n t  i s  accomplished i n  bake 
ovens.  Before e n t e r i n g  the  oven,  t h e  w e t ,  coa ted  o b j e c t  i s  
allowed t o  dry by  n a t u r a l  evapa ra t ion  t o  remove the  h igh ly  
v o l a t i l e  s o l v e n t  components. 
t i o n  of bubbles  i n  the  c o a t i n g  du r ing  oven dry ing .  

5 .. 

. -  

, .. 

. .  This  i s  done t o  prevent  the  forma- 

. .  \, 
/ .. 

.. 
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The ovens a r e  des igned  f o r  e i t h e r  ba t ch  o r  cont inuous 
ope ra t ion .  They a r e  equipped w i t h  temperature  r e g u l a t i o n ,  a i r -  
c i r c u l a t i o n ,  and exhaus t  systems.  The h e a t  r e q u i r e d  b y  a bake 
oven may b e  sup? l i ed  by g a s ,  e l e c t r i c ,  steam, o r  wasfe h e a t  from 
the  o t h e r  processes .  

The evapora ted  o r g a n i c  vapors  from d ry ing  and c u r i n g  are 
vented  through an exhaus t  system t o  prevent  ? h e i r  esccpe i n t o  the  
p l a n t .  The exhaus t  sys.tem c o l l e c t s  t h e s e  vapors and e i t h e r  vo-nts 
them t o  t h e  atmosphere o r  d i r e c t s  them zo a vapor c o n t r o l  device  
f o r  d i s p o s a l .  

3 . 7 . 1 . 2  Atmospheric Emissions and Control  

The two types of  emiss ions  from su r face  c o a t i n g  p l a n t  \ .. 
opera t ions  a r e  p o i n t  source  e n i s s i o n s  and f u g i t i v e  emiss ions .  
The p o i n t  source  emissions inc lude  the  c o n t r o l l e d  and uncon t ro l l ed  
emissions from t h e  deg reas ing ,  s u r f a c e  c o a t i n g ,  ar.d dry ing  and 

. .  
. I  1 

cu r ing  o p e r a t i o n s .  Other  ! )oint  sources  inc lude  thi? degreas ing  i 

s o l v e n t  s t o r a g e  tank  v e n t ,  s u r f a c e  c o a t i n g  so lven t  v e n t ,  and - '  1 
i 

s u r f a c e  c o a t i n g  b lending  tank v e n t  ( H U - L O O )  . 

The f u g i t i v e  emiss ion  sources  inc lude  s o l v e n t  evapora t ion  
l o s s e s  from degreassd ,  coa ted ,  and d r i e d  products .  They a l s o  , 

i nc lude  l o s s e s  from each p i ece  of process ing  equipment and from 
the  t r a n s f e r  of o rgaq ic  l i a u i d s  w i t h i n  the p l a n t .  

Table  3 . 7 - 3  p r e s e n t s  e s t i m a t e s  of t he  q u a n t i t i e s  of  
orgail ics emi t t ed  y e a r l y  t o  t h e  atmosphere from s u r f a c e  c o a t i n g  
o p e r a t i o n s .  >!onsanto Research Corporat ion e s t i m a t e s  t h e  q u a l i t y  
of t h i s  d a t a  t o  be w i t h i n  50-100 percen t  of the  t r u e  va lue  (HU-100) 

. . ,. . .. . , ,. _. , . : 
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TABLE 3 . 7 - 3  

ATMOSPHERIC ORGANIC EMISSIONS FROM 
SURFACE COATING OPERATICNS 

Source Emissions (MT/yr) 

Paper & Paperboard Coat ing 
S h e e t ,  S t r i p  6- Coi l  Coating 
Automobile & Truck Coating 
Major Appliance Coating 
Wood F u r n i t u r e  F in i sh ing  
I n d u s t r i a l  Mzchinery Coating 
Metal F u r n i t u r e  Coating 

TOTAL 

4 7 5 , 0 0 0  
469 ,  GOO 
150.000 

30 , O C O  
9 , 0 0 0  
8.000 
8,000 

1,099,000 

Source:  HU-100 

The c o n t r o l  of o r g a n i c  vapors from s u r f a c e  coa t ing  
sources  can be accomplished by t h e  a p p l i c a t i o n  of condensa t ion ,  
compression, abso rp t ion ,  a d s o r p t i o n ,  o r  i n c i n e r a t i o n  technology. 
The emissions from the  degreas ing  phase a r e  b e s t  reduced by carbon 
adso rp t ion  u n i t s .  They can p o t e n t i a l l y  r e i o v e r  n e a r l y  100 pe rcen t  
of t he  vapors i n  exhaust  gases  from a deg rease r .  For t h e  a c t u a l  
c o a t i n g  app1ica:ion phase,  the  evapora ted  so1ven:s a r e  b e s t  con- 
t r o l l e d  by adso rp t ion  (should s o l v e n t  recovery be des i r ed )  o r  
i n c i n e r a t i o n  ( i f  t he  s o l v e n t  i s  n o t  t o , b e  recovered) .  The emis- 
s i o n s  from t h e  dry in?  and c u r i n g  o p e r a t i o n  a r e  b e s t  c o n t r o l l e d  
through i n c i n c e r a t i o n  of the  s o l v e n t  vapors (DA-065). 

Based on :he r e l a t i v e l y  high reduct ion  e f f i c i e n c i e s  of 
t hese  c o n t r o l  devices  ( g r e a t e r  than 50 p e r c e n t ) ,  a high r educ t ion  
p o t e n t i a l  i s  expecced f o r  o rgan ic  emissions from s a r f a c e  coa t ing  
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opera t ions .  An assumed pe rcen t  r educ t ion  f o r  t h i s  s t a t i o n a r y  source 
i s  estimate t o  be as h igh  as 90 p e r c e n t .  This  r e s u l t s  i n  a reduc- 
t i o n  p o t e n t i a l  o f  989.000 MT/year of hydrocarbons from t h e  desc r ibed  
s u r f a c e  c o a t i n g  operat i .ons.  

3 . 7 . 2  Graphic A r t s  

This s e c t i o n  reviews the  o rgan ic  emissions from the  
var ious  p r i n t i n g  p rocesses  compris ing the  graphic  a r t s  i n d u s t r y .  
The f i v e  processes  cons idered  a r e  o f f s e t  l i t h o g r a p h y ,  l e t t e r p r e s s ,  
metal decora t ing ,  g ravure ,  and f lexography.  A b r i e f  d i s c u s s i o n  of 
each of t hese  p rocesses  i s  fol lowed by t h e  o rgan ic  emission e s t i -  
mates f o r  each segment and the c o n t r o l s  used t o  reduce these  
emiss ions .  

3 . 7 . 2 . 1  Process  Desc r ip t ion  

O f f s e t  Lithographv 

Lithography involves  t r a n s f e r r i n g ,  by d i r e c t  c o n t a c t ,  
an i m a g e  oil a p l a t e  t o  a paper  s u r f a c e  us ing  i n k  and wa te r .  
O f f s e t  l i thography u s u a l l y  invo lves  t r a a s f e r r i n g  the  image from 
:he p l a t e  to a rubber  s u r f a c e  on a c y l i n d e r  i n  c o n t a c t  w i t h  t h e  
paper .  The image i s  t h e r e f o r e  t r ans fe r7ed  f i r s t  from the  image 
p l a t e  t o  t h e  cyl i . ider  and then  t o  t h e  p.jper. The water  used ir. 
o f fse t  l i t hography  may con ta in  as math 11s 15 t o  30 pe rcen t  
isopropanol  (GA-168). 

From t he  image t r a n s f e r  operat : lon.  t h e  paper  i s  passed 
through a d r i e r ,  where t h e  i n k  i s  d r i e d .  
d r i e r  conra ins  o rgan ic s  evapora ted  from the  i n k .  

The exhaus t  from t h e  

\ 
/ 
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L e t t e r p r e s s  

I n  t h i s  p r o c e s s ,  t h e  ink  i s  t r a n s f e r r e d  t o  the  paper 
from che image s u r f a c ? ,  which i s  s l i g h t l y  r a i s e d  i n  r e l a t i o n  t o  
ti:e nonpr in t ing  s u r f a c e  of t he  p l a t e .  A s  w i th  the  o f f s e t  l i t h o -  
graphy o p e r a t i o n ,  when the  paper  e x i t s  from the  l e t t e r p r e s s  
p r i n t i n g  o p e r a t i s n  i t  i s  passed  through a d r i e r  where most of t he  
ink  i s  d r i e d .  Tine exhaust  from t h e  d r i e r  con ta ins  the  o rgan ic  
s o l v e n t  m a p o r a t e d  from the  i n k  (GA-168). 

Metal Decorat ing 

Shee t - fed  mecal d e c o r a t i n g  i s  done w i t h  l i t h o g r a p h i c  
i n k s  con ta in ing  mainly alkyd res ins  and a smal l  amount of s o l v e n t .  
The imase i s  t r a L . s f e r r e d  by l i t h o g r a p h y  t o  a d r i e d  lacquer  under- 
c o a t  r a t h e r  than co t he  base  me ta l .  Af t e r  p r i n t i n g ,  t h e  s h e e t  of 
n e t a l  may or n o t  b e  coa ted  and then i t  i s  s e n t  t o  dry ing .  I n  
the  case  OL’ me:al can d e c o r a t i n g ,  t he  can receive:.: a c o a t i n g  o f  
v a r n i s h  fo l lowing  p r i n t i n g .  

S ince  the  ink  ccintains l i t t l e  or no s o l v e n t ,  t he  o rgan ic  
emissions from the  l i t h o g r a p h i n g  process  a r e  i n s i g n i f i c a n c .  The 
p o i n t s  of organLc emisslons i n  metal d e c o r a t i n g  a r e  t h e  r o l l e r  
c o a t i n g  a r e a  and t h e  d r i e r  .:xhaust. 

Gravure 

I n  t h i s  type of p r i n t i n g ,  i nk  is t r a n s f e r r e d  d i r e c t l y  
from the  image c a r r i e r  t o  the  paper  o r  f i l m .  The ink  used i n  h igh  
s?eed gravure p r i n t i n g  c o n t a i n s  a r e l a t i v e l y  l a r g e  amount of 
v o l a t i l e  so lvenr .  

follow in^ p r i n t i n s ,  ihe  product  i s  d r i e d  by a steam 
drum o r  hot  a i r  d r i e r .  The major i ty  of t he  s o l v e n t  emissions 
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from t h i s  process  a r e  p r e s e n t  i n  t h e  d r i e r  exhaus t  w i t h  most of  
the  remainder coming from the  p r e s s  u n i t .  

- Flexoxraphy 
I. 

* - 

I 

The f i exograph ic  process  i s  s i m i l a r  t o  l e t t e r p r e s s  i n  
t h a t  t he  image a r e a  i s  r a i s e d  above t h e  s u r f a c e  of t he  p l a t e .  Ink  
i s  t r a n s f e r r e d  d i r e c t l y  t o  t h e  image a r e a  of t he  p l a t e  and d i r e c t l y  
from t h e  p l a t e  t o  the  paper o r  s u b s t r a t e .  Flexography inc ludes  
processes  i n  which t h e  p l a t e  i s  made o f  rubber  and the  inks  a r e  
a l coho l  based. Flexographic  p rocesses  d i f f e r  p r i m a r i l y  i n  the  
type of i nk  and s o l v e n t  used. Following p r i n t i n g ,  t he  product  
i s  d r i e d  by forced  evapora t ion  ir. a h o t  a i r  d r i e r  o r  steam drum. 

! ., 
As w i t h  t h e  o t h e r  p r i n t i n g  p rocesses ,  t h e  primary 

sources  of  s o l v e n t  vapors a r e  the ink ing  a r e a  and t h e  d r i e r  exhaus t .  

3 .  7 . 2 . 2  Atmospheric Eniss ions  and Control  

. .  ! 

The types ar.d amounts of  SOlVentS emi t t ed  from p r i n t i n g  
processes  va ry  widely dependins  on t h e  p r i n t i n g  process  be ing  
used. The gravure  and f l exograph ic  processes  account f o r  t h e  
ma jo r i ty  of  t he  o rgan ic  emiss ions  from graphic  a r t s .  There a r e  
e i g h t  groups making up t h e  s o l v e n t s  commonly used f o r  f l exogra -  
ph ic  and gravure i n k s :  a romat ic  hydrocarbons.  a l i p h a t i c  hydro- 
carbons ,  mixed aromat ic  and a l - ipha t i c  hydrocarbons.  a l c o h o l s ,  
g l y c o l  e t h e r s ,  e s t e r s .  ke tones ,  and miscel laneous s o l v e n t s .  The 
s o l v e n t s  used i n  t h e  l e t t e r p r e s s  and l i t h o g r a p h i c  inks  a r e  e i t h e r  
a l i p h a r i c  hydrocarbons o r  g l y c o l s  (MC-301). 

1 
: !  

i 
'< ! 

! 

Table 3 . 7 - 4  p r e s e n t s  e s t i m a t e s  of t he  q u a n t i t i t e s  of 
o rgan ic s  emi t red  yea r ly  t o  t h e  a tnosphere  from graphic  a r t s  
? r accs ses  ( 3 0 - 2 4 4 ) .  T X  of N e w  England d id  no t  e s t i n a t e  the  
qua l i cy  c f  t hese  emiss ions .  
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T U L E  3.7-4 
ATXOSPHERIC ORGANIC EMISSIONS FROE! 

GRAPHIC ARTS PXOCESSES 

Source 

Gravure 
Flexography 
L e t t e r p r e s s  
Lithography 
Metal Decorating 

TOTAL 

Emissions (MT/yr) 

107,000 
98,000 
66,000 
62,000 
59,000 

392,000 

Source : H0-244 

The c o q t r o l  of t hese  emissions may b e  accomplished by 
s e v e r a l  t echniques :  mod i f i ca t ion  of  p rocess ,  change of process  
m a t e r i a l .  i n c i n e r a t i o n ,  and a d s o r p t i o n .  The a p p l i c a t i o n  of  
s o l v e n t l e s s  i n k s ,  i n c i n e r a t i o n ,  o r  adso rp t ion  can reduce the  organic  
emissions from 90 t o  100 pe rcen t  (GA-168). Based on t h i s  informa- 
t i o n ,  t h e  r educ t ion  p o t e n t i a l  f o r  hydrocarbon emissions from graphic  
a r t s  is assumed h igh .  The p e r c e n t  reduct ion  ach ievab le  i s  es t imateu  
t o  be 90 pe rcen t .  This  r e s u l t s  i n  a redu- t ion  p o t e n t i a l  of 353,000 
MT of o rgan ic s  p e r  year  from g raph ic  a r t s .  

3 . 7 . 3  Dry Cleaning 

Process  Descr iv t ion  

Clo th ing  and o t h e r  t e x t i l e s  may be c leaned  by t r e a t i n g  
them wi th  o rgan ic  s o l v e n t s .  This  t r s a tmen t  process  involves  
a g i t a t i n g  the c l o t h i n g  i n  a s o l v e n t  b a t h .  r i n s i n g  wi th  c l e a n  
s o l v e n t ,  and d r y i n g  wi th  warm a i r .  

- .  . .  

__ . ... .. . 
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I There e r e  b a s i c a l l y  two types of d ry -c l ean ing  i n s t a l l a -  
t i o n s :  
s y n t h e t i c  s o l v e n t s  (pe rch lo roe thy lene ) .  The t r end  i n  dry-c leaning  

those  us ing  petroleum s o l v e n t s  and those us ing  c h l o r i n a t e d  1 
opera t ions  today i s  toward s m a l l e r  package o p e r a t i o n s .  T y p i c a l l y ,  rj 1 

i they a r e  l o c a t e d  i n  shopping c e n t e r s  and suburban bus iness  d i s t r i c t s  
' 
,- j 

and handle  approximately 675 kg (1 ,500  l b s )  of c l o t h e s  pe r  week on i s  Q 1 
t he  average.  These p l a n t s  a lmost  exc lus ive ly  use  pe rch lo roe thy lene ,  ! 

whereas t h e  o l d e r ,  l a r g e r  dry-c leaning  p l a n t s  use  petroleum s o l v e n t s .  
1 ,  1 

. : I  i 

- 1  , 

It  has  been e s t ima ted  t h a t  perchloroe thylene  i s  used on 50 pe rcen t  
by weight of c l o t h 2 s  dry-cleaned i n  . the United S t a t e s  and t h a t  7C 
percen t  of  t he  dry-c leaning  p l a n t s  use perchloroe thylene  (EN-071). 

Atmospheric Emissions and Control  

The amount of s o l v e n t  vapors emicted t o  the  a tnosphere  
from a d ry -c l ean ing  p l a n t  i s  dependent upon t h e  type of equipment 
used ,  t he  amount of c leaning  performed, and t h e  p recau t ions  prac-  
t i c e d  by the  ope ra t ing  personnel  (DA-069). 

The primary source  o f  o rgan ic  emissions from dry  c leaning  
i s  t h e  tumbler through which h o t  a i r  i s  c i r c u l a t e d  to  d r y  the  
c leaned  c l o t h e s  (EN-071). Other  sources  of o rgan ic  emissions 
inc lude  the  ven t s  f o r  t he  washing and e x t r a c t i o n  equipment f o r  
s y n t h e t i c  so lven t  p l a n t s  which combine these  ope ra t ions  and 
evaporated s o l v e n t  which is s p i l l e d  i n  t r a n s f e r r i c g  wet f a b r i c s  
from one machine t o  ano the r .  The es t imated  y e a r l y  r a t e  of atmos- 
phe r i c  organic  emissions from dry-c leaning  ope ra t ions  i s  567,600 
me t r i c  tons (F!O-201). 

Petroleum s o l v e n t  d ry -c l ean ing  ope ra t ions  do n o t  c o n t r o l  
emissions of evaporated s o l v e n t s  s i n c e  the re  i s  no economic incen-  
t i v e  f o r  recovery .  The p r i n c i p a l  c o n t r o l ,  t h e n ,  i s  t he  prevent ion  
of s o l v e n t  l o s s  and evapora t ion  by proper  main:enance and good 
ope ra t ing  T r a c t i c e s .  
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S y n t h e t i c  s o l v e n t  dry-c leaning  i n s t a l l a t i o n s  on the  
o t h e r  hand lend themselves t o  easy  i n s t a l l a c i o n  of  a i r  p o l l u t i o n  
c o n t r o l  equipment. Adsorpcion i s  t h e  most p r a c t i c a l  means of 
c o n t r o l l i n g  s y n t h e t i c  s o l v e n t  vapors  from dry-c leaning  equipment. 
Packaged adso rp t ion  u n i t s  employing a c t i v a t e d  carbon are used most 
o f t e n .  Despite the  h igh  e f f i c i e n c y  of  adso rp t ion  and the  o p e r a t i n g  
methods used t o  prevent  s o l v e n t  emis s ions ,  a r educ t ion  of more 
Than 70 pe rcen t  i s  seldom ach ieved ,  when c a l c u l a t e d  on the  b a s i s  
of  tot2.1 s o l v e n t s  purchased w i t h  and wi thou t  adso rp t ion  c o n t r o l  
(DA-069). Based on t h i s  i n f o r n a t i o n ,  t h e  r e d u c t i o n  p o t e n t i a l  f o r  
hydrocarbon emissions from d ry -c l ean ing  i s  expec ted  t o  be moderate 
t o  h igh .  Assuming adso rp t ion  c o n t r o l  of petroleum s o l v e n t  dry- 
c l ean ing  ope ra t ions  wculd reduce t h e i r  emissions 70 pe rcen t  and 
assuming 25 p e r c e n t  o f  a l l  s y n t h e t i c  s o l v e n t  i n s t a l l a t i o n s  a r e  
a l r eady  c o n t r o l l e d  by a d s o r p t i o n ,  t h e  pe rcen t  r educ t ion  of  atmos- 
p h e r i c  hydrocarbon emission:; from dry  c l ean ing  could be a s  h igh  
as 55 percen t .  This  r e s u l t s  i n  a r educ t ion  p o t e n t i a l  of 202,OCO 
:.IT of  o rgan ic s  per  yea r .  

3 . 7 . 4  Rubber and P l a s t i c  P rocess ing  

Rubber and p l a s t i c  p rocess ing  inc ludes  those i n d u s t r i e s  
producing products  from raw rubber  and p l a s t i c .  The i n d u s t r i e s  
are s imilar  i n  t h a t  many i n g r e d i e n t s  o t h e r  than  the raw base  m a t e r i a l  
are added t o  produce d e s i r e d  p r o p e r t i e s  i n  t h e  f i n i s h e d  product .  
The i n g r e d i e n t s  have s e v e r a l  f u n c t i o n s ,  and they inc lude  p l a s t i c i z e r s ,  
a n t i o x i d a n t s ,  v u l c a n i z a t i s n  a d d i t i v e s ,  and f i r e  r e t a r d a n t s .  

The fo l lowing  s e c t i o n s  b r i e f l y  i d e n t i f y  each i n d u s t r y  
aecause of  t he  s i m i l a r i t y  i n  t h e  type and n a t u r e  of  t h e  organic  
emissions from rubber  ana p l a s t i c  p rocess ing ,  t he  mass emission 
r a t e s  f o r  t he  :xi0 i n d u s t r i e s  a r e  combined. 
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3 . 7 . 4 . 1  Process Descriwtion 

c 

D 

Rubber Processing 

Rubber in its raw state is toc plastic for most comer- 
icial applications, and its use is limited to items such as rubber 
shoe soles, rubber cements, and adhesives. Vulcanization, a curing 
process, can cause the raw rubber to lose its plasticity and gain 
elasticity. The most important rubber processing operations up 
I;O and including vulcanization are: (1) physical treatment of 
raw rubber to prepare it for addition of compounding ingredients; 
(2) incorporation of various substances, especially filLers: ( 3 )  
pretreatment of mix to make it satisfactory for preparing the 
final product; ( 4 )  forming the final product; and (5)  vulcanization 
or curing the molded article. 

Tne first step in rubber processing is plasticization 
which can be done in several ways: (1) mechanical plasticization; 
( 2 )  heat plasticization; and ( 3 )  chemical plasticization. Next, 
various additives are compounded into the rubber to give its desired 
p7operties. After the rubber is compounded, it is formed into the 
desired shape and cured at the required temperature. In the forming 
steps, large amounts of organic solvents are often used in the form 
of rubber adhesives. These compounds, known as antioxidants, typi- 
cally include aromatic amines, aldehyde-amine condensation products, 
derivatives of secondary naphthylamines. aromatic diamine derivatives, 
and ketoneamine.condensation products ( N A - 0 3 2 ) .  Finally, the molded 
article is vulcanized or cured between 93 and 149'C (200 to 300°F) 
for periods from a few seconds to several hours. During this opera- . 
cion many of the plasticizers. accelerators, aEtioxidants. and other 
organics are volatilized and driven off as air emissions (NA-c'32). . .  

i 

si 
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P i a s t i c  Process ing  

There a r e  numerous p o s s i b l e  c l a s s i f i c a t i o n s  f o r  p l a s t i c s ;  
however, n e a r l y  a l l  f a l l  i n t o  one of  two major c a t e g o r i e s :  t h e r -  
mose t t ing  ( o r  thermosets)  o r  t he rmop las t i c  E a t e r i a l s .  B a s i c a l l y ,  
t he rmose t t i ng  p l a s t i c s  are n o t  r e m e l t a b l e ,  whi le  t he rmop las t i c s  
are. This d i f f e r e n c e  i n  p r o p e r t i e s  r e s u l t s  from d i f f e r e n t  p rocess ing  
techniques .  

Thermosetting p l a s t i c s  p rocess ing  s t a r t s  w i t h  a p a r t i a l l y  
polymerized m a t e r i a l  t h a t  i s  s o f t e n e d  and a c t i v a t e d  by h e a t i n g  
( e i t h e r  i n  o r  o u t  of t he  mold),  f o r c i n g  i t  i n t o  t h e  d e s i r e d  shape 
b y  p r e s s u r e .  I t  i s  h e l d  &t t h e  c u r i n g  temperacure u n t i l  poly-  
mer i za t ion  reaches  t h e  p o i n t  where the  p a r t  hardens and s t i f f e n s  
s u f f i c i e n t l y  t o  keep i t s  impressed shape. So lven t s  are n o t  used 
i n  t h i s  p rocess ing  sequence,  t hus  thermoset  p rocess ing  does n o t  
r e p r e s e n t  a s i g n i f i c a n t  sou rce  of  a tmospheric  o rgan ic  emiss ions .  

One t y p i c a l  sequence of thermoplascic  p rocess ing  i s  
t o  heac t h e  m a t e r i a l  so t h z t  i t  s o f t e n s  and f l o x s  .i.nd then t o  f o r c e  
i t  through a d i e  o r  i n t o  a no ld  t o  g ive  i t  f i n a l  sl.!ape. This  does 
n o t  r e p r e s e n t  a sou rce  o f  a tmospheric  o rgan ic  emis r ions .  However. 
t he  process ing  of  t h e  t h e m o p l a s t i c  v i n y l  c h l o r i d e  pglymers ar.d 
copolymers i n t 3  permanently p l i a b l e  m a t e r i a l s  by a d d i t i o n  of  
s u i t a b l e  p l a s t i - i z e r s  i s  a s i g n i f i c a n t  source  o f  a tmospheric  . 
o r g a n i c s .  The mosc common p l a s t i c i z e r  used f o r  t h i s  purpose 
i s  d i o c t y l  p h t h a l a t e  (DOP), and sometimes diiso0c:g.l p h r h a l a t e  
(DIOP) i s  w e d .  The products  are cured a t . h i g h  t empera tu res ,  
caus ing  v o l a t i l i z e e i . o n  of  t he  p l a s t i c i z e r s  (NA-032) .  

." 
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3 . 7 . 4 . 2  Atmospheric Emissions and Control. 

For rubber  and p l a s t i c  p rocess ing ,  t h e  primary source 
of atmospheric emissions i s  the  c u r i n g  procesc.  This  ope ra t ion  
d r i v e s  o f €  v o l a t i l e  o rgan ic s  p r e s e n t  i n  the  ruLLer o r  p l a z c i c  a t  
e l e v a t e d  temperatures .  The atrnosphcric emissions of o rgan ic  
cheinicals from t h i s  i n d u s t r y  have been r epor t ed  t o  be 1 . 2 8  x L O 6  
NT/year (1 .41  x l o 6  s h o r t  t ons  Fer  year )  ( X O - 2 0 1 ) .  

The p r i n c i p a l  techniques used t o  c o n t r o l  o rgan ic  a i r  
p o l l u t a n t s  from rubber  proce?s ing  a r e :  r e fo rmula t ion ,  condensa- 
t i o n ,  adso rp t ion .  a b s s r p t i o n ,  and i n c i n e r a t i o n  ( S A - 0 3 2 ) .  T?eie 
methods would be a p p l i c a b l e  t o  t h e  c o n t r o l  of  o rgan ic s  frolic 
p l a s t i c  p rocess ing  as w e l l .  Direct-f lame inc i r ,e ra t ion  h a s  proven 
t o  b e  very s u c c e s s f u l  i n  c o n t r o l l i n g  both o rgan ic s  and odors 
from rubber  p rocess ing .  Recovery e f f i c i e n c i e s  a s  h igh  as 9 7  per -  
c e n t  have been achieved i n  :some p l a n t s  ( X A - 0 3 2 ) .  Based on t h i s  
in format ion ,  t h e  p e r c e n t  r e d u c t i o n  f o r  rubber  and p l a s t i c  pro- 
ces s ing  i s  e s t ima ted  t o  be ,over 90 p e r c e n t ,  assuming l i m i t e d  
emission c o n t r o l  a p p l i c a t i o n  t o  d a t e .  This r e s u l t s  i n  a r edac t ion  
p o t e n t i a l  o f  1 , 1 5 0 , 0 0 0  XT of  o rgan ic s  p e r  y e a r .  

3 . 7 . 4 . 3  Water E f f l u e n t s  and Cont ro l  

The t i r e  and i n n e r  tube  segment of t h e  rubber  process ing  
indus t ry  d i scha rges  o rgan ic  w a t x  e f f l u e n t s .  A development docu- 
ment f o r  proposed e f f l u e n t  g u i d e l i n e s  and new source  performance 
seandards f o r  t i r e  and i n n e r  tube  process ing  has  been publ ished 
( E X - 1 5 4 ) .  This  p u b l i c a t i o n  provides  t h e  most recenc  and compre- 
hens ive  assessment  of t he  i n d u s t r y ' s  o rganic  e f f l u e n t s  and t h e i r  
c o n t r o l .  For t h i s  rdason ,  t h e  J u l y  1 ,  1977 e f f l u e n t  l i m i t a t i o n s  

- 2 0 2 -  
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o r  Best P r a c t i c a b l e  Control  Technology Curren t ly  Avai lab le  (BPCTCA) 
were s e l e c t e d  t o  desc r ibe  the c u r r e n t  degree of c o n t r o l  and the  
a s s o c i a t e d  o rgan ic  e f f l u e n t  ra te .  

This  document p l a c e s  l i m i t a t i o n s  on the  o i l  and g rease  
d ischarge  and t h e  suspended s o l i d s  d ischarge  from t i r e  and i n n e r  
tube product ion f a c i l i t i e s .  
i s  t h e  leak-tge o f  l u b r i c a t i n g  o i l s  from process  machinery i n t o  
wastewater s t reams.  The suspended . so l id s  from normal d a i l y  pro- 
duc t ion  o r i g i n a t e  p r i m a r i l y  from ncxprocess blowdowns and t h e  water  
treaciilent wastes. Table 3 . 7 - 2  cont  Cns e s t i m a t e s  of e f f l u e n t s  
annual ly  d ischarged  from t i r e  and i c n e r  tube product ion .  

The primary source of  o i l  and g rease  i 

I 

I 
/ 

The b e s t  c o n t r o l  and t rea tment  technologies  c u r r c n t l y  
i n  use  emphasize in-house c o n t r o l  of s o l u t i o n  was tes  x i t h  end-of- 
p ipe  t rea tment  of combined process  and non-process waste  wa te r s  
(EN-154) .  Cont ro l  and t . rea taent  of  o i l y  waste s f r e a m  invo'lves 
s e g r e g a t i o n .  c o l l e c c i o n ,  znd t r ea tmen t  o f  t h e s e  ,Jastes .  The 
was tes  t o  be segrega ted  ::ncLude runoff  from o i l  : ; torage and un- 
loading  a r e a s  and leakng;! ax.i s p i l l s  from the  m i : L l  and p r e s s  
b a s i n s .  These waste waters  are  s e n t  t o  an M I - t y p e  g r a v i t y  
s e p a r a t o r  where t h r  s epa rab le  o i l  and s o l i d s  f r a c t i o n  i s  removed 
and disposed.  

No a d d i t i o n a l  r e d u c t i o n  i s  propos*c! f o r  :h? l i rn i t a r ions  
and s t a n d i r d s  r ep resen ted  by t h e  BATEA or 'or ne..< sc-rces  corxn; 

on s t r e a n  a f t e r  e f f l u e n t  l i m i t a t i o n  gu ide l ines  are put  i n t o  e f f e c t  
( E N - 1 5 4 ) .  Ther.?fore, t he  r educ t ion  p o t e n t i a l  f o r  organic  e f f l u e n t s  
from the t i r e  a n i  i n z e r  tube i n d u s t r y  i s  zero .  
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3.7.5 Fabr i c  Treatment 

Fabr i c  t rea tment  c o n s i s t s  o f  two major p rocesses :  - 
ri  i 1  

il 

f i n i s h i n g  and coa t ing .  The f i n i s h i r g  process  i s  designed t o  change, 
improve, o r  develop t h e  appearance Qr d e s i r e d  behavior  c h a r a c t s r i s -  
t i c s  of  t h e  f a b r i c .  Flost f a b r i c s  r e c e i v e  one o r  more s p e c i a l  
f i n i s h e s .  The typcs  o f  f i n i s h e s  used inc lude  s h r i n k p r o o f i n g , .  

- 1  

-4  

! ~ 

I 
g 

Atmossheric En i s s ions  and Control  
.. 

The primary source  o f  atmospheric o rgan ic  emissions from 
f a b r i c  i r e a n e n t  i s  the  c u r i n g  o r  dry ing  o p e r a t i a n .  The e s t ima ted  
y e a r i y  quan t i zy  of o rgan ic s  e m i t t e d  from f a b r i c  t rea tment  i s  

210,000 m e t r i c  t o r s  (HU-100). . .  . 

The c m t r o l  of  t hese  emissions i s  similar t o  t h a t  
used fo- pa in t -baking  ovens.  The n o s t  s u c c e s s f u l  2nd most o f t e n  
used c o n t r o l  i s  the  a f t e r b u r n e r .  Both thermal  and c a t a l y t i c  
i n c i n e r a t o r s  nay be used.  The e f f i c i e n c y  f o r  t h i s  c o n t r o l  device 
i s  e s t i n a t e d  t o  be g r e a t e r  than  95 pe rcen t .  For t h i s  r e a s o n ,  t h e  
hydrocarbon r educ t ion  p o t e n t i a l  f o r  t h i s  i n d u s t r y  is assumed t o  be 

be 90 2e rcen t .  This  r e s u l t s  i n  a r educ t ion  p o t e n t i a l  o f  18'3,000 ?IT 
of organic  pe r  y e a r .  

h igh .  The p o t e i t i a l  pe rcen t  r e d u c t i o n  i n  emiss ions  i s  es t imated  t o  . .  

?io i n f o r x a t i o n  was found concerning o rgan ic  e f f l u e n t s  
from t h i s  i n d u s t r y .  
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3.8 A q r i c u l t u r a l  and F o r e s t  Products  

The a g r i c u l t u r a l  and f o r e s t  p roducts  i n d u s t r y  inc ludes  
a v a r i e t y  o f  p rocess ing  s t e p s  which conver t  a g r i c u l t u r a l  and 
f o r e s t  p roducts  i n t o  consumer goods.  These p rocess ing  s t e p s  
inc lude  r e f i n i n g ,  preserva:ion. product . improvement .  s t o r a g e ,  
hand l ing ,  and ?ackaging.  The p rocess ing  o p e r a t i o n s  invalve?. i n  
t h i s  i n d u s t r y  produce gaseous.  l i q u i d ,  and s o l i d  was tes .  

Atmospheric Emissions 

Es t imates  o f  v o l a t i l e  and p a r t i c u l a t e  o rgan ic  emissions 
from major sou rces  i n  t h e  a g r i c u l t u r e  and f o r e s t  products  indus-  
t r y  are preser. ted ir. Tab1.e 3.9-1. These va lues  were der ived  
from emissioa f a c t o r s  and e s t i m a t e s  found i n  t h e  va r ious  l i t e r a -  
t u r e  sources  i n d i c a t e d  i n  the  t a b l e .  The l a r g e s t  emission 
sources  inc lud ing  pulp and paper  p roduc t i an ,  wood waste combus- 
t i o n ,  b e e r  brewing. f r u i t  and v e g e t a b l e  p r o c e s s i n g ,  tobacco 
manufacture,  and g r a i n  and feed  m i l l s  a r e  d i scussed  i n  d e t a i l  
on tSe fo l lowing  pages.  The r e d u c t i o n  p o t e n t i a l s  s h o m  i n  
Table  3 . 8 - 2  were determined by e s t i m a t i n g  t h e  r educ t ions  which 
would be r e a l i z e d  by t h e  a p p l i c a t l o n  of  t h e  b e s t  a v a i l a b l e  con- 
t r o i  methods. I n  Q O S ~  c a s e s ,  a d d i t i o n a l  s tudy  o f  s p e c i f i c  
p rocesses  i s  r e q u i r e d  t o  d e t e m i n e  t h e  economic f e a s i b i l i t y  o f  
c o n t r o l s  and t h e  b e s t  a p p l i c a t i o n  o f  a v a i l a b l e  c o n t r o l  techniques .  

Water - E f f l u e n t s  

Xany ope ra t ions  involved i n  t h e  p rocess ing  of a g r i -  
c u l t u r a l  and f o r e s t  products  a r e  wa te r - in t ens ive  and r e s u l t  i n  
o rgan ic  water  ; o l l u t a n t s .  The was tes  g m e r a l l y  have high oxygen 
derands and can make v a f e r  u n s i g h t l y .  unp&la tab le  and malodorous. 
Estimated q u a n t i s i e s  of  water  e f f l u e n t s  :+om processes  i n  t h e  



TABLE 3 . 8 - 1  
ATXOSPEERIC S-lISSIONS FAOX THE AGRICULTURXL _. - 

.L?D FOREST PRODUCTS INDUSTRY w 
i 

Emissions (XT/Y r) 
Volar ile Parciculate 

Subcategory Year Organics Ref. Oreanics Xef. 

. Pulp and Paper 1974  1 4 3 , 0 0 0  1,2 

. Wood Waste Conbusrion 1968 1 3 7 , 0 0 0  1 , 2 , 6  4 7 . 4 0 0  1 . 2 , 6  

Beer 1 9 7 3  
Fruit and Vegetable 
Processing 1 9 7 3  

Tobacco 1 9 7 3  
Charcoal 1 9 7 3  
Distilled Spirits 1973  
Cotconseed Oil Villing 1973  
Plywood and Veneer 1974  
Deep Frying 1975 
Ve~etable O i l  Nilling 1975 

Leather Tanning and 
1973 rrnishing 

F i s h  and Se;*food 
Processing 1973  

Meat Smokahouses 1975 
Sami 1 Is 1 9 7 i  
Grain and Feed 
Xilling & Storage 1 9 7 1  

Grain Food Trocessing 
Sugar Processing 1975 
Wood Preservinz 1 9 7 1  

Coffee Koas ting 1974 

-. 

CATEGORY TOTAL 

6 7 , 8 0 0  4 1 0 8 , 0 0 0  

945 
7 9 4  

100,000 
1 3 , 3 0 0  

6 , 1 6 0  
1 , 2 2 0 , 0 0 0  

6 , 9 0 0  
2 3 , 4 9 6  

7 , 0 8 0  

L 

.‘ I ., . 4 7 , 7 0 0  
3 9 , 7 0 0  
2 8 , 6 9 0  
LO, 600  
1 0 , 3 0 0  

9 , 0 7 0  
6,090 
3 , 8 6 5  
1 , 4 0 0  

4 
4 
4 
4 
4 
2 
3 
4 

1 , s  

4 
4 
4 
3 
4 
2 
3 
L 

1,s 

I 

. .  

. .  

1,100 4 
. -  

7 4 5  
462  
346 

4 
3 
2 

6 4  
397 

4 1 4 ,  000  

3 
3 ’  
2 

6 1 , 3 1 1 , 0 0 0  
5 5 , 5 2 0  

8 ,  aoo 
7 8  

3 , 3 2 3 , 0 3 4  
- 

4 4 

2 
5 0 7 , 7 7 8  

Sources: 1. 2X-Cii 3. ii0-224 5 .  US-333 
2 .  EN-197  4 .  YO-201 6 .  VA-067 

. .  
1: 

t. 
,/’ .. 

~~ . ~ . . . ~  ~ ... ~ ..... ... ~ .... .. 
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1.1 1 t 
g ;  

i n d u s t r y  a r e  presented  i n  Table 3 .8 -3 .  E f f l u e n t  q u a n t i t i e s  
were e s t ima ted  from raw waste  loads  (R!L) by c a l c u l a t i o n s  based 
on an assumed l e v e l  of t rea tment  accord ing  t o  e f f l u e n t  g u i d e l i n e  
l i m i t a t i o n s .  

# i  

i :I ' 

i 

.- 
RWL d a t a  were ob ta ined  from t h e  va r ious  l i t e r a t u r e  - 

sources  i n d i c a t e d  i n  Table  3 .8-3 .  These d a t a  g e n e r a l l y  r e -  

i n d u s t r y .  E f f l u e n t  g u i d e l i n e  l i m i t a t i o n s  f o r  BODS and SS have 
been developed f o r  some segments of t he  i n d u s t r y .  The develop- ii 1 j 
ment documents f o r  t hese  g u i d e l i n e s  provided u s e f u l  d a t a  on 

s u l t e d  f r o m  sampling s t u d i e s  a t  p l a n t s  r e p r e s e n t a t i v e  of  t he  (j i 

I.! : !  

\.'. t 

j i  11 f 

t h a t  mgle BOD approximately equals  52 m g / i  TOC (SO-080). This  _ ]  i 

r educ t ion  f a c t o r s  f c r  waste  t rea tment  systems.  

I 
1 

1 T o t a l  o r z a n i c  e f f l u e n t s  were e s t ima ted  by  assuming 
. I  

c o r r e l a t i o n  was develo?ed f o r  b i o l o g i c a l l y  t r e a t e d  municipal  
t, was tes .  The wastes  t r e a t e d  a t  municipal  sewage systerns have 

processes  and G?era t ions .  i 

I .  . -. 
s i m i l a r  components t o  the  wastes  f r c n  a g r i c u l t u r a l  and f o r e s t  

_ .  j 
. l  _ .  

E f f l u e n t  l i m i t a t i o n s  t o  be achieved by J u l y  1. 1977  
(Best  P r a c t i c a b l e  Cont ro l  Technology Curren t ly  Ava i l ab le ,  
BPCTCA) a r e  g e n e r a l l y  based upon :he average of the  b e s t  e x i s t -  
i n g  performance b y  processes  w i t h i n  the  i n d u s t r y .  The averages 
a r ?  not  based upon a broad range o f  p rocesses .  b u t  a r e  based 
upon performance le.Jels achieved by exemplary cnes .  This  t ech -  
nology normally involves  in -p rocess  changes t3  reduce waste  
loads and end-of-process  t rea tment  c o n s i s t i n g  of any r equ i r ed  
primary t rea tment  followed by S i a l o g i c a l  o x i d a t i o n .  

For q u a n t i f i c a t i o n  o f  e f f l u e n t s  i n  t h i s  r e p o r t ,  p r e -  . .  

s e n t  e f f l u e n t s  were assumed to  be those  r e s u l t i n g  from the  ap- 
p l i c a t i o n  of BPCTCA o r  equ iva len t  technology t o  t he  p rocesses .  
Reduction f a c t o r s  f o r  BPCTCA .and e f f l u e n t  g u i d e l i n e  l i m i t a t i o n s  
'(BPCTCA 30-day maximum averages)  were * s e d  t o  c a l c u l a t e  e f f l u e n t s ,  

\ 
! 
I 
I 
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TABLE 3.8-3 -- 
WATER E F F L U E S T S  FRGY THE A G R I C L J T U E  

kVD FOREST PRODUCTS IYDUSTRY 

Processed i r a i c s  i. 1975 
Vegetables 

Beer Brewing 1974 
Sugar 7rocessing 1974 
Plysrood/Vlenee: 1974 
Grain ?(ills 1974 
Red Veac ?.-ocersing 1972 

Pouizzy ?recessing 1974 
Fisn & Seatoo? ' 1972 

Dairy Proiucrs . 1974 

?:ocesria< 

F i - i sb ing  
Leacler T k i z l n g  (I 197.i 

Xisc. Zood ?ratuczs 19': 
Kayan 1974 
Senderixg (InteFendenr:, ??63 
Discillad SpirFrs 1974 
Wood ?reservi?q 1971 
Harcdood 1972 

TOTAL 30D: 214.591 
TOTAL OIL.: 1L.355 
TOTAL SS: 125.869 
TOTAL ORGASIC: ~ 6 a . 0 ~ 6  

44.300 

35.500 
9.080 
8,500 
7,720 
6 , 4 5 0  
5.310 
3,760 
2 .a60 

2 , 3 3 0  

2.190 

1.380 

1.160 
i.6ao 

129 

. --"- 
W E -  SS % E  
208.000 19t . O W  1,9.21 

3 3 , 2 0 0  

71.300 
13.300 
17.900 
16.100 
13.40C 
12.100 10,200 
7,320 
5.910 

5,390 

4.510 
1.311 28 .200  
3.490 
2.410 

684 
675 

42,400 2.18 

XI  400 10.20 
7.160 ?6.17.20 
8.330 3 .?I .20 
7.560 5.11 
3,330 3.430 iS 
5 , 3 5 0  a.20 
2,290 L.19.21 
1.350 330 12 

3,550 514 6 

550 2 
3 . ' i 50  1.7 
2.380 3,310 14 

21 13 
629 11 

2.19,?3 

. .  .: 
I . ! '  . .  
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ca tegory  
employed 
l e v e l  of  
e x t e r n a l  

i n d u s t r y  

i Best Avai lab le  Technology Economically Achievable 
(BATEA) e f f l u e n t  l i m i t a t i o n s  have been e s t a b l i s h e d  f o r  some 

i d e n t i f y i n g  e i t h e r  t he  b e s t  performance wl th in  a given sub-  
segments o f  t h e  i n d u s t r y .  These g u i d e l i n e s  were developed by f 

o r  t h e  very  b e s t  c o n t r o l  and t rea tment  technology 
i 
j 
i 

by 3 s p e c i f i c  po in t  sou rce  w i t h i n  a subca tegory .  This  
technology empkrasizes bo th  in-process  improvenencs and 
t rea tment  o f  t h e  wastewaters  

1 The r educ t ion  p o t e n t i a l  f o r  v a t e r  e f f l u e n t s  from t h e  

was determined t a  be t h e  reductLon i n  e f f l u e n t s  below I 
l e v e l s  w i th  BPCTCA-type c o n t r o l s  ach ieved  by t h e  a p p l i c a t i o n  of  
BATW-type c o n t r o l s .  
u s ing  t h e  r educ t ion  f a c t o r s  f o r  BATEA o r  by t he  d i f f e r e n c e  
between BPCTCX and %TEA e f f l u e n t  g u i d e l i n e s  (majtirr.um 30-day 
ave rages ) .  E f f l u e n t s  and r educ t ion  ? o t e n t i a l s  o f  processes  f o r  
which e f f l u e n t  l i m i t a t i o n s  have n o t  been w r i t t e n  were es t ima ted  
by t h e  use of t he  development docunlents f o r  e f f l u e n t  l i m i t a t i o n s  
g u i d e l i n e s  f o r  s h i l a r  p rocesses .  

These r educ t ion  p o t e n t i a l s  were found by 

The rnajor sources  o f  o rgan ic  water  p o l l u t a n t s  w i t h i n  
t h e  a g r i c u l t u r a l  and f o r e s t  ?roducrs  i n d u s t r y  a r e  d i scussed  on 
t h e  fo l lowing  pages.  These d e s c r i p t i o n s  exemplify the  types  of  
e f f l u e n t  sources  found w i t h i n  t h i s  i n d u s t r y  and a p p l i c a t i o n  of  
c o n t r o l  technologies  t o  che s o c r c e s .  The e s t ima ted  r e d u c t i o n  
p o t e n t i a l s  f o r  water  e n i s s i o n s  from t h e s e  soc rces  a r e  p re sen ted  
i n  Table  3 . 8 - 4 .  

3 . 8 . 1  PulD and Ta92r I n d u s t r v  

3.8,.1.1 E o c e s s  9 e s c r i p t i o n  

:lost p u l p  i s  made by i n t e g r a t e d  conpanies end consmed 
c a p t i v e l y .  Kood p u l p  is prepared  w i t h e r  Zechanica l ly  or ., 

* 
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chemica l ly ,  I n  the  mechanical p rocesses ,  groundwood, de f ibe red  
2nd exploded wood a r e  shredded o r  s epa ra t ed  by phys ica l  means. 
Chemical wood pulping involves  the  e x t r a c t i o n  of  c e l l u l o s e  from 
wood by d i s s o l v i n g  the  l i g n i n  t h a t  holds  t h e  c e l l u l o s e  f i b e r s  
t o g e t h e r .  Th?. p r i n c i p a l  chemical pulping processes  a r e  k r a f t ,  
a c i d  s u l f i t e ,  n e u t r a l  s u l f i t e  semichenical  (XSSC), d i s s o l v i n g  
and soda.  

The type  o f  pu lp ing  process  u t i l i z e d  is determined by 
the product  be ing  made. t h e  type  of  wood s p e c i e s  used ,  and 
economic c o n s i d e r a t i o n s .  The k r a f t ,  a c i d  s u l f i t e ,  and NSSC 
processes  account f o r  approximately 80 pe rcen t  oE t h e  pulp pro-  
duced i n  t h e  United S t a t e s  (aSoLt 55 pe rcen t  i s  produced by the  
k r a f t  p rocess )  and have t h e  g r e a t e s t  p o t e n t i a l  f o r  gaseous emis- 
s i o n s  (EN-071). These processes  w i l l  be  d i scussed  i n  t h i s  s ec -  
t i o n .  

KraEt P u l i i n a  

I n  the  k r a f t  p r o c e s s ,  wood chips  a r e  moked under 
p re s su re  i n  t h e  presence: of  a cooking l i q u o r  i n  e i t h e r  a ba tch  
o r  continuous d i g e s t e r .  'The cooking l i q u o r  (white  l i quoz )  , an 
aqueous s o l u t i o n  of sodium s u l f i d e  and sodium hydroxide,  d i s s o l v e s  
t h e  1 i g r . h .  

\ h e n  cooking i s  conp le t ed ,  rhe con ten t s  of  the  d i e e s t e r  
The n a j o r  p o r t i o n  o f  t he  spent  cooking a r e  f e d  t o  t h e  blow t ank .  

l i q u o r  (b lack  l i q u o r )  i s  d ra ined  from t h e  blow tank .  The pulp 
from the  blow tank  i s  charged t o  the  knocter  where unreac ted  
chunks oE wood a r e  removed. The pulp  i s  then washed and some- 
t i n e s  bleached b e f o r e  b e i n z  p re s sed  ana  d r i e d  i n t o  Lhe f i n i s h e d  
i r o d u c t .  
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Recovery o r  t h e  ino rgan ic  cooking chemicals and h e a t  
con ten t  of  t h e  b lack  l i q u o r  i s  economically necessary .  Recovery 
i s  accomplisked by concen t r a t ing  the  l i q u o r  t o  a l e v e l  t h a t  w i l l  
suppor t  combustion and then feeding  i t  t o  a furnace  where burn- 
i n g  and chen ica l  recovery take  p l a c e .  

The b lack  l i q u o r  i s  concent ra ted  i n i t i a l l y  i n  a m g l t i -  
p l e  e f f e c t  eva -- .ator.  Fu r the r  concen t r a t ion  i s  achieved i n  a I 
d i r e c t  contac.  evapora tor .  This  i s  g e n e r a l l y  a scrubbing  device  I 

b l ack  l i q u o r .  I 

i n  which combustion gases  frcm t h e  recovery furnace  mix wi th  t h e  

The concent ra ted  b lack  l i q u o r  i s  sprayed i n t o '  t h e  
recovery furnace .  The organic  conten t  suppor ts  combus:ion and 
t h e  i n o r s a n i c  compounds f a l l  t o  t he  bottom o f  t k e  fu rnace  and 
a r e  then d i scha red  t o  the  s x e l t  d i s s o l v i n g  tank.  The s o l u t i o n  
from t h e  s iael t  d i s s o l v i n g  tank (green l i q u o r )  i s  conveyed t o  a 
c a u s t i c i z e r  where calcium hydroxide i s  added p r i o r  t o  r ecyc l ing  
t h e  liquor. L i m e  s ludge  from t h e  c a u s t i c i z e r  can be  r ecyc lzd  
a f t e r  being dewatered anc c a l c i n a t e d  i n  t h e  ho t  l ime k i l n .  

Acid S u l f i t e  Pulp inq  

The a c i d  s u l f i t e  pu lp ing  process  i s  s i m i l a r  t o  k r a f t  
pu lp ing  escept  t h a t  d i f f e r e n t  chemicals a r e  used i n  cooking 
l i q u o r .  I n  p l ace  ,2f t h e  c a u s t i c  s o l u t i o n  used i n  t h e  k r a f t  
p r o c e s s ,  a su l fu rous  a c i d  s o l u t i o n  i s  employed which i s  buf fered  
by sodiun ,  magnesium, calcium, o r  ammonium b i s u l f i t e .  ? '  

I ,  
- 

Dee t o  the  v a r i e t y  of  chemicals employed i n  t h e  cook- 
, .. i n g  l i q u o r ,  numerous schenes f o r  h e a t  andlor  c h e a i c a l  recovery 

have evolved. Chemical recovery i s  no t  p r a c t i c a l  i n  calcium- 
5ase s y s t e m s ,  which a r e  used most ly  ir. o l d e r  n i l l s .  and the  spent  
l i q u o r  i s  noma1l;i d i sca rded .  I n  arnoniun-base m i l l s ,  h e a t  ciin 
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be recovered from t h e  spent  l i q u o r  through combustion, b u t  t he  
ammonium i s  consumed. I n  sodium o r  magnesium-base m i l l s  ( t h e  
l a t t e r  be ing  u t i l i z e d  most f r e q u e n t l y  i n  newer m i l l s )  h e a t ,  
s d f u r ,  and c h e n i c d  recovery a r e  a l l  f e a s i b l e .  

The recovery process  involves  a m u l t i p l e - e f f e c t  evap- 
o r a t o r  and recovery furnace  arrangement s i m i l a r  t o  t h a t  i n  the  
k r a f t  p r o c e s s .  The combustion gases  from the  furnace  pass  
throush  absorb ing  towers where s u l f u r  d ioxide  i s  recovered f o r  
use i n  subsequent cooks. The base  can be recovered by feeding  
t h e . i n o r g a n i c  r e s i d u e  froo. the  furnace  t o  the  absorb ing  tower 
t o  r e a c t  w i th  t h e  sulfL1r d iox ide .  

. .  

Neutra l  - S u l f i t e  Semichemical (NSSC) Pulping 

The NSSC pulp ing  process  involves  the  cooking of wood 

The major d i f f e r e n c e  between t h i s  process  and t h e  
ch ips  i n  a n e u t r a l  s o l u t i o n  of  sodium s u l f i t e  and sodium b i -  
carbonate .  
k r a f t  and a c i d  s u l f i t e  processes  i s  t h a t  only a p o r t i o n  of  t he  
l i g n i n  i s  removed dur ing  cooking. a f t e r  which the  pulp i s  f u r -  
t h e r  reduced by mechanical means. 

The NSSC process  v a r i e s  s i n c e  some m i l l s  d i spose  of 
t h e i r  spen t  l i q u o r ,  some m i l l s  recover  the  cooking chemica ls ,  
and some, which a r e  opera ted  i n  conjunct ion  wi th  k r a f t  m i l l s ,  
m i x  t h e i r  spent  l i q u o r  wi th  t h e  k r a f t  l i q u o r  a s  a source of 
makeup chemicals .  The recovery p r o c e s s ,  when p r a c t i c e d ,  i n -  
volves  s t e p s  p a r a l l e l  t o  those of t h e  s u l f i t e  process .  

Paper P r o d u e  

Paper i s  made by d e p o s i t i n g ,  from a d i l u t e  water  s u s -  
pension of ? u l p ,  a l a y e r  o f  f i b e r  on a f i n e  sc reen  which al lows 

, .. water  t o  d r a i n  throuzh b u t  r e t a i n s  the  p u l i .  The f i b e r  l a y e r  i s  
. .  . 
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removed from the wi re  and s e n t  through a s e r i e s  of  p r e s s i n g  and 
d ry ing  machines. 

Two gene ra l  types  of machines a r e  commonly enployed. 
One i s  a c y l i n d e r  nachine i n  which t h e  wi re  sc reen  i s  p l aced  on 
c y l i n d e r s ,  and t h e  o t h e r  i s  t h e  f o u r d r i n i e r  i n  which the  wire 
s c r e e n  i s  an endless  b e l t .  The water d r a i n i n g  through the  
paper  machLne i s  known as white  water and con ta ins  suspended 
f i b e r .  pu lp  f i n e s ,  and chemicals  used a s  a d d i t i v e s  i n  t h e  paper  
o r  boerd .  
m2kF;ig o p e r a t i o n  and t h e  p-llping p r o c e s s .  

White water  i s  commonljr used in t h e  paper  and board 

3 . 8 . 1 . 2  Atmosoheric Emissions and Cont ro l  

Kraft  - Pulping 

The c h a r a c t e r i s t i c  odor  of k r a f t  m i l l s  Is caused in 
! p a r t  by an assortment  o f  o r g a n i c  s u l f u r  compounds; 

! s u l f i d e  a r e  forxed in r e a s t i o n s  w i t h  l i g n i n .  Dim.:tl-,yl d i s u l f i d e  I 

a l l  have ex- 1 

t remely low odor t h r e s h o l t s .  

L ,  formed by t h e  oxidatIo!:i of mercaptan groups de.:ived from 
-Le l i g n i n .  Table  3 . 8 - 3  5,hows t h e  q u a n t i t y  of  t h?se  compomds 
(expressed a s  s u l f u r )  emicced from va r ious  p o i n t s  i: the  m i l l .  

Nethyl  mercaptan an& dic.ethy1 

Devices f o r  c o n t r o l l i n g  t h e  o r z m i c  s u l f u r  compounds 
a r e  genera1l;I n o t  a?p l i ed  in k r a f t  milLs. however, c o n t r o l  of 
t h e s e  cornlounds can be accomp,ished by process  mod i f i ca t ions  and 
by optimiz:ng o p e r a t i n g  cc) I i t i o n s .  A three-volume r e p o r t  by 
E .  R. Henderson, e t  a l .  (HE-128)  p r e s e n t s  2 d e t a i l e d  d i scuss ion  
of  c o n t r o l  methods f o r  ;tn<Tspheric emissiotis fro!?. t he  pulp ing  
i n d u s t r y  and i s  sumnarizcd in t h i s  s e c t i o n .  

Black l i q u o r  o x i d a t i o n  systems,  c;hich ox id ize  s u l f i d e s  
i n t o  l e s s  r e a c t i v e  t h i o s u l f a t e s ,  can r e l u c e  odorous s u l f u r  enis- 
s i o n s  from the  d i r e c t  c o n t a c t  evapora to r ,  a l though the  vent  3;~s.: 
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TABLE 3 . 8 - 5  

UNCONTROLLED ENISSION FACTORS FCF. SULFATE PULPIZTG 

Emissions of Xethyl Hercaptan, 
Dimethyl SuLfidt 

l)ine:i~yl Disu l f ide  

0 .75  
Source (kg/MT of *I= DrI PulD)  

Digestor  Rel ie f  and B l o w  Tank 

Brown Stock Washers 0 . 1  

Xu l t ip l e -Ef fec t  Evaporator- 0 .2  

Recovery Bo i l e r  and D i r e c t  Contact 0.5 
Evaporator 

Smelt Dissolving Tank 0 . 2  

L i m e  Kilns 0 . 1 2 5  

TurTentine Condenser 0 . 2 5  

!4iscellaneous Sour-es 0 .25 '  

These reduced s u l f u r  C G ~ ~ O U I ~ ~ S  a r e  u sua l ly  expressed as 
s u l f u r .  
Inc lud i s  h o t t e r  v e n t s ,  brown s tock  s e a l  t anks ,  e t c .  ' h e n  
b lack  liquor oxif ia t ion is included a f a c t o r  of 0 . 3  s ; ~ o u l d  
be used. 

I 

I 

Source : EX-071 
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from such s y s t e x s  become minor 020r sources  themselves .  The 
s u l f u r  compound emissions f r o n  t h e  recovery b o i l e r  and d i r e c t  
c o n t a c t  evapora to r  a r e  t y ? i c a l l y  redgced by 50 p e r c e n t  when 
b lack  liquor o x i d a t i o n  i s  employed, but can be c u t  by 90 t o  99 
pe rcen t  when o x i d a t i o n  i s  complete an3  t h e  r e c r v e r y  fu rnace  i s  
ope ra t ed  o p t i o n a l l y  (ES-071). Nonconaensable o rgan ic  s u l f u r  
gases  vented f r o n  t h e  d iges to r /b low tank  s y s t e m  and m u l t i p l e -  
e f f e c t  evapora to r s  can 5e  des t royed  by thermal  o x i d a t i o n  i n  the  
l ime k i l n  or recovery  fu rnace .  Using f r e s h  water  i n s t e a d  o f  
contaminated condensates  i n  t h e  sc rubbe r s  and pulp washers r e -  
duces o rgan ic  s u l f u r  emiss ions .  

Use o f  t h e s e  and o t h e r  c o n t r o l  xethods could a l n o s t  
completely e l i m i n a t e  t h e  o r z a n i c  s u l f u r  emissions f r o n  k r a f t  
m i l l s .  Organic  s u l f u r  emissions could be reduced approximately 
135 ,000  :.IT per  yea r .  

Acid S u l f i t e  1:ulginS 

V o l a t i l e  reduced s u l f u r  ccspounds a r e  no t  products  of 
t h e  l i z n i n - b i s u l f i t e  r e> ic to r  involved in a c i d  s , . i l f i t e  pu l? ing:  
t h e r e f o r e ,  t h e s e  o r z a n i c  s u l f u r  compounds a r e  c o t  emi t t cd  frcm 
a c i d  s u l f i t e  pu lp ing  m i l l s .  :io mention of  a tmospheric  emissions 
of  o t h e r  o rgan ic  conpounds f r o n  t h i s  p u l p i n s  process  was found 
i n  t h e  l i t e r a t u r e .  

NSSC P u l 7 i r . S  

The XSSC process  d i f f e r s  great::: f r o x  xi11 t o  m i l l  and 
t h e r e  is a s c a r c i t y  of  adequate  d a t a .  T h e  d a t a  i n  Table  3 .8 -6  
v e r e  excr.-cter! and c o i ? i l e d  f r o n  t5.e l i t c r a t u r e  (5-197). The 
d a t a  f o r  nrw technology r e p r e s e n t s  inprovexents  made i n  the  p a s t  
seven t o  e i g h t  y e a r s .  Conbinat ion 35 X S C  s?en t  l i c z n r  :.iith k r a f t  
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Source 
Recovery Furnace 

aiow Tank 

Evaporator 

F lu id ized  P 2d 

Copeland ?rocess 

TABLE 3.8-6 

FMISSIONS FRON XSSC PULPING 

Emissions (kK/MT A i r  Dry Pul?) 
Old Newer 

P o l l u t a n t  Technology Technolopv 
cH3S'rt 0.15 0.05-0.025 

Soarce: EX-197 

CH :ISH 0.78  0.39 
Other Organic 1 . 5 6  0: 75 

Tocal OrSanic S 0.045 0.045 

To ta l  0:gani- S - 0.002-0.004 

0.09-0.15 Tota l  9rganic  S 

u 
1 
I1 

n 
j '  ..I 

' I  
_ I  

_ .  
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b lack  l i q u o r  p r i o r  t o  evapora t ion  and combustion r e s u l t s  i n  i n -  
c reased  e s i s s i o n s  from t h e  k r a f t  recovery  system. No q u a n t i t a -  
t i v e  d a t a  on t h i s  i nc rease  i n  emiss ions  are a v a i l a b l e .  

The emissions from t h e  MSSC processes  could be almost 
completely e l imina ted  by c o n t r o l  methods simi;ar t a  those f o r  
t h e  k r a f t  p rocess  r e s u l t i n g  i n  a r educ t ion  of  approximately 
6850 PIT of o rgan ic  a tm2spheric  emissions p e r  y e a r .  

3 . 8 . 1 . 3  Water E f f l u e n t s  and C o n t r o l  

Informat ion  p resen ted  i n  t h e  fo l lowing  s e c t i o n  was 
ob ta ined  p r i m a r i l y  from t h e  r e s u l t s  o f  p l a n t  surveys ( E t ? - 1 4 7 ) .  

Wood i s  r ece ived  a t  t h e  m i l l s  i n  va r ious  forms and,  consequent ly ,  
must be handled i n  a number of  d i f f e r e n t  ways. 
ce iv ing  ch i?s  from saw m i l l s  o r  barked l o g s  which can be chipped 
d i r e c t l y ,  l i t t l e  or  no water  .is employed i n  p r e p a r a t i o n  of  t he  
wood and no e f f l u e n t  i s  produced. Most m i l l s  r e c e i v e  l o g s  wi th  
ba rk  which n u s t  be rerr.oved. Logs a r e  f r e q u e n t l y  washed be fo re  
dry o r  wet ba rk ing .  The water  from t h i s  c p e r a t i o n  i s  very low 
i n  SODS and i:s sus?ended s o l i d s  cunten t  i s  l a r g e l y  s a l t .  

I n  m i l l s  r e -  

Most pulprrood used i n  t h e  United S t a t e s  i s  s n a l l  i n  
diameter  an6 i s  barked i n  dry  drums. 
long  wood i s  . . z e d .  w e t  barking i s  commonly employed. \,?et bark-  
i n g  i s  accom?llshed i n  drums, pocket  b a r k e r s .  o r  hydrau l i c  
b a r k e r s .  

\.%en l a r g e  diameter  o r  

The wet drcm c o n s i s t s  of  a s l o t t e d  d r m  equipped with 
i n t e r n a i  s t a v e s  rota:ing i n  a poo l  of  wa te r .  The bark f h l l s  
through the  slots and i s  removed wi th  an overflow o f  wa te r .  
3a rke r s  of  c h i s  t:r?e c o n t r i b u t e  from 7 . 5  t o  10 kg SOD5 p e r  ::T 
of :Good barked. and from 1 5  t o  20  kg O F  suspended s o l i d s  per  
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MT of wood barked.  The water  s u p p l i e d  t o  then i s  f r e q u e n t l y  I 

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

I s p e n t  process  w a t e r ,  and r e c y c l i n g  w i t h i n  the  bark ing  u n i t  

! D ; Wet pocket  ba rke r s  remove bark from rimber by j o s t l i n g  

j ]  i 
and g r a d u a l l y  r o t a t i n g  the  logs  a g a i n s t  an end le s s  chain b i , l t  
equipped w i t h  p r o j e c t i o n s .  Hydraul ic  ba rke r s  use  h igh  p r e s s u r e  - 
water  j e t s  t o  blow bark from t h e  t i m t e r .  I 

i t  

.i 1 

. .  
1 .. 

Water d ischarged  from a l l  t h r e e  types of  wet bark ing  
i s  g e n e r a l l y  conbiaed wi th  log  washwater. This  s t ream f i r s t  
passes  through coa r se  sc reens  t o  remove the  p i eces  of  bark and 
wood s l i v e r s  and then through f i n e  s c r e e n s .  Screenings a r e  r e -  
moved and conveyed away cont inuous ly  and dewatered i n  a p r e s s .  
Press  water  i s  combined wi th  t h e  f i n e  sc reen  e f f l u e n t . .  The 
t o t a l  waste  f low,  about  1 9 , 0 0 0  t o  2 6 , 6 0 0  l i t e r s  pe r  co rd ,  
geneiKlly con ta ins  from 0 . 5  kg of BODs and 3 t o  22 kg of  s u s -  

..> 

; i' 
I 
: ,  i _', 

i 
, i  , .  
. .  

pended s o l i d s  p e r  ton of Troduct .  . .  

! Wastewater from iinbleached k r a f t  pulping, cones p r i -  . .  
mari ly  from t h r e e  a r e a s  o f  t he  p rocess .  The e f f l u e n t  f r o 3  pul? 
washing accounts  f o r  t he  h i g h e s t  percentage  of t he  t o t a l  e f f l u e n t .  
C u r r e n t l y ,  t h e  use  of  ho t  s t o c k  washing has cons iderably  reduced 
the  waste  load  genera ted  i n  t h e  washing o p e r a t i o n .  Another waste- 
water  source i s  condensate  s t reams.  Re l i e f  condensate from the  
d i g e s t e r s  i s  condensed and the  t e r p e n t i n a  i s  recovered from i t  

by d e c a n t a t i o n .  The r e s i d u a l  water  i s  sewered. 3 1 0 ~  and evapora-  
t i o n  condensates a r e  contaminated wi th  methanol,  e t h a n o l ,  and 
ace tone  t o  v a r i o u s  degrees  de?ending on :he wood s?ec le s  pulped.  
When u s i n s  s u r f a c e  condensers ,  the  v o l m e  of  t h i s  s t ream i s   lo:^ 
and i t s  B O D j  can be reduced by a i r  o r  sceam str;pp?rig. These 
condensates a r e  f r e q u e n t l y  reused  f o r  pulp washing. Chemical 
recovery  ope ra t ions  and o t h e r  n i n o r  l o s s e s  a l s o  c o n s t i t u t e  a 
B O D j  sou rce .  T'ne t o t a l  raw waste  load  fro:1 unbleached k r a f t  

.. 

. .  

. .  

. .  
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m i l l s .  i nc lud ing  both pulp ing  and paper  making o p e r a t i o n s ,  is 
t y p i c a l l y  15 t o  20 kg BODs and 10 t o  15 kg of  suspended s o l i d s  
p e r  XT of p roduc t .  

3 

i 
! 
i 

I '  
I n  s o d i m  base  XSSC m i l l s .  l i q u o r  d i g e s t e r  r e l i e f  and I i  

j j 

600 mg/t .  i i  
j .I 

blow gases  a r e  condensed, and i n  some n i l l s  t h e  condens i t e  i s  
used f o r  ?ulp washing. Other  t h a n  spen t  l i q u o r ,  t he  pu lp inz  
and washing o p e r a t i o n s  d i scha rge  l i t t l e  wastewater .  Withour 
recovery  of  the l i q u o r ,  e f f l u e n t >  would range f r o n  1500 t o  
5000 mg BODs/Y. w i t h  a suspended s o l i d s  conten t  of  from 400 t o  

1 ;  
' 1  

i 
I 

The a m o n i a  base  NSSC process  i s  s i a i l a r  t o  t h e  sodium 
1 :  

, '  base  p rocess .  TSe f o u r  s i i p i f i c a n t  sources  o f  wastewater  i n  the  
a m o n i a  base  NSSC pulp  manufactur ing processes  a r e :  t h e  evap- i 

i 

o r a t o r s ,  t h e  powerhouse anti Caintenance a r e a ,  t h e  pulp ?ill, 
and t h e  paper  machine. The raw was te  load f r o n  t h i s  process  
averazes  about  33.5 kg a O D ,  and 1 7  kg sus?er.ded s o l i d s  p e r  XT 
o f  product  (EN-147). 

. ,  

The s p e n t  sodium base  XSSC l i q u o r  can be in t roduced  
i n r o  a k r a f r  recovery sysrern. The raw waste  load  fo r  cnbleached 
kraft-XSSC ( c r o s s  recovery)  n i l l s  averages about 19.G kg BODS and 
2 0 . 5  kz suspended s o l i d s  ? e r  XT of  producc. 

The r a% was te  load  o f  paperboard. from waste  paper  
m i l l s  comes f r o n  t h e  s t o c k  p r e p a r a t i o n  a r e a  and i s  a func t ion  
o f  t h e  type of raw x a t e r i a l s  and a d d i f i v e s .  The raw w a s t e  l oad  
f o r  t hese  nills averages about  1 1 . 2  kg Bog5 and 2.8 t o  81  kg 
sus jended  s o l i &  ser >Z of  ?reduction. 

3PZTC.i e f f l u e n t  l i n i t a t i o n s  ( J u l y  1, 1 9 7 7  stanc'-ards) 
a r e  based upon ::.e average of  t h e  bes: existin: ,  pe rcomance  5;: 
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p l a n t s  of  va r ious  s i z e s ,  ages ,  and u n i t  p rocesses  w i t h i n  the  
i n d u s t r y .  BATEA e f f l u e n t  l i m i t a t i o n s  have been e s t a b l i s h e d  by 
i d e n t i f y i n g  t h e  very b e s t  c o n t r o l  and t rea tment  technology em- 1 .  

ployed by a s p e c i f i c  p o i n t  s o u r c e ,  o r  by apply ing  technology 

fl - j f  1 3  

i] j j  
, 'I from o t h e r  i n d u s t r y  a r e a s  where i t  i s  t r a n s f e r a b l e .  Techno1- 

og ie s  'nave been i d e n t i f i e d  below which w i l l  a l low m i l l s  t o  meet 
t he  l i m i t a t i o n s ,  bu t  m i l l s  have the  opt ion  t o  use o t h e r  i n t e r n a l  u ;  and e x t e r n a l  c o n t r o l s  which may prove t o  he more c o s t  e f f e c t i v e .  

I d e n t i f i c a t i o n  of YPCTCA 

Unbleachzd K r a f t  and K r a f t s  

.I) Hot Stock Screening - a process  mod i f i ca t ion  
i n  which the  pc lp  i s  passed through a f i b r o -  
l i z e r  t o  f r a c t i o n a t e  knots  and then through 
a h o t  s tock  sc reen  to  remove s h i v e s .  

2 )  S p i l l  Evaporator  Boil-Out S torage  - m a t e r i a l  
from these  sources  can be s t o r e d  i n  a tank 
from which i t  can be slowly r e t u r n e d  t o  the  
p rocess  o r  d i scharged  t o  the  wastewater 
t rea tment  system. 

3) E f f i c i e n t  Pulp Washing - t he  use  of  n c l t i -  
s t a g e  coun te rcu r ren t  washers for more e f -  
f i c i e n t  recovery of  b lack  l i q c o r .  

- Sodium and Ammonia-Base NSSC 

Non-Polluting Spent Liquor Disposal  - p a r t i a l  
evapora t ion  followed by i n c i n e r a t i o n .  

-222-  
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Paper Machines 

1) Water Showers - use  of low-volume and h igh-  
p re s su re  showers i n  t h e  machines. 

2 )  Segrega t ion  o f  White Water Systems - permi ts  
maximum reuse  of whi te  water  and al lows only 
low f i b e r  conten t  white  water  t o  e n t e r  t he  
sewer. 

3) Press  Water F i l t e r i n g  - use of a v i b r a t i n g  
o r  c e n t r i f u g a l  s c r e e n  t o  remove f e l t  h a i r s  
p r i o r  t o  p r e s s  wa te r  r e u s e .  

4 )  Col l ec t ion  System f o r  Vacuum Pump Seal  
Water - c o l l e c t i o n  f o r  p a r t i a l  r e u s e .  

5) S a v e - a l l  and Assoc ia ted  Equipment - recovery 
of f i b r o u s  and o t h e r  suspen2ed mate:rial whlch 
escapes frow t h e  p&per  machine. 

6) Gland Water Reduction - flow c o n t r o l  of  s e a l  
water  t o  equipmenc packing g l ands .  

Ex te rna l  Treatment 

1) Suspended S o l i d s  Reduction - T h i s  s t e p  i n -  
volves  removal o f  t he  suspended s o l i l s  from 
the  raw waste  s t r eam.  Screens can 57 used 
t o  remove coa r se  s o l i d s .  The susTended s o l i d s  
removal can i n c o r p o r a t e :  2) an ea r then  s t l l l -  
i n g  b a s i n ;  5 )  mechanical c l a r i f i c a t i o n ;  and/or  
c) d i s s o l v i n g  a i r  f l o a t a t i o n .  

. .. i_ . . , . .. . . . . . . , 
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BOD, Reduction - BOD, removal i s  accom- 
l i s h e d  by b i o l o a i c a l  ox ida t ion  wi th  n u t r i e n t  
a d d i t i o n .  The t rea tment  system can c o n s i s t  
of an a c t i v a t e d  s ludge  process  (AS), a e r a t e d  
s t a b i l i z a t i o n  b a s i n s  (ASB) , and /o r  s t o r a g e  
o x i d a t i o n  ponds .(SO). 

Bio log ica l  S o l i d s  Removal - B i o l o g i c a l  s o l i d s  
may be removed by e i t h e r  mechanical c l a r i f i e r s ,  
s t i l l i n g  ponds ( o r  an SO fo l lowing  an :.SB), 
o r  a qu ie scen t  zone i n  an ASB beyond t h e  i n -  
f l uence  of the  a e r a t i o n  equipment. 

Sludge Disposal  - S t i l l i n g  pond d i s p o s a l  o f  
b i o l o g i c a l  s ludge  o r  s ludge  th ickening  and 
dewater ing wi th  u l t i m a t e  d i s p o s a l  by i n c i n e r a -  
t i o n  o r  s a n i t a r y  l a n d f i l l i n g .  

I I d e n t i f i c a t i o n  of BATEA i : !  I 

BATEA c o n s i s t s  of t h e  SPCTCA de f ined  above p lus  t h e  1 

fol losr ing a d d i t i o n a l  m i l l  improvements and e x t e r n a l  advanced 
wastewater t rea tment  p r a c t i c e s .  

I 
~ '. ! . .  

I n t e r n a l  Cont ro ls  
. .  

Pulping ope ra t lons  of  a l l  a p p l i c a b l e  subca tegor i e s  . .  

can implement modi f ica t ion  and procedures f o r :  
. .  

1) 2euse of  f r e s h  water  f i l t e r  backwash; 

2 )  Contro l  o f  s p i l i s  such t h a t  z a j o r  p o l l u t i o n  
loads ente: a r e t e n t i o n  bas in  and a r e  u l t i -  
n a t e l y  e i t h e r  r eused ,  greaducl ly  d ischarged  
i n t o  the  treacment system, o r  t r e a t e d  s e p a r a t e l y ;  

. -  
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3)  Minimize pulp  wash and e x t r a c t i o n  water  
wi thout  dec reas ing  washina e f f i c i e q c i e s ,  

4 )  Zxtensive i n t e r n a l  r euse  of  p rocess  w a t e r s ;  

5) Segregdt ion 2nd r e u s e  of  coo l ing  waters ;  and 

6) Extens ive  r educ t io . .  o f  g land  wate: s p i l l a g e .  

A l l  o f  t h e  above proceclures, except  (1) and ( 3 ) ,  can be imple-  
mented by paper  nachine  systems.  

Ex te rna l  Treatment 

BATEA e x t e r n a l  t r ea tmen t  i s  def ined  as SPCTCA wi th  
t h e  a d d i t i o n  of  t h e  fo l lowing  e x t e r n a l  p rocesses :  

1) BODs Reduction. - t r e a t n e n t  system c o n s i s t i n g  
o f  b i o l o g i c a l  o x i d a t i o n  wi th  n u t r i e n t  addi -  
t i o n  f o r  f u r t h e r  removal of B O D , .  

2) Suspended S o l i d s  Reduction - a d l i t i o n a l  s u s -  
pended s o l i d s  removal can be achieved  by 
mixed media f i l t r a t i o n  wi th ,  i f  neczssa ry .  
chemical a d d i t i o n  and coagu la t ion .  

3) Color Reduction - c o l o r  r educ t ion  can be 
achieved by ninimum lime t rea tment  and re- 
v e r s e  osmosis .  

The a p p l i c a t i o n  o f  t h e  BAT% l i n i t a t i o n s  t o  pulp  and 
?&?e-  3 i l l s  would r e s u l t  i n  an e s t i n a t e d  r educ t ion  of approxi-  
marel] 49,600 XT 80Dj. 103,000 MT o r g a n i c ,  and 132,274 >!T OF 
suspended s o l i d s  pe r  year  below e f f l u e n t s  w i th  32CTCA. 
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3.8.2 Wood Waste Combustion 

Process  Desc r ip t ion  

A cocunon method o f  d i spos ing  of  wood r e s i d u e s  from 
f o z e s t r y  ope ra t ions  and lumber p rocess ing  i s  i l c i n e r a t i o n  .? 

c o n i c a l  bu rne r s .  Approxinately 24.9 m i l l i o n  IT o f  wood i ias te  
i s  combusted annual ly  i n  t h e s e  i n c i n e r a t o r s  accord ing  t o  a 
1971 e s t i m a t e  (VA-067). 

Conica l  b u r n e r s ,  t r u n c a t e d  metal  canes wi th  a screened  
top v e n t ,  are charged by in t roduc ing  t h e  m a t e r i a l  t o  a g r a t e  
u s ing  e i t h e r  conveyer o r  b u l l d o z e r .  No supplemental  f u e l  i s  
used ,  b u t  combustion a i r  i s  o f t e n  supplemented by a i r  blown i n t o  
t h e  chamber below the  g r a t e  and by a i r  in t roduced  through peri.ph- 
e r a 1  openings i n  t h e  s h e l l .  

k tmospheric  Ex i s s ions  and Control  

The q u a n t i t y  2nd types  o f  p o l l u t a n t s  cmi t t ed  from 
c o n i c a l  burners  depend c.n t h e  composition and mc i s tu re  con ten t  
o f  t he  waste, c o n t r o l  of combustion a i r ,  type  of  charg ing  system 
used,  and the cond i t ion  i n  which t h e  i n c i n e r a t o r  i s  main ta ined .  
The most c r i t i c a l  f a c t o r  seems t o  be maintenance p r a c t i c e s .  
The burners  sometimes have miss ing  doors  and ho le s  i n  t h e  s h e l l ,  
r e s u l t i n g  i n  excess ive  combustion a i r .  o r  lsr~ t empera tures ,  i i i t h  
r e s u l t a n t  h igh  emission r a t e s  o f  o r s a n i c  p o l l u t a n t s .  

Emission f a c t o r s  f o r  waste wood i n c i n e r a t i o n  i n  coni -  
c a l  burners  wi thout  c o n t r o l s  a r e  about 5 . 5  kg of hydrocarbons 
p e r  MT burned a d  from 1 t o  20 kg of p a r t i c u l a t e s  p e r  NT burned,  
depending on the  ope ra t ion  2nd rraincenance of  t h e  burner  (EN-071) 
T y p i c a l l y ,  a c o n i c a l  burner  produces 5 kg o f  p a r t i c u l a t e s  p e r  
ton  of  was te  burned (EN-1971, es t imated  t o  be approx iaa t e ly  38 

, -  
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percen t  o rgan ic  ma t t e r  ( V A - 0 6 7 ) .  Based on these  emission fac-  
t o r s  and t h e  1 9 7 1  e s t i m a t e  o f  24.9 w i l l i o n  NT o f  wood waste 
combusted annua l ly ,  t h e  *missions from con ica l  burners  a r e  
137 ,000  MT hydrocarbons and 47,400 o rgan ic  p a r t i c u l a t e s  per  
year .  

Emissions from c o n i c a l  burners  can be reduced by us ing  
conveyors i n s t e a d  o f  bu l ldoze r s  f o r  charg ing ,  proper  c o n t r o l  of  
combustion a i r ,  and good maintenance p r a c t i c e s .  P a r t i c u l a t e  
c o n t r o l  systems have been adapted  t o  con ica l  burners  w:th some 
success .  These c o n t r o l  systems inc lude  water  c u r t a i n s  (wet 
caps) and water  sc rubbers  (SI-106). 

Conical  burners  'cave been banned i n  n o s t  s t a t e s  (EN-197) 
This measure i s  t h e  most e f f e c t i v e  method of e l i m i n a t i n g  emissions 
from t h e  bu rne r s .  !hen us ing  th i . s  method t h e  waste wood can be 
used as a raw material  f o r  o t h e r  processes  such a s  product ion o f  
pulp o r  wood chemicals ,  o r  disposed of by some o t h e r  method. 

3 . 8 . 3  - Beer a rewine  

process  D e s c r i s t i o n  

The f o u r  major product ion  s t a g e s  of  brewing ope ra t ions  
'are l i s t e d  below (EX-071) : 

1) 3rewhouse o p e r a t i o n ,  which inc lude :  

a )  mal t ing  o f  t h e  h a r l e y ,  

b) a d d i t i o n  of a d j u n c t s  t o  b a r l e y  mash, 

c )  conversion o f  s t a r c h  i n  b a r l e y  and ad junc t s  
t o  mal tose suga r  by enzyaa t i c  p rocesses .  

d) s e p a r a t i o n  o f  wort f r o m  g r a i n  by s t r a i n i n g ,  
and 

d) hopping and b o i l i n g  o f  the wort 
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2) Fermentat ion,  which i n c l u d e s :  

a )  cool ing  of t h e  wor t ,  

b) a d d i t i o n  of y e a s t  c u l t u r e s ,  

c) fe rmenta t ion  f o r  7 t o  10 days ,  

d) remaval of  s e t t l e d  y e a s t ,  and 

e )  f i l t r a t i o n  and ca rbon iza t ion .  

3) Aging for 1 to  2 months under r e f r i g e r a t i o n ,  and 

4 )  Packaging. which inc ludes :  

a; b o t t l i n g  - p a s t e u r i z a t i . o n ,  and 

b) r ack ing  d r a f t  b e e r .  

Atmosnheric Emissions and Control 

Gaseous o rgan ic  chemicals a r e  e m i t t t d  from the  dry ing  

1 (, of spen t  grain;  and y e a s t  i n  bee r .  
gaseous emissions from whiskey fermentat ion u n i t s ,  which a r e  
s i m i l a r  t o  those f o r  beer  p roduc t ion ,  showed t h a t  a t  l e a s t  s i x  
o r g a n i c  compounds were emi t t ed  from these  u n i t s :  e t h y l  a c e t a t e ,  
e t h y l  a l c o h o l ,  i sop ropy l  a l c o h o l ,  n-propyl  a l c o h o l ,  isoamyl 
a l c o h o l ,  and isoamyl a c e t a t e  (CA-281). Other compounds were 
de t ec t ed  by chromatograph but  were p re sen t  i n  t r a c e  amounts 
on ly .  
g r a i n  end from the  dry ing  o p e r a t i o n s .  

The r e s u l t s  o f  a s tudy  of 

S r g a n i c  p a r t i c u l a t e  e n i s s i o n s  occur from the  handl ing  o f  
\ 

) 
The emissions from mal t  beverage product ion  i n  1973 

were es t imated  t o  be 67.510 MT o f  o rgan ic  chemicals and 108,500 
FT o f  p a r t i c u l a t e s  (YO-201). These values  a r e  based on t o t a l l y  
e s t ima ted  emission f a c t o r s  of  inde termina te  accuracy (EI-017) .  
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The a p p l i c a t i o n  of  b e s t  a v a i l a b l e  c o n t r o l  technology f o r  o rgan ic  
chemicals and p a r t i c u l a t e s  can reduce emissions o f  t hese  p o l l u -  
t a n t s  from bee r  brewing o p e r a t i o n s  by approximately 99 and 9 5  
p e r c e n t ,  r e s p e c t i v e l y  ( 3 0 - 2 4 4 ) .  The a p p l i c a t i o n  o f  t hese  r e -  
duc t ion  f a c t o r s  provides  r educ t ion  p o t e n t i a l  o f  67 ,100  If l  hydro- 
carbons and 103,000 NT p a r t i c u l a t e s  p e r  yea r .  

E a t e r  E f f l u e n t s  and Cont ro l  

Wash water  from the  v a r i o u s  brewing v e s s e l s ,  gene ra l  

/ 

p l a n t  washdom, 2nd waste beer  from breakage and s p i l l a g e  i n  t h e  ‘ i  
packaging l i n e s  c o n t r i b u t e  l a r g e  waste loads .  Another l a r g e  i 

p a r t i a l l y  dry  t h e  s p e n t  g r a i n  w i t h  l a r g e  mechanical p r e s s e s  

! 
I 

I I waste source  i s  p r e s s  l i q u o r  from g r a i n  dry ing .  Some brewers 

I 
p r i o r  t o  s e l l i n z  t h e  g r a i n  a s  f e e d .  The l i q u o r  from these  
p re s se -  has  a very  h igh  BOD con ten t  and nay c o n s t i t u t e  25 per -  
cen t  o r  more o f  t h e  t o t a l  p l a n t  3OD load  ( E N - 2 9 4 ) .  

E f f l u e n t  c h a r a c c e r i s t i c s  have been r epor t ed  f o r  t en  
b r e v e r i e s  ( E X - 2 9 4 ) .  Ir,di.;idual waste  parameters  f luc tuazed  

i cons iderably  over  t he  brev ing  day because of t he  l:atch-cy?e 
o p e r a t i o n .  The BOD conce:!tration i n  t h e  brewery :zff luents  aver -  
aged 2200 mglL and suspended s o l i d s  concen t r a t ion  averaged 990 

mg/2. 
BDD. A C0D:BOD r a t i o  of  about 2 : l  was i n d i c a t e d ,  b u t  t h i s  f a c -  
t o r  was somewhat v a r i a b l e .  
w a s  found t o  range from 5 t o  15 l i t e r s  p e r  l i t e r  of  b e e r .  

Soluble  3OD c o n s t i t u t e d  about  75 pe rcen t  o f  t he  t o t a l  

Water consumption i n  r h e  i n l u s t r y  ’ 

Most brewer ies  d i scha rge  v a s t e  t o  l a r g e  x u n i c i p a l  
sewase systems where i t  undergoes va r ious  types  o f  p r i m r y  and 
secondary treatr?.ent. The t r ea tmen i  e f f i c i e n c i e s  f o r  t he  x::*zs 

from the  t e n  bre:.;eries s t u d i e d  averaaed approximate1;J :n 7 ,  *:.:ent 
BOD renoval  and 75 pe rcen t  suspented  s o l i d s  removal. 

- 2 2 9 -  
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Addi t iona l  t rea tment  s i m i l a r  t o  t h a t  r equ i r ed  f o r  
BATEA o f  f r u i t  and vege tab le  p rocess ing  wastes  could be app l i ed  
t o  brewery w a s t e s ,  i . e . ,  i n - p l a n t  waste r educ t ion  p r a c t i c e s  
p l u s  a d d i t i o n a l  secondary t rea tment  o r  advanced t reatment  such 
as a sand f i l t e r  and d i s i n f e c t i o n .  Assuming t h a t  t h i s  addi -  
t i o n a l  t rea tment  would r e s u l t  i n  t h e  sane r educ t ions  i n  BOD and 
suspended s o l i d s  as those  e s t ima ted  f o r  t h e  f r u i t  and vegetab le  
i n d u s t r y  (approximately 75 p e r c e n t ) ,  t he  e f f l u e n t s  from bee r  
product ion  could be reduced by about  26,600 !!T BODS. 53,500 MT 
organ ic .  and 27,260 HT suspended s o l i d s  p e r  yea r .  

3 . 8 . 4  F r u i t  ana Vegetable  Processing- 

Process  Descril- 

Many of  t he  s t e p s  used i n  t h e  process  of  cannin: and 
f r e e z i n g  of  f r u i t s  and vege tab le s  a r e  'common t o  t h e  i n d u s t r y  a s  
a whole. T y p i c a l l y .  t h e  f r u i t  o r  vege tab le  i s  r ece ived ,  washed, 
and s o r t e d  t o  prepare  i t  f o r  subsequent  process ing .  Commodities 
such  a s  a p p l e s ,  c i t r u s  and i o t a t o e s  a r e  then  u s u a l l y  pee led  when 
t h e  end product  i s  a s o l i d  ( s l i c e s ,  cubes,  o r  powder). I f  t he  
f i n a l  p roduct  i s  a j u i c e  o r  l i q u i d  p roduc t ,  t h e  p e e l  i s  not  
removed from e i t h e r  t h e  c i t r u s  o r  t h e  app le s .  Subsequent process  
i n g  s t e p s  inc lude  trimming, s l i c i n g ,  b lanching ,  cooking, coo l ing ,  
t r a n s p o r t ,  e t c . .  and the  f i n a l  cenning and f r e e z i n g  o p e r a t i o n s .  

I n  2acking o p e r a t i o n s  f o r  f r e s h  f r u i t s  and v e g e t s b l e s ,  
p icked  f r u i t  i s  sometimes ex?osed t o  h e a t ,  mois ture .  and erhylene  
t o  b leach  o u t  t h e  ch lo rophy l l  masking the  c o l o r .  Sone p r o l u c t s  
are dyed crith an o i i . - so luble  non- toxic  dye and waxed t o  ioprove 
appearance.  

-239- 
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Atmospheric Emissions and Control  

Atmcspheric emissions o f  v o l a t i l e  o r e a n i c s  a r e  b.no.m 
co occur  f r o s  ope ra t ions  invol-ved i n  the  process ing  o f  f r u i t s  
and vege tab le s ;  however, q u a n t i t a t i v e  d a t a  f o r  these  emissions 
a r e  p r a c t i c a l l y  nonex i s t en t .  The most s i g n i f i c a n t  sources  a r e  
prLbably che cooking o p e r a t i o m  i n  the  canning and f r e e z i n g  
processes  and t h e  a r t i f f c i a l  r ipenlrrg of € r u i t s  and vege tab le s  
w i r ' h  e thy lene .  The v o i a t i l e  o rgan ic  emissions from t h e s e .  
p raczsses  would occur  i n  v e n t  s t r 2 a n s .  
i n c x e r a t i o n  and adso rp t ion  could  b e  app l i ed  t o  e f f e c t i v e l y  
e l i m i n a t e  these  emissions.  Monsanto Research Corporat ion e s t i -  
mated t h a t  1974 emissions from t h e  process ing  of  f r u i t s  and 

l a t e s  (VO-201).  The daca used t o  o b t a i n  these  e s t i n a t e s  is 
L o c a l l y  e s t i i i a t ed  and i s  of inde termina te  accuracy (EI-017).  
T h e  redu;:ion pacenc ia l  f o r  v o l a r i l e  o rgan ic s  i r ;  47,200 >!T/yr. 

/ 

Control  methods suck a.3 

I 

vegetab les  were 4'7,700 NT o f  hydrocarbons and 345 >iT o f  p a r t i c u -  I 

7ater Eff1uen;:s and Con:rol 

'dater is used e x t e n s i v e l y  i n  many phai;es o f  t5e f r u i t  
a n i  vege tab le  processin!; i n d u s t r y .  
been detezxir.ed f o r  p rocess ing  s t e p s  f o r  n7ples .  c i t r u s .  a d  
po ta toes  rhro.izh i n - p l a n t  samplin: and su:,plenental Zaca f r o n  
p rocesso r s .  t)ata fror,  10 apple  p l n n t s ,  2C citr::s ? l ~ n c s .  x . d  
15 p o t a t o  51ancs were ssed to develop i:?e :ajula:icn; o f  t?.c 

waste  c h a r a c t e r i s t i c s  from t h e s e  p l a n t s . p r e s e n t e d  i n  T a b l e s  
3.8-7 ,  8 ,  and 9 .  Thes2  t A l e s  show t h e  wate r  usase ar.d waste  
ch%i racce r i sc i c s  a s s o c i a t e d  w i t h  va r ious  o p e r a r i m s  i n  t?:e i n -  ; 

Yaste c h a r a c t e r i s t i c s  have 

,! 
d u s t r y .  ,. " :iT' 

The t o t a l  rm waste  load  due to process ins  i r u i t s  and 
;.gec-i.iles has  been e s c i x a t e d  t o  be 4 4 3 . 2 0 0  :T 5035 and 2,118,303 
:!? SS ( S I - 1 Q 6 ) .  ;he u:e of SPCTC.4 l e v e l  contro1s (in-?roces; 
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'CABLE 3.8-7 
WATER U S A G E  AND WASTE - ( : IIARACTERIZAlIOI1 IN A P P L E  P R O C E S S l N C  

Process Steps 

W a s h l n g  
P e e l l n g  

Slicing 
Deaeration 
C o o k i n g  
C o o l i n g  (I) 
T r a n s p o r t  
Clean-up 

?!e c h a n i c a 1 

(1) 9 5 2  r e c i r c u lated 

W a t e r  
Usage 
.e_Lyr 
' 1 4 2  

1 0 4  
6 3 8  
7 1  

2 6 7  
5 8  
5 8  

1 . 5 5 8  

B O D  5 

kglHT 
0 . 0 9  

0.16 
2 . ; 9  
2.21 
0 . 1 4  
0.02 
0.02 
1 . 9 0  

Suspended 
Solids 

K g l H T  

0.03 

0.01s 
0 . 1 8 2  
0 . 1 2  
0 . 0 5  
0 . 0 0 ;  ~.~ 
0.00s 
0.30 

Source: E N 4 0 3  

\ '  ' f.1 I 

_ I  

I !  . .  
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TABLE 3.8-8 

WATER tiS.\CE .UD WASTE C H A R A C T E R I Z A T I O S  I N  CITRUS P R O C E S S I N G  

Proccnr. S tcwi  

F r u i t  C l e a n i n g  
E x t r a c t i n g  
P a s t e u r i z  lng/l lomogenizing 
C o o l i n g  (I) 

J u i c e  P r o d u c t s  
Segmments 

J u i c e  Condensing 
Baromet r i c  Condensing ( 2 )  

J u i c e  P roduc r s  
Waste lleat Evapora to r  

Pee led  F r u i t  Washing 
Causc ic  Trearment  
C e n c r i f u g i n g  
C o n t a i n e r  blnsliing 
Waztc llcat Evapora to r  

Uas t r  Ileac Evapocator  

O i l  I.ean Res idue  From 

Boi le r  Uioudown 
Regci ic rar lon  t l r i na  
Cleanup 

J u i c e  P r o d u c r s  
SegGents 
Peal P r o d u c r s  

Condensa te  

Sc rubbe r  Ef € 1 .  

S e p a r a t o r  

Water 
Usage 
e/rn 

303 
389 

62 

221  

400 

50 
7 1  

129 
1 

144 
75 

334 

351 

126  
60 
13 

705 
371 
484 

(1) YO% r e c i r c u l a t e d  
( 2 )  2Z c o o l i n g  tower b l o v d w n  

Source: EN-408 

- 2 3 3 -  

BOD5 

0.08 
0.60 

9 

0.03 
0 .01  
0.06 

0.07 
0.15 
0.04 
0.01 
3.07 

0 

0 .33  

0.22 

0.16 
0.01  

0 

0.16 
0.36 
0.07 

* 
Suspended 
Solids - k -/HT 

0.04 
0.27 

0 

0.02 
0.01 
0.02 

0.09 
0.09 
0.01 
0.01 
0.51 

0 

0 . 1 1  

0.08 

0 . 2 5  
0.01 

0 

0.16  
0.07 
0.11 

. 
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and end-or-pipe t r ea tne i i t  Eissumcd t o  be  c u r r e n t l y  u t i l i z e d )  re- 
s u l t s  i n  e s t ima ted  redu: t -ons of 9’: pcrcent  BODS and e0 percen t  
suspended s o l i d s  ( E N - 4 C 8 ) .  There fo re .  t h e  e f f l u e n t s  from f r u i t  
and vege tab le  pr0cessir .g a r e  e s t ima ted  t o  be 4 4 . 8 2 0  ET B O D S ,  
9 2 , 2 0 0  o r g a n i c s .  and 4 2 , 3 7 0  b!T SS p e r  year .  

The BATW con t ro l  t rea tment  f o r  wastes from a p p l e ,  
c i t r u s .  and p o t a t o  process ing  inc ludes  housekeeping and water  
use p r a c t i c e s  t o  reduce t h e  r a w  was te ,  p re l iminary  sc reen ing .  
primary s e t t l i n g .  and secondary b i a l o g i c a l  t reatment  (SPCTCA) 
p lus  a d d i t i o n a l  secondary t rea tment  o r  advanced t rea tment  such 
as a sand f i l t e r  and A i s i n f e c t i o n  (EN-408). Severa l  i n - p l a n t  
c o n t r o l s  and mod i f i ca t ions  t h a t  p rovide  a l t e r n a t i v e s  and t r a d e -  
o f f s  between c o n t r o l s  and a d d i t i o n a l  t reatment  f a c i l i t i e s  re- 
qu i r ed  t o  n e e t  t h e  BAT% ef f luenr :  s i i l c l i n ? s  a r e :  

r e c y c l e  of  raw n a t e r i a l  wash water  fol lowing 
s o l i d s  removal and c h l o r i n a t i o n  ; 

u r i l i z a t i o , i  c f  low water  usage p e e l  removal 
equipmen:; 

removal o f  s o l i d s  from t r a n s p o r t  and s l i c i n g  
wa te r s  ; 

r e d u c t i o n  o f  b e l t  wash water  by improved mechan- 
i c a l  c l ean ing  of b e l r s ;  

r e u s e  o f  coo l ing  w a t e r ;  and 

ex tens lve  r?ry cleanu? co r ep lace  washing. 

-235 -  
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The effluent guideline limitations for BATEA average 
approximately 75 percent less than the limitations for BPCTCA 
(EN-408). Application of BATEA would therefore result in the 
reduction of about 3 4 , 0 7 2  NT of BODs, 69,900 XT organic, and 
3 1 , 7 8 0  MT of SS per year from fruit and vegntable processing 
operations. 

3 . 8 . 5  Tobacco Manufacture 

- Process Description 

Tobacco manufacturers usually maintain a pack house 
operation near each najor tobacco market.for preparing the 
tobacco for shipment. 
leaf into cylindrical wooden containers called hogsheads or 
bundling in large. burlap sheets. 

This preparation consists of pressing 

Leaf tobacco is transported to a steaming and/or 
redrying plant where it is reclassified and rehumidified. The 
larger 1.eaf 3te:ns are removed prior to redrying and pressing 
into hogsheads. These hogsheads are stored in warehouse-type 
sheds. 

Tine cigarette manufacturing process begins with re- 
nova1 of tabacco from storage. It is rehumidified and removed 
from the hogsheads. Leaf strip next passes through various 
cleaning, tumbling, blending, and treating operations to pre- 
pare it for the shreddins operation. Aftcr shedding, the tobacco 
is bulk aged and conveyed to cigarette making machines where it 
is metered, formed, and wrapped with paper i n t o  continuous rods. 
The cigarettes then undergo the final processing and packing 
ooeracions. 



. 
R/  

Atmospheric Emissions and Control of Organic 
Emissions from Tobacco Manufacture 

Organic atmospheric emissions from tobacco manufactur- - ing consist of tobacco volatiles and particles. Measured data 
for these emissions are practically nonexiscent, but they have 
been estimated to be 3 9 , 7 1 0  I-lT volatile organics and 7 9 4  NT 
particulates in 1 9 7 3  (:.:0-201). The emissions exit in vent 
streams from the various manufacturing processes and could be 
elimianted by control devices such as incinerators, adsorbers. 
scrubbers, and filtex. ?he reduction potential for voaltile 
organics is 3 9 , 3 0 0  KT/yr. 

3.8.6 Grain and Feed ?:ills and Elevators 

'., 

8 

1 

JS 

Process Descri7tion 

Grain elevators are primarily transfer 2nd storage 
units. In addition, nany ,?levator locations also contain feed 
manufacturing facilities. A variety of grain handling configura- 
tions arc used at elevators depending on :he number and quantity 
or grains handled and the mount of processing required. The 
following operations can occur at grain elevators: receivia-;. 
transfer and storage, cleaning. drying, and milling or grinLi23. 
Grain processing nay include wet 2nd dry ailling (cereals), 
flour nilling. oil-seed crushing, and distilli-g. Fee:! Tznu- 
factu-ing involves receiving, conditioning (dz;Jing, sizing, 
cleaning) , blending, packaginz, and loading. 

A&mospheric Emission's and Control 

Particulate emissions occur in grain and feed opera- 
tions because of the dry, 1i:ht nature of Dost grains and the 

,. 
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methods o f  handl ing i n  pneumatic and mechanical conveyors.  
Emissions from g r a i n  ope ra t ions  may be sepa ra t ed  i n t o  t r a n s f e r  
l o s s e s  and those occur r ing  a t  p rocess ing  ope ra t ions .  Loading 
and unloading a r e a s  hove t h e  g r e a t e s t  emissions.  Conveying 
equipment and s t o r a g e  b ins  a r e  a l s o  sources  of dus t  emiss ions .  
Bel t  conveyors have less f r i c t i o n  than e i t h e r  screw o r  drag 
conveyors and gene ra t e  l e s s  d u s t .  Emissions occur a t  b e l t  t r a n s -  
f e r  p o i n t s  a s  mazc r i a l  moves on o r  o f f  a b e l t .  The d i scha rge  
p o i n t s  of pneumatic conveying equipment a r e  p o t e n t i a l  sources  o f  
dus t  emissions.  S torage  b ins  vent  dus t - laden  a i r  dur ing  loading  
o p e r a t i o n s .  

Fac tors  a f f e c t i n g  t h e  emissions from g r a i n  e l e v a t o r s  
inc lude  the  typr  of g r a i n ,  t h e  n o i s t u r e  conten t  o f  t he  g r a i n .  
the  amount o f  f o r e i g n  ma te r i a?  in t he  g r a i n ,  and the degree of  
enc losure  a t  lo;.ding and unloading a r e a s .  Approximately 89 pe r -  
cen t  of t he  dus t  i n  g r a i n  loading  a r e a s  i s  o rgan ic  (VA-067). 

Vet o i l l i n g  ope ra t ions  a r e  no t  conducive t o  major 
dus t  format ion ,  a l though p a r t i c u l a t e s  may escape from d r i e r  
cyclones.  D r y  m i l l i n g  i s  somewhat dus ty  i n  i t s  o p e r a t i o n .  
Most h.?ndling n 2 d  t r a n s f e r  i n  these  ope ra t ions  i s  pneumatic,  
a l lowing good l u s t  c o n t r o l .  Losses  can occur frcm e x t r a c t i n g  
and dry ing  ope ra t ions  and from cyclone c o l l e c t o r s  used i n  o i l -  
seed c rushlng  o p e r a t i o n s .  

Heated a i r  i n  r o t a r y ,  c o l u m .  o r  s h e l f  d r i e r s  i s  
normally us5d t o  dry the  z r a i n .  The p a r t i c u l a t e  m a t e r i a l  enanat -  
i n g  from the  drLers  i s  g e n e r a l l y  c l a s s i f i e d  as chaf f  o r ,  i n  t h e  

case  of  co rn ,  "beeswing." P a r t i c l e  s i z e  i s  l a r g e ,  bu t  t he  pa r -  
t i c l e s  a r e  e x t r e a e l y  l i g h t  and can be c a r r i e d  miles  on a windy 
day. 
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 actors a f f z c t i n g  en i s s ions  f r o m  grai.2 pr3cessin: 

operations include r h e  t p e  of processir .3  (:<et o r  d r y ) ,  q u a n t i t ; ~  
o f  :rain ? roces j ed ,  :h* amount of c l ean inz .  t:?e Ga:ree o f  dryin: 
and heating. zhe :>-?e o f  d r i e r ,  t h e  anount of  g r ind ing .  and the  
type o f  g a i n  szocessed.  

The dust  Eron g r a i n  and feed  Fills and e l e v a t o r s  .32y 

be '  colle.:ted b;, i n e r r l a i  d s v i c e s ,  f a b r i c  f i l t e r s ,  2nd e leccro-  
s t a t i c  ? r e c i ? i t a t o r s .  
:ion 
and mloadi;lz o s e r a t i o n s .  
merit can redcce the emisjions f r o m  3:ain ar.d feed m i l l s  and 
elevac0-j  by 233roxixataly 99 percent  (%O-Zb&) . 
of th2se ccnc rc l s  vou ld  resulE i n  a raduct ion  o f  abour  1,300.000 UT 

per  yezr oE ?a r s i cn laees  (VA-067). 

Enc losu res -o r  hoods wi th  proper  Vent i la -  
-;ec3ver:; shoa?C be i n s t a l l e d  f o r  c o n t r o l  3f loadin?, 

The cse of p a r t i c u l a t e  contro.1 eqili?- 

The a?? l icer lon  

- 2 3 ? -  
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3.9 Open Sources 

T h i s  ca tegory  inc ludes  open burning of a g r i c u l t u r a l .  
l and  c l e a r a n c e ,  and c o r e s t  was t e s .  The q u a n t i t i e s  of  o rgan ic  
a i r  p o l l u t a n t s  r e s u l t i n g  from these  p r a c t i c e s  a r e  shown i n  
Table 3.9-1. It  was determined t h a t  t he  r educ t ion  p o t e n t i a l s  
i n  t h i s  ca tegory  a r e  100 percent  based on t h e  e l imina t ion  o f  
open burning of  t hese  was te s .  
e f f l u e n t s  o r  s o l i d  waste .  

No es t ima tes  were made f o r  water  

3.9.1 AZricul turaL F i e l d  Bxrning and Land Clearance 

A cominon method o f  c o n t r o l l i n g  p e s t s  and d i spos ing  of  
a g r i c u l t u r e 1  and land c!.earance wastes such as c u t  g r a s s .  weeds 
and f l ~ l d  r e s i d u e s  i s  open burn ing .  A g r i c u l t u r a l  ope ra t ions  
c o n t r i b u t i n g  h e a v i l y  t o  the  waste  burning problem inc lude  g ras s  
seed product ion  and main ta in ing  g r a i n  f i e l d s ,  rangelands ,  2nd 
sugar  cane f i e l d s .  

Atmospheric eisissions from burning s t  caw and s t u b b l e  
a r e  g e n e r a l l y  c h a r a c t e r k t i c  o f  vege tab le  p l a n t  sou rces .  C e l -  
l u l o s e  and l i g n i n  a r e  the  major c o n s t i t u e n t s  of t he  p l a n t s .  
Emissions c o n s i s t  of v o l a t i l e  o rgan ic  compounds and smoke p lus  
t h e  combustion products .  
ganics  and 8 . 5  kg of  p a r t i c u l a t e s  a r e  emi t ted  per  ton of  waste  
burned ( E N - 0 7 1 ) .  

Approximately 10 kg of  v o l a t i l e  or- 

Atout  254 m i l l i o n  UT of  crop r e s i d c e s ,  b rush ,  weeds, 
an3 o t h e r  v e g e t a t i o n  a r e  burned annual ly  (US-336). This  open 
burning produces approximately 2 , 5 4 0 , 0 0 0  XT v o l a t i l e  o rgan ic s  
and 820,000 MT o rgan ic  p a r t i c u l a t e s  pe r  yea r .  Regulat ioFs 
a g a i n s t  ogen burning have probably reduced c u r r e n t  emissions 
beiow t h e s e  l e v e l s .  Oper. burn in3  emissions a r e  a f f e c t e d  by 

.> . 
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- TABLE 3.9-1 

AT?-!OSPHE?.:LC CUISSII)?1S ?.OX OPEX SOURCE 

Part i cu la te  

Ref Organics - 
Volatile 

Organics Ref - .  Year Subcate~or?  - 
Open Sources 

I 
- Agricultural  FielC 

aurning h Land Clearance 1968 

I 
4 

~~ 

3 .  Eli-071 

1.5 820.000 2,jb0,900 

Prescribed Forest 
Burning 1968 1.3 152,300 

972,800 

k71.700 

3,011,700 

Sources: 1. US-336' $. VA-067 
2 .  WA-252 3 .  35-001 

' .' . 
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0 I !  many f a c t o r s  i nc lud ing  wind; ambient temperatures;  mois ture  
c o n t e n t ,  s i z e  and shape of t he  f u e l ;  and compactness of f u e l  
bed (VA-067). The emissions and t h e i r  e f f e c t s  can be reduced 
by choosing per iods  wi th  optimum condi t ions  f o r  burning of t he  
r e f u s e .  Co l l ec t ion  and i n c i n e r a t i o n  of t he  wastes  i n  proper ly  
c o n t r o l l e d  i n c i n e r a t o r s  could s i g n i f i c a n t l y  reduce emiss ions .  

11; 

111 
I !  

1. j 1 
1 1  '1 I i i  

i ! ! '  n a t i v e s  inc lude  abandonment o r  burying a t  the  s i t e ,  t r a n s p o r t  
, i  I 

and d i s p o s a l  i n  remote a r e a s ,  and waste u t i l i z a t i o n .  P o t e n t i a l  i l  

water  p o l l u t i o n ,  f i r e  haza rds ,  i n s e c t s  and organisms should be i 

Q j ! 

9 : ;  

:{ i 

The most e f f e c t i v e  method of  c o n t r o l l i n g  the  emissions 
i s  t o  use o t h e r  d i s p o s a l  methods f o r  t h e  wastes  and e l i m i n a t e  
open burning of  a g r i c u l t u r a l  and 1ar.d c learance  waste .  A l t e r -  

harmful a spec t s  o f  abandoned o r  bur ied  vege ta t ion  such a s  Gdor. 

considered be fo re  employing t h e s e  methods. Composting and a n i -  
mal feeding  a r e  p o t e n t i a l  a l t e r a n t i v e s  t o  burning ( X A - 0 3 2 ) .  ' 

3 . 9 . 2  Presc r ibed  Fores t '  Burninq 

;-j I 
:-I 

- ! 
! 

i /  
P r e sc r ibed  burning 3f f o r e s t  wastes has  been p r a c t i c e d  . I  

lowin3 i n s t a n c e s  (EX-186)  : .~ I 

, I  

s i n c e  the  t u r n  of t he  cen tu ry .  This  p r a c t i c e  i s  used i n  the  f o l -  
, .  

- .  . .  . .  
: !  . .  1) t o  reduce the  f u e l  accunula t ion  and t h e r e -  

f o r e  the  hazard of uncon t ro l l ab le  w i l d f i r e s ;  

. .. t i  
2 )  t o  c o n t r o l  undes i r ab le  spec ie s  c f  t r e e s ;  

3)  t o  improve the  h a b i t a t  f o r  w i l d l i f e ;  _ '  

! 
4 )  t o  prepare  a seedbed f o r  n a t u r a l  reseeding  . .  

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

5) t o  enhance g r a z i n g ;  
* 
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5 )  t o  c o n t r o l  t he  brown spo t  fungus d i s e a s e  
of longleaf  p i n e ;  and 

7 )  t o  i n c r e a s e  volume growth of  t r e e s .  

The United S t a t e s  F o r e s t  Serv ice  e s t ima tes  t h a t  1 . 4 2  
m i l l i o n  h e c t a r e s  ( r e p r e s e n t i n g  6 9 . 3  m i l l i o n  XI of  ccmbust ible  
m a t e r i a l )  were burned i n  c o n t r o l l e d  f o r e s t  f i r e s  i n  1966 (US-336). 
Open burning of landscape and pruning r e f u s e ,  r e p r e s e n t a t i v e  o f  
f o r e s t  was tes ,  produces about  10  kg of organics  and 5 . 5  kr: of  
p a r t i c u l a t e s  p e r  >IT burned (EN-071). Twenty-four gaseous o r -  
gan ic  c s i s s i o n s  have been i d e n t i f i e d  i n  s l a s h  burning experiments 
( 5 8 - 2 2 3 ) .  
showed t h a t  15 t o  40  percent  o f  t he  gas was composed of  methane 
and e thylene  and t h a t  e thane  and ace ty l ene  ..<ere the  next  most 
abundan: m a t e r i a l s .  The snoke f7om r y e - g r ~ s s  burns conta ined  
about 38 percen t  o rgan ic  m a t t e r  (VA-067) .  
r e p r e s e n t a t i v e  of the  o rgan ic  conte:lt of p b r z i c u l a t e s  from s l a s h  
b urn i n g  . 

The gas chromatographic a n a l y s i s  of t h e  o rgan ic  gases  

T h i s  valce i s  probably 

The annual  ecAssions from c o n t r o l l e d  f , , res t  b u r n k g  
a r e  es t imated  to  be 6 9 3 , 0 0 0  >IT of  v o l a t i l e  organ.ics and 2 2 4 , 0 5 0  
NT of o rgan ic  parti .culatk!s.  
t hese  o rgan ic  emissions i.; t o  use d i spos" i  methods o t h e r  than 
conbust ion f o r  the  f o r e s t  t ' a s t e s .  Fores: s c raps  can be processe?  
by ch i?p ing  o r  c rush ing  and .:sed as r.?.? nare.ri .als f o r  k r a f t  ;?EL? 
m i l l s  o r  p rocesses  producing fL51?r50arc!, c h a r c o a l ,  o r  s y n t h e r i c  
firewood. A t  p r e s e n t ,  the  econoni c f : . a s ib i l i t y  of a l t e r n a t i v e  
methods inc lud ing  c o l l e c t i o n  and t r a r : ??o r t  f o r  l a n d f i l l i n g  or  
chip2ing appears t o  be low. The C,-JS~. t f  e l i m i n a t i n g  the  waste  
by  burn inz  is about $ 0 . 9 1  ? e r  :Tf, whi:reas d i s p o s a l  by chipping 
c o s t s  about $11 per  :.1T ( ! . JA-252) .  De:.pite t he  c o s t s  o f  a l t e r n a t i v e  
d i s p o s a l  xe thods .  t he  reducc icn  p o t e n c i a l  f o r  p re sc r ibed  f o r e s t  

The obviw.;  rtethod 05 e l i m i n a t i n g  

- 2 4 3 -  
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burning i s  determined t o  be 100 p e r c e n t ,  r e s u l t i n g  f r o 3  com- 
p l e t e  e l imina t ion  of open burning of t he  was te s .  

I 

I n  l i e u  of complete e l imina t ion  of open bu rn ing ,  t he  
a i r  p o l l u t i o n  a spec t s  o f  s l a s h  burning can be minimi.zed by 
va r ious  p r a c t i c e s .  
of combustion i s  of g r e a t e s t  s i g n i f i c a n c e  i n  a i r  p o l l u t a n t  pro-  
duc t ion  dur ing  s l a s h  burn ing .  
f u e l  burned accounts  f o r  on ly  20 t o  30 -2 rcen t  of t h e  organic  
emissions ( S A - 2 2 3 ) .  
s l a s h  b u m s  could be s u b s t a n t i a l l y  redaced by choosing condi- 
t i o n s  t h a t  promote a h i s h  energy f i r e  and by r a p i d  mop-up of 
t h e  burns.  

T e s t s  have shown t h a t  the  smoldering phase 

The i n i t i a l  EO percent  o f  the  

Th i s  sugges t s  t h a t  t he  a i r  p o l l u t i o n  f r o n  

I 
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3.10 Natural Sources 

?he major naturaL sourcc:: of  srganfc air pollutancs 
that have been idencified and for xhich quantitltive estimates 
of emissions are available include decomposition of organic 
matter. plane functions, and enteric fermentation in animals. 
These are discussed in this section. 

Natural organic materials -ontribute to the arganic 
load of waterways in n.my wavs. Sources icclude dead organic 
material originacing in the water such 2 s  fish or aquatic plants 
and natural organic zaterial in the runoff from vstersheds such 
as leaves, vood. carcasses, and aninat waste. Tt:is organic 
material is normallv removed in nature by either aerobic or 
anaerobic processes. 
lutanrs were available. 

No puancitacive iktJ on natural water pol- 
. .  

Sacural proce-;ses also produce s o i i ?  :,pastes such as 
plant residues, anizal : .mste.  and  carcass?^. T',!ese solid aastes 
are nornally deconposed $2 unless they are washed or b lown 

into a bod:? of water. Occasionally, these wasti's are burned or 
ocherdide disposed of f o r  safery reasons or t o  allow utilization 
of the land. 

Quanritacive esti-ates o f  warer qualiry ixpacc ani 
solid 'n'aste coniribucions from nacural processes 2 : ~  -0: a V 2 i i -  

able; teerefore. these t:lpes of missions w i l l  not be discussed 
in &:ail. Estimates of the quancities of atmospheric eaissions 
from cajor natur-a? sosrces are shown in Table 3.10-1. The values 
giver in :h is table are only esci7a:es based or. :+.e best dati 
avaLl?ble O R  nararal cnissions 

I 

i 



T . 3 L E  3 . 1 & A M O S P H E R I C  EXISSIONS FROY N A T L ' I U L S O U R C E S  

Pecornpositicn of 
Organic Xaterfal 1968 71.700.003 3 

Plants  1972 9.100.000 k . 5 . b  1,500,000 2 

Enteric ?ernencation 1963 I L,500,000 1 - -  in Aninals - 
CATEGORY TOTAL 8 5 , 3 0 0 . 9 U O  1.500.000 

Sources: 1. KO-172 b .  I U - 1 5 6  
2 .  UA--252 j .  AB-O&l i  
3. R0-229 6 .  PA-20'3 
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3.10.1 Process Descriution 

i 
i 

i 
i 
1 

- Decomuosition of Organic Xaterial 

Nethane is produced by the anaerobic bacterial decom- 
I i  

I i  
position of organic matter. 
as lakes. marshes. and paddy fields. Trace quanticies of ethane. 
acetylene. ethylene, propane. and propy1,ene are also produces of I ;  
methane fermentation. Robinson and Robbins (RO-228) zstiaated / I  

I ! !  that, on a worldwide basis, 13.7 x 10' E of methnne per year . !  
are emitted to the atmosphere from swamps, tropical areas, lake 1 ! !  
sediment. and varin s soils. They also estimared that carotene , .  

This process occurs in such places I :  

t .  

! i  . ,  
! I  

decomposition of r .anic .naterial releases an estimated 63.5 
million >!T per yea: or' terpene-type hydrocarbons to the atnosphere. 

From these global estimates. :he annual production 
rate of orgaxics dce to the decomposicion of organic material 
in the United States is estimated to be 7 1 . 7  million :IT. This 
estinare was obtained bv assuming thac the Unlted Scares' pro- 
duction rate ?er unit area is one-half char of the average for 
the vegecaeed earth surface. This assumption is based on the 
facc that emission races are hlgher in tropic.:'. than nontropical 
areas. and thac a significant portion of the %lab21 emissions 
are from paddy fields (KO-172). 

There is no feasible rcethod of controlllng organic 
acnospheric enissions from this source. However. wken reduction 
of the area covered by rice paddies and marshes is atzractive. 
tkis wil1 result in a reduccion of atmospheric enissions. 

P1ar.t Fiinctions 

Plarts &.elease a variety of volatile organics. i+.e 
major organlc subs:snces 2nic:rd to the atcospnere.~ro~.?l?r~s 

\ -247 -  
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are monoterpentenes (Clo) such as a-pinene, 6-pinene and limonene 
and the hemicerpene ( C r )  isoTrene (Mu-156). Rasmussen and Went 
(M-209) csnducted in -- situ gas chromatographic studies at t m -  
perate forests and fields. They reported that the emissisn rates 
of organic volatiles from plants show diurnal and temperature 
variations and are related to the mass and activity of the 
foliage. 

The biological and atmospheric fates of organic foliar 
emissions are poorly understood. It is believed that significant 
amounts of the naturally occurring organic compounds are disposed 
of in a biological siak, i.e.. populations of fungi, microbial 
life growing on vegetation surfaces, and absorption by conponents 
in the soil (AB-044;. Terpenes which have been studied show the 
high reactivit:? predicted by their olefinic structure’s ( M A - 1 5 6 ) .  
It has been suzgested that these photochemically reactive com- 
pounds undcrgo the photochemical reaction for smcg formation in 
which olefin;, nitric oxi.2es. and sunlight react to form ozone, 
peroxyacyl r.itrate-like c:ompounds, and aerosol material (iU-209). 
The aerosols (Aitken nuclei) produced by this phctochemical 
polymerization process are believed to be respon:;ible for the 
blue haze associated with vegetation. 

Estimates of worldwide volatile organic emissions var:r 
greatly. Table 3.10-2 smarizes global terpene emission esttmates 
determined by various investigators. Went’s estimate of 154 
million :,IT of terper.es emitted per year is approximately the 
median ,Jalue and c3rresponds to Rasmussen’s estimate at a canopy 
depth of 75 cn. A United States’ emission estimate of 15.4 
million XT per year was derived from this global estimace of 
154 million XT per year by assuming that :he terpene emission 
rate per unit area for the total United States area (10” cn2) 
is equal to that of the total vegetated earth surface (10” cn’) 

(M-156). Abeles. et. al., (XB-O<<! estixzted that the natural 
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TABLE 3.10-2. cLoaAL TERPESE E?!ISSION ESTIWTES 

- I n v e s t i p a t o r  

Rnsmussen (19 ’2)  

Xethod Es t h a  t e  
(IO‘ >n /v r . )  

’ I n t a c t  plar,cs i n  Leaf . 23.6 - 66L‘ 
assimi1a:ion cnasbe r s  

S u a  of  sagebrush  emiss ion  1% 
and t e r p e n e s  as 2er- 
cencase  of p l a n t  t i s s u e s  

i 1. Bagging f o l i a g e  2 3 . 2  aasnussan and Vent (196b) 
2 .  Enc losu re  f o r b s  13.5 
3. In-sit2 ambie l t  con- 632 

cencra:ion 

Ripper ton .  k?li:e and Rx rate 031pi?ene  2toiO KLJeS 
pK+vioUS J e f f r i e s  (1967) 
e s t i a a t e s  

‘E31ss ians  var‘, ;rLth canopy de?rh  (1C-203 c z  canopy d e p t h s  in s t u d y )  

Source: $A-156 
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production of ethylene from plants in the United States is ap- 
Froximately 18,000 MT per year. 

Ragweed, goldenrod. bermuda grass, walnut trees, and 
numerous other weeds, econonic plants, and trees produce pollens. 
There is evidence chat 1.5 million MT.of pollen move into the 
atmosphere over the United StaCeS every year (WA-252). The 
major detrimental effect of pollen is, of course, its allergenic 
nature. 

Enteric Fermentation in Animals 

Methane is produced as the result of enteric fermenta- 
tion in animals. 
source i s  estimated to be approximately 45 million MT (KO-172). 
The United Scates' methane emissions froc? this source are about 
4 . 5  million >IT per year assuming that the animal population is 
uiiformly distributed over all vegetated land areas. 

The global. production of methane from this 

3.10.2 Control. of Enissions 

i-I .. I 

! 
. .  
. .  

. I  

The only method of controlling emissions from natural . .  

the emissions. This control method is not practical in most . .  
processes is to reduce the quantity of plants and animals causing 

cases; therefore, the reduction potential for emissions from 
natural process is negligible. 

I 

, .  
. .  

. . . - .  
.D 

L. 
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3.11 - So'id Waste EisDosal 
0 . This section describes techniques and Frocesses for 

the disposal of the following Tolid wastes: 

n r/ 

fi 

q .. 
.. 

r-] 
b 

." 

!1 

! 1  
I '  ;.I 

i 1) Wastes generated by urban, rural, commercial, 
municipal, institntional and industrial 

$ 
I .: 
i , .  

sources. collected and disposed of by i 
municipal agencies. 1 :  

I, 
2 )  Municipal sewage solids. ! 

/ j .  
3) Solid waste disposed of by non-industrial ! 

intermediate size incinerators. such as I >  
i 

apartmenc house incinerators. This cate- I 

gory does not cover, however, industrial 
wastes handled on-site or off-site by :he 
industries themselves or by private con- 
tractors wh.3 do nct use municipal facilities. 

4 )  Non-collectsd urban and rural soli2 wastes 
which are d i s p o s e d  of by various unidentified 
and/or unquanti-ied methods. 

Subcategories within t!?e agricultural and forest pro- 
ducts induscry also produce organic solid wastes. Table 3.11-1 
shows the composition of solid wastes generated by various 
prccesses within th.2 industry. 
allowed to decompose in situ or are disposed of by methods in- 
cluding incineration, open burning, landfills and spreading. 
open dxping, or utilization xithin another process. 

These wastes are normally either 

! .  Ever.:ually all solid waste is disposed of by sorlT.e type 
, .  o i  open dumpir.g or landfilling. IncineiJtion aerely p2oduces 
' . .  
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- TABLE 3.11-1. SOLID WASTES IN THE AGRICULTURAL 

AND FOREST PRODUCTS INDUSTR? _. 

Xef Subcategory Solid Waste COUDOSiti3n - 
LivestockIPoultry 
Grains 
Logging Operations 
Fruits & Vegetables 

Sawmi 11 s 

Pulp & Paper 

Secondary Wood Xfg. 
Processed Foods 
Heat Products 
Paper Products 

Leather 

Fa:s, Oil. Xisc 
Focds 
Bakery 

Coffee Roasting 
Tobacco 

Manure, carcasses 
Field residue 
Logging residue 
Field residue 
Residual from caning & freezing 
Unused sawdust 
Pulp residue & unusable 
paper residue 
IChips, shavings. sawdust 
Processing residuals 
'Paunch manure 
Contaminated or unusable paper 
and wood 
Flesh scrapicfs, hair & nonleacher 
residuals 

2 
2 
4 
2 
2 
2 

2 
2 
2 
2 

2 

2 

Various processing residuals 2 
Residuals & unusable materials 
& products 2 
Chaff 1.3 
Fines, lints, unacceptable 
material 2 

Sources: 1. DA-069 
2 .  EN-067 
3 .  US-303 
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a less voluminous, more stable product for landfilling. Today, 
other reasons such as recovering heating value and recyclirg of 
valuable metals have made incineration even more attractivc. 
Table 3 . 1 1 - 2  lists the types of solid waste disposal techniques 
examined in this category. 

The organic atmospheric emissions, liquid effluents, 
an? solid wastes from the disposal methods are described in 
this section. The organics were quantified and are listed in 
Tables 3.11-3, 3 . 1 1 - 4 ,  and 3.11-5. The values are based on a 
collected nunicipal refuse :ate of 240 x lo6 MT/year and a con- 
version factor of 2 5  mg/t BOD approximately equals 5.2 mg/t total 
organics (SO-039). 

3.11.1 Process Description 

'Burnins at open dumps is th? lzrgtst single atmospheric 
The emitrer of orgsnics of all the solid vaste disposal metliods. 

total emission rate in 1970 was approxLmately two mlllion zetric 
tons per year of bcth volacile organics and organic particulates. 
Since that time there has been a major effort to shut d c m  all 
burning dumps in the United States. 
has no: been docurentzd, but it is believed to be o n l y  partially 
completed. 

The success of thls effort 

If waste at the dumps is not burned, decomposition of 
the Grganic matter will produce organic gases consisting nainly 
of methane. The methane produced in open dumps is estinated 
at 67,000 metric tons per year. This emissio?. rate is, a!  best, 
an order-of-magnitude estima:e dxe to the con?licated and 
variable processes involved In the decomposition of the organic 
material. 
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A) 0p.n Dumps 
a) Open burning - collect and uncollected refase 
b) Open duzping 
c) Sewage sludge laqooning and dumTing 

2) Landfilis 
a) Landfili 
b) Sanitary Landfill 

:/ I 
3) Incineration !..I 

a) Mmicipal incinerators 

c) Sewage sludge incineracors 
d )  

'b) Intemediace non-induscrlal incinerators . .  I 

Incineracion of uccollected urban and rura l  reEuse 
. .  
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The majority of the liquid organic effluent from open 
dumps is leachates formed by percolation of rainfall and infil- 
tration of ground water. The leachate rate is estimated at 
1.76 x 10" liters .per year. 
estimaee. 
geolog:?, topography, type of refuse, acd aga of the refuse. The 
estimated leachate q;lality for open dumps a2d burning dumps is 
shown in Table 3.11-6. 

This value is an order-of-magnitude 
The actual leachate rare w i l l  depenl on hydrology, 

I 

Also considered in open dumpiiig is the lagooning of 
sewage sludge. Lagooning is the most popular mer:h>d of handling 
sewage solids. Air emissions can result from the lagoons 6ue 
to Aerobic and anaerobic decomposLti,x of crganics within -he 

sludge liquor. The gaseous products .are mainly H2S and meth.1T.e. 
Although the total gas quentiry is relari\.ei) sxali, the gas 
produced is of:m offensPJe I.n odor and may be a nuisance. 

1t;filtra;ion of wastenter ;:.to the :.~.l; making lip 
the pond may also be considered a source of org:nic effluects. 
The estim?ted volume for this leachate was che rmrillest of all 
those calculated in this solid waste cat2gory. The BOD, COLI, 
dnd zotal organizs emitted are estimated to be 4. .0 .  l,:::'.). and 
850 metric tons per year, respec-ively. These nLnbers zre 
order cf magnitude estinaces. 

Open Burnin% of Uncollected Refuse 

A 1972 report estimated the volume of uncollected 
urban and rural residential and municipal -,fuse to be 5C x lJ5 
?Xiyear (>lS-OOl) .  Of this amount soproximately 29 x 1 J 5  ZITl:irar 
was open burned. The emissions frdm open burnin& were estixated 
from zhr same emission factors used fo r  the op?n burni::g dump. 

-2.58- 



TABLE 3.11-6. .>TI?LlTED *?LALITIES OF D L W  >.X3 L\!iDFILL LEACNATES 

COD Dissolved S o l i d s  Tot31 S o l i d s  
m g l t  

EOD 
ng/e- a c t 2  n g I L  - 

1o.oco ?.OOO 8,000 

1?.00C 1.000 12,000 

1O.OGO z.000 8.000 

2,00@ e,  900 

Open Dump a,ooo 
Burning Dump ?O,OOO 

L a n d f i l l s  a.ooo 

Saolrar:, L a n d f i l l s  8 .000  10.000 

1 

I 

-- 
Sources: SA-103,  30-211, HU-111. BO-lS?. 1.0-250, LY-007. 

EG-021, E-003.  

, .  .:"" . 
I 

0. . . .. ., 

-259-  



.. .A . . _ -  

' .. 

.i 

. -. 
I .  

The remaining 29 x LO6 MT/year was IisposeG of by 

Approximately 90 percent of the remaining refuse was 
intermediate size incinerators to be discussei lzter and by opcn 
dumping. 
open dumped in unidentified locations. There werr no calculated 
emissions for tho open dumped uncollected so;;d waste. 

Lantfills -- 
Regular landfills covered with soil periodically and 

chose classified as the sanitary-type covered on a daily basis 
are similar in design and, therefore. have similar emissions 
and effluents. The effluent source from landfills is leachaces 
from the landfill sites. The emissions resclr from gases 
prod.xed by de-onposition of the organic matter. 

The leachate frcn landfills results from percolation 
of rainfall infiltration o:t' ground waters inco the fill site. 
In che United States, the volume of such leachates kas been 
estimated as 1.03 x 1O'O liters per year for reguial- landfills 
ard 1 . 4 7  x lo9 liters per year for sanitary landfills. The 
escimaced quality of leachaces is shown in Table 3.11-7. The 
actual couposizion depends on hydrology, geology. topography, 
type of refuse, and age of che refuse. 

The main organi; cons':i:.lent of che Zases formed 
during the deconposition of organi,: materials is neckace. The 
atmospheric emissions from regular landfills are estimated to 
be 157.000 metric tons per year, and for sanitary la~dfill; 
2 2 , 4 0 0  netric t o n s  per year. 

-260- 



_ .  . 
_. .. . .. - * .  

.J . .. 

< . .  
I. '\ 

. I  

i 
I 

. "  - .  .. 
.. 

.. 

'. i . 

- 

0 
0 

iE'  
0 

: : :I z. 
0 

0 

: : :I 2. Q 

Q 

-261- 



I n c i n e r a t i o n  

As mentioned p r e v i o u s l y ,  i n c i n e r a t i o n  produces a T ~ C E  I‘ : :I  - s t a b l e  and l e s s  voluminous m a t e r i a l  which i s  s:: i tabie f o r  :.and- 
f i l l i n g .  V a r i a t i o n s  i n  emissions from municLpal,  n m - i n d u s t r i a l ,  
and sewage s ludge  i n c i n e r a t i o n  p rocesses  r e s u l t  from the  type of  ij 

‘ I  . 
I 

.. 

f. 

, 

Ten perc.?nt 0:” a l .  ger.erated and coll i!cted r e s i d e n t i a l ,  I 

munic ipa l ,  com.:r i a l ,  : ; .nsc izu t ions l ,  and i n d u s , : r i a l  s o l i d  
wastes a r e  combuscei. i n  m i n i c i p a l  i n c i n e r a t 3 r s .  The est l lnated 
v o l a t i l e  c r f a n i c  and o r  .i.iiic p i r c i c u l a t e  emissions from these 
-n i t s  a r e  51.500 and 65.400 n:ecric t ons  p e r  y e a r .  r e s p e c t i v e l y .  

In t e rmed ia t e  size i n c i n e r a t o r s  a r e  en?lo:red i n  s c k o l s .  
s t o r e s .  o f f i c e  b u i l d i n g s , .  h i g h - r i s e  apartmenr::. and h o s ? i t a l s .  

There is auch ? 2 s s  wastewater  e f f l u e n t  from ash handl ing  
systems and p a r t i c u l a t e  s c rubbe r s  than  o t h e r  wastewater  s t reams 
i n  t h e  s o l i d  t ias te  ca t eoe rv .  S ince  a s h  s l u i c e  wa:er and scrubber  
water  a r e  g e n e r a i l y  t r e a t e d  and rec:rcled. t h e  f i n a l  e f f l u e n t  
s t reams a r e  e a s i l y  handl-- i  by municipal  sewage sys:erns o r  on- 
s i t e  eca?ora t ion  ponus. 



3.11.2 Control of Emissions and Effluents. 

Both open dumping m d  open dump burning are inadequate 
methods for waste disposal. A major effort has been undertaken 
i n  the Cnited States in recenz. years to replace all open and 
burning dumps with landfills. 

The major pollutants from sanitary landfills are 
leachates and gases formed during decompojition of organic matter 
within the landfill. To control leachates, the solid materials 
should be contained and water flow through it minimized. Control 
system for gases such as methane. which is an environmen:al 
and a safecy hazard, include conrainnect. venting, and flaring. 

Control of volacile organics fram incineratim is 
accomplished by three methods. 
operating parameters may be employed. 
i.ncinerators reduces emissions. i"ie 'asc of auxiliary fuel-fired 
burners in the mixing chamber incre:is:s th.2 combustion cemperarure 
which results in more complete cmbustLor2. 

CLcsc control of incinerator 
Design of o.ultiple chsmSer 

The add-on contro1.s -.resently used on municipal in- 
cinerators are designed for rcno,ml of particulates but not for 
the control of volatile qrganics. These controls include cxpan- 
sion chambers, spray chambers, wet and dxy scrubbers, electro- 
static precipitators. and fabric filters. Organics a:?, however, 
cont.rolled by desigr. of the incinerator with multiple chambers 
or afterburners. 

1ntemedi.Ite size non-industriai incinerators are 
smaller and have irregular loading rates. Regulation of excess 
air, firebox temperature. and residence tine for these ir.c<nera- 
tors is more difficult than for larger ones. Approximarely 70 
to 90 percent of these incinerators are equipped xizh afterbzrnrrs 

- 2 6 3 -  
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which eliminate approximately 95 percent of the organic emissions 
(BR-279). Some fntermediate size incinerators have particulate 
control system which further reduce the organic particulates 
in the stack. 

Sewage sludge incinerator controls are similar to the 
municipal and intermediate incinerazor concrol systems. 
control systems are usually designed to control particulates and 
no: volatile organics. Before 1960, x o s t  sewage sludge incin- 
erators had no air pollution controls. Between 1951 and 1967, 
most new installations were equipped with low enerE,y venturi 
scrubbers to meet the 1960 ASHE parciculate scandards. After 
1967, stricter standards required the installation of impinge- 
ment plate scrubbers or high energy venturi type scrubbers on 
all new installations. 

The 

To eliminate air pollution problems associated with I )  - 
incinerarion, sanitary landfills could be rmployed as an al- 
ternative disposal method. However, laridfill requires six to 
ten tines the land area necessary for incineration and water 
effluents are a potertial problem. 

3.11;3 Potential Reductiqn of Emissions and Effluents 

Table 3.:1-7 sm.irizes the potentia: reductions in 
organic emissions and effluents from solid waste disposal 
operations. Reductions can be achieved by: 

2: 

i 

$ 1  

' . . I  

' i  

. !  

.. . 

. .  

1) replacenent of open burning and dumping 
of collected and uncollected refuse with 
sanitary landfills, 

2 )  containnent of leachates from existing 
landfills, 

\ - 2 6 4 -  
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3) flaring decomposition gases from existing 
landfills, or 

4 )  application of afterburners or auxiliary 
burners to incinerators. 

The total pocencial reduction in volatile organics is 2.210,000 

is 607,000 NT,'year. 
70,900 ?lT/year. 

NT/year. The potenrial for reduction of organic particulares i 
Organic water effluents can be reduced by 

There are some alternative control methods to sanitary 
1ar.dfilling and incineration. 
pyrolysis, 3nd salvage-recycle operations. These methods have 
yet to be proven on a large-scale nationwide basis. 

These methods are composting, 
I 
I i 

Conposting has been proven in Europe as a viable 
solid waste control method. although it has yet to be accepted 
on a large-scale in the Cnited Scates. 
more expensive than landfilling and incir.erating and also has 
probiems with odors and -;ernin. 
reduced by use of coveri:ig material, insecticides, and pesticides 
Conposting has the advantages of requiring less lard than the 
landfill and of  recycling the decomposed material as a useful 
7roduc:. 

Composting is generally 

30th of these problems can be 

Pyrolysis is still in the pilot-plane stage of dev2;;p- 
ment. If it is perfected, pyrolysis could effect a reduction 
in organic enisjions from solid vaste handling due to the fact 
chat waste stre2ns are col1ec:ed and treated. Added incen:ive 
to develop t:?e jrocess is ::le potential for prodcztlon of valu- 
abLe fuels scch as light o i l s  and ft,el gas. 
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A method of reducing the volume of refuse is to remove 

“ i  and recycle all valuable, reusable constituents. These constic- 
uents include ferrous metals, non-ferrous metals (especially 0 ;  
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3 . 1 2  Municipal Wastewater Treatment 

Processes far rreatnent of all sewered and unsewered 
residential wastewaters and €or all sewered commercial, industrii,.l, 
and institutional wastewaters treated in municipal facilities 
are included in this cateogry. A l l  unsewered wastewaters are 
asstxed to be handled by septic tanks. 

Figure 3 . 1 2 - 1  shows the available wastewater treatment 
alternatives discussed in this section. Modern designs of large 
treatment facilities include some type of secondary organic 
removal process along with lagoons or drying beds for handling 
the sludge. 

The.BOD. COD. suspended solids, a-d total organic 
from each of the different t:rpes of waste treatment facilities 
were quantified. 
of use of each type of facility. These estimates included only 
the sewered United Scates vastewater. The quality of the waste- 
waters from the wasttmater treatment facilities was based on an 
average of  effluents given in literature (8.4-415. RE-176). The 
qcar,;ity and quality of the wastewaters from each tyoe of facility 
were combined to give the toral effluents contained in Table 
3 . 1 2 - 1 .  The values for total organics were calc.ilated by the 
conversion factor of 2 5  ng/Z BOD approximately equais 52 mg12 
tatal crganics (SO-080). The handiing and disposal of sludge 
solids generated by the wastewater processes are discussed in 
Section 3.11. 

EPA estimates were 'used to zstimare the extent 

3.12.1 Effluent Sources 

Unsewered septic tanks are calculated io be the largest 
soLrces of BOD, COD and suspended solids. The BO3 and COD con- 
centratiocs of septic tank effluencs a r e  comparabie to those of 
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medium to strong raw municipal wastewcter. 
are usually evaporated to the surrounding environment from ar. 
absorption field. 

The septic effluents 

Primary wastewater treatment facilities are the second 
largest source of pollutant effluents. These facilities provide 
pretreatment (i.e., grit removal, flocculation, etc.) and sus- 
pended solids renoval. but not biological treatment. The e:- 
fluent from primary treatment processes is characterized by BOD, 
COD, and suspended solids concentrations of approximately 150 
mglL, 350 mg/2, and 100 wgli,  respectively (XE-176, CE-014). 

, ,  

Most new designs for large wastewater treatment 
facilities employ secondary biological trsatment of the waste- 
water. These processes include trickling filters, activated 
sludge, and aerated lagoons or oxidation ponds. Biological 
treatment provides BOD and COD reduction of 55 to 95 percent 
and suspended solids reduction of 65 to 4:! percent. 
degree of redcction can usually be attainid through proper'design 
of the facility. 
provides enough pollutant reduction to meet all existing waste- 
water effluent guidelines. 
of the United States population was serviced by sone type cf 
secondary biological treatment facility (>[I-028). 

Any desired 

Secondary biological treatment generally 

In. 1974, aFproximately L9 percent 

Tertiary treatment of municipal wastewater removes 
particularly hard to treat pollutants or meets very stringent 
wastewater effluent standards. Tertiary processes include ion 
exchange. membrane separation processes (i.e.. r-verse osmosis), 
activated carbon, microfiltration, and chemical treatment such 
as chlorinaticn. A l l  cf the above listed processes have beer. 
prover. an full-scale mmicipal wastewater 0pera~L-l~. 
slightly over one percent of the United States pL?illation is 
served by a tertiary treatment facility. 

Only 

i . .  
i. 
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Organic gases  from a ' m u n i c i p a l  t rea tment  f a c i l i t y  a r e  
d i f f i c l l l t  t d  q u a n t i f y  but  a r e  expected t o  be r e l a t i v e l y  s m a l l .  
Thes: vapors  a r e  emi t ted  f r o v  sc reen ing  ;:reas, a e r a t i o n  t a n k s .  
t r i c k l i n s  f i l t e r s ,  and c l s r i f i e r s .  
bu t  t h e  c o n s t i t u e n t s  generzll;,  cause  odor problems. 
s ludge  t rea tment  p l a n t  emLts r.or: v o l a t i l p  c r a a n i c s  than does 
t h e  screenin:: a r e a  o r  t 5e  s e , t ~ l i n g  ponds.  The emissions from 
ac - iva t ed  s l a d g e  cre.itmmt r e s u l t  from the  p a r t i a l  s t r i p p i n g  
from the  l i q u o r  of v a r i o u s  v o l a t i l e  o i l s ,  f a t s ,  and o t h e r  o rgan ic  
compounds p r e s e n t  i n  t h e  sewsge : ( N A - 0 3 2 ) .  

T h e  emission rates a r e  low.  
The a r c i v a r e d  

3 . 1 2 . 2  Appl i ca t ion  of Contro l  Technologv 

Although t h e  s i n g l e - f a a i l y  s e p t i c  tanks have been 
d e s i g r a t e d  a s  t h e  g r e a t e s t  im?ac:oi- i n  t h e  waste.water ca tegory  
t h e r e  is c u r r e n t l y  no  v i z b l e  subs t : i tu te  f o r  sept.c t anks .  
a r e a s  where s e p t i c  t i u k s  have been' used and the  popl i la t isn has  
now g r o m  reasonably  c l c s e  tog:thcr, one p o s s i b l e  a l t e r n a t i v e  
i s  t o  ga the r  a l l  t h e  wastewater  t o  a common trec-ment  f a c i l i t y  
c e n e r a l l y ,  t h i s  i s  no t  f e a s i b l e  i n  r u r a l  a r e a s ,  End t h e  s e p t i c  
tank  i s  t h e  on ly  a l t e r n a t i v e .  

1.n 

O f  t h e  wastewater  thLch is cur renz ly  sa the red  and 
t r e a t e d  a t  one s i t ? ,  a r e d u c t i s n  i n  tL? t o t a l  RC3, COD, and 
suspendei  s o l i d s  car! occur  wirh  upgrading of  t h e  e x i s t i n g  
f x i l i t i e s .  One s:*p i n  upgrad:ng would be che aidiK,ion of 
s.:condary bioloS:.cal treatmen: t o  p l a n t -  which hade no t re? t -  
m.23 t  o r  zr-.y primary t r ea tmen t .  T h e  e s t ima ted  r.?duc:ior. achieved 
b.* upgrading co secondary t reatmen? is  shown i n  ?%bye 3 . : 2 - 2 .  

. 

. .  

I f  more s t r i x g e x c  wast ,.L'fluenr g . l i de i ines  a r e  
adopted ,  bdd i t ion  of  ter1:ii. ''I praczsses  t J  311 :.!astewacer 
t r e a t n m t  f a c i l i t i e s  p.a]. : .: ,.e, .:ired. The expecced r educ t ion  

. .  

. .. , .. . 
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resultin6 froc addition of tertiary control is also shown in 
Table 3 . 1 2 - 2 .  The cost of the tertiary controls is expected to 
be relatively expensive for the amount of reduction. 

i I 

I /  
I 

/ I  
1 

, i  , .  
i j  As water resources become scarce and wastewater quality 

requirements more stringent, wastevater reclamation ar,d reuse 

is currently being practiced are: 
will become increasingly populdr. Areas where wastewacer reuse 

i I  
! I  

1) irrigation and other agricultural 
u s e s ,  

2 )  cooling water, 

t i  I 

i 
' i  

! 

3 )  industrial process wa:er, 

4 )  boiler feed water. 

5 )  recreational lakes 

6 )  fish propagation, and 

7) nonpotable domestic use. 

In 1971. the greatest amount of reuse %as for irrigation and 

industrial process water. 
tion Kanagenent, even very poor quality effluents were used 
successfully. The total water reuse that same year anounted to 
less than the annual water use of New York City. 

With proper crop selection and irriga- 

Wastewater reuse is economically feasible under the 
follo-,,-ini conditions (SC-310) : 
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1) Existing freshwater supplies are limited, 
and subscantial future expenditures are 
contemplated. making it essential to 
develop additional supplies. 

2 )  Existing freshwater supplies are relatively 
expensive. 

3)  Private or public developments with need 
for large volumes of water exist in the 
area. 

4 )  The treatment provided the wastewater pro- 
duces an effluent of very high quality that 
is not wasted into receiving waters. 

5 )  Regulatory agencies are planning ti:, require 
a higher degree of treatmenr: :or discharge 
to receivir.g waters, such as nutrient 
removal. 

fncreased reuse of treated municipal wastewater could 
provide a reduction in organic water from municipal watsr trrat- 
ment. An estimation of the reduction was made based on the 
follcrjing assumptions: 

I) Approximately 50 percent of the wastewater 
is reused as irrigation water and thus bas 
an environmental impact. 

2 )  The other 50 percent of the wastewa:-.r is 
reused in industrial process and cDoling 
waters and will not impact the envirorment. 

. .  

_. 

.. 

. -  

.. 
3 )  Wastewater fro= septic tanks is nct rec:rcled. 
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If these three assumptions are included wi:h the gpgradins of 
all the existing wastewater treatment facilities tc tertiary 
type controls, the expected organic reduction in total organic 
effluencs would be 3 . 4 2  x 10' ?lT/year. 
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3.13 Other Sources 

Known sources of organic pollutants not previouslv 
discussed are included in this cateogry. Included here are 
Eoresc wildfires, coal refuse fires and structural fires. The 
quanticies of volatile organics and organic particulates emitted 
from these sources are shown in Table 3.13-1. These emission 
estimates are based on numerous assumptions and are "ball park" 
values. The emissions from these fires can be reduced by more 
extensive application of control and pr"vention methods, but 
ic was not possible to determine reduction potenrials associated 
with the mechods. 

3.13.1 Forest Wildfires 

The size, intensity, and occurrence of wildfires ar2 
dependent on such variables as local meteorological conditions. 
the species of trees and their moisture concent, and the weight 
of combustible fuel per unit area (fuel loading). After ignition. 
small dry matter burns first, then larger livir,g plants. 

The United Stares Forest Service is developing a nation- 
wide fuel identification node1 to provide estimates of fuel load- 
ing by tree size class. X Sa:ional Fire Danger Rating System 
(XFDR) is produced when wind, slope, and expected moisture 
changes are superimposed on this fuei model. 

Hypothetic&lly. the nature and quantity of pollutant 
emissions are relared to the intensity of the wildfire, irs 
direc:ion relative to the wind. and the rate at which it spreads 
(EX-071). Laboratory test.s have shown that the smouldering phase 
of combuscion is a major source of pollution. The initial 80 
percent of rb.e fuel burned accouncs for only about 50-30 jercent 
of the orsanic en!issions ( S A - 2 2 3 ) .  
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i 
TABLE 3.11-1. AT?IOSPHERIC ElISSIOSS FRO?l OTHER SOURCES i 

i 

I 

EmisJions (?!T/*rr) 

VoLa t i le Parricclate I 
Sub-Caiegory Year Organic Xe f Organic Ze f I 

, I  

! 
Foresc jltldfires 1971 791,000 1 213,000 1 . 2  I I  

i !  
1- i 

/ 1973 64,800 4 . 6  20,900 2 .6  

1972 6 1 . 2 0 0  3,5.6 - 
Structural Fires 

Coal Xefzse F i r e s  

Caregory iscal 917,000 233,900 

Sources: 1. E:l-C71 4 .  NX-332 
2 .  VA-067  5 .  EN-226 
3 .  YS-001 6 .  XOo-201 

.. '_./ : 

.. . .  
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Gas chromatographic analysis of emissions from the 
burning of ponderosa pine showed that 15-40 percent of this gas 
was methane and ethane (SA-223).  Ethane and acetylene were rne 
next most abundant compounds of the 2 4  organic compounds ,.dcnti- 
fied by the analysis. The smoke from rye grass burrs cor.tains 
about 38 percent organic matter (VA-067) and is thought to be 
representative of particulate matter f r m  forest wildfires. 

Forest wildfire:; produce about 791.000 MT of organics 
(as methane) and 560,000 XT of particuiate matter ( 2 1 3 , 0 0 0  NT 
organic particulates assuning 38 percent organic content) annually 
(EN-071). These rough estimates were obtained by using data on 
areas consumed by wildfires in 1971, the fuel loading in the 
areas consumed. and emission factors. 

The most effect.ive control method for forest wildfires 
is fire prevention. .Considerable activity has been, and is 
being, directed tovard reducing the nunber and severity of wild- 
fires. These activities include publishing information on fire 
prevention and cofitrol. surveillance of forest areas where fires 
are likely to occur, prevention of recreational usage cf these 
areas, prescribed contrpls for burning of litter and underbrush. 
and various firefighting and zontrol activities. The rests 
mentioned previously indicate that emissions could be substantially 
redcced by rapid mop-up operations to minimize smol?ering. The 
reduction poten:ial associated with these techniques cannot be 
quantitatively estimated. 

3 . 1 3 . 2  Structural Fires 

Approximately one million buildings are damaged an- 
nually by fires in the United Staces (US-336). Emissions frorn 
these fires can be roughly apprcximated by using various 

i '  ' 

I 
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assunptions for the quantity of combustibles and emission factors 
Xonsanto Research Cor?oracion estimated that in 1973 structural 
fires emitted 6L.800 YT of volatile organics and 55,100 XT of 
particulates. 
? 0 . 9 0 0  ?!T per year. assuming that the smkr from these fires 
is re?resented by tha- from rye grass burns which contain about 
38 percent organic matter (VX-057). 

The emission of organic particulates equals abouc 

Prevention snd control techniques can reduce. these 
emissions. 
proof construction materials; information prograns on fire 
preventioii; and propcr handiing, storage. and packaging of flam- 
mable materials. Fire control techniques include methods for 
rapidly extinguishing fires such as the use of sprinklers. foaa, 
and inert gas systems, and provision of adequate alarm systems. 
firefighting facilities. and personnel. 

Fire prevention techniques include the use of fire- 

3.13.3 Coal Refuse Fires 

Large amounts of refuse are z:ener.?ted during che clean- 
ing of coal. About 80 percent of the total bituminous coal 
production in 1968 was cleaned, generaring 88 million YT of 
refuse, or about I8 percent of the total production (XS-001). 
These :castes are normally disposed of in hillside dumps, valley 
fills, 2nd ear:hen dumps. The wastes cover man:? thousands of 
hectares of land. For example, in Pennsylvania and West Virginia 
a l o n e ,  the disposal of deep mine wastes has covered 16,000 
hectares of land (CO-168). 

Fires have been burning for nany years ia acccnulaticns 
of coal refcse. The most imporcant ceuses of t5.ese fires are 
(CO-168) : 

I 
! 
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1) spontaneous ccnbustion, 

2) intentional iznltion co cbtain "red dog" 
for use as a road base material. 

camp fires left burning neA:r disposal 
sites, 

3)  

4 )  forest fires, and 

5) careless burning of t.rash on or near 
the refuse piles. 

It was estimated that 538 million cubic meters of 
burning coal refuse piles existed in the United States in 1054. 
A more recent study cited reports which estimated that in 1969 
there were 292 burning refuse piles, with a total volume of 206 
millLon cubic meters and containit7g an estimateil equivalent of 
16 million HT coal ( Y S - 0 0 1 ) .  These figures indicate signif- 
icant progress has been made in efforts to extinguish and prevent 
fires in coal refuse piles. 

By using assumed densities, average lives for coal 
piles, and emission factors, a rough estimate of emissions can 
be obtained. 
of volatile organics in 1073 (NO-201). The composicion of irhe 
gaseous organics is not known. 
particulates is unknow?. 
rate of 123.003 XT/yr. (CO-168, US-144). 

Burning coal refuse piles eritted about 61,200 XT 

The emission rate for organic 
Total particulates are emitted at a 

There are numerous approaches for control and pre- 
vention of fires in coal ref>ise 2iles. Control methods include 
various xays of applying water and slurries of non-conbusti5lrs 
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I to the fires and the use of bulldozers t o  isolate and extinguish 
the fires. Prevencion metho& include propcr choice and prepara- 
tion of the dump sites, minimizing the qua,it',cy of combustibles 
in the refuse, systeziatic dumping techniques, canpaction. and 
sealing of the piles. The Office of Coal 2esearrh has prepared 
a report concerning the stabilization. reclamscion. and utiliza- 
cion of coal refuse piles which examines these control and pre- 
vention techniques and their application (CO-163). The reduction 
?otential associated with more stringent application of the con- 
r r o l  and prevcTition methods is unknown. 

i 
I 
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