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ABSTFACT 

This  document  prEseRts the f5ndings of a s tudy  of t h e  cire and   innor  
tube   and   syn the t i c   rubbe r   s egmen t s  of t h e   r u b b e r   p r o c e s s i n g   i n d u s t r y  by 
Roy F. Weston, Irrc. for the Envlronmental   Protect. ion Agency, f o r  th . t  
purpose  of   dcvElopin9 -sf f l u e n t .   l i m i t a t i o n   g u i d e l i n e s ,  Feileral stdn3ardc. 
of performanct ,   and  pretreatment   s tandards f o r  tne i n d u s t r y ,  t3 
implement   Sect ions 3 0 4 ,  306, and 307 of t h e   F e d e r a l  hater P o l l u t i o n  
Control  A c t ,  a s  amer!deri ( 3 3  tJSC 1251,  1 3 1 4 ,  arid 1316;  E16 S t a t  816) .  

v 

E f f l u e n t   l i m i t a t i o n   q u i : I % l ~ r i e s   c o n t a i n e d   h e r e i E  set  f o r t n  m e  degrE2  of 
sf f luent   re i luc i  For. atc drrl&le - t h r o u g h   t h e   a p p l i c a t i o n  of t h e  best .  
p r a c t i c a b l e  control -.=chr.oloqy c u r r m t l y  ava i l ab le  and tne ae.yr5e of 
e f f l u e n t   r e d u c + i o r l   c t a i r i a k l %   t h r o u g h   t h e   a p g l i c a t l o n  oi: t n c  tesr 
a v a i l a b l e   t e c h n o l m y   e c o n o m i c a l l y  achievable, which  must be acnleved by 
e x i s t i n g  p i n t  SCUTCZS by J u l y  1,  1977 ant! J u l y  1, 1983,  r e s p e c r i v e l y .  
Tho Standards of PErtormance for nEw sourcEs   con ta ined   ne re in  s e t  f a r t t t  
%he deqree o f  ? f f l u e r , r  reduct ion  which i s  achievaole   chrough t h e  
a p p l i c a t i o c  of rh? t e s t  avai lab le   demonst ra ted   cont ro l   t ecnnolo-qy ,  
procIsses, op?rl?i_ir,a ntethods, or o t h e r  altert-iat ives. 

The developm-lnt of d a t a  ar.d recommendattons i n  the docum2nt r e l a t e  t o  
+he tire and i ? ~ . ? r  t u b  aRd synthe t ic   rubber   segments  of chs   rubber  
process inq   indus t ry .  Th?se t w c  segmsnts are  f u r t h e r   d i v i d e u  inco  f i v e  
subca tcqor ies   on  t h o  bas i s  of t h e  characteristics of cne manufacturinq 
processes i n v o l v e d .   S s p a r a t t   e f f l u e n t   l i m i t a t i o n s  were deve loped   fo r  
each  cateqory  on t h e  bas i s  cf the l e v e l   o f  raw waste l o a d  a s  well as  on 
ths CicqrEi of r - r s a t m e n t  achievaLlE by suggested model systkms.  These 
systems iEc lude   Goth   h io loqica l   and   phys ica l /   chemica l   t rea tmenc ,   and  
f o r  the  s y n t h e t i c   r u b k r   s u b c a t e g o r i e s   t r e a t m e n t  of t h e  secondary 
e f f l u e n t  by carbon  adsorp t ion .  

Suppor t ivc   da t a   snd  rh? r a t i o n a l e  for development of the proposed 
e f f l u e n t  limica+ior; gu ide l ines   and   s t anda rds  of periormance a r e  
conta ined  i n  t h i s  document. 
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SECTION I 

CONCLUSIONS 

b 

Two m a j o r   a n d   d i s t i n c t   s e g m e n t s   e x i s t   w i t h i n   t h e  rubber p rocess ing  
indus t ry :  1) t h e  t i r e  a n d   i n n e r   t u b e   i n d u s t r y ;  2)  t h e  s y n t h e t i c   r u b b e r  
i n d u s t r y .  

For t h e  p u r p o s e   o f   e s t a b l i s h i n g   l i m i t a t i o n s ,  t h e  t i r e  a n d   i n n e r   t u b e  
indus t ry   has   been   subca tegor i zed   acco rd ing  t o  t h e  age  of t h e  product ion  
f a c i l i t y .  Waste loads and costs of control t e c h n o l o g i e s   s u b s t a n t i a t e  

a t h i s .  F a c t o r s   s u c h   a s  t he  manufac tu r ing   p rocess ,   f i na l   p roauc t ,   r aw  
m a t e r i a l s ,   p l a n t   s i z e ,   g e o g r a p h i c   l o c a t i o n ,  a i r  pol lut ion  equipment ,   and 
t h e  n a t u r e   a n d   t r e a t a b i l i t y  of waste waters a r e  similar and f u r t h e r  
s u b s t a n t i a t e  t h e  s u b c a t e g o r i z a t i o n  of t h e  t i r e  a n d   i n n e r   t u b e   p l a n t s  by !, 
age. 

Proclss wasxe   waters   for  both s u b c a t e g o r i e s  of t h e  t i r e  a n d   i n n e r   t u b e  
i n d u s t r y   i n c l u d e   d i s c h a r g e s   o f   s o l u t i o n s   u s e d   i n  t h e  manufacturing  pro- 
c~ss , 'washdown of process ing   a reas ,   run-of f   f rom  raw material s t o r a g e  
a r e a s ,   a n d   s p i l l s   a n d   l e a k a g e   o f   c o o l i n g   w a t e r ,  steam, p rocess ing  
s o l u t i o n s ,   o r g a n i c   s o l v e n t s   a n d   l u b r i c a t i n g  o i l s -  P r i m a r y  p o l l u t a n t s  i n  
chess was+.e waters a r e  oil and  grease,   suspended s o l i d s ,  and a c i d i t y  and 
a l k a l i n i t y   ( p H ) .  

I n  t h e  t i r e  a n d   i n n e r   t u b e   i n d u s t r y ,  t h e  emphasis o f  prese-nt snvi ron-  
m e n t a l  q u a l i t y   c o n t r o l  ar.d t r e a t m e n t   t e c h n o l o g i e s  i s  p laced  on the 
c o n t r o l  of p a r t i c u l a t e   e m i s s i o n   a n d  t h e  r e d u c t i o n  of p o l l u t a n t s  i n  
nonprocess  wast? waters. Con t ro l   and   t r ea tmen t  of many process   waste-  
waters has  been g i v e n   s e c o n d a r y   p r i o r i t y .  As a r e s u l t ,  no  adequate 
ove ra l l   con t ro l   and   t r ea+Jnen t   t echno logy  is employed by p l a n t s  w i t h i n  
t h e  i n d u s t r y .  A t r e a t m e n t   s y s t e m ,   p r a c t i c a b l e   a n d   a v a i l a b l e  t o  t h e  
i n d u s t r y ,  h a s  therefore been   proposed   for  both s u b c a t e g o r i e s ,  I t  
encompasses a combinat ion of t h e  var ious   t echnologies   employed  by t h e  
d i f f e r e n t   s e g m e n t s  of t h e  i n d u s t r y  t o  c o n t r o l   o n e  or more c o n s t i t u e n t s  
i n  the process  waste waters .  

P r o p o s e d   e f f l u e n t   l i m i t a t i o n s  and s t a n d a r d s  for t h e  best p r a c t i c a b l e  
control  t e c h n o l o g y   c u r r e n t l y   a v a i l a b l e   a r e :  

Suspended Solids 0.064 kg/kkg (lb/1000 lb) raw m a t e r i a l  
O i l  and  Grease 0.016 kg/kkg (lb/1000 lb )  raw m a t e r i a l  
PIT 6.0 t o  9.0 I 

NO a d d i t i o n a l   r e d u c t i o n  is proposea   fo r  t h e  l i m i t a t i o n s   a n d   s t a n d a r d s  
r ep resen ted  by best ava i l ab le   t echno logy   economica l ly   ach ievab le  o r  for 
new Sources  cominq or: s t r e a m   a f t e r  the g u i d e l i n e s  are  p u t   i n t o  e f f ec t ,  

1 



For t h e  purpose of e s t a b l i s h i n g   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  and 
s tandards   o f   per formance ,  t h e  s y n t h e t i c   r u b b e r   i n d u s t r y  has been sub- 
c a t e g o r i z e d ,  on t h e  b a s i s  of process ing   techniques ,   p roduct   type ,   and  
w a s t e   w a t e r   c h a r a c t e r i z a t i o n s ,   i n t o  three s e p a r a t e   s u b c a t e g o r i e s :  

1. Emulsion  crumb 
2. S o l u t i o n  crumb 
3 .  Latex  

All three s u b c a t e g o r i e s   g e n e r a t e  waste waters which  contain thz 'same 
g e n e r a l   c o n s t i t u e n t s .  However, t h e   c o n c e n t r a t i o n   a n d   l o a d i n g  of t h e s e  
c o n s t i t u e n t s ,  termed "raw  waste  load",   vary  between t h e  s u b c a t e g o r i e s ,  
The s i g n i f i c a n t   w a s t e   w a t e r   c o n s t i t u e n t s  are  COD, BOD, suspended   so l ids ,  
d i s s o l v e d  sol ids ,  and o i l  and  grease.   Latex  produczion waste waters ,  
a l though  lower   in  flow p e r   u n i t   o f   F r o d u c t i o n   t h a n  t h e  other two 
c a t e g o r i e s ,   h a v e   t h e   h i g h e s t  raw waste loads. 

The waste   water   parameters  selected t o  be t h e   ' s u b j e c t  of t n e   e f f l u e n t  ', 

l i m i t a t i o n s  a re  COD, BOD, suspended solids, o i l  and  grease  and pH, 
T h e s e   p a r a m e t e r s   a r e   p r e s e n t   i n  t h e  waste water a s  a r e s u l t  o f   o rganic  
contaminat ion.  Heavy metals, cyanides   and   phenols  were not   found i n  
s i g n i f i c a n t   q u a n t i t i e s  (less than  0 .1  mg/L) i n   s y n t h e t i c   r u b b e r   p r o c e s s  
waste .waters .  

C u r r e n t   t r e a t m e n t   t e c h n o l o g y   f o r  bo th  emulsion crumb  and l a t e x   p l a n t s  
i n v o l v e s   p r i m a r y   c l a r i f i c a t i o n   w i t h  chemical c o a g u l a t i o n  of l a t e x  
solids,  followed b y   b i o l o g i c a l   t r e a t m e n t ,  A s  a n   a l t e r n a t i v e  t o  chemical 
coagu la t ion ,  a i r  f l o t a t i o n   c l a r i f i c a t i o n  of primary  and  secondary so l ids  
i s  s u c c e s s f u l l y   p r a c t i c e d .   B i o l c g i c a l   t r e a t m e n t   s y s t e m s   i n c l u d e  
a c t i v a t e d   s l u d g e   s y s t e m s   a n d   a e r a t e d   l a g o o n   a n d   s t a b i l i z a t i o n  pond 
systems, Best p r a c t i c a b l e   c o n t r o l   t e c h n o l o g y   c u r r e n t y   a v a i l a b l e   f o r  
emulsion crumb a n d   l a t e x   p l a n t s   h a s   b e e n   d e f i n e d   a s  t h a t  achieved by 
chemical c o a g u l a t i o n   a n d   b i o l o g i c a l   t r e a t m e n t ,  

C u r r e n t   t r e a t m e n t   t e c h n o l o g y   f o r   s o l u t i o n  crumb r e q u i r e s   c o n v e n t i o n a l  
p r i m a r y   c l a r i f i c a t i o n  of rubbe r  solid f i n e s  followed by b i o l o g i c a l  
t r e a t m e n t .   E x i s t i n g   b i o l o g i c a l   t r e a t m e n t   s y s t e m s  employ ae ra t ed   l agoon  
a n d   s t a b i l i z a t i o n  pond systems or a c t i v a t e d   s l u d g e   p l a n t s .  B e s t  
p r a c t i c a b l e  control technology  economica l ly   ach ievable  fo r  s o l u t i o n  
crumb p r o d u c t i o n   f a c i l i t i e s   h a s   b e e n   d e f i n e d  as  comparable t o  primary .., 
c l a r i f i c a t i o n   a n d   b i o l o g i c a l   t r e a t m e n t .  

B e s t  ava i l ab le   t echno logy   economica l ly  achievable   t echnology fo r  t h e  
three s u b c a t e g o r i e s   h a s   b e e n   - d e f i n e d  a s   e q u i v a l e n t  t o  dual-media 
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f i l t r a t i o n  followed by a c t i v a t e d  ca rbon   t r ea tmen t  of the e f f l u e n t   f r o m  
t h e  b i o l o g i c a l   t r e a t m e n t  system t o  a c h i e v e   a c c e p t a b l e  COD removal. 

S t anda rds  of performance for new s o u r c e s  are  i d e n t i c a l  t o  best 
p r a c t i c a b l e   c o n t r o l   t e c h n o l o g y   c u r r e n t l y   a v a i a b l e .  a 

The p r o p o s e d   e f f l u e n t   l i m i t a t i o n s   a n d   s t a n d a r d s   o f   p e r f o r m a n c e   f o r  
p l a n t s   w i t h i n   t h e  three s y n t h e t i c   r u b b e r   s u b c a t e g o r i e s  are summarized as  
fo l lows:  

Rest Practicable Control Technology  Current ly  Avaiable 
and  Standards of Performance for New Sources  

- Emulsion Crumb ""-" S o l u t i o n  Crumb Latex 
P l a n t s  "- P l a n z s  " P l a n t s  ! 

kg/kkg  kg/ kkg kg/kkg , 
(lb/1000 lb )  (lb/1000  lb)  (Jb/1000 lb) 

COD 
BOD - 
s u s p e n d e d   s o l i d s  
O i l  and Grease 
PY 

Best Avai 

8.00 
0 .40  
0.65 
0.16 
6.0 t o  9.0 

3.92 6.85 
0.40 0.34 
0.65 0.5s 
0.16 0.14 
6.0 to 9.0 6.0 t o  9.0 

l ab l e  Technology  Economically Achievable 
"""" Emulsion Crumb """- S o l u t i o n  Crumb La tex  

P l a n t s  "- ""_ P l a n t s   P l a n t s  "- 
COD 2.08 
BOD 0.08 
Suspended s o l i d s  0.16 
Oil and Grease 0.08 
PH 6.0 t o  9.0 
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2.08 1.78 
0.08 0.07 
0.16  0.14 
0.08 0.07 
6.0 t o  9.0 6.0 t o  9.0 
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SECTION I1 

RECOMMENDATIONS 

P 

I m p l i c i t   i n  t h e  recommended g u i d e l i n e s   f o r   t h e  t i r e  a n d   i n n e r   . t u b e  
i n d u s t r y  i s  t h e  f ac t  t h a t  p r o c e s s  wastes can D e  i s o l a t e d  from nonprocess 
w a s t e s   s u c h   a s   u t i l i t y  discharges and  uncontaminated storm runoff. 
I s o l a t i o n  of p rocess   was t e  water i s  t h e  first recommended s t e p   i n   t h e  
accomplishment of t h e   r e d u c t i o n s   i n  o i l  and  suspended sol id  l o a d i n g  
n e c e s s a r y  t o  meet t h e   g u i d e l i n e s .   T r e a t m e n t  of process   was te   waters  i n  
a combined  process/nonprocess  system is i n e f f e c t i v e   d u e  t o  d i l u t i o n  by 
t h e   r e l a t i v e l y   l a r g e  volume of  nonprocess waste waters .  

I t  i s  f u r t h e r   s u g g e s t e d   t h a t   u n c o n t a m i n a t e d  waters, such a s  storm run-, 
o f f  , be detoured  f rom  outdoor  areas where t h e  p o t e n t i a l   e x i s t s   f o r  ; 
contaminat ion  by o i l  or solids. T h i s   c o u l d   i n c l u d e   r o o f i n g   a n d   c u r b i n g  ' 
of s t o r a g e   a r e a s   a n d  t h e  c o l l e c t i o n   a n d   t r e a t m e n t   o f   r u n o f f  which cannot  
be i s o l a t e d  from s u c h   a r e a s .  

Thb t r a i n i n g  of opera tors   and   main tenance   personnel  i s  i m p o r t a n t  i n  any 
con t ro l   t echno logy .   Neg l igen t  dumFing o f   v a r i o u s   p r o c e s s i n g   s o l u t i o n s  
and l u b r i c a n t s   i n t o   u n s e g r e g a t e d   d r a i n s   w i t h i n  the p l a n t  must be 
el iminated or  a t  least  se-verely  diminished.  Washdown of p o t e n t i a l l y  
contaminated   a reas   mus t  be el iminated  whenever   possible .  Tne  number  and 
l o c a t i o n  of i n - p l a n t   d r a i n s   s h o u l d  be kep t  a t  a minimum, t o  reduce the 
p o s s i b i l i t y  of p r o c e s s  waste water contaminat ion  t o  a s  few  sources   as  
poss ib l e .  

Wet a i r   p o l l u t i o n   e q u i p m e n t   s h o u l d  be kept  t o  a minimum. Discharges 
from w e t  equipment   a l ready   in  service should be r e c y c l e d  when possible. 
The use  of d ry - type   po l lu t ion   equ ipmen t  i s  c o n s i s t e n t   w i t h   r e c o v e r y  
e f f i c i e n c i e s   a n d   p r e v e n t i o n  of waste water cont ro l   p roblems.  

In-plant   modif icat ions  should  be  implemented  which w i l l  lead t o  
r e d u c t i o n s   i n  waste wa te r  flow, i n c r e a s e d   q u a n t i t y  of water used fo r  
r e c y c l e  o r  reuse,  and  improvement i n  raw waste water q u a l i t y .  

End-o f -p ipe   t r ea tmen t   t echno log ie s   equ iva len t  t o  secondary   t rea tment  
should   be   appl ied  t o  t h e  waste waters from a l l   s y n t h e t i c   r u b b e r  sub- 
c a t e g o r i e s  t o  a c h i e v e  best p r a c t i c a b l e   t e c h n o l o g y   c u r r e n t l y   a v a i l a b l e .  
For emulsion  crumb  and  la tex  plants ,  chemical coagula t ion   and  
c l a r i f i c a t i o n   s h o u l d  be p r o v i d e d   p r i o r  t o  b i o l o g i c a l   t r e a t m e n t .  

To a c h i e v e   s t a n d a r d s   f o r  best ava i l ab le   t echno logy   economica l ly  
ach ievab le ,   end -o f -p ipe   t r ea tmen t   t echno lg ie s   equ iva len t  t o  a c t i v a t e d  
carbon  adsorp t ion  of s e c o n d a r y   t r e a t m e n t   e f f l u e n t  i s  r e q u i r e d  on a l l  
w a s t e   w a t e r s   o r i g i n a t i n g   i n   s y n t h e t i c   r u b b e r   p l a n t s .  
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Standards  of performance fo r  new s o u r c e s ,   a r e   i d e n t i c a l  t o  best 
p r a c t i c a b l e  cont ro l  t e c h n o l o g y   c u r r e n t l y   a v a i l a b l e  f o r  a l l  s y n t h e t i c  
rubber   subca tegor ies .  

S y n t h e t i c   r u b b e r   u t i l i t y ,  or nonprocess ,  waste waters as b o i l e r  
blowdowns, c o o l i n g  tower blowdowns,  and water t r e a t m e n t   p l a n t  wastes are 
commonly d i scha rged  t o  t h e  p lan ts '   main  waste water t r ea tmen t  
f a c i l i t i e s .  With t h e  excep t ion  of t o t a l  d i s s o l v e d  sol ids  and, i n  some 
cases ,   heavy metals s u c h   a s  chromium  and z i n c ,  the u t i l i t y  wastes a r e  
a d e q u a t e l y   t r e a t e d   a t  t h e  main t r e a t m e n t   f a c i l i t y .  However, t h e  
c o n t r o l ,   p r e t r e a t m e n t ,   a n d   t r e a t m e n t   t e c h n o l o g i e s ,   a n d   e f f l u e n t  
l i m i t a t i o n  for nonprocess  or u t i l i t y  waste waters i n   t h e   r u b b e r  
manufactur ing  subcategory w i l l  be covered by e f f l u e n t   g u i d e l i n e  
documents   and   regula t ions   p romulga ted   separa te ly   and  a t  a f u t u r e  date. 
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SECTION I11 

INTRODUCTION 

0 "- P u r p s e  """"- and  Author& 

Sec r ion  301 (b) o f   t h e  Act r e q u i r e s   t h e   a c h i e v e m e n t ,  by n o t   l a t k r   t h a n  
J u l y  1,  1977, o f   e f f l u e n t   l i m i t a t i o n s   f o r   p o i n t   s o u r c e s   ( o t h e r   t h a n  
publ ic ly-owned  t reatment  works)  which a r e  based on the a p p l i c a t i o n  of 
t h e  "best p r a c t i c a b l e   c o n t r o l   t e c h n o l o g y   c u r r e n t l y  availablett as  de f ined  
by t h e   A d m i n i s t r a t o r   p u r s u a n t  t o  S e c t i o n  304(b) of t h e  A c t ,  

Section 301 (b) a l s o   r e q u i r e s   t h e   a c h i e v e m e n t ,   b y   n o t  l a t a  t h a n   J u l y  1, 
1983, o f   e f f l u e n t   l i m i t a t i o n s   f o r   p o i n t   s o u r c e s  (other than   pub l i c ly -  
owned t r e a t m e n t  works) which are based on the a p p l i c a t i o n  of the "bes t  I; 

ava i lab le   t echnology  economica l ly   ach ievable '*   which  w i l l  r e s u l t   i n  .' 

r e a s o n a b l e   f u r t h e r   p r o g r e s s   t o w a r d  t h e  n a t i o n a l   g o a l  of e l i m i n a t i n g  t h e  
d i s c h a r g e   o f   a l l   p o l l u t a n t s ,  as de te rmined   in   accordance  w i t h  
r e g u l a t i o n s   i s s u e d  by t he  Admin i s t r a to r   pu r suan t  t o  Sec t ion   304(b )  t o  
the A c t ,  

~ 

I 

~ 

i 

I 

i 
I 

S e c t i o n  306 of t h e  A c t  r e q u i r e s  t h e  achievement by new s o u r c e s  of a 
F e d e r a l   s t a n d a r d   o f   p e r f o r m a n c e   p r o v i d i n g   f o r   t h e   c o n t r o l  of the d i s -  
cha rge  of p o l l u t a n t s   t h a t  would ref lect  t h e  g r e a t e s t   d e g r e e  of e f f l u e n t  
r e d u c t i o n  which t h e   A d m i n i s t r a t o r   d e t e r m i n e s  t o  be ach ievab le   t h rough  
t h e  a p p l i c a t i o n  of t h e  "bes t   ava i l ab le   demons t r a t ed   con t ro l   t echno logy ,  
processes, o p e r a t i n g  m.othods, o r  o t h e r   a l t e r n a t i v e s " ,   i n c l u a i n g ,  where 
p r a c t i c a b l e ,  a s t a n d a r d   p e r m i t t i n g   n o   d i s c h a r g e  of p o l l u t a n t s ,  

Section 304(b) of t h e  A c t  r e q u i r e s   t h e   A d m i n i s t r a t o r  t o  p u b l i s h ,  w i t h i n  
one  year of enactment  of t h e  A c t ,  r e g u l a t i o n s   p r o v i d i n g   g u i d e l i n e s   f o r  
e f f l u e n t   l i m i t a t i o n s   s e t t i n g   f o r t h :  

1. 

2. 

The  deg ree  of e f f l u e n t   r e d u c t i o n   a t t a i n a b l e   t h r o u g h  the  ap- 
p l i c a t i o n  of t h e  best p r a c t i c a b l e   c o n t r o l   t e c h n o l o g y   c u r r e n t l y  
a v a i l a b l e .  

The degree  of e f f l u e n t   r e d u c t i o n   a t t a i n a b l e   t h r o u g h  the  ap- 
p l i c a t i o n  of t h e  best control measures   and   prac t ices   ach ievable  
( inc lud ing   t r ea tmen t   t echn iques ,   p rocess   and   p rocedure  i n -  
n o v a t i o n s ,   o p e r a t i o n  methods, a n d   o t h e r   a l t e r n a t i v e s )  . 

/I 

The r egu la t ions   p roposed   he re in  set f o r t h   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   p u r s u a n t  t o  S e c t i o n  3 0 4 ( b )  of t h e  A c t  f o r  the t i r e  and i n n e r  
t ube   and  t h e  s y n t h e t i c   r u b b e r   s u b c a t e g o r i e s  of t h e  R u b b e r  P rocess ing  
Indus t ry .  

Section 306 of t h e  A c t  r e q u i r e s   t h e   A d m i n i s t r a t o r ,  w i t h i n   o n e   y e a r   a f t e r  
a c a t e g o r y  of s o u r c e s  i s  i n c l u d e d   i n  a list publ i shed   pursuant  to 
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Sec t ion  3 0 6  (b) (1)  (A) of t h e  A c t ,  t o  p r o p o s e   r e g u l a t i o n s   e s t a b l i s h i n g  
Federal s t a n d a r d s  of perfcrmances for  new sources   w i th in   such  
c a t e g o r i e s ,  The Admin i s t r a to r   Fub l i shed ,   i n  t h e  Federal Resister of 
January  1 6 ,  1973 (38 F.R. 1624), a l i s t  of 27 s o u r c e   c a t e g o r i e s .  
Pub l i ca t ion   o f  t h e  l i s t  c o n s t i t u t e d  announcement  of t h e  Admin i s t r a to r ' s  
i n t e n t i o n  of e s t a b l i s h i n g ,   u n d e r   S e c t i o n  306, s t a n d a r d s  of performancg 
a p p l i c a b l e  t o  new s o u r c e s   w i t h i n  t h e  t i r e  and   i nne r  tube and s y n t h e t i c  
r u b b e r   s u b c a t e g o r i e s  of t h e   r u b b e r   p r o c e s s i n g   i n d u s t r y  which were 
i n c l u d e d   i n   t h e  l ist  publ i shed  on January  16,  1973. 

The g u i d e l i n e s   i n  t h i s  document i d e n t i f y   ( i n  terms of chemical,  
p h y s i c a l ,   a n d   b i o l o g i c a l   c h a r a c t e r i s t i c s  of p o l l u t a n t s )  the l e v e l  of 
p o l l u t a n t   r e d u c t i o n   a t t a i n a b l e   t h r o u g h   t h e   a p p l i c a t i o n  of the best 
p r a c t i c a b l e   c o n t r o l   t e c h n o l o g y   c u r r e n t l y  available a n d   t h e  best 
available technology  economical ly   achievable .  The g u i d e l i n e s   a l s o  
s p e c i f y   f a c t o r s  which  must be c o n s i d e r e d   i n   i d e n t i f y i n g  the technology 
levels and i n   d e t e r m i n i n g   t h e   c o n t r o l   m e a s u r e s   a n d   p r a c t i c e s  which a r e  
t o  b e   a p p l i c a b l e   w i t h i n   g i v e n   i n d u s t r i a l   c a t e g o r i e s  or classes. 

I n   a d d i t i o n  t o  t e c h n i c a l   f a c t o r s ,   t h e  A c t  r e q u i r e s  t h a t  a number of 
other f a c t o r s  be cons idered ,   such  a s  t h e  costs or cos t -bene f i t   s tudy   and  
the  nonwater   qua l i ty   envi ronmenta l  impacts ( inc lud ing   ene rgy  
requi rements )   resu l t ing   f rom t h e  a p p l i c a t i o n   o f   s u c h   t e c h n o l o g i e s .  

" Summa= of Methods Used fox Developmeng of the E f f l u e n t   L i m i t a t i o n s  """- Guide l ines  -" and ""- Standa rds  " of """ Performance 

The 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   a n d   s t a n d a r d s  of performance 
proposed   here in  were d e v e l o p e d   i n  a s t epwise  manner. 

The development of a p p r o p r i a t e   i n d u s t r y  categories and  subcategories   and 
t h e  e s t a b l i s h m e n t   o f   e f f l u e n t   g u i d e l i n e s   a n d   t r e a t m e n t   s t a n d a r d s   r e q u i r e  
a sound  understanding  and  knowledge of the r u b b e r   i n d u s t r y ,  t h e  
processes   involved ,  water u s e ,   r e c y c l e   a n d   r e u s e   p a t t e r n s ,  
c h a r a c t e r i s t i c s  of waste water, the  r e s p e c t i v e  raw waste loadings,   and 
t h e  c a p a b i l i t i e s   o f   e x i s t i n g   c o n t r o l   a n d   t r e a t m e n t  methods. 

I n i t i a l   c a t e g o r i z a t i o n s   a n d   s u b c a t e g o r i z a t i o n s  were based on raw 
materai ls   used,   product   produced,   manufactur ing  prqcess   employed,   and 
other f a c t o r s   s u c h   a s   p l a n t   a g e .   P u b l i s h e d   l i t e r a t u r e  was consu l t ed  t o  
v e r i f y   t h e  raw w a s t e   c h a r a c t e r i s t i c s   a n d  treatabil i t ies i n   o r d e r  t o  
s u p p o r t   t h e   i n i t i a l   i n d u s t r y   c a t e g o r i z a t i o n s   a n d   s u b c a t e g o r i z a t i o n s .  
The raw waste characteristics fo r  e a c h   t e n t a t i v e   s u b c a t e g o r y  were t h e n  
f u l l y   i d e n t i f i e d .  Factors c o n s i d e r e d   i n   t h i s   a n a l y s i s  were: the supply  
and  volume  of water used i n  t h e  process   employed;   the sources of  waste 
a n d   w a s t e   w a t e r s   i n  t h e  p l a n t ;   a n d   t h e   c o n s t i t u e n t s ,   i n c l u d i n g  thermal 
e f f e c t s ,  of a l l  waste w a t e r s   t o g e t h e r   w i t h   t h o s e   c o n t a m i n a n t s  which are 
t o x i c  o r  r e s u l t   i n  taste,  odor, and color i n  water or aquat ic   o rganisms.  
The c o n s t i t u e n t s  of waste  waters which  should be s u b j e c t  t o  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   a n d   s t a n d a r d s  of performance were i d e n t i f i e d .  
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The f u l l   r a n g e  of cont ro l  and t r e a t m e n t   t e c h n o l o g i e s   e x i s t i n g   w i t h i n  
i e ach   subca tegory  was i d e n t i f i e d .  T h i s  i n v o l v e d   a n   i d e n t i f i c a t i o n  of 

5ach d i s t i n c t   c o n t r o l  and   t r ea tmen t   t echno logy   ( i nc lud ing  both in-plant.  
and  End-of-pipe  technologies)  which are e x i s t e n t  or capab le  of be ing  
des igned  f o r  each  subcategory.  It also i n c l u d e d   a n   i d e n t i f i c a t i o r a   i n  
terms of the  amount  of c o n s t i t u e n t s   ( i n c l u d i n g  thermal e f f e c t s ) , . t h e  
c h e m i c a l ,   p h y s i c a l ,   a n d   b i o l o g i c a l  characteristics of   po l lu tan ts ,   and  
t h e   e f f l u e n t   l e v e l   r e s u l t i n g  from t h e   a p p l i c a t i o n  ot each 'o f  t h e  
t r e a t m e n t   a n d   c o n t r o l   t e c h n o l o g i e s .  The problems, 
l i m i t a t i o n s / r e l i a b i l i t y   o f  each t rea tment   and   cont ro l   t echnology,   and  
the   r equ i r ed   imp lemen ta t ion  time were also i d e n t i f i e d  to t h e   e x t e n t  
p o s s i b l e .   I n   a d d i t i o n ,  %he non-water   qua l i ty   envi ronmenta l   impact ,  s u c h  
a s  t h e  effects of t h e   a p p l i c a t i o n  of   such   technologies  upon other 
po l lu t ion   p rob lems   ( i nc lud ing  a i r ,  s o l i d   w a s t e ,   n o i s e ,   a n d   r a d i a t i o n )  
was a l s o   i d l n t i f i e d  to t h e  ex ten t   poss ib l e .   The   ene rgy   r equ i r emen t s  of 
each  of t h e  cont ro l  and   t rea tment   t echnologies  were i d e n t i f i e d  as  well '; 
a s  t h e  cost of t h e  a p p l i c a t i o n  of such   technologies .  

. 

The i n f o r m a t i o n ,   a s   o u t l i n e d  above, was t h e n   e v a l u a t e d   i n  order t o  
determine  what  levels  of t e c h n o l o g y   c o n s t i t u t e d  t h e  "best p r a c t i c a b l e  
coritrol t e c h n o l o g y   c u r r e n t l y   a v a i l a b l e * #  the  "bes t   ava i l ab le   t echno logy  
economical ly   achisvable" ,   and t h e  "best a v a i l a b l e   d e m o n s t r a t e d   c o n t r o l  
%ethnology, p rocesses ,   ope ra t ing   me thods ,  or other a l t e r n a t i v e s  f o r  new 
sources11 .   f ac to r s  were cons idered .   These   inc luded  the  t o t a l  cost of 
a p p l i c a t i o n  of t e c h n o l o g y   i n   r e l a t i o n  t o  t h e  e f f l u e n t   r e d u c t i o n   b e n e f i t s  
t o  be achieved  from s u c h   a p p l i c a t i o n ,  the  age  of  equipment  and 
f a c i l i t i e s   i n v o l v e d ,  t h e  p rocess   employed ,   t he   eng inee r ing   a spec t s  of 
t h e  a p p l i c a t i o n  of v a r i o u s   t y p e s  of ccn t ro l   t echn ique   p rocess   changes ,  
t h e  non-water   qua l i ty   envi ronmenta l   impact   ( inc luding  er:ergy 
r equ i r emen t s ) ,   and  o ther  f a c t o r s .  

Raw w a s t e   w a t e r   c h a r a c t e r i s t i c s   a n d   t r e a t a b i l i t y  data, a s  well a s  
i n f o r m a t i o n   p e r t i n e n t  t o  t r e a t m e n t   r e l i a b i l i t y   a n d  cost e v a l u a t i o n s ,  
were o b t a i n e d  from s e v e r a l   s o u r c e s ,   i n c l u d i n g :  EPA research 
i n f o r m a t i o n ,   p u b l i s h e d   l i t e r a t u r e ,   C o r p s  of Engineers  P e r m i t  t o  
D i s c h a r g e   A p p l i c a t i o n s ,   i n d u s t r y   h i s t o r i c a l   d a t a ,   a n d   e x p e r t   i n d u s t r y  
c o n s u l t a t i o n .  

O n - s i t e  v i s i t s  and   i n t e rv i ews  were made t o  selected t i re ,  i n n e r   t u b e ,  
a n d   s y n t h e t i c   r u b b e r   p r o d u c t i o n   p l a n t s   t h r o u g h o u t  the United States t o  
confirm  and  supplement t h e  above data. All f a c t o r s   p o t e n t i a l l y  
i n f l u e n c i n g   i n d u s t r y   s u b c a t e g o r i z a t i o n s  were r e p r e s e n t e d  by t he  on-si te  
v i s i t s .   D e t a i l e d   i n f o r m a t i o n  on p roduc t ion   s chedu les   and   capac i t i e s ,  
and product  breakdowns a s  w e l l  a s  water use  and  waste  water c o n t r o l  and7 
t r e a t m e n t  management p r a c t i c e s  were obta ined .  Flow diagrams  showing 
water   uses   and  process   waste  water stream i n t e r a c t i o n s  were prepared.  
Cont ro l   and   t rea tment   des ign   da ta   and  cost in fo rma t ion  were compiled. 
I n d i v i d u a l ,  raw  and t r e a t e d   e f f l u e n t   s t r e a m s  were sampled  and  analyzed 
t o  conf i rm company f u r n i s h e d   d a t a   i n  order t o  c h a r a c t e r i z e  t he  raw 
was tes  and  determine t h e  e f f e c t i v e n e s s  of t h e  concro l   ana   t rearment  

/ 
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methods. Dup l i ca t e   s amples  were ana lyzed  by the  par t ic ipa t ing   companies  
t o  c o n f i r m  t h e  a n a l y t i c a l   r e s u l t s .  

""""_ General  DescriJtion """"" of t h e  I n d u s t r y  

The c a t e g o r i e s  of t h e  r u b b e r   p r o c e s s i n g   i n d u s t r y  covered by t h i s  docu-o 
ment a r e  th?. t i r e  and   i nne r   t ube  (S IC  3011) and t h e  s y n t h e t i c   r u b b e r  
( S I C  2822)  . The manufacture  of tires and   i nne r  tubes u t i l i z e s  
c o m p l e t e l y   d i f f e r e n t   p r o c e s s i n g   t e c h n i q u e s   t h a n  the product ion   of  
s y n t h e t i c   r u b b e r .   I n  a t i r e  or  i n n e r   t u b e   p l a n t ,  stock rubber  
product ion follows a v e r y   d e f i n i t e   f o r m u l a t i o n  or  r ec ipe ,   and  i s  a 
ba t ch ing   ope ra t ion .  

The  mixed stock p roduc t ion  is  used t o  p r o d u c e   t h e   f i v e  main  components 
of a tire: t i r e  bead   coa t ing ,  t i r e  t r e a d s ,  t i r e  s ide wali, i n n e r  l i n e r  
stock and   coa ted  cord f a b r i c .  These f i v e   c o m p n e n t s   e n t e r  t he  t i r e  
b u i l d i n g   p l a n t ,  where a s i g n i f i c a n t  amount  of  hand  and  machine  lay-up i s  
r e q u i r e d  t o  produce t h e  g reen  tires. 

: 

The s y n t h e t i c   r u b b e r  (or v u l c a n i z a b l e  elastomer) i n d u s t r y  i s  c h a r a c t e r  
i z e d   e s s e n t i a l l y  by t h e  c h e m i c a l   p r o c e s s   a n d   u n i t   o p e r a t i o n s   n e c e s s a r y  
t o  conve r t  t h e  p a r t i c u l a r  monomers or s t a r t i n g - b l o c k  materials i n t o  a 
s t a b i l i z e d ,   g r a n u l a t e d ,   e x t r u d e d ,  or b a l e d   m a t e r i a l   s u i t a b l e  for more 
conven t iona l   rubbe r   p rocess ing .  The p r o c e s s e s   a r e   c h a r a c t e r i z e d  by 
s e p a r a t i o n  of u n r e a c t e d  monomer-, r ecove ry ,   pu r i f i ca t ion   and   r ecyc le  of 
t h e  monomer, and   process ing  of t he   conve r t ed   e l a s tomer ,  These r e a c t i o n s  . 

a re   no rma l ly  carr ied out   ba tch-wise  or batch/cont inuous.  

I n  view of  t h e  f a c t   t h a t  these t w o  i n d u s t r y   c l a s s i f i c a t i o n s ,  t i r e  and 
inne r   t ube   manufac tu re   and   syn the t i c   rubbe r   p roduc t ion ,   d i f f e r   cons ide r -  
a b l y  it is  a p p r o p r i a t e ,  from t h i s  po in t   on ,  t o  describe and   eva lua te  
their  water   uses   and waste w a t e r   g e n e r a t i o n s   s e p a r a t e l y .  

"""""""""" Tire and Inner   Tube   Indus t ry  

Tire Manufacture 

There a r e  many events tha t   have   had  a s i g n i f i c a n t   e f f e c t   o n  the t i re  and 
i n n e r   t u b e   i n d u s t r y .  The f i r s t  i s  the d i scove ry ,  by Charles Goodyear i n  
1839, t h a t  rubbe r   cou ld  be cured  or vu lcan ized  wi th  sulfur .   Thus,  
Goodyear was able t o  overcome t h e   t a c k y ,   p l a s t i c   p r o p e r t i e s  of rubber ,  
t h e r e b y   c r e a t i n g  a product   of  commercial a p p l i c a b i l i t y  (1 ) .  

The yea r  1906 saw t h e  development of the  first o r g a n i c   a c c e l e r a t o r s .  
Accelerators are subs tances   which  affect  t h e  ra te  of vu lcan iza t ion .  t 

With t h e   e n t r y  of such   subs t ances ,  better products   could  be produced  in  
a shorter p e r i o d   o f  time (1 ,2 ) ,  

The next   major  even t  t o  a f f e c t   t h e  t i r e  i n d u s t r y  was t n e  advent  of t h e  
Second  World War. With t h e  drast ic  r e d u c t i o n   i n  t h e  supply of n a t u r a l  
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rubbe r ,  new s o u r c e s  had t o  be developed. The first subs t i t u t e  was re- 
claimed rubber which, by 1943, h a d   c o m p l e t e l y   r e p l a c e d   r , a t u r a l   r u b b e r   a s  
t h e  b a s i c  t i r e  m a t e r i a l .  It  was n o t   u n t i l  t h e  mid 1940 's  t h a t   s y n t h e t i c  
rubber ,  made a v a i l a b l e   d u e  t o  a major gove rnmen ta l   e f fo r t ,  became t h e  
major s u b s t i t u t e   f o r   n a t u r a l   r u b b e r .  By 1945, approximately 9 8  p e c e n t  
of t h e  n a t u r a l   r u b b e r  had  been  replaced by t h i s  s y n t h e t i c   s u b s t i t u t e  
( 3 ) .  The y e a r s   f o l l o w i n g  the war saw t h e  r e t u r n ,  t o  a g r e a t  extent ,  of 
n a t u r a l   r u b b e r .  However, w i t h  the t e c h n o l o g i c a l  boost given che syn- 
% h e t i c   r u b b e r   i n d u s t r y ,  it would  soon  again become t h e  l a r g e r   p o r t i o n   o f  
the t i re ,  

The n e x t  major event which o c c u r r e d   i n   t h e  mid- 1950's was. t h e  
i n t r o d u c t i o n  of t u b e l e s s  t ires as or ig ina l   equipment   on  new c a r s .  T h i s  
d e v e l o p m e n t   s e n t   t h e   i n n e r   t u b e   i n d u s t r y   i n t o   r a p i d   d e c l i n e .  The t o t a l  
number of pas senge r   ca r   and  motorcycle inne r   t ube   un i t s   d ropped   f rom i n !  
excess   o f  49 m i l l i o n   i n  1954  t o  less t h a n  2 5  m i l l i o n   i n  1955 ( 4 ) .  , 

The t i r e  indus t ry   has   had  three e r a s  of r ap id   expans ion  t o  c o i n c i d e  w i t h  
these e v e n t s .  The p o s t  World War I era (1916-1929) brought  the f irst  

'such  development .  As the   au tomobi le   and   t ruck   indus t ry   expanded ,  so d i d  
t h e  t i r e  indus t ry .   La rge   capac i ty  t i re  p l a n t s  were b u i l t   i n  O h i a ,  C a l i -  
f o r n i a ,  a n d  N e w  England. The d e p r e s s i o n   r e v e r s e d  t h i s  crend  however, 
and it w a s  n o t   u n t i l  World War I1 created an   i nc reased  demand f o r  t i res  
t h a t  t h e  t i re  indus t ry   aga in   began  t o  expand. New p l a n t s  were erected 
i n  Ohio, New England,  and  the  South.  The t h i r d  bui ld ing   expans ion  
s t a r t e d   i n   t h e   e a r l y  1 9 6 0 ' s  and i s  still proceeding ,   aga in   occur r ing  
s imul t aneous ly   w i th  t h e  expansion of t h e  economy. 

With t h e  cu r ren t   expans ion ,  t i r e  companies   a re  now loca ted   t h roughou t  
t h e  United States. Whereas t h e  older p l a n t s   o f  t h e  first two expansions 
are  located i n  t h e  u r b a n   a r e a s  of Ohio, C a l i f o r n i a ,  and N e w  England, t h e  
newer p l a n t s   a r e   b e i n g   l o c a t e d   i n   r u r a l   a r e a s  with no p a r t i c u l a r  
emphasis   placed on  geography. 

Today's t i re  manufac turer   p roduces  many t y p e s  of tires designed for a 
m u l t i t u t e   o f   u s e s ,   G e n e r a l   F r o d u c t   c a t e g o r i e s   i n c l u d e   p a s s e n g e r ,   t r u c k  
and  bus,   farm  tractor  and  implement,   and a i rcraf t .  Table 1 p r e s k n t s  a 
breakdown o f '  these p r o d u c t s   f o r  t h e  l a s t  f i v e   y e a r s .  

The key t o  the performance  of a l l  tires is  t h e  s e l e c t i o n  of the raw 
rubber   and   compounding   mater ia l s   and   the   p ropor t ion  of these m a t e r i a l s  
i n   a n y   p a r t i c u l a r   p a r t  of t h e  t i re .  B a s i c a l l y ,  t h e  t i r e  c o n s i s t s  of 
f i ve  parts,   namely: the t r e a d ,  the s i d e w a l l ,  t h e  co rd ,  the bead,  and 
t h e   i n n e r   l i n e r ,  Each p a r t  has d i f f e r e n t  service r e q u i r e m e n t s ; , ~  
therefore, e a c h   r e q u i r e s  a d i f f e r e n t   p r o p o r t i o n  of t h e  raw m a t e r i a l s ,  
For example ,   longevi ty   and   good  t rac t ion   a re   requi rements  of t h e   t r e a d ,  
whereas a h igh   deg ree  of f l e x i b i l i t y  i s  t h e  requi rement  fo r  s i d e w a l l s .  
Bas ic  t ire i n g r e d i e n t s   i n c l u d e   s y n t h e t i c  rubbers, n a t u r a l   r u b b e r ,  
v a r i o u s  f i l lers,  e x t e n d e r s   a n d   r e i n f o r c e r s ,   c u r i n g   a n d   a c c e l e r a t o r  
a g e n t s ,   a n t i o x i d a n t s ,   a n d   p i g m e n t s .  
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A wide v a r i e t y  of s y n t h e t i c   r u k b e r s  are used   inc luding   s tyrene   buc iad iene  
rubber  (SBR)  , p o l y b u t a d i e n e ,   b u t y l ,   p o l y i s o p r e n e ,  a n d  e thylene-propylene  
d i ene   rubbe r  (EPDM). Of t h e  three c a t e g o r i e s   o f  compounding m a t e r i a l s  
used, t h e  f i l l e r s ,   e x t e n d e r s   a n d   r e i n f o r c e r s   a r e   t h e  most imporGant. 
These a r e   u s e d :  

1. To d i l u t e   t h e  raw  crumb  rubber i n  ordier t o  prcduce a 
g r e a t e r   w e i g h t  or volume. 

2. To i n c r e a s e  t h e  s t r e n g t h ,   h a r d n e s s ,   a n d   a b r a s i o n   r s s i s t a n c e   t o  
the  f i n a l   p r o d u c t .  

O f  t hese ,   ca rbon   b l ack   and  o i l  are t h e  most common. A t y p i c a l  
rubber  compound might be described as  follows (1) : 

100 p a r t s   r u b b e r  
50 p a r t s  f i l lers ,  e x t e n d e r s ,   a n d   r e i n f o r c e r s  
3.5 p a r t s   c u r i n g   a n d   a c c e l e r a t o r   a g e n t s  
8.0 p a r t s   a n t i o x i d a n t s   a n d   p i g m e n t s  

The t y p i c a l  t i r e  m a n u f a c t u r i n g   p r o c e s s   c o n s i s t s  of t h e  fo l lowing:  

1. P r e p a r a t i o n  or  compounding o f  t h e  raw m a t e r i a l s .  

2. Transformat ion  of these compounded m a t e r i a l s   i n t o  t he  f i v e  t i r e  
components. 

3. The bu i ld ing ,   mo ld ing ,   and   cu r ing  of t h e  f i n a l   p r o d u c t .  

A flow d i a g r a m   f o r  t h e  t y p i c a l   F l a n t  i s  shown i n   F i g u r e  1. 

Ths b a s i c   m a c h i n e r y   u n i t s   u s e d   i n   t h e  compounding operation a re  t h e  
Banbury  mixer  and t h e  rol ler  mill. A Banbury  mixer i s  a batch-tyke i n -  
%ernal   mixing device and i s  the   hub   o f  t h i s  compounding  operatior,. The 
Banbury i s  used  fo r  two o F e r a t i o n s .   I n  t h e  first,  t h e  f i l l e r s ,  
ex t ende r s   and   r e in fo rc ing   agen t s ,   and  t h e  p igments   and   an t iox idant  
a g e n t s   a r e  added and  mixed i n t o  the  rau   rubbe r  stock. The r e s u l t i n g  
mixture  is known a s   n o n - p r o d u c t i v e  o r  non- reac t ive  rubPer stock. 
Because no  c u r i n g   a g e n t s   h a v e   b e e n   a d d e d ,   t h i s   m a t e r i a l  w i l l  have a l o n g  
s h e l f   l i f e ,   t h u s   a l l o w i n g   l a r g e   q u a n t i t i e s  of a p a r t i c u l a r  recipe t o  be 
made and stored f o r  l a te r  u s e .   I n   t h e   s e c o n d   o p e r a t i o n ,  t he  curing  and 
a c c e l e r a t o r   a g e n t s ,   i n   a d d i t o n  t o  a small q u a n t i t y  of the  o r i g i n a l  l ist  ., 
of elements ,   are   added.  T h i s  mixture ,  known as p r o d u c t i v e  or r e a c t i v e  
rubber  stock, now meets t h e  p a r t i c u l a r  compounding r equ i r emen t s  of i t s  
f i n a l   d e s t i n a t i o n .   S i n c e  it c o n t a i n s  t h e  c u r i n g   a g e n t s ,  this mixture  
has  a short shelf  l i f e  and w i l l  he used  a lmost   immediately.  

Carbon  black and oil a r e  added t o  t h e  r u b b e r   i n  the compounding 
o p e r a t i o n .  T o  avo id  many of t h e  housekeeping   problems  c rea ted  by b o t h  
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carbon b l a c k   a n d   o i l ,  these i n g r e d i e n t s  are  added  automatlcally.   Carbon 
b lack  i s  a f ine ly   d iv ided   amorFhous   ma te r i a l   t ha t  has the c o n s i s t e n c y  of 
dus t   and  i s  e a s i l y   a i r b o r n e .  The compounding a r e a  i s  equipped wizh a i r  
po l lu t ion   equipment  t o  c o n t r o l   t h i s  problem. Bag h o u s e   p a r t i c u l a t e  
collectors are  normally  used  which  can  produce  removal   eff ic ience8 of 
e s s e n t i a l l y  100  p e r c e n t  when des igned ,   main ta ined ,   and   opera ted  
corrsct ly .  

After   mixiEg,  t h e  compound i s  sheeted o u t   i n  a roller mili, ext ruded  
i n r o  sheets, or p e l l e t i z e d .  The process   depends  on the type  OL batch 
( r e a c t i v e  o r  non- reac t ive )   and   t he   manufac tu re r .   Pe l l e t i z ing  of a non- 
r e a c t i v e  b a t c h  e n a b l e s  t h e  weighing  and  mixing of t h e  r e a c t i v e  stock t o  
be  done  automatical ly .  The r e a c t i v e  compounded rubber  i s  always sheeted 
o u t  . 

1 

T h e  shee ted  material i s  tacky  and  must Ice c o a t e d  w i t h  a soaL;stont.  solu- 'h 

t i o n .  T h i s  s o l u t i o n  is  a s l u r r y  which, when al lowed t o  d r y  on t h e  
s h e e t e d   m a t e r i a l s ,   p r e v e n t s  them f r o m   s t i c k i n g   t o g e t h e r   d u r l n g   s t o r a g e .  

Because it i s  a s l u r r y  t h e  s o a p s t o n e   s o l u t i o n  i s  u s u a l l y   r e c i r c u l a t e d .  
Re leas ing  t h e  m a t e r i a l   i n t o  a w a s t e  water s t r eam woulu c f s a t e  a 
d i f f i c u l t   s o l i d s  problem. S p i l l s   i n  t h e  s o a p s t o n e   a r e a  are comnton and 
do c r e a t e  a maintenance  and  waste  water  problem. 

i. :I 
d 

If a manufac turer  wishes  t o  exc lude   soaps tone   i n  h i s  f i n a l   e f f l u e n t ,  he 
must p rov ide  a method for cop ing  w i t h  these s p i l l s .   C u r r e n t   t e c h n i q u e s  
i n c l u d e  t h e  b locking  of a l l   d r a i n s   i n  t h e  area, d i k i n g  of the x 5 a 8  and 
t h ?  use of s t e e l  g r a t e s  on  t h e  floors. The d ik ing   and   s ea l ing  ot d r a i n s  
p r2ven t s  t h E  s l u r r y  from e n t e r i n g  t h e  drainage  system. The u s e  ot steel  
qratcSs h e l p s  d e c r e a s e  the r i s k  of  workers s l i p p i n g  on s p i l l e d   s o a p s t o n e .  

Xaintenance  and  housekeeping  problems ir! t.his a r e a   a r e  x u r t h e r  compli- 
c a t e d  by t h e  l e a k a g e s  of o i l  and water from t h e  o i l  seals  I n  the mills, 
and o i l  and d u s t  from t h e  d u s t   r i n g  seals  of t h e  Banburys. Eacil has  t h s  
p o t e n t i a l  t o  become a waste  water p o l l u t a n t  i f  allowed to mix w i t h  t h e  
c o o l i n g   w a t e r   d i s c h a r g e s  o r  t o  be washed down and   d i scnarged   wi thout  
t r ea tmen t .  

The rubber  stock once  compounded  and  mixed  must be molded or  t ransformed 
i n t o  t h e  form of one of the f i n a l   p a r t s   o f  t h e  t i r e .  T h i s  c o n s i s t s  of 
s e v e r a l   p a r a l l e l   p r o c e s s e s  Icy which t h e  sheeted rubber  and oCLner raw 
m a t e r i a l s ,   s u c h   a s  cord and fabr ic ,  are made i n t o  the fo l lowing  basic 
t i re  components: t i re  beads ,  t i r e  treads,  t i r e  cords, ana t i r e  b e l t  
( f a b r i c ) .  Tire beads   a r e   coa ted  wires i n s e r t e d  i n  t h e  pneumatic t i r e  a t  " 
t h e  p o i n t  where t h e  t i r e  meets t h e  steel  wheel  r i m  (on which it is  
mounted) ; t h e y   i n s u r e  a sea l  between t h e  r i m  and the  t i r e  (2). The t i re  
treads a r e  t h e  p a r t  of the  t i re  t h a t  meets the road s u r i a c e ;  their  
d e s i g n  and  composition  depend on t h e  u s e  of t h e  t i re .  Tire cords a re  
woven syn the t i c   f ab r i c s   ( r ayon ,   ny lon ,   po lyes t e r )   impregna ted  w i t h  
r u b b e r ;   t h e y  a r e  th? body of t h e  t i r e  and  supply it with most of i t s  
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s t r e n g t h .  Tire be l t s  s t a b i l i z e  t h e  tires and  prevent  t h e  l a t e r a l  
scrubbing or  w i p i n g   a c t i o n  t h a t  c a u s e s   t r e a d  wear. 

I n  t h e  format ion  of t i r e  t r e a d s ,  t h e  rubber  stock a s  it is received  f rom 
t h e  compounding s e c t i o n  is manual ly   fed t o  a warm-up ro l le r  m i l l .  Here 
t h e  rubber  i s  h e a t e d   a n d   f u r t h e r  mixed. Heat i s  provided by zhe conJ 
v e r s i o n  of mechanical  energy,  TemFerature  control i s  provided b y  t h e  
use   o f   coo l ing   wa te r   w i th in  t h e  rolls of t h e  mill. 

The hea ted  stock passes   f rom t h e  warm-up m i l l  t o  a s t r i p - f e e d  m i l l  where 
it receives i ts  f i n a l   m i x i n g .   T h i s  mill i s  also cooled  t o  c o n t r o l  t h e  
t empera tu re   o f   t he   s tock ,  The s t o c k  i s  pee led   o f f  t h e  rollers o f   t h e  
mill i n  a t h i n  strip which is fed   con t inuous ly  t o  a n   e x t r u d e r .  The mix- 
i n g   o f   t h e   s t o c k   i n  these mills i n s u r e s  t ha t  t h e   f i n d  tread w i l l  have 
homogeneous p r o p e r t i e s .  The h e a t i n g  or t e m p e r a t u r e   c o n t r o l  of t h e  s tock 
i s  necessa ry  t o  i n s u r e  a p r o p e r   e x t r u s i o n  w i t h  a minimum consumption  of 
power (2)  . 
A t  t h e   e x t r u d e r ,  t w o  t y p e s  of rubber s t o c k s   o r i g i n a t i n g  from two d i f f e r -  
e n t   s t r i p  mills. a r e   j o i n e d  together t o  form the t i r e  tread and 
s idewa l l s .  The t r e a d  leaves t h e   e x t r u d e r  as a c o n t i n u o u s   s t r i p  while 
s t i l l  hot and  therefore   t acky .   Next  a cushioning  layer 1 s  a t t a c h e d  io 
t h e  under s ide of the tread. The tread is  t h e n   c u t  t o  the   p roper   wid th ,  
cooled i n  a w a t e r   t r o u g h ,   l a b e l e d ,   a n d   t h e n   c u t  t o  t h e  p rope r   l eng th .  
Trimmings are e i ther  manually or a u t o m a t i c a l l y   t r a n s f e r r e d  back t o  the . 

prope r   s t r i p - f eed  mill and  reprocessed.  The ends a re  coa ted  with rubber  
cement  and t h e   t r e a d  is t h e n   p l a c e d   i n  a "tread book" and   s en t  t o  t h e  
t i r e  bui lding  machines .  

Wastewater  problems i n  t h i s  area arise from t h e  s p i l l a g e  of the s o l v e n t  
base  cements,  from o i l  and   water   l eakages  from t h e   v a r i o u s  mills, and 
from a c c i d e n t a l  overflows from the   coo l ing   wa te r   sys t em.  The c o o l i n g  
water   overf low  would  not   normally  be a problem  since the r u b b e r   t r e a d  i s  
r e l a t i v e l y   i n e r t   a n d  therefore does   no t   con tamina te   t he  water. However, 
it does serve as  a washdown a g e n t   f o r   a n  area contaminated wi th  the ce- 
ments  and o i l s .  

To produce tire cords and belts, rubber stock must be impregnated  onto a 
p r e t r e a t e d   f a b r i c .  The f a b r i c  is l e t  off a roll, s p l i c e d   o n t o  t h e  t a i l  
of t h e  p rev ious  ro l l  ( e i t h e r   a d h e s i v e l y  or b y '  a high-speed  sewing 
machine) , and  fed  under  controlled t e n s i o n  (via a f e s toone r )  to a l a t e x  
d i p   t a n k .  After d ipp ing   and   wh i l e  still under   t ens ion ,  t n e  fabric is 
f e d   p a s t  vacuum s u c t i o n   l i n e s  or r o t a t i n g   b e a t e r  bars t o  remove t h e  
e x c e s s   d i p   b e f o r e   t h e   f a b r i c  rises through a drying  and  baking  oven. 

A f t e r  p r e t r ea tmen t ,   and  still under   t ens ion ,  t h e  fabric i s  passed 
through a calendering  machine  where  rubber  i s  impregnated   in to  the 
fabric. The  r u b b e r   f a b r i c  is next  cooled by l a r g e  water or r e f r i g e r a n t  
cooled drums; a f t e r   c o o l i n g ,  t h e  t e n s i o n   c a n  be released. T h i s  t r e a t e d  
f a b r i c  i s  still n o t   r e a d y  fo r  t h e  t i r e  b u i l d i n g   o p e r a t i o n .  T o  ach ieve  
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thz p r o p e r   b i a s  it must  be c u t  t o  t h e  proper   angle   and   length ,  and  t h e n  
s p l i c e d   t o g e t h e r   a g a i n .  The ang le   and   l eng th  w i l l  vark  dependirig on t h e  
s i z e  of t h e  t i r e  f o r  which it is  used  and whether it is a cord or  bel t .  
Once s p l i c e d ,  t h e  fabr ic  i s  r o l l e d   i n   c l o t h  and   s en t  to the t i r e  
bu i ld ing .  b 

The rubber   used  t o  impregnate  the fab r i c   p roceeds   t h rougn   an   ope ra t ion  
s i m i l a r  t o  t h a t  of t h e  t r e a d   p r o c e s s .  It  passes   t h rough  both a warm-up 
m i l l  and a s t r i p - f e e d  mill p r i o r  t o  impregna t ion   on to  the f a b r i c .  
Wastewater  problems i n   t h i s   a r e a  arise due to c h e   l a t e x  dripping 
o p l r a t i o n   a n d  t o  problems w i t h  o i l  and water leaks and spillages which 
are  s i m i l a r  t o  those of t h e   t r e a d   p r o c e s s .  

Many tire manufac tu re r s  are t r a n s f e r r i n g   t h e i r   l a t e x   d i p   o p e r a t i o n s   f r o m  
i n d i v i d u a l   p l a n t s  t o  o n e   l a r g e   c e n t r a l   f a c i l i t y .   I n  most cases, t h e  ; 
reasons   behind   such  a d e c i s i o n  are as  follows: 

! 

1, A min ima l   d ipp ing   ope ra t ion   r equ i r e s  a l a r g e   c a p i t a l  
expen6i ture .  

2. Th? f a b r i c   d i p p i n g   a n d   c o a t i n g   o p e r a t i o n  i s  one of the f a s t e s t  
o p e r a t i o n s   i n  t h e  p l a n t   a n d ,   a s   s u c h ,  is r e a d i l y   c a p a b l e  of 
over -supply ing  t h e  p l a n t  w i t h  f a b r i c .  

3 .  Dipped   f ab r i c  i s  n o t   t h a t  more expensive t o  sh ip   t hen   und ipped  
f a b r i c .  

4 .  The maintenance  and  housekeeping  requirements  of the d i p   o p e r -  
a t i o n   a r e   l i m i t e d   t o   o n e   f a c i l i t y .  

I n  %hf process ing   of   rubber  stock t o  ti.re beads,  the rubbe r  i s  extrudE3 
onto a ssries of coppz r -p l a t ed  steel  wires, which  are   then  cemented,  
wrapped,  and  cut. The rubber  stock i s  p r e t r e a t e d ,  a s  before, i n  a w a r m -  
up mill a n d   s t r i p - f e e d  mill. Excess   rubber  is trimmea from the bead 
before it l e a v e s  t h e  e x t r u d e r   a n d  i s  f e d  back t o  t h e  s t r i p  feed mills. 
To apply  cement t h e  c o a t e d  wire i s  passed   t h rcugh  d t rough o r  set of 
brushes.  The cement i s  n e c e s s a r y  t o  insu re   t he   pFoper   adhes ion   o f  t h e  
bead when it is wrapped. 

Wastewater problems  can arise due t o  t h e  use  of t h e  mills or from t h e  
s p i l l a g e  or over f low of the cement,  They w i l l  be similar in n a t u r e  t o  
those found i n  t h i s  tread fo rma t ion   p rocess .  

Tho i n n e r   l i n i n g  for t h e  t ire i s  formed  by   ca lender ing  or e x t r u d i n g  t h e  
rubber  stock i n  a manner similar t o  e i t h e r  t h e  fo rma t ion  of c o r d   f a b r i c  
o r  t r e a d   r u b b e r .  I t  i s  t h i s  i n n e r   l i n e r  t h a t  e n a b l e s  a t i r e  t o  be tube-  
less since it is  l i g h t  and a i r  impervious.  

, 
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The t i r e  is  b u i l t  up a s  a cy l inde r   on  a c o l l a p s i b l e ,   r o u n d   r o t a t i n g  
drum. First t h e  i n n e r  l i n e r  is a p p l i e d  to t h e  drum. Tnen l a y e r s  of 
cord a r e   a p p l i e d ,   o n e   l a y e r   t y i n g  t h e  beads together  i n  one d i r e c t i o n  
and a n o t h e r  l a y e r  i n  t h e  other d i r e c t i o n .  The b e a d s   a r e   a t t a c h e d  t o  t h e  
t i r e  by f o l d i n g   o v e r  t h e  ends of t h e  cord f a b r i c .  Nem t h e  t i r e  b e l t ,  
f a b r i c  is l a i d   o n t o  t h e  cord. F i n a l l y  t h e  t i re  t r e a d  is placed  over  t h e  
cords and  fabric  and  wrapped  around t h e  beads. The c y l i n d e r  i s  removed. 
These g reen   t i r e s   (uncured  tires) are now ready for f i n a l   p r o c e s s i n g .  

Before  molding  and  curing, t h e  g reen  t i r e  is sprayed w i t h  release 
agen t s .  Thess a g e n t s   a i d  i n  t h e  release of a i r  from the t i r e  d u r i n g  
molding  and  of  the t i re  from t h e  mold a f t e r   c u r i n g .  B o t n  water-  an? 
so lvent -based   sprays   a re   used .   Excess   spray  i s  released t o  t h e  
a tmosphere .   In   mos t   p lan ts  t h e  t ires are p l a c e d   i n  a hood dur ing  
spraying   to   reduce   a tomospher ic   contaminat ion .  Wastewater is genera ted  
by w e t  s c r u b b e r s  where used t o  s c r u b   t h e   e x c e s s   s p r a y  from the a i r .  

The p o t e n t i a l  fo r  waste water  streams e x i s t  due t o  the p o s s i b i l i t y  of 
solvent  s p i l l s   w i t h i n  t h i s  a rea .  If w e t  s c r u b b e r s  a re  used t o  sc rub  t h e  
excess spray  from t h e  a i r ,  a n o t h e r  waste water stream w i l l  e x i s t .  

The t i r e  is  molded  and  cured  in  an  automatic  press.  Here a n   i n f l a t a b l e  
rubber   bladder   bag i s  i n f l a t e d  i n s i d e  t h e  t i re ,  c a u s i n g   t h e  t i r e  to t a k e  
i t s  cha rac t e r i s t i c   doughnu t   shape .  The mold is  s imul taneous ly   c losed  
ove r  t h e  shaped t ire.  Heat i s  a p p l i e d  by steam v i a  t h e  mold and  bladder 
baq. Excess  rubbe r  and t r apped  a i r  escape  through  weepholes.  A f t e r  a 
timed, t e m p e r a t u r e - c o n t r o l l e d   c u r e ,   t h e   p r e s s  is cooled, rne  b ladder  i s  
d e f l a t e d   v i a  a vacuum,  and t h e  t i r e  i s  removed. The  t i r e  i s  nex t   i n -  
f l a t e d  w i t h  a i r  and l e f t  t o  cool i n  t h e  atmosphere. T h i s  l a s t   i n f l a t i o n  
in su res   p roduc t   qua l i t y   and   un i fo rmi ty   by   a l lowing  t h e  t l r e  to  "set  up" 
o r  ach ieve  t h e  f i n a l  limits of  i ts  c u r e   u n d e r   c o n t r o l l e d   c o n d i t i o n s .  

Because of t h e  l a r g e  number of p r e s s e s   i n   t h e   t y p i c a l   p l a n t ,   t h e r e  i s  
always t h e  p o t e n t i a l  f o r  a mold t o  l e a k  or  for a b l a d d e r  t o  break .   This  
water  i s  released and  scavenges some of t h e  large  amounts  of l u b r i c a t i n g  
o i l  used i n  t h i s  a r ea .  T h i s  o i l y  water creates a water contaminat ion 
problem i f  it' i s  d ischarged .  

A f t e r  t h e  mold ing   and   cur ing   oFera t ions ,   the  t i r e  proceeds t o  t h e  gr ind-  
i n g   o p e r a t i o n  where t h e   e x c e s s   r u b b e r  which escaped through t h e  
weepholes is g round   o f f .   I f  t h e  t i r e  i s  d e s i g n a t e d  t o  be a whi tewal l ,  
a d d i t i o n a l   g r i n d i n g  i s  performed t o  remove a black p r o t e c t i v e   s t r i p .  
Most t i res  r e c e i v e   f u r t h e r   g r i n d i n g  of t h e  t r e a d   i n  order t o  ba lance  t h e  
t i r e .  

The weepholes which  a re   g round   o f f  are r e l a t i v e l y   i a r g e   p a r t i c l e s  of 
rubber  which f a l l   t o   t h e  f loor  and a r e  swept up. T h e i r   f i n a l   d e s t i n a -  
t i o n  is a l a n d f i l l .  The g r i n d i n g s  from the w h i t e  sidewall o p e r a t i o n   a r e  
r e l a t i v e l y   s m a l l   a n d  w i l l  s t a y   a i r b o r n e  f o r  long   pe r iods  of time. The 
i n d u s t r y   g e n e r a l l y  u s e s  a p a r t i c u l a t e   c o l l e c t i o n   d e v i c e   s u c n  as cyc lone  
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o r  wet s c r u b b e r  t o  c o n t r o l   t h e s e  emissions. The d i s c h a r g e  from a wet 
scrubber  w i l l  have a h igh  sol ids  content   and  w i l l  t h e r e f o r e  be a waste- 
water  problem. T h e  b a l a n c i n g   o p r a t i o n   s u f f e r s  t h e  same problems a s  t h e  
w h i t e  s i d e w a l l   g r i n d i n g   o p e r a t i o n .  

After t h e  g r i n d i n g   o p e r a t i o n s ,   t h e  whi tewal l  p o r t i o n  of a t i r e  r e c e i v e s  
a p r o t e c t i v e   c o a t  of p a i n t .  The p a i n t  i s  gene ra l ly   wa te r   based .  This  
o p e r a t i o n   u s u a l l y   o c c u r s  i n  a hooded area. Again,  any w e t  air p o l l u t i o n  
equipment or runoff   due t o  o v e r   s p r a y i n g  of t h e  p a i n t  w l l l  create pol-  
l u t ion   p rob lems .   Af t e r   i n spec t ion   and  possibly some f i n a l   r e p a i r s ,  t h e  
t i r e  i s  ready  t o  be shipped.  

b 

Table 2 p r e s e n t s  a review of t h e  p o t e n t i a l   s o u r c e s  of waste water 
s t reams  as   d i scussed   above .  

The d i s c u s s i o n   t h u s   f a r  has d e s c r i b e d  a t y p i c a l  t i r e  p l a n t ,   a n d   a p p l i e s  I ;  

most r e a d i l y  t o  t h e  p roduc t ion   o f  t h e  passenger  t ire.  There are  s e v e r a l  ' 
v a r i a t i o n s .  The first of these i s  due t o  t h e   p r o d u c t i o n  of t ruck   and  
i n d u s t r i a l  tires. Truck tires t e n d  t o  have a g r e a t e r  amount of n a t u r a l  
r u b b e r   i n  their  t r e a d s ,   N a t u r a l   r u b b e r ,  a s  r e c e i v e d   i n  the p l a n t ,  i s  
much ha rde r  t o  h a n d l e   t h a n   s y n t h e t i c   r u b b e r .   A d d i t i o n a l  roller mills 
are   needed  t o  b r e a k   u p   a n d   s o f t e n  t h e  rubbe r  before i t  e n t e r s  the 
Banbury  mixer. There are a l so  major d i f f e r e n c e s   i n  the bui ld ing   and  
molding  of t he  tires as t h e  l a r g e r   s i z e s   a r e   a p p r o a c h e d .  The b u i l d i n g  
of a " g i a n t  off-the-road t i re"  r e q u i r e s   t h e   s e r v i c e s  of t k o  merl e a c h   f o r  
a h a l f  a day,  whereas t h e  passenger  t i re  can be b u i l t  i n  less than 5 
minutes .   Larger  tires are cu red  i n  g i a n t  molds which a re   no t   au tomat i -  
c a l l y   o p e r a t e d .   C r a n e s  or hoists a r e   r e q u i r e d  t o  open  ana close these 
molds.   Curing  can  take  up t o  24  hours .  Hot water, i n s t e a d  of steam, i s  
used i n  t h e  c u r i n g   o p e r a t i o n .  The p r o c e s s   v a r i a t i o n s  associated w i t h  
? ruck  a n d   i n d u s t r i a l  t i re p r o d u c t i o n   d o   n o t  have a s i g n i f i c a n t   e f f e c t  CT. 
t h e  q u a n t i t y   a n d   q u a l i t y  of t h e  u a s t e  waters gene ra t ed  when compared t o  
those from automobile  t i r e  product ion .  

Another v a r i a t i o n   i n  t h e  t y p i c a l  t i r e  p roduc t ion  is t h e  manufacture of 
camelback.  camelback i s  t read u s e d   f o r  tire r e t r e a d i n g  ( 2 ) .  It  i s  pro- 
duced i n  t h e  same  manner as t r e a d   u s e d  for  newer tires. (See f l o w  
diagram,  Figure 1.)  Since   camelback   product ion   .opera t ions  a re  u s u a l l y  
p a r t   o f  a t i r e  p r o d u c t i o n   f a c i l i t y   f e e d i n g   o f f  t h e  same machinery, waste 
water problems w i l l  be s i m i l a r  t o  those a l r e a d y   d i s c u s s e d .  

Rad ia l  t i r e  p roduc t ion  offers a n o t h e r   v a r i a t i o n  t o  t h e  overall  process .  
Rad ia l  tires, l i k e  t r u c k  tires, c o n t a i n  more n a t u r a l   r u b b e r ,  thus re- 
q u i r i n g  more  machinery i n  t h e  compounding a r e a .  Whereas  bias-ply tires .1 

a r e   b u i l t   i n  t h e  form of a hollow c y l i n d e r ,  r ad ia l  t i res  are b u i l t   i n  
t h e  doughnut  shape of t he  f i n a l  Froduct .  L i k e  t r u c k  tires, r a d i a l  tires 
a r e   c u r e d   u s i n g  h o t  w a t e r   i n s t e a d   o f  steam. Again  waste water problems 
w i l l  be v e r y   s i m i l a r  t o  those of t h e  t y p i c a l   p a s s e n g e r  t i r e  manufacture.  
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Inne r  Tube  Manufacture 

I n n e r  tube manufacture  is v e r y   s i m i l a r  t o  t i r e  m a n u f a c t u r e   i n   t h a t  t h e  
p r o c e s s   c o n s i s t s  of the  fo l lowing   s t eps :  

0 

1. P r e p a r a t i o n  o r  compounding o f  t h e  r aw  ma te r i a l s .  
2. The  e x t e n s i o n  of these comFounded m a t e r i a l s  t o  form a tube ,  
3 .  The bu i ld ing ,   mo ld ing ,   and   cu r ing  t o  form t h e   f i n a l   p r o d u c t .  

A f l o w  diagram f o r  t h e   t y p i c a l   p r o c e s s  i s  shown i n   F i g u r e  2 .  

The b a s i c   m a c h i n e r y   u s e d   i n  t h e  compounding o p e r a t i o n  i s  s i m i l a r  to-  t h a t  
u s e d   i n  t i r e  manufacture;  namely,  Banbury  mixers  and ro l l e r  mills. Both 
n o n - r e a c t i v e   a n d   r e a c t i v e  stocks a r e   p r e p a r e d ,  One minor   d i s t i nc t ion   o f  
i n n e r   t u b e   m a n u f a c t u r e  is t h e  h igh   usage  of b u t y l   r u b b e r s .  I n  a d d i t i o n ,  
a s o a p   r a t h e r   t h a n  a s o a p s t o n e   s o l u t i o n  is sometimes used t o  c o a t  t h e  i 
non- reac t ive  stock. The s o a p   s o l u t i o n  i s  no t   d i scha rged   and  i s  u s e d   i n  
a c o m p l e t e l y   c l o s e d - l o o p   s y s t e m   w i t h   s o l u t i o n  make-up. I n   g e n e r a l ,  
was t e   wa te r   p rob lems   a r i s ing  from t h i s  s e c t i o n  a re  s i m i l a r  t o  those of 
the t y p i c a l  compounding a r e a   o f  a tire p l a n t ;  t h a t  is ,  leakages  and 
d r i p p i n g s  of o i l y  a n d   p a r t i c u l a t e   m a t e r i a l .  

The p r o c e s s  by which t h e  t u b e  i s  formed is  s i m i l a r  t o  the  ex t rus ion   o f  
t h e  tread. The compounded  rubber i s  f e d  t o  a n   e x t r u d e r   v i a  a warm-up 
m i l l  a n d   s t r i p - f e e d  m i l l .  Here t h e  rubbe r  is e x t r u d e d   i n t o  a cont inuous  
c y l i n d e r .  To keep the i n s i d e   o f  t he  t u b e   w a l l s   f r o m   s t i c k i n g  EO each 
other ,  a d r y   s o a p s t o n e  powder i s  s p r a y e d   i n s i d e  t h e  t u b e  as It i s  formed 
i n  t h 2  e x t r u d e r .  The t u b e  i s  label led and  passed  through a water  
c o o l i n g   t a n k ,  A f t e r  c o o l i n g ,  t h e  water i s  blown off the tube  and 
soaps tone  powder i s  sprayed  on t h e  o u t s i d e  of the tube.   Excess  powder 
must be collected i n  e i ther  a d r y  o r  w e t  c o l l e c t i o n   d e v i c e .  If a wet 
col lect ion d e v i c e  i s  used,  t h e  d i s c h a r g e  w i l l  be h e a v i l y   l a a e n  w i t h  
solids.  Other  waste wa te r  problems a r e   s i m i l a r  t o  those founa  i n  t h e  
tread fo rma t ion   p rocess  of t i r e  manufacture.  

Once ex t ruded ,  t h e  tube   mus t   be   cu t  t o  l eng th   and  t h e  e n d s   s p l i c e d   t o -  
gether. A valve  must  a l s o  k e  a t t a c h e d ,  There ,is no p o t e n t i a l   w a s t e -  
water   p roblem  a r i s ing   f rom t h i s  a r e a  of ope ra t ion .  

Once formed, t h e  tube  must  be molded  and  cured.  Again, this o p i r a t i o n  
i s  v e r y  s imilar  t o  t h a t  of the t i r e  manufacture. Wastewater problems 
i n c l u d e   o n l y  water l eakage  and s p i l l s .  

A f t e r  c u r i n g ,  t he  t u b e  i s  i n s p e c t e d  for  defects ,   packaged  and s e n t  t o  ‘ i  

warehousing  and  shipping.   Table  2 summarizes t h e  p o t e n t i a l  sources of 
waste  water streams as  d iscussed   above .  
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- S y n t h e t i c  """""""""" Rubber   Industry 

Genera l  

The s y n t h e t i c   r u b b e r   i n d u s t r y  i s  r e s p o n s i b l e   f o r   t h e   s y t h e s i s  of vuloan- 
i z a b l e  elastomers by  polymerizat ion or co-polymerizat ion  processes .   For  
?ha purpose of t h i s   c l a s s i f i c a t i o n ,   a n   e l a s t o m e r  i s  a ruDber- l ike  ma- 
t e r i a l  capab le   o f   vu lcan iza t ion .  

. 

The U.S. Syn the t i c   Rubber   Indus t ry  was fos t e red   by  tne commsncement of 
World War I1 when it was r e a l i z e d   t h a t   s u p p l i e s  of na tu ra l   rubbe r   cou ld  
be   shut  off by   t he  enemy. The r u b b e r   f i r s t   c h o s e n   f o r   production^ was 
c a l l e d  GR-S (Government  Rubber-Styrene)  and.  would now be grouped  under 
SBR ( s t y r e n e - b u t a d i e n e   r u b b e r ) .   S i n c e   t h e  war t h e   k r i c i  of n a t u r a l  
rubber   has   been  subject t o  g r e a t   f l u c t u a t i o n s ,   w h e r e a s   t h e   p r i c e  ! 

s t a b i l i % y   o f   s y n t h e t i c   r u b b z r s   h a s   u n d o u b t e d l y   c o n t r i b u t e d  to t h e i r  ;, 
acceptance  by t h e  consumer.  Since the i n t r o d u c t i o n  of GR-S, many  new 
synthe t ic   rubbers   have   been   synthes ized   and   produced  on a commercial 
scale. 

The hemand f o r   t h e   v a r i o u s   t y p e s   o f   s y n t h e t i c   r u b b e r  is g r e a t l y   a i f e c t e d  
by t h e   n e e d s  of t h e  t i r e  manufac turers .  Not o n l y   a r e  t i re   sa les  imEor- 
t an t ,   bu t   p rocess   and   p roduc t   changes   w i th in   t he  t i r e  i n d u s t r y   a l s o   i n -  
f l uence   t he  r e l a t i v e  demands for t h e   v a r i o u s   r u b b e r s .  For example-, 
r a d i a l  t ires a t  p r e s e n t   c o n t a i n   c o n s i d e r a b l y  more n a t u r a l   r u b b e r   t h a n  
convent iona l  tires. A t  t h i s  moment, t h i s   h a s  l i t t l e  e f f e c t   o n   t h e  con- 
s u m p t i o n   o f   s y n t h e t i c   r u b b e r   b e c a u s e   r a d i a l  t i res  c o n s t i t u t e  a small 
percentage  of t o t a l  t i r e  p r o d u c t i o n ,   b u t  it d o e s   i l l u s t r a t e  the kind of 
f ac to r   wh ich   can   i n f luence   syn the t i c   rubbe r   consumpt ion .  The U . S .  pro- 
duc t ion  of t h e   p r i n c i p a l   s y n t h e t i c   r u b b e r s   f o r   t h e   l a s t   s e v e r a l   y e a r s  i s  
p r e s e n t e d   i n  Table 3 t o g e t h e r   w i t h   t h e   g r o w t h   p r o j e c t i o n s   f o r  t h E  pe r iod  
between now and 1980. I t  can he s e e n   t h a t   p r o d u c t i o n  of SbR-typc  rubber 
o v e r s h a d o w s   o t h e r   s y n t h e t i c   r u b b e r .   A l t h o u g h   t h e   g r e a t e s t   g r o w t h   r a t e s  
o v e r   t h e   n e x t  several  y e a r s  w i l l  b e   a s s o c i a t e d   w i t h   p l y i s o p r e n e   a n d  
e thylsns-propylene   t e rpolymer  (EPT) produc t ions ,  overal l  t h e   r e l a t i v e  
l e v e l s   o f   s y n t h e t i c   r u b b e r   p r o d u c t i o n  will n o t  be a p p r e c i a b l y   d i f   f e r e r A t  
f rom  what   they are today   because   t he   p re sen t   base   p roduc t ions  of 
poly isoprene   and  EPT a re  cons ide rab ly   l ower   t han  t n a t  of SBR, t h e  
p r i n c i p a l   s y n t h e t i c  rubber ( 5 ) .  T h i s   s u p p o r t s   t h e   a s s u m p t i o n   t h a t  there 
w i l l  b e   n o   r a d i c a l   c h a n g e s   i n   t h e   i n d u s t r y ,  i t s  products,   and  even i t s  
p r o d u c t i o n   p r o c e s s e s   i n   t h e   f o r e s e e a b l e   f u t u r e .  

The s y n t h e t i c   r u b b e r s  as  l i s t e d   u n d e r  S I C  2822  i n c l u d e  t o t n  the  s o c a l l e d  
t i r e  r u b b e r s   a n d   t h e   s p e c i a l t y   r u b b e r s .  The t i r e  rubbers  are t y p i c a l l y  
high  production  volume  commodities,   and, as  t h e i r  name s u g g e s t s ,   t h e y  
a re   used   predominant ly  by t h e  t i r e  indus t ry .  Rubber  used i n  t h e  t i r e  
i n d u s t r y  i s  s u p p l i e d   i n  a s o l i d  form  termed  crumb rubber. S e v e r a l  
d i f f e r e n t   f a m i l i e s  of t i r e  rubber  are  made ir? o r d e r  t o  provide  all the 
e s s e n t i a l   a n d   v a r y i n q   p r o p e r t i e s   r e q u i r e d   i n  a modern v e h i c l e  t i re .  
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No% all t i r e  rubba r   p roduc t ion  i s  u s e d   i n  t i r e  manufacture,  however. 
Much i s  u s e d   t o   m a n u f a c t u r e   r u b b e r  hose, b e l t i n g ,   e l e c t r i c a l  w i r E  and 
cable ,   foo twear ,   mechanica l   rubber   goods ,   and  many other  rubber-based 
p roduc t s -  Due t o  t h e i r  s u p e r i o r  o i l  and   hea t  resistarice, botn n i $ r i l e  
and   neoprene   type   rubbers  are used more for hose, seals ,  gaske ts ,   and  0- 
r i n g s   t h a n  f o r  t i r e  manufacture.  However, because   t he i r   annua l  
p roduc t ion  

volume i s  comparable w i t h  f o u r  of the other f i v e   m a j o r   s y n c h e c i c   r u b b e r s  
used  ir. t i r e  manufacture ,   they w i l l  be cons ide red  here as t i r e  Iubbers .  
The t i r e  r u b b e r s  are  g rouped   i n to   s even  families basea on their 
monom2ric i n g r e d i e n t s   a s  shown i n  Table 4. The annual  U.S, produc t ion ,  
po lymer i za t ion   p rocess ,   p r inc ipa l   end -use   and   o the r   f ami iy  members are 
a lso  presented .  

By conC-rast, t h e  s p e c i a l i t y   r u b b e r s  are  l o w  p roduc t ion  volume ' 
commodities w i t h  more d iverse   composi t ions   and   end   uses .  The l a r g e s t  
product ion  volume  family of t he  s p e c i a l i t y   r u b b e r s  are t h e  bu tad iene  
rubhe r s .   bu tad iene   rubbe r s  a r e  g e n e r a l l y   s o l d   i n   l a t e x  form. The 
proGuct ion i s  similar t o  t h e  Froduct ion  of a l l  s y n t h e t i c  rubber 1,atexe.s 
( 2 ) .  Epich lorohydr in  i s  so lu t ion   po lymer i zed  w i t h  v a r i o u s  monomers t o  
produce   the   fami ly  of epichlorohydrin  co-polymer  rubbers .  The p rocess  
i s  similar t o  t h a t   f o r   s o l u t i o n  t i r e  rubbers .   Epich lorohydr in   rubbers  
a r e   u s e d  for seals,  gaske ts ,   and   O-r ings ,  etc. ( 6 ) .  The a c r y l i c   r u b b e r s  
areproduced by an  emulsion  polymerizat ion Frocess similar tothe emulsion 
p r o c e s s e s   u s e d   f o r   t h e  tire rubbe r s .   Acry l i c s  are  usea icrr h i g h  
t e m p e r a t u r e   s e r v i c e   i n   d r i v e = t r a i n   a n d   a x l e  seals, hose, tubing,   and 
molded p a r t s .   P o l y i s o b u t y l e n e  i s  produced by a s o l u t i o n   p o l y m e r i z a t i o n  
p rocess  similar t o  t h a t  f o r  b u t y l   r u b b e r  ( 1 ) .  I t  i s  u s e d   p r i m a r i l y   a s  a 
b l e n d   i n   c a u l k i n g  compounds, a d h e s i v e s ,   a n d   p l a s t i c s .  

! 
3 

T h r e e  of t h e  so-called s p e c i a l t y   r u b b e r   f a m i l i e s   ( s i l i c o n e  rubbers, 
u r e t h a n e  rubbers,  and   f l uo roca rbon   de r iva t ive   rubbe r s )  are be ing   s tud ied  
as  p a r t   o f  t h e  p l a s t i c s   i n d u s t r y   a n d ,  as  s u c h ,   a r e   n o t   c o v e r e d   i n  t h i s  
document, The c h l o r i n a t e d   a n d   c h l o r o s u l f o n a t e d   p o l y e t h y l e n e   r u b b e r s  a re  
manufactured  by processes similar  t o  those Employed for the polyrcnylene  
t y p e   p l a s t i c s   a n d  are n o t   c o v e r e d   i n  t h i s  document,' ( 2 )  . The p o l y s u l f i d e  
rubbe r s  are produced by a condensa t ion   process  which i s  d i f f e r e n t  from 
t h e  qenc ra l   emul s ion   and   so lu t ion   Fo lymer i za t ions  ( 2 ) .  I n   a d d i t i o n ,  t h e  
waste waters g e n e r a t e d  by p o l y s u l f i d e   p r o d u c t i o n  a re  h ighly   contaminated  
and deemed  more d i f f i c u l t  t o  t rea t  t h a n  t h e  was te  waters produced  by 
convent iona l   emuls ion  or so lu t ion   po lymer i za t ion   p rocesses .  It  is  
therefore  in t ended  t h a t  a s e p a r a t e   s t u d y  w i l l  be made of the  p o l y s u l f i d e  
rubber  sector of  the s y n t h e t i c   r u b b e r   i n d u s t r y .  

P 

The var ious  methods of p roduc t ion  of t h e  s y n t h e t i c   r u b b e r   h a v e  much i n  
common. The monomers a r e   n o t   p a r t i c u l a r l y   d i f f i c u l t  t o  handle  a t  
r easonab le   p re s su res ,   and   su i t ab le   i nh ib i to r s   have   been   deve loped  t o  
i m p a r t   s t o r a g e   s t a b i l i t y -   D i s s i p a t i o n   o f  the heat of polymerizat ion i s  
f r e q u e n t l y  t h e  con t ro l l i ng   cons ide ra t ion .   Ad jus tmen t  of r e a c t i o n   r a t e  
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TABLE 4 

Famil ies  of   Synthet ic Rubbers Included  in S I C  2822. Polymerization Processes. and Annual U.S .  Production 11972) 

Principal   Synthet lc Rubber 

T i r e  Rubbers 

Styrene-Butadiene  rubbers (SBR) 
""" 

Polybutadienc  rubbers (PBR) 

Polyisoprcne  rubbers 

Polyisobutylcne-Isoprene rubbers  (Butyl) 

Ethylene-Propylene  Co-polymr  rubbers (EPR) 

Acrylonitrile-Butadicne rubbers ( N i t r i l e ) '  

Polychloroprene  rubber  (Neoprene)' 

T i r e  Rubber Sub-Total: 

S p p c l a l t r  &&bEr> 

Butadiene  rubbers 

Epichlorohydrin  rubber 

Acry l  I C  rubbers 

Polyisobutylene  rubbers 

S i 1 icone  rubbers' 

Polyurethani rubbers' 

Fluorocarbon  derivative rubbers' 

Chlorasuifonated  Polyethylenes' 

Polysulf ide rubbers' 

Specialty Rubber Sub-Total 

Synthetic Rubber Total 

(1.000 H e t r i c  r o d y e a r )  
Annual U.S. Production 

1.678 
I39 

368 

I39 

. 163 

169 

I59 

177 

2,992 
- 

64 

9 

2 -  

4 

10 

14 

I 

15 

10 
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3.IZI 

- 
- 
- - 

Polymerization 
PWC.Z** 

Emulsion 
Solut ion 

Solut ion 

Solut ion 

Solut ion 

Solut ion 

Emulsion 

Emulslon 

Emulsion 

Solut ion 

Emulsion 

Solut ion 

Condensation 

Condensat ion 

Emulsion 

Post-polymriza- 
t i o n   c h l o r i n a t i o n  

Condensation 

Pr inc ipa l  End-use 

General t i r e  use 
T i  re treads 

T i re   t reads 

T i re   t reads 

Inner tubes 

General t i r e  use. non- t i re  
goods 

Hose, seals. gaskets, 
O-rings 

use 
Non-t ire use, general t i r e  

Adhesives.,dipped goads. 
pa ints  

Seals. gaskets and O-rings 

Seals. hosing,  tubing 

Caulking.  adhesives. 
p l a s t i c s  

Seals. gaskets. e l e c t r i -  
c a l  tape 

S o i i d  tires.. rollers, 
foams. f ibers  

Seals. gaskets,  O-ring. 
high  temperature  service 

Wire and cab le .   shar .  
l in ings.   paints 

Sealing.  glazing, hose 

Other  Family Members 

EPDM 

Neoprene. N i t r i l e - t h l o r o -  

Chloroprene  rubber 
prene  rubber.  Styrene- 

Pyridine-Butadiene 
rubber 

Cyclo rubber 

Acrylate  type  rubber. 
Acrvlatc-Butadiem rubber 

Adiprene.  Estane. 150- 

cynate  type  rubber 

Viton. Fluor0 rubber 

Chlorinated  rubber. 
Hypalon 

Thio l  

I Al though   N i t r i l e  and Neoprene-type  rubbers are  not no-lly t e m d   t i r e  rubbers.  they arc relatively large  production v o l m  Nbbers and. for  convenience, 
can be included  with  the major t i r e  Nbbers. 

2 Silicone.  Polyurethane and Fluorocarbon  derivative  rubbers are considered  part   of   the  Plast ics and Synthetics  Industry and are  not covered by t h i s  
document. 

3 Chlorosulfonated and ch lor imtcd  po lyethy lcr rs   should be considered  part  of  the  Plastics and Synthetics  Industry. They are  not  covered by t h i s  
document. 

4. Polysulfide  rubbers a r e  produced by a condcnsat ioh typc   reac t ion   vh ich   i s   no t   d i rec t l y  cornparable t o   e i t h e r  enwlsion or po~ymsrirat~on~ 
Per u n i t  of rubber  production.  generated  wastewaters  are of  considerably  poorer  qual i ty and m r e  troubles- t o   t r e a t  than  those o f  e i t h e r  enulslon 
or   so lu t i on  or solutlon processes. Polysulf ide  rubber  prodvction  is  not  covered by t h i s   d o c m n t .  It i s  rcc-nded that  a separate  study be made 
of  the  polysulfide  rubber  industry. 

Source: "The Rubber Indus t r y   S ta t i s t i ca l  Report" - C.F. Ruebensaal, I n te rna t i ona l   I ns t i t u te  of Synthetic Rubber producers, IK. 
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t o  d i s t r i b u t e  t h e  h e a t   g e n e r a t i o n   o v e r  a r e a s o n a b l e   p e r i o a  of tirnc, t h s  
USE of r e f r i q e r a t i o n   c o o l i n g ,   a n d   o p e r a t i o n   i n   d i l u t e  media such  as  
emuls ions  or  s o l u t i o n s   a r e   n e c e s s a r y  for t h e   a d e q u a t e   c o n t r o l  of 
p o l y m e r i z a t i o n   r e a c t i o n s .  

C o n t r o l  of molecular  wPight  and of m o l e c u l a r   c o n f i g u r a t i o n  has baxme  a 
v e r y   i m p o r t a n t   q u a l i t y   c o n s i d e r a t i o n ,  The a b i l i t y  t o  c o n t r o l   m o i w u l a r  
weight has l e d  to t h e  development of o i l -ex tended   rubber .  I t  nap been 
found t h a t  r u b b s r  of unusua l ly   h igh   mo lecu la r   we igh t   and   no rma l ly  100 

touqh t o  p rocess   t h rough   f ac to ry   equ ipmen t   can  be made workhble by the 
a d d i t i o n  of up t o  50 p a r t s  of petroleum-base o i l s  per 1 0 0  &arts of 
rubber .  These ex tend ing  o i l s  make t h e   r u b b e r   e a s i e r  t o  p rocess  w i t h o u t  
s a c r i f i c e   i n   p h y s i c a l   p r o p e r t i e s .   A n o t h e r   i m p r o v s m e n t  has been the 
p r e p a r a t i o n  of b lack   mas tFrha tches ,  the name g iven  t o  mixtures  of carbon 
b l ack   and   rubbe r   w i thou t  t h e  c u r i n g   i n g r e d i e n t s .   T h i s   p r o c e s s  i s  of 
g rea t   impor t ance  to smal l   manufac turers   and  t i r e  r e t r e a d e r s  wno l ack  i., 
f a c i l i t i e s  for mixing i n   c a r b o n   k l a c k  cr who w i s h  t o  avoid  a tmospheric  
p o l l u t i o n   w i t h  t h e  f i n e   b l a c k .  

- Synthetic "-""""""" Rubber   Product ion 

"""""""""_ Emulsion Crumb Product ion  

O f  t h e  severa l   methods  of po lymer i za t ion  employed t o  produce s y n t h t t i c  
rubber ,  t h e  t w o  most commonly used  p r o c e s s i n g   t e c h n i q u e s   a r e  
p o l y m e r i z a t i o n   i n  homogEneous so lu t ion   and   po lymer i za t ion  in emulsion. 
S o l u t i o n   p o l y m e r i z a t i o n  may be cons ide red  t o  i n c l u d e   b u l k  polymerization 
where  excess  monomer serves a s  a solvent .   Emulsion  polymerizat ion  nay 
be c o n s i d e r e d   a s  ths b u l k  polymer iza t ion  of d r o p l e t s  ok monomers 
suspepded in   watcr .   Emuls ion   Folymer iza t ion  i s  performed w i t h  
s u f f i c i e n t   e m u l s i f i e r  t o  ma in ta in  a s t ab le   emul s ion ,   So lu t ion  
p o l y m e r i z a t i o n s   g l n e r a l l y   p r o c e e d  by i o n i c  mechanisms.  Polymerization 
i n i t i a t o r s   w h i c h   o p e r a t e  by i o n i c  mechanisms a re  u s u a l l y  too r e a c t i v e  t o  
be s t a b l e   i n   w a t e r ,   e m u l s i c n   p o l y m e r i z a t i o n   s y s t e m s  are i n i t i a t e d  b y  
ag. tnts  which p r o d u c e   f r e e   r a d i c a l s  ( 2 ) .  

Emulsion  polymerizat ion i s  t h e  t r a d i t i o n a l   p r o c e s s  for the product ion  of 
s y n t h e t i c   r u b b e r ,   S i n c e  World War 11 (and f o r  t he  foreseeable f u t u r e ) ,  
t h e  bulk   o f   synthe t ic   rubber  has been  produced  via  rmulsiori 
po lymer iza t ion .  The  use of emulsion  polymerizat ion s y s t e m s  i s  common 
because   bo th   h igh   conve r s ion  ra tes  and  high molecuiar w e i g h t s   a r e  
p o s s i b l e ,   I n   a d d i t i o n ,  other advantages   a re :  a h i g h   r a t e  of t r a n s f e r  
of t h e  heat of polymer iza t ion   th rough the aqueous  phase,   ready  removal 
of un reac ted  monomers,  and h i g h   f l u i d i t y  even a t   h i g h   c o n c e n t r a t i o n s  of .7  
polymer. The m a j o r i t y  (more t h a n  90 p e r c e n t )  of s tyrene-butad iene  
rubber (SBR) , the p r i n c i p a l   s y n t h e t i c   r u b b e r ,  i s  produced by emulsion 
polymer iza t ion .  The Pmulsion  polymerizat ion  process  i s  useci t o  produce 
either r u b b e r   l a t e x  or rubbe r  crumb. Crumb i s  so l id  and i s  u s u a l l y  
formed i n t o  75 pound bales . 
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Figure  3 shows a gene ra l i zed   ma te r i a l s   f l ow  d i ag ram for the cor,tinl!ous 
production  of  crumb SRR b y  t h e  emulsion polymerization ?roc~?ss. ' l h i s  
schemat ic  i s  e s s e n t i a l l y   t y p i c a l  of a l l  emulsion ~ K O C ~ S S ~ S .  I n  t h e  
t y p i c a l   p r o d u c t i o n   f a c i l i t y ,   o p e r a t i o n  i s  2 4  hours  p e ~  day, 3 6 5  aays  per 
year .  Fach p1an.c c o n s i s t s  of s e v e r a l   F r o d u c t i o n  lines wnere different 
p r o c e s s   r e c i p e s   c a n  be app l i ed   and   va r i cus   t ypes   o f  SBA can be p r o d y e d ,  
inc luding   non-extended ,  o i l  extended,   and  carbon  black  masterbatch  var i -  
e t ies .  

Styrene  and  butadiene (monomers) a r e  e i t h e r   p i p e d  t o  t h e   p l a n t  from 
a d j a c e n t   s u p p l i e r s ,  o r  sh ipped  ir, by  tank car o r  tam t ruck .  The 
monomers a r e  s t o r e d   i n  a tank  farm  which is diked  to r2ttain major. 
mcnomE-rs s p i l l s  a n d   l e a k a g e s   a n d ,   i n   t h e  cas€ o f   f i r e ,  t o  c o n t r o l  ti!?: 
sp read   o f   f l aming   l i qu id .  The fresh- monomers a r e  pip5.d co tne p l a n t  
from t h e  t a n k   f a r m   a n d ,   i f   n e c e s s a r y ,   p a s s e d   t h r o u g h  a c a u s t l c  soda 
scrubber   before   mix ing  with r e c y c l e  monomers. Some monomers, such   a s  
bu tad iene ,   have   i nh ib i to r s   added  t o  prevent   premature  polymerizat ion :. 

durinq  shipment   and  s torage.   These  must  be removed betore the monomer ' \  
can  be  polymerized. The i n h i b i t o r  i s  removea i n   t h e   c a u s - c i c   s c r u b b e r  b y  
t h e   c i r c u l a t i o n   o f  a c a u s t i c   s o d a   s o l u t i o n ,   a p p r o x i m a t e l y  20 pe rcen t .  
The c a u s t i c   s o d a   s o l u t i o n  is d i s c a r d e d   p e r i o d i c a l l y  o r  can  be subjEcted  
t o  . con t inua l  make-up  and blowdown. 

S o a p   s o l u t i o n ,   c a t a l y s t ,   a c t i v a t o r ,   a n d   m o d i f i o r   a r e  aauec to t h e  
monomer m i x t u r e   p r i o r  t o  e n t e r i n g  the Folymer iza t ion  reactors. The soap 
s o l u t i o n  i s  used t o  produce  an  at-lulsion of t h e  monomers i r ,  cn  aqueous 
medium. The  p r i n c i p a l   i n g r e d i e n t s  of t h i s   s o l u t i o n   a x e   y e n e : l ; a l l y  a 
ros in   ac id   soap   and  a f a t t y   a c i d   s o a p .  The c a t a l y s t  1 s  a free r a d i c a l  
i n i t . i a t o r   a n d   c a n  be a hydroperoxide o r  a pe roxysu l f a t e .  T m  c a t a l y s t  
i n i t i a t e s   a n d   p r o m o t e s   t h e   F o l y r n e r i z a t i o n   r e a c t i o n .  The a c t i v a t o r  
a s s i s t s   i n   g e n e r a t i n g   t h e   f r e e   r a d i c a l s  more r a p i d l y   a n d  at lower 
t empera tu res   t han  by thermal   decomposi t ion  of t h e   c a t a i y s r ;  alone. The 
modif ie r  is a n   a d d i t i v e   w h i c h   a d j u s t s  t h e  c h a i n   l e n g t h  dnd n o l e c u l a r  
we igh?   d i s t r ibu t ion   o f  the rubber   p ro6uct   dur ing  polynerizat iol ; .  It  i s  
necessa ry  t h a t  a l l   t h e   a b c v e   s o l u t i o n s   b e  made wi th   h igh   qua l i t y   wa te r .  
U s u a l l y   c i t y  o r  well water i s  d E i o n i z e d   f o r  t h e  preparation of the 
s o l u t i o n s .  

The po lymer i za t ion   p roceeds   s t epwise   t h rough  a t r p i n  of redctors. The 
reactor system i s  capable  of p r o d u c i n g   e i t h e r  II '(40-45OF, 0-15 p i g )   o r  
fi@hotI1 (122OF, 40-60  psig)  rubber.   The  @Icoldli  SBF? polymers,  produced a t  
t h e  lower t smpera tu re   and  StOpFed a t  60 percent   conversior l ,   have i m -  
p roved   p rope r t i e s  when compared t o  l@hotl l  SBR's. The tlhotla process  is  
+ h e   o l d e r  of t h e  two. For ~lcoldl@ p o l y m e r i z a t i o n ,   t h e  monorner-Additive 
emulsion is  c o o l e d   p r i o r  t o  e n t e r i n g   t h e  reactcrs, g e n e r a l l y  by us ing  an  
ammonia r e f r i g e r a n t   c o o l i n g  medium. Depending  on the   po lymer i za t ion ' "  
t e m p e r a t u r e ,   t h e  medium could  be c h i l l e d   b r i n e  or c h i l l e a  water. I n  ad-  
f i t i t ion,   each  reactor   ha-s  i t s  own set of c o o l i n g   c o i l s ,   u s u a l l y   c o n t a i n -  
ir.9 ammonia r e f r i g e r a n t ,   a n d  i s  a g i t a t e d  by a mixer. The r e s i d e n c e  t h e  
i n   e a c h   r e a c t o r  i s  approximately  one  hour .  Any r e a c t o r  i n  t h 2  t r a i n  can 
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bo by-passed. The r e a c t o r   s y s t e m   c o n t r i b u t e s   s i g n i f i c a n t l y   t o  t h e  high 
d s g r e e   o f   f l e x i b i l i t y  of t h e  o v e r a l l   @ a n t  i n  p roduc ing   d l r r e ren r   g rades  
of rubber.  The o v e r a l l   p o l y m e r i z a t i o n   r e a c t i o n  i s  o r d i n a r i l y  carried t o  
no  g r e a t e r   t h a n  60  percent   cof ivers ion  of monomer t o  r u b b e r   s i n c s  t h e  
r a t e  o f   r e a c t i o r ,   f a l l s   o f f  beyond t h i s   p o i n t   a n d   p r o d u c t   q u a l i t y   b e g i r i s  
t o  d e t e r i o r a t e .  The  product   rubber  i s  formed i n  t h e  emul s ion   t hase  
the   r eac t ion   mix tu re .  The r eac t ion   mix tu re  is a milky w h i t e  emulsiori 
c a l l e d   l a t e x .  

CPf 

Shor t  stop s o l u t i o n  i s  added t o  the l a t e x   l e a v i n g   t h e  reactors t o  s t o p  
t h e   p o l y m e r i z a t i o n   a t   t h e   d e s i r e d   c o n v e r s i o n .  Two common s h o r t   s t o p  
ing red ien t   a r e   sod ium  d ime thy l  dithiocarbamate and  hydroquinone. The 
~ ~ s t o p p e d * ~   l a t e x  i s  h e l d   i n  blowdown t a n k s   p r i o r  to t h e  s t r i p p i n s  
ope ra t ion .  The blowdown t a n k s  act  a s  f l o w  regula t ing   ho ld ing   Eanks .  

iiecovery  of t h e  un reac ted  monomers and t h e i r  p u r i f i c a t i o n  i s  an 
essent ia l  s t e p  i n  economic s y n t h e t i c  rubber product ion .   Butadiene ,  
which has a lower b o i l i n g   p o i n t   t h a n   s t y r e n e ,  i s  f i r s t  vacuum s t r i p p e d  
from t h e  l a t e x .  The s t r i p p i n g   o p e r a t i o n  is g e n e r a l l y   c a r r i e d  o u t  i n  a 
vacuum f l a sh  t a n k   a t   a b o u t  80-900F. The butad iene   vapors  are  compressed 
and  condensed before e n t e r i n g  a r e c e i v e r .  A very  small q u a n t i t y  of 
water collects i n  t h e  r e c e i v e r   a n d  i s  d i s c h a r g e d   p e r i o d i c a l l y .  The 
condensed  butadiene i s  r e c y c l e d  t o  t h e  f e e d  area and  mixea w i t h  frgsh 
monomer p r i o r  t o  t h e  po lymer iza t ion   s tep .   S tyrene   recovery  frcm t k  
l a t e x   u s u a l l y  takes  p l a c e  i n  p e r f o r a t e d   p l a t e   s t r i p p i n g  columns. These 
ope ra t e  w i t h  s t e a m   i n j e c t i o n   a t   a p p r o x i m a t e l y  140OF. The s team-styrene - 
vapor   mixture  is  condensed  and  sent t o  a r ece ive r   where  the s t y r e n e  and 
wa te r   a r e   decan ted .  The t o p  s t y r e n e   l a y e r  i s  r s c y c l e d  to tnt: monomer 
f c e d   s t a g e ;  t h e  bottom l a y e r  of t h e   r e c e i v e r ,  which i s  s tyrene- laden  
water ,  i s  d i scha rged .  Both t h e  vacuum and steam s t r i p p e r s   f o u l  
p e r i o d i c a l l y  w i t h  r u b b e r   s o l i d s .  These  must be removed by hand, 
followed w i t h  b o t h  s team or water jets. T h i s  c l e a n i n g   o p e r a t i o n   p u t s  
t h e  s t r i p p e r   o u t  of commission  and  produces  large  quant i t ies  of waste  
water.  

+. 

An a n t i o x i d a n t  t o  p ro tec t   t he   rubbe r   f rom at tack by oxygen  and  ozone i s  
added t o  t h e  s t r i p p e d   l a t e x   i n  a blend  tank.  The l a t e x  i s  now 
s t a b i l i z e d   a n d ,   a s  a r e s u l t ,   d i f f e r e n t  batches, r e c i p e s ,  or d i l u t i o n s  
can be mixed. These mixing   oFera t ions  take p l a c e   i n  , the blend   tanks .  
The l a t e x  i s  pumped from t h e  b l end   t ank  t o  t h e   c o a g u l a t i o n   s t e p  where 
d i l u t e  (pH 4-4.5) s u l f u r i c   a c i d   a n d   s o d i u m   c h l o r i d e   s o l u t i o n  are  added. 
The a c i d  b r i n e  mixture  i s  c a l l e d   t h e   c o a g u l a t i o n   l i q u o r   a n d   c a u s e s  t h e  
rubber t o  p r e c i p i t a t e  from t h e  l a t e x .   T h e o r e t i c a l l y ,   p r e c i p i t a t i o n  w i l l  
occur  w i t h  a coagula t ion   l iquor   cons is t ing   o f   any   combina t ion  of 
l lectrolyte and d i l u t e   a c i d .  However, t h e   q u a l i t y  and  intended  end  use 
of t h e  rubbe r  limit t h e  choice of coagulants .  For example, some t y p e s  
of 'Ihot" SBR which are  used as i n s u l a t i o n   c o v e r i n g  on  e lec t r ica l  wire 
are coagula ted  w i t h  an   ac id -po lyamine   so lu t ion   i n  order t o  produce a 
rubber w i t h  l o w  e l e c t r i c a l   c o n d u c t i v i t y .  

I 
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A s  mcnt ioned   ear l iEr ,   rubber   can  be extended t o  improve iT;s p r o p e r t i c s  
by us ing  o i l s  and  car ton  black.   Carbon  black  and oil car1 be added to 
r h ?   l a t e x   d u r i n q   t h e   c o a g u l a t i o n   s t e p  t o  produce a more in t ima te   mix tu re  
than  can be ob ta ined  by t h e   s u b s e q u e n t   a d d i t i o n  of these m a t e r i a l s  to 
th? crumb r u b b l r   a s  Is the c a s e   w i t h   c o n v e c t i o n a l  rubber compounding. 
WastewatErs   qecerate6  subsequent  t o  t h e   m a s t e r b a t c h  operarion (addip+ion 
of ca rbor :   b l ack )   a r ?   u sua l ly   b l ack   due  t o  c o l l o i a a l   c a r b o n  black 
p a r t i c l e s .  The o i l  i s  added as an a.queous  emulsion,  and  carbon  Dlack i s  
b l e n d e d   i n t o  thE l a t s x   a s  an   aqueous   s lur ry   (approximate ly  5 percent.  by 
w;ligh+).  ThEr.? a r +   v a r i o u s   t y F e s   o f   e x t e n d i n g  o i l s ;  some are s r a i n i n q  
an?   o thErs   non-s ta in ing   Rubber   ex tended   wi th   non-s ta in ing  o i l  w i l l  no% 
nark  s u r f a c s s   a n d  i s  r e q u i r e d   f o r  some n o n - t i r e  uses. Ix a non-stained 
r u h b l r  i s  t o  be proauced, not only   mus t   the   exrer ider  o i l  b2 non- 
s t a i n i n g ,   h u t   a l s o   l i g h t e r - c o l o r e d   s o a p s ,   s h o r t   s t o p s ,   a n a   a n t i o x i d a n t s  
must k e  used.  

Th+ coagulated  crumb i s  sepa ra t ed   f rom  the   coagu la t ion   l i quor   on  a , 
shak?r   sc reen .  The c o a g u l a t i o n   l i q u o r  i s  r e c y c l e d   a f t e r  make-up with ' 
f r e sh   ac id   and   b r ine   and  blowdown of p a r t  of t h e   d i l u t e d   l i q u o r .  The 
screensd  crumb is  resuspendod  and  washed  with water i n  a r e s l u r r y   t a n k .  
This  opErat-ion serves t o  remove Ext raneous  compounds  from  .the  rubber, 
p a r t i c u l a r l y   r e s i d u a l   c o a g u l a t i o n   l i q u c r .  The crumb rubbsr   s iuf i ry  i s  
then dewateraa  , g e n e r a l l y   u s i n q  a vacuum f i l t e r ,   a n d   t h e   f l l t r a c e  wash 
water  i s  r ecyc lcd  t o  t h e  r e s l u r r y   t a n k   f o r   r e u s e  w i t n  f r e s h  water makeup 
ar;fi a s  an  overf low.  The overf low is  necessa ry  to blowdown accurnmulating 
rubbs r  so l id s  and   contaminants .   The   coagula t ion   l iquor  blowaown and 
crumb s l u r r y   w a r p r  ovcrflows a r e   u s u a l l y   F a s s e d   t h r o u g h   s e p a r a t o r s .  
ThesE  f a c i l i t i E s ,   c a l l e d  crumb p i t s ,  a re  g e n e r a l l y   o u t s i d e  cne process-  
i n g   b u i l d i n g   a n d   t r a p   t h e   f l o a t a b l e  crumb  rubber. Ths c i a r i i i e a  undEr- 
f low i s  d i scha rged  t o  t h e  m a i n   t r e a t m e n t   f a c i l i t y .  

T h e  rinsGf.1  and f i l t e r e d   r u b k r  crumb is f i n a l l y   d r i e d   w i t n  not  a i r  i n  a 
con-trinuous b e l t  or s c r e e n   d r y e r .   A f t e r   d r y i n g ,   t h e   r u b b e r  i s  wEiqhed 
and  press& i n   b a l e s   a n d   s t o r e d  p r io r  t o  shipment.  Normally  rubber 
ba les   wcigh  75 pounds  and a r e  wrapped in   po lye thy lene   f i lm .  The b a l e r s  
a r e   o p e r a t e d   h y d r a u l i c a l l y   w i t h  o i l  o r  w a t e r   a s   t h e   h y a r a u l i c   f l u i d .  
Due to t h e   j a r r i n g   b a l i n g   a c t i o n   a n d   t h e   h i g h   h y d r a u l i c   p r e s s u r e s ,   f l u i d  
l e a k s   a r e   f r e q u e n t   a n d ,   i n   t h e   c a s e  of o i l - d r i v e n   b a l e r s ,  t n e  l e a c s d  o i l  
should  b s  p reven ted  from e n t e r i n g  the  F l a n t   d r a i n  s y s t e m .  

I n   a d d i t i o n  t o  zhe p rocess ing   ope ra t i cns   desc r ibed   above ,   o the r   ope ra -  
t i o n s   a r s  carr ied o u t   r e g u l a r l y ,   t h o u g h   n o t   n e c e s s a r i l y   c o n t i n u o u s l y ,  
w h i c h   g e n e r a t e   c o n s i d e r a b l e   q u a n t i t i e s   o f  waste watsr .   These. include 
equipment   c leanout   and area washdown ope ra t ions .   P r inc ipa l   equ ipmen t  
c l e a n o u t s   i n c l u d e   t h e   p o l y m e r i z a t i o n   r e a c t o r s ,  blowdown t a n k s ,   b m a d i e n e  ., 
f l a s h   t a n k s ,   s t y r e n e   s t r i p p i n g   c o l u m n s ,   a n d   l a t e x   b l e n d   t a n k s .  I n  most 
cases ,   h ioh   vo lumes  of was te  water a r e  Froduced t h a t   a r e   l a a e n   w i t h  un- 
c o a g u l a t . s d   l a t e x   s o l i d s   a n d  a r e  c h a r a c t e r i z e d   b y  a milky  white  
appear3nce. When t h e   f l a s h   t a n k s  and s t r ipp ing   co lumns  are  c i e a n e d ,   t h e  
waste waters c o n t a i n   r u b b e r  s o l i d s ,  due t o  p rema tu re   coagu la t ion   o f   t he  
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l a t e x ,   i n   a d d i t i o n  t o  uncoagulated  la tex.   Area washdowns a r e   f r e q u e n t ,  
a n d   t h e  wash waters p i ck  up p r i m a r i l y   l a t e x ,   r u b b e r  solids, arlu o i l .  
The ca rbon   b l ack   s lu r ry ing   a r ea  i s  genera l ly   contaminated  with carhor: 
powder. Area washdowns  and stcrm r u n   o f f   t y p i c a l l y   p i c k  up t h e  carbon, 
r e s u l t i n g   i n  a f ine   ca rbon   suspens ion .  

I t  i s  o p p o r t u n s   a t   t h i s   p o i n t  t o  review t h e   p o t e n t i a l  waste water  
s o u r c e s   i n  a t y p i c a l   e m u l s i o n   p l a n t .  Table 5 summar izes   t he   p r inc ipa l  
was t ewa te r s   and   t he   na tu re  or appearance of t h e i r   c o n s t i t u e n t s .  

b 

"""""""""" 
s o l u t i o n  Crumb Product ion 

A s  po in t ed   ou t  ear l ier ,  s o l u t i c n   p o l y m e r i z a t i o n  is a newer, l e s s  t r a d i -  
t i o n a l   p r o c e s s   f o r   t h e  commercial product ion  of crumb rubber i n  t h e  U.S. 
s o l u t i o n   p o l y m e r i z a t i o n   s y s t e m s   p e r m i t   t h e   u s e  ot s t e r e o s p e c i f i c  
c a t a l y s t s  of t h e  Ziegler-Natta or a lkyl - l i th ium  types   which   have  made it 
p o s s i b l e  t o  polymerize monomers, such a s  i sop rene  or  butad iene ,  i n  a 
s u i t a b l e   o r g a n i c   s o l v e n t  so a s  t o  o b t a i n   t h e  c i s  s t r u c t u r e   ( u p   t o  98 
p e r c e n t )   c h a r a c e e r i s t i c  of t h e   n a t u r a l   r u b b e r   m o l e c u l e   a n d  wi tn  a high 
degree  of r e g u l a r i t x ,   R u b b e r s   w i t h   t h e  c i s  s t r u c t u r e  are aesired since 
t h e y  ars usua l ly   rubbe ry ,   whereas   t he   t r ans -conf igu ra t ion  i s  more r i q i d  
a n d   s i m i l a r  t o  p l a s t i c s .   C i s - p o l y k u t a d i e n e ,   f o r  exarngle, has   n ighe r  
a b r a s i o n   r e s i s t a n c e   t h a n   t h e   u s u a l  SER type   and  is  belng used  mainly t o  
e x t e n d   a n d   p a r t i a l l y   r e p l a c e   b o t h  SBR a n d   n a t u r a l   r u b b e r   i n   t i r e s .  
R e p o r t s   i n d i c a t e   t h a t   t r e a d  wear i s  improved by up t o  35 p r c e n t   i n  a 
50-50 blend of polybutadiene  and SBR, 

A r e l a t i v e  newcomer on t h e   r u b b e r   s c e n e  i s  based  on the cheay monomers, 
5thylene  and  propylene.   Al though  not   s tereo-regular ,   these  polymers   can 
be produced i n   s o l u t i o n   p l a n t s   a n d   c a n   u s e   s i m i l a r   c a t a l y s t s .  T h s  
polymer  chain,   based on Ethylene   and   propylene ,   does   no t   conta in  
s u f f i c i e n t   u n s a t u r a t i o n   f o r   c o n v m t i o n a l   c u r i n g .  The i n c o r p o r a t i o n  of a 
t h i r d  monomer, u s u a l l y  a d i e n e   ( t h u s  EPDM - e thylene   p ropylene   d iene  
mcjnomer) , adds   unsa tu ra t ion   and  f a c i l i t a t e s  conven t iona l   cu r ing .  

The p r o d u c t i o n   o f   s y n t h e t i c   r u b b e r s  by so lu t ion   po lymer i za t ion   F rocesses  
i s  a s t e p w i s e   o p e r a t i o n ,   a n d ,   i n  many asFects, is v e r y  similar t o  pro- 
duc t ion  by emulsion  polymerizat ion.   There are  d i s t i n c t   d i i f e r e r L c e s  i n  
t h e  two technologies ,   however .   For   so lu t ion   po lymer iza t ion ,   the  
monomers must be ex t remely   pure   and   the   so lvent   (hexane ,  tor example) 
should be comple te ly   anhydrous .   In   cont ras t  t o  emulsion  polymerizat ion,  
w h e r e   t h e  monomer conversion is t a k e n  t o  approximately 6 0  pe rcen t ,  
so lu t ion   po lymer i za t ion   sys t ems  are  polymerized t o  corlversion levels 
which a r e   t y p i c a l l y   i n   e x c e s s  of 90 percent .   The  polymerizat ion 
r e a c t i o n  i s  a l s o  more r a p i d ,   u s u a l l y   c o m p l e t e   i n   o n e   t o  two hours. 

F igu re  4 is  a g e n e r a l i z e d  materials flow  diagram for  the   p roduc t ion  of 
crumb SBR by a so lu t ion   po lymer iza t ion   process .   The   process ing   s teps  
shown are  e s s e n t i a l l y   t y p i c a l  of a l l  so lu t ion   po lymer i za t ion   p rocesses .  
A s  i n   t he   ca se   w i th   Emuls ion   p l an t s ,   so lu t ion   p l an t s   compr i se   s eve ra l  
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p r o c e s s i n q   l i n e s  w h e r e  d i f f e r e n t   t y p e s  of rubbe r  for d i s t i n c t  er,d u s e s  
can be producPd  (ir-cludinq  non-extefided,  oil-Extended,  and  carbon b lack  
mast-zr b a t c h   v a r i e t i c - s ) .   P l a n t   o p e r a t i o n  i s  t y p i c a l l y  24 hours  per day, 
365 days   per   ye3r .  

The f r e s h  monomers a r e  pumFed t o  t h e   p l a n t  from tne tank  farm. 
I n h i b i t e d  monomers a r e  passed   th rough a c a u s t i c   s o d a  scruher to rshove 
t h e   i n h i b i t o r .  The  monomers a r e   t h e n   s e n t  t o  f r a c t i o n a t o r   d r y i n g  towers 
where  extraneous water i s  removed. F r e s h   a n d   r e c y c l a   s o l v m t   ( f o r  
example, 

hExane) i s  also passed   th rough a d r y i n g  column t c  removs water ari l  EX- 
t r a n e o u s   l i g h t  and heavy  components.  The  light-  and  heavy-compon€nts 
bu i ld   up  i n  t h e   s y s r e m  as  unwanted  by-products   or   unreccvsrea monomsr 
du r ing  t h c  polymer iza t ion  s t e p  and  must I=E removed. The p u r i f i 5 3  scl- 
vent   and monomers a r e   t hen   b l ended .  The mix tu re  is  g e n e r a l i y  trrmed The 
"mixed feed''. The  mixed feed   can  be f u r t h e r   d r i e d  to remove f i n a l  t .  

t r a c e s   o f   w a t e r   u s i n g  a d e s i c c a r k  columri. , 

The dried mixed f eed  i s  ncw r e a d y   f o r   t h e   p o l y a e r i z a t i o r ,  step a n d  
c a t i i l y s t s   c a n  b? added to t he   so lu t io r .   ( so lven t   p lus   monomi r s ) .  m he 
c a t a l y s t  syst5-ms  used  vary.   Typical ly   they are  t i t a n i u m   n a l i d e   p l u s  
aluminum a lky l   combina t ions  o r  b u t y l l i t h i u m  compounds. Zhe c a t k l y s t s  
can  b? added to t h e  mixed  fe:ed j u s t   p r i c r  t o  t h e   p o l y m e r i z a t i c n   s t a q e ' o r  
EO t h e  l ead   po lymer i za t ion   . r eac to r .  

The b lend  of  s o l u t i o n   a n d   c a t a l y s t s  i s  polymerized ir? a series of re- 
actors. ThE r e a c t i o n  is  h ighly   exothermic   and   hea t  i s  removed cor?-ir?u- 
o u s l y  by e i % h e r  an ammcnia r e f r i g e r a n t  or by c h i l l e d   b r i n e  or q l y c o l  
s o l u t i o n s .  The r E a c t o r s   a r e   s i m i l a r   i n   b o t h   d e s i g n   a n d   o p e r a t l o n  t o  
th0s.3 used in   emuls ion   po lymer iza t ior . .  The  mix tu re   l eaves  t n e  r9actor  
T r a i n  as a rubbe r  cernEn?, i . e . ,  polymeric  rubber s o l i d s   d i s s o l v s d  i n  
s o l v e n t .  

Is, s h o r t  s t o p  s o l u t i o n  i s  added t o  t h c   c e m f n t  a t t e r  crle d e s i r e d  
convers ion  i s  reached.  The s t a b i l i z e d   c e m e n t  i s  pumpea LO cemenr 
s t o r a g e   t a n k s   p r i o r  t o  subsequent   p rocess ing .  A t  t h i s   p o i n t   o t h F r  
i n q r e d i k n t s ,   s u c h   a s   a n t i o x i d a n t s ,   c a n  be added. I f  t n e  rubDer  i s  to be 
o i l  extended, o i l  can  be  added t o  t h e  cement. The o i l  i s  u s u a l l y  
blended w i t h   t h e   c e m e n t   a t  some p o i n t   b e t w e e n   t h e   s t o r a g e   t a n k s   a n d   t h e  
s t e a m   s t r i p p i n g   o p E r a t i o n .  

Th? rubber  cement i s  pumped f r o m   t h e  storage t a n k  t o  t n e  c o a g u l a t o r  
where t h e  rubber  i s  p r 2 c i F i t a t e d   i n t o  crumb  form with n o t  water u n d e r  
v i o l e n t   a g i t a t i o n .  W e t t i n g  a g e n t s   ( s u r f a c t a n t s )   c a n  be adaed to promote 
the c o c t r o l  of crumb s i z e  and to prevent   reagglomera t ion .  I n  a d d i t i o n  " 
r_o c o a q u l a t i o n ,  much of the   so lven t   and   un reac ted  monomer are  s t r i p p e d  
ovsrhead. For ca rbon   b l ack   mas te rba tch   rubbe r s ,   t he   ca rbon   P l ack   s lu r ry  
i s  add?a t o  t h e   c o a g u l a t o r   i n  much t h e  same manner a s  f o r  emulsion crumb 
rubber .  
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Th? r e s u l t a n t  crumb s l u r r y   p a s s e s  t o  a series of s t r i p 2 e r s  wher& steam 
s t r i p p i n g   d r i v e s  off t h e  remaining moncmers and   so lvent .  The s t r i p p e r s  
are g e n e r a l l y  a f l a s h   t a n k  or a g i t a t e d   k e t t l e   s t r i p p e r s .  The steam, 
so lvent ,   and  monomer vapors  a re  condensed  and  sent  t o  a decan t  s y s t e m .  
The b o t t o m   d e c a n t   l a y e r ,   s a t u r a t e d   i n  monomers and   so lvent ,  i s  
d ischarged .  The o r g a n i c   l a y e r  is s e n t  t o  a m u l t i - s t a g e   f r a c t i o n a t o r  
( d e s c r i b e d   e a r l i e r ) .   L i g h t   f r a c t i o n s  a re  removed i n   t h e   f i r s t  columfi 
a n d   g e n e r a l l y   c o n s i s t  of u n r e a c t e d   l i g h t  monomer (for   example,  
bu tad iene ) ,   Th i s  is normally  reclaimed a t   t h e  monomer supply  plan$. 
The second  column  produces  purif ied  solvent ,  a hsavy monomer-water 
f r ac t ion ,   and   ex t r aneous   heavy  comFonents. 

The heavy monomer ( for  example,   s tyrene)  is condensed,  aecanted,  and re- 
cycled,  The bottom w a t e r   l a y e r  is discharged,  The p u r i f i e a  s o i v e n t  is. 
dr ied   and   rzused .  The heavy  extraneous  component str5am i s  a wasts 
wh ich   can   e i the r   be   decan ted   be fo re   d i sposa l  or can be i n c i n e r a t e d   a s  a 
s l o p  o i l ,  

The s t r i p p e d  crumb s l u r r y  is separa ted   and   fur ther   washed   wi th  water on 
v i b r a t i n g  ScreE-ns. The s l u r r y   r i n s e  water is r e c y c l e d   i n   p a r t  t o  t h e  
c o a g u l a t i o n   s t a g e   w i t h   w a t e r  or steam makeup. The remain ing   por t ion   o f  
t h e   s l u r r y   r i n s e  water overf lows  and i s  discharged.  T h i s  waxer c o n t a i n s  
f l o a t i n g  crumb  rubber   f inss   ana is gene ra l ly   pas sed   t h rough  a crumb plt 
be fo re   d i scha rge ,  The  crumb f i n e s  a r e  t r a p p e d   i n   t h e   p i t .  The screened  
rubber  i s  p a s s e d   t h r o u q h   a n   e x t r u d e r - d r y e r   f o r   f u r t h e r   d e w a t e r i n g   a n d  
dryinq.  Dewatering  and  drying  -can  also  be carried o u t   w i t h  a r o t a r y  . 

f i l t e r  and h o t  a i r  oven  dryer.  The d r i e d   r u b b e r  is  p r s s s e d   i n t o  75- 
pound ba les   and  i s  u s u a l l y   w r a p p e d   i n   p o l y e t h y l e n e   f o r   s h i p m e n t .  
Balers, i d e n t i c a l  t o  t h o s e  emFlOyed i n   e m u l s i o n   p r o c e s s i n g ,   a r e   u s e d   i n  
so lu t ionpolymer ized   rubber   p roduct ion .  C i l  l e a k s  are a p o t e n t i a l  
problem. 

I n   a d d i t i o n  t o  t h e  p rocess ing   ope ra t ions   desc r ibed   abovk ,  area washdowns 
occur.  T h e s e  a r e   f r e q u e n t  arid Froduce l a rge  volumes of waste water 
wh ich   can   be   con tamina ted   w i th   d i s so lved   o rgan ic s ,   f l oa t ing   o rgan ic s ,  
oi ls ,  and   suspended   so l id s .   S ince   t he   ma jo r i ty   o f   t he   p rocess ing   s t eps  
a r e   o p e r a t e d  on a strict w a t e r - f r e e   b a s i s ,   t h e r e  i s  little need f o r  
equipment   c leanout   opera t ions   wi th  water. The process ing   un i t s   which  
are k e p t   f r e e  of water a r e   c l e a n e d   o u t   w i t h   s o l v e n t  when necessary .  
T h i s   c l e a n i n g   s o l v e n t  i s  stored s e p a r a t e l y   a n d  i s  used s o l e l y  fo r  t h e  
c l eanou t   ope ra t ion .  Process pumps, h a n d l i n g   i n   - p a r t i c u l a r   t h e   d r i e d  
mixed  feed  pr ior  t o  and   du r ing   t he   po lymer i za t ion   s t age ,  USE a non- 
a q u e o u s   f l u i d   ( u s u a l l y   a n  o i l )  as a seal  i n   l i e u  of water co preven t  
contaminat ion of t h e   p r o c e s s  streams wi th   wa te r .   Leak ing   f l u id  i s  a 
p o t e n t i a l   s o u r c e   o f  o i l  which  can be picked  up by area washdown waters ,  
Th2 ca rbon   b l ack   s lu r ry ing  area is a source  of waste waters l aden   w i th  
ca rbon   f i nes .  

! 

The main waste water s o u r c e s   i n  a t y p i c a l   s o l u t i o n   p o l y m e x i z a t i o n   p l a n t  
a r e  summarized i n   T a b l e  6. 
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Latex  Product ion 

I n   a d d i t i o n  to so l id  crumb rubber ,   emulsion  polymerizat ion i s  a l so   u sed  
t o  p roduce   l a t ex   rubbe r .   La tex   p roduc t ion   fo l lows   t he  same process ing  
s t e p s  as emul s ion   c rumb  p roduc t ion   w i th   t he   excep t ion   o f   l a t ex  
coaqula t ion   and  crumb r ins ing ,   d ry ing ,   and   ba l ing .   Only   about  5 t o  190 
percent   o f  SBR i s  used as  l a t e x ,   b u t   a p p r o x i m a t e l y  30  p e r c e n t  of t h e  
n i t r i l e  rubbers (NBR) e n t e r   t h e   m a r k e t  a s  l a t ex .   Commerc ia l ly   ava i l ab le  
SBR l a t e x e s   c o n t a i n   a b o u t  45- t o  55-percent  sol ids ,  a l though  some can' be 
as  high as 6 8  pe rcen t .  Most NRR l a t e x e s  are i n   t h e  45- to 55-percent 
s o l i d s  class.  The polymer iza t ions  are t a k e n   e s s e n t i a l l y  t o  completion 
(about  98  t o  99  pe rcen t   conve r s ion )  as opposed t o  emulsion crumb rubber 
product ion  where  conversion F e r  po lymer iza t ion  pass is approximazely 6 0  
percent .  

As a r e s u l t ,   t h e   r e c o v e r y  of unused monomer is  not  economical. Process 
economics a r?  d i r e c t e d   t o w a r d s  maximum conver s ion  on a once-through 
bas i s .  

: 

Figure  5 i s  a g e n e r a l i z e d  materials f l o w   d i a g r a m   f o r   t h e   p r o d u c t i o n   o f  
l a t e x  S B R  by  emulslon  polymerization.  The steps shown are  t y p i c a l   o f  
a l l   l a t e x   p r o d u c t i o n   p r o c e s s e s .   A l t h o u g h   l a t e x   p l a n t s  a r e  g e n e r a l l y  
operate'd 24 hours  pE-r day  and 365 days   pe r   yea r ,  the produc t ion   xuns   fo r  
each   r ec ipe  o r  t y p e  of l a t e x  are s h o r t e r   t h a n   i n   e m u l s i o n  or s o l u t i o n  
crumb  rubber   plants   because  la tex  consumption i s  on a smaller scale and 
la tex   consumers   a re   usua l ly   ou ts ide   companies   wi th   varyLny  product  
needs, By c o n t r a s t ,   t h e   m a j o r i t y   o f  crumb rubber  is made for t i r e  
manufacture,  i s  cor.sumed by major t i r e  companies,  and i s  produced by 
t h e i r  own s y n t h e t i c   r u b b e r   p r o d u c i n g   d i v i s i o n s .   T h i s  nas t h e   s f f e c t  of 
l i m i t i n g  t h e  number o f ,  t ypes   o f   p roduc t   and   r ec ipe ,   r a t iona l i z ing  
p r o d u c t i o n   s c h e d u l e s ,   a n d ,   i n   t h e   f i n a l   a n a l y s i s ,   l e a a i n g   t o   l o n g  
product ion  Tups. L a t e x e s   a r e   u s e d  t o  manufacture   dipped goods, paper  
coa t ings ,   pa in t s ,   c a rpe t   back ing ,   and  many o t h e r  commoaities. 

The monomers are piped  f rom  the  tank  farm t o  t h e   p r o c e s s i n g   p l a n t .  
Monomer i n h i b i t o r s   a r e   s c r u b b e d   o u t   b y   u s i n g   c a u s t i c  soda s o i u t i o n .  
S o a p   s o l u t i o n ,   c a t a l y s t s ,   a n d   m o d i f i e r s  are added t o  t h e  monomer t o  pro- 
duce a f eed   emul s ion   p r io r  t o  f eed ing  t o  t h e  reactors. The water used 
i n   t h e   p r e p a r a t i o n   o f   t h e  above s o l u t i o n s  i s  g e n e r a l l y   d e i o n i z e a   c i t y   o r  
w e l l  water, The  number of  reactors i n   t h e  reactor t r a i n  i s  u s u a l l y  
smaller t h a n   t h a t   u s e d   f o r   e m u l s i o n   c r u m b   p r o d u c t i o n .  The tempera ture  
i s  g e n e r a l l y   k e p t  a t  approximately 40 t o  45.o.F and,   therefore ,   most  
l a t e x e s  a re  made by   the   "co ld"   p rocess .  When t h e   p o l y m e r i z a t i o n  i s  com- 
p l e t e ,  t h e  l a t e x  i s  s e n t  t o  a blowdowc t a n k   f o r   i n t e r m e d i a t e  storage or  
h o l d i n g .   S t a b i l i z e r s   a r e   u s u a l l y   a d d e d  t o  t h e  la tex  a t  t h i s   p o i n t  t o  1 

s t o p   t h e   p o l y m e r i z a t i o n   a n d   t o   s t a b i l i z e   t h e   l a t e x .  

The l a t e x   p a s s e s   f r o m   t h e  blowdown t a n k s  t o  a vacuum s t r i p p e r   w h e r e   t h e  
unreac ted   bu tad iene  i s  removed.  The bu tad iene  is v e n t e d   t o   t h e   a t m o s -  
phere.  The vacuum i s  p u l l e d   w i t h   e i t h e r  a vacuum pump or steam je t .  

c 
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[ The Sxcess s t y r e n e  i s  Str iFFed  f rom t h e  l a t e x  ir! a steam stripper. The 
: steam  and s t y r e n e  a r e   c o n d e n s e d   a n d   s e n t   t o  a receiver. The bottom 
E 

w a t e r   l a y e r  i s  docanted  off   and  discharged.  The s t y r e n e   l a y e r  i s  notp 
r ecyc led   bu t   can   be   con ta ine r i zed   and   s en t  t o  d i s p o s a l .  

The s t r i p p e d   l a t e x  i s  passed   th rough a series of s c r e i n  f i l ters t o  re- 
move unwanted l a r g e   r u b b e r   s o l i d s .   T h e   l a t e x  i s  finally s t o r l d  i n  
b l end ing   t anks   where   va r ious   add i t ives   ( fo r   example ,   an t iox iaan t s )   a r e  
mixed w i t h   t h e   l a t e x .  The l a t e x  i s  shiFpcd  from t h e  b lending  t a n k s  by 
t ank   ca r   o r   t aRk  t r u c k ,  or is  drummed ready   fo r   d i spa tch .  

S i n c e   s h o r t   p r o d u c t i o n   r u n s   a r e  common t o  t h e  industry,   the   maJor   waste-  
waters   generared  i n  a s y n t h e t i c  l a t e x  p l a n t  stem frcm equipmefit  cleanout 
o p e r a t i o n s .  Whan product ior ,  i s  switched  from o n s  t ype  ox rubber  t.0 an- 
o t h e r ,   r e a c t o r s ,  blowdown t a n k s ,   s t r i p p e r s ,   a n d   f i l t e r s   r e q u i r e   c l e a n i n g  

for t h e  new p r o d u c t .   I n   a d d i t i o n ,   t a n k  cars and   tank  t r u c k s  owned o r  
l e a s e d  by t h z   p l a n t   r e q u i r e   c l e a n i n g   a f t e r   e a c h   t r i p .  Area washdowns 
are f r e q y e n t   i n s i d e   t h e   p r o c e s s i n g   b u i l d i n q s   a n d   a t  the v e h i c i e   l o a d i n g -  
un load ing   a r eas .  A l l  the   above   was te  waters w i l l  cor i ta in  o i l s ,  
d i s so lved   o rgan ic s ,   and   h igh   concen t r a t ions   o f   l a t ex   so l id s .  

Table  7 summar izes   the   o r ig ins   and   na ture   o f  t h e  pr inc ipa i   was tewater  
s o u r c z s   g e n e r a t e d   i n  a t y p i c a l   s y n t h e t i c   l a t e x   p l a n t .  

"" Summary 

The growth of t h e  t i r e  and   i nne r   t ube   i ndus t ry   has   been   c lose ly   l i nked  
t o  t h t  growth  of t h e  au tomobi le   indus t ry .   Curren t   p roduct ion  i s  ove r  
210 m i l l i o n  tires pe r   yea r   w i th   one   qua r t e r   o f  tkis product ion dest ined 
fo r   o r ig ina l   equ ipmen t   on  new v e h i c l e s ,  The product ion  of both t ires 
and i n n e r   t u b e s   c o n s i s t  of t h e  compounding, ex t rud ing ,   ca l ende rmg ,   and  
molding  of   sol id  raw m a t e r i a l s .   T h e r e  is cons ide rab le   hea t   gene ra t ed  by 
these   p rocesses   and  it mus t   be   d i s s iFa ted   and   con t ro l l ed  t o  i n s u r e  t h e  
q u a l i t y  of t h e   f i n a l   p r o d u c t .  Water used i n   o t h e r   t h a n  for u t i l i t i e s ,  
c o n s i s t s  of  makeup w a t e r   f o r   s o a p s t o n e   s o l u t i o n   a n d   l a t e x   d i t .   s o l u t i o n s .  

The p r o d u c t i o n   c a p a c i t y   a n d   o u t y t   o f   t h e   s y n t h e t i c   r u b b e r   i n d u s t r y   a r e  
expand ing   s t ead i ly   and   a r e   l i nked   ve ry   c lose ly   t o   consumpt ion   by   t he  
t i r e  i n d u s t r y .  The r e l a t i v e   p r o d u c t i o n   l e v e l s   f o r   t h e   v a r i o u s   t y p e s   o f  
s y n t h e t i c   r u b b e r  w i l l  n o t  c h a n g e   s i g n i f i c a n t l y   o v e r  the n e x t   s e v e r a l  
y e a r s  t o  a f f e c t  t h e  ope ra t ions   o r   was t e   wa te r   impac t  of t h e   i n a u s t r y   a s  
a whole.  Two d i s t i n c t   p r o c e s s i n g   t e c h n o l o g i e s   ( e m u l s i o n  and s o l u t i o n )  
e x i s t .  Process v a r i a t i o n s   w i t h i n   e a c h   o f   t h e s e  t w o  t e c h n o l o g i e s   a r e  
only  minor.  Two d i f f e r e n t   t y F e s  of rubber   product   are   manufactured:  
crumb  and l a t e x   r u b b e r s .  The s o - c a l l e d   s p e c i a l t y   r u b b e r s   a r e  
manufac tured   by   p rocesses   s imi la r  t o  those  used t o  produce   the   so-ca l led  
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SECTION I V  

I N D U S T R Y  CATEGORIZATION 

0 

I n t r o d u c t i o n  

I n d u s t r y   c a t e g o r i e s   a n d   s u h c a t e g o r i e s  were established SO as  'to dsfins 
those s e c t o r s  of t h e  r u b b e r   i n d u s t r y  where s e p a r a t e   e f f l u e n t  l m i t a t i o n s  
and   s t anda rds   shou ld   app ly .   In  t h e  f i n a l   a n a l y s i s ,  t h e  under ly ing  d i s -  
t i n c t i o n s   b e t w e e n   t h e   v a r i o u s   c a t e g o r i e s   a n d   s u b c a t e g o r i e s   h a v e  been 
based  on the waste w a t e r   g e n e r a t e d ,  i t s  q u a n t i t y ,   c h a r a c t e r i s t i c s ,  ~ and 
a p p l i c a b i l i t y  of c o n t r o l   a n d   t r e a t m e n t .  T h e  f a c t o r s   c o n s i d e r &  i n  
de t s rmin ing  whe ths r  s u c h   c a t e g o r i z a t i o n s   a r e   j u s t i f i e a  wixz the 
fo l lowinq:  

""""" 

I 

I 

1 . Manufacruring Process. 
2. Product .  
3.  Raw Materials. 
.4. P l a n t   S i z e .  
5 .  P l a n t  Age. 
6. P lan t   Loca t ion .  
7. A i r  Pol lut ior!   Control   Equipment .  
8. b k t u r e  of Wastes Generated.  
9 .  T r e a t a b i l i t y  of Wastewaters. 

A s  i n d i c a t e d   i n   S e c t i o n  111, there  a r e   i n h e r e n t   d i f t e r s n e s  between t h e  
t i r e  and   i nne r  t u b e  sector, a n d   t h e   s y n t h e t i c   r u b b e r  sector of t h e  
r u b b e r   i n d u s t r y ;  therefore,  t h e  two have been separated E O  procucs  zi?? 
two p r i n c i p a l   i n d u s t r y   c a t e g o r i z a t i o n s .  

Tire and z g ~ g ~  Tube I n d u s t r y  

""""_ Manuf a c t u r i n q  ""_ Process 

The p r o c e s s   s t e p s  by which t ires are made a r e  similar tnrouynout  t h ~  
indus t ry .   Al though there a r e  v a r i a t i o n s   d u e  t o  ,squiprrrent  manufacturer 
and  automation, these d i f f e r e n c e s  do n o t   l e a d  t o  s i g n i f i c a n t   v a r i a t i o n s  
i n  t h e  volume o r  c o n s t i t u e n t s  of p r o c e s s  waters. 

""- Product  

Examination of e x i s t i n g   p l a n t s   i n d i c a t e s   t h a t  t h e  end product i s  n o t  a 
r aasonab le  basis  f o r   c a t e g o r i z a t i o n .   M a n u f a c t u r i n g  steps f o r  a l l  t i r e  ' 1  

produc t ion  are similar;  i n n e r  tube m a n u f a c t u r e ,   a l t n o u g h   d i f f e r e n t   i n  
some r e s p e c t s ,   g l n E r a t e s  t h e  same t y p e  of p rocess  waste water streams a s  
does the t i r e  product ion .  The characteristics of t h e  w a s t E  stream a n d  
?he p o t e n t i a l   t r e a t m e n t   t e c h n o l o g i e s  are n o t   s i g n i f i c a n t l y   d i f f e r e n t .  

4 3  



Radial  t i r e  manufacture  is  d i f f e r e n t   i n  t h e  b u i l d i n g ,  nroluing, and 
cur inq   opera t ions ;   howQver ,  these d i f f e r e n c e s  d o  not s i g n i i i c a n t l y  
impact on was te   wa te r   quan t i ty  o r  q u a l i t y .  I n  a d d i t i o n ,   r a d i a i  t i res  
a re   gene ra l ly   p roduced  i n  t h e  same @ a n t s   a s   b i a s  tires. 

Raw Materia 1 

S ince  t h e  b a s i c   r a w   m a t e r i a l s  for  the e n t i r e   i n d u s t r y   a r e   r u b b e r ,  carbon 
black  and o i l ,  ca t egor i za t ion   based   on  raw mate r i a l   u sage  i s  no t   r ea -  
sonable ,  The q u a n t i t i e s   a n d  form of  t h e  d i f f e r e n t  raw materials r'e- 
c e i v e d   v a r i e s ,   b u t  these d o   n o t   s i g n i f i c a n t l y   a f f e c t  t h e  c o n t r o l  o r  
t r e a t m e n t   t e c h n o l o g i e s   a p p l i c a b l e  t o  t h e   i n d u s t r y .  The hand l ing  of raw 
m a t e r i a l s ,   p a r t i c u l a r l y  t h e  carbon black, a lso v a r i e s   w i t h i n  the indus-  
t r y .  However, t h i s  a g a i n   d o e s   n o t   a f f e c t  t h e  p r o c e s s  waste w a t e r s   o r  
their  t r e a t a b i l i t y ,  

P 

P1ar.t S i z e  

A l i s t i n g  of  most p l a n t s   c u r r e n t l y   o p e r a t i n g   a n d  t h e i r  p r o d u c t i o n   r a t e s  
i s  g i v e n   i n   T a b l e  8.  The d i s t r i b u t i o n  of these i s  p r e s e n t e d   i n   F i g u r e  
6 .  From i n s p e c t i o n  of e x i s t i n g   a n d   p l a n t  v i s i t  d a t a ,  it was l e a r n e d  
t h a t   p l a n t   s i z e   h a s   n o t   s i g n i f i c a n t  effect on the q u a l i t y  o r  
t r e a t a b i l i t y  of was te   waters .  Process e f f l u e n t   q u a n t i t i e s   v a r i e d   s i g n i -  
f i c a n t l y   b u t  w a s  n o t  d i r e c t l y  related t o  p l a n t   s i z e .  The only s i g n i f i -  
cance of s i z e  i s  t h e  cost of t rea tment   o f  waste wa te r  streams, which, of 
course ,  i s  r e l a t e d  t o  other f a c t o r s .  

"" P l a n t  Agz 

The aqe of p l a n t s   c u r r e n t l y   i n   o p e r a t i o n  w i l l  f a l l   i n t o  three b a s i c  
ca tegor ies   depending   on  t h e  e x p a n s i o n   p e r i o d   i n  which t h e  p l a n t  was 
b u i l t .  The o ldes t  p l a n t   i n   o p e r a t i o n  i s  a n   i n n e t   t u b e   f a c l l i t y   b u i l t  i n  
1888. 

As c o n s t r u c t e d ,   p r o d u c t i o n  f a c i l i t i e s  hilt dur ing  the  first t w o  expan- 
sion periods t e n d  t o  be m u l t i - s t o r i e d ,  w i t h  p r o c e s s   l i n e s   l o c a t e d  on  
many f l o o r s   a n d   c o n f i n e d  t o  smal l  areas. I n   a d d i t i o n ,   p l a n t s  trom t h e  
first expans ion   per iod  most probably  have  undergone  modifications i n  
order t o  update  t h e i r  machine  processing  technology (for example, t h e  
i n s t a l l a t i o n  of i n t e r n a l   m i x e r s ) ,  Most l i k e l y  t h i s  would fu r the r   con -  
gest  t h e  p r o c e s s i n g   a r e a ,  Much of t h e  equipment i n  thess older p l a n t s  
i s  old and of des igns   tha t   have   s ince   been   updated  t o  reduce  maintenance 
a n d   o p e r a t i o n a l  costs. Process, nonprocess,   and domestic wastewater 
sewers exist a s  a combined sewer, t h u s  making process   contaminants  
d i f f i c u l t  t o  locate or  t r e a t  once  thy  reach t h e  drainage  system.  Engi- 
n e e r i n g  diagrams of sewers w i t h i n  t h e  p l a n t  are da ted   and   poss ib ly  non- 
e x i s t e n t .   D r a i n s   t h a t  do e x i s t  were l o c a t e d   f o r   e a s e  of washdown of 
contaminants ,   thus  making t h e i r   p o s i t i o r !   i n a p p r o p r i a t e  by c u r r e n t   t h i n k -  
ing  and  s tandards.  
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rh-? n w e r  p la r l t s   o f  the l a s t   e x p a n s i o n   p e r i o d   h a v e  tile b e n s i i t  CL Irod?rrl 
d 3 s i . m  c r i - ~ r i a  and   upda ted   t h ink inq   i n  both rhe sar : i tary ar,? 
m 3 i n r c : n a n c ~  eng i -nee r ing   f i e lds .   Bu i ld ings  are s i n g l e - s t o r y  ana c o n t a i n  
n o r e  ?rr?a pe r   p rocess  l h e .  Equipment  and area locatior,s ilcv? b e n  
d 2 s i q n ~ d  for  a c l e a n e r ,  more main tenance- f ree   opera t ion .  Sewers are nc, 
lofigor con:hinerl, t h u s  makinq p rocess  sewr waste waters easier t@ lo,cate 
31-13 t - r e a t .  Drains  arLr3 rtot l o c a t e d   i n  areas where  contaminai,ts c a  g a i n  
s a s y  e r ! ~  r<ance. 

py th? above r c3son i r lg ,   t he   p rocess   was t e  water streams from  old5.r 
p1ar:ts shoul.3 be l a rge r  i n  volume  and  should  contain n i g h e r  l o a a i n q s  of 
both o i l y  ar?? s o l i d  m a t e r i a l s .   C o n t r o l   a n d   t r e a t m e c t  s k o u l c  LJL mart 
,dl f f icul?.   Examination of plant .   waste  water streams trom ali t h e s e  
ar - ,as  hears r h i s  o u t .  

'rri; y e a r s  h e = t ~ e e n  1950 ar:d 1960 a re  t h e   t r a n s i t i o n   p e r l o d  between tne 
sccond  and % i r d   e x p a n s i o n   p e r i o d .   P l a n t s   c o n s t r u c t e d  in t h e   e a r l y  !; 

1950,s w+re built d u r i n g  the Korea War and w i l l  most l i k e l y  hcve t h c  ' 
szme proLlems as  t h o s e   b u i l t   i n   t h e  World War I1 era. FCW ( l f  any)  
; ,Iants w - 2 ~ ~  built a f t e r  t h 3  Korean War u n t i l  1 9 5 9 ,  whefi UIC c u r r e n t  
E x n l n s i o n  began. Ths  year 1959, t h e r e f o r e ,  is the aemsrca t ion   po inr  
~ C C . W C R  o ld  and nsw f a c i l i t i e s .  

"""""_ Plan? T,ocat i on  

From i r , s p x t F o n   a n d  wasye water   sampl ing  of p l a n t s   l o c a t a i  i n  t h r e e  
q c o u r a p h l c a l   a r c a s  of t h ~  ccun t ry   and   f rom  ana lys i s  01 e x i s t i n g   d a z a ,  
~ 1 a p . c  l o c a t i o n  w i l l  k,ave n o   e f f e c t  on t h e  q u a l i t y  o r  quantiEy  of +he 
r)rocess was t3   wa te r   s t r eams .  T h e s e  geograph ica l  areas inclucied t h e  
S o u t h ,  fn? F a r  West, and  the  Northerr-  Midwest. Geographica l   loca t ior ,  
has  a s i q n i f i c a n t   e f f e c t  on the supply  of w a t e r ;   t h e r e t o r e ,  mar,agement 
of nonprocrss  streams such a s  c o o l i n g  water and steam varied  f rom  rsqior .  
to region.  R e c i r c u l a t i o n  of c o o l i n g  water i s  v e r y  commorl ir" UI-? Far 
West (wnere w 3 t r 3 r  s u p p l i e s   a r e  s h o r t ) ,  whereas it i s  less cclmnon i n  
other sec t ions   o f   t hc   coun t ry .   Reduc t ion   o f   nonprocess  wsste wa te r s  by 
r s c y c l r   i n c r e a s e s   t h e   t r e a t a b i l i t y  of p rocess  waste waters wnen c m b i n e d  
w i t h  nonprocess  was'ts wa te r s  in a n   e n d - o f - p i p e   t r e a t m e n t   f a c i l i t y .  
T r e a t a b i l i t y  of p rocess  waste water s t reams,  h G W € V e r ,  i s  mor6 
3f f ec t ive ly   ca r r i ed   ou t .   be fo re   combina t ion   w i th   n .onprocess  streams. I n  
addition, qeography  does   no t  limit t h e  u s e  of . r e c i r c u l a t e d   w a t e r  t o  t h e  
Far Wcst. P l a n t s  ir! c t h e r  p a r t s   c f   t h e   c o u n t r y  a r e  a l s o   u s i n g   r e c y c l e ,  
though not n .?cessa r i ly  for tnc same reasons .  

P l m t s  v i s i t e d   a l s o   r e s p r e s e n t e d   b o t h   r u r a l   a n d   u r b a r ,  &reds. P1ar:t. l o -  
c a t e d   i n   u r b a n  ar2as tended to c c c u ~ y  and own less l a n d ,   t h u s   i n c r e a s i n q  ,,, 
t r ea tmen t  cost where   ava i lab le   open   land  i s  a c o n s i d e r a t i o n .  However, 
bo+h t h e   l o c a t i o n  and t h e  c h a r a c t s r i s t i c s  and   quan t i ty  of the water t o  
bE t - r e a t e d  a re  b e t t e r   r e l a t e d  t c  t h e   a u e  of t h e   p l a n t .  Urban p i a n t s  are  
o l d e r   f a c i l i t i ? s ,  whereas r u r a l   p l a n t s   t e n d  t o  he  newer.  Tiirrefore, 
location is  no t  a r easonab le  b a s i s  f o r   c a t e g o r i z a t i o n .  

. 
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The C-ype of a i r   po l lu t ion   equipment   employed  by a f a c i l i t y   c d n  Lave a 
g r e a t  e f f e c t  on t h e  c h a r a c t e r i s t i c s  ar.d t r e a t a b i l i t y  of t r i e  p rocess  
waste  water s t reams.  The use  of dry  equipment   or  t h e  r ecyc l ing  of d . i s -  
charqes from  wet  Fquipment was o b s e r v e d   i n   a l l   a r e & s  ot X E  planr; w h i c h  
a r s   c u r r e n t l y   s e r v e d  by such   dev ices .   The re fo re ,   s incc  company p o l i c y  
( r a t h e r   t h a n  t h e  s i t u a t i o n  t o  be c o n t r o l l s d )   d i c t a t e s  cne r;y+ 01 equip-  
ment  usad, a i r  po l lu t ior .   equipment   does   no t  f o r m  a a u l t a b l e  basis for  
c a t e g o r i z a t i o n .  

""""""""" Nature of Wastes Generated 

From evaluat- ion  of  a l l  a v a i l a b l e   d a t a ,   t h e   t y p e  of wsst2.s ger.erat-1-d t;y 
a l l   f a c i l i t i l s   i n  +he t i r e  and i n n e r   t u b e   i n d u s t r y  a re  similar. The 
a d d i t i o r ,   o r   s u b t r a c t i o n  of t h e   l a t e x   d i p p i n g   o f   f a b r i c  trom tr lc t  process  
l i n e   c a n   a f f e c t   t h e   c h a r a c t e r i s t i c s  of t h e   p r o c e s s  waste waters. 
However, a s   s u p p o r t e d   b y   e x i s t i n g   d a t a ,   t h i s   d i s c h a r g e  is n o z   l a r g e  a n d  
can he e a s i l y   c o n t a i n e d .   T h e r e f o r e ,  it d o e s   n o t   n e c e s s a r i l y  a t i e c t  t h e  
t r e a t a b i l i t y  of process   was te  waters and  does  not   form a basis f o r  
Categor iza t ion .  

T r e a t a b i l i t y  of Wastewaters 

The t reatment   technologies   employed by companies  throughout zrle i n d u s t r y  
are s i m i l a r .  wastewater c o n s t i t u e n t s   a r e  a l so  very  similar: m a i n l y   o i l  
a n d   s o l i d s .   T r e a t a b i l i t y  is-more a f a c t o r  of a g z   t h a n  o r  the s p + c i f i c  
po l lu t an t   and ,   t he re fo re ,   dcs s   no t   fo rm a b a s i s  for c a t e g o r i z a t i o n .  

"" 
Summa xy 

Only t h e  a g e   o f   t h e   p r o d u c c i o n   f a c i l i t y   f o r m s  a rational hasls f o r  
c a t e q o r i z a t i o n .  A s  i n d i c a t e d ,  t i r e  manufactur ing facilities b u i l t  i n  
9ar l ie r  per iods ,   a l though  us ing  similar manufactur ing  techniques,   have 
g r s a t e r   w a s t e  water problems  than do new p l a n t s   b u i l t   i n   r e c e n t   t i m e s .  
On t h i s   b a s i s ,   t h e r e   s h o u l d  be two   s epa ra t e   ca t egor i s s :  old p lan t s ,   and  
newer p l a n t s .   P l a n t s   b u i l t   p r i o r  to 1959 are  cons i ae red  old; t h o s e  
b u i l t   d u r i n g   a n d   a f t e r   1 9 5 9   a r e   c o n s i d e r e d  new. I n n e r  tube i a c i l i t i a s ,  
a l though  producing a d i f f e r e n t   p r o d u c t ,   i n c u r   t h e  same d i t f i c u l t i e s  a s  
d o   t h e   o l d e r   p l a n t s   a n d   s h o u l d  be inc luded   i n   t he   t t o ld@f   ca t egory .  

Camelback  operation, a small   segment of t h e   i n d u s t r y ,   s h o u l d  a l so  be 
inc luded   i n   t hE  "oldtt o r  %?w" c a t e g o r i z a t i o n  of t i r e  p lan ts   depending  
on t h e  t i re  f a c i l i t y  of which it is  a p a r t .   I f   l o c a c e d   b y   i t s e l f ,  the 
camelback should  meet s tandards   accord i r ig  t o  t h e   d a t s  of i t s  cons t ruc-  
t i o n .  Compounding o p e r a t i o n s ,   a n o t h e r  small segment of t h e   i n d u s t r y ,  
s h o u l d   f a l l   i n t o   t h e   c a t e g o r y  of t h e   p l a n t s   w i t h   w h i c h   t n e y  coexist. I f  
l o c a t e d   b y   i t s e l f   i n  a s e p a r a t e   l o c a t i o n ,   t h e  compounding f a c i l i t y  
should  meet s tandards  of   "old"  or "new" t i r e  p l a n t s  diepending  on i ts  
o r i g i n a l   d a t e   o f   o p e r a t i o n .  

'1 
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4s a c o n s x p e n c e ,   o n l y  t w o  c a t e g c r i c s  are  i n d i c a t e d  for SIC code J @ l l ,  
namely  Itold"  and "new" t i r e  f a c i l i t i e s .  The  demarcation adcc hs~wesii 
?he c a t e q o r i e s  i s  the   y?a r  1959. 

a z t h e + i c  F.ubber I n d u s t r y  

"""""_ Manufac tur i ra  """ Process 
0 

A s  d e s c r i b e d   i n   S e c t i o n  I11 o f   t h i s  document ,   there  are 'cwo basic pro- 
c e s s i n g   t e c h n i q u e s  i n  commor, u s e   i n   t h e   i n d u s t r y  t o  produce  syr , thet ic  
r u b b e r :   e m u l s i o n   P l y m F r i z a t i o n   p r o c e s s i n g   a n d   s o l u t i o n   p o l y m s r i z a t i c n  
procoss inq .  

Emulsion  pclym3rizat ion as  d commlrcial p r o c e s s  dates bacK to kjorld War 
I T .  No s ig r , i f i can t   changes   have  k e n  made i n  t h e  basic process s i n c e  
t h e  f i r s t  Emuls ion   po lymer i za t ion   p l an t s  were h u i l t .  Emulsion  polymeri- 
z a t i o n   p r o c e s s i n g  i s  used,  however, t o  make both   emuls ion  crumb  and I, 

l a t e x   r u b b e r .  From b o t h   o p e r a t i o n a l   a n d  waste water p o i n t s  of view, 
crumb a n d   l a t e x   p r o d u c + i o n   t s c h n i q u e s   s h o u l d   b e   c o n s i d e r e d   s e p a r a t e l y .  

c 

S o l u t i o n   p o l y m e r i z a t i o n   p r o d u c t i o n   f a c i l i t i e s   a r e   d i r f e r - n t  from emul- 
s i o n   p l a n r s   f r o m   b o t h   p r o c e s s   a n d  waste  water p o i n t s  of view ancr have 
bE%n cons ide red  as a s e p a r a t e  subcategory. D i f f e r e n c e s  among s o l u t i o n  
rubber   p roduct ion   p lan ts   a rE   minor .  All s o l u t i o n   p l a n t s   C o n s i s t  of feed 
p r e p a r a t i o n ,   p o l y m e r i z a t i o n ,   s o l v e n t   a n d  monomer recovery ,   coagula t ion ,  
2nd r n b h e r   f i n i s h i n g   o p e r a t i o n s .  The o p e r a t i o n s   t h a t   h a v e  tile greatest 
was?? w a t c r   i m p a c t   i n   s o l u t i o n   p l a n t s  are  t h o s e   o p e r a t i o r A s  wnich a r e  
most s i m i l a r   p l a n t  t o  p l a n t .  

IT was r h e r e f o r f   c o n c l u d e c l   t h a t   r h e r e  a r e  e s s e n t i a l l y   t h r e e  
nnanuf a c t u r i n y   p r o c e s s   v a r i a t i o n s   w h i c h  merit s e p a r a x  subcategories: 
smul s iQn   po lymer i za t ion   t o   c rumb  rubbe r ;   so lu t ion   ko lymer i zac ion  t o  
c r u m b  rubber;   and  emulsion  Folymerizat ion t o  l a t e x .  

""" 
Product  

T h e r s  a r e  t w o  p r i n c i p a l   p r o d u c t   s u b c a t e g o r i e s   i n   t h e   s y n t n e t i c   r u b b e r  
indus t ry ,   c rumb  and   l a t ex   p roduc t .  

Wi th in   the   c rumb  suhca tcgory   there  a re  several p roduc t   va r i a t ions   wh ich  
i cvo lved  the t y p e  of rubbe r   ( s ty rene -bu tad iene ,  or polybutadiene ,  etc.) 
apd  whether t h e  rubbe r  i s  ex tended  or  no t .  The t w o   p r i n c i p a l   p r o d u c t s  

5 made by emuls ion   po lymer iza t ion  are SER and n i t r i l e   r u b b e r .  The  process 
o p a r a t i o n s   f o r  t h c  two r u b b e r s  are i d e n t i c a l ,   a n d   t h e  same or  similar 
equipment i s  used. Several  t y p e s   o f   r u b b e r  are  produced  by  solut ion 
p o l y m 2 r i z a t i o n   p r o c e s s e s ;   i n  many cases s imilar  so lven t s   and  monomers 
ar? u s ~ d ,  2 q u i v a l e n t   p r o c e s s i n g   o p e r a t i o n s  are  carried out ,   and 
iden t i ca l   p rocess ing   equ ipmen t  i s  used. 

i 
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The p rocess ing   v3 r i ac ions   i nvo lved  i n  the   manufac ture  of e i t h e r  o i l -  
extended  or   carhon-k, lack-extscded  rubber  a re  minor. I n  a d d i t i o n ,  the 
0 5 1  ar,d carbon  black are v e r y   e f f e c t i v e l y  t i e d  up  with tne r u b b e r ,   t h u s  
reducing the p o t e n t i a l  for waste  water impact. 

Th= e f f ec t s  t h a t  the v a r i o u s  t y p e s  of l a t e x   r u b b e r  (for example, SBR and 
NBH) have on t h e  product ior ,  operat ior ,s   and waste w a t e r s  a r e  mmor. The 
sm;3 equipment   and  prccesses  a r ?   u s e d   f o r  a l l  t ypes .  

A s  p o i n t e d   o u t  in S e c t i o n  111, t h e   s p e c i a l t y   r u b b e r s  are e s s t n t i a l l y  
s t m i l a r  to ths t i r n  rubbers   f rom a p rocess ing  poin-t of view,  and  no 
s e p a r a t c   c a + e q o r F z a t i o n  i s  desmed necessary.  

I t  has b?=.r! cor.cluded T h a t  o n l y  two p r i n c i p a l   p r o d u c t   s u b c a t e g o r i e s   a r e  
r equ i r ed  t c  a d e q u a t e l y   d e f i n ?   t h e   s y n t h e t i c   r u b b e r   i n d u s t r y .  Tney a r e  
crumb acd l a t s x  ruktver. 

F a w  MaterTals ! 

The monomEric raw rnat2rials used t o  p r c d u c e   t h e   v a r i o u s   t y p e s  of syn- 
+hEtic   have s imilar  p r o g e r t i e s .  They a re  u s u a l l y   u n s a t u r a t e a   h y a r o c a r -  
bons  with  extremely l o w  s o l u k j i l i t y  i K  w a t e r .  Chloroprene,  a cnlor inat-Ed 
hydrocarbon u s ~ d  t o  niak? neoprsne  rubber ,  i s  a l so  i n s o l u b i e   i n  water. 
Ir. add‘itior. to low s o l u b i l i t y ,  most of t h e  mopomrs used hsv? h iqh  
vo la t i l i t y   ana ,   co r . s equ-?n t ly ,  a  monomer f l o a t i n g   o n  waste water SOOR 

evaporates .  Mos% s o l v s n t s  -used a l s o  have low s o l u b i l i t k   a n d  h i g h  
v o l a t i l i t y  and do  n o t  r a n a i n   i n  a w a s t E  water. The c a t a l y s t s ,  
m o d i f i . - - r s ,  a n t i o x i d a n t s ,  3tc. u s e d   i n   p o l y m e r i z a t i o n s  are g e n e r a l l y  
simil.ar and are used   in  s u c h  low c o n c e n t r a t i o n s   t h a t   t h e i r   e f f e c t  on 
was+?  water is minimal .   Their   presence is g e n e r a l l y   u n a e t e c t a b l e  i n  t h e  
waste   waters .  

I n  c o n c l u s i o n ,   t h e r e  i s  no   need   fo r  a subca tegor i za t ion   based  on t h e  raw 
ma te r i a l s   u sed .  

””””_ 
P l a n t   S i z e  

Most Fmuls ion   and   so lu t ion  crumb r u b b e r   p l a n t s  consist of s e v e r a l   p a r -  
a l l e l  a n d   i n t l g r a l   p r o c e s s i n g   l i n e s .   E a c h  of these l i n e s   t e n d s  t o  be of 
s i m i l a r   s i z e .  The waste waters genera ted   by  a p l a n t ,   t h e r e f o r e ,   a r e  
n o r m a l l y   d i r e c t l y   p r o p o r t i o n a l  t o  t h e   p r o d u c t i o n   . c a p a c i t y .  

S m a l l   p r o d u c t i o n   f a c i l i t i e s   ( f o r   e x a m p l e ,   l a t e x   p l a n t s ) ,  w i l l  b ea r  a 
somewhat h ighe r   t r ea tmen t  cost t h a n  la rger  p l a n t s .  However, t h e s e  
p l a n t s  are g e n e r a l l y   p a r t  of a la rger  s y n t h e t i c  rubber or o r g a n i c  
chemical complex,  and t h e   t r e a t m e n t  cost can be shared. I n  any  casc,, I 

l a t e x   p l a n t s  a re  cons ide red  a s  a sepa ra t e   subca tegpry .  

For these reasons, s u b - c a t e g o r i z a t i c n   a c c o r d i n g  t o  p l a n t   s i z e  i s  n o t  
necessary .  
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4 

"""""_ Plan+ Locat ion  

?I~losr_ ot tnc- l a rq3 r  s y n t h e f i c   r u b b e r   p l a n t s  a r e  loca tzd  i n  on& geographic  
req io r .  (Esf=r to Yiqure 6 . )  T h i s  f a c t  i s  closely connected t o  rhe  ' 
a v a i l a k i 1 i . t y  of t h e  mcnonleric raw materials. T h e   l o c a t i o n  of t hC  p l a n t s  '\ 
~ O E ~ S  rm? i r l f  l u ? n c e  the process ing   ope ra t ion .  However, geographic  
loca+S.,~,r: c3r influEnc.1- tht performance of aerat2.u lagoons a n d  
s ~ . 3 b i l !  zat l .c r !  ponds.   comparakle  secondary waste watEr rreatmect a l t e r -  
n;lt-iv~~-, Tuch a s  activa-:ed  sludge, do e x i s t ,   h u t  the perrormance i=c; EO? 
d~pend+: :n+  cn q p c q r a p k i c  l o c a t i o n .  It  i s  no t   necessa ry  t o  subchteqor ize  
+b+ syn.r.tilt.ic rubber iricjusrry ky  p l a n t  locatior:. 

""""""_"""" kir Pol  lut ior \ ,  Control Equipm=nt 

G ~ : . r ? ~ - r a l l y ,  a i r  p o l l u t i o n   c o n t r o l   d e v i c e s  a r t  n o t   r e q u i r e d   b y  tne indus-  
r-r-J. Odor problans do c x i s t  a t  some p l a n t s ,  l-ut these are  c o n t r o l l e d  by 
devicrls wt l i ch  a r e   e i t h e r  dry  or  which d o  not impact  on t h e  wastewaters 
of d l . . -  p l a r i t .  

Air p o l - l u r i o n   c o n t r o l  i s  n o t  a s u b j e c t  for s u b c a t e g o r i i a t i o r i  of the 
syr:+h+ric x u h b = r  i n d u s t r y .  

Na+.urr: of hrast_~s GenF-rat.c.d ""_" """ - "" "" 
The d i f f e r e n c e s   i n  r h e  c h a r a c t e r i s t i c s  of waste waters genera ted  by 
product ion  or non-Gxtsnded,  oil-extend$d, arid caroon-oiack-extmded 
Irnulsion  crumb  rubber were n o t   d i s c e r n i b l e .   . S i m i l a r l y ,  t t ~ e  wascc water  
c h a r a c t e r i s t i c s   p r o d u c e d  by non-extended,  oil-extended, arAa c a r t o n t l a c k -  
e x t m d e d   s o l u t i o n  crumb p l a n t s  were e s s e n t i a l l y   i d d n t i c a l ;   t o w e v p r ,  
wast? waters from Emulsion  crumb,  solution  crumb,  and l a t e x  rubber  
p r o d u c t i o n   f a c i l i t i z s  were s i g n i f i c a n t l y   d i f f e r e n t  t o  warran t  
subca'egoriza+ion. I 

T h e s e  f a c t s   i n d i c a t e   t h e   s e p a r a t e   s u k c a t e g o r i e s  a re  r e q u i r e d   o n l y  f o r  
lmulsion  crumh,   solut- ion crumb, and   l a t ex   rubhe r   p roduc t ion .  
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Since  t h e  was?? wa te r s   gene ra t ed  by  emulsior,  crumb  and latex proauct ior ,  
r e q u i r e  chemical c o a g u l a t i o n   p r i o r  t o  p r i m a r y   c l a r i f i c a t i o n  WrIEreas  The 
wasttl waters ;)reduced b y  s o l u t i o n  crumb p l a n t s  do n o t ,  there i s  a d i f -  
f e r e n c e  ir. the t r e a t a b i l i t y  or s y n t h e t i c   r u b b e r  wastes. IL a a u i t i o n ,  
+ h e  COD and FOD l o a d i n g  from l a t e x   p l a n t s  i s  c o r s i d e r a t l y  h i g h e r  t han  
f rom  emul s ion   and   so lu t ion   c rumb  p l an t s ,   and   r equ i r e s  more extensive 
t r=a tment .  

I+ was conc luded   t ha t ,   based  on t h e   t r e a t a b i l i t y  of t h e  waste waters, 
t h r e e   s u h c a t e q o r i e s  were required: emulsion  crumb,  solucion crumb, and 
l a t e x   r u t h e r   p r o d u c t i o n ,  

P 

” Summary 

For t h o  purpose of e s t a b l i s h i n g   e f f l u e n t   l i m i t a t i o n s  g u l a e l i r i & s  ana 
s t anda rds ,  the s y n + h e t i c   r u b b e r   i n d u s t r y   s h o u l d  be separ-citeci i n r o  three 
subca teqor ies   which  a re  based on d i s t i n c t   p r o c e s s i n g  arid p o a u c L  d i f -  
fe rences .   These   subca tegor ies   a re :  

1. Fmulsion  crumb r u b k r .  
2. S o l u t i o n  crumb  rubber. 
3. Latex rubber ,  
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SECTION V 

WASTE CHARACTEFIZATION 

b 
T i r F  and Inner   Tube   Indus t ry  
“””””“”“””” 

4 gene ra l   p rocess   f l ow  d i ag ram  fo r  a t y p i c a l  t i r e  p r o d u c t i o n   f a c i i i t y  i s  
prr-centea i n   F i q u r e  1. Figure  2 F r e s e n t s  a t y p i c a l   i n n e r   t u b E  
-,,roductFor!  process  diagram. 

T ~ E  primary w 3 t C r  usage ir. a t i r e  a n d   i r n e r   t u b e   f a c i l i t y  is for r!ov.- 
con-dct   cool ing  and  heat i r ig .  Discharges f r o m   s e r v i c e   u t i l i t i l s  
s u p p l y i ~ q   c o o l i n g  water ar.d s team a r e  t h e  major source  oi contantinants 
i n  t h e  f i n a l   e f f l u e n t .   C h a r a c t e r i s t i c s   o f   t h e s e   w a s t e   M a t k r s  ar1.- COD,  ~ 

3l-)P, susD?r.deil s o l i d s ,  and d i s s c l v e d   s o l i d s -  $ 

.rablF 9 9 re sen t . s  the raw waste l o a d i n g   f o r   t h e   c o m b i n s a  ~ T O C C ~ S S  a n 5  
r e c i r c u l a t i n q   c o o l i n q   w a t e r .   n o n p r o c e s s  waste waitErs or m e  plar l ts  
v i s i t e d .  Flow v a r i a t i o n s   a r e  duE mainly to  t h e   u s e  ot onck-throuun 
coolinq water  i n  certairr p l a n t s  as opFosed to r e c i r c u l a t e d   c o c l i n g   w a t e r  
i n  others. Ir! o r d c r  to a d e q u a t e l y  Estimate t h e   w a s t e  waxel- a i s c h a r g t  
f low rs1’--cs, t h e  p l a n t   e f f l u e n t  was d i v i d e d   i n t o   p r w e s s   w a s t e  w x e r s  ana 
nonprocess  waste waters ,   -The Frocess waste w a t e r s   c o n s l s t  of m i l l  a r e a  
o i l y   w a t e r s ,   s o a p s t o n ?   s l u r r y   a n d   l a t e x   d i p   w a s t c s ,  a r t a  washddwn 
wa+crs, emiss ion   sc rubber   waters ,   contaminated  storm waters rrom  raw 
m a t e r i a l   s t o r a q e  areas,  etc.  The  nonprocess   waste   wat5rs  are s a n i t a r y  
a n d   c l + a n   s t o r m   w a t e r s ,   u t i l i t y  waste waters such  as once chrouqh 
cQol inq   water ,  boiler blowdown, c c o l i n g  tower blowdown, WS.CET t r e a t m m t  
wa.qt?s   and  uncontaminated  contact   cool ing water l i K e  t r & a d  coo l inq  
watrers. P l a n t s  A and E a r e  new F l a n t s   u s i n g   t o t a l l y   r e c i r c u l & t e d  
coo l ing  water. P l a n t s  E and G are o l d   f a c i l i t i e s   a i s o   u s i r , g  
r e c i r c u l a t E d  wat’r. A compar isor !   o f   these   four   p lan ts   ind ica-ces   rha t  n o  
s i u n i f i c a n t   v a r i a t i o n s   i n   f l o w   s x i s t   d u e  t o  age   o f  t h e  p l an t .  

Plan+- F t y p i f i ? s  a p l a n t   u s i n g   o n c e - t h r o u g h  water as  i t s  k r i m c l r k  source 
of process   cool ing .  COD apd BOD l o a d i n g s   v a r y  t o  a g r e a t  aegree by t h e  
kype acd amount of c h E m i c a l s   u s e d   i n   t h e   t r e a t m e n t  of ho i i e r  ana  cool. inq 
tower makeup waters. L a r g e r   l o a d i n g s   f o r   o . l d e r   p l a n t s   i n d i c a t e   a n  i p -  
c r c a s d  amount or p rocess  waste water p o l l u t a n t s   i n  thf !  e f i l u e n t .  Load- 
i n q 9  m l a s u r e d   i n   P l a n t  A a r e   h i g h   d u e  t c  t h e   p r a c t i c e  of d i scna rg inq  
washdowns of soapstone  aFd l a t ex  d i p  areas n o t i c e d   d u r i n g   t h e   s a m p l i n g  
per iod .  T h i s  p l a n t  USES holding  lagoons.   Because a l l  wastes ULE con- 
t a i n s ?  w i t h i n   t h e   p l a n t ’ s   b o u n d a r i e s ,   P l a n t  A d i scharges   contaminants  , (  

which other  exempla ry   p l an t s   (u s ing   d i f f e ren t   t ech r ,o log ie s )   can  n o t  ac- 
ComFlish. Th3se  con taminan t s   l ead  t o  a cor respondingly   h igher   loading .  

Suspmded s o l i d   l o a d i n q s   e v o l v e   p r i m a r i l y  due to  wacer t rea tment  
blowdowns, wastes ,   and boiler blowdowns. I n  a d d i t i o n ,  the susperided 
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s o l i d   l o a d i n g s   i n   p r o c e s s   w a s t e   w a t e r   c a n  increase due t o   s p i l l s ,  
l eakage ,   and   soaps tone   d i scha rge .   Load ings   fo r   o ld   p l an t s   cena   t o   be  
h i g h e r   t h a n  those f o r  new F lan t s .  T h i s  i s  due i n   p a r t  to t he   u se   o f  
o l d e r  water t r e a t m e n t   t e c h n i q u e s   a n d   t h e   l a r g e r  volumes of p r o c e s s   r a s t e  
w a t e r   c o n t a i n i n g   s o l i d s   d i s c h a r g e d  by o l d e r   f a c i l i t i e s .  

The q u a n t i t y  o f   d i s s o l v e d   s o l i d s   d i s c h a r g e d  i s  r e l a t e d  to the amount of 
r ec i r cu la t ed   nonprocess   wa te r   and   t he   wa te r   supp ly   sou rce .   P l an t s   u s ing  
well wa+er t y p i c a l l y   h a v e   h i g h e r   d i s s o l v e d   s o l i d   l o a d i n g s ,   t h a n   t h o s e  
us ing   munic ipa l  or river water sources .  

Table  9 a l s o  shows t h a t  t h e  p l a n t ' s   f i n a l  end   product   has  no s i g n i f i c a n t  
e f f e c t  upon t h e  raw w a s t e   l o a d i n g   i n   t h e   f i n a l   e f f l u e n t .   D a t a  from 
P l a n t  H, wh ich   p roduces   p r imar i ly   t ruck   and   i ndus t r l a l  tires, i s  n o t  
s u b s t a n t i a l l y   v e r y   d i f f e r e n t  from P l a n t s  E, F ,  or  G ,  which, while pro-!. 
duc ing  a combinat ion  of   products ,   produce  mainly  passenger  tires. Load- '\ 
i n g s   f r o m   P l a n t  I are similar t o  t h e   o t h e r s ,   e v e n   t h o u g h   t h i s   p l a n t ' s  
pr imary  product  i s  the   manufac tu re  of i n n e r   t u b e s .  

To s u b s t a n t i a t e   t h e   d a t a   a n d   c o n c l u s i o n s  on t o t a l   f i n a l   e f f l u e n t , ,   C o r p s  
o f '   Eng inee r s  water d i s c h a r g e   p e r m i t   a p p l i c a t i o n s  were o b t a i n e d   f o r  a 
large  segment   of  t h e  t i r e  and i n n e r   t u k e   i n d u s t r y .  ComFarisorl 01 Corps 
p e r m i t s   f o r   p l a n t s   c o n s i d e r e d   o l d   a n d  new r e v e a l e d   t h a t   t h e   m o v e   f i n d -  
i n g s   a n d   c o n c l u s i o n s   a r e   s u b s t a n t i a l l y  correct. Table  10 l i s ts  the main 
c h a r a c t e r i s t i c s   a n d   t h e   l o a d i n g s   c o r r e s p o n d i n g  t o  a t y p i c a l   o l d  and 
t y p i c a l  newer t i r e  p r o d u c t i o n   f a c i l i t y .  

Raw w a s t e   l o a d s   i n  t h e  p rocess   was t e   wa te r s   l eav ing   t he   p roduc t ion  
f a c i l i t y   a r e   p r e s e n t e d  i n  Table  11. Flow rates a r e  estimates on ly ,  
mainly  due t o  t h e  i n t e r m i t t e n t   n a t u r e   o f  t h e  waste discnarges.   Al though 
t h e r e   a p p e a r s  t o  be n o   s i g n i f i c a n t   d i f f e r e n c e  i n  the   measured   f low  ra tes  
as shown by d a t a ,   t h e   c o m p o s i t i o n   o f  t h e  f lows   o r ig ina t ing   f rom o l d  and 
new p l a n t s   d i f f e r s   g r e a t l y .  New P l a n t  A uses   l a rge   amounts   o f  washdown 
water   which   compr ises   the   bu lk   o f   the i r   p rocess   was te  waters. N e w  P l a n t  
B p r o c e s s   w a s t e   w a t e r s   c o n s i s t   l a r g e l y   o f   d i s c h a r g e s   f r o m   a n   e x t e n s i v e  
w e t  a i r   p o l l u t i o n   t r a i n .  The d i scha rges   f rom  th i s   equ ipmen t   a r e   t he  
p r i m a r y   c o n s t i t u e n t  of t h e  p r o c e s s  waste wa te r s .  The process   was te  
water   f low ra tes  l e a v i n g   o l d e r   p l a n t s   a r e   d u e  t o  other f d c t o r s   s u c h   a s  
s p i l l s ,   l e a k a g e ,   r u n o f f  from s t o r a g e   a r e a s   a n d   i n h e r e n t   p l a n t   p r a c t i c e s  
o f   o l d e r   f a c i l i t i e s .   T h e r e f o r e   t h e   d a t a   i n d i c a t e   t h a t ,   g i v e n   t h e  same 
housekeep ing   po l i c i e s   and   t he  same degree  of w e t  a i r   p o l l u t i o n  equipment 
a n d   c o n t r o l s ,  t h e  p rocess  waste water flow r a t e s  f r o m   o l d e r   p l a n t s  w i l l  
bE higher   than  f rom  newer  plants .  

Two i m p o r t a n t   c h a r a c t e r i s t i c s   o f   t h e   p r o c e s s  waste waters are   suspended 
s o l i d s  and o i l .  The s u s p e n d e d   s o l i d s   a r e   g e n e r a l l y   h i g h e r   f r o m   o l d e r  
plar?ts   due t o  greater   maintenance  and  poorer   housekeeping and c o n t r o l  
p r a c t i c e s .  The same can   be   sa id  for t h e  o i l .  Suspended   so i l i a s   evo lve  
from t h e  powdered subs t ances   u sed   i n  t h e  compounding area   and   f rom  the  
c o l l e c t i o n  of p a r t i c u l a t e s  by  w e t  a i r  po l lu t ion   con t ro l   equ ipmen t .  The 
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o i l  is  p r i m a r i l y   l u b r i c a t i o n  and h y d r a u l i c  o i l s  from i n - p l a n t  sources, 
and ex tende r  and  f u e l  o i l  from run-off i n   s t o r a g e  areas. Both 
parameters can be t r e a t e d   s u c c e s s f u l l y .   P l a n t  B i s  us ing  a 
sedimentat ion  lagoon t o  set t le  solids collected i n  t h e  compounding a r e a  
from w e t  a i r   p o l l u t i o n   e q u i F m e n t .  I t  has been  demonstrated by P l a n t s  bA 
and E t h a t  s o l i d s  collected i n   o t h e r  areas c a n  be s e p a r a t e d  eas i ly  by 
convent ional   equipment .   American  Petroleum  Inst i tute  ( A P I )  t y p e  
s e p a r a t o r s   a r e   b e i n g   u s e d  t o  t rea t  o i l y   w a s t e   e f f l u e n t s  of P l a n t s  B, D ,  
and E. 

- S y n t h e t i c  """" Rubber   Industry 

General 

Was tewa te r   cha rac t e r i za t ion   da t a  was ob ta ined  from l i t e r a t u r e ,  EPA docu- ,. ments,  and company records. P l a n t  visits ( r e f e r  t o  S e c t i o n  VII) were 
made t o  s e l e c t e d   p l a n t s  t o  c o n f i r m   e x i s t i n g   d a t a   a n d  f i l l  the data gaps. 
F igu res  3 ,  4, and 5 a r e   g e n e r a l i z e d   f l o w  diagrams of emulsion crumb, 
s o l u t i o n  crumb,  and l a t e x   p r o d u c t i o n  f ac i l i t i e s ,  r e s p e c t i v e l y ;   t h e y  
i n d i c a t e  t h e  loca t ion   of   water   supply   and  waste wa te r   gene ra t ion .  

Data  on t o t a l  e f f l u e n t  f l o w  and Characteristics i n c l u d e   u t i l i t y   w a s t e -  
waters .  It  i s  v i r t u a l l y   i m p o s s i b l e  t o  determine  meaningful ly  t o t a l  
p l a n t   e f f l u e n t  f lows a n d   c h a r a c t e r i s t i c s   e x c l u s i v e   o f   u t i l i t y   w a s t e s ,  
It  should be noted  here t h a t   u t i l i t y  waste w a t e r s  are amenable t o  
t reatment   by t h e  e x i s t i n g   t r e a t m e n t  faci l i t ies  i n   u s e   a n d  commonly 
p r a c t i c e d  by t h e  indus t ry .  

Emulsion Crumb Rubber  Subcateqory 

""- Flow Analys is  

Table 12 lists t h e  t o t a l  e f f l u e n t   f l o w s  for  p l an t s   p roduc ing   va r ious  
emulsion crumb rubbe r   p roduc t s  kased on a un i t   o f   p roduc t ion .   Th i s   da t a  
was o b t a i n e d  by p l a n t   v i s i t s .   A l t h o u g h   t h r e e   p l a n t s  were sampled, s i x  
cases of emulsion  crumb  production were studied. The waste  water con- 
t r i b u t i o n s  of o t h e r   f a c i l i t i e s   i n c l u d e d   s o l u t i o n  crumb  production  and 
non-rubber  commodities. 

It  can be s e e n  from Table  12  t h a t ,  for  s i m i l a r   p r o d u c t s ,   s e p a r a t e   p l a n t s  
appear t o  h a v e   d i f f e r e n t   e f f l u e n t  flows, However, d i f f e r e n t   p r o d u c t s   a t  
t h e  same p lan t   s eeming ly   p roduce   i den t i ca l   was t e  water f lows.  T h i s  i s  
due t o  t h e  f o l l o w i n g   d i s t i n c t  facts: 1 

1. The w a t e r   u s e   p r a c t i c e s   i n   o n e   p l a n t   f o r   d i f f e r e n t   e m u l s i o n  
crumb  products a r e  based  on  one  technology,  namely tha t  of the  
company's   process   design  and  engineer ing,  
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2. The i n a b i l i t y  of t h e  sampling team t o  d i s c e r n  small d i f f e r e n c e s  
i n  e f f l u e n t  flows for d i f f e r e n t   p r o d u c t s   a t  the  same p lan t .  

It can also be n o t e d   t h a t   t h e r e  is n o   s i g n i f i c a n t   t r e n d   i n  waste water  
g e n e r a t i o n   r a t e   b e t w e e n   t h e   v a r i o u s   t y F e s   o f   e m u l s i o n  crumb  rubber pm-  
duct  (non-extended, l t h o t ~ ~ ,  o i l  ex tended ,   and   carbon  b lack   ex tended) .  

The a v e r a g e   e f f l u e n t   f l o w   r a t e  for emulsion crumb is  16,600 Wkkg ( 2 0 0 0  
ga1/1000 lb )  of product ion .  

R a w  Waste  Loads 

Table 12 also summarized t h e  raw waste loads for  t h e   s i x  cases. I t  can 
be seen t h a t  the p a r a m e t e r   w i t h   t h e   h i g h e s t   c o n c e n t r a t i o n  i s  COD. The 
BOD v a l u e s   a r e   g e n e r a l l y  much lower. The h igh  COD t o  BOD r a t i o  is in -  ‘. 
d i c a t i v e  of t h e  h i g h   r e s i s t a n c e  of many of  t h e  c o n s t i t u e n t s   i n  t h e  ! 

wastewaters  to biological ox ida t ion .  

The raw  suspended so l id s  c o n c e n t r a t i o n   i n  t h e  emulsion crumb waste  
waters  were d e t e r m i n e d   a f t e r   s e p a r a t i o n   o f  t h e  rubber f i n e s   i n  the crumb 
p i t s .  . S i n c e  a l l  emuls ion   c rumb  p lan ts   have   separa t ion   p i t s ,  t h i s  a raw 
waste l o a d   d a t a  i s  a p p l i c a b l e  t o  t h e   i n d u s t r y .  Much of the suspended 
sol ids  c o n t r i b u t i o n  is due t o  uncoagu la t ed   l a t ex  solids. The 
c o n c e n t r a t i o n  of o i l  does . n o t  appear  t o  be r e l a t e d  t o  the degree t o  
which t h e  crumb rubber  is  o i l  ex tended ,  The o i l  a n a l y s i s  cited is 
r e a l l y  Itcarbon tetrachloride e x t r a c t a b l e s ”   a n d  w i l l  a l s o   i n c l u d e  
i n s o l u b l e  monomers . 
Another s i g n i f i c a n t   p a r a m e t e r   i n   e m u l s i o n  crumb waste  waters i s  t o t a l  
d i s s o l v e d  solids.  T h i s  is due t o  t h e  u s e  of s a l t  i n  t h e  crumb 
c o a g u l a t i o n   p r o c e s s   a n d   a s s o c i a t e d   r i n s e  over flows. 

S u r f a c t a n t s  are ano the r   cha rac t e r i s t i c   p roduced   by  the emuls i fy ing  
agents .  The l e v e l  of s u r f a c t a n t s   i n   t h e  waste water i s  cons ide rab ly  
lower t h a n  t h e  p a r a m e t e r s   r e p o r t e d   i n  Table 13. 

”””” I n d i v i d u a l  Waste  Streams 

Table  13 p r e s e n t s   t h e  major c o n s t i t u e n t   l o a d i n g s   o f   t h e   p r i n c i p a l   w a s t e -  
water streams i n   a n   e m u l s i o n  crumb p l a n t .  The most s i g n i f i c a n t  
parameter  is t o t a l  d i s s o l v e d   s o l i d s  which i s  produced  by the acid and 
b r i n e   c o a g u l a t i o n   l i q u o r s .  The coagu la t ion   l i quor   and  crumb r i n s e  
overflows, a l o n g   w i t h  t h e  u t i l i t y  wastes, p r o v i d e   t h e   b u l k  of t h e  t o t a l  ‘ 1  

dissolved so l ids  i n  t he  p l a n t  ’ e f f l u e n t .  It can be s e e n  t h a t  t h e  
q u a n t i t y   o f   s u r f a c t a n t s   p r o d u c e d   a r e  much lower t h a n  the  other 
pa rame te r s .   Su r fac t an t s  are  g e n e r a t e d   i n   a p p r e c i a b l e   q u a n t i t i e s   o n l y  by 
waste  streams i n c l u d e d   i n  Table 12. The suspended so l ids  a r e  much 
h i g h e r   t h a n   i n   t h e  t o t a l  e f f l u e n t   s i n c e  t h e  crumb p i t s  remove much of 
t h e  suspended sol ids  i n  t h e  crumb r i n s e  overflow. Removals better t h a n  
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95 p e r c e n t   a r e  common. O i l  e n t r a i n e d   i n   t h e   r u b b e r  i s  a l so  removed 
I 
I a long  w i t h  rubbe r  crumb sol ids .  

When comparing t h e  sub - to t a l   pa rame te r   va lues  of Table 13 w i t h  t h e  
average t o t a l  e f f l u e n t   l o a d s   o f   T a b l e  12,  it can  be seen t h a t  the three 
streams l i s t e d   i n   T a b l e  13 are t h e  major c o n t r i b u t o r s  t o  , t h e  t o t a l  
e f f l u e n t .  

The s p e n t   c a u s t i c   s c r u b   s o l u t i o n  i s  an   ex t remely  low flow ra te  waste  
water which has   ve ry   h igh  COD, a l k a l i n i t y ,  pH, and color 
c h a r a c t e r i s t i c s .  I t  i s  n o t ,  however, a s i g n i f i c a n t  waste s t ream when 
combined i n  t h e  t o t a l  e f f l u e n t .  I t  is u s u a l l y   b l e d - i n  a t  low flow r a t e s  
i n t o  t h e  e f f l u e n t .  

Area washdown and  equipment  clean-out waste waters a r e   h i g h l y   l o a d e d  
w i t h  COD and  suspended so l id s ,  and, by n a t u r e ,  are i n t e r m i t t e n t   i n  flow. 
They cannot  be c h a r a c t e r i z e d   b e c a u s e   t h e y  are gene ra t ed  on a n   i r r e g u l a r  
b a s i s   a n d   h a v e   g r e a t l y   v a r i a b l e   c o n c e n t r a t i o n   l o a d i n g s .  

! 
$ 

Chromium and z i n c  a re  p r e s e n t   i n  l o w  c o n c e n t r a t i o n s  (0.1 mg/L) i n  t h e  
f i n a l   e f f l u e n t .  They a r e   p r e s e n t   d u e  t o  c o o l i n g   w a t e r   t r e a t m e n t ,  and. i n  
some cases   can  be e l i m i n a t e d  or reduced by s u b s t i t u t i o n  of chromium-free 
c o r r o s i o n   i n h i b i t o r s .  Heavy m e t a l s  from c a t a l y s t s   a n d  other r e a c t i o n  
i n g r e d i e n t s   a r e  n o t  p r e s e n t   i n   r n e a s u r a k l e   c o n c e n t r a t i o n s   i n   e m u l s i o n  
p l a n t   w a s t e   w a t e r   e f f l u e n t s .  

"""""""" Solu t ion  Crumb Rubber  Subcateqory 

Flow Analys is  

Table  1 4  p r e s e n t s  t h e  t o t a l   e f f l u e n t  waste water flows f o r  fac i l i t i es  
p roduc ing   va r ious   so lu t ion  crumh rubber   p roducts .  The f low  da t a  i s  
g i v e n   i n  terms of liters F e r  metric t o n  (kkg)  of  production. Five 
p l a n t s  were v i s i t e d   a n d   e i g h t   t y p e s  of s o l u t i o n  crumb product  were 
sampled . Some p l a n t s   a r e   m u l t i - p r o d u c t  fac i l i t i es ,  and the 
c o n t r i b u t i o n s   o f  the  s o l u t i o n  crumb f a c i l i t i e s  were accounted for .  

Table 1 4  shows t h a t  there i s  n o   d i s c e r n i b l e   d i f f e r e n c e   i n  the e f f l u e n t  
flows between  types  of  product.  There appea r s  t o  be more c o r r e l a t i o n  
between  products a t  t h e  same p l a n t  site. T h i s  is s i m i l a r  t o  t h e  
f i n d i n q s  f o r  emulsion crumb rubber   p roduct ion .  

One p l a n t   ( P l a n t  M) has  a c o n s i d e r a b l y  lower e f f l u e n t  flow t h a n   a l l  t h e  
other f a c i l i t i e s .  The appa ren t   r ea son  for t h i s   d i f f e r e n c e  i s  the use  of l 

a s p e c i a l   r u b b e r - f i n i s h i n g   p r o c e s s  which g e n e r a t e s   v e r y  l i t t l e  o r  no 
waste   water .  

The a v e r a g e   e f f l u e n t  f low f o r  s o l u t i o n   p l a n t s  is similar t o  emulsion 
p l an t s ,   and   t yp ica l ly   app rox ima tes  16,600 L/kkg (2000 ga1/1000 l b )  of 
product   ion.  
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I 

""""" 
Raw Waste Loads 

Table 14 a l s o   p r e s e n t s  the r a w  waste  loads for t h e  f o u r  main  parameters. 
It can be s e e n   t h a t  t h e  c o n s t i t u e n t   l e v e l s  are approximate ly   one   ha l f   o f  
those p r e s e n t   i n   e m u l s i o n  crumb waste waters. - T h i s   s u p p o r t s   l i t e r a t u s e  
and company d a t a  which i n d i c a t e  t h a t  the s o l u t i o n   p r o d u c t i o n   p r o c e s s e s  
a re   l ' c leaner t l   . than  t h e i r  emul s i cn   coun te rpa r t s .  The  main factor  behind 
t h i s  i s  t h e  absence of   coagula t ion   l iquor   and   uncoagula ted   l a tex .  'The 
COD t o  EOD r a t i o  is h igh  which i n d i c a t e s  t h a t  a c o n s i d e r a b l e   p r o p o r t i o n  
of the  raw  waste  water components are n o t   r e a d i l y . ;   b i o l o g i c a l l y  
ox id i zab le .  

The t o t a l  dissolved solids c o n t e n t  of s o l u t i o n  crumb waste water i s  con- 
s i d e r a b l y  lower than   fo r   emul s ion   c rumb  p l an t s .  T h i s  a g a i n  i s  mainly 
due t o  t h e  absence of t h e  c c a g u l a t i o n   l i q u o r .  

S u r f a c t a n t   c o n c e n t r a t i o n s   i n  the t o t a l  p l a n t   e f f l u e n t  are l o w .  
S u r f a c t a n t s  are  used t o  de-agglomerate   the.   crumb  , ' rubber   during 
coagu la t ion   and   r i n s ing .  

The s o l v e n t   r e c o v e r y  s y s t e m s  do n o t   p r o d u c e   a n y   s i g n i f i c a n t   e f f e c t  . on 
t h e  Cod or  BOD c o n t e n t   o f   t h e   e f f l u e n t .  

One p l a n t   ( P l a n t  M) has   cons ide rab ly  lower l o a d i n g s   t h a n  the  o t h e r s .  
T h i s  is probably  due t o  t h e  f a c t  t h a t  rubber for non- t i r e   u se  is 
produced a t  t h i s  p l a n t .  T h i s  rubbe r  i s  used  t o  manufacture  impact- 
r e s i s t a n t   r e s i n s ,   a n d  its q u a l i t y   a n d   F r o d u c t i o n   c o n t r o l s  are extremely 
c r i t i c a l .   I n   a d d i t i o n ,   s p e c i a l   f i n i s h i n g   e q u i p m e n t   a p p e a r s  t o  be  used. 

I n d i v i d u a l  Waste  Streams 

The crumb r inse   over f low  produced  a t  a s o l u t i o n  crumb p l a n t  i s  s i m i l a r  
t o  t h a t  produced a t   a n   e m u l s i o n  crumb p l a n t ,   w i t h   t h e   e x c e p t i o n  t h a t  un- 
c o a g u l a t e d   l a t e x  i s  n o t   p r e s e n t .  The suspended solids, m o s t l y  crumb 
rubber f i n e s ,   a r e  similar t o   t h o s e   i n   e m u l s i o n  crumb r i n s e   o v e r f l o w s ;  
t h e  crumb p i t s   p r o d u c e  t h e  same reduc t ions .  

The monomer .and s o l v e n t   r e c o v e r y  wastes are comparable t o  the monomer 
recovery  wastes from  emulsion  plants .   Al though  heavy  s lops are produced 
i n  some p l a n t s ,   t h e s e  are u s u a l l y   d i s p o s e d  of by  drumming or 
i n c i n e r a t i o n .   S i n c e  monomer pu r i t i e s   mus t   be   h igh ,   r ecove red   bu tad iene ,  
for example, i s  r e t u r n e d  t o  t h e  monomer s u p p l y   p l a n t   a n d   h a s   n o  impact 
on t h e  s o l u t i o n  crumb  rubber waste water. 

Equipment  clean-out  waste waters a r e  less of an  environmsntal   problem  in  
a s o l u t i o n   p l a n t   b e c a u s e  much of the   p rocess ing   equipment   mus t  be kep t  
d r y  or water f r e e .  Area washdowns a re  similar i n  volume,  but do n o t  
c o n t a i n   l a t e x .  These washdowns do pick-up rubber solids and o i l  from 
pumps and  machinery  areas .  

. 
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The s p e n t   c a u s t i c   s c r u b   s o l u t i o n ,  where used,  i s  i d e n t i c a l  t o  t h a t  used 
i n  emulsi‘on  crumb  production, I n   p l a n t s  where emuls ion   and   so lu t ion  
crumb rubbe r  i s  produced, t h e  same c a u s t i c   s c r u b  s y s t e m  i s  used  for both  
f a c i l i t i e s .  

C a t a l y s t s   a n d  other  r e a c t i o n   i n g r e d i e n t s  do no t   p roduce   d i sce rn ib l e  
quan t i t i e s   o f   heavy   me ta l s  or t o x i c   c o n s t i t u e n t s .  Chromium a n d   z i n c   i n  
c o o l i n g  tower blowdown are p r e s e n t   i n  some p l a n t   e f f l u e n t s ,   b u t   i n  
c o n c e n t r a t i o n s  of 0.1 mg/L or  less i n  t h e  f i n a l   e f f l u e n t ,  These can  be 
e l i m i n a t e d  or reduced by us ing   cheromium-free   cor ros ion   inh ib i tors .  

b 

””””“- Latex  Fubber  Subcategory 

””- 
F l o w  Analys i s  

Tabls  15 l ists  t h e  t o t a l  e f f l u e n t  flows f o r   l a t e x   r u b b e r   p l a n t s ,  0r:ly ! 
two p l a n t s   a r e   p r e s e n t e d ,   b u t   t h e   s i m i l a r i t y   b e t w e e n   t h e   d a t a   v a l u e s  is  ’\ 
good.   La tex   p lan ts  are  g e n e r a l l y   p a r t  of larger  complexes, ana   f low 
d a t a  fo r  l a t e x   o p e r a t i o n s  i s  d i f f i c u l t  t o  o b t a i n ,  The i low from l a t e x  
p l an%s   appea r s  t o  be lower t h a n  from either emulsion crumb or s o l u t i o n  
crumb f a c i l i t i e s .  The major f l o w   c o n t r i b u t i o n s  a t  l a t e x   , p l a n t s  
o r i g i n a t e  w i t h  equipment   c leaning,  area washdown o p e r a t i o n s ,  and  waters 
from vacuum pump seal systems. 

_““””” 
Raw Waste Loads 

The raw waste l o a d s  of la tex p l a n t  waste waters a r e   c o n s i d e r a b l y   h i g h e r  
t h a n  e i t h e r   e m u l s i o n  o r  s o l u t i o n  crumb Flants .   Equipment   c leanout   and 
a r ? a  washdowns a r e   f r e q u e n t   d u e  t o  smaller produce  runs,   and 
c o n s i d e r a b l e   q u a n t i t i e s  of u n c o a g u l a t e d   l a t e x   a r e   c o n t a i n e a  in these 
was te  waters, T h e  h igh  COD t o  BOD r a t io  i s  t y p i c a l  of a l l  s y n t h e t i c  
r u b b e r  s u b c a t e g o r i e s   a n d   u n d e r l i n e s  t h e  r e s i s t a n c e  to b i o l o g i c a l  
o x i d a t i o n  of t h e  waste water c o n s t i t u e n t s .  O i l  c o n c e n t r a t i o n  i s  lower 
t h a n   i n   e m u l s i o n  o r  s o l u t i o n  crumb f a c i l i t i e s  and i s  c o n t r i b u t e d  by 
s e p a r a b l e  monomers, such a s   s t y r e n e ,   i n  t h e  wastes, The suspended 
s o l i d s   i n   t h e   e f f l u e n t  are due  mainly t o  u n c o a g u l a t e d   l a t e x ,   T o t a l  
d i s s o l v e d   s o l i d  levels are  lower t h a n  for emuls ion   p l an t s   because   o f  
c o a g u l a t i o n   l i q u o r   s t r e a m .   S u r f a c t a n t s  are p r e s e n t ,   b u t   i n  much lower 
c o n c e n t r a t i o n s   t h a n  t h e  other parameters .  

”“””“””” 
I n d i v i d u a l  Waste Streams 

Tank,   reactor ,   and f i l t e r  c l e a n i n g   p r o d u c e s   c o n s i d e r a b l e   q u a n t i t i e s  of 
waste water .  These are c h a r a c t e r i z e d  by high COD, BOD, and  suspended 
solids,  In   add i t ion ,   un load ing   and   F roduc t   l oad ing  areas a n d   g e n e r a l ”  
p l a n t   a r e a s  are  frequent ly   washed down. The characteristics of these 
w a s t e s   a r e   s i m i l a r  t o  those produced by u s u a l   e q u i p m e n t   c l e a n i n g   i n   t h i s  
i n d u s t r y .  Vacuum  pump s e a l  waters c o n t a i n  small q u a n t i t i e s  of o r g a n i c s  
w h i c h  p roduce   modera t e   l eve l s  of COD from the vacuum s t r i p p i n g  
o p e r a t i o n .  The s t r ipp ing   condensa te s   con ta in   condensed  monomers, Most 
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of these monomers a r e   d e c a n t e d  from t h e  water   and re-used. The water  
l a y e r   o v e r f l o w   f r o m   t h e   d e c a n t e r   h a s   h i g h  COD and BOD concen t r a t ions .  

S p e n t   c a u s t i c   s c r u b   s o l u t i o n  i s  an  extremely low flow waste and has 
s i m i l a r   c h a r a c t e r i s t i c s   t o   s p e n t   s o l u t i o n s   p r o d u c e d   i n   e m u l s i o n  'crumb 
and s o l u t i o n  crumb p l a n t s .  
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SECTION V I  

SELECTION OF POLLUTION PARAMETERS 

. 

b 
""""""" Tire a n d   I n n e r   T u b e   I n d u s t u  

From review of t h e  Army Corps of Engineers  P e r m i t  A p p l i c a t i o n s   f o r  
d i rect  d i s c h a r g e   o f  waste waters from t i r e  and   i nne r  tube product ion  
f a c i l i t i e s  and   examinat ion   of   re la ted   publ i shed   da ta ,  it a p p e a r s   t h a t  
t h e   f o l l o w i n g   c o n s t i t u e n t s  a r e  p r e s e n t   i n   m e a s u r a b l e   q u a n t i t i e s  i n  t h e  
was te   wa te r   e f f luen t s   f rom t i r e  a n d   i n n e r   t u b e   p r o d u c t i o n  faci l i t ies :  

BOD 
COD 
Suspended  Sol ids  
Total  D i s s o l v e d   S o l i d s  
O i l  and Grease 
PH 
Temperature (Heat) . Chromium 

Examination of i n - p l a n t   a n d   a n l y t i c a l   d a t a   o b t a i n e d   d u r i n g   t h e   o n - s i t e  
i n s p e c t i o n s  of a number of product ion  f ac i l i t i e s  i n d i c a t e s  t h a t  c e r t a i n  
parameters  a re  p r e s e n t   o n l y   i n   i n s i g n i f i c a n t   a m o u n t s  o r  are  c o n t r i b u t e d  
by   d i scha rges   un re l a t ed  t o  t h e  p r o c e s s   f a c i l i t i e s .  These nonprocess  
? f € l u e n t s   r e s u l t   m a i n l y  from u t i l i t y   a n d  water treatment d ischarges   and  
from domest ic  waste w a t e r   d i s c h a r g e s   g e n e r a t e d   w i t h i n   t h e   p l a n t  bounda- 
ries. S u c h   n o n p r o c e s s - r e l a t e d   d i s c h a r g e s   a r e   t h e  subject 01 other 
s t u d i e s   a n d   a r e   c o v e r e d  by other EPA documents. 

I n  t h e  f o l l o w i n g   p a r t  of t h i s  s e c t i o n ,  t h e  r a t i o n a l e  for  e l i m i n a t i o n  or  
se l ec t ion   o f   t he   a fo remen t ioned   pa rame te r s  is d i s c u s s e d  and recommen- 
da t ions   p roposed .  

-" BOD 

Biochemical oxygen demand (BOD) r e f e r s  t o  t h e  amovnt of oxygen r e q u i r e d  
t o  s t a b i l i z e   b i o d e g r a d a b l e   o r g a n i c  matter unde r   ae rob ic   cond i t ions .  BOD 
c o n c e n t r a t i o n s   m e a s u r e d   i n   w a s t e  waters d i scha rged  by t i r e  and   i nne r  
tube p r o d u c t i o n   f a c i l i t i e s  are ve ry  l o w .  T h e i r  p re sence  i s  due  primar- 
i l y  t o  t h e   o r g a n i c s   u s e d   i n  t h e  s o a p s t o n e   a n d   l a t e x   d i p p i n g   s o l u t i o n s .  
Concent ra t ion   va lues   range   f rom less t h a n  1 mg/L t o  30 mg/L for process  
waste w a t e r s   a t   t h e   p l a n t s   v i s i t e d ;  most of t h e  v a l u e s   o D t a i n e d   i n  the ,, 
c o u r s e   o f  these v i s i t s  were less t h a n  5 mg/L. Consequently,  t h i s  
parameter  was c o n s i d e r e d   i n s i g n i f i c a n t   i n  t h i s  segment of t h e   r u b b e r  
indus t ry .   H ighe r   concen t r a t ion   va lues  of BOD i n  t h e  e f f l u e n t s   d i d  
r e s u l t  when domestic w a s t e s  were combined w i t h  the process   and 
nonprocess   wa te r s   and   a l so   a f t e r   combin ing   ce r t a in   chemica l  boiler water 
t r e a t m e n t   d i s c h a r g e s .  
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Chemical oxygen demand (COD) provides  a measure  of t h e  equivalent   oxygen 
r e q u i r e d   t o   c h e m i c a l l y   o x i d i z e   t h e   o r g a n i d i n o r g a n i c  material p r e s e n t   i n  
a waste  water  sample.  COD i n  t i r e  a n d   i n n e r   t u b e   p r o c e s s  waste waterPs 
is a t t r i b u t a b l e  t o  p r i n c i p a l l y  washdown and  runoff  from o i l  
contaminated ,   soaps tone   and   la tex   d ip  areas. I n   a d d i t i o n   i n t e r m i t t e n t  
d i s c h a r g e s  of spen t   soaps tone   and  la tex s o l u t i o n s   c o n t r i b u t e  t o  t h e  COD 
of t h e  p rocess  waste waters .  COD levels g e n e r a l l y   r a n g e  from 5 mg/L t o  
30 mg/L. Accordingly it is  n o t   n e c e s s a r y  t o  s u b j e c t  t i r e  a n d   i n n e r   t u b e  
p l a n t   p r o c e s s   e f f l u e n t s  t o  COD l i m i t a t i o n s ,  

- suspended Solids 

s u s p e n d e d   s o l i d s   a f t e r   d i s c h a r g e  t o  a water   course   can  sett le t o  t h e  
bot tom  and  blanket   spawning  grounds,   in terfere  wi th  f i sh   p ropaga t ion ,   an  
may e x e r t   a n   a p p r e c i a b l e   o x y g e n  demand on t h e  body  of water, Suspended 
s o l i d s  (SS) i n  t i r e  and tube p l a n t  waste waters a r e   d u e  t o  washdown and 
runoff  from compounding areas, d i s c h a r g e s  of soaps tone   so lu t ion ,   and  
b o i l e r  blowdowns and   wa te r   t r ea tmen t   was t e s ,   In   t he   no rma l   da i ly  
p r o d u c t i o n   o p e r a t i o n ,  t h e  nonprocess  blowdowns and  the water t r ea tmen t  
wastes w i l l  c o n t r i b u t e   t h e   l a r g e s t   a m o u n t s  of suspended solids.  
suspended solids c o n c e n t r a t i o n s   i n  process waste wa te r s  w i l l  v a r y  from 
less t h a n  1 0  mg/L ( w i t h  p r o p e r   i n - p l a n t   c o n t r o l s )  t o  over 20,000 mg/L . 

dur ing   soaps tone   so lu t ion  dumping  and  discharge. 

! 
\ 

Total Dissolved S o l i d s  

High c o n c e n t r a t i o n s  of d i s s o l v e d  so l id s  (TDS) o r i g i n a t e  from the non- 
p r o c e s s   w a s t e   w a t e r   e f f l u e n t s  from c o o l i n g  towers, boiler blowdowns,  and 
water  treatment  system  backwashes  and blowdowns. I n  a d d i t i o n ,   h i g h  
c o n c e n t r a t i o n s  of TDS were observed i n  a l l  e f f l u e n t s  when the r a w  water 
supply was  from deep w e l l s  ra ther  t h a n   c i t y  water. 

Oil and Greasg 

O i l  and G r e a s e   ( c a r b o n   t e t r a c h l o r i d e   e x t r a c t a b l e s )  i s  a measure  of t h e  
i n so lub le   hydroca rbons   and   f r ee - f loa t ing   and   emul su f i ed  o i l  i n  a waste- 
water sample. O i l  and   g rease  are c r i t i ca l  t o  waste water t rea tment   and  
stream e c o l o g y   b e c a u s e   t h e y   i n t e r f e r e  w i t h  oxygen   t ransfer .  O i l  and 
g r e a s e   e x i s t   i n   p r o c e s s   w a s t e  waters due t o  washdown, r u n o f f ,   s p i l l s ,  
and   leakage   in  t h e  p rocess   a r eas   wh ich   p i ck  up l u b r i c a t i n g  o i l  from 
machinery  and  extender o i l  f r o m   s t o r a g e   a r e a s .   C o n c e n t r a t i o n   v a l u e s   i n  
t h e  t o t a l   e f f l u e n t   r a n g e  from less t h a n  5 mg/L t o  83 mg/L,  Concen- I 

t r a t i o n s   i n  t h e  t o t a l  p l a n t   e f f l u e n t  are n o t  i n d i c a t i v e  of t h e  o i l  and 
grease  problem  because of d i l u t i o n  by nonprocess   waste  waters. Loadings 
i n   t h e   p l a n t s   v i s i t e d  ranged- from less than 1 kg/kkg t o  5.47 kg/kkg of 
r a w   m a t e r i a l .   S i n c e   o i l y  wastes r e s u l t   f r o m   i n t e r m i t t e n t   f l o w s ,  
i n s t a n t a n e o u s   v a l u e s   c o u l d  be much h i g h e r  a t  times. 
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EH 

Control   and  adjustment   of  pH i n  t h e   p r o c e s s  waste w a t e r s   g e n e r a t e d   i n  
+.he t i r e  and   i nne r   t ube   s egmen t  of t h e   i n d u s t r y   s h o u l d  be p r a c t i c e d .  
F a i l u r e  t o  ma in ta in   adequa te   con t ro l   can   have  a d e l e t e r i o u s   e f f e c t  OA 
a c q u a t i c   l i f e ,   p o s t - p r e c i p i t a t i o n  of s o l u b l e   s a l t s ,  etc. 

Temperature  (Hoatl  

* E l e v a t e d   t e m p e r a t u r e s   i n   t o t a l   p l a n t   e f f l u e n t s   o c c u r   o n l y  when collected 
steam c o n d e n s a t e   ( u t i l i t y   w a s t e )  i s  n o t   r e c y c l e d   b u t  i s  d i s c h a r g e d   i n t o  
t h e  p l a n t   e f f l u e n t .   E x c e s s i v e   t e m p e r a t i v e s  are n o t   e n c o u n t e r e d   i n  
process   was te   waters .   Consequent ly ,  a t e m p e r a t u r e   l i m i t a t i o n   f o r  
process  waste w a t e r s  i s  n o t  cons idered   necessary .   Al though  tempera ture  
i s  a p o t e n t i a l   p r o b l e m  fo r  d i r e c t   d i s c h a r g e ,  it a p p e a r s  t o  be 
i n s i g n i f i c a n t   i n   t h e  t o t a l  p l a n t   e f f l u e n t  when c o n t r o l l i n g  and t r e a t i n g  
p rocess  waste waters .  

I 
, 

Chromiuz 

Heavy h e t a l s   s u c h   a s  chromium are t o x i c  t o  micro-organisms  becauseaof 
t h e i r   a b i l i t y  t o  t i e  up t h e   p r o t e i n s   i n   t h e   k e y  enzyme systems of t h e  
micro-organism. Chromium a p F e a r s   i n  t h e  nonprocess   d i scharges   main ly  
from t h e  c o o l i n g  tower blowdown.  Chromium compounds are usea a s  a 
c o r r o s i o n   i n h i b i t o r  and  added t o  t h e  tower b a s i n  or  c o o l i n g  tower make- 
up. Chromium and  o ther   heavy  metals w i l l  normal ly   no t  be a problem t o  
t h e  p rocess  waste w a t e r   e f f l u e n t .  

"- Summary "- of sizif """-"" i c a n t   P o l l u t a n t s  

of the   po l lu t an t s   examined ,   on ly ,   suspended  solids, o i l  and  grease,   and 
pH a r e   s i g n i f i c a n t  characteristics when cons ide r ing   p rocess   was t e   wa te r  
d i scha rges .  All three pa rame te r s ,   suspended   so l id s ,   and  o i l  and   grease ,  
and pH need t o  be con t ro l l ed ,   t r ea t ed ,   and   mon i to red .  The recommended 
l i s t  of c o n t r o l   p a r a m e t e r s  for t i re  a n d   i n n e r   t u b e   p l a n t s ,   t h e r e f o r e ,  is 
a s  follows: 

Suspended S o l i d s  
O i l  and  Grease 
P H  

Syn the t i c   Rubber   Indus t ry  

I n  view of t h e  f a c t   t h a t  similar p r o c e s s i n g   t e c h n i q u  es and simil a r  
c a t a l y s t s   a n d  monomeric  raw materials are used i n   e m u l s i o n  crumb rubber ,  

- s o l u t i o n  c rumb  rubbe r ,   and   l a t ex   rubbe r   p roduc t ion ,  it is  a p p r o p r i a t e  t o  
c o n s i d e r  t h e  same was te   water   parameters  f o r  t h e  t h r e e   s y n t h e t i c  rubber 
subca tegor i e s .  

' I  
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R e v i e w  of t h e  pub l i shed  l i t e ra ture ,  EPA documents ,   industry records and 
t h e  f i n d i n g s  of t h e  p l a n t   v i s i t s   i n d i c a t e d  t h a t  t h e  fo l lowing  chemical, 
p h y s i c a l   a n d   b i o l o g i c a l   c o n s t i t u e n t s  are  p o l l u t a n t s   ( a s   d e f i n e d   i n  t h e  
Fede ra l  Water P o l l u t i o n   C o n t r o l  A c t  Amendments of 1972)  found i n  
m e a s u r a b l e   q u a n t i t i e s   f r o m   s y n t h e t i c   r u b b e r   p l a n t  waste water e f f l u e n t s :  

COD 
BOD 
Suspended  Sol ids  
Total  Disso lved  Sol ids  
O i l  and  Grease 
PH 
A c i d i t y I A l k a l i n i t y  
S u r f a c t a n t s  
Color 
Temperature (Heat) 

: 

These parameters  are p r e s e n t   i n  t h e  raw waste s t r eams  of a l l  s y n t h e t i c  
r u b b e r   p l a n t s .   P o l l u t a n t s   i n   u t i l i t y   a n d  service water systems  and  in  
water t rea tment   sys tem  regenera t ions   and  backwashes are o u t s i d e  t h e  
scope of t h i s  document and  w i l l  be t h e   s u b j e c t  of a sepa ra t e   s tudy   and  
a t  ‘a f u t u r e   d a t e .  

Since  numerous  organic   compounds  contact   process  waste waters, COD w i l l  
o c c u r   i n  the p l a n t   e f f l u e n t .   V a l u e s   r a n g e  from 9 . 3  kg/kkg(lb/1000 l b )  
of p r o d u c t i o n   f o r   s o l u t i o n  crumb. to  34.95 kg/kkg(lb/1000 lb )  of 
product ion  for  l a t e x   r u b b e r .  

Trea tment   t echniques   reduce  t h i s  con taminan t ,   bu t   h igh   r e s idua l  levels 
still e x i s t   i n  t h e  t r e a t e d   e f f l u e n t .  T h i s  i s  i n d i c a t i v e  of the f a c t  
t h a t  some was te  water c o n s t i t u e n t s  have h i g h   b i o l o g i c a l   o x i d a t i o n  
r e s i s t a n c e   o r   i n o r g a n i c   o x y g e n  demand. 

” 
BOD 

For t h e  same r e a s o n s  as  f o r  COD, moderate t o  high..BOD c o n c e n t r a t i o n s  are  
p r e s e n t   i n   s y n t h e t i c   r u b b e r   p l a n t  waste waters. Values   range from 1.13 
kg/kkg(lb/1000 l b )  of   p roduct ion  for s o l u t i o n  crumb t o  5.30 
kg/kkg(lb/1000 lb )  of p r o d u c t i o n   f o r   l a t e x  rubber. Typ ica l   i ndus t ry -  
wide f l o w  and   product ion   da ta  show t h a t  t h i s  p o l l u t a n t   c a n  be reduced by 
b i o l o g i c a l   t r e a t m e n t   t o   r e a s o n a b l y  l o w  l e v e l s  (10 mg/L). 

f 

“ Suspended  Sol ids  

I n  emulsion crumb and l a t e x   p l a n t s ,   u n c o a g u l a t e d  la tex  c o n t r i b u t e s  t o  
high  suspended solids. These can he removed  by  chemical  coagulation or 
a i r   f l o t a t i o n  followed by c l a r i f i c a t i o n .   I n  both t h e  emulsion crumb and 
t h e  s o l u t i o n  crumb subca tegor i e s ,   suspended   so l id s   a r e   p roduced   by  
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rubber  crumb f i n e s .  G r a v i t y   s e p a r a t i o n   r e a d i l y   r e d u c e s  these s o l i d s .  
Suspended sol ids  ranging  rom 6.17  kg/kkg(lb/1000 lb) of p roauc t ion  
( l a t e x   r u b b e r )  t o  2.81 kq/kkg (lb/lOOO 10) of p r o d u c t i o n   ( s o l u t i c n  crumb) 
a r e  common i n  t h e  raw waste water. 

a 

Tota l   D i s so lved  So l ids  

The c o a g u l a t i o n   l i q u o r   u s e d   i n   e m u l s i o n  crumb product ion  i s  a major 

s o l u t i o n  crumb  and l a t e x   s u b c a t e g o r i e s  a l so  produce waste water 
c o n t a i n i n g   a p p r e c i a b l e   a m o u n t s   o f   t o t a l   d i s s o l v e d  solids.  Because  of 
t h e   t e c h n i c a l  r i s k ,  e x c e s s i v e  costs a n d   d u b i o u s   b e n e f i t s   i n v o l v e d   i n   t h e  
a p p l i c a t i o n  of t r e a t m e n t s   s y s t e m s   f o r  t o t a l  d i s s o l v e d  solids removal i n  
t h i s  i n d u s t r y ,   n o   l i m i t a t i o n s   f o r   t o t a l  dissolved so l id s   have   been  set. 

I c o n t r i b u t o r  of t o t a l   d i s s o l v e d  so l id s  i n   e m u l s i o n  crumb e f f l u e n t s .  The 

O i l  and  Grease 

I n s o l u b l e  monomers, s o l v e n t s   a n d   e x t e n d e r  oils a r e   u s e d  by two sub- 
ca t egor i e s ,   emul s ion   and   so lu t ion  crumb rubber. L a t e x   p r o d u c t i o n   a l s o  
u t i l i z e s   t h e  same i n s o l u b l e  monomer. I n   a d d i t i o n ,   m i s c e l l a n e o u s  
machinery  and  hydraul ic  o i l s  are used. Moreover, genuine oil’  and 
grease ,   measured   by   so lvent   ex t rac t ion   (genera l ly   carbon tetrachloride) 
a n a l y t i c a l  methods, a r e   p r e s e n t   i n  the  r a w  waste waters from these 
p l a n t s .  O i l  a n d   g r e a s e   e n t e r i n g  t h e  waste water a r e  t r tared fo r  removal 
by c h e m i c a l   c o a g u l a t i o n   a n d   c l a r i f i c a t i o n ,  a i r  f l o t a t i o n   c l a r i f i c a t i o n ,  
g r a v i t y   s e t t l i n g ,   a n d ,  t o  some degree ,  by b i o l o g i c a l   o x i d a t i o n .  

EH 

S i n c e   n e u t r a l i z a t i o n  i s  p r a c t i c e d   p r i o r  t o  biological t r e a t m e n t  a t  a l l  
s y n t h e t i c  rubber  p l a n t   w a s t e  water t r e a t m e n t   f a c i l i t i e s ,   e x t r e m e  pH 
v a r i a t i o n s   o u t s i d e  the range  FH 6 .0  t o  9.0 are n o t   f o r e s e e n .  

” A c i d i t y I A l k a l i n i t y  “”7 

Acidic c o a g u l a t i o n   l i q u o r s  are used   and   d i scha rged   i n   emul s ion  crumb 
produc t ion ,   and   s t rong   caus t i c  soda s o l u t i o n s  .are  bled i n t o   p l a n t  
e f f l u e n t s  where monomer i n h i b i t o r s  are  removed. I n c i d e n t a l l y ,  t h i s  
l a t t e r   f l o w  i s  ext remely  low and does n o t   c o n s t i t u t e  a problem. 
However, n e u t r a l i z a t i o n  is c a r r i e d   o u t   i n  a l l  i n d u s t r y   s u b c a t e g o r i e s  
p r i o r  t o  b i o l o g i c a l   t r e a t m e n t   s y s t e m s ,   a n d ,  therefore, treated was tes  
w i l l  have l i t t l e  r e s i d u a l   a c i d i t y  or a l k a l i n i t y .  

s u r f a c t a n t s  1 

S u r f a c t a n t s   a r e   u s e d   i n  a l l  t h e  indus t ry   sub-ca teogr ies ;   however ,  their  
c o n c e n t r a t i o n s  i n  t h e  raw  was te   load  i s  v e r y  l o w  and i s  f u r t h e r  reduced 
a f t e r  b i o l o g i c a l   t r e a t m e n t .   S u r f a c t a n t s   a r e  t h e  pr imary  cause of foamy 
plant e f f l u e n t s ,  bu t  it i s  d i f f i c u l t  t o  re la te  s u r f a c t a n t   e f f l u e n t  con- 
c e n t r a t i o n  t o  visual   foaming  problems.  Therefore, l i m i t a t i o n s  for  

”””” 
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I 

s u r f a c t a n t s   i n   e f f l u e n t s   h a v i n g   f o a m i n g   p r o b l e m s   s h o u l d  be based on 
l o c a l   a e s t h e t i c   r e q u i r e m e n t s ,   i n d i v i d u a l   p l a n t   l o c a t i o n ,   a n d   s t r e a m  
q u a l i t y   c r i t e r i a   f o r   t h e   r e c e i v i n g  body of   water .  

color b 

Color i s  o b j e c t i o n a b l e   f o r m   a n   a e s t h e t i c   s t a n d p o i n t   a n d  also because it 
i n t e r f e r e s  w i t h  t h e  t r a n s m i s s i o n   o f   s u n l i g h t   i n t o  streams, t h e r e b y  
l e s s e n i n g   p h o t o s y n t h e t i c   a c t i v i t y .  Some waste streams i n   s y n t h e t i c  
rubbe r   p l an t s ,   such  a s  s p e n t   c a u s t i c  scrub discharges   and   carbon black 
rubber  r i n s e  wa te r s ,   have   apprec i ab le  color. However, a f t e r   d i l u t i o n  
w i t h  t h e  combined p l a n t  t o t a l  e f f l u e n t  and a f t e r  unde rgo ing   b io log ica l  
t r ea tmen t ,  there i s  n o   d i s c e r n i b l e  color i n   s y n t h e t i c  rubber p l a n t   e f -  
f l u e n t s .  

" Temperature -"" jHeat) 9 

I n   s y n t h e t i c   r u b b e r   p l a n t s  there a r e   i n d i v i d u a l  waste water s t reams,  
such   as   condenser  f l o w s  and   c rumb  s lur ry   over f lows ,  which have h igh  
tempera tures .  However, a f t e r   c o m b i n a t i o n   w i t h   o t h e r   e f f l u e n t  streams, 
e q u a l i g a t i o n   a n d   b i o l o g i c a l   t r e a t m e n t ,  thermal e q u i l i b r i u m  w i t h  ambient 
tempera ture  is approached.  Consequently, a tempera ture   parameter  fo r  
t h e   f i n a l   e f f l u e n t  i s  n o t   c o n s i d e r e d   s i g n i f i c a n t  or  s u b j e c t  t o  
l i m i t a t i o n s .  

"- "" 
Summa= of S i q n i f i c a n t   P o l l u t a n t s  

Although t h e  p o l l u t a n t s   r e p r e s e n t e d  by t h e  previously  ment ioned l ist  of 
parameters  w i l l  o c c u r   i n   s y n t h e t i c   r u b b e r   p r o d u c t i o n ,   o n l y   f i v e   s h o u l d  
be monitored t o  i n s u r e   t h a t   p o l l u t a n t   l e v e l s  are minimized  and  gross 
d i scha rge   p reven ted .  These are: 

COD 
BOD 
suspended Solids 
O i l  and Grease 
PH 
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SECTION V I 1  

CONTROL AND TREATMENT TECHNOLOGY 

0 
Survey  of Selected P l a n t s  

"""" General AEEroacn """""" and Summary 

I n  order t o   r e v i e w   a n d   f u l l y   e v a l u a t e  the  was te   wa te r   con t ro l   and   t r ea t -  
ment t e c h n o l o g i e s   u s e d   i n  t h e  r u b b e r   p r o c e s s i n g   i n d u s t r y ,   s e l e c t e d  
p l a n t s  were v i s i t e d  to conduc t   ope ra t ion   ana lyses ,   r ev iew water and 
was te   water  management  programs,  and  evaluate  waste water t rea tment  
f a c i l i t i e s .  Ths p lan t s   were   s e l ec t ed   a s   be ing   exempla ry  or advanced i n  
t h e i r   w a s t e   w a t e r   c o n t r o l   a n d   t r e a t m e n t   t e c h n o l o g i e s ,   b a s e d  on e f f l u e n t  
and t rea tment   da ta   f rom t h e  t e c h n i c a l   l i t e r a t u r e ,  EPA documents, Corps ; 
of Engineers  P e r m i t  t o   D i s c h a r g e   A p F l i c a t i o n s ,   a n d   i n d i v i d u a l  company ' 
t r ea tmen t   da t a .  

! 

Plants   p roducing   passenger  tires ( b o t h   b i a s  and r a d i a l  p l y ) ,  t r u c k  
t i re&,  camelback,   and  inner   tubes were v i s i t e d  and   s tud ied   t o   de t e rmine  
if t h e  type  of p r o d u c t   a f f e c t e d   t h e   q u a l i t y   a n d   q u a n t i t y  of waste water  
s t reams  and/or  t h e  c o n t r o l  and treatment  technology  employed.  Both 
s ingleproduct   and   mul t iproduct   p lan ts   were   inc luded  so thac t h e  effects 
of combined l i n e s  on t h e  p l a n t   w a s t e   w a t e r s   c o u l d  be eva lua ted ;  
l i k e w i s e ,   p l a n t s  of v a r i o u s   s i z e s  were s t u d i e d  t o  de termine  the impact 
of p r o d u c t i o n   l e v e l s .  Age was  a major   considerat ion  because 
de t e rmina t ion  of t h e  e f f e c t ,  i f  any, of newer processing  technology  and 
machinery on t h e   c o n t r o l  and t r e a t a b i l i t y  of p rocess   was t e  streams, was 
one of t h e  p r i n c i p a l   o b j e c t i v e s  of t h e  i n v e s t i g a t i v e   p h a s e   o f  t h i s  
p r o j e c t .   T a b l e  16 i s  a  summary of t h e  products   manufactured,  raw 
ma te r i a l   u sage ,  and   was tewater   cont ro l   and   t rea tment   t echnologies  
u t i l i z e d   a t  t h e  t i r e  a n d   i n n e r   t u b e   p l a n t s   v i s i t e d .  

I n  t h e  synthe t ic   rubber   p roduct ion   segment  of t h e  i n d u s t r y ,  the f i e l d  
v i s i t s   i n c l u d e d   p l a n t s   e m p l o y i n g   e m u l s i o n   a n d   s o l u t i o n   p o l y m e r i z a t i o n  
p rocess ing   me thods   and   i nvo lv ing   a l l  t y F e s  of s y n t h e t i c  rubber products :  
Itcold crumb", "hot crumb",  non-extended,  oil-ektended,  carbon-black- 
ex tended ,   and   l a t ex   rubbe r s .  As i n  t h e  t i r e  and   i nne r  tube  segment,  t h e  
effects of s ing le -   and   mu l t i -p roduc t   l i nes ,   p l an t   s i ze ,   and   p l an t   age  on 
was te   wa te r   vo lume   and   cha rac t e r i s t i c s   and   r e l a t ed   con t ro l   and   t r ea tmen t  
technology were eva lua ted .  A summary of t he  p roduc t s ,   p rocesses ,  
p r o d u c t i o n   c a p a c i t i e s ,  and  waste   water   control   and  t reatment  
t e c h n o l o g i e s   o f   t h e   e x e m p l a r y   s y n t h e t i c   r u b b e r   p l a n t s   v i s i t e d  i s  
p r e s e n t e d   i n   T a b l e  17. 

""""""" 
Tire   and   Innar  Tube P l a n t s  

"" 
P l a n t  A 
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I I 

T h i s   p l a n t ,   b u i l t  i n  1961 a n d   l o c a t e d   i n   a n   a r i d   r u r a l  community,  pro- 
duces   pas seng l r  tires, small-implement tires, a n d   f r o n t   t r a c t o r  tires. 
P r o d u c t i o n   r a t e  for  passenger  tires a t  t h e  time of t h e   v i s i t  was 1 2 , 0 0 0  
u n i t s   p e r   d a y .   I n   a d d i t i o n  t o  the  normal  t i re  processing  and  product ion 
l i n e s ,   t h i s   p l a n t   h a s  a l a t e x  f a b r i c - d i p   o p e r a t i o n .  R a w  material 
consumption was over 120,000 kg (264,000 lbs )  per  day. P 

The a c t u a l   p r o d u c t i o q   f a c i l i t y   o c c u p i e s   a p p r o x i m a t e l y  16' ha  ( 4 0  ac) o f  
land. The p l an t   boundar i e s   su r round   ano the r  1 4 0  ha (350 ac) of land  
c u r r e n t l y   d e v o t e d  t o  a g r i c u l t u r a l   u s e .  

The on ly  source of  raw water s u p p l y ' i s  well water. IE i s  used for  
cool ing ,  steam g e n e r a t i o n ,  domestic  use,   and a l l  o the r   p l an t   needs .  

The p r i n c i p a l   p r o c e s s  waste waters from t h i s   p l a n t   a r e  water arid steam 
leakages,  and  wash waters from t h e  c leaning  of   equipment   and  general  
work  a r eas .  Watpr l eakage   occu r s   a t   va r ious   wa te r - coo led  m a c h i n e r y  
u n i t s ,   i n c l u d i n g  mills, Banburys ,   t read   ex t ruders ,   and   t r sad-cool ing  
t anks .   In   add i t ion ,   wa te r  c a n  e scape  from t h e   h y d r a u l i c  water system 
used   in   the   banbury   and  press areas,  Water  and steam o c c u r   i n   t h e  
process  waste w a t e r   i n  t h e  p r e s s   a r e a   a s   t h e   r e s u l t  of broken seals or 
fa i l i nq   b l adde r   bags .  O i l  a n d   s o l i d  matter which  have collected on t h ?  
f loors  a r k  carr ied a long   by   t hese   va r ious  water streams i n t o   t h e   a r e a  
drainage  system. The o i l  is l u b r i c a t i o n  o i l  which  has  dripped or leaked 
from o i l  s e a l s  on mills, pumps and  l ike  equipment,   from  open  gears,   from 
gea r  boxes, and  f rom  the   hydraul ic  water sys t em.   Add i t iona l   o i l   and  
s o l i d   m a t e r i a l s   r e s u l t   f r o m   l e a k a g e   a t   t h e  Banbury dus t   and  o i l  r i n q s .  

Daily washdowns i n c l u d e  steam and   so lven t   c l ean ing  of t h e   t r e a d  books 
and  misce l laneous   machinery   par t s   and   the   c leaning  of t h E   l a t e x  d i p  
tank.  Weekly cleanups,   which  occur  on t h e  weekends  (non-production 
d a y s ) ,   i n c l u d e  washdown of t h e  s t ee l  g r a t e s  i n  t he   soaps tone   a r ea .  

This p l a n t  was s p e c i a l l y   l a i d   o u t   a n d   e n g i n e e r E d  so as  t o  k e e p   s p i l l s  
and leakages  from  becoming a Froblem.  Drains are  non-exis ten t  i n  t h e  
soapstone area a n d   i n  many of t h e  mill areas.  Removable s t ee l  q r a t e s  
have   been   p rov ided   i n   t he   soaps tone   d ip  area so t h a t   s p i l l e d   s o a p s t o n e  
s o l u t i o n  w i l l  n o t  create a work hazard-   Housekeeping  pract ices   and 
schedules  have  been set up t o  keep   l eaks  and s p i l l s  of . l u b r i c a t i n g  o i l  
on t h e   f l o o r s  of t h e   p l a n t  t o  a minimum. When steam and water leakages  
do occur ,   t hey  a re  d i r ec t ed   ( a long   w i th   o the r   p rocess   and   nonyrocess  
wastes) t o  a c o l l e c t i o n  pond. Equipment-cleaning waste waters a r e   a l s o  
d ischarged  t o  t h i s  pond. 

The p r inc ipa l   nonprocess  waste waters a r t  boi ler  and   cool ing  pond 
blowdowns. I n   a d d i t i o n ,   t h e r e  i s  a hot-water-sump  overflow. The hot-  
water sump i s  used a s  a collection p o i n t   f o r   r e c y c l e d   p r e s s   c o o l i n g  
water .   Contaminants   in   these  wastes a r e  suspended  and  dissolved  sol ids .  
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End-of-pipe  treatment a t  t h i s  p l a n t   i n c l u d e s  pH con t ro l  and xhe lagoon- 
ing  of a l l   e f f l u e n t s ,  both process   and  nonprocess .  The waste waters ,  
a f t e r  pH a d j u s t m e n t ,   a r e   d i r e c t e d  t o  t h e  11,000 c u b i c  meter ( 3  m i l l i o n  
g a l l o n )   c o l l e c t i o n   a n d   s t o r a g e  pond. The r e s i d e n c e  time i n  t h i s  pond i s  
approximate ly   four   days .   Se t t l ing   o f   suspended  solids and t h e  r e d u c t i o n  
of both COD and o i l  occur   du r ing  t h i s  pe r iod  of time. From here, t h e  
waste waters are  f e d  t o  a second pond. Water l e a v i n g  t h e  sTcond 
r e t e n t i o n  pond  can be used   fo r   any   o f   t h ree   func t ions .  It can be used 
f o r   i r r i g a t i o n   o n  t h e  company-owned farm  acreage  around t h e  prouuct ion 
f a c i l i t y  (its p r i m a r y   f u n c t i o n ) ,  it can   evapora t e ,  or it c a n   p e r c o l a t e  
i n t o  the sandy  ground below t h e  pond. (The water t a b l e  a t  t h i s  p l a n t  i s  
approximate ly  7 6  meters (25C feet) below t h e  su r face . )  

ID. a d d i t i o n  t o  containment   of  a l l  process   and   nonprocess  waste wa te r s ,  
a l l  storm runof f  from w i t h i n   a n d   a r o u n d   t h e   p l a n t   c o n f i n e s  is directs3 ! 

t o  a n d   c o n t a i n e d   i n  these lagoons.  I 

"- P l a n t  B 

T h i s  p l a n t ,   l o c a t e d   i n  a r u r a l  area, s ta r ted  o p e r a t i n g   i n  1964.  Plan t -  
owned. ground i s  now a lmost   en t i re ly   u t i l i zed   by   p rocess ing   and   ware-  
hous ing   bu i ld ings ,   pa rk ing  lots, and waste water t r e a t n e n t  facilities. 

The f a c i l i t y   p r o d u c e s   p a s s e n g e r  t i r e s  and  heavy off-the-road tires. 
P r o d u c t i o n   r a t e s  are c u r r e n t l y   r u n n i n g  a t  24,000 passenger   and 2,000. 
off - the- road  t i res  per   day.  

Water f o r   a l l   p l a n t   u s e s ,   i n c l u d i n g  makeup f o r  t h e  c o o l i n g  towers, 
bo i le r  and   va r ious   d ipp ing   so lu t ions ,  i s  s u p p l i e d  by t h e  munic ipa l i ty .  

Th? p r i n c i p a l   p r o c e s s  waste w a t e r s  from t h i s  p lan t   a re :   water   ana   s team 
leakages ,   runoff   f rom t h e  p rocess  o i l  s t o r a g e   a r e a ,  and d i s c h a r g e s  from 
w e t  a i r -po l lu t ion   con t ro l   equ ipmen t .  

Water   and   s team  leakages   occur   in  t h e  p r e s s  room of  both t h e  passenger-  
t i r e  a n d   t r u c k - t i r e   f a c i l i t i e s .  These streams become contaminatea  w i t h  
o i l  scavenged off m a c h i n e r y   p a r t s   a n d   t h e  floor. Runofi from the o i l  
s t o r a g e  area i s  cont inuous   due  t o  t h e  placement of a steam blowdown Fipe  
nearby;  oil is scavenged  from t h e  area and becomes e n t r a i n e d  wi th  t h e  
condensa te  waste water   s t ream.  

Wet s c r u b b e r s   a r e   u s e d  t o  c o n t r o l   a i r   e m i s s i o n s  from t h e  compounding 
a rea   and  from t h e  green t i re  p a i n t i n g  area. C o l l e c t i v e l y ,  these 
scrubbers r e p r e s e n t  t h e  l a r g e s t   s i n g l e   d i s c h a r g e   i n  t h e  p l a n t .  ., 
Contaminants   inc lude  COD and  suspended solids, a s  well a s  some o i l  
matter. 

Main tenance   and   housekeep ing   p rac t i ces   a t   t h i s   p l an t  are directed a t  
keeping  leakage a t  a minimum and well conta ined .  Hunoff from t h e  
p r o c e s s   o i l - s t o r a g e   a r e a s  i s  p r e t r e a t e d   i n  a baf f  lea o i l  s e p a r a t o r  

. 
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chamber before   f lowing  t o  the end-of -p ipe   t rea tment  f ac i l i t i e s .  The 
s e p a r a t o r   u n i t   e f f e c t i v e l y  removes o i l  from t h e  s m a l l  volume of water i n  
t h e  i n f l u e n t .  

Water d i scha rged  from a i r  po l lu t ion   equ ipmen t   pas ses   i n to  the p l a n t ' s  
e n d o f - p i p e   t r e a t m e n t   f a c i l i t y   u n t r e a t e d ,  

The p r inc ipa l   nonprocess  waste waters are boiler and   cool ing  tower 'blow- 
downs,  and water t r ea tmen t   was t e s ;  these are segrega ted   f rom the p rocess  
waste waters and   a r e   d i scha rged ,  w i t h o u t  subsequent   t rea tment ,  i n t o  t h e  
storm dra inage   sys tem.  

I n  a d d i t i o n ,  there are blowdowns f r o m   v a r i o u s   p r e s s e s  throughout  - t h e  
p l a n t ;   t h e s e   c o n t a i n  COD, suspended solids, and  d i sso lved  s o l i d s .  

End-of-pipe  t reatment  a t  t h i s  p l a n t   i n v o l v e s   t h e   u s e  of two lagoons.  
The w e t  s c rubbe r s   and  steam blowdowns f l o w  i n t o   t h e  first lagoon,  which 
i s  used t o  s e p a r a t e   s e t t l e a b l e   s o l i d s   a n d   s e p a r a b l e  o i l .  Th i s  pond has 
a s u r f a c e   a r e a  of 0.21 ha (0.52 ac) and a b a f f l e d   e f f l u e n t  weir. Wet 
scrubbers ,   and  some once- through  cool ing  water flow t o  the second 
lagoqn.  This h a s  approximately 0.30 ha (0.74 a c )   o f   s u r f a c e   a r e a  and i s  
a l s o   u s e d  t o  remove s e p a r a b l e   s o l i d s   a n d  o i l  f r o m   t h e   i n f l u e n t .  

! 

""_ P l a n t  C 

T h i s  p r o d u c t i o n   f a c i l i t y   c o n s i s t s   o f  two p l a n t s ,   t h e  older of t h e  t w o  
d a t i n g  from 1945  and t h e  newer  one  coming  on stream w i t h i n  the l a s t  
decade. The f a c i l i t y  i s  l o c a t e d   i n   a n   i n d u s t r i a l i z e d   a r e a  on t h e  
f r i n g e s  of an   u rban   cen ter .  Most of t h e  l a n d   w i t h i n  t h e  p l a n t  
boundaries  i s  occupied  by  production  buildings  and by the necessa ry  
a u x i l i a r y   b u i l d i n g s ,   w a s t e   t r e a t m e n t   f a c i l i t i e s ,   a n d   p a r k i n g   a r e a s .  The  
f a c i l i t y   p r o d u c e s   o n l y   p a s s e n g e r  tires (both b i a s  p l y  a n d   r a d i a l ) .  Raw 
mater ia l   consumption is  approximate ly  349,000 ki lograms (770,000 pounds) 
per   day .   Exac t   un i t   p roduct ion  ra tes  are  unknown, a l though  t h e  f i g u r e  
is known t o  be well above  20,000  uni ts   per   day.  

The p r i n c i p a l   p r o c e s s  waste waters are water and steam leakages ,  
overflow  from  various  sumps,  and  runoff from o i l  , s torage  areas. Water 
l eakages   occu r   t h roughou t  the  p lan t   wherever  there i s  water-cooled 
machinery,   such as mills and  Banburys. Water and steam leakages   occu r  
i n  the p r e s s   a r e a   d u e   t o   l e a k i n g  seals, f a i l i n g  bladder bags,  and 
l l a k a g e s  i n  t h e  h y d r a u l i c  water system. The, p rocess  waste wa te r s  
scavenge o i l  and solid ma te r i a l s ,   wh ich  flow t o  t h e  n e a r e s t   d r a i n .  O i l  
and sol id  material accumulate  on the floor and i n  t he   va r ious   mach ine ry  ,1 

bas ins   due  t o  d r ipp ing   and  leaks from t h e  Banbury d u s t   r i n g s ,  m i l l  and 
pump o i l  s e a l s ,  o p e n   g e a r s ,   a n d   t h e   h y d r u a l i c  water system.  Runoff  from . 
o i l  s t o r a g e   a r e a s   o c c u r s   d u r i n g   r a i n s t o r m s   a n d  washdowns, and i s  a n o t h e r  
sou rce  of o i l y   p r o c e s s   w a s t e  water. 

8 0  
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T h i s  p l a n t   a t  o n e  time had a process   was te  water d i s c h a r g e  of soaps tone  
s o l u t i o n .   A f t e r   e x t e n s i v e   s t u d i e s  showed t h a t  t h i s  s o l u t i o n   c a u s e d  
e x c e s s i v e  BOD and t o t a l  s o l i d s   i n   t h e  waste water, t h i s  d i s c h a r g e  was 
e l imina ted .  The c u r r e n t   p r a c t i c e  is t o  r e c y c l e  t h i s  s o l u t i o n .  

w a s t e w a t e r   s t r e a m s   r e s u l t i n g  from t h e   u s e  of o t h e r  solutions i n  t h e  
p l a n t ,   s u c h   a s  t h e  l a t e x   d i p ,   h a v e  a l s o  been  e l iminated.  These s t r eams  
a r e  dumped i n t o  a sump, which is per iodica l ly   empt ied   in to   d rums  and  
s e n t  t o  a l a n d f i l l  s i te .  0 

The p r i n c i p a l   n o n p r o c e s s   w a s t e   w a t e r s   a r e  boiler and   coo l ing  tower blow- 
down, once-through t read coo l ing   wa te r ,   and  water t r e a t m e n t  wastes. I n  
a l l  cases, d i s s o l v e d   s o l i d s  are a problem,  and  suspended solids w i l l -  be 
a problem i n  t h e  w a t e r   t r e a t m e n t  waste and boi ler  blowdown. 

b 

Process w a s t e   w a t e r s   a n d   a l l   t h e   n o n p r o c e s s   w a s t e  water ( w i t h  t h e  
excep t ion  of boiler blowdown) a r e  combined   and   then   d i rec ted  t o  a ' 
p r i m a r y   t r e a t m e n t   f a c i l i t y .  Th i s  t r e a t m e n t   f a c i l i t y   c o n s i s t s  of t w o  
s e t t l i n g   b a s i n s ,   o p e r a t i n g   i n   F a r a l l e l .  Each p rov ides  24 n o u r   r e t e n t i o n  
for  t h e  was te  streams. Settleable sclids are removed p e r i o d i c a l l y  
(approximate ly   every  t w o  years),  a n d   f l o a t i n g  o i l  is removed  by 3 b e l t  
f i l t e r .  Boiler blowdown a n d   s a n i t a r y   w a s t e s  are treated i n  a package 
e x t e n d e d   a e r a t i o n   s a n i t a r y  wastewater t r e a t m e n t   p l a n t .  All t r e a t e d  
w a s t e   w a t e r s   a r e   d i s c h a r g e d  t o  t h e  r i v e r .  

1 

""_ P l a n t  D 

T h i s  p l a n t ,   s t a r t e d   u p   i n   t h e   e a r l y  l94Ofs, is l o c a t e d   i n   a n   u r b a n ,  
i n d u s t r i a l i z e d   a r e a .  I t  has r ecen t ly   unde rgone   ex tens ive   mod i f i ca t ions ,  
a n d ,   t h e r e f o r e ,   p r o d u c t i o n   l e v e l s  a r e  n o t  w e l l  e s t a b l i s h e d .  However, 
p a s t   d a t a   i n d i c a t e   t h a t  t h e  p l a n t  is producing 22 ,000  p a s s e n g e r ,   t r u c k ,  
and t r a c t o r  tires per   day.   The  plant  a l so  produces camelbaclc. R a w  
mater ia l   consumpt ion  is i n  t h e  neighborhood  of 840 ,000  k i log rams  (1  . 85 
m i l l i o n  pounds) per day. 

Raw wa te r  i s  s u p p l i e d  by the m u n i c i p a l i t y   a n d  from company-owned deep 
wells. The c i t y  water is used t o  supply  domestic  and a i r  c o n d i t i o n e r  
cool ing   needs .  The wells supply  once-through  cool ing water, c o o l i n g  
tower makeup, boi ler  f e e d  water, and   p rocess ing   so lu t ion  makeup. 

The p r i n c i p a l   p r o c e s s  waste waters from t h i s   p l a n t   i n c l u d e :  water 
leakages ,   s team leakages, a weekly washdown of t h e  soaps tone  
r ec i r cu la t ion   sys t em,   equ ipmen t   and   f l oo r   c l ean ing  washdowns,  and  minor 
runoff  from t h e  o i l  storage area. 

Water l e a k a g e s  arise from t h e  o i l  seals and  open  gears  on mill c a l e n d a r s  
and pumps and from t h e  h y d r a u l i c  water system  used i n  the Banburys  and 
presses. Steam  l eakages   occu r   i n  t h e  p r e s s  room from broken o r  l e a k i n g  
s e a l s   a n d   f a i l i n g   b l a d d e r   b a g s .  Both t y p e s  of l eakage  are h e a v i l y   l a d e n  
w i t h  o i l  picked  up from t h e  seals and from l u b r i c a t i n g  oil d r i p p i n g s .  

1 
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The soaps tone   r ec i r cu la t ion   sys t em is  c l eaned   ou t   once  a week, and t h e  
e f f l u e n t   h a s   h i g h  BOD and  suspended so l ids  loadings .  The f l o o r s   a r e  
c l eaned  w i t h  an   au tomat i c   sweepe r   t ha t   u ses  a soapy   wa te r   so lu t ion   a s  a 
c l ean ing   agen t .   Dra inage  from t h i s  sytem a l so  has a h igh  BOD and 
suspended sol ids  loadings .  Steam c l e a n i n g  i s  used   for   smal l   machinery  
pa r t s ,   and  t h e  d i s c h a r g e s  are s i g n i f i c a n t l y   c o n t a m i n a t e d  w i t h  o i l .  

Water  and  steam leaks i n  t h e  p r e s s  area are pumped t o  a n  o i l  s e p a r a t o r ,  
where t h e  f l o a t i n g .   o i l  i s  removed an d isposed  of by a n   o u t s i d e  
con t r ac to r .   Wate r   l eakages   i n  t h e  mill area a r e   k e p t  a t  a minimum by I 

careful   housekeeping  and  maintenance  pract ices ,   and  do  not   appear  t o  be 
a serious  problem.  Runoff  from o i l  s t c r a g e  areas i s  c o l l e c t e d   i n  sumps, 
which a r e  pumped out   on  an Ifas r e q u i r e d "  basis. 

Floor-cleaning  machinery discharges and   s team-c leaning   d i scharges  flow .. 
i n t o  t h e  s a n i t a r y  sewer. 

The p r inc ipa l   nonprocess   was t e  waters are  boiler and   cool ing  tower blow- 
downs, w a t e r   t r e a t m e n t  wastes, and  once-through  cool ing water, I n  t h e  
f irst  t h r e e   c a s e s ,   d i s s o l v e d  s c l i d s  c o n s t i t u t e  a problem. Boiler 
blowdowns  and water t r e a t m e n t  wastes may a l s o   c o n t a i n   h i g h  
concent ra t ions   o f   suspended  solids, depending on t h e  t r ea tmen t   p rocess  
being  used. COD and pH may a l s o  be problems. 

Ther  i s  no  end-of-pipe waste wa te r   t r ea tmen t  f a c i l i t y  which covers t h e  
e n t i r e   p r o c e s s  waste water stream. Some nonprocess  waste  water  and the 
weekly dump of t h e  s o a p s t o n e   s l u r r y   a r e  directed t o  a h o l d i n g   b a s i n   f o r  
removal of s e t t l e a b l e  s o l i d s  before d i scha rge .  

""_ P l a n t  E 

T h i s  f a c i l i t y  which was s t a r t e d   u p   i n  1920, is  a sprawling  complex 
occupying 2 5  major bu i ld ings   and  more than  74 acres of ground.  Although 
it is  l o c a t e d   i n  a very   conges ted   u rban   a rea ,  t h e  p l a n t  boundaries en- 
close approximate ly  13 a c r e s  of open  ground. 

The p l a n t  was o r i g i n a l l y  set  up t o  produce many rubber   p roducts ,   inc lud-  
i n g  tires, b e l t i n g ,   a n   i n n e r  tubes. However, wi th  the passage  of  time 
and  because of s p e c i a l i z a t i o n ,   P r o d u c t i o n  of a l l  rubbe r   p roduc t s  w i t h  
t h e  excep t ion  of t ires h a s  been d i scon t inued .   Cur ren t   p roduc t ion   l eve l s  
are 10,400 passenger  tires per  day  and 4 , 4 0 0  t r u c k  t i res  per   day.   Total  
raw mater ia l   consumption i s  210,160 ki lograms (462,900 pounds)  per  day. 

P r o d u c t i o n   f a c i l i t i e s   a r e   l o c a t e d   i n  three b u i l d i n g s .  The B a n b u y s  and . /  

mills of t h e  compounding ope ra t ion   and  t h e  p r e s s e s  of t h e  molding  and 
c u r i n g   o p e r a t i o n s   a r e   l o c a t e d   i n   s e p a r a t e   b u i l d i n g s  (Banbury  and Press - 
B u i l d i n g s ) .  The mills, e x t r u d e r s ,   c a l e n d a r s ,  etc. of t h e  t r e a d  and  bead 
format ion  l i n e s  and of t h e  f a b r i c - c o a t i n g   o p e r a t i o n s  a r e  a l l  located i n  
a la rue   bu i ld ing   (Rubber  Mill Bui ld ing)  located between t h e  compounding 
and   cu r ing   bu i ld ings .  The b u i l d i n g s  are i n t e r c o n n e c t e d  so as  t o  

82 



approximate a con t inuous   p roduc t ion   l i ne .  Fabric i s  shipped t o  t h i s  
p l a n t   p r e t r e a t e d ,  and  no add i t iona l   d ipp ing   ope ra t ions   a r e   p re fo rmed .  

The p l a n t  has t w o  s e p a r a t e   s o u r c e s   o f  raw water supply: w e l l  water and 
mun ic ipa l ly   supp l i ed   wa te r .  The w e l l  water i s  used   p r imar i lyb fo r  
c o o l i n g  tower makeup,  and t h e  m u n i c i p a l   ( c i t y )  water i s  used as boiler 
makeup, a f t e r   t r e a t m e n t .  The c i t y  water i s  a l s o   u s e d   i n  makiqg t h e  
soapstone  and other  s o l u t i o n s   u s e d   i n  t i re  manufacture. 

- The p r i n c i p a l   p r o c e s s   w a s t e   w a t e r s   i n c l u d e  water and sceam i e a k a g e s ,  
steam cleaning ,   and  w e t  a i r -pol lu t ion   equipment -   d i scharges .   Water  
leakages   a r i se   f rom  water -cooled   machinery ,   such  as mills, Banburys, 
t r e a d   e x t r u d e r s ,   a n d   t r e a d   c o o l i n g   t a n k s .   I n   a d d i t i o n ,  water can   escape  
from t h e  h y d r a u l i c  water s y s t e m   u s e d   i n   t h e  Banbury  and p r e s s   a r e a s .  
Water and   s t eam  l eakages   occu r   i n   t he   p re s s   bu i ld ing   due  t o  b roken   s ea l s  
and   f a i l i ng   b l adde r   bags .  These waste water s t r e a m s   a r e   h e a v i l y   l a d e n  f., 

wi th  o i l  picked up  from the seals and   f rom  f loor  areas and  basins .  
Machinery p a r t s   s u c h   a s   g e a r s   a n d   b e a r i n g s  are c leaned   wi th  steam, and 
t h e  r e s u l t i n g   w a s t e s   c o n t a i n s   b o t h  o i l  and  suspended  sol ids .   Grinding 
o p e r a t i o n s   w i t h i n  t h e  p l a n t   a r e   e q u i p p e d   w i t h  w e t  p a r t i c u l a t e  
collectors. E f f l u e n t s  from t h e s e  collectors a r e  small i n  volume b u t  
c o n t a i n  a h igh   concent ra t ion   o f   heavy   rubber  a s  suspended   pa r t i cu le s .  
Zinc  and  chromium a r e   u s e d   a s   c o r r o s i o n   i n h i b i t o r s   a n d  w i l l  t h e r e f o r e  be 
p r e s e n t   i n  t h e  collector d i scha rge .  

Leakages, both steam and water, are collected i n  t w o  sumps,  one  located 
i n  t h e  p r e s s   b u i l d i n g   a n d  t h e  o t h e r   i n  t h e  rubbe r  mill building.   These 
sumps s e p a r a t e  t h e  o i l ,  and  the  r e s u l t i n g   u n d e r f l o w  is  r e l e a s e d  t o  a 
s a n i t a r y  sewer. S a n i t a r y  sewers w i t h i n  t h e  p l a n t  a re  connected co t h e  
m u n i c i p a l   s a n i t a r y  sewer sys tem  and   eventua l ly  t o  t h e  municipal  waste- 
w a t e r   t r e a t m e n t   p l a n t .  O i l  from t h e  sump i s  removed p e r i o d i c a l l y  by 
maintenance  personnel.  

Steam  cleaning  of   machinery  par ts  is carried o u t   i n  a non-congested  out-  
door a r e a  of the p l an t .   Curb ing   and   conc re t e   f l oo r ing  are used t o  
direct t h e  waste waters i n t o  three small b a s i n s   c o n n e c t e d   i n  series. 
The a r e a  is s u p p l i e d  w i t h  a roo f  t o  p reven t  storm water f rom  d i lu t ing  
t h e  wash water and u p s e t t i n g   t h e   s e t t l i n g   o p e r a t i o n .  Storm runoff  from 
t h i s  a r e a  i s  d i r e c t e d   i n t o   t h e  storm-water c a t c h   b a s i n s .  These c a t c h  
b a s i n s  act as  g r a v i t y   s e p a r a t o r s ,   a l l o w i n g  t h e  separable   suspended 
solids t o  s e t t l e  out   and  o i l  t o  f l o a t  t o  t h e  s u r f a c e .  The e f f luen t   f rom 
t h e  b a s i n   d i s c h a r g e s   i n t o   t h e   s a n i t a r y  sewer,. Solids and o i l  are  
removed  from these bas ins  p e r i o d i c a l l y .  

The e f f l u e n t  from t h e  w e t  p a r t i c u l a t e  collectors f l o w s   i n t o  a set  of 
s i m i l a r   s e t t l i n g   b a s i n s ,   w h e r e  most o f   t h e   s o l i d s  are s e t t l e d   o u t .  The 
e f f l u e n t   t h e n   d i s c h a r g e s   i n t o  t h e  s a n i t a r y  sewer. These b a s i n s   a r e  
equipped w i t h  automatic   sol ids-removal   equipment .  

.* 
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A l l  s o l i d s   a n d  o i l  removed from t h e  v a r i o u s   t r e a t m e n t   f a c i l i t i e s  are  
con ta ine r i zed   and  disposed  of  by  c o n t r a c t   h a u l e r   t o  a l a n d f i l l .  

The p r inc ipa l   nonprocess  waste waters are boiler and   cool ing  tower blow- 
downs,  and water t r e a t m e n t  wastes. I n   a l l  cases, d i s s o l v e d   s o l i d s  a r e  
p r e s e n t  i n  t h e  waste water, g e n e r a l l y  a t  h i g h   c o n c e n t r a t i o n s .  Boiler 
blowdowns and   wa te r   t r ea tmen t  wastes a l so  c o n t a i n   h i g h   c o n c e n t r a t i o n s  of 
suspended solids. The water makeup f o r   t h e   c o o l i n g  tower which s u p p l i e s  
coo l ing  water t o  t h e  p r e s s   b u i l d i n g  is treated w i t h  a c o r r o s i o n  
i n h i b i t o r   c o n t a i n i n g  chromium  and z inc ,   and  these metals are  p r e s e n t  i n  .) 
t h e  blowdowns. 

A t  t h i s  p l a n t ,  there is nc   end-o f -p ipe   t r ea tmen t   f ac i l i t y .  A l l  contam- 
ina ted   p rocess   and   nonprocess  waste waters ( w i t h  the excep t ion  of t h e  
main c o o l i n g  tower) a r e   d i s c h a r g e d  t o  a m u n i c i p a l   t r e a t m e n t   f a c i l i t y .  : 

! 

P l a n t  F 
”- 

T h i s   p r o d u c t i o n   f a c i l i t y ,  b u i l t  i n  1928, is l o c a t e d   i n  a minor  urban 
area, on a l a r g e  (more t h a n  280 hectacres (700 acres))  p l o t  of ground, 
of which t h e  a c t u a l   p r o d u c t i o n   f a c i l i t y   o c c u p i e s   o n l y  a smal l  
p ropor t ion .  

P r o d u c t i o n   l i n e s   i n c l u d e   p a s s e n g e r  tires, t r u c k  tires, i n n e r   t u b e s ,  
f l a p s ,   b l a d d e r s ,   a n d  camelback. The p l a n t ,  as  c u r r e n t l y   d e s i g n e d ,  is. 
d i v i d e d  up i n t o   s e p a r a t e   p r o d u c t   u n i t   b u i l d i n g s   f o r  each end  product.  
D a i l y   p r o d u c t i o n   r a t e s  are c u r r e n t l y   r u n n i n g  a t  40,000 passenger.  and 
t r u c k  tires, 36 ,000  i n n e r   t u b e s ,  13,000 b l a d d e r s  and f laps ,  and 27,000 
ki lograms (60,000 pounds) of camelback.  Daily raw material consumption 
is 681,000 k i lograms (1 .5  mill ion  pounds)  . This  p l a n t   u t i l i z e s   r i v e r  
wa te r   fo r   p roduc t ion   and  u t i l i t y  p u r p o s e s   a n d   c i t y  water for  domestic 
purposes.  

The p r i n c i p a l   p r o c e s s  waste waters from t h i s   p l a n t   i n c l u d e :  water and 
s team  leakaqes  and  overf lows,   runoff   f rom  process   oi l -s torage  areas ,  
soaps tone   so lu t ion   sp i l l ages ,   and  wash downs and  runoff   f rom  process  o r  
s t o r a g e   a r e a s .  

Water   leakages  occur  a t  va r ious   wa te r - co l l ed   mach ine ry   un i t s ,   i nc lud ing  
mills, Banburys, t read ex t rude r s ,   and   t r ead   coo l ing   t anks .   In   add i t ion ,  
water c a n   e s c a p e  from the h y d r a u l i c  water s y s t e m   u s e d   i n   t h e  Banbury  and 
p r e s s   a r e a s .  Water  and steam l e a k a g e s   o c c u r   i n .   t h e  gress area due to 
broken seals, f a i l i ng   b l adde r   bags ,   and   ove r f lows  from the c o l l e c t i o n  
pumps. O i l  and s o l i d  matter which have collected on the f l o o r  a re  , 

scavenged  by these v a r i o u s  water streams and are  carried u n t r e a t e d  t o  
t h e  drainage  system. O i l  o n  the f l o o r   s p a c e s  i s  l u b r i c a t i n g  o i l  which 
has   d r ipped  or leaked from o i l  seals on mills, FUPS, and l i k e  
equipment,   from  open  gears,   from  gear  boxes  and  from t h e  h y d r a u l i c   w a t e r  
system. O i l  and so l id  m a t e r i a l s   r e s u l t  from leakages  a t  t h e  Banbury 
dus t   and  o i l  r i n g s .  
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The p r i n c i p a l   p r o c e s s   w a s t e  waters are from water and steam leakages  
from  presses  and mills, These   l eakages   occur  a t  t h e  o i l  seals of mills, 
a t  t h e  hydraul ic   water   sys tem,   and  a t  t h e  cu r ing   p re s ses .  The l eakages  
scavenge oil a n d   s o l i d s   s p i l l e d   i n   p r e s s   a n d  mill bas ins   due  t o  open 
b e a r i n g s   a n d   l u b r i c a t i o n  of machinery  par ts .  0 

The p r i n c i p a l   n o n p r o c e s s   w a s t e  waters a r e   t h e   o v e r f l o w s   a n d  blowdowns 
f r o m   v a r i o u s   r e c i r c u l a t i n g  water systems,  t h e  once-through  cool ing 
water, b o i l e r  blowdown, and water t r ea tmen t  wastes. Contaminants   in  
these waste  waters inc lude   suspended   and   d i s so lved   so l id s ;  these was te  
wa te r s  also r e q u i r e  pH adjus tment .  

Whenever p o s s i b l e ,   o i l  t h a t  l e a k s  or s p i l l s   o n t o   t h e  floors o r   b a s i n  
a r e a s  i s  c o l l e c t e d .   T h i s  o i l  e i t h e r  is drummed a n d   s e n t  t o  a s a n i t a r y  
l a n d f i l l  o r  i s  f i l t e red  and   r eused .   P l an t   eng inee r s  are c u r r e n t l y  
e x a m i n i n g   t h e   f e a s i b i l i t y  of us ing  t h i s  o i l  as a f u e l   a d m i x t u r e  i n  t h e  
b o i l e r s .  With t h e  o i l  on t h e   f l o o r   k e p t  a t  a minimum, less can be ' 
scavenged  by water or s team  contact .   There is however, no t r ea tmen t  a t  
t h i s   p l a n t   f o r  t h e  o i l y  wastewaters t h a t   d o   o c c u r ;   t h e y  would be 
d i scha rged   w i th   e i the r   once - th rough   coo l ing  water or the u t i l i t y  waste 
waters  . 
There i s  no  end-of-pipe  t reatment  for the   once- through  (non-contac t )  
c o o l i n g   w a t e r ;   e x c e p t   f o r  o.il Ficked  up  due t o  l e a k a g e s   a n d   s p i l l s  t h i s  
water  i s  uncontaminated,  and  discharges  back t o  t h e   r i v e r .   D i s c h a r g e s  
from t h e  o t h e r   u t i l i t y   s y s t e m s ,   s u c h  a s  b o i l e r  blowdown, cool ing   tower  
blowdown, and   water   t rea tment  wastes are d i r e c t e d  t o  a n   e f f l u e n t   b a s i n ,  
where s e t t l e a b l e   s o l i d s  are removed. The s u r f a c e   l o a d i n g  i s  6 0 0  
L/day/sq rn ( 1 5   g a l / d a y / s q   f t )   a n d   t h e  theoretical d e t e n t i o n  time is 2 4  
hours.  There i s  no   p rov i s ion   fo r   con t inuous   r emova l  of s o l i d s  or oil. 
Discharges  f rom the e f f l u e n t   b a s i n  are d i r e c t e d   v i a  a s a n i t a r y  sewer 
system t o  a mun ic ipa l ly   ope ra t ed   t r ea tmen t   p l an t .  

""" 
P l a n t  I 

T h i s  p l a n t ,   b u i l t   i n  t h e  l a t e  19 th   cen tu ry ,  i s  now i n v o l v e d   i n  the manu- 
f a c t u r e  of i n n e r  tubes, v a l v e s ,   f l a p s ,   a n d   s i m i l a r  items a s s o c i a t e d  w i t h  
automobile  t i r e  a p p l i c a t i o n s .  Raw mater ia l   consumpt ion  is approximately 
75,000 ki lograms  (165,000  lbs)   per   day.   This   amounts  t o  an   equ iva len t  
of  over 50,000 i n n e r   t u b e s  per day. 

The p r o d u c t i o n   f a c i l i t i e s   o c c u p y  a m u l t i - s t o r y   b u i l d i n g   i n   t h e  downtown 
a r e a  of a major c i t y .  There has   been  no  expansion a t  t h i s  p l a n t   f o r  t h e  
l a s t  f i f t y   y e a r s ,   B e c a u s e  of t h e  e x t r e m e l y   t i g h t   l a n d   s i t u a r i o n   a n d  
because of t h e  r e l a t i v e l y   s t a b l e   t i r e - t u b e  market, no  expansion i s  '* 
p lanned   i n  t h e  f o r e s e e a b l e   f u t u r e .  

A l l  t h e  raw w a t e r   u s e d   i n  t h i s  f a c i l i t y  is provided  by the c i t y .  
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P r i n c i p a l   p r o c e s s  waste w a t e r s   a r e  water and  steam  leakages,   and t h e  
washdown of d u s t y   a r e a s   w i t h i n  t h e  p l a n t .  These streams become 
contaminated w i t h  o i l  and d u s t  t h a t  is scavenged from floor and 
machinery areas. These waste waters streams f l o w   i n t o  a sewer and are 
combined wi th  nonprocess  waste waters be fo re   d i scha rge   f rom the p lan t .  
Nonprocess   waste   waters   include  once-through  cool ing  water ,   cool ing 
tower and boi le r  blowdowns,  and water treatment  wastes.   Suspended 
s o l i d s  w i l l  be p r e s e n t   i n   s u b s t a n t i a l   q u a n t i t i e s  i n  the blowdowns and 
water t r ea tmen t   was t e s .  

The c i t y  sewers are  combined sewers; consequent ly ,   domest ic ,   process ,  
and  nonprocess waste waters a re  mixed  and t reated i n  t h e  municipal  waste 
water t r e a t m e n t   f a c i l i t y .  

The h o u s e k e e p i n g   p r a c t i c e s   i n   t h e   p l a n t  are un ique .   Sp l i i ages  of soap 
and   soaps tone   so lu t ions  do occur ,   bu t  t h e  q u a n t i t i e s  a re  so s l i g h t  t h a t  i 
t h e y   t e n d  t o  e v a p o r a t e  on t h e  s p o t ;   s o a p s t o n e   s o l u t i o n  is n e i z h e r  dumped 
n o r   r e c i r c u l a t e d .   I n   p r o c e s s i n g  areas, w a t e r  i s  n o t   u s e d   f o r  washdown. 
Dust is such a problem  (due t o  t h y   u s e  of s o a p s t o n e   i n  d r y  fo rm)   t ha t  
any  a t tempt  t o  use   wa te r  for washdown mere ly   compl ica tes  the problem. 

There' were no  waste water t r e a t m e n t   f a c i l i t i e s   o p e r a t i n g  a t  the p l a n t   a t  
the time of t h e  v i s i t .  The upgrading of a i r  q u a l i t y   w i t h i n  the p l a n t  
has comple te ly   occupied  t h e  . a t t e n t i o n  of t h e  e n g i n e e r i n g   s t a f f ,   t h u s  
r e l ega t ing   conce rn  f o r  w a t e r   e f f l u e n t   q u a l i t y  t o  a secondary   pos i t ion .  . 

Synthe t ic   Rubber   P lan ts  

"" 
P l a n t  J 

Emulsion  s tyrene-butadiene (SBR) a n d   a c r y l o n i t r i l e - l u t a d i n e e  (NBR) 
s y n t h e t i c   r u b b e r s   a r e   p r o d u c e d  a t  t h i s   p l a n t .  The annual   product ion 
c a p a c i t y  i s  390,000 kkg (430,000 t o n s )  of SBR and  approximately 10 ,000  
kkg (11,000 tons )   o f  NBR. The p l a n t  i s  located i n   a n   i n d u s t r i a l   a r e a  
w i t h   l a n d   a v a i l a b l e   f o r   e x p a n s i o n .  

Both SBR and.NBR are produced by emuls ion   po lymer iza t ion   processes .  The 
monomers a re   sh ipped   i n to   t he   complex   f rom  ad jacen t   p l an t s .  The SBR 
crumb is produced i n  non-extended,  Oil-e~tended,  and  carbon-black- 
extended forms, whi le  t h e  NBR is produced i n  non-extended  form  only. 
The crumb  rubber i s  u s e d   p r i n c i p a l l y  a s  t i r e  rubber.  There are s i x t e e n  
c o a g u l a t i o n   a n d   f i n i s h i n g   l i n e s   i n  t h e  p l a n t .  

The p l a n t ' s   i n t a k e  water comes from t w o  sources .   River   water  i s  used 
for c o o l i n g  tower makeup,  crumb rubber   washing-s lur ry ing ,   and   a rea  
washdown. P l a n t  well water i s  sof tened   and   then   used  for s o l u t i o n  . 
prepa ra t ion .  The p l a n t   d o e s   n o t   h a v e  i t s  own s team  genera t ing   p lan t   and  
purchases  steam from an  a d j a c e n t   f a c i l i t y .  
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The main p r o c e s s  waste waters are gene ra t ed  a t  monomer recovery,  crumb 
coagula t ion ,   and   rubber   washing   opera t ions ,   Decant  water L r o m  the  
monomer decant   sys tem is r e c y c l e d   i n   p a r t  t o  t h e  crumb s l u r r y i n g  
ope ra t ion .  The r e m a i n d e r ,   c o n t a i n i n g   s t y r e n e   a n d   a c r y l o n i t r i l e ,  i s  
d i scha rged  t o  t h e   p r o c e s s  sewer system  and h a s  a s i g n i f i c a n t  COD. The 
c o a g u l a t i o n   l i q u o r   o v e r f l o w  i s  a b r i n e - s u l f u r i c   a c i d  mixture, wi th  a low 
pH, h igh  t o t a l  d i s so lved   so l id s ,   and  moderate COD. The crumb s l u r r y  
o v e r f l o w   c o n t a i n s  COD, crumb r u b b e r   p a r t i c l e s  a s  suspended solids, and 
o i l  (when o i l -ex tended   forms  are produced) .  The c rumb- laden   s lur ry  
ove r f low  and   t he   ove r f low of c o a g u l a t i o n   l i q u o r  pass t h r o u g h  crumb 
s e t t l i n g   p i t s  where t h e  crumb s e p a r a t e s  and i s  removed p e r i o d i c a l l y  by a 
scoop.  The  cleaning of t h e  crumb p i t s   r e s u l t s   i n  a temporary  upset   as 
t h e  sett led crumb is d i s tu rbed   and   r e - suspended .   Th i s   r e su l t s   i n   poor  
e f f l u e n t   q u a l i t y   f r o m   t h e   p i t s   f o r  a s h o r t   p e r i o d .  

The c leanup  was tes   f rom t h e  l a t e x  vacuum and steam s t r i p p i n g   u n i t s   a r e  
a n o t h e r   p r o c e s s  waste water source .  T h i s  waste water is 
c h a r a c t e r i s t i c a l l y   h i g h   i n  COD and   suspended   so l id s ,   and   con ta ins  
uncoagu la t ed   l a t ex .  The u n i t s  are c l e a n e d   p e r i o d i c a l l y   a n a  la rge  
volumes of water are u s e d   i n   t h i s   o p e r a t i o n .  The r e s u l t i n g   w a s t e  waters 
a r e   p a s s e d   t h r o u g h   s e t t l i n g  sumps, where r u b b e r   s o l i d s  settle ou t .  

! 
! 
\ 

The carbon b l a c k   s t o r a g e  f ac i l i t i e s ,  c o n s i s t i n g  of railroad unloading 
equipment, a s to rage   hoppe r ,   and   s lu r ry ing   equ ipmen t ,   gene ra t e s  a waste- 
water  which i s  l aden  w i t h  f i n e   c a r b o n   b l a c k   p a r t i c l e s .  Th i s  waste water 
i s  t h e  r e s u l t  of t h e  washdown and   c leanup of ca rbon   D lack   sp i l l s   and  
a i r -bo rne   f a l lou t .   These  waste waters pass   t h rough  two s e t t l i n g   p i t s ,  
which  o p e r a t e   i n   p a r a l l e l .  When one p i t  i s  f u l l  of carbon black waste- 
wa te r ,   t he   was t e   wa te r  i s  allowed t o  settle and the second p i t  is 
f i l led.  The s e t t l i n g  p i t s  a c h i e v e   s a t i s f a c t o r y   c l a r i f i c a t i o n  of the  
waste water . 
The u t i l i t y   w a s t e   w a t e r s   c o n s i s t  of c o o l i n g  tower blowdown and water 
softener r e g e n e r a t i o n  wastes. (There i s  no boiler blowdown, s i n c e   t h e  
p l a n t ' s   s t e a m  i s  purchased.)  One c o o l i n g  tower has  a very  low blowdown ,, 
r a t e ,   s i n c e  a h i g h   p r o p o r t i o n  of t h e  tower's makeup i s  steam condensate .  
The o t h e r   c o o l i n g  tower h a s  a normal blowdown rate and   gene ra t e s   was t e  
w a t e r   c o n t a i n i n g  chromium, zinc,   and  othe/heavy metal i o n s ,  

The p l a n t ' s  e f f l u e n t  t r e a t m e n t   s y s t e m   c o n s i s t s  of chemical c o a g u l a t i o n  
and   p r imary   s e t t l i ng ,   fo l lowed  ky an aera t ion   lagoon  and  a s e t t l i n g  
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lagoon. The p r i m a r y   s e t t l i n g   f a c i l i t y   a n d  t h e  s ludge   hand l ing  s y s t e m  
a r e  shown i n   F i g u r e  7 .  I n  t h e  chemical coagu la t ion   p rocess ,  the pH of 
t h e   i n f l u e n t   w a s t e  water i s  first a d j u s t e d   u s i n g   s u l f u r i c  acid and 
caus t i c   soda .   Cogu la t ion  chemicals ( a lum  and   po lye lec t ro ly t e )   a r e  
added,   together   with  c lay.  The la tex   and   f ine   suspended   so l ipds  
coagula te   a round t h e  c l a y ,   w h i c h   c a u s e s   t h e   c o a g u l a t e d   s o l i d s   i n  t h e  
p r i m a r y   c l a r i f i e r  t o  s i n k .  The s o l i d s  from t h e  primary c lar i f ier ,  a r e  
t h i c k e n e d   a n d   p r e s s u r e   f i l t e r e d ,   u s i n g  a lime s l u r r y   a n d   f i l t e r   a i d .  
The f i l t e r   c a k e  i s  hau led  away by t r u c k  t o  a l a n d f i l l .  The t h i c k e n e r  
supe rna tan t  i s  r e t u r n e d  t o  t h e  head  end of the p l a n t ,   a n d   t h e   f i l t r a t e  
is d i scha rged  to t h e   a e r a t i o n   l a g o o n .  The p l a n t   e f f l u e n t   q u a l i t y  i s  
good: 

COD 
BO D 
ss 

325 mg/L 
25  mg/L 
30 mg/L 

The h i g h   r e s i d u a l  COD c o n c e n t r a t i o n  i s  t y p i c a l  of t h e  h i g h   b i o l o g i c a l  
r e s i s t a n c e  of t h e  waste water comFonents.  The p l a n t   c u r r e n t l y  is 
c o n d u c t i n g   p i l o t   s t u d i e s  t o  i n v e s t i g a t e   t h e   f e a s i b i l i t y  of u s i n g  
a c t i v a t e d   c a r b o n  t o  r e d u c e   t h e   r e s i d u a l  COD. The r e s u l t s  t o  d a t e  
i n d i c d t e   t h a t  a f i n a l   e f f l u e n t  COD of 130 mgfi  could be reached, b u t   t h e  
company conc luded   t ha t  t h e  costs t o  implement this system  would be 
p r o h i b i t i v e .  

P l a n t  K 
”” 

The p lan t   complex   cons i s t s   o f   emul s ion   and   so lu t ion   s t ryene -bu tad iene  
rubber  (SBR) p r o d u c t i o n   f a c i l i t i e s .  The  annual   product i ,on  capaci ty  of 
emulsion SBR i s  2,000,000 kkg (2,200,000 t o n s )   a n d  of s o l u t i o n  SBR i s  
130,000 kkg (144,000 t o n s ) .  The complex is l o c a t e d   i n   a n   i n d u s t r i a l  
area w i t h  v i r t u a l l y   n o   l a n d   a v a i l a b l e   f o r   f u r t h e r   e x p a n s i o n .  

The emulsion crumb rubber  is produced i n  non-extended,  oil-extended,  and 
carbon-black-extended  forms.  The  emulsion rubber p r o c e s s i n g   p l a n t  is 
ar ranged  i n t o  e s s e n t i a l l y  t w o  p a r a l l e l   o p e r a t i o n s ;  each opera t ion   con-  
sists of a s o l u t i o n   p r e p a r a t i o n   b u i l d i n g ,  a polymer iza t ion  area, a coag- 
u l a t i o n   a n d .   f i n i s h i n g   b u i l d i n g ,   a n d  a monomer re,covery  complex. The 
s o l u t i o n  crumb  rubber i s  produced a lso i n  non-extended,  oil-extended  and 
carbon-black  forms. The s o l u t i o n   r u b b e r   p r o c e s s i n g   f a c i l i t i e s  are simi- 
l a r l y   d i v i d e d   i n t o  t w o  p a r a l l e l   u n i t s ;   e a c h   u n i t   c o n s i s t s  of a polymer- 
i z a t i o n   a r e a ,  a crumb s l u r r y i n g   a n d   f i n i s h i n g   b u i l d i n g ,   a n d  a s o l v e n t  
and monomer r ecove ry  complex. The s o l v e n t   u s e d   i s ’ h e x a n e .  

, 
The p lan t   wa te r   supp ly  is f rom  on - s i t e  wells. The boiler f e e d  water i s  
s u b j e c t e d  t o  hot lime so f t en ing   and   no rma l   bo i l e r   f eed   t r ea tmen t  chemi- 
c a l s .  The c o o l i n g  tower ma-keup i s  t r e a t e d   w i t h   c o r r o s i o n   i n h i b i t o r s ,  
a n t i - s e a l i n g   a g e n t s ,   a n d  slimicides. The p rocess  water u s e d   i n   e m u l s i o n  
rubber   p roduct ion  i s  z e o l i t e   s o f t e n e d .   U n t r e a t e d  well water i s  used for  
s l u r r y i n g ,   r i n s i n g ,   a n d  washdcwn. 
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Tho p r inc ipa l   emul s ion   p rocess   was t e  waters a r e   t h e   c o a g u l a t i o n   l i q u o r  
overf low,  t h e  crumb r inse   ove r f low,   and  t h e  monomer recovery  s t reams.  
The c o a g u l a t i o n   l i q u o r  i s  a s u l f u r i c   a c i d - b r i n e   m i x t u r e  with a low pH, 
h i g h   t o t a l   d i s s o l v e d   s o l i d s ,  and  moderate COD. The crumb r i n s e   o v e r f l o w  
c o n t a i n s   f l o a t a b l e  crumb rubber  as s u s p e n d e d   s o l i d s .   I n   a d d i t i o n ,  t h e o  
s l u r r y   o v e r f l o w s   h a v e   h i g h   t o t a l   d i s s o l v e d  solids and moderate COD. 

The c o a g u l a t i o n   l i q u o r   a n d  crumb s l u r r y  overflow pass t h r o u g h   s e t t l i n g  
p i t s ,  where  t h e  r u b b e r   s o l i d s   s e p a r a t e .  Under  normal  operation, t h e  
s e p a r a t o r   p i t s  work well, b u t   t h e y  are  no t   c l eaned   f r equen t ly   enouqh ,  
and   shor t -c i rcu i t ing   occurs .   Fur thermore ,   dur ing  the c l e a n o u t   o p e r a t i o n  
the p i t  i s  d i s t rubed ,   and  t h e  once - sepa ra t ed   rubbe r   e scapes   i n to  t-he 
e f f l u e n t .  Some p i t s   c o n t a i n   a n  o i l  l ayer  b e c a u s e   b a l e r   h y d r a u l i c   f l u i d  
o r  ex tender  oil l e a k s  onto t h e  f l o o r  and is washed down i n t o  t h e  
s e t t l i n g   p i t .  

The was te   waters  from t h e  monomer recovery  area are cha racce r i zed  by 
high  COD and  suspended sol ids .  These waste w a t e r s   o r i g i n a t e  a t  monomer 
decan t   sys t ems   and   c l eanup   ope ra t ions ,   and   con ta in   uncoayu la t ed   l a t ex .  
The wastewaters  from t h e  p e r i o d i c   c l e a n i n g   o f   t h e  monomer recovery  
s t r i p p i n g   c o l u m n s   c o n t a i n   h i g h   c o n c e n t r a t i o n s  of COD and of l a t e x  artd 
r u b b e r   s o l i d s .  These waters p a s s   t h r o u g h   s e t t l i n g  sumps t o  separa+e  the 
rubbe r   so l id s   and  t h e  f l o a t i n g  o i l s .  These p i t s   a r e  a l so  c leaned  o u t  
p e r i o d i c a l l y .  

The c a u s t i c   s c x u b   s o l u t i o n  i s  d i scha rged  t o  t h e  f i n a l   e f f l u e n t  when it 
becomes s a t u r a t e d  w i t h  i n h i b i t o r .  T h i s  waste wa te r  i s  of very l o w  flow 
( l o s s  t han  1 gpm), bu t   has   h igh  COD, pH, a l k a l i n i t y  and  color .  When t h e  
l a t e x   s t o r a g e   a n d  t h e  b l e n d   t a n k s  are c l eaned ,  the  l a t ex - l aden  r i n s e  
water  can be used  for l a t e x   b l e n d i n g  i f  i t s  solids c o n t e n t  1 s  g r e a t e r  
t h a n  2 p9rcent .   Tankage   r inse   waters  w i t h  rubber so l ids  l e v e l s  of less 
t h a n  2 p e r c e n t   a r e   d i s c h a r g e d  t o  t h e   p l a n t   e f f l u e n t .  The major 
contaminant i n  t h i s  water  i s  uncoagula ted   l a tex .  

The carbon black s l u r r y i n g   a r e a  i s  equipped w i t h  a s e t t l i n g   p i c  which  
r e c e i v e s   s p i l l a g e s  and washdown waste waters .  The carbcn  black sc t t les  
out ,   and t h e  was te  water o v e r f l o w s   a t  a v e r y  l o w  flow ra te  i n t o  t h e  
f i n a l   e f f l u e n t .  The s e t t l i n g   p i t  is c l e a n e d   o u t   p e r i o d i c a l l y  w i t h  a 
vacuum t r u c k .  

The s o l u t i o n   r u b b e r   p r o c e s s  waste waters are  v e r y   s i m i l a r   t o   t h o s e  of 
o ther  s o l u t i o n  rubber  p r o d u c t i o n   f a c i l i t i e s .  The p r i n c i p a l   s t r e a m s  
o r i g i n a t e   a t  t h e  crumb s lu r ry ing   oFe ra t ion   and  the solvent-monomer 
recovery   a reas .  The crumb s lur ry   over f low  has   modera te  COD, suspended 
sol ids ,  and t o t a l   d i s s o l v e d  solids.  It  passes   t h rough  a s e t t l i n g  sump, 
whEre suspended so l id s  a r e  removed. The was te   wa te r s  from t h e  s o l v e n t  
and monomer r e c o v e r y   a r e a s   a r e   s t r i p p e d   c o n d e n s a t e s  and decan t s ,   and   a r e  
c h a r a c t e r i z e d  by moderate  amounts of COD and f l o a t i n g  oils. 
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The u t i l i t y   w a s t e   w a t e r s   a r e  boiler and  cool ing tower blowdown ana  water  
t r ea tmen t  wastes. The b o i l e r  blowdown h a s   h i g h   t o t a l   d i s s o l v e d  sol ids  
and a h igh  pH. The c o o l i n g  tower blowduwn c o n t a i n s   h i g h  t o t a l  d i s s o l v e d  
so l ids  and moderate l e v e l s  of chromium and   z inc  from chemical 
i n h i b i t o r s .  The s p e n t  lime s l u r r y  from t h e   h o t  lime water t r e a t m e h t  
sys t em  exh ib i t s  a h igh  pH and   suspended   so l id s   l eve l .  The lime s l u r r y  
se t t les  o u t   i n  t h e  p l a n t   d r a i n   a n d  must be mechanical ly  removed a t  
p e r i o d i c   i n t e r v a l s .  The w a s t e  from t h e  z e o l i t e   s o f t e n e r   r e g e n e r a t i o n  i s  
a c o n c e n t r a t e d   b r i n e   s o l u t i o r ;   w i t h   h i g h  t o t a l  d i s s o l v e d  sol ids .  

The waste  water t r e a t m e n t   s y s t e m   c o n s i s t s  .of a i r  f l o t a t i o n   c l a r i f i c a t i o n  
and b i o l o g i c a l   t r e a t m e n t   ( r e f e r  t o  F i g u r e  8) . The waste water first 
passes   th rough a mechanica l   bar   sc reen  which removes  large rubber 
so l id s ,   and  i s  n e u t r a l i z e d  t o  pH 7.0 and  dosed  with  coagulant   and 
f l o c c u l a n t   a i d s   i n  a rapid-mix  tank.  The waste water t h e n   p a s s e s  1 

through a f l o c c u l a t o r   t a n k   a n d   i n t o   t h e   p r i m a r y   c l a r i f i e r ,  whre a s l i p -  
s t r e a m   l a d e n   w i t h   a i r  i s  r e l e a s e d   n e a r   t h e   b o t t o m  of t h e  u n i t .  The 
r i n s i n g  a i r  bubles c a r r y   t h e   s u s p e n d e d   s o l i d s   a n d   o i l - t y p e   c o n t a m i n a n t s  
t o  t h e   s u r f a c e ,   w h e r e   t h e y  are skimmed o f f .  The c la r i f ied  E f f l u e n t  
flows in to   an   ae ra t ed   l agoon ,   equ iFped  with s i x  aerators,  where it is  
r e t a i r i e d   f o r  24 hours. 

9 
\ 

E f f l u e n t  from t h e  a e r a t e d   l a g o o n  i s  pumped t o  t h e   s e c c n d a r y   a i r   f l o t a -  
t i o n   c l a r i f i e r ,  where biological so l id s  a r e  removed. O p e r a t i o n s   i n c l u d e  
r a p i d  m i x   o f   c o a g u l a t i o n   c h e m i c a l s ,   f l o c c u l a t i o n ,   a n d   c l a r i f i c a t i o n .  
The pr imary   and   secondary   s ludges   a re  pumped t o  an   on - s i t e   s luage   l agoon  
fo r  dewater ing   and   dry ing .   S tudies   a re   be ing   conducted  ‘to d i s p o s e  of 
this s ludge  by o f f - s i t e   l a n d f i l l  or v i a   i n c i n e r a t i o n .  The t r e a t m e n t  
p lan t   p roduces  a h i g h - q u a l i t y   e f f l u e n t .   P o l l u t i o n  parameters which a r e  
still p r e s e n t   a t   s u b s t a n t a i l   l e v e l s   a f t e r   t r e a t m e n t  are t o t a l   d i s s o l v e d  
so l ids  and COD. The  r e s i d u a l  COD u n d e r l i n e s  t h e  i n h e r e n t   b i o l o g i c a l  
r e s i s t i v i t y  of some o f   t h e  waste water c o n s t i t u t e n t s .  

””_ 
P l a n t  L 

T h i s  p l a n t  has SBR,  p o l y b u t a d i e n e ,   r e s i n ,   a n d   o i l - a d d i t i v e   p r o d u c t i o n  
f a c i l i t i e s .   I n   a d d i t i o n ,   t h e r e  is a rubber  compounding f a c i l i t y  which 
produces sheet rubbe r  as a cus tomer   s e rv i ce .  The’ annua l   p roduc t ion  
rates a re :  

Cold-emulsion SBR 120,000 metric t o n s  (133,000 t ons )  
Hot-emulsion SBR 3,700 metric t o n s  (4 ,100  t o n s )  
Solu t ion- type   po lybutadiene  52,000 metric t o n s  (58,000 t o n s )  
S o l u t i o n  SBR 10,000 metric t o n s  (1 1,000 t o n s )  

The p l a n t  i s  located i n  a - r u r a l  area w i t h  l a n d   a v a i l a b l e  fo r  expansion. 
Emulsion  rubber   product ion s ta r ted  i n  1943, s o l u t i o n   t y p e   p o l y b u t a d i e n e  
i n  1960, a n d   s o l u t i o n   t y p e  SBR i n  1963. 
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The cold-emulsion  type SER i s  produced  in   non-extended,   oi l -extended,  
and   ca rbn-b lack -ex tended  forms. It i s  u s e d   p r i m a r i l y   i n  t i r e  manu- 
f a c t u r e ,  T h i s  type  of   emulsion SBR is similar t o  t h a t   p r o a u c e d   a t  t h e  
other p l a n t s   d e s c r i b e d   i n  t h i s  s e c t i o n .  The p rocess   fo r   ho t - emul s ion  
SBR i s  a h igher - tempera ture   po lymer iza t ion   and  i s  non-extenaed; t h f s  
product  i s  u s e d   p r i m a r i l y   f o r  electrical  wire cover ing .  The s o l u t i o n  
t y p e   p o l y b u t a d i e n e  i s  produced as non-extended  and  oi l -extended  rubbers  
and i s  u s e d   p r i m a r i l y   i n  t i r e  manufac ture ;   to luene  i s  t h e  so lven t .  
S o l u t i o n  S B R  i s  non-extended   and   has   severa l   end   uses .  The bu tad iene  
used i n  t h s   p l a n t  i s  received by p i p e l i n e  from a n e i g b o r i n g   p l a n t ,   a n d  
the s t y r e n e  i s  s h i p p e d   i n  by   tank   t ruck ,  

- Tho p l a n t ' s   w a t e r   s u p p l y   c o n s i s t s  of well water. The p l a n t  does n o t  
have steam g e n e r a t i n g   f a c i l i t i e s   b u t   p u r c h a s e s   s t e a m  from an adjacent 
p l a n t ,  The well  wa te r  i s  t r e a t e d  w i t h  c o r r o s i o n   i n h i b i t o r s ,   s l i m i c i d e s ,  : 
and d i s p e r s a n t s   f o r   c o o l i n g  tower makeup and i s  s o f t e n e d  t o  provide  
process   water  for p r e p a r a t i o n  of the   emul s ion   rubbe r   so lu t ion ,  

The p rocess  waste wa te r s  from emuls ion   rubbe r   p roduc t ion   o r ig ina t e  
p r i n c i p a l l y   i n  two a r e a s :  crumb s l u r r y i n g   a n d  monomer recovery   oper -  
a t ions :  These  waste w a t e r s   a r e   t y p i c a l  of emulsion rubber producf ion  
facil i t ies.  The s l u r r y  overflow is passed  through a crumb p i t   t o  
s e p a r a t e  t h e  c rumb  rubber   f ines .  The monomer s t r i p p e r s  are c l eaned  
p e r i o d i c a l l y ,  The vacuum s t r ipp ing   ves se l s   and   s t eam  s t r ipp ing   co lumns  . 

a r e   f l o o d e d  w i t h  wash water, and t h e  r e s i d u a l   l a t e x   a n d   r u b b e r   s o l i d s  
a r e   d i s c h a r g e d  w i t h  t h e  wash water.  The  u n i t s  are  f i n a l l y   r i n s e d ,   p r o -  
ducinq more waste water  w i t h  add i t iona l   suspended  solids. 

Both of t h e  s o l u t i o n   t y p e   r u b b e r s  are  produced  by similar processes .  
The main p r o c e s s  waste waters a r e  t h e  crumb s lu r ry   ove r f low  and  t h e  
solvent-monomer  recovery wastes. The s l u r r y  overflow i s  passed.  through 
a p i t ,  where the crumb rubber is  s e p a r a t e d   a n d   p e r i o d i c a l l y  removed, As 
i s  t h e  c a s e  w i t h  all t h e  p l a n t s   v i s i t e d ,  the crumb p i t s  are  no t   c l eaned  
r e g u l a r l y ,   a n d   d u r i n g   c l e a n i n i n g  t h e  crumb is d i s t u r b e d   a n d   e s c a p e s  t h e  
p i t ,  The waste wa te r s  from t h e  solvent-monomer  recovery  area  are  
condensates  from monomer d e c a n t  s y s t e m s  a n d   s o l v e n t   d i s t i l l a t i o n  
condensates .  They a r e   c h a r a c t e r i s t i c a l l y   h i g h   i n  COD, BOD, and t o t a l  
d i s s o l v e d  solids.  i 

The p l a n t ' s   u t i l i t y   w a s t e   w a t e r s   a r e   c o o l i n g  tower blowdown a n d   z e o l i t e  
s o f t e n e r   r e g e n e r a t i o n   w a s t e s .  The blowduwn has h igh  chromium and  z inc  
c o n c e n t r a t i o n s ,  from t h e  c o r r o s i o n   i n h i b i t o r .  The s o f t e n e r   r e g e n e r a t i o n  
waste i s  a s t r o n g   b r i n e   s o l u t i o n   a n d  therefore has a h i g h   t o t a l  d i s -  
so lved  sol ids  c o n c e n t r a t i o n -  

- The p l a n t ' s   w a s t e   w a t e r   t r e a t m e n t   f a c i l i t i e s   c o n s i s t  of s e t t l i n g   p o n d s ,  
followed by aerated a n d .   s t a b i l i z a t i o n   l a g o o n s .  The p l a n t ' s   f i n a l  ef- 
f l u e n t  i s  t r e a t e d  w i t h  a lum  and   po lye lec t ro ly t e  t o  obtain  proper   coagu-  
l a t i o n  of l a t e x  so l id s  a n d   f i n e  rubber crumb p a r t i c l e s ,  
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The waste   water   f lows  through t w o  p a r a l l e l  sets of t w o  s e t t l i n g  ponds 
each,  where t h e  s e t t l e a b l e   s o l i d s   a n d  o i l s  sepa ra t e .  The waste water  
then   f lows   th rough t w o  f u r t h e r   s e t t l i n g  ponds i n   s e r i e s .  The t o t a l  
d e t e n t i o n  time i n   t h e   s i x   s e t t l i n g   p o n d s  i s  four  days.  Troublesome o i l  
i s  skimmed from t h e  ponds. The was te   wa te r   t hen   pas ses  t o  ’ a 
mechanica l ly   aera ted   l agoon,   which   provides   approximate ly   th ree   days  of 
de t en t ion .  The a e r a t e d   l a g o o n   e f f l u e n t  passes through two o x i d a t i o n  
ponds,  which s t a b i l i z e   t h e   w a s t e  waters and s e t t l e  t h e   b i o l o g i c a l  
s o l i d s .  The t o t a l   d e t e n t i o n  time i n  the   ox ida t ion   ponds  is 
approx ima te ly   t h i r t een   days .  

Al though  overa l l   t rea tment   Frovided  by t h e   f a c i l i t i e s  i s  good, . t h e  
e f f l u e n t   q u a l i t y  (BOD p a r t i c u l a r l y )   d o e s   n o t  meet t h e   S t a t e  
requirements .  I t  has   been   e s t ab l i shed  by a n a l y s e s   t h a t   t h e  
s t a b i l i z a t i o n   p o n d s   a r e   n o t   p r o d u c i n g   t h e   s o l u b l e  BOD r emova i s   t ha t  were +. 

l x p e c t e d ,   b u t  t h e  cause  of   the  Froblem  has   not  been determined.  There ’\ 
are  i n d i c a t i o n s   t h a t   t h e   e f f e c t i v e n e s s   o f   t h e  ponds is dependent   on  the 
wa te r   t empera tu re   ( and ,   t he re fo re ,   t he  time of t h e   y e a r )   b u t   t h i s  
hypo thes i s   has   ye t  to be  confirmed. 

”- 
P l a n t  M 

The t o t a l   p l a n t  complex   cons is t s  of a butad iene   p lan t   and  a 
po lybu tad iene   p roduc t ion   f ac i l i t y .  The   bu tad iene   p l an t   s t a r t ed  
p r o d u c t i o n   i n  1957 a n d   t h e   p o l y b u t a d i e n e   f a c i l i t y   i n  1961. The 
po lybu tad iene   p roduc t ion   f ac i l i t y ,   wh ich   u ses   bu tad iene  as c f e e d  
monomer, has  a c a p a c i t y  of 85 ,000  metric t o n s   p e r  year and i s  a d j a c e n t  
t o  t h e  b u t a d i e n e   f a c i l i t y .  The complex i s  located i n  a r u r a l   a r e a  w i t h  
good p o t e n t i a l   f o r   e x p a n s i o n   a n d   l a n d   a c q u i s i t i o n .  

The polybutadiene  i s  produced by d so lu t ion- type   po lymer iza t ion   process  
u s i n g   b u t a d i e n e   a s   t h e   f e e d  monomer and  hexane a s   t n e   s o l v e n t .  The 
crumb polybutadiene   rubber  i s  u s e d   p r i n c i p a l l y  a s  a t i r e  rubber .   In  
a d d i t i o n ,  a h i g h - g r a d e   v a r i e t y  i s  used   as  a n  i n g r e d i e n t  i n  t h e  
m a n u f a c t u r e   o f   i m p a c t - r e s i s t a n t   p l a s t i c .  The rubber  i s  n o t   o i l -  o r  
carbn-b lack-extended .  

The po lybu tad iene   p l an t   has   two   sou rces   fo r   wa te r   supp ly ,  w e l l  water and 
r i v e r  water. The well water is u s e d   p r i m a r i l y   f o r  boiler and   cool ing  
tower makeup, w h i l e   t h e   r i v e r  water ( a f t e r   c l a r i f i c a t i o n ,   f i l t r a t i o n ,  
and   sof ten ing)  i s  u s e d   i n   t h e  crumb s l u r r y i n g   o p e r a t i o n  and f o r   g e n e r a l  
p lan t   c leanup.  

The p r i n c i p a l   p r o c e s s  waste waters o r i g i n a t e  i n  the  solvent-monomers . 

r e c l a i m   a r e a   a n d   i n   t h e  crumb s l u r r y i n g   o p e r a t i o n .  The was te   waters  
produced i n   t h e   r e c l a i m   a r e a   o r i g i n a t e  from seve ra l   Opera t ions :   so lven t  
recovery,  monomer recovery;   and  feed  drying.  The major  component  of 
t h e s e  waste wa te r s  i s  produced  by a decant   sys tem  fed   f rom  the   so lvent  
and monomer s t r i p p i n g   o p e r a t i o n .   T h i s   v a s t e   w a t e r  i s  r e l a t i v e l y   c l e a n ,  
i t s  o n l y  contaminat ion   be ing   due  t o  hexane a t   s a t u r a t i o n   s o l u b i l i t y ,  

96 



The o t h e r  waste wa te r   s t r eams  from t h e  r e c l a i m   a r e a  have  very low f low 
and a r e   e s s e n t i a l l y   i n n o c u o u s  w i t h  t h e  excep t ion  of d i s s o l v e d  hexane. 

Impure  recovered  butadiene monomer i s  r e t u r n e d  t o  t h e  bu tad iene  
p r o d u c t i o n   p l a n t   f o r   p u r i f i c a t i o n ,  Heavy slops ( o i l y  wastes) produced 
i n  t h e  h e x a n ?   r e c o v e r y   o p e r a t i c n   a r e   s e n t  t o  t h e  bu tad iene   p l an t   fo . r  
d i s p o s a l  or a r e   u s e d   a s  a w a s t e   f u e l .  T h e  other major p rocess   was t e  
water ,  t h e  crumb s l u r r y i n g   o v e r f l o w ,  i s  l aden  w i t h  rubbe r  crumb i n ' t h e  
form of suspended sol ids .  The s u s p e n d e d   s o l i d s   a r e   s i g n i f i c a n t l y  - reduced by i n - p l a n t   s c r e e n i n g   a n d   c l a r i f i c a t i o n   i n  a p i t .  

A t  l e a s t   o n e   f i n i s h i n g   l i n e   r e c o v e r s  t h e  sol id  r u b b e r   p r o d u c t   d i r e c t l y  
from t h e  rubber  cement,  N o  water r i n s e   s y s t e m  is used. The @ @ f i n i s h i n g  
machine@@  takes   cement   and   Froduces   mater ia l   ready   for   ba l ing   and  
packaging. T h i s  machine w a s  not   seen,   and  presumably i s  some t y p e  of 
ex t rude r   fo r   r emov ing   so lven t .  It  obv ious ly  has a p o t e n t i a l  f o r  
r e d u c i n g   t h e   e f f l u e n t   f l o w   a n d   l o a d i n g   a t t r i b u t a b l e  t o  the crumb r i n s e  
ove r f  l o w .  

t 
\ 

There a r e  t w o  other p rocess -a s soc ia t ed   was t e  waters. S F e n t   c a u s t i c   s o d a  
s o l u t i p n ,  from sc rubb ing  of k u t a d i e n e   i n h i b i t o r  (to prevent   premature 
po lymer i za t ion   du r ing   s to rage   and   sh ipp ing) ,  is batch d i scha rged ,  T h i s  
s t r eam  has   ex t r eme ly   h igh  COD, pH, a l k a l i n i t y ,   a n d  color, and   conta ins ,  
phenols.  The batch d ischarge-  i s  c o n t a i n e r i z e d   i n  a p i t  and bled i n t o  
t h e  p l a n t   e f f l u e n t  a t  a v e r y  l o w  f l o w  rate. With sucn   handl ing  or p re -  
treatment, it poses no waste water  problem. 

The other waste wa te r  which s h o u l d  be m e n t i o n e d   r e s u l t s  from f r e q u e n t  
a r e a  washdowns. T h i s  p i c k s   u p   p r i m a r i l y  crumb rubber and oils. The 
o i l s   o r i g i n a t e  from l e a k s   i n  baler hydraul ic   sys tems  and  leaks of pump 
s e a l  o i l .  In   so lu t ion - type   po lymer i za t ion ,   wa te r   mus t  be eliminated 
from much of t h e  process   equipment .  O i l  i s  used t o  seal  a n d   l u b r i c a t e  
t h e  p rocess  pumps. The washdown waste  waters c o n t r i b u t e  the major 
propor t ions   o f   suspended  solids, s o l u b l e   o r g a n i c s ,   a n d  o i l s  i n  the f i n a l  
e f f l u e n t .  . 
The p r i n c i p a l   n o n p r o c e s s  waste waters are boiler and   cool ing  tower 
blowdowns and   wa te r   t r ea tmen t  wastes. The waste water characteristics 
o f   t h e s e   s t r e a m s   a r e   h i g h  t o t a l  d i s s o l v e d  solids, and  moderatz COD, 
suspended   so l ids ,   and  pH. The c o o l i n g  tower makeup i s  t reated w i t h  a 
c o r r o s i o n   i n h i b i t o r   c o n t a i n i n g  chromium  and  zinc. These metals appear  
i n  t h e  c o o l i n g  tower blowdowns. 

The t o t a l   e f f l u e n t  from t h e  b u t a d i e n e   a n d   p o l y b u t a d i e n e   p l a n t s   p a s s e s  
through  an o i l  s e p a r a t o r   a n d  straw f i l t e r  be fo re   d i scha rge .   S ince  the  

I q u a n t i t y   a n d   l o a d i n g  of t h e  waste waters from t h e   b u t a d i e n e   p l a n t   a r e  
f a r  greater t h a n  those from t h e  polybutadiene   p lan t ,   no   meaningfu l  
t r ea tmen t  data could  be obta ined .  The raw waste water flow and  loading  
of t h e  p o l y b u t a d i e n e   p l a n t  were t h e  lowest of any of t h e  s y n t h e t i c  
rubber p l a n t s   v i s i t e d .  

1 
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It is planned t o  expand t h e  s y n t h e t i c   r u b b e r   p l a n t   p r o d u c t i o n   f a c i l i t i e s  
s h o r t l y .  T h i s  expansion w i l l  approximately  double  t he  e x i s t i n g  
synthetic rubbe r   p roduc t ion   capac i ty .  

""_ P l a n t  N 

The p l a n t  complex c o n s i s t s  of i o sp rene ,   po lyo le f in   r e s in ,   po ly i soprene ,  
a n d   p o l y b u t a d i e n e   p r o d u c t i o n   f a c i l i t i e s .  The complex was comple ted   in  
1962. Po ly i soprene   p roduc t ion   capac i ty  is 65,000 metric t o n s  (72,000 
t o n s )   p e r   y e a r  and the   annua l   p roduc t ion  of polybutadiene  i s  110,000 
metric t o n s  ( 1 2 2 , 0 0 0  t o n s )  . The complex is l o c a t e d   i n  a r u r a l   a r e a  w i t h  
expans ion   capabi l i ty   and   undeveloped   land  of i t s  own. 

b 

The po ly i soprene  i s  produced by so lu t ion   po lymer i za t ion  wi th  hexane a s  
t h e  solvent,  u s i n g   i s o p r e n e  from the ne ighbor ing   i sop rene   p l an t  as  feed 
monomer. S e v e r a l   t y p e s  of po ly i soprene  are p r o d u c e d   i n   t h i s   f a c i l i t y .  ! 

Each t y p e   r e q u i r e s  a s e p a r a t e   p r o d u c t i o n   r u n  on common p rocess inq  j ,  

equipment. The  crumb rubbe r  is used  mainly  for  t i r e  manufacture  and i s  
no t  o i l  or carbon black  extended.  

There a r e  two polybutadiene   l ines   which  emFloy s l i g h t l y  d i f f e r e n t  
proceTsing   techniques .  There is n o   s i g n i f i c a n t   d i f f e r e n c e   i n  the ave r -  
a l l   w a s t e   w a t e r   f l o w s  and l o a d i n g s  from t h e s e  two p rocesses ,  The 
polybutadiene is consumed p r i n c i p a l l y   i n  t i r e  manufaccure,  and 
approximately 50 pe rcen t   o f  t h e  polybutadiene  i s  o i l  extended. 

The p l a n t ' s  water supply  i s  r i v e r   w a t e r ,  Process and boiler makeup 
w a t e r   r e c e i v e s   e x t e n s i v e   t r e a t m e n t ,   c o n s i s t i n g  of c o a g u l a t i o n ,   c l a r i -  
f i c a t i o n ,   f i l t r a t i o n ,   c h l o r i n a t i o n ,   a n d   s o f t e n i n g ,  

The main p r o c e s s   w a s t e   w a t e r s   a r e  produced i n  t h e  rnonorner-solvent 
r ec l a im  a rea   and  the crumb s l u r r y i n g  o p e r a t i o n ,  The waste wa te r s  
g e n e r a t e d   i n  t h e  r e c l a i m  area have l o w  flow r a t e s   a n a ,  w i t h  t h e  
except ion  of s a t u r a t i o n  w i t h  s c l v e n t  or monomers, are r e l a t i v e l y   c l e a n .  

P a r t  of t h e  r ecove red   i sop rene  i s  s e n t   i n  a s l i p  stream t o  the i sop rene  
p roduc t ion   p l an t  fo r  p u r i f i c a t i o n ,  This  p r o c e d u r e   s e r v e s  t o  blow down 
t h ?  accumulated  impuri t ies .  Impre butadiene   recovered  from the poly- 
bu tad iene   p l an t  i s  hauled  from the  p l a n t  as  ;a waste. The crumb 
s l u r r y i n g  overflows a r e   p a s s e d   t h r o u g h   s e t t l i n g . p i t s  where the crumb is 
t r a p p e d   a n d   p e r i o d i c a l l y  removed. S u r f a c t a n t s  are  added t o  t h e  crumb- 
water mix d u r i n g  t h e  c o a g u l a t i o n   o p e r a t i o n  t o  prevent  the crumb from 
aqg lomera t ing   i n to   masses  which a r e   t o o  large. These s u r f a c t a n t s  en te r  
t h e  crumb s l u r r y  overflow. 

One t y p e  of poly isoprene   produces  a crumb s l u r r y   e f f l u e n t  which has  a 
c o n s i d e r a b l y   h i g h e r   d i s s o l v e d   o r g a n i c   l o a d i n g   t h a n   t h e   o t h e r  
po ly i soprenes  or  t h e  polybutadiene   types .  Th i s  d i f f e r e n c e  i s  i n h e r e n t  
i n  t h e  chemis t ry  of t h e  process   and i s  n o t  a g e n e r a l  o r  widespread 
problem i n  the s y n t h e t i c   r u b b e r   i n d u s t r y .  
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Area wash-down and  c leanup is  a major c o n t r i b u t o r   o f   c o n t a m i n a n t s  'to t h e  
f i n a l   e f f l u e n t .  Crumb s c r e e n s   u s e d   i n s i d e  t h e  p r o c f s s m g  areas a r e  
hosed down t o  remove   coagula ted   rubber .   The   resu l t ing  wast? water has  
high  suspended sol ids  l e v e l s   a n d  i s  passed   th rough the crum~ s e t t l i n g  
p i t s .   S p e r ? t   c a u s t i c   s o l u t i o n  from t he  i n h i b i t o r   r e m o v a l  s y s t e m  i s  
c o n t a i n e r i z e d   a n d   b l e d   i n t o  t h e  f i n a l   e f f l u e n t .  I t  has t h e  t y p i c a l  
high,  COD, pH, a l k a l i n i t y ,   a n d   c o l o r .  

T y p i c a l   u t i l i t y   w a s t ?  waters, p r i n c i p a l l y  boiler and   cool ing  tower 
blowdowns and water t r ea tmen t  wastes, a r e  genera ted  a t  this p l a n t .  
C h a r a c t e r i s t i c s   o f  these wastes are h igh  t o t a l  d i s s o l v s d  so l ids ,  w i t h  
moderate COD, susp2nded so l id s  , and pE. The c o o l i n g  tower m k z u p  1s 

- t r5a ted  w i t h  a low chromium c o r r o s i o n   i n h i b i t o r .  T h i s  produces chromium 
l e v e l s   i n  t h e  coo l ing  tower klowdown t h a t  are  less t h a n  one q u a r t e r  of 
t h o s e  associated w i t h  convep t iona l   coo l ing  tower corrosiofi t r eaunen t s .  1 

The waste water t r e a t m e n t   s y s t e m   c o n s i s t s   o f   a n   e q u a l i z a t i m   b a s i n  
( fou r -day   d s t en t ion )  , a n e u t r a l i z a t i o n  sump, w i t h  n u t r i e n t   a d d i t i o n ,  
followed by a n   a c t i v a t e d   s l u d g e   F l a n t   ( r e f e r  t o  F igure  9 ) .  The wasta 
a c t i v a t e d   s l u d q o  is  first th i ckened   and   t hen  pumped to a s ludge   d ry inq  
b a s i n  on  t h e  p l an t   p rope r ty .  The t r e a t m e n t   p l a n t   g i v e s   v e r y  good -BOD 
s f f l u e n t   l e v e l s  (10 mg/L) 8 however, t h e  e f f l u e n t  COD l e v e l  i s  
cons idErable  (250  mg/L). T h i s  i s  due t o  t h e  b i o l o g i c a l   s t a l i i i i t y  of 
many of t h e  waste  water components  such as t h e  monomers ana   so lven t s ,  
w h i c h ,  a l t hough   gene ra l ly   cons ide red   i n so lub le ,  do have some s o l u b i l i t y  

1 

water .  

An a p p a r e n t   c h a r a c t e r i s t i c  of the  p l a n t ' s  waste water which can be 
a t t r i b u t e d  t o  t h e  syn the t i c   rubke r   p roduc t ion  i s  foaming i n  tne a e r a t i o n  
b a s i n s   a n d   i n  the f i n a l   o u t f a l l .  Th i s  is appa ren t ly   caused  by  excess ive  
use  of s u r f a c t a n t s  by t h e  p r c d u c t i o n   p e r s o n n e l   i n  t h e  crumb r i n s e  
operat ion.   Another   problem i s  p o o r   s e t t l i n g  of the  biological s l u d g e   i n  
t h e  sEcondary c la r i f ie r .  E f f o r t s  were made t o  assist s e t t l i n g ,   a n d  
ach i= .ve   add i t iona l  COD removal, by adding  activated carbon  granules  t o  
t h c  a e r a t i o n   b a s i n s  upon which b i o l o g i c a l  solids cou ld   nuc lea t e .  T h i s  
d i d  n o +   p r o d u c e   s a t i s f a c t o r y   r e s u l t s .  The c u r r e n t   t e c h n i q u e  which i s  
proving  more s u c c e s s f u l  is t h e   a d d i t i o n  of c o a g u l a t i o n  a ids  t o  t h e  
c l a r i f i e r  i n f l u e n t .  T h i s ,  however, i s  proving  t o  be expknsive on an  
annual-cost  basis.  k less f requent   p roblem, .   bu t  more s e r i o u s ,  i s  an 
appa ren t   h igh  ROD s l u g   l o a d i n g ,   w i t h  associated ~ o x i c i c y ,  tna t  
u n p r e d i c t a b l y   o c c u r s   i n  t h e  p l a n t   i n f l u e n t .  T h i s  probiem i s  
u n c o n t r o l l e d  a t  p r e s e n t ,   b u t   a p F e a r s  t o  o r i g i n a t e   w i t h  the product ion  of  
e i t h e r  t h e  p o l y o l e f i n   r n s i n  o r  one   type   o f   po ly isoprene .  

""- Plane 0 

The  p l an t   complex   cons i s t s  of Folybutadiene ,   po ly isoprene  and ehty lene-  
p ropy lene   d i lne   t e rpo lymer  (EPDM) rubher   p roduct ion  facilities. The 
commissioning of a l l  t h e  p r o d u c t i o n   f a c i l i t i e s   o c c u r r e d   b e t w e e n  1 Y 6 7  and 
1970. The annual   p roduct ion  capacit ies a re :   po lybu tad i€nc  56,000 
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mat-ric t o n s  ( 6 2 , 0 0 0  t o n s ) ,   p o l y i s o p r e n e  50 ,000  metric toris ( 5 5 , 0 0 0  
t o n s ) ,  and EPDM 2 5 , 0 0 0  metric t o n s  ( 2 8 , 0 0 0  t o n s ) .  The &laf i t  i s  l o c a t e d  
i n  a r u r a l   a r e a s   a n d  has c o n s i d e r a b l e   l a n d  f o r  expansion.  Each of t h e  
three s y n t h e t i c   r u b b e r   p r o d u c t s   h a s  i t s  own p r o d u c t i o n   r a c i l i t y   a n d  i s  
produced i n  a so lu t ion   po lymer i za t ion  Frocess. Polybutadiene  rubbe r  1 s  
carbon black extended.  The pr inc ipa l   end-use   o f  t h e  crumb rubbers i s  in 
t i r e  mar.ufacture. 

~ The p l a n t ' s   w a t e r   s u p p l y  i s  w e l l  water .  Well wa te r  i s  t r e a t e d  w i i h  
c o r r o s i o n   i n h i b i t o r s   a n d  slimicides for  u s e  a s   c o o l i n g  tower makeup, and 
s o f t e n e d   f o r   u s e   a s  boi ler  q u a l i t y   w a t e r .  

* P r i n c i p a l   p r o c e s s   w a s t e   w a t e r s   o r i g i n a t e  i n  t h e  crumb s l u r r y i n g   o v e r f l o w  
and  presumably  in  t h e  s o l v e n t ,  monomer, and reclaim areas .   Carboc  black 
added a t  t he  c o a g u l a t i o n - s l u r r y i n g   s t a g e  i s  e s s e n t i a l l y   t r a p p e a  i n  t h e  ! 

crumb rubbe r   ma t r ix .   Ca rbon   b l ack   sp i l l s   and   l eaks   pas s   t h rough  a 
s e t t l i n g  sump and   a r e   a l l owed  t o  o v e r f l o w   i n t o   t h e   f i n a l   e f f l u e n t .  T h e  
s e t t l e d   c a r b o n  black i s  remcved by vacuum t r u c k .  

! 

Extendsr  o i l  t h a t  i s  n o t   e n t r a i n e d   i n  t h e  r u b b e r  crumb  can  contaminate 
t h e   s l u r r y   o v e r f l o w  waste water. It  is  unders tood  t h a t  s c r e e n s ,  G i t h  
h ighe r  c rumb  removals   than   convent iona l   equipment ,   have   been   ins ta l led  
i n  t h i s  p l a n t ,  The b u t a d i e n e  monomer is inhibi ted  and  presumably there 
is  an a s s o c i a t e d   s p e n t   c a u s t i c  scrub s o l u t i c n   d i s c h a r g e .  Area washdown 
and  c leanup i s  on a s h i f t - h y - s h i f t  Isasis. Whenever possible,  t h e  
m a t e r i a l  is  c l e a n e d   u p   i n   s u c h  a manner to e l i m i n a t e  wastes t rom  tho 
waste   water   system. 

The p l a n t ' s   u t i l i t y   w a s t e   w a t e r s   a r e   c h a r a c t e r i z e d  by h i g h   l e v e l s  of 
t o t a l  d issolved so l id s  and  moderate pH. The c o o l i n g  tower blowdown h a s  
h igh  chromium a n d   z i n c   c o n t e n t   o r i g i n a t i n g  from the coo l ing  tower 
corrosion i n h i b i t o r s  used. 

The p l a n t ' s   w a s t e  waters a r e   f i r s t   p a s s e d   t h r o u g h  skimming  and s e t t l i n g  
b a s i n s  where t h e  rubber  crumb is t rapped .  The waste crumb rubber is  
removed evEry t w o  t o  three months by d ip   bucket .  The e f f l u e n t  from 
these p i t s  flows i n t o  t w o  1.2 h e c t a c r e  (3-acre) lagoons.  The p rocess  
e f f luen t   f rom the lagoons  combines w i t h  t r e a t e d  sani tary,  storm, and 
u t i l i t y   w a s t e   w a t e r s  before e n t e r i n g  first a 6.0 hectacre (15-acre) 
lagoon and f i n a l l y  a 12.0 hectacre   (30-acre)   l agoon  before   d i scharge  t o  
t h e  r e c e i v i n g   w a t e r s .  The f i n a l  waste w a t e r   q u a l i t y  is good, COD, BOD, 

. and  suspended so l id s  a r e  a t  .an approximate   l eve l   o f  50, 5,  and 10  mg/L, 
r e s p e c t i v e l y .  T h i s  plant ,   however ,  is p a r t i c u l a r l y   f o r t u n a t e   i n   h a v i n g  
c o n s i d e r a b l e   l a n d   f o r   u s e  a s  waste water lagoons.  IC i s  n o t  possible 
f o r   a l l   s y n t h e t i c   p l a n t s  t o  have t h e  same o r  even  comparable fac i l i t i es .  

'I 

"" 
P l a n t  P 

T h i s  p l an t   p roduces   s ty rene -bu tad iene  (SBR) and a c r y l o n i t r i l e - b u t a d i e n e  
(NBR) l a t e x e s .  I n  a d d i t i o n ,  t h e  F lan t   p roduces   po lyv iny l   ace t a t e  
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emulsions  and h o t  melt adhes ives .  The annua l   p roduc t ion  ra tes  of t h e  
l a t exes   a r e :   s ty rene -bu tad iene  l a t e x  18,000 metric t o n s  (20 ,000  t o n s ) ,  
a c r y l o n i t r i l e b u t a d i e n e   l a t e x  3,000 metric t o n s  (3,300 t o n s ) .  The p l a n t  
i s  l o c a t e d  i n  a r u r a l   a r e a  w i t h  l a n d   a v a i l a b l e   f o r   e x p a n s i o n .  

The butad iene   l a texes   manufac tured  a t  t h e   p l a n t  are  made s i m i l a r l y  
u t i l i z i n g   e q u i p m e n t   t r a i n s  of a similar n a t u r e .  The monomers a r e  
sh ipped  i n t o  t h e  p l a n t  by both t ank  car and  tank t r u c k .  The l a t e x e s  
produced are used   for   carpe t   backing ,   d ipped   goods ,  and adhes ives .  

b 

The p l a n t ' s  water comes from o n - s i t e  wells. The  water is t r s a t e d   i n  a 
dua l -bed   deminera l izer  t o  s u p p l y   b c i l e r   q u a l i t y  makeup water and  process 
water f o r   s o l u t i o n   p r e p a r a t i o n .  The c o c l i n g  tower water  i s  c r e a t e d  w i t h  
a c o r r o s i o n   i n h i b i t o r  and   a lg ic ide .  

The p r i n c i p a l   p r o c e s s  waste waters produced i n  t h e  p l a n t  are  genera ted  !, 
by equipment   c leanout ,   a rea  washdown, and   s t r ippe r   condensa te s .  Tank 
cars a n d   t a n k   t r u c k s   a r e  r i n s e d  wi th   wa te r   and  the contaminated water is  
d i scha rged  t o  t h e  waste w a t e r   t r e a t m e n t   f a c i l i t y .   T h e s e  waste wa te r s  
w i l l  c o n t a i n  monomers and  uncoagulated  la tex.  Reactors a n d   s t r i p p e r s  
are .cleaned of s o l i d   d e p o s i t s   w i t h  a high pressure   watergun  and- then  
wa te r   r i n sed ,  Rlowdown t a n k s ,  f i l t e rs ,  compound t a n k s ,   a n d   s t o r a g e  
t a n k s  are  r i n s e d  w i t h  wa te r ,   I n  a l l  cases t h e  waste  waters d ischarged  
t o  t h e  waste w a t e r   t r e a t m e n t   f a c i l i t y   c o n t a i n   o r g a n i c  compounds and 
l a t e x .   L a t e x   s p i l l s   a n d   l e a k a g e s   a r e  first coagula ted  with alum, 
c leaned   up   in -p lace ,   and   f ina l ly   washed  down. The washings are  s e n t   t o  
t h e  t r e a t m e n t   f a c i l i t y .  

! 

Excess monomers a r e   s t r i p p e d  from t h e  l a t e x  w i t h  steam under vacuum. 
The vacuum is produced  using steam j e t s  and   no t  vacuum pumps. The 
exc3ss   s ty rene ,  or a c r y l o n i t r i l e ,  i s  condensed  and  discharged t o  a 
rece iver .   Al though t h e  r e c e i v e r  i s  pe r iod ica l ly   decan ted   and  the con- 
densed   s tyrene  or a c r y l o n i t r i l e  drummed for  d i s p o s a l ,   s t y r e n e   a n d  
a c r y l o n i t r i l e  still e n t e r  t h e  e f f l u e n t  waste wa te r s .  A c a u s t i c   s c r u b  
s o l u t i o n  i s  used  t o  remove t h e   b u t a d i e n e   i n h i b i t o r ,  which i s  b led  
g r a d u a l l y   t o   t h e   f i n a l   e f f l u e n t .   C h a r a c t e r i s t i c s  of t h i s  stream a re  
h igh  COD, pH, a l k a l i n i t y ,  and color. 

The p l a n t   u t i l i t y  waste w a t e r s   e n t e r   t h e  storm.sewer system. The boi ler  
blowdown has a low f l o w   r a t e   b u t   h i g h   t o t a l   d i s s o l v e d   s o l i d s .  
Demine ra l i ze r   r egene ra t ion   was t e s  are b o t h   a c i d i c   a n d   a l k a l i n e   a n d  may 
p o t e n t i a l l y   p r o d u c e  pH peaks. The c o o l i n g  tower blowdown i s  h i g h   i n  
t o t a l  d i s s o l v e d   s o l i d s   b u t ,   b e c a u s e   t h e   c o r r o s i o n  inhibitors used a r e  
chromium  and z i n c   f r e e ,  these heavy metals do n o t   a p p e a r   i n  t h e  
blowdown. The vacuum pump s e a l  water i s  c u r r e n t l y   d i s c h a r g e d  on a once- 
t h r o u g h   b a s i s  t o  t h e  storm sewer system. Th i s  water p icks   up  small 
q u a n t i t i e s   o f   o r g a n i c  compounds b u t  has on ly  a moderate COD 
c o n c e n t r a t i o n .   S t u d i e s  are  be ing  made t o  r e c y c l e  t h e  bu lk  of the s e a l  
water and   d i scharge  t h e  blowdown on ly  t o  the  t r e a t m e n t   f a c i l i t y .  
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The p l a n t ' s   t r e a t m e n t   f a c i l i t y   c o n s i s t s  of chemical   coagulacion  and 
c l a r i f i c a t i o n  followed by a c t i v a t e d   s l u d g e   s e c o n d a r y   t r e a t m e n t .  The 
f i n a l   e f f l u e n t  a f te r  s e c c n d a r y   t r e a t m e n t  i s  d ischarged  t o  a municipal 
t r e a t m e n t   p l a n t ,  All t h e  l a t e x   p l a n t   p r o c e s s  waste wa te r s  are 
d i scha rged  t o  t w o  c o a g u l a t i o n   p i t s .  They o p e r a t e  so t h a t   o n e   p i t  Is 
b e i n g   f i l l e d  wi th  was te   wa te r ,   wh i l e  water i n   t h e   s e c o n d   p i t  i s  be ing  
t r e a t e d ,   s e t t l e d ,  and  emptied. The pH of  t h e  waste water is f i rs t  
a d j u s t e d   w i t h  lime a n d   t h e n   t r e a t e d  w i t h  f e r r o u s   s u l p h a t e ,  a 
po lye lec t ro ly t e ,   and   l imes tone ,  The l a t e x   s o l i d s   c o a g u l a t e   a r o u n d  t h e  
l imes tone  which serves t o  s i n k  t he  s o l i d s ,  The settled solias a r e  
removed  from t h e  p i t s   p e r i o d i c a l l y  when the s o l i d s   d e p t h  becomes 
excess ive .  The c l a r i f i e d   w a s t e  water ' e n t e r s   f o u r   a e r a t i o n   b a s i n s  
o p e r a t e d   i n   p a r a l l e l .  The b a s i n s  are equipped w i t h  four  15-horsepower 
a e r a t o r s .  The a e r a t i o n   b a s i n   e f f l u e n t   e n t e r s  a s e c o n d a r y   c l a r i f i e r   a n d  
over f lows  t o  a sump from  which it i s  pumped t o  t h e   c i t y   t r e a t m e n t   p l a n t .  1 

The c l a r i f i e r   u n d e r f l o w  i s  s e n t  t o  a s l u d g e   t h i c k e n e r ,  while t h e  
s u p e r n a t a n t  i s  r e t u r n e d  t o  t h e   a e r a t i o n   b a s i n s .  The D i o l o g i c a l   s l u d g e  
i n  t h e  t h i c k e n q r  i s  p e r i o d i c a l l y  removed a n d   l a n d f i l l e d .  The 
c o a q l a t i o n   p i t  so l id s  and t h e  t h i c k e n e d  biological solids are n o t  
s u i t a b l e  for  s a t i s f a c t o r y   l a n d f i l l   b e c a u s e  of their h igh  water con ten t .  
S t u d i e s   a r e   c u r r e n t l y  underway t o  de te rmine   adequa te   t echn iques  ' fo r  
dewater ing   and   d i spos ing  these s l u d g e s ,  The c o a g u l a t i o n   p i t s   p r o v i d e  
good q u a l i t y   p r i m a r y   e f f l u e n t .  The COD and BOD of t h i s  e f f l u e n t   a r e  
h igh ,  however. The secondary   t rea tment   p lan t   p roduces  a f m a l   e f f l u e n t .  
having a COD ar.d BOD of approximate ly  600 and 50 mg/L r e s p e c t i v e l y ,  The 
h igh  C0D:BOD r a t i o   i n d i c a t e s   h i g h   b i o l o g i c a l   r e s i s t a n c e  of the waste  
w a t e r   c o n s t i t u e n t s  from t h i s  l a t ex   p l an t .   A l though  the BOD l e v e l  (50 
mg/L) would n o t  be s u i t a b l e   f o r   d i r e c t   d i s c h a r g e ,  it i s  very  amenable t o  
a c c e p t a b l e   d i s c h a r g e  t o  secondary   t r ea tmen t   p l an t s .  

! 

"-" P l a n t  Q 

T h i s  p l a n t  i s  r e s p o n s i b l e  for  t h e  manufac tu re   o f   s t ryme-bu tad iene  
l a t e x e s .  The annua l   p roduc t ion  rate is approximate iy  21  ,OOG metric 
tons .  The p l a n t  commenced p r o d u c t i o n   i n  1952 and i s  located i n  an  urban 
a r e a  w i t h  l imited room f o r   e x p a n s i o n .  The p l a n t  a l s o  has a r e s e a r c h  
f a c i l i t y   a n d  a p i l o t   p l a n t .  / 

The s t ryene-butad iene   fami ly   o f   l a texes   p roduced  a t  the p l a n t   c a n  be 
c l a s s i f i e d  by three g roups :   s t ryene -bu tad iene   l a t ex ,   s ty rene -bu tad iene  
c a r b o x y l a t e d   l a t e x ,   a n d   s t r y r e n - b u t a d i e n e - v i n y l   p y r i d i n e   l a t e x .  A l l  

. these l a t e x e s   a r e   p r o d u c e d  by similar p rocess ing   t echn iques   and   equ ip -  
ment, The monomers used   ( s tyrene ,   bu tad iene ,   o rganic  acids, and v i n y l  
p y r i d i n e )   a r e   s h i p p e d  t o  t h e  p l a n t  by t a n k  car and   t ank   t ruck .  The 1 

l a t e x e s   p r o d u c e d   a r e   u s e d   f o r  t i r e  f a b r i c   c o a t i n g ,   b a c k i n g   m a t e r l a l ,   a n d  
pape r   coa t ings .  

The p l a n t  USES c i t y   w a t e r  f o r  p r o c e s s  water, boiler makeup water, and 
c o o l i n g  tower makeup. The boi ler  makeup i s  s o f t e n e d  before i n j e c t i o n .  
The c o o l i n g  tower makeup i s  t r e a t e d  w i t h  a d i s p e r s a n t ,   c o r r o s i o n  
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i n h i b i t o r ,   a n d  slimicide. The p rocess  water, used f o r  s o l u t i o n  
p r e p a r a t i o n ,  i s  de ion ized  before use.  

The p r i n c i p a l   p r o c e s s  waste waters generaged i n  t h e  p l a n t   o r i g i n a t e  from 
equipment   c leanout ,  area washdown, and   s t r ipper   condensa tes .   Exceks  
monomers a re  n o t  recovered. Reactors, s t r i p p e r s   a n d   s t o r a g e   t a n k s  a r e  
p e r i o d i c a l l y   c l e a n e d  of rubber   bui ld-up by hand  and t h e n   r i n s e d  w i t h  
water. G e n e r a l l y ,   l a r g e   q u a n t i t i e s  of water a r e  u s e d   f o r  each c leanout .  
The l a t e x   f i l t e r s  a r e  f r equen t ly   c l eaned .  This i n v o l v e s  i i rs t  removing 
t h e  t r a p p e d   r u b b l r  so l id s  a n d   f l u s h i n g   t h e   f i l t e r  w i t h  water. The r i n s ?  
w a t e r s   c o n t a i n   s u s p n d e d  so l ids ,  COD, and   uncoagula ted   l a tex .  Floors 
and  loading-unloading areas a re  f l u s h e d   w i t h  water. These wastewaters 
con ta in  COD, suspended so l ids ,  and  uncoagulated  la tex.  The vapors  from 
steam s t r i p p i n g   o p e r a t i o n s  a r e  condensed   and   d i scharge   in to  a r e c e i v e r .  
The r e c e i v e r   w a t e r s  which  overf low t o  t h e   p l a n t  sewers have a h igh  +. 

o r g a n i c  loading  w i t h  cor respondingly   h igh  COD and o i l   l e v e l s .  The seal 
water for t h e  vacuum pump s e r v i n g   t h e  vacuum s t r ipp ing   equipment  i s  
s l i g h t l y   c o n t a m i n a t e d  w i t h  o rgan ic s ,   and   p re sen t ly   d i scha rges   on  a once- 
t h rough   bas i s .   S tud ie s  are be ing  made t o  collect  i n d i v i d u a l  seal  water 
d ischarqes   and   recyc le   thE  bu lk  of them w i t h  a c o n t r o l l e d  blowdown of 
contaminated w a t E r .  This w i l l  reduce t h e  t o t a l  volume i n   t n e   p l a h t ' s  
f i n a l   e f f l u e n t .  

, 

The r e g e n e r a t i o n  waste from t h e  boiler water makeup s o f t e n e r  i s  a 
c o n c e n t r a t e d   s a l t   s o l u t i o n   a n d  therefore c o n t r i b u t e s   h i g h   t o t a l  
d i s so lved  s o l i d s  t o  t h e  e f f l u e n t ,  The  p rocess  water d e i o n i z e r  i s  
regenera ted  w i t h  s u l p h u r i c   a c i d   a n d   c a u s t i c  soda. The d i s c h a r g e  of 
these s o l u t i o n s  w i l l  produce both acid and a l k a l i  peaks i n  t h e  e f f l u e n t ,  
a l thouqh there  i s  g e n e r a l l y   a n   e x c e s s  of s u l p h u r i c  acid i n  t h e  d a i l y  
r e g e n e r a t i o n   d i s c h a r g e s .  The boiler and  cool ing tower blowdowns 
c o n t r i b u t e   h i q h  t o t a l  d i s s o l v e d  sol ids  and  moderate COD to the  p l a n t ' s  
f i n a l   e f f l u e n t ,  

The t r ea tmen t  of t h e  p l a n t ' s  waste waters i n c l u d e   e q u a l i z a t i o n ,   c n e m i c a l  
coagu la t ion   and   s e t t l i ng ,   and   s econda ry   t r ea tmen t  i n  the local munici- 
p a l i t y ' s   t r e a t m e n t   p l a n t .  The waste waters are  f i rs t  pumped from t.he 
p l a n t   e f f l u e n t   t r e n c h   i n t o   a n   e q u a l i z a t i o n   b a s i n ,  which p rov ides  
approximately 24  hour s   de t en t ion   and  i s  a e r a t e d   w i t h  two aerators. The 
pH of t h e   e q u a l i z e d  waste water is a d j u s t e d  from norma l ly   a lka l ine   by  
a d d i t i o n  of s u l f u r i c  acid t o  t h e  n e u t r a l i z a t i o n  sump. The waste wa te r s  
are pumped from t h e  sump t o  a reactor-clarifier where alum,  coagulant,  
a n d   p o l y e l e c t r o l y t e  are added i n  t h e  mixing chamber. The l a t e x  and f i n e  
r u b b e r   p a r t i c l e s  are  coagula ted   and  collected a s  a s ludge  from t h e  
bottom of t h e  c lar i f ier .  The c l a r i f i e d   e f f l u e n t   o v e r f l o w s  the c l a r i f i e r  
t o  t h e  c i t y ' s   s a n i t a r y  sewer fo r  secondary  t reatment .  The c l a r i f i ed  
s ludge  i s  s e n t  t o  a t h i c k e n e r   a n d   f i n a l l y  t o  a s ludge   ho ld ing   tank ,   and  
is  t h e n  loaded i n t o  a t a n k   t r u c k  for  d i sposa l .  The supe rna tan t  from t h e  
t h i c k e n e r  i s  r e t u r n e d  t o  t h e  reactor-clarifier. The t r ea tmen t  system 
described above  produces a good q u a l i t y   p r i m a r y   e f f l u e n t .  COD and BOD 
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a r e  r e d u c s d  by  approximate ly  7 0  and 50 p e r c e n t ,   r s s p t c t i v e l y .  The 
suspended s o l i d s  and o i l  a r e   d e c r e a s e d  b y  8 0  and 5 0  percent   each .  

Summary of  Control  and  Treatment  Technoloqy 

In -p lan t   con t ro l   t echno logy   cove r s   s eg rega t ion   ana   measu res   fo r  
hand l ing ,   r euse ,   mod i f i ca t ion  of p rocess ing ,   and   d i sposa l  of v a r i o u s  
t y p e s   o f   w a s t e   w a t E r s ,   i n c l u d i n g   s p i l l s   a n d   l e a k a g e ,  washuowns, c o n t r o l  
of r u n o f f s ,  and  housekeeping  pract ices .   End-of-pipe  t rea+ment  
technology  cov3rs  t h e  t r e a t m e n t  of var ious   combir ia t ions  of process   and 
n o n p r o c e s s   w a s t e w a t e r s .   S e p a r a t e   d i s c u s s i o n s   a r e   p r e s e n t e d  for the  Tire  
and  Inner  Tube  and t h e  S y n t h e t i c  Rubber  segments  of t h e  Indus t ry .  

P 

Tires and  Inner   Tubes 
“””-””” 

I n - P l a n t ,   C o n t r o l  

In-p lan t   measures   inc luded  t h e  proper   handl ing  of soaps tone ,  of t h e  
l a t e x   d i p ,   a n d  of d i s c h a r g e s   f r o m   a i r   F o l l u t i o n   e q u i p m e n t .  

” Soapstone 

S o a p t o n e  i s  a s l u r r y   n o r m a l l y .   c o n s i s t i n g  of c l a y ,   a n   e m u l s i f y i n g   a g e n t ,  
and  water.  Accord ing  t o  o n e   p l a n t   r e p r e s e n t a t i v e ,   s o a p s t o n e ,  i f  
c o n t i n u a l l y   d i s c h a r g e d ,  w i l l  c o n t r i b u t e  a high so l id s  ard BOD l o a d i n g  t o  
t h e  p rocess   was t e   wa te r s .  The s t a n d a r d  method of e l i m i m t i n g  a 
con t inuous   d i scha rge  of l a r g e   q u a n t i t i e s  of soaps tone  i s  the use of a 
c los2d- loop   r ec i r cu la t ion   sys t em.  Such a sys tem  needs   per iodic  
c l e a n i n g ,   u s u a l l y  on a weekly   bas i s .  T h i s  c l e a n i n g   o p e r a t i o n  can ,  h u t  
does n o t  n e c e s s a r i l y ,   l e a d  t o  a d i scha rge .  Pr ior  LO c l e a n i n g ,  t h e  
s o a p s t o n e   s o l u t i o n   i n  t h e  system i s  g e n e r a l l y   t r a n s f e r r e d  to s t o r a g e  
t anks .  The a l t e r n a t i v e  t o  r e c i r c u l a t i o n  i s  t o  d i s c h a r g e  -,he s o l u t i o n  
d i r e c t l y  into t h e   p r o c e s s  sewers. Both  p r a c t i c e s  were observed   dur ing  
t h e  f i e l d   s u r v e y ,  t h e  f i r s t   b e i n g  t h e  better from a waste w a t e r   c o n t r o l  
s tandpoint .   Soapstone  washwater  i s  p o t e n t i a l  discharge which is  
commonly s e n t  t o  end-of -p ipe   t rea tment .  However, it was observed t h a t  
t h i s  washwater  could  be stored and used  a s  makeup for t h e  soaps tone  
s o l u t i o n s  for f u t u r e   o p e r a t i o n s .   A l t e r n a t i v e  method‘s for c o n t r o l l i n g  
d i s c h a r g e s  from weekly washdown i n c l u d e  t h e  u s e  -of s u b s t i t u t e   s o l u t i o n s  
which require t h e   s y s t e m  t o  be c l e a n e d   o n   a l e s s   f r e q u e n t  basis. 

c o n t r o l  of minor   d i scha rges  of s o a p t o n e ,   s u c h   a s   s p i l l s   a n d   l e a k a g e ,  i s  
achieved  by t h e   u s e  of curb ing   and  by b l o c k i n g   o f f   d r a i n s   i n  t h e  d ipp ing  
a r e a .   I n   a d d i t i o n ,   d r i p   p a n s   a r e   p r o v i d e d  for stock dur ing  t h e  a i r -  ’I 

, dry ing   ope ra t ion .   Soaps tone   t ha t  i s  s p i l l e d   i n t o  che curbeci a r e a  i s  
p p r i o d i c a l l y  vacuumed out   and sent t o  a l a n d f i l l  site. Newer p l a n t s   a r e  
c o n s t r u c t e d   w i t h o u t   d r a i n s   i n  t h i s  a r e a ,  t h u s  e l i m i n a t i n g  t h e  
p o s s i b i l i t y  of soaps tone   con tamina t i cn  of p rocess  waste waters. I n s t e a d  
of cu rb ing ,  s teel  g r a t e s   a r e   p l a c e d  GR t h e  floor; these can be removed 
when c l e a n i n g  the a rea .  

! 

105 



Latex  D i p  

The most common p r a c t i c e  of t h e  l a r g e r   m a n u f a c t u r e r s  is t o  El imina te  
t h i s  operat ion  f rom t h e  t i re  f a c i l i t y .  Fabric is dipped by a c e n t r a l l y  
located f a c i l i t y   a n d   t h e n   s h i p F e d  t o  t h e  t i re  p l a n t .  However ,. i n   p l a d t s  
t h a t  still d i p  fabr ic ,  +he  accepted   procedure  i s  t o  seal  o f f   d r a i n s   i n  
tho immediate a rea ,   supp ly  t h e  area wi th   curb ing ,   and  drum the waste 
s o l u t i o n s  fo-r d i s p o s a l  a t  l a n d f i l l  sites. The a l t e r n a t i v e  is t o  dump 
t h e  w z s t e   s o l u t i o n s   i n t o  process sewers which are d e s t i n e d  for a d - o f -  
p ipe   t rea tment   sys tems.  The amount of waste from t h i s  opera t ior ,  i s  
small, less t h a n  230 l i t e rs  ( 6 0  ga l s )   pe r   day .  Drumming of the s o l u t i o n  
i s  t h e r e f o r €   p r e f e r r e d ,   s i n c e   t r e a t m e n t   o f ' t h i s  stream once   d i lu tkd  w i t h  
o t h e r  streams i s  d i f f i c u l t .  

Air Po l lu t ion   Con t ro l   Res idues  

It i s  not  common f o r   m a n u f a c t u r e r s  t o  u s e   l a r g e   q u a n t i t i e s  of wec 
p a r t i c u l a t e - c o l l e c t i o n   s y s t e m s .   I n  t h e  compounding area, i n   p a r t i c u l a r ,  
bag-houses, ra ther  t h a n  w e t  s c rubbe r s  are used. Wet sys tems are more 
common i n  +he t i r e - f i n i s h i n g   a r e a ,   w h e r e   t h e y  col lect  the g r i n d i n g s  from 
t h e  kh i t e  sidewall  gr inding  machines ,   balancing  machines ,   and the <ire- 
r e p a i r   a r e a .  

! 
! 

Discharges  from w e t  sc rubbers   conta i r !   h igh   loadings  of sectleable- 
s o l i d s ,  which  must be r m o v e d  before f i n a l   d i s c h a r g e .  The s o l i d s  
collected from t he  t i r e - f i n i s h i n g  area can be sett led o u t   i n  a sma l l  
sump. The p a r t i c u l a t e s  a r e  large,  and w i t h  a proper ly   des igned  
s e p a r a t o r ,  t h e  c l a r i f i e d  water can be, a n d   f r e q u e n t l y  i s  comple te ly  
reused.  

The discharges  f rom wet s c r u b b e r s   u s e d   i n  t h e  compounaing area are much 
f i n e r  a n d   r e q u i r e   l o n g e r   s e t t l i n g  times. On ly   one   p l an t   v i s i t ed   u sed  
w e t  s c r u b b e r s   i n  t h i s  area. This  p l a n t   u s e d  a 2,100 sq. meter (0.52- 
acre) lagoon t o  s e p a r a t e   t h e  sol ids  from t h i s   d i s c h a r g e .   U n l e s s  
s p e c i f i c a l l y   r e q u i r e d  t o  meet a i r   F o l l u t i o n   o r d i n a n c e s ,  w e t  s c r u b b e r s   i n  
t h i s  area are n o t  recommended. 

Addi t iona l  a i r  po l lu t ion   equipment   can  be f o u n d ' i n   t h e   t i r e - p a i n t i n g  
areas. Str ic ter  a i r  emiss ion   s tandards   and  OSHA s t a n d a r d s  are f o r c i n g  
t i g h t e r   c o n t r o l s  on p a r t i c u l a t e   a n d   s o l v e n t   e m i s s i o n s  trom this area. 
Consequently,  t h e  i n d u s t r y  i s  c u r r e n t l y   a t t e m p t i n g  t o  s u b s t i t u t e  water- 
based p a i n t s   a n d   s p r a y s   f o r   s o l v e n t - b a s e d  materials, bu t  w i t h  o n l y  
l i m i t e d  success .  Wet a i r   p o l l u t i o n   e q u i p m e n t   i n   t h i s  area was found a t  
o n l y   o n e   p l a n t ;  there was n o t  waste water d ischarge ,   because  a l l  t h e  ' *  

scrubber  water was reused.  

Spills and. Leaks* 

To control o i l y  waste waters r e s u l t i n g  from s p i l l s  a n a   l e a k a g e ,   t h e  
common p r a c t i c e  i s  t o  provide   curb ing  and oil sumps and t o  seal  d r a i n s .  
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I n  older p l a n t s ,  t h e  ro l le r  mills are  located i n   b a s i n s .  The b l o c k i n g  
off  of d r a i n s   i n  these b a s i n s  as a cont ro l   measure  i s  n o t   f e a s i b l e  
b e c a u s e   e l e c t r i c a l   m a c h i n e r y  i s  l o c a t e d   i n  the  bas ins .  A broken  water 
p i p e  would f i l l  t h e  b a s i n ,   t h u s   s h o r t i n g   o u t  t h e  machinery.  Curbing i s  
used to keep  normal   area washdown a n d   p e r i o d i c   l e a k a g e s   a n d   s p i l l s  frbm 
e n t e r i n g  t h e  bas in   and   t hus   con tamina t ing  Frocess waters. I n  newer 
p lan ts ,   machinery  is  l o c a t e d  on t h e  f l oo r  sur face .   Updated   sea l   des igns  
p reven t  t h e  l eakage  of o i l .  I n  many cases, p o t e n t i a l l y   c o n t a m i n a t i n g  . a r e a s   h a v e   n o   d r a i n s ,   t h u s   e l i m i n a t i n g  t h e  p o s s i b i l i t y  of o i i  i n  these  
process   was te   waters .  

I n  p l a n t s  where r e c i r c u l a t e d  water i s  t h e   ' p r i m a r y   s o u r c e   f o r  coolinq, 
+he   process   and   nonprocess  sewers a r e   s e p a r a t e .  O i l  sumps and API 
s e p a r a t o r s   c a n   t h e r e f o r e  be Frovided t o  t r e a t  o i l y   p r o c e s s   w a s t e   w a t e r s .  
The s e p a r a b l e  o i l  from t h e s e   d e v i c e s  is removed either p e r i o d i c a l l y  by 1 

maintenance   pe ip le  o r  con t inuous ly   by  a b e l t  f i l t e r :  t h e  cor\,tinuous i \ 

removal i s  cons ide red  t h e  better p r a c t i c e .   D u r i n g   p e r i o d i c   r a n o v a l   o f  
o i l ,  t h e   a g i t a t i o n   s u p p l i e d  w i l l  r e s u l t   i n  a l a r g e   q u a n t i t y  of o i l  be ing  
r e l e a s e d  t o  t h e  e f f l u e n t ,   t h u s   r e d u c i n g  t h e  s e p a r a t o r ' s   o v e r a l l   a v e r a g e  
removal   e f f ic iency .  

I n  p l a n t s  where t h e  p r imary   sou rce   o f   coo l ing  i s  once-tnrough water, 
process   and   nonprocess  sfwers a r e  combined. Removal of o i l  must be 
a c c o m p l i s h e d   i n   a n   e n d - o f - p i p e   t r e a t m e n t   f a c i l i t y .   D i l u t i o n  by non- .  
p r o c e s s   w a s t e   w a t e r s   d i r e c t l y   a f f e c t s  t h e  r e m o v a l   e f f i c i e n c i e s  of o i l  i n  
t h e  e n d - o f - p i p e   t r e a t m e n t   f a c i l i t y -  

Washdowns and  Machine  Cleaninq 

common p r a c t i c e  f o r  p reven t ion  of process-area  washdowns trom 
contaminat ing   was te   waters  i s  t h e  use  of dry  sweeping  equlpmknt. ThEse 
inc lude   au tomat ic   swzepers ,  brooms, and shovels. O i l y  spills a r e  
c l e a n e d   u s i n g   s o l v e n t s   a n d   r a g s ,   t h e   r e s u l t i n g   c o n t a m i n a t a i   m a t e r i a l  
be ing  drummed and s e n t  t o  a l a n d f i l l .  Practices employed i n   n o n p r o c e s s  
arc=as  (such  as  t h e  boiler house   and   s to rage  areas) are similar. 

Machines  and  machinery  parts are normal ly   c leaned ,  w i th  s o l v e n t s  o r  
s team,   Spent   so lvents  are drummed and   s en t  t o  a l a n d f i l l .  The use  of 
s t eam  r equ i r e s  a s p e c i a l   a r e a   s u p p l i e d  w i t h  curbing  and  an API  s e p a r a t c r  
t o  remove s e p a r a b l e  o i l  and soids. D i scha rges   o f   un t r ea t ed   o i l -   and  
so l id -con tamina ted   s t eam  condensa te   occu r   and   cons t i t u t e  a s i g n i f i c a n t  . source  of process   waste   waters .   Al though steam c lean ing   has  t h e  
d i sadvan tage  of having a d i s c h a r g e   t h a t  mus t   be   t rea ted ,  it e l i m i n a t e s  
t h e  p o s s i b l i t y  of a c a r e l e s s   o p e r a t o r   d i s c h a r g i n g   l a r g e   q u a n t i t i e s  of ' 7  

o r q a n i c   s o l v e n t s   i n t o   a n   u n t r e a t e d   p r o c e s s  waste water stream. 

Molds from t h e  c u r i n g   p r e s s e s  a re  normal ly   c leaned  by sand- or a i r -  
b las t ing   equipment .  These a r e   d r y ,   a n d   i n v o l v e  no was te  water problem. 

Runoff ""_ 
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Runoff from o i l - s t o r a g e   a r e a s   o c c u r s   d u e  t o  o i l  s p i l l s ,  storm water,   and 
va r ious  blowdowns which occur  i n  t h e  s t o r a g e   a r e a .   H a n d l i n g   p r a c t i c e s  
v a r y   w i t h i n  t h e  i n d u s t r y .  Minimal c o n t r o l   i n v o l v e s  t h e  d i k i n g  of a l l  
o i l - s t o r a g e   a r e a s  t o  prevent   contaminat ion  of wastewatEr by l a r g e  
s p i l l a g e s  which  can   occur   dur ing   un loading  or due t o  l e a k i n g   t a n  Eil s. 
These d ikes  g e n e r a l l y   a r e   p r o v i d e d  w i t h  d r a i n a g e   p o r t s  t o  prevent   normal  
storm water  from f i l l i n g  t h e  d i k e d   a r e a .  T h i s  allows minor oil s p i l l s ,  
a t t r i b u t a b l e  t o  ope ra to r   neg l igence ,  t o  contaminate  storm runof f .  A 
better sys t em  invo lves   t he   d ik ing   c f  t h e  s t o r a g e  area,  the r o o f i n g  of 
s torage   a r9 .a  t o  p reven t  storm runoff   contaminat ion,   and  use of an o i l  
sump t o  col lect  minor s p i l l s  and   l eakage .   co l l ec t ed  o i l  i s  drummed and 
s e n t  t o  a l a n d f i l l .  To  Frevcnt  o i l .  from un laod ing   a r eas  from 
con tamina t ing   t he   was t e   wa te r s ,  d r a i n s  are diked  and  covered w i t h  s t r a w  
f i l t e r s .  T h i s  c o n t r o l   t e c h n i q u e   s u f f e r s  from t h e  p o s s i b i l i t y  of storm 
runoff  Contamination. i 

O t h e r  t rea tment   schemes   inc lude  the u s e  of s e p a r a t o r s  t o  t r e a t  o i l  
s t o r a g e   r u n o f f .  The primary  emphasis  here i s  t o  t r ea t  r u n o f f s   d u e   t o  
c o n t i n u a l  water running   th rough t h e  a rea .  The sys t ems   gene ra l ly  are  n o t  
designed t o  hand le   i nc reased   l oads   due  t o  storm runoff .  

Solvent   s torage   and   main tenance  areas are normally  confined t o  b u i l d -  
ings .  To decrease t h e  p o s s i b i l i t y  of contamination  due to o p e r a t o r  o r  
maintenance  negl igence,  these areas are  n o t  supp l i ed  w i t h  d r a i n s .  

_""" End-of-Pipe """"_ Treatment  

End-of -p ipe   t rea tment   in  t h i s  segment of t h e  i r i d u s t r y   g e n e r a l l y   i n v o l v e s  
t h e  t r ea tmen t  of combined Frocess and  nonprocess waste water i n  a 
pr imary   sed imenta t ion   bas in  or lagoon.  Once-through,  non-contact 
c o o l i n g   w a t e r   u s u a l l y  is n o t  treated even  though t h e  p o s s i b i l i t y   e x i s t s  
f o r  o i l  contaminat ion   f rom  process   was te   water .   Pr imary   emphas is  i s  on 
removal of s e p a r a b l e   s o l i d s   f r o m   t h e   n o n p r o c e s s   b o i l e r  blowdowns and 
wa te r   t r ea tmen t  wastes and  from t h e  p rocess  washdown waters ( i f  any) 
from t h e  soaps tone   a r ea .  

The most effect ive s y s t e m   a l t h o u g h   n o t   g e n e r a l l y   a p p l i c a b l e  because of 
land   requi rements ,  i s  t h e  u s e  of j u d i c i o u s  water mangement t echn iques  t o  
minimize   nonprocess   d i scharges   and  of hold ing   lagoons  t o  c o n t a i n   a l l  
wastes including  process ,   nonprocess ,   and storm runoff .  Other  lagooning 
systems  used f o r  t r e a t m e n t  of a l l  process   ( including  once-through 
cool ing  water)   and  nonprocess  waste wa te r s  were observed. Residence 
times var ied   f rom twelve to twenty-four   hours  w i t h  s u r f a c e   l a o d i n g s   a s  
h igh   a s  1 2 , 0 0 0  l i t e r s / m i n / s q  meter (1 ,200  gal/min/sq ft). A u x i l i a r y  
equipment   observed  included o i l  skimmers and  s ludge  handl ing  equipment .  

From t h e  s t a n d p o i n t   o f   t r e a t i n g   p r o c e s s   w a s t e  waters, these systems 
s u f f e r   h e a v i l y  from d i l u t i o n ,   p a r t i c u l a r l y   i n  t h e  t r e a t m e n t  of g r e a s e   o r  
o i l y   w a s t e s .   D i l u t i o n  by process   s t reams was a s  high as  75 t o  1. 
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D i l u t i o n  by heavy storm runof f  was a n   a d d i t i o n a l   p r o b l e m   a t  many 
l o c a t i o n s .  

a n t h e t i c  Rubber 

" In-Elant  """" C o n t r o l  
0 

Sincp  t h e  s y n t h e t i c   r u b b e r   i n d u s t r y  is h i g h l y   t e c h n o l o g i c a l ,   i n v o l v i n q  
many p r o p r i e t a r y   a n d   c o n f i d e n t i a l   p r o c e s s i n g   t e c h n i q u e s ,  many F o t c n t i a l  
i n -p l an t  waste wa te r   con t ro l   me thods  would c a l l  f o r  radical changeE i n  
p r o c e s s i n g   o r   p r o d u c t   q u a l i t y ,   S u c h   t e c h n i q u e s   a r e   o b v i o u s i y  not 
f e a s i b l e ,  However, some p o t e n t i a l   c c n t f o l  methods desezve  mencion so . t h a t  t h e i r  a p p l i c a b i l i t y  may be e v a l u a t e d .  

Crumb Rinse Overflow ! 
I 

~t was observed t h a t  some c rumb  rubbe r   p l an t s   gene ra t e  crumb r i n s e  
overf lows  which have a lowor   loading  of r u b b e r   f i n e s   t h a n  other p l a n t s .  
Genera l ly ,  however, such losses cannot  be reduced witu f i n e r   i n - p l a n t  
s c r e e n s   s i n c e   t h e y   a r e  a f u n c t i o n  of bo th  t h e  t y p e   a n a  t h e  c o a g u l a t i o n  
p r o p e r t c e s  of t h e  rubber ,  One p l a n t   d i d   u s e  a p r o p r i e t a r y  memod . t o  
f i n i s h  t h e  rubbe r   cemen t   i n   wh ich  a w a t e r   s l u r r y  i s  not   used.  T h i s  
s y s t e m   e l i m i n a t e s  t h e  crumb s l u r r y   o v e r f l o w   a n d  t h e  c o n t a i n e a  rubber 
f i n c s .  I t  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   w h o l e s a l e  to crumb rubber 
p roduc t ion ,   bu t  does merit i n v e s t i g a t i o n  by   i ndus t ry ,  

- Coaqulation  Liquor  Overflow 

Most emulsion  crumb  rubber   processes   use an  a c i d   a n d   b r l n e   c o a g u l a t i o n  
l i q u o r ,  One p l a n t ,  however, c o a g u l a t e s  t h e  l a t e x  w i t h  an  aciapolyamine 
l i q u o r  which r educes  t h e  q u a n t i t y  of t o t a l  dissolved s o l i d s  d i scna rged  
i n  t h e  c o a g u l a t i o n   l i q u o r   o v e r f l o w .  The u s e  of t h i s  t y p e  of c o a g u l a t i o n  
l i q u o r  i s  n o t   a l w a y s   p o s s i b l e ,  but i f  employed   could   s igr4 i f icant ly  
reduce t h e  t o t a l  dissolved solids i n   t h e   f i n a l  ' e f f l u e n t  . 

S e v e r a l   p l a n t s  a re  c o n v e r t i n g  vacuum systems  from st9am Je t  e j e c t G r s  t o  
vacuum pumps f o r   e f f i c i e n c y   a n d  waste water r e a s o n s .   I n  order t o  
maximize t h e  waste w a t e r   b e n e f i t s   d e r i v e d  from t h e  use  of vacuum  pumps, 
t h e  s e a l  water shou ld   be   r ecyc led ,  An over f low is  g e n e r a l l y   r e q u i r e d  
from t h e  seal  water r e c y c l e   s y s t e m ;  t h i s  overflow is n o r m a l l y   s l i g h t l y  
contaminated w i t h  oil b u t   h a s  a better q u a l i t y   t h a n  the steam jet 
condensate ,  

C a u s t i c   S c r u b b e r s  

I n  some p l a n t s ,  t h e  c a u s t i c  soda s o l u t i c n   u s e d  t o  r e m o v e   i n h i b i t o r s  from 
some monomers (no tab ly   bu tad iene )  i s  reFlaced  batchwise.  The sper, t  
c a u s t i c   s o d a   s o l u t i o n ,   u s u a l l y  10-20 percent   sodium  hyaroxide ,   should  
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n o t  be d i scha rged  batchwise. It s h o u l d   b e   c o n t a i n e r i z e d  and bled i n t o  
t h e  t o t a l   p l a n t   e f f l u e n t ,   t h e r e b y   d i l u t i n g  i ts  h igh  p H ,  a l k a l i n i t y ,  COD, 
and color c o n t r i b u t i o n s .  

Carbon  Black  Slurr ies  b 

The u s u a l  method i s  t o  s l u r r y   t h e   c a r b o n   b l a c k  for  a d d i t i o n  t o  t h e  
rubber  w i t h  water. One p l a n t   v i s i t e d   e m F l o y s  a steam gr ind ing- s lu r ry ing  
t echn ique  which reduces   carbon black s p i l l a g e   a n d   c o n s e q u e n t l y  washdown 
and  runoff  waste waters lader, w i t h  b l a c k   f i n e s ;   t h i s   t e c h n i q u e   a v o i d s  
t h e  nPed f o r   c a r b o n  black s e t t l i n g   p i t s   a n d  t h e  associated p i t   c l e a n i n g  
costs . 
""- Latex  Sp i l l s  

Latex spills and  leakages o c c u r  from time t o  time i n  a l l  emulsion  crumb ; 
and l a t e x   p l a n t s .   I n  most cases, t h e   s p i l l  i s  washed to t h e  n e a r e s t  
p l a n t   d r a i n   u s i n g  a water hose. I n  many cases, t h i s  produces 
unnecessary washdown w a t e r   a n d   d i l u t e s   t h e   l a t e x  so thac subsequent  
t rea tment   by   coagula t ion  is much more d i f f i c u l t .  An a l t e r n a t i v e  
technique  i s  t o  c o a g u l a t e   t h e   l a t e x   i n   s i t u   w i t h  3lum, for example,.  and 
remote t h e  coagu la t ed   rubbe r  so l id s  w i t h  sc rape r s .  T h s  volume of 
subsequent  washdown water r e q u i r e d  i s  less a n d   t h e   l a t e x  solids i n  t h e  
washdown water a re  g rea t ly   r educed .  

Baler  O i L  

t 

As a r e s u l t  of t h e  h igh   hydraul ic   p ressures   involved   and  the corr t inual  
j a r r i n g   a c t i o n  of t h e  balers,  o i l  leaks are frequent.  Back-welding t h e  
h y d r a u l i c   l i n e s ,   a l t h o u g h  more Expensive as a n   i n i t i a l  equipment cost, 
d o e s   s i g n i f i c a n t l y   r e d u c e  t h e  occurrence  of baler  o i l  leaks and  can 
produce   apprec iab le   sav ings  i n  baler o i l  usage .   In  addition, p l a n t  
floor d r a i n s   s h o u l d  be sealed and, i f   n e c e s s a r y ,   r e t e n t i o n   c u r b i n g  
i n s t a l l e d  t o  keep   leaked  o i l  f r o m   l e a v i n g   t h e  baler area. Balers us inq  
water as t h e  hydraul ic   f1u i .d  are  also a v a i l a b l e   a n d  are be ing   u sed   i n  
some p l a n t s ;  o i l  leakage  w i t h  t h i s  t y p e  of machine i s  obvious ly  elimi- 
nated.  

"" End-of -PiEe """ Treatment  

Emulsion Crumb P l a n t s  - Primary- 

It  i s  norma l   p rac t i ce   fo r   c rumb  rubbe r   p roduce r s  t o  r e c y c l e  part of t h e  , 

crumb r i n s e  water. The remainder  of t h e  crumb r i n s e  water i s  d i scha rged  ,, 
i n  order t o  blow down a c c u m u l a t i n g   f i n e   r u b b e r  so l ids ,  d i s s o l v e d  solids 
and  organics .  The r i n s e  water d i s c h a r g e  or over f low is c l a r i f i e d  before 
f i n a l   t r e a t m e n t   i n  a crumb s e p a r a t i o n   p i t .  The t r apped   rubbe r  so l ids  
are removed p e r i o d i c a l l y  ky scoop. A v e r y  common shortcoming of these 
s e p a r a t o r s  i s  t h a t  t h e y  are o p e r a t e d  as  s i n g l e   u n i t s   a n d  are  n o t   c l e a n e d  
f r e q u e n t l y  enough. T h i s  r e s u l t s   i n   s h o r t - c i r c u i t i n g  followed by poor 
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s e p a r a t i o n .   I n   a d d i t i o n ,  w h m  t h e  p i t s  a r e  c leaned ,  t h e  s e p a r a t e d  
rubber  so l id s  a re  d i s t rubed   and   rubbe r  solids t h a t   h a d   p r e v i o u s l y  
separa ted   recombine  w i t h  t h e  p i t   e f f l u e n t   u n t i l   t h e   c o n d i t i o n  of Lhe p i t  
s t a b i l i z e s .   D u a l   p i t s  would s o l v e  this problem:  one p i t  would s t a y   i n  
o p e r a t i o n  w h i l e  t h e  other  was cleaned  and allowed t o  s t a b i l i z e .  0 

S i n c e  waste  waters from emuls ion   c rumb  p lan ts   conta in   cons iderable   quan-  
t i t i e s  o f   l a t e x ,  it i s  n e c e s s a r y  t o  c o a g u l a t e  the l a t e x   i n   o r d e r  t o  
ach ieve  a good q u a l i t y   e f f l u e n t .   C h e m i c a l   c o a g u l a t i o n  by i t s z l f  i s  

* se ldom  su f f i c i en t ,   because  t h e  d e n s i t y   o f  t h e  coagulaced  rubber  i s  
normally close t o  t h a t  of water. Therefore ,  it i s  customary t o  add a 
I 'sinker'I  (clay or l imes tone )  t o  t h e  coagu la t ion   mix tu re  t o  sink the  

, coagula ted   rubber   and  effect  t h e   s e p a r a t i o n .  For a small waste water 
flow, chemical coagu la t ion   u s ing   ( fo r   example )   a lum,   Fo lye lec t ro ly t e ,  
a n d   c l a y   i n  a r a p i d  mix t ank   can  be fol lowed by f l o c c u l a t i o n   i n  a t 

f l o c c u l a t o r   t a n k ,   C l a r i f i c a t i o n   c a n   t h e n  be accomplished i n  a r e c t a n -  $ 

g u l a r   c l a r i f i e r   e q u i p p e d   w i t h   s o l i d s   r e m o v a l   e q u i p m e n t .   L a r g e r  waste 
water f lows  can be treated i n  a r e a c t o r - c l a r i f  i e r  w i t h  r i m  overflow  and 
c e n t r a l   s l u d g e  draw-of f .  

The collected s ludge   can  be th ickened   and  dewatered b e f o r e  dis1;osal 2n a 
l a n d f i l l .   D e w a t e r i n g   s t u d i e s   o n  t h i s  t y p e  of s ludge  concluaed t h a t  a 
p l a t e -and- f r ame   p re s su re   f i l t e r   pe r fo rmed  well. The i n s t a l l e d  f i l t e r  
was a u t o m a t i c a l l y   c o n t r o l l e d  for  feed s h u t - o f f ,   f i l t e r   o p e n i n g ,  core 
blowout, f i l t e r  c l o s i n g ,   p r e c o a t i n g ,   a n d   f e e d   r e s t o r a t i o n  (refer t o  
P l a n t  J) , 

One p l a n t   ( P l a n t  K )  u se s  chemical c o a g u l a t i o n  followed by a i r  f l o t a t i o n  
for p r i m a r y   c l a r i f i c a t i o n  (6)  . I n s t e a d   o f   s i n k i n g ,  t n e  ruhbeu   so l id s  
a r e  f loated t o  t h e  c l a i r f i e r   s u r f a c e  w i t h  a i r  bubbles  and  runovsd by 
s u r f a c e  so l ids  removal equipment. T h i s  t r e a t m e n t   f a c i l i t y  i s  r e l a t i v e l y  
new and has had s t a r t - u p   t r o u b l e s ,   a l t h o u g h   t h e y   h a v e   b e e n  
s a t i s f a c t o r i l y  resolved. A i r  f l o t a t i o n   i n  t h i s  app l i ca t ion   p roduces  
p r i m a r y   e f f l u e n t   o f  good q u a l i t y .  

The collected s u r f a c e  s o l i d s  are  pumped t o  a s ludge  impoundment lagoon 
where they   d ry   ou t .  The use  of t h i s  lagoon i s  limited and a long-term 
solids dewatering  and d i s p o s a l   t e c h n i q u e  w i l l  have t o  be found. 

Where adequa te   l and  i s  a v a i l a b l e ,  r u b b e r   s o l i d s   s e p a r a t i o n  has been 
a c h i e v e d   u s i n g   p r i m a r y   s e t t l i n g  Fonds. Chemical c o a g u l a t i o n  of t h e  
sol ids  p r i o r  t o  d i s c h a r g e  t o  the  Fonds is usua l ly   necessa ry .  The 

' se t t l ed  a n d   f l o a t i n g  sol ids  ( s i n c e  both t y p e s  a re  produced) a re  removed 
from t h e  ponds   pe r iod ica l ly  by  vacuum t r u c k  or scoop. 

. """-""""" Emulsion Crumb P l a n t s  - Secondary 

B i o l o g i c a l   o x i d a t i o n  of t h e  p r i m a r y   e f f l u e n t  is a c h i e v e d   i n  aerated 
lagoons or i n   a c t i v a t e d   s l u d g e   p l a n t s .   G e n e r a l l y ,  a n u t r i e n t  must be 
added. B o t h   t e c h n o l o g i e s   o b t a i n   s a t i s f a c t o r y   o x i d a t i o n  of t h e  aissolved 

. 
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c o n t a m i n a n t s ;   p r o b l e m s   c a n   a r i s e   i n   t h e   c l a r i f i c a t i o n   o f  t h e  secondary 
e f f l u e n t .  Good s e c o n d a r y   c l a r i f i c a t i o n  of e f f l u e n t  from a n   a e r a t e d  
lagoon  has   been  obtained w i t h  t h e  aforementioned a i r   f l o t a t i o n   p l a n t ,  
which is a dua l   sys tem w i t h  both p r i m a r y   a n d   s e c o n d a r y   a i r   f l o t a t i o n  
c l a r i f i e r s .  b 

If s u f f i c i e n t   l a n d  i s  a v a i l a b l e ,  t he  e f f l u e n t  from t h e  asrated lagoons 
can be c la r i f ied  and s t a b i l i z e d   i n   s t a b i l i z a t i o n  ponds. T h i s  t ype  of 
f a c i l i t y  is tempera ture   dependent ,   o f   course ,   and   per forms better i n  
warmer climates. 

C l a r i f i e r s  are commonly u s e d   f o r   s e c o n d a r y   c l a r i f i c a t i o n  i n  a c t i v a t e d  
s l u d g e   p l a n t s .  They a r e   g e n e r a l l y   a d e q u a t e ,   b u t   c a s e s   e x i s t  where h igh  
sol ids  c a r r y o v e r  i s  a problem.   Secondary   c la r i f ica t ion   can  be assisted 
w i t h   c o a g u l a t i o n   c h e m i c a l s   i n  much t h e  same manner as for  primary 
c l a r i f i c a t i o n ,   b u t   t h e   a d d i t i o n a l   c h e m i c a l  cost is  high. 

! 
I 

One p l a n t   i n  t h e  i n d u s t r y ,   i n  an area where  water i s  i n  shor t  supply ,  i s  
e v a l u a t i n g   e v a p o r a t i o n  t o  remove  waste water contaminants  (7)  , 
S a t i s f a c t o r y   G p e r a t i o n  h a s  not been  achieved t o  da te   because  of 
co r ros ion   and   fou l ing  of t h e  evapora to r   t ubes .  I t  1 s  proposed  *hat 
s a t i s f a c t o r y   o p e r a t i o n   c a n  be achieved w i t h  t h e  use of more e f f e c t i v e  
c o r r o s i o n   r e s i s t a n t   m a t e r i a l s  of c o n s t r u c t i o n  a s  well a s  p re t r ea tmen t  t o  
reduce  the q u a n t i t i e s  of c e r t a i n   o r g a n i c s   a n d   s u l f i d e s ,  E f f o r t s  t o  
demonstrate t h i s  w i l l  be made by E P A - O f f i c e  of Research and  Development 
du r ing  1973-1974. 

""-c_"""""""" Emulsion Crumb P l a n t s  - Advanced 

After secondary  t reatment ,   emulsion crumb was te   waters  still c o n t 3 i n  
h igh   leve ls   o f  COD. A high  COD l e v e l   a p p e a r s  t o  be a common charac-  
t e r i s t i c  o f   s econda ry   e f f luen t s  from emulsion  crumb, s o l u t i o n  crumb, and 
l a t e x   p l a n t s ,   a n d   i n d i c a t e s   t h a t   c e r t a i n   c o n s t i t u e n t s  of tne waste  
w a t e r s   g e n e r a t e d   i n   s y n t h e t i c   r u b b e r   p l a n t s  are r e f r a c t o r y  t o  b i o l o g i c a l  
ox ida t ion .  

With t h e  except ion   of  t h e  evapora t ion   t r ea tmen t  described above,  only 
one   o the r   s tudy   has   been  made o f   t e r i t a r y  or advanced  t reatment  of 
emulsion  crumb  rubber  waste  waters,  T h i s  was c a r r i e d   o u t  on a p i l o t  
p l a n t   s c a l e   u s i n g   a c t i v a t e d   c a r b o n   t r e a t m e n t   ( r e f e r  to the Survey of 
P l a n t  J - S e c t i o n  V I I ) .  Approximately 70% of  t h e  COD r e m a i n i n g   a f t e r  
s econda ry   t r ea tmen t  was  removed by t h e  carbon,  

""""""""- Solu t ion  Crumb P l a n t s  - Primary 

P r i m a r y   c l a r i f i c a t i o n  of t h e   s o l u t i o n  crumb p l a n t  waste water i s  c a r r i e d  
o u t   i n  crumb p i t s .  These p i t s  are  s i m i l a r   i n   d e s i g n  t o  those for emul- 
s i o n  c r u m b   p r o d u c t i o n   f a c i l i t i e s .  To  avoid  re-suspending t h e  s e p a r a t e d  
rubber  so l ids ,  d u a l  crumb p i t s   s h o u l d  be used. 
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O t h e r  forms of p r imary   t r ea tmen t   a r e   no t   r equ i r ed  for s o l u t i o n  crumb 
w a s t e   w a t e r s ,   s i n c e   u n c o a g u l a t e d   l a t e x  i s  n o t  p re sen t   and  the  f i n e  
rubber  so l id s  s e p a r a t e   r e a d i l y .  

”””””“- S o l u t i o n  Crumb P l a n t s  - Seccndary b 

””””“”“”””” S o l u t i o n  crumb P l a n t s  - Advanced 

Advanced o r  t e r t i a ry   t r ea tmen t   t echno log ie s   have   no t   been   u sed  on 
secondary   e f f luen t s   f rom  so lu t ion  crumb p l a n t s .  It  i s  p r o b a b l e   t h a t  
ac t iva t ed   ca rbon   t r ea tmen t   wou ld   g ive  CCD removals similar t o  those f o r  
emulsion  crumb  waste  water,  since t h e  raw waste w a t e r   c o n s t i L u e n t s  ( fo r  
example ,   t races  of monomer) a re  similar f o r  b o t h  t y p e s  of waste water. 

: 
, 

L a t e x   h a n t s  - Primary 

S ince  l a t e x   p l a n t  waste w a t e r s   c o n t a i n   u n c o a g u l a t e d   l a t e x  so l id s ,  
p r i m a r y   c l a r i f i c a t i o n  i s  assisted by chemica l   coagu la t ion .   In  much t h e  
same  manner as fo r  emulsion  crumb waste w a t e r s ,   c l a r i f i c a x i o n   c a n  be 
effected i n   r e a c t o r - c l a r i f i e r s   o r  s y s t e m s  w i t h  s e p a r a t e   r a p i d  mix, 
f l o c c u l a t i o n ,   a n d   c l a r i f i c a t i o n   t a n k s .   L a t e x   w a s t e   w a t e r s   c a n  a lso hF 
c l a r i f i e d   b y   a i r   f l o t a t i o n .  

L a t e x   P l a n t s  - Secondary 

A c t i v a t e d   s l u d g e   p l a n t s   a r e   u s e d  for  t h e  secondary   t r s a tmen t  ot l a t e x  
was te   water .   High   res idua l  COD l e v e l s   a r e  a problem. These l e v e i s   a r e  
hiqher  t h a n  €or e i the r  emuls ion  crumb or  s o l u t i o n  crumb  plafi t5,   because 
t h e  i n i t i a l  COD l o a d i n g  of the raw waste  water f r o m   l a t e x   p l a n t s  i s  much 
h ighe r .  It i s  f e a s i b l e   t h a t  aerated l agoons   and   s t ab i l i za t ion   ponds  
w i l l  p r o d u c e   s a t i s f a c t o r y   o x i d a t i o n   a n d   s t a b i l i z a t i o n  of l a t e x   w a s t e  
wa te r s  . 
”””””””” 
L a t e x   P l a n t s  - Advanced 

Advanced or t e r t i a r y  t r ea tmen t   t echno log ie s   have   no t   been   u sed  on l a t e x  
was te   waters .  It  i s  p robab le  t h a t  COD removals similar t o  those 
achieved  by emulsion p l a n t s   c a n  he achieved  for l a t e x  waste water by 

1 

, us ing   ac t iva ted   carbon  co lumns .  

A_d_ditio,nal studies o_n_ ”””” Activated ”” Carbon  Treatment ”” ” oi S y n t h e t i c  Ruhber 
wasss water 
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Subsequent t o  %he o r i g i n a l   d r a f t  of t h i s  document, a d d i t i o n a l   s t u d i e s  
were performed by t h e  EPA Advanced Waste Treatment Research Labora tory ,  
C i n c i n n a t i ,  Ohio,  on t h e  f e a s i b i l i t y  of u s i n g  ac t iva t ed   ca rbon  
technology t o  reduce  COD l e v e l s   i n   s y n t h e t i c   r u b b e r  was te   waters  (8) . 
From t h e  r e s u l t s  of t h e  s t u d i e s  it was concluded t h a t  COD removal’ i s  
f e a s i b l e .  With t h e  three t y F e s  of syn the t i c   rubbe r   was t e   wa te r s :  
emulsion  crumb,   solut ion  crumb  and  la tex  rubber ,  COD removal w i t h  a 
maximum carbon dose ranged  from 50 t o  97%. Estimated cost  of COD 
removal based on  an  average  removal  r a t e  of 70% COD would be $369.00 p e r  
m i l l i o n   g a l l o n s  of was te  water t r e a t e d .  

114 

P 



SECTION VI11 

COST, ENEEGY AND NON-WATER QUALITY ASPECTS 

""""""""- Tfre   and   Inner   Tube   Indus t ry  

"""___I"""""___""_ S e l e c t i o n  of Control   and  Treatment   Technologies  Baaed on Costs 

Two a l t e r n a t i v s   a p p r o a c h e s   e x i s t   f o r   t h e   c o n t r o l   a n a   t r e a t m e n t  of 
p rocess   was t e   wa te r s  from both o l d   a n d  newer t i r e  a n d   i n n e r   t u b e  

- p r o d u c t i o n   p l a n t s .  

The f i r s t   a p p r o a c h  i s  t o  combine  process   and  nonprocess  waste waters ar,d \ 

t o  t r e a t  t h e  e n t i r e   p l a n t   e f f l u e n t .  Where l a n d  i s  ava i l ab le ,   end -o fp ipe  
t r e a t m e n t  is t h e  approach   favored  by many of t h e  t i re  manufacturers .  
Genera l ly ,  t h e  r e a s o n s   s u p p o r t i n g   t h i s   a p p r o a c h  are a s  follows: 

1 

1. I n  o l d e r   p l a n t s ,   i n - p l a n t  Sewers f o r   p r o c e s s  and nonprocess  
waste w a t e r s   a r e   u s u a l l y  combined, t h u s  making  combined t r e a t -  
ment more a t t r a c t i v e ,  

2. Process flows a r e   u s u a l l y  small r e l a t i v e  t o  nonprocess flows. 

3 ,  The t r e a t m e n t  of nonprocess  waste waters h a s   r e c e i v e d  t h e  kulk 
of i n d u s t r y ' s   a t t e n t i o n .  High  suspended solid l o a a i n g s   i n  
blowdown and   wa te r   t r ea tmen t  wastes a r e  t h e  ma jo r   po l lu t an t  i n  
t h e  combined p l a n t   e f f l u e n t  from t i r e  fac i l i t i es .  

However, end-of -p ipe   t rea tment   sys tems a lso have several d isadvantages :  

1. The combined e f f l u e n t   t r e a t m e n t   s y s t e m   u s u a l l y   r e q u l r e s   o n e  or  
two lagoons fo r  se t t l emen t   and   r e t en t ion .   Lagoon ing  of t h e  
w a s t e s   r e q u i r e s   l a r g e   l a n d   a r e a ,   w h i c h  is not r e a d i l y   a v a i l a b l e  
a t  many p l a n t   l o c a t i o n s .  

2. Because of d i l u t i o n ,  t h e  e f f e c t i v e n e s s  of t r e a t m e n t  fo r  o i i  
removal  from  process waste water i s  reduced .   In   s eve ra l  of t h e  
systems observed, oil passed   t h rough   un t r ea t ed   ( a l though  it was 
p r e s e n t   i n   s i g n i f i c a n t   q u a n t i t i e s ) ,   b e c a u s e  i t s  c o n c e n t r a t i o n  
was below t h e  c a p a b i l i t i e s   o f   t h e   t r e a t m e n t   s y s t e m  employed. 

The second  approach  emFloyod i s  c o n t r o l   a n d   t r e a t m e n t  of a s eg rega ted  '1 

and undi lu ted   p rocess   was te   water ,   This   approach   has   been   fo l iowed  in  . p l a n t s   h a v i n g   p a r t i a l l y  o r  whol ly   segrega ted   process   ana   nonprocess  
sewers. T h i s  would, of course, i n c l u d e   a n y   p l a n t   u s i n g   r e c i r c u l a t e d  
cool ing   water .  The main advantages  for t h i s  t r e a t m e n t  scneme ove r  
combined endof -p ipe   t r ea tmen t   a r e :  

7 .  Higher p o l l u t a n t   r e m o v a l   r a t e s .  

b 
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2. Sma l l e r   l and   a r ea   r equ i r ed  fo r  t r e a t m e n t   f a c i l i t i e s .  

The pr imary   d i sadvantage  of a segregated  system  approach i s  t h a t  
separa te   p rocess   and   nonprocess  sewers are  r equ i r ed .  

Upon examining these a l t e r n a t i v e s ,   c o n t r o l   a n d   t r e a t m e n t  of s eg rega ied  
p rocess   was t ?   wa te r s  was cons ide red  t o  be most a p p l i c a b l e  t o  t h e  t i r e  
producing  industry.   End-of-pipe  t reatment  of combined waste   waters  i s  
n o t   f e a s i b l ?  for  p o l l u t i o n  control because of: 1)  t ne  i n e i f e c t i v e n e s s  
of such  syst2ms  in   removal  of Frocess  waste water   contaminants ;   and 2)  
the l a r g e   l a n d   r e q u i r e m e n t s .  All costs, t h e r e f o r e ,  are related t o  t h e  
t r ea tmen t  of a s eg rega ted   p rocess   was t e  stream. 

w i t h   p r o p e r   i n - p l a n t   c o n t r o l ,  t h e  p rocess   s t r eams  consis t  of r e a d i l y  ’ 

s e p a r a b l e   l u b r i c a t i r g   a n d   e x t e n d e r  o i l s  and set t leable  sol ids ,  V o l -  
u m e t r i c   f l o w   r a t e s  for p rocess  waste w a t e r s   a r e  small. Tharefore ,  t h e  ! 

i n i t i a l   t r e a t m e n t   a p p l i c a b l e   f r o m  a cost and   p roven   ope ra t ion   bas i s  i s  
a n  API-type g r a v i t y   s e p a r a t o r ,  The Fer formance   and   e f f ic iency  of a 
g r a v i t y   s e p a r a t o r   c a n  be imprcved by a d d i t i o n  of a n   a b s o m e n t  f i l t e r .  

! 

E f f l u e n t   q u a l i t y   d a t a  fo r  older t i r e  and   i nne r   t ube   and  fo r  newer- t i r e  
f a c i l i t i e s  are  p resen ted   ( a long  w i t h  cost data) i n  Tables 18 and 19.. 
The t r ea tmen t   t echno logy   i nvo lves  t h e  isolat ion of was te s  w i t h  curb ing ,  
t h e  p r o t e c t i o n  of o i l y   a r e a s  t o  prevent  storm runoff  contamination,  and 
t h e  s e p a r a t i o n  of s e t t l e a b l e  so l id s  a n d   o i l y   m a t e r i a l  from the waste 
water.  

A more d e t a i l e d   d e s c r i p t i o n  of recommended f a c i l i t i e s  i s  p resen t sd  i n  
t h e  t i r e  and   i n r ,2 r   t ube   po r t ion  of S e c t i o n  I X ,  and a f low diagram of t h e  
system  used  as  a b a s i s  fo r  c o s t i n g  i s  presented  i n  F igure  10 .  

Treatment Cost Data 

Data from Corps   o f   Eng inee r s   pe rmi t   app l i ca t ions   and   p l an t  data obta ined  
d u r i n g   i n s p e c t i o n   v i s i t s  were used t o  o b t a i n  t h e  average  or t y p i c a l  
p l a n t  si22 and  waste   water   discharge  f lows,   and raw waste l o a d i n g s   a s  
described i n   S e c t i o n  V. 

I n  order t o  adequa te ly  estimate t h e  waste water d i s c h a r g e  flow r a t e s ,  
t h e  p l a n t   e f f l u e n t  was d i v i d e d   i n t o   p r o c e s s  waste waters  and  nonprocess 
was te   waters ,  The p rocess   was t e   wa te r s   cons i s t  of m i l l  a r e a   o i l y  
w a t e r s ,   s o a p s t o n e   s l u r r y   a n d   l a t e x   d i p  wastes,  area washdown waters ,   and 
emiss ion   sc rubber   waters ,   contaminated  storm waters   f rom raw m a t e r i a l  
s t o r a g e   a r e a s .  The nonprocess  waste waters a r e   s a n i t a r y   a n d   c l e a n  storm 
w a t e r s ,   u t i l i t y   w a s t e  waters such   as   once   th rough  cool ing  water, boiler 
blowdown, c o o l i n g  tower blowdown, water   t reatment   wastes   and 
uncontaminated   contac t   cool ing   water  l i k e  tread cool ing   waters .  

.1 

From these d a t a ,  a t y p i c a l   p r o c e s s   w a s t e   w a t e r  flow w a s  estimated t o  be 
3.785 L/sec ( 6 0  gpm) fo r  a p l a n t  consuming 205,000 kg (450,000 lbs )  of 
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raw mater ia ls  po r  day. For t h e   o l d e r  t i re  a n d   i n n e r   t u b e   p l a n t   s u b -  
ca t egory  t h e  averagE o i l  l oad ing  i s  0.246  kg/kkg(lb/1000 lb) of raw 
m a t e r i a l  consumed.  The  suspended s o l i d s   l o a d i n g   f o r   t h i s   s u b c a t e g o r y  i s  
es t imated t o  be 0.319' kg/kkg(lb/1000. lb) of raw material. Based  on 
these t y p i c a l   p r o f i l e s   f o r  o ld  and new p r o d u c t i o n   f a c i l i t i e s ,   t r e a t m e n t  b 
cost d a t a  w?re qenerated  and &re p r e s e n t e d   i n  Tables 18 and 19. The 
costs shown f o r  a t y p i c a l   o l d e r   f a c i l i t y  are  based on t h e  worst case o.f 
having t o  i n s t a l l  a completely  sEgregated sewer system ra ther  t h a n  
i s o l a t i n g   t h e   p r o c e s s  waste water stream from t h e  combined sewer l i n e .  

The t o t a l  annual  costs f o r   t h e  Froposed BPCTCA and BA'IIEA con t ro l   and  
t r ea tmen t   t echno log ie s :   can  be i n t E r p r e t e d ' i n  terms of   incremental  costs 
p e r   u n i t  of product ion.   Study of t h e  cost data  f o r  a t y p i c a l .  older t i r e  
o r  i n n e r   t u b e   p l a n t  consuming 205,000 kg (450,000 lb s )  of raw m a t e r i a l s  
p? r   day   i nd ica t e s   t ha t .   t he   t r ea tmen t  Costs f o r   b o t h   t h e  BPCTCA pnd BATEA 
i s  approximately 0.59 c e n t s   p e r  kg (0.27 c e n t s / l b )  of raw mater ia ls .  
Tho t r e a t m e n t  cost per u n i t   o f   p r o d u c t i o n   f o r   b o t h   t h e  aPCTCA ana  BATEA 
for  a newer t i r e  or i n n e r   t u b e   f a c i l i t y  of similar s i z e  (205 ,000  kg raw 
m a t e r i a l )  i s  l s t i m a t e d  t o  be approximately  0 .46  cents   per  kg (0 .21  
c e n t s / l h )  of raw m a t e r i a l  ccnsumed. I n   o t h e r w o r u s  che proposed 
t r e a t m e n t s  w i l l  add  approximately 6 c e n t s  to ti-,€ cost of a passenqer 
t i r e  manufactured i n   a n   o l d e r   F l a n t   a n d   a b o u t  5 c e n t s  to t h e  cost of a 
passenger  t i r e  p rduced   i n  a newer f a c i l i t y .  

Investment costs have  been  factored t o  August 1971 d o l l a r s  uslng  Enqin- 
e e r i n g  N e w s  Pecord cost  ind ices .   Deprec ia t ion  was c a l c u l a t e d  OD. t h e  
bas i s  o f   s t r a i g h t - l i n e   d e p r e c i a t i o n   w i t h  a f i v e   y e a r   l i f t  anu zero 
sa lvaqe   va lue .  

Des igns   for   the   p roposed  model t reatmen+  systems were costed t o  eva lua tp  
t h e  economic impact of the  proposed  eff luent   1imitat iorL.s .  The des ign  
c o n s i d e r a t i o n s  ( i -e . ,  t h e   i n f l u e n t  raw waste loads) were selected t o  
r e p r e s e n t  the  expected raw waste load   w i th in   each   subca tegory .   Th i s  
r e s u l t s   i n   t h e   g e n e r a t i o n   o f  cost data  which  should be conse rva t ive  when 
app l i ed  t o  most of t h e   p l a n t s   i n   t h i s   c a t e g o r y ,   R e l a t i v s l y   c o n s e r v a t i v e  
cost f i g u r e s  a r e  p r e f e r r e d  f o r  t h i s   t y F e  of general   economic  analysis .  

The c a p i t a l  costs were gene ra t ed  on a unit process ,basis,  w i t h   t h e  
fo l lowing   "percent  add on" f i g u r e s  appl ied t o  t h e  total u n i t   p r o c e s s  
costs i n  o r d e r  to  d e v e l o p   t h e  total  i n s t a l l e d  c a p i t a l  cost requirements.  
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"- I + l m  
P e r c e n t  of Uni t  
Process C a p i t a l  Cost ""- 

Electr ical  1 2  
P ip ing  15 0 

Ins t rumen ta t ion  a 
S i t ?  Work 3 
F n q i n e ~ r i n g   D e s i g n  and   Cons t ruc t ion  

Supe rv i s ion  Fees 10 
Cons t ruc t ion   Cont ingency   15  

S ince   l and  costs v a r y   a p p r e c i a b l y  between p l a n t   l o c a t i o n s ,  it was 
* decided  t o  exc lude   l and  cost from t h e  t o t a l  c a p i t a l  cost es t imates- .  

Land cos t s   mus t  be added on an i n d i v i d u a l   c a s e   b a s i s .  

Annual costs were computed   us ing   the   fo l lowing  cost b a s i s :  

"" 
Item 

"""" 
Cost A l l o c a t i o n  

c a p i t a l i z a t i o n  1 0  pe rcen t   o f   i nves tmen t  

D e p r e c i a t i o n   5 - y r   s t r a i g h t   l i n e  w i t h  z e r c   d i s c n a r g e  
v a l u e  

Operat ions  and I n c l u d e s  lakor and   supe rv i s ion ,  
Maintenance chemica ls ,   s ludge   haul ing   and  dis -  

p o s a l ,   i n s u r a n c e   a n d   t a x e s  (com- 
p u t e d   a t  2 pErcent  of t h e  c a p i t a l  
cost) ,  and  maintenance ( 4  p e r c e n t  
of c a F i t a l  cost) 

Power Based on $0.01 kw-hr for e l ec t r i ca l  
power. 

The short-term c a p i t a l i z a t i o n  and   dep rec i a t ion  write-off p e r i o a  i s  what 
is c u r r m t l y   a c c e p t a b l e   u n d e r   c u r r e n t   I n t e r n a l  F.evenue Se rv ice   hegu la -  
t i o n s   p e r t a i n i n g  t o  po l lu t ion   con t ro l   equ ipmen t .  

A l l  costs were computed i n  terms of August ,   1971  .do l la rs ,  which corres- 
pond t o  a n  Engineer ing  N e w s  Record Index  (ENR) v a l u e  of 1580. 

/' 

- " Enegy  Requi rements  

Energy   input  is related t o  t h e   n e e d  fo r  electric pumps t o  pump process  1 

waste   waters   f rom t h e  p l a n t  area and  through the t reacment  system. 
E l e c t r i c i t y  costs a r e   e s t i m a t e d   a t   o n e   c e n t   p e r   k i l o w a t t   h c u r .  The 
e x t r a  power r s q u i r e d  fo r  t r e a t m e n t   a n d   c o n t r o l   s y s t e m s  i s  n e g l i g i b l e  
compared t o  the power requi rement  of t h e  t i re  manufacturing  equipment. 

1 2 1  



The pr imary   non-water   qua l i ty  aspect d e r i v i n g  from use of a s e p a r a t o r  is  
t h e  neEd f o r  d i s p o s a l   o f  o i l  and sol ids .  A d d i t i o n a l   s o l i d  waste r e s u l t s  
from t h e  use of a non- regene ra t ive   t ype   abso rken t  f i l t e r .  

S o l i d  waste d i s p o s a l  is a major problem  confront ing  t h e  i n d u s t r y  a 
whole. T y p i c a l l y  3,100 kg (6 ,800  l b s )  o f  s o l i d  waste are gene ra t ed  by a 
t i re  p l a n t  each day. A d d i t i o n a l  sol id  waste r e s u l t s  from *&e drumming 
of the  waste s o l u t i o n s  for  o f f - s i t e  disposal. Maxiy manufactbr ing 
p l a n t s ,   p a r t i c u l a r l y   i n  t h e  n o r t h e r n  s t a t e s ,  a re  f i n d i n g  it d i f f i c u l t  t o  
l o c a t e  and  arrange for  s e r v i c e   a t   s a t i s f a c t o r y   l a n d f i l l  sites. 
F o r t u n a t e l y ,  t h e  a d d i t i o n a l  sol id  waste gene ra t ed  by t h e  proposed 
t r ea tmen t   t echno logy  is  v e r y  small r e l a t i v e  t o  the   normal  solid waste 
gene ra t ed  by t h e  p r o d u c t i o n   f a c i l i t y .   n o t  be s i g n i f i c a n t .  

Land requi rements  for t h e  t rea tment   sys tem are small; n e v e r t h e l e s s ,  
c e r t a i n  older f a c i l i t i e s  located in   h igh ly   conges t ed   u rban  a r r a s  w i l l  
f i n d  it d i f f i c u l t  t o  a l locate  s p a c e  for even t h i s  minimal  treatment 
f a c i l i t y .  These  p l a n t s  may be fo rced  t o  t u r n  t o  other c c n t r o l  measures 
and/or to p r e t r e a t   f o r   d i s p o s a l  and  discharge of the  process   was te  
waters t o  p u b l i c a l l y  owned t r ea tmen t  works.  

Synthe t ic   Rubber   Indus t ry  

! 
, 

”-””””“”” Emulsion Crumb Subcateqory- 

”””””””””””” Se lec t ion   o f   Con t ro l  and Treatment  Technoloqiez 

Four d2grees of c o n t r o l   a n d   t r e a t m e n t  were cons ide red   i n   we igh ing  t rea t -  
ment e f f e c t i v e n e s s   v e r s u s  cost of t r e a t m e n t :   p r i m a r y   c l a r i f i c a t i o n ;  
b io logica l   ox ida t ion ;   and   advanced   t rea tment  t o  t w o  l e v e l s  of COD re- 
moval. 

Since  emulsion  crumb  waste waters c o n t a i n   u n c o a g u l a t e d   l a t e x  solids,  it 
i s  necessa ry  t o  c o a g u l a t e  these so l id s  p r i o r  t o  C l a r i f i c a t i o n .  m e  cost 
a l t e r n a t i v e s   f o r  th f :  p r i m a r y   c l a r i f i c a t i o n  of emulsion  crumb waste water 
have  been  developed  on t h e  basis  of a t r e a t m e n t  model invo lv ing  chemical 
coagu la t ion ,  w i t h  a s i n k i n g  material such  as c l a y  t q  sink the coagula ted  
solids.  T h i s ,  however, is on ly   one  of s e v e r a i  pss iDle methods of 
a c h i e v i n g   p r i m a r y   C l a r i f i c a t i o n .  A i r  f l o t a t i o n -  is another   approach t o  
p r i m a r y   c l a r i f i c a t i o n  which as been   appl ied  t o  emulsion crumb waste 
waters w i t h  success .  Chemical c o a g u l a t i o n  has been  used to develop  t h e  
cost data because there a r e  more cases of i ts  s u c c e s s f u l   a p p l i c a t i o n  for  . 
t h i s  t y p e  of waste water, a n d ,   t h e r e f o r e ,  there i s  less u n c e r t a i n t y  , *  

about  t h e  e f f e c t i v e n e s s  of t h i s  technology for  t h i s  subcategory. 

A f t e r  p r i m a r y   c l a r i f i c a t i o n ,   e m u l s i o n  crumb rubber  waste waters 
i n v a r i a b l y   h a v e   h i g h  BOD and COD concen t r a t ions .   B io log ica l   t r ea tmen t  
i s  necessary  (and i s  commonly Fracticed by t h e  i n d u s t r y )  ‘LO remove these 
contaminants .   In  order t o  develop  t h e  cost a l t e r n a t i v e s  t o r  b i o l o g i c a l  

122 

a 



t r e a t m E n t ,   a c t i v a t e d   s l u d g e   p r o c e s s e s  were u s e d   a s  a modei t r e a t m e n t .  
'It is, of c o u r s e ,  only one method f o r   c b t a i n i n g   b i o l o g i c a l   o x i c i a t i o n ,  
s i n c e  other comparable t echno log ie s ,   such  as  aerated lagoons  and 
s t a b i l i z a t i o n   p o n d s   e x i s t  and  a r e   u s e d  t o  som? e x t e n t  by the i n u u s t r y .  
The ac t r iva ted   s ludge   process  was c h o s e n   a s  a model t r ea tmen t   because  i t s  
performance i s  n o t  as temperature-   and  c l imate-dependent  a s  i s  an 
a s r a t e d   l a g o o n  o r  s t a b i l i z a t i o n  pond  system  and  because t h e  r e s u l t i n q  
cost d a t a  a r e  independen t   c f   geograph ic   l oca t ion .   In   ada i t i on , .   an  
aerated lagoon o r   s t a b i l i z a t i o n  pond s y s t e m   r e q u i r e s   c o n s i d e r a b l y   l a r g e r  
ar?as,   which are  no t   a lways  available.  Act iva ted  sludge i ac l l l t i e s ,  by 
con t r a s t ,   r equ i r e   min ima l   l and .  

The major p o l l u t a n t   r z m a i n i n g   i n   e m u l s i o n  crumb waste waxers artel: bio- 
l o q i c a l   t r e a t m e n t  i s  COD. Its c o n c e n t r a t i o n  i s  much h ighe r   t han  t h e  
or.her p r inc ipa l   pa rame te r s   and  i f  advanced waste water treatncsnr; i s  to ! 

he ca r r i t d  out ,  it is l o g i c a l   t h a t  t h e  t rea tment   t echnology should be ! 

3 p p l i a d   t o   r e d u c t i o n   o f  t h e  h igh  COD l e v e l s ,  F'or the waste water flow 
r a t e s   i n v o l v e d   i n   e m u l s i o n  c rumb  rubbe r   p roduc t i cn ,   ac t iva t ed   ca rbon  
treatment i s  the o ~ l y  t e c h n o l o g y   c u r r e n t l y   a p p l i c a b l e   f o r  COD remcval. 
In orqer t o  p r e v e n t   b l i n d i n g  of t h e  carkon  beds  and  columns w i t h  f i n e  
s u s p e n d s 6   s o l i d s ,  a d u a l - m e d i a   f i l t r a t i o n   s y s t e m  is  requi red   ups t ream of 
c h p  cclumns. Activated ca rbon   adso rF t ion  of emulsion crumb secondary 
eff luen+. has b e e n   s t u d i e d   i n   p i l o t - s c a l e  test  equipment. However, be- 
cause  of +he t e c h n i c a l  r i s k  w i t h  r e s p e c t  t o  performance  and t h e  un- . 

c z r t a i n i t y  of t h e  a s s o c i a t e d   c a p i t a l   a n d   o p e r a t i n g  costs, two l e v e l s  cf 
ac t iva+ed  carbon  t rea tment   have   been  modeled. These two l e v e l s   a r e  
2quiva ls r . t  t o  o v e r a l l  COD r e d u c t i o n s  of 75 and 90 pe rcen t .  

Eas i s  of t h e  Treatment  Cost Data 

Ar. emulsion  crumb industry Frofi le  was made, based on   icdus t ry   p roduc-  
tion c a p a c i t y   d a t a ,  t o  d e t e r m i n e   t h e   t y p i c a l  s i ze  of  an  emulsion  crumb 
p r o d u c t i o n   f a c i l i t y .  The average,  o r  t y p i c a l ,  p l a n t  i s  rated a t  1 2 8 , 0 0 0  
mstric t o n s  p?r year .  The waste water flow for such a p i a n t  would ap- 
proximate 6 0  L/sec ( 1 , 0 5 0  gpm) . The model t r e a t m e n t   p l a n t ,   u s i n g  
c h e m i c a l   c o a g u l a t i o n   a n d   c l a r i f i c a t i o n  followed by a c t i v a t e d   s l u d g e  
b i o l o g i c a l   t r e a t m e n t ,  i s  shown i n   F i g u r e  11. The.degree ot t r e a t m e n t  
a f fo rded  by t h i s  tochnology is e q u i v a l e n t  t o  best p r a c t i c a b l e   c o n t r o l  
cechno logy   cu r ren t ly   ava i l ab le .   The  recommended t r e a t m e n t   t e c h n o l o g y   t o  
a t t a i n  hes t  avai lable  technology  economica l ly   ach ievable  i s  p r e s e n t e d   i n  
F iqu re  12. T h i s  t rea tment   t echnology  inc ludes   dua l -media  f i l t r a t i o n  

"""""""""I___ 

followed by a c t i v a t e d   c a r b o n   a d s o r p t i o n .  

Designs for t h e  proposed  model treatment systems were c o s t e d  t o  e v a l u a t e  '7 

t h e  economic impact of the p r o p o s e d   e f f l u e n t  l imitat ions.  The des ign  
c o n s i d e r a t i o n s  (i.e. t h e  i n f l u e n t  r a w  waste loads) were selected t o  
r ep resEn t  t h e  h i g h e s t   e x p e c t e d  raw waste l o a d .   T h i s   r e s u l t s   i n  t h e  
gene ra t ion  of cost data w h i c h  should  be c o n s e r v a t i v e  when a p p l i e d  to 
most of t h e  p l a n t s   i n  t h e  emuls ion   c rumb  subca tegory .   Rela t ive ly  
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c o n s e r v a t i v e  cost f i g u r e s   a r e   F r € f € r r € d   f o r  t h i s  type of g e n e r a l  
economic  analysis .  . .  

The c a p i t a l  costs were genera ted   on  a u n i t   p r o c e s s  basis, w i t h  the  
fol lowing  "percent   add on" f i g u r e s   a p p l i e d  to t h e  t o t a l  u n i t   p r o c e s s  
costs i n  order t o  develop  t h e  t o t a l  i n s t a l l e d   c a p i t a l  cost requirements .  

"""- P e r c e n t  of Uni t  
"- It em " Process Capi ta l  Cost 

Electrical 12 
Piping  15 
I n s t r u m e n t a t i o n  8 
s i t e  Work 3 
Engineering  Design and 

Supe rv i s ion   Cons t ruc t ion  10 

Cons t ruc t ion   Cont ingency  15 

The t o t a l   a n n u a l   t r e a t m e n t  costs for emulsion  crumb  plants  cau b& p r e s q t c 5  
i n  terms of inc remen ta l  costs per u n i t  cf product ion.  
The cos t  d a t a  c i ted f o r  a t yp ica l   emul s ion  crumb p r o d u c t i o n   f a c i l i t y  
of 1 2 8 , 0 0 0  metric t o n s   p e r   y e a r - p r e d u c t   . t h a t  the BPCTCA 
t rea tment  w i l l  cost 0 . 6 6  c e n + s  per kg (0.3 c e n t s / l b )  of production  and 
t h a t  t h e  a d d i t i o n a l  cost of t h e  BATEA t r e a t m e n t  w i l l  approximate 0.37 c e n t s  
per kq (0.17 c e n t s / l b )  of product ion.  

S ince   l and  costs va ry   apprec i ab ly   be tween   p l an t   l oca t ions ,  it was decided 
t o  exclude  land cost  from t h e  t o t a l  c a p i t a l  cost e s t i m a t e s ,  Land costs 
must he added   on   an   ind iv idua l   case   bas i s .  

Annual costs were computed u s i n g  t h e  fo l lowing  cost bas i s :  

"- Item cost A l l o c a t i o n  

c a p i t a l i z a t i o n  10 p e r c e n t  of inves tment  

Deprec ia t ion  5-yr s t r a i g h t   l i n e   w i t h  zero s a l v a g e   v a l u e  

Operat ions  and I n c l u d e s   l a b o r  and   supe rv i s ion ,   chemica l s ,  
Maintenance s l u d g e   h a u l i n g  and   d i sposa l ,   i n su rance   and  

taxes (computed a t  2 p e r c e n t  of the c a p i t a l  
costs) ,  and  maintenance  (computed at 4 per -  

c e n t  of t h e   c a p i t a l  cost). 

Power Based  on $O.Ol /kw-hr  for e l e c t r i c a l  power. 

1 2 6  
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The short-term c a p i t a l i z a t i o n  and d e p r e c i a t i o n   w r i t e - o f f   p e r i o d  i s  what 
i s  c u r r e n t l y   a c c e p t a b l e   u n d e r   c u r r e n t   I n t e r n a l   R e v e n u e   S e r v i c e   m g u l a -  
t i o n s   p e r t a i n i n g  t o  i n d u s t r i a l   p o l l u t i o n   c o n t r o l   e q u i p m e n t .  

A l l  costs were computed i n  terms of   Rugus t ,  1971 d o l l a r s  w h x h  corres- 
pond t o  an  Engineer ing N e w s  Record  Index (ENR) v a l u e  of 1580. 

The t o t a l  c a p i t a l   a n d   a n n u a l  costs for  t h e  model   t rea tment   t echnolouies  
a r e   p r e s e n t e d   f o r  a t y p i c a l   e m u l s i c n  crumb p l a n t   i n   T a b l e  20, t o g e t h e r  

b 

- wi+h raw waste  load a n d   t r e a t e d   e f f l u e n t   q u a l i t y .  

The p r i m a r y   c l a r i f i c a t i o n   a n d   b i o l o g i c a l   o x i a a t i o n   t r e a t m e n t -  
t e c h n o l o g i e s   r e q u i r e   e l s c t r i c a l   e n e r g y   o n l y  for  o p e r a t i o n  of equipment 
s u c h  a s  pumps a n d   a e r a t o r s .  The f i l t r a t i o n  and  act ivLtcu  carbon ! 

t r ea tmen t   sys t em,  i n  a d d i t i o n  t o  power requi rements ,   needs  a t u e l   SOU^^ ’~ 
t o  r e g e n e r a t e   t h e   c a r b o n .  The energy  and power needs  of  the recommended 
t r e a t m e n t   t e c h n o l o g i e s  are deemed t o  be low. 

“”” - Non-Water Q u a l i t y  Aspects 

Sludge cake is produced  by vacuum f i l t r a t i o n   o f  t h e  pr imary  coi igulat ion 
so l ids  and t h e  d i g e s t e d   b i o l o g i c a l  solids. S l u d g e   d i s p o s a i  costs were 
based on s a n i t a r y   l a n d f i l l .   S l u d g e   i n c i n e r a t i o n  costs were no t   eva l -  
uated  because  the  economics  depend,  t o  a l a r g e   d e g r e e ,  on tne a c c e s s i -  
b i l i t y   o f  a l a n d f i l l  s i t e  and  on t h e  r e l a t i v e  costs for  s ludge   haulage  
and s i t e  d i s p o s a l .  Tho a n n u a l   q u a n t i t i e s  of sol id  was te   gene ra t ed   a r e :  

Pr imary  coagulated solids 2 , 9 4 0  cu m (3,900 c u  yd) 
B i o l o q i c a l  sol ids  2 4 5  cu m (325 cu  yd)  

S o l u t i o n  Crumb Subcateqory- 

S e l e c t i o n  of Control   and  Treatment   Technoloqies  

Only two degrees  of cont ro l   and   t rea tment   have   been   cons iaered  i n  t h e  
e v a l u a t i o n  of t r e a t m e n t   e f f e c t i v e n e s s   v e r s u s  cost d a t a .  Since l a t e x  
solids are n o t   c o n t a i n e d   i n  waste waters f rom  so lu t ion  crumb p l a n t s ,  
c l a r i f i c a t i o n  w i t h  chemical c o a g u l a t i o n  i s  n o t   r z q u i r e d ;   c l a r i f i c a t i o n  
i n  crumb p i t s  is s u f f i c i e n t .   I n   a d d i t i o n ,   a f t e r  biological t r ea tmen t ,  
t h e  r e s i d u a l  COD c o n c e n t r a t i o n  is much l o w e r  t h a n  i s  t h e  case I n  t h e  

c’ emuls ion   c rumb  coun te rpa r t .   Consequen t ly ,   ca rbon   adso rp t ion  t o  only  one 
level o f   o v e r a l l  COD r e d u c t i o n  (65  p e r c e n t  removal) i s  reasonable .  COD 
r e d u c t i o n s   g r e a t e r   t h a n  t h i s  would i n v o l v e   a d d i t i o n a l  risk and ’I 

u n ’ c e r t a i n t y   i n   t h e   c o s t i n g  grocesses. 

The f irst  d e g r e e  of t r e a t m e n t   p r o p o s e d   i n c l u d e s   p r i m a r y   c l a r i r i c a t i o n  of 
crumb-laden waste water ir, d u a l - u n i t  crumb p i t s ,  followed by b i o l o g i c a l  
t r e a t m e n t  t o  remove s o l u b l e   o r g a n i c s .  The cost data have  DE^ developed 
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on th? b a s i s  of an a c t i v a t e d   s l u d g e  sys tem for the  same rEasons   a s   g iven  
p rev ious ly  for the emulsion crumb subcategory,  Dependir,g on l and  
a v a i l a b i l i t y ,   b i o l o g i c a l   t r e a t m e n t   c o u l d  be ae ra t ea   l agoons   and  
s t ak , i l i za t ion   ponds ,  The second  degree of t r ea tmen t  consists of dual -  
media f i l t r a t i o n   f o l l o w e d  by ac t iva t ed   ca rbon   adso rp t ion ,   Ca rbon  
adso rp t ion  was selected because  it is t h e  most c u r r e n t l y   f e a s i b l e  
technique  fo r  r e d u c i n g   t h e   s o l u b l e  COD conten t .  

“””””””””” 
Basis  of t h e  Treatment  Cost Data 

A p r o f i l e  of t h e  s o l u t i o n  crumk r u b b e r   i n d u s t r y   d e f i n e d   t h e   t y p i c a l   s i z e  
of a s o l u t i o n  crumb  production f a c i l i t y   a s  30,000 metric t o n s  Ger year.  
The waste   water   f low  for   such a p l a n t  wculd  approximate 15.75 L/sec (250 

d 

gpm) 

The model t r e a t m e n t   p l a n t   u s i n g   a c t i v a t e d   s l u d g e   b i o l o g i c a l   t r e a t m e n t  i s  
shown i n   F i g u r e  11. The treatment g iven  b y  the  proposed sys tem is  
e q u i v a l e n t  t o  BPCTCA- 

! 
! 

The recommended t rea tment   t echnology to  a t t a i n  EATEA p r e s e n t e d   i n   F i g u r e  
12,  cons i s t s   o f   dua l -med ia   f i l t r a%ion   fo l lowed   by   ac t iva t ed   ca rbon  
adsorp t ion .  

The i n f l u e n t  raw w a s t e   l o a d s  upon which t h e   t r e a t m e n t  system des igns  
were  based were selected t o  r e p r e s e n t  t h e  h ighes t   expec ted  raw waste 
load i n  t h i s  subcategory.  The same c o s t   c r i t e r i a   u s e d   f o r   e m u l s i o n  
crumb p l a n t s  were a p p l i e d   f o r   s o l u t i o n  crumb r u b b e r   f a c i l i t i e s ,  

The t o t a l   c a p i t a l  and  annual costs f c r  t h e  model t rea tment   t ecnniques  
f o r  a t y p i c a l   s o l u t i o n  crumb p l a n t   a r e  presented i n  Table  21 ,  t o g e t h e r  
w i t h  t h e  r a w   w a s t e   l o a d s   a n d   t r e a t e d   e f f l u e n t   q u a l i t i e s .  

The t r ea tmen t  costs for s o l u t i c n  crumb p l a n t s   c a n  be expresseu  a s  an 
incremental  cost p e r   u n i t  of product ion.  The c o s t   d a t a   p r e p a r e d   f o r  a 
t y p i c a l   s o l u t i o n  crumb rubbe r   p l an t   o f  30,000 metric tons per   year  
i n d i c a t e   t h a t  t h e  BPCTCA t r ea tmen t  w i l l  cost 1.05 c e n t s   p e r  kg (0 .48  
cen ts / lb)  of p roduc t ion   and   t ha t  t h e  a d d i t i o n a l  costs of the BATEA 
t r ea tmen t  w i l l  approximate 0.85 cents per  kg (0.38 c e n t s / l b )  of 
product ion .  

- Enerqy  Requirements 

. The only   energy  or power need i s  e l e c t r i c i t y ,  and electricity 
consumption i s  l o w ,  The carbon is n o t   r e g e n e r a t e d   o n - s i t e  because of 
t h e  unfavorable  economics of sma l l - sca l e   ca rbon   r egene ra t ion  sys t ems ,  Y 

“”- ”” 
Non-Water Q u a l i t y  Aspects 

So l id   was t e   gene ra t ion  w i t h  t h i s  t rea tment   sys tem i s  a s s o c i a t e d  w i t h  
b io log ica l   so l id s   and   spen t   ac t iva t ed   ca rbon .  The a c t i v a t e u   c a r b o n  

1 2 9  
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c a n i s t e r s  may be r e t u r n e d  f o r  r e g e n e r a t i o n   o f f - s i t e  by  the s u p p l i e r .  
However, annua l   ope ra t ing   da t a   have   keen  based o n   d i s p o s a l  of the s p e n t  
c a r b o n   a t  a l a n d f i l l  site. The a n n u a l   q u a n t i t i e s  of solid waste  
g e n e r a t e d   a r e :  

Biological sol ids  102  cu m ( 1 3 5  cu yd) 
Spent   carbon 140 cu  m (185  cu  yd) 

b 

A i r  q u a l i t y   a n d   n o i s e  levels w i l l  n o t  be s i g n i f i c a n t l y  affected by t h e  
o p e r a t i o n s   p r o p o s e d   i n   t h e s e   t r e a t m e n t   s y s t e m s .  

Latex  Subcateqory-  

"~""""""""" Selec t ion   of   Cont ro l   and   Trea tment   Technoloqies  

Four degrees of c o n t r o l   a n d   t r e a t m e n t  were cons ide red   i n   we igh ing  t h e  
t r o a t m e n t   e f f e c t i v e n e s s   v e r s u s  cost o f   t r ea tmen t .  These a e g r e e s  o f ? .  
t r e a t m e n t  are t h e  same as f o r  emulsion crumb waste   water  and i n c l u d e  '\ 
p r i m a r y   c l a r i f i c a t i o n ,  biological oxida t ion ,   and   advanced  treatment t o  
t w o  levels  of COD removal. 

La tex   rubbe r   was t e  water c o n t a i n s   u n c o a g u l a t e d   l a t e x  solids and the pro- 
p o s e d   p r i m a r y   t r e a t m e n t   ( c h e m i c a l   c o a g u l a t i o n   a n d   c l a r i f i c a t i o n )  i s  
s i m i l a r  t o  t h a t  recommended fo r  emulsion crumb was te  waters. Thlt bio- 
l o g i c a l   t r e a t m e n t  cost  data   have  keen based o n   a c t i v a t e d   s l u d g e  for t h e  
same r e a s o n s  a s  were cited f o r  the Emulsion  crumb  subcategory. The 
advanced   t rea tment  cost data  were modeled on t w o  l e v e l s  of o v e r a l l  COD 
r e d u c t i o n ,  87 and 95 p e r c e n t .   O v e r a l l  removals g r e a t e r  than 9 5  pe rcen t  
would ca l l  f o r   u n d u e   t e c h n i c a l  r i s k ,  and   unce r t a in ty   abou t   cap i t a l   and  
o p e r a t i n g  costs. 

""""""""" 
Basis of t h e  Treatment  Cost Data 

A l a t e x   r u b b e r   i n d u s t r y   p r o f i l e  was made t o  de termine  the t y p i c a l   s i z e  
of a l a t e x   r u b b e r   p r o d u c t i o n   f a c i l i t y .  The average ,  or t y p i c a l ,   p l a n t  
h a s   a n   a n n u a l   c a p a c i t y  of 10,000 metric tons ,   and  its waste water flow 
approximates  4.4 L/sec (70 gpm) . 
The model t r e a t m e n t   p l a n t ,  c o n s i s t i n g   o f   c h e m i c a 1 ; c o a g u l a t i o n   a n d   c l a r i -  
f i c a t i o n   f o l l o w e d  by a c t i v a t e d   s l u d g e   b i o l o g i c a l   t r e a t m e n t ,  i s  
i l l u s t r a t e d   i n   F i g u r e  11. T h i s  is e q u i v a l e n t  t o  BPCTCA. 

The recommended t r ea tmen t   t echno logy  t o  a c h i e v e  best a v a i l a b l e  
technology  economica l ly   ach ieveable  , p r e s e n t e d   i n   F i g u r e  12,  i n c l u d e s  
dual-media f i l t r a t i o n   f o l l o w e d  ky a c t i v a t e d   c a r b o n   a d s o r p t i o n .  

The t r e a t m e n t   d e s i g n s  upon which t h e  cost d a t a  are b a s e d   c o r r e s p o n d   t o  
t h e  h i g h e s t   e x p e c t e d  raw w a s t e   l o a d   w i t h i n  each ca tegory .  
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The same cost c r i t e r i a   u s e d  fo r  the   emul s ion  crumb subca tegory  were 
a p p l i e d  t o  l a t e x  rubber. See Table  22. 

The t o t a l   a n n u a l   t r e a t m e n t  costs for  l a t e x   r u b b e r   p r o d u c t i o n   f a c i l i t i e s  
can be p resen ted  i n  terms of inc remen ta l  costs p e r   u n i t  Gf product ion .  
Treatment cost  d a t a   f o r  a t y p i c a l   l a t e x   p l a n t   p r o d u c i n g  10 ,000  rnetriq 
t o n s   p e r   y e a r  of l a t e x   r u b b e r  solids i n d i c a t e   t h a t  t h e  bPCTCA t r e a t m e n t .  
w i l l  cost  2.51 c e n t s   p e r  kg  (1.14 c e n t s / l b )  of l a t e x  solids p roduc i ton  
and t h a t  t h e  BATEA t r e a t m e n t  w i l l  produce  an  incrementai  cosz of 1.’01 
c e n t s   p e r  kg (0.L16 c e n t s / l b )  of l a t e x  solids product ion.  

- Enerqv  Requirements 

S i n c e  o n - s i t e   c a r b o n   r e g e n e r a t i o n  is R o t  proposed f o r  economic  reasons, 
t h e   o n l y  power or  energy   requi rement  of these t rea tment   sys tems i s  
e lectr ic  power for  pumps and other  motive  equiEment. 

! 

Non-Water Q u a l i t y  Aspects 

Sol id  was tes  are  produced  by chemical c o a g u l a t i o n   a n d   c l a r i i i c a t i o n ,  
was ted   b io logica l   s ludge ,   and   spent   ac t iva ted   carbon.  For cost pur- 
poses ,  it i s  p roposed   t ha t  these a l l  be hauled  t o  a l a n d f i l l .  The 
annua l   ‘quan t i t i e s  of s o l i d  wastes are  l i s t e d  below: 

Primary  coagulated so l id s  214 c u  rn (283 cu  yd) 
B i o l o g i c a l  solids 62  cu m ( 8 2  cu yd) 
spen t   ca rbon  126 c u  m (167 cu yd) 

Neither a i r   q u a l i t y   n o r   n o i s e  levels w i l l  be a d v e r s e l y   a f f e c t e d  by the 
proposed t r ea tmen t   t echno log ie s .  

De ta i l ed  Cost Informat ion  for  A l l  Sukca teqor i e s  

The fo l lowing   pages  of t h i s  s e c t i o n   c o n t a i n   d e t a i l e d  cost in fo rma t ion  
used t o  develop  t h e  t o t a l   c a p i t a l   a n d   a n n u a l  costs f o r  best p r a c t i c a b l e  
c o n t r o l   t e c h n o l o g y   c u r r e n t l y   a v a i l a b l e  (BPCTCA) and best  a v a i l a b l e  
technology  economical ly  achievable (BATEA) t r ea tmen t   sys t ems   p re sen ted  
and d i s c u s s e d   i n  Sections VIII, I X  and X of t h i s  r e p o r t .  The i n d i v i d u a l  
u n i t   p r o c e s s e s   i n c l u d e d   i n   e a c h  of t h e  proposed   t rea tmenr  systems a r e  
d i s c u s s e d   i n   c o n s i d e r a b l e  d e t a i l  i n   S e c t i o n s  I X  and X. 

I_”””“””””””” 

D e t a i l c d   c a p i t a l   a n d  cost estimates for a typica1l .y  older t i r e  and i n n e r  
t ube   p l an t   and  a t y p i c a l l y  newer t i r e  p l a n t  are p r e s e n t e d   i n  Tables 2 3  
and 24 r e s p e c t i v e l y .  

T a b l e   2 5   t o  27 c o n t a i n   c a p i t a l  cost estimate breakdowns f o r  BPCTCA 
control and   t rea tment  for typ ica l   emul s ion   c rumb,   so lu t ion  crumb, and 
l a t e x   r u b b e r   p r o d u c t i o n   f a c i l i t i e s .  
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C a p i t a l  cost estimates a r e   g i v e n  i n  Tables 28 t o  30 for t y p i c a l  emulsion 
crumb, s o l u t i o n  crumb,  and l a t e x   r u b b e r   p l a n t s  which r e p r e s e n t  t h e  
i n c r e m e n t a l   c a p i t a l  costs r e q u i r e d  t o  i n c r e a s e  BPCTCA t r e a t m e n t  to BATEA 
t rea tment .  

Tables 3 1  t o  38 d e s c r i b e   t h e   a n n u a l  
a s s o c i a t e d   w i t h   e a c h  of t h e  BPCTCA and 
proposed f o r  t i r e  a n d   i n n e r   t u b e   p l a n t s  
f a c i l i t i e s .  

Table  39 li-sts t h e  major cost bases used 
and  maintenance costs. 

operat ing  and  maintenance cosks 
BATEA t r ea tmen t   t echno log ie s  

and   syn the t i c   rubbe r   p roduc t ion  

t o  compute the a m u a l   o p e r a t i n g  
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Enql i s h   U n i t  

acre 

acre - f e e t  

cub ic   f ee t  

cub ic   fee t  

cubic  inches 

cubic  ya  rds 

fee t  

g a l l o n  

g a l l o n h i n u t e  

horsepower 

inches 

pounds 

m i l l i on   ga l l ons /day  

square  feet 

square  inches 

tons  (short)   (2,000  lbs) 

tons  (long)  (2,240  Ibs) 

yard 

SECTION XV 

TABLE 44  

METRIC UNITS AN0 CONVERSION FACTORS 

Abbreviat ion  Conversion  Factor  by 

ac 

ac ft 

cu f t  

CU f t  

cu i n  

cu y d  

f t  

gal  

9Pm 

hP 

I n  

I b  

mgd 

sq f t  

sq i n  

ST 

LT 

Yd 

0.405 

1233.5 

0.028 

28.32 

16.39 

0.7646 

0.3048 

3.785 

0.0631 

0.7457 

2.54 

0.454 

3,785 

0.0929 

6.452 

0.907 

1.016 

0.9144 

M e t r i c   U n i t  

hectares 

cubic  meters 

cubic  meters 

1 i t e r s  

cubic  cent imeters 

cubic  meters 

meters 

1 i t e r s  

1 i ters/second 

k i   l o w a t t s  

centimeters 

k i 1 og rams 

cubic  meters/day 

square  meters 

square  centimeters 

met r ic   tons  (1000 ki lograms) 

m e t r i c  tons (1000 ki lograms) 

meters 

J 

Abbrev iat ion 

ha 

cu m 

cu m 

L 

cu un 

cu m 

m 

L 

L / s e r  

kw 

cm 

k9 

cu m/day 

sq m 

sq cm 

kk9 

kk9 

m 

L 

NOTE: Mu l t i p l y   t he   va lue  o f  the   Eng l ish   Un i t   by   the   ind ica ted   convers ion   fac to r  to:get the  va lue o f  the  corresponding 
Me t r i c   Un i t .  
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TABLE  23 

BPCTCA  and  BATEA  Treatment  Capital  Costs  for  a 
Typical  Old  Tire  and  Inner  Tube  Plant 

(ENR 1580 - August  1971  Costs) 

Daily  Raw  Material  Consumption = 205  metric  tons 
Estimated  Total  Effluent  Flow = 2,004,000 gallons  per  day 
Estimated  Process  Effluent  Flow = 86,000 gallons  per  day 

Description  of  Treatment  Facility 

In-plant  Sewer  Segregation 
In-plant  Process  Sumps  and  Pumps 
Process  Wastewater  Force  Main 
Outdoor  Wastewater  Segregation  System 
Outdoor  Process  Sumps  and  Sump  Pumps 
Oily  Wastewater  Storage  Tank 
Oil  Separator 
Filter 
Waste  Oil  Handling 
Process  Effluent  Sewer  and  Monitoring  Station 
Total  Effluent  Monitoring  Station 

1 

2 

Estimated  Capital  Cost 

$ 89,000 
,32,000 
31,000 
116,000 
72,000 

52,000 
17,000 

18,000 
18,000 

! 
1 

8,000 , 

9,000 

Sub-Total  $462,000 

Site  Work 
Electrical 
Piping 
Instrumentation 

23,000 
55,000 
69,000 
37,000 

Sub-Total  $646,000 

Engineering  Fees  65,000 
Contingency  97,000 

Total  Capital  Cost  (Investment) 3 
$808,000 

'Includes  sealing  existing floor drains,  installation of new  process  drains 
and  sewers,  and o i l y  wastewater  retainment  curbing 

21ncludes  roofing,  curbing,  and  process  wastewater  drains  and  sewers 

I 

3Land  Costs  are  not  included 
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TABLE  24 

BPCTCA  and BATEA Treatment  Capital  Costs 
for a Typical  New  Tire  Plant 
(ENR 1580 - August  1971  Costs) 

Daily  Raw  Material  Consumption = 205 metric  tons 
Estimated  Total  Effluent  Fow = 569,000  gallons  per  day 
Estimated  Process  Effluent  Flow = 86,000  gallons  per  day 

Description  of  Treatment  Facility 

In-plant  Sewer  Segregation 
In-plant  Process  Sumps  and  Pumps 
Process  Wastewater  Force  Main 
Outdoor  Wastewater  Segregation  System2 
Outdoor  Process  Sumps 
Oily  WasteGater  Storage  Tank 
Oil  Separator 
Filter 
Waste  Oil  Handling 
Process  Effluent  Sewer  and  Monitoring  Station 
Total  Effluent  Monitoring  Station 

1 

Sub-Total 

Site  Work 
Electrical 
Piping 
Instrumentation 

Sub-Total 

Engineering  Fees 
Contingency 

b 

Estimated  Capital  Costs 
! 

$ 17,000 
16,000 
16,000 
116,000 
72,000 
8,000 
52,000 
17,000 

18,000 
18,000 

9,000 

$359,000 

18,000 
43,000 
54,000 
29,000 

$503,000 

50,000 
75,000 

Total  Capital  Cost  (Investment) 3 $628,000 

'Includes  installation  of  new  process  drains  and  sewers,  and  oily 
wastewater  retainment  curbing. 

21ncludes  roofing,  curbing,  and  process  wastewater  drains  and  sewers. 

3Land  Costs  are  not  included. 
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Table 25 

BPCTCA Treatment   Cap i ta l   Cos ts   fo r  a 
Typ ica l   Emuls ion  Crumb Rubber P l a n t  

(ENR 1580 - August 1971 Costs) 

Annual  Product ion  Capaci ty = 128,000 m e t r i c   t o n s  

Estimated  Wastewater  Flow = 1,483,000 g a l l o n s   p e r  day 

D e s c r i p t i o n   o f   T r e a t m e n t   U n i t  

E q u a l i z a t i o n   B a s i n  
Pumping S t a t i o n  
pH Adjustment and Coagulant Feed 
N u t r i e n t   A d d i t i o n  
R e a c t o r - C l a r i f i e r  
Primary  Sludge Pumps and S t a t i o n  
A e r a t i o n  Bas i n  
Secondary C l a r i f i e r  
Sludge  Return Pumps and   S ta t   i on  
B io log ica l   S ludge  Th ickener  
Aerob ic   D iges t i on  
Combined Sludge  Thickener 
Vacuum F i  1 t e r  
Sludge  Handling  System 
Con t ro l   Bu i   l d i  ng 
M o n i t o r i n g   S t a t i o n  

Sub-Tota 1 

S i t e  Work 
E l e c t r i c a l  
P i p i n g  
I n s t r u m e n t a t i o n  

Sub-Tota 1 

E ng i neer i ng Fees 
Cont ingency 

1 
Tota 1 Cap i t a  1 Cost ( I  nvestment) 

b 

Est imated  Cap i ta l  Cos t  

$ 314,000 
1g,ooo 
28,000 
3,000 

101,000 
33,000 

11g,ooo , 
1 20,000 
66 , 000 
33,000 

128,000 
45 , 000 
68,000 
13,000 
38,000 
16,000 

$1,144,000 

57,000 
137,000 
172,000 
92,000 

$1,602,000 

160,000 
240,000 

$2,002,000 

'Land  Costs   are  not   inc luded.  
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Table 26 

BPCTCA Treatment Capital Costs for a 
Typical Solution Crumb Rubber Plant 

(ENR 1580 - August 1971 Costs) 

Annual Production Capacity = 30,000 metric  tons 

Estimated Wastewater Flow = 353,000 gallons per day 

Description of Treatment Unit  Estimated Capital Cost 

Crumb Ri nse  Overflow Pi ts $ 37,000 
Equalization Basin 72,000 
Pumping  Station 54,000 
Nutrient Addition  and Neutral i zation 2,000 
Aeration Basin 62,000 
Secondary  Clarifier 77,000 
Sl'udge Return Pumps and Station 40,000 
Biological Sludge  Thickener 13,000 
Aerobic Digest ion 48,000 
Vacuum F i  1 ter 29,000 
Control  Building 13,000 
Monitoring Station 16,000 

Sub-Tota 1 $ 463,000 

Site  Work 23, ooo 
Electrical 56,000 
Piping 69,000 
Instrumentation 37,000 

Sub-Tota 1 $ 648,000 

Engineering  Fees 65,000 
Contingency 97 9 000 

1 Total Capital Cost(1nvestment) $ 810,000 

Land Costs not i ncl  uded. 

P 

! 
, 
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Table 27 

BPCTCA Treatment Capital Costs  for a 
Typical  Latex Rubber Plant 

(ENR 1580 - August 1971 Costs) 

Annual Production  Capacity = 10,000 metric tons 
Estimated Wastewater Flow = 101,000 gallons per day 

Description of Treatment Unit 

Equalization Basin 
Pumping Stat ion 
pH Adjustment and Coagulant  Feed 
Nutrient Addition 
Mix and  Flocculation  Tanks 

Primary Sludge Pumps and  Station 
Aeration Basin 
Secondary  Clarifier - 

Sludge  Return Pumps and  Station 
Biological Sludge  Thickener 
Aerobic  Digestion 
Combined Sludge  Thickener 
Vacuum Fi 1 ter 
Control Bui  ldi ng 
Monitoring  Station 

Sub-Tota 1 

Clarifier 

Si t e  Work 
Electrical 
Pi pi ng 
I nstrumentat ion 

Estimated Capital Cost 

$ 49,000 
3,000 
8,000 
1,000 
8,000 

34,000 
4,000 

62,000 
34,000 
4,000 

11,000 
46,000 
16,000 
42,000 
30,000 
13,000 

$ 365,000 

18,000 
44,000 
54,000 
29,000 

Sub-Tota 1 $ 510,000 

Engineering  Fees 
Contingency 

1 
Total  Capital Cost(1nvestment) 

b 

51,000 
76,000 

$ 637,000 

1 Land Costs not included. 
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Table 28 

BATEA Treatment Incremental Capital Costs 
for a Typical  Emulsion Crumb Rubber Plant 

..(ENR 1580 - August 1971 Costs) 
P 

Annual Production Capacity . =  128,000 metric tons 
Estimated Wastewater Flow = 1,483,000 gallons per day 

Description o f  Treatment Unit  Estimated Capital Cost 

Backwash  Holding Tank 

F i  1 ter Feed Pumps 

Backwash Pumps 

Dual Media Fi 1 ters 

Activated  Carbon Columns 
Carbon Charge  System 

Carbon  Regeneration  Furnace 

Subtota 1 

Si te  Work 
Electrical 

Piping 

instrumentation 

Subtota 1 

Engineering  Fees 
Con t i ngency 

Tota 1 Cap i ta 1 Cost ( I nves tmen t) 1 

$ 13,000 

18,000 

20,000 

145,000 

227,000 

23,000 

122,000 

$ 568,000 

28,000 

68,000 

84,000 

45,000 

$ 793,000 

79,000 

11 9,000 

$ 991,000 

! 
, 

r 

'Land Costs  are  not included 
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Table 29 

BAT- Treatment Incremental Capital Costs 
for a  Typical Solution  Crumb  Rubber Plant 

(ENR 1580 - August 1971 Costs) 

Annual Production  Capacity = 30,000 metric  tons 
Estimated Wastewater Flow = 353,000 gallons per day 

Description o f  Treatment Unit 

Backwash Holding  Tank 
Filter Feed Pumps 
Backwash Pumps 
Dual Media Filters 
Activated  Carbon  Columns 
Carbon  Charge  System 

Sub-Tota 1 
Si te Work 
Electrical 
Piping 
I nst rumentat ion 

Sub-Tota 1 
Engineering Fees 
Contingency 

1 
Total Capital Cost(1nvestrnent) 

Estimated Capital Cost 

$ 13,000 
7,000 

18,000 
73,000 
88,000 
14,000 ’ 

$21 3 , 000 

11,000 

31,000 
17,000 

25,000 

$297,000 

30,000 
45,000 

$372,000 

1 Land Costs  are not included 
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Table 30 

BATEA Treatment Incremental Capitals  Costs 
for a Typical Latex  Rubber  Plant 

(ENR 1580 - August 1971 Costs) 

Annual Production  Capacity = 10,000 metric  tons 

Estimated  Wastewater Flow = 101,000 gallons per  day 

Description o f  Treatment Unit 

Backwash  Holding Tank 
Fi 1 ter Feed Pumps 
Backwash  Pumps 
Dual Media Filters 
Activated Carbon  Columns 
Carbon  Charge  System 

Sub-Tota 1 

Site  Work 
Electrical 
Piping 
Instrumentation 

Sub-Tota 1 

Engineer i ng Fees 
Cont i ngency 

1 Total Capital Cost (Investment) 

'Land Costs  are not included 

Estimated Capital Cost 

$ .4,000 
4,000 
7,000 

21,000 
38,000 
13,000 

$ 86,000 

4,000 
9,000 

12,000 
6,000 

$1 17,000 

12,000 
18,000 

$1 47,000 

b 
I 

i 
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Table 31 

BPCTCA and BATEA Operating and Maintenance Costs 
for a Typical Old Tire and Inner Tube Plant 

Daily  Raw Material Consumption = 205 metric  tons 

Estimated  Total Effluent Flow = 2,004,000 gallons per day 

'Estimated Process  Effluent Flow = 86,000 gallons per day 

Description o f  Cost Item Annual Cost 

Absorbent 
Waste Oi 1 Disposal 
S1 udge Di sposa 1 
Lab0 r 
Power and Energy 
Ma i ntenance 
Insurance and Taxes 

Total Annual Operating  and  Maintenance Cost 

$ 800 
3 00 

1,100 
5,400 
1,000 

12,900 
6,500 

$28,000 
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Table 32 

BPCTCA and BATEA Operat ing  and  Maintenance  Costs 
f o r  a T y p i c a l  New T i r e   P l a n t  

D a i l y  Raw ?later ia l '   Consumption = 205 metric tons 

E s t i m a t e d   T o t a l   E f f l u e n t  Flow = 2,004,000 g a l l o n s   p e r  day 

Es t imated  Process   E f f luen t  Flow = 86,000 g a l  Ions p e r  day 

D e s c r i p t i o n  o f  Cost  i tems 

Absorbent 
Waste O i l  Disposal  
S 1 udge D i sposa 1 
Labor 
Power and  Energy 
Maintenance 
Insurance  and  Taxes 

Annua 1 Cost 

$ 800 
IO0 

1,100 
5,400 
1,000 

11,700 
5,900 

Total  Annual  Operating  and  Maintenance Cost $26,000 
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Table 33 

BPCTCA Operating  and  Maintenance  Costs 
for a  Typical Emulsion  Crumb  Rubber Plant 

Annual Production  Capacity = 128,000 metric  tons 

Estimated Wastewater  Flow = 1,483,000 gallons per day 

. 
Description o f  Cost Item 

Chemicals 
Nutrients 
Acid/Al ka 1 i 
Coagulating Chemicals 
Filter  Aid 

Solid  Waste Disposal 

La bo r 

Power and  Energy 

Ma i ntenance 

I nsurance and  Taxes 

Total Annual Operating  and  Maintenance  Cost 

b 

Annual Cost 

+. 

11,ioo 

39,500 

20,000 

76,900 

38,500 

$250.000 
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Table 34 

- BPcTcA Operating  and  Maintenance  Costs 
f o r  a Typical Solut ion  Crumb Rubber P lant  

Annual  Production  Capacity = 30,000 metric tons 

Estimated  Wastewater F low = 353,000 gal lons  per  day 

Descript ion o f  Cost  Item 

Chemica 1 s 
Nut r ien ts  
Ac id/A 1 ka 1 i 
F i l t e r   A i d  

So l id  Waste  Disposal 

Labor 

Power and  Energy 

Ma i ntenance 

Annua 1 Cost 

Insurance and Taxes 

14,600 

4,000 

31,100 

5,300 

Tota l  Annual Operating and Maintenance Costs $72,000 

P 

i 

i 



Table 35 

P 

BPCTCA Operating and Maintenance  Costs 
for a Typical Latex  Rubber Plant 

Annual Production Capacity = 10,000 metric  tons 

Estimated Wastewater  Flow = 101,000 gallons  per day 

Description o f  Cost Item 

Chemicals 
Nutrients 
Acid/Al  kal i 
Coagulating  Chemicals 
Filter  Aid 

Solid  Waste Disposal 

Annual Cost 

$ 600 
1,200 
2,000 
1,000 

1,000 

Labor 14,600 

Power and Energy 

Maintenance 

3 , 000 

24,400 

Insurance and Taxes 12,200 

Total Annual Operating and Maintenance  Cost $60,000 
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Table 36 

BATEA Incremental  Operating and Maintenance  Cost 
for a Typical Emulsion Crumb  Rubber  Plant 

Annual  Production  Capacity = 128,000 metric  tons 

Estimated  Wastewater Flow = 1,483,000 gallons  per  day 

Description o f  Cost Item 

Activated  Carbon  Regenerat ion 
Labor 
Power  and  Energy 
Ma i ntenance 
Insurance  and  Taxes 

Annua 1 Cos t 

$84,500 
24,500 

9,000 
38,000 
19,000 

Total  Annual  Operating  and  Maintenance  Costs $175,000 

b i 

i 
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Table 37 

BATEA incremental Operating  and  Maintenance  Costs 
for a Typical  Solution  Crumb  Rubber Plant 

Annual Production  Capacity = 30,000 metric tons 

Estimated Wastewater  Flow = 353,000 gallons  per day 

Description  of  Cost Item 

Activated  Carbon  Purchase 
Spent  Carbon Disposal 

Power and  Energy 
Ma i n tenance 
Insurance  and Taxes . 

. Labor 

Total  Annual  Operating and  Maintenance  Costs 

Annua 1 Cost 

$37,400 
800 

17,500 
2,000 
14,200 
7,100 

$79,000 

b 
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BATEA Incremental  Operating and Mintenance"Cost 
for a Typical  Latex Rubber Plant ' 

Annual  Production  'Capacity = 10,000' metric tons 

Estimated  Wastewater. Flow = 101,000 gallons  per  day 

Description of  Cost Item 

Activated  Carbon  Purchase 
Spent  Carbon  Disposal 
Labor 
Power  and  Energy 
Ma i n t ena  nce 
Insurance  and  Taxes 

Total  Annual  Operating  and  Maintenance  Costs 

Annua 1 Cost 

$33,500 
600 

17,500 
3 00 

5,400 
2,700 

$60,000 

. I  

i , '  

t 
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Table 39 

aperational  and  Maintenance  Cost  Bases 

Chemical Costs 
Nutrients 

Dibasic  Ammonium  Phosphate 
Ammonium  Sulfate 

Alum 
Clay 
Polyelectrolyte 

Coagulating  Aids 

Filter Aid 

Activated  Carbon 
Oi I Absorbent 

Solid Waste Disposal Costs 
Oil Disposal 

Sludge Disposal 
Haulage (IO cu.yd. dumpster) 

Labor 
Operator 

Supe rv i sor 

Power 
Electricity 

Fuel Oil 

Maintenance 

I nsu  rance 

$IOO/L.ton 
$ 50/L. ton 

$ 4 4 / ~ .  ton 
$ SO/L.ton 
$ l/lb. 

$ l/lb. 

$0.30/lb. 
$gOO/L.ton 0 

$ 5/55 ga 1 .drum 

$ I/cu.yd. 
$20/t r i p 

$ S/hour 

$ 7/hour 

$O.Ol/Kwhr. 

$0.18/gal. 

3.2% of Total Capital Cost 

1 . 6 %  of Total Capital Cost 



Zero d i s c h a r g e  of s o a p s t o n e   a n d   l a t e x   s o l u t i o n s  i s  c u r r e n t l y   p r a c t i c e d  
by p r o d u c t i o n   f a c i l i t i e s   i n  each o f  t h e  subca tegor i e s .   E l imina t ion  of 
s o a p s t o n e   s o l u t i o n  discharges involves:  

7.  Recycle of s o a p s t o n e   s o l u t i o n .  
2. I n s t a l l a t i o n  of c u r b i n g  around t h e   s o a p s t o n e   d i p p i n g  area. 
3 ,  S e a l i n g   o f   d r a i n s   i n   t h e   d i p p i n g  area, 
4, Reuse of t h e  r e c i r c u l a t i n g   s y s t e m  washwater a s  make-up €or ' 

b 

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

The re -use  of the   r ec i r cu la t ing   sys t em  washwa te r  is the key t o  zero dis- 
cha rge  of t h i s  waste. In empty ing   t he  syskem for c lean ing ,  t h e  
soaps tone   u sed   shou ld   be   s to red   i n   t anks .  The  washwater used should-  
also be collected and  s tored.   Once  the  system is cleaned, stored 
soaps tone   can   t hen   be   r e tu rned  t o  t h e  system for  use i n  the new 
product ion   ba tch .  The c o l l e c t i o n   a n d   s t o r e d  washwater can   t hen  be re- 
used a s  make-up water t o  t h e  s o a p s t o n e   b a t h   d u r i n g   t h e   n o r m a l   p r o d u c t i o n  
run . 
El imina t ing  t h e  d i s c h a r g e   o f   l a t e x   s o l u t i o n  is achieved  by: 

1. The use  of   curbing  around t h e  l a t e x   d i p p i n g  area, 
2. S e a l i n g  of a l l  d r a i n s   i n  t h e  d i p p i n g  area, 
3. Containment  of a l l   w a s t e  waters from t h e  area .  

S e v e r a l   p l a n t s   h a v e   a l r e a d y   a c h i e v e d   z e r o   d i s c h a r g e  by these methods. 
The conta ined   and  collected wastes are d i sposed  of o f f - s i t e   i n  a 
l a n d f i l l .  

Cont ro l   and   t rea tment  of o i l y  waste s t r eams   i nvo lves   s eg rega t ion ,  col- 
lec t ion ,  and   t r ea tmen t  of these wastes. The wastes t o  be seg rega ted  
inc lude   runof f  from o i l  s to rage   and   un load ing  areas and  leakage  and 
s p i l l s   i n  t h e  p r o c e s s   a r e a s ,   a s  shown i n   F i g u r e  10. Press and mill 
b a s i n s ,  when p r e s e n t ,  are i n c l u d e d   i n   t h e   p r o c e s s  area. 

To minimize t h e  p rocess  water raw waste l o a d ,  a l l  p rocess  water should  
b e   i s o l a t e d  from t h e  nonprocess  waste water u s e d   i n   t h e   p l a n t .  This can 
be achieved   by   co l lec t ing   dr ippings   f rom  machinery ,  the l a t e x   d i p   a r e a  
and t h e  molding  and  cur ing  areas ,  etc. i n  sumps, The sumps can  be 
either pumped t o  t h e  p r o c e s s  waste water t r ea tmen t   sys t em or collected 
batchwise  and  hauled t o  t h e   t r e a t m e n t  or disposal area. Only as the 
cost b e n e f i t s   w o u l d   i n d i c a t e ,   w o u l d   r i p F i n g   o u t   a n d   i n s t a l l i n g  new sewer 
l i n e s  be recommended.  Once isolated, these waste waters are c o l l e c t e d  
i n  sumps l o c a t e d   i n  strategic a r e a s   t h r o u g h o u t   t h e   p l a n t .  Waste flows 
w i l l  be i n t e r m i t t e n t  by na tu re   and ,  therefore, a s i z a b l e  flow ra te  w i l l  
h a r d l y  ever be ob ta ined   w i thou t  first c o l l e c t i n g  a l l  wastes i n  
c e n t r a l i z e d   l o c a t i o n s .  Wastewaters collected i n   t h e s e  sumps w i l l  be 
p e r i o d i c a l l y  pumped t o  an   API - type   g rav i ty   s epa ra to r ,  where t h e  
s e p a r a b l e  o i l  a n d   s o l i d s   f r a c t i o n  is removed. To p r o v i d e   f o r   l a r g e  

! 
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s p i l l s  or l eakage  of a major   water   supply   l ine ,  a 37 ,850- l i t e r  (10,000- 
g a l . )   s t o r a g e   t a n k  i s  provided,  

s e p a r a t e d   o i l  i s  removed  by a manual ly   opera ted   s lo t ted   p ipe .  A decant  
t a n k  i s  provided t o  allow water removed w i t h  t h e  o i l  t o  se t t le  
Concen t r a t ed   o i l -wa te r   mix tu res  are t h e n  removed f rom  the   decant   t ank ,  
drummed, and   s ea l ed ,   and   s en t  t o  a l a n d f i l l ,  Water removed from t h e  
t a n k  is pumped back t o  t h e  s e p a r a t o r ,  

s e t t l e a b l e   s o l i d s  collected i n  t h e  s e p a r a t o r   a r e   p e r i o d i c a l l y  removed 
and a l s o   s e n t  t o  a l a n d f i l l .  The s e p a r a t o r  i s  provided with two dual -  
o p e r a t i n g  chambers i n   o r d e r   t o   p r o v i d e   f o r   u n i n t e r r u p t e d   s e r v i c e   d u r i n g  
clean-out .  

The g r a v i t y   s e p a r a t o r  i s  provided  w i t h  a straw f i l t e r  to remove any ,  
l a r g e  o i l  g l o b u l e s  s t i l l  remaining  due t o  possible short  c i r c u i t i n g  o r ' ;  
unforeseen   peak   over load   condi t ions .   Addi t iona l   t rea tment  f o r  oil ' 
removal is o b t a i n e d   b y   p a s s i n g   t h e   e f f l u e n t   f r o m   t h e   s e p a r a t o r   t h r o u g h  
an absorbent f i l t e r .  

E f f l u e n t   L o a d i n q s   A t t a i n a b l e  w i t h  Proposed  Technoloqies 

Based on t h e  c o n t r o l   t e c h n o l o g y   d a t a   o b t a i n e d  from t i r e  manufacturer 
s o u r c e s ,   a n d   t r e a t m e n t   - d a t a   o b t a i n e d  from i n d u s t r i e s   n a v i n g  similar 
waste water problems, it was determined t h a t  t he   p roposed  control and 
t r e a t m e n t   t e c h n o l o g i e s   a r e   c o m p a t i b l e   w i t h  the f o l l o w i n g   e f f l u e n t  
q u a l i t y   f o r  both O l d e r  Tire and  inner   tube  and  newer t i r e  r a c i l i t i e s :  

Suspended Sol ids  4 0  mg/L 
Oil and  Grease 10  mg/L 
PH 6.0 t o  9.0 

I t  is e x p e c t e d   t h a t  t h e  u s e  of an A P I  s e p a r a t o r  w i l l  r e s u l t   i n   a n  
e f f l u e n t  o i l  c o n c e n t r a t i o n  of 30 mg/L. The use   o f   an   absorbent  f i l t e r  
w i l l  f u r t h e r   r e d u c e  t h e  e f f l u e n t  o i l  c o n c e n t r a t i o n  t o  10 mg/L. 

A reduct ion   of   suspended  s o l i d s  t o  4 0  mg/L w i l l  r e s u l t  from tne use of 
an A P I  t y p e   s e p a r a t o r .   A d d i t i o n a l   r e d u c t i o q  i s  deemed l i k e l y   a f t e r  
p a s a g e   t h r o u g h   t h e   a b s o r b e n t   f i l t e r .  

E f f l u e n t   q u a l i t y  i s  best e x p r e s s e d   i n  terms of the w a s t e   l o a d   p e r   u n i t  
o f   ma te r i a l  consumed  and i s  the reby   i ndependen t   o f  t h e  flow  and size of  
t h e  p l a n t .  Recommended l i m i t a t i o n s   f o r   t h e   p r o p o s e d  BPCTCA are as 
fo l lows:  7 

suspended so l ids  0.064 kg/kkg  (lb/1000 lb )  of Law material 
O i l  0.016 kg/kkg (lb/1000 lb) of raw m a t e r i a l  
PH 6.0 t o  9.0 
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Through t h e  a p p l i c a t i o n  of t r e a t m e n t   t e c h n o l o g i e s   e q u i v a l e n t  i n  
performance t o  g r a v i t y   s e F a r a t i o n   a n d   f i l t r a t i o n ,  two of t h e  p l a n t s  
v i s i ted  a r e   c u r r e n t l y   a c h i e v i n g  t h e  Froposed  s tandards f o r  o i l ,   T a b l e  
40. I n   a d d i t i o n ,   f o u r  of t h e   p l a n t s  v i s i t ed  are ach iev ing  the  proposed 
s t a n d a r d  fo r  suspended solids.  The F l a n t s   a c h i e v i n g  the oil s t anda rd  
are both c l a s s i f i e d   a s  llnewll f o r  t h e  b a s i s   o f  t h i s  r e p o r t .  However, o n e .  
of these p l a n t s   ( P l a n t  D) wou ld   t echn ica l ly  be c l a s s i f i e d   a s  old when 
apply ing  t h e  s t anda rds .   Recen t   i n -p l an t   mod i f i ca t ions  to both 
manufactur ing  and  process  waste water t r e a t m e n t   a n d   c o n t r o l   f a c i l i t i e s  
were comprehensive. As a r e s u l t  t h i s  p l a n t  c a n  be c o n s i d e r e d   i n  t h e  
newer t i r e  p lan t   subca tegory  for  ana lys i s   and   was t e  water management 
purposes ,  The control and   t r ea tmen t   t echno log ie s  employed by t h i s  p l a n t  
c o n s i s t e d  of s e g r e g a t i o n  of o i l  and  suspended solids l aden  wastes and 
t h e  u s e   o f   l o c a l   g r a v i t y   s e p a r a t o r s  t o  t r ea t  these contaminated  waste  
waters. Similar m o d i f i c a t i o n s   i n  other old p l a n t s ,  would r e s u l t   i n  
s imi l a r   pe r fo rmance   l eve l s   suppor t ing  t h e  s e l e c t i o n  of t h e  proposed 
e f f l u e n t   l i m i t a t i o n s ,  

A l though   t he   app l i ca t ion  of con t ro l   and   t r ea tmen t   t echno log ie s   des iqned  
t o  r educe   o i l   and   suspended  so l id  c o n c e n t r a t i o n s   i n  t h e  process   was te  
waters  for  both older and  newer t i r e  p l a n t s  w i l l  be similar t o  those 
employe'd a t   P l a n t  D, t h c  implementat ion costs fo r  such  techr,ologies a t  
old f a c i l i t i e s  w i l l ,  i n   g e n e r a l ,  be h i g h e r   t h a n  t h e  costs a t  newer t i r e  
p l a n t s  - 
S y n t h e t i c  Rubber IRdus t ry  

I d e n t i f i c a t i o n  of B e s t  Practicable Con t ro l  
Technoloqy  Current ly   Avai lable  
""-""""""""""" 

I n  view of t h e  f a c t   t h a t  a l l  s u k a t e g o r i e s  of t h e  s y n t h e t i c  rubber i n -  
d u s t r y   a r e   h i g h l y   t e c h n i c a l   a n d   p r o p r i e t a r y   i n   n a t u r e ,  it i s  no t  
p o s s i b l e  t o  base e f f l u e n t   l i m i t a t i o n   g u i d e l i n e s   a n d   s t a n d a r d s   o f  
performance on in -p lan t   con t ro l   t echno log ie s   wh ich   migh t   impac t   on  
p rocess ing   p rocedures   and   p roduc t   qua l i t y ,   In s t ead ,  these g u i d e l i n e s  
have been  formulated  around  the best prac t icable   end-of -p ipe   t rea tment  
t e c h n o l o g i e s  employed by t h e  s y n t h e t i c   r u b b e r   i n d u s t r y .   I n  order t o  
achieve t h e  con taminan t   r educ t ions  recommended f o r  this g u i d e l i n e ,  t h e  
s y n t h e t i c   r u b b e r   i n d u s t r y  w i l l  r e q u i r e  better housekeeFing  and 
ma in tenance   p rac t i ces ,   a s  w e l l  a s   i n - p l a n t   p r o c e s s i n g   m o d i f i c a t i o n s ,  t o  
a s s i s t   t h e   e n d - o f - p i p e   t r e a t m e n t   p l a n t   i n   a t t a i n i n g  the r e q u i r e d  
r educ t ions .  The  e f f l u e n t   l i m i t a t i o n s   h a v e   b e e n   b a s e d   o n  the e f f l u e n t  
qua l i t y   and   con taminan t   r emova l   e f f i c i enc ie s  of w e l l  uesigned  and 
p r o p e r l y - o p e r a t e d   t r e a t m e n t   f a c i l i t i e s .  

""""" Emulsion Crumb Subcateqory 

The coagu la t ion   l i quor   and   c rumb  r in se  overflow stream  should be passed 
through crumb p i t s  t o  remove crumb r u b b e r   f i n e s .  These p i t s   s h o u l d  be 
d u a l   u n i t s  so  t h a t  good crumb s e p a r a t i o n   c a n  be a c h i e v e d   d u r i n g   p i t   u n i t  
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c l e a n i n g   o p e r a t i o n s ,   F i g u r e  11 shows a hypo the t i ca l   end -o f -p ipe  
s e c o n d a r y   t r e a t m e n t   f a c i l i t y   a F p l i c a b l e  t o  t h e  t r e a t m e n t  of emulsion 
crumb waste waters .  T h i s  t rea tment   inc ludes   chemica l   coagula t ion   and  
c l a r i f i c a t i o n ,   a n d   b i o l o g i c a l   t r e a t m e n t ,   T h e   t o t a l   p l a n t   e f f l u e n t  
should  be passed   t h rough   an   equa l i za t ion   bas in ,   p rov id ing   approx ima te ly  
24 hours d e t e n t i o n ,  t o  smooth  out  waste load peaks  and t o  e q u a l i z e  
h y d r a u l i c  flow. The e q u a l i z a t i o n   b a s i n   s h o u l d  be aerated t o  i n s u r e  good 
mix ing ,   p reven t   anae rob ic   cond i t ions ,   and  assist i n  the b i o l o g i c a l  
ox ida t ion   p rocess .  

A f t e r  pH ad jus tmen t ,  t h e  waste  waters f l o w   i n t o  a r e a c t o r - c l a r i f i e r ,  
where c o a g u l a t i n g  chemicals (a lum  and   po lye lec t ro ly te )  are auded i n  t h e  
reactor compartment, A c l a y   s l u r r y  i s  a l so   added ,  t o  weight  down t h g  
coagu la t ed   rubbe r   so l id s .  The waste water   f lows  from t h e  reactor 
compartment t o  t h e  c l a r i f i e r ,  where t h e  set t leable  s o l i d s   a n d   c o a g u l a t e d  
solids s e t t l e  a n d   a r e  removed. The c la r i f ied  waste water overf lows t h e  
c l a r i f i e r   a n d  enters t h e  b io log ica l   t r ea tmen t   sys t em.  The c l a r i f i e d  
waste water flows i n t o   a e r a t i o n   b a s i n s   w h e r e  it i s  well mixed w i t h  
bioloqical solids. Microorganisms  synthesize new b i o l o g i c a l   s o l i d s  from 
o r g a n i c  matter c o n t a i n e d   i n  t h e  waste water.  A t  t h e  same t i m e ,  some 
soluble matter i s  consumed for   energy   purposes   us ing   oxygen   suppl ied  by 
a e r a t o r s  i n  t h e  b a s i n .  The r e s u l t  i s  t h a t  s o l u b l e   m a t e r i a l  i s  conver ted  
t o  i n s o l u b l e   b i o l o g i c a l  sol ids  and t h e  BOD of t h e  waste water i s  
reduced. The mixed l i q u o r   c o n t a i n i n g  biological solids suspended i n  t h e  
waste  water overflows t h e  a e r a t i o n   b a s i n  t o  t h e  secondary clarifier. 

The solids i n  t h e  mixed l i q u c r  are settled i n  t h e  s e c o n d a r y   c l a r i f i e r ,  
and t h e  clarified waste water overflcws a n d   e n t e r s  an e f f l u e n t  
m o n i t o r i n g   s t a t i o n ,  where the f low i s  recorded  and  an  automatic  24-hour 
composite  sample is collected. 

P a r t   o f  t h e  s e t t l e d   b i o l o g i c a l  solids i s  r e t u r n e d  t o  the a e r a t i o n   b a s i n s  
t o  main ta in  the mixed l i q u o r   s o l i d s   ' c o n c e n t r a t i o n  i .n  the bas in .  The re- 
mainder  of t h e  bio-sol ids   must   be  wasted from t h e  system as  a s ludge.  

The waste s l u d g e  i s  f irst  t h i c k e n e d   i n  a g r a v i t y   t h i c k e n e r  wi th  t h e  
s u p e r n a t a n t   r e t u r n i n g  t o  t h e   h e a d   o f   t h e   a e r a t i o n   b a s i n s .  The th ickened  
s ludge   unde r f low  en te r s   an   ae rob ic   d iges to r ,   where  t h e  b i o l o g i c a l   s l u d g e  
i s  was ted   by   endogenous   resp i ra t ion   u t i l i z ing   oxygen  to aerate and re- 
duce t h e  bio-solid bulk.  T h i s  p r o c e s s  , is  referred t o  as a e r o b i c  
d i g e s t i o n .  

\ 

. 
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T h i s  d i g e s t e d  s ludge  i s  t h e n  mixed w i t h  t h e  pr imary   so l ids   under f lows  
from t h e  r e a c t o r - c l a r i f i e r   u n i t   a n d   e n t e r s  a secondary   t h i ckene r .  The 
c l ea r   supe rnan tan t   f rom t h i s  t h i c k e n e r  i s  a l s o   r e c y c l e d  t o  the a e r a t i o n  
bas ins ,  The thickened  underf low is t h e n   d i s c h a r g e d  t o  a vacuum f i l t e r  
f o r   f u r t h e r   c o n d i t i o n i n g   a n d   c o n c e n t r a t i o n .  0 

A drum-type  vacuum f i l t e r  s e p a r a t e s   t h i c k e n e d   s l u d g e   i n t o  a dewatered 
cake,   which  discharges by bel t  conveyor t o  a dumps te r   b in   and   i n to  a 
f i l t r a t e  t h a t  is r e c y c l e d  t o  the a e r a t i o n   b a s i n .  The dewaterea   s ludge  
cake i s  b i o l o g i c a l l y   s t a b l e   a n d   c a n   b e   d i s p o s e d  of a t  a s a n i t a r y  
l a n d f i l l .  Fil ter a i d   a n d   p r e c o a t   p r e p a r a t i o n s   a r e   u s e d  t o  assist and 
ma in ta in  t h e  q u a l i t y  of t h e  f i l t r a t e .  

””“”” S o l u t i o n  Crumb Subcateqory- 

The p l a n t   w a s t e  waters are f i r s t   p a s s e d   t h r o u g h  crumb p i t s  t o  remove 5 ,  

rubbe r  crumb f i n e s .  As p r e v i o u s l y   n o t e d   i n  the  d i s c u s s i o n   o f  the 
emulsion  crumb  subcategory, these p i t s   s h o u l d  be d u a l   u n i t s .  

! 

Figure  11 r e p r e s e n t s  a h y p o t h e t i c a l   s e c o n d a r y   t r e a t m e n t   a l t e r n a t i v e  
which i s  a p p l i c a b l e  t o  s o l u t i o n  crumb rubber  waste waters, as wellaas t o  
t h e  emulsion  crumb  waste waters p r e v i o u s l y   d i s c u s s e d .   S i n c e   s o l u t i o n  
crumb waste waters do n o t   c o n t a i n   u n c o a g u l a t e d   l a t e x  so l ids ,  and i f  ade- 
q u a t e   s e p a r a t i o n  of t h e  r u b b e r   f i n e s   h a s   b e e n   a c h i e v e d   i n  the crumb 
p i t s ,   n e i t h e r  t h e  chemica l   coagu la t ion  Frocess nor  t h e  p r i m a r y   c l a r i f i e r  
i s  r e q u i r e d .  The was te   waters   can   then   pass   f rom  tne  pH and n u t r i e n t  
a d d i t i o n   b a s i n   d i r e c t l y   i n t o  t h e  a e r a t i o n   b a s i n   ( r e f e r  t o  F i g u r e  1 1 ) .  
I n   a d d i t i o n ,   s i n c e  there  a re  no  pr imary solids, t h e  second   t h i ckene r  i s  
no t   necessa ry   and  t h e  wasted b i o l o g i c a l   s l u d g e  passes d i r e c t l y  from t h e  
d i g e s t e r  t o  t h e  vacuum f i l t e r .  The s o l u t i o n  crumb  seconciary waste wa te r  
t r e a t m e n t   f a c i l i t y  is s i m i l a r  tc t he   emul s ion  crumb waste waters i n  a l l  
other a s p e c t s .  

Latex  Subcateqory- 

The model secondary  waste  water t r e a t m e n t   f a c i l i t y   i l l u s t r a t e d   i n   F i g u r e  
11 is  a l s o  a p p l i c a b l e  a t  l a t e x  rubber p l a n t s .   S i n c e   l a t e x   p l a n t  waste 
waters c o n t a i n   u n c o a g u l a t e d   l a t e x   s o l i d s ,   p r i m a r y   C l a r i f i c a t i o n   a s s i s t e d  
by chemical c o a g u l a t i o n  i s  requ i r ed .  However, b e c a u s e   l a t e x   p l a n t s   a r e  
cons ide rab ly   sma l l e r   t han   emul s ion  crumb p l a n t s ,  the waste  water f low 
rate  i s  much lower, The lower f l o w   r a t e s   i n d i c a t e  the use of s e p a r a t e  
rap id-mix ,   f loccula tor ,   and  c la r i f ie r  u n i t s ,   s i n c e  small reactor- 
c l a r i f i e r s   a r e   n o t   p r a c t i c a b l e   i n  small d iameters   due  t o  r e d u c t i o n   i n  
e f f i c i ency ,   mix ing ,   and   s e t t l emen t   o f  sol ids-  1 

Other t h a n  t h i s  b a s i c   d i f f e r e n c e   ( d u e  t o  f low r a t e  o n l y )   i n  the  des ign  
of t h e  p r i m a r y   c l a r i f i c a t i o n   e q u i p m e n t ,  t h e  s e c o n d a r y   t r e a t m e n t   f a c i l i t y  
f o r   l a t e x   p l a n t   w a s t e   w a t e r s  is i d e n t i c a l  t o  t h a t  d e s c r i b e d  f o r  emulsion 
crumb waste   water .  
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"-"" E f f l u e n t   L o a d i n g s   A t t a i n a b l s  
w i th  Proposed Technoloqies  

"""_ Emulsion Crumb Subcateqory- 
b 

Based  on raw waste  load and t h e  c o n t r o l   a n d   t r e a t m e n t  data from emulsion 
crumb p l a n t s ,  it was d e t e r m i n e d   t h a t  t h e  descr ibed   proposed   cont ro l   and  
t r e a t m e n t   t e c h n o l o g i e s  are  c o m p a t i b l e   w i t h   i n   t h e   f o l l o w i n g   e f f l u e n t  
q u a l i t y :  

COD 500 mg/L 
BOD 25 mg/L 
Suspended  Sol ids  4 0  mg/L 
O i l  and Grease 10  mg/L 
PH 6.0 t o  9.0 

The e f f l u e n t  waste l o a d s ,   r e s u l t i n g   f r o m   t h e   a p p l i c a t i o n   o f   t r e a t m e n t  
t e c h n o l o g i e s   e q u i v a l e n t  t o  c h e m i c a l   c o a g u l a t i o n   w i t h   c l a r i f i c a t i o n   a n d  
b i o l o g i c a l   t r e a t m e n t ,   c o n s t i t u t e   t h e   b e s t   p r a c t i c a b l e   c o n t r o l   a n d  
t r e a t m e n t   t e c h n o l o g y   s t a n d a r d s   c u r r e n t l y   a v a i l a b l e  f o r  the emulsion 
crumb subcategory.  Recommendations for p r o p o s e d   l i m i t a t i o n s  are: 

COD 8.00 kg/kkg(lb/1000 l b )  of p roduc t  
BOD 0.40 kg/kkg(lb/1000 l b )  of product  
suspended   Sol ids  0.65 kg/kkg(lb/1000 lb) of product  
O i l  and Grease 0.16 kg/kkg(lb/1000 l b )  of product  
PH 6.0 t o  9.0 

Table 4 1  p r e s e n t s  t h e  raw w a s t e   a n d   f i n a l   e f f l u e n t   l o a d s   f o r   t h e  
exemplary  plants   producing  var ious  emulsion  crumb  products .   Data  was 
ob ta ined  by p l a n t   v i s i t s   a n d  company h is tor ica l  records,   Al tnough three 
p l a n t s  were sampled, s i x   c a s e s  of emulsion  crumb  production were 
s tudied .  

The proposed BOD, suspended sol ids ,  and o i l  a n d   g r e a s e   e f f l u e n t  
l i m i t a t i o n s  for  BPCTCA are  commensurate w i t h  t h e  c a l c u l a t e d   e f f l u e n t  
loads achieved  by t h e  selected p l a n t s .  The v a l u e s  of the proposed 
l i m i t a t i o n s  ' for  BOD, suspended   so l ids ,   and  o i l  and   g rease  are based on 
t y p i c a l   i n d u s t r y  waste w a t e r   f l o w   r a t e s ,   c a l c u l a t e d  raw waste loads ,   and  
e s t a b l i s h e d   p e r f o r m a n c e   c h a r a c t e r i s t i c s   ( c o n c e n t r a t i o n s )  of conven t iona l  
biological t rea tment   sys tems,  

The proposed COD e f f l u e n t   l i m i t a t i o n   f o r  BPCTCA ' i s  h i g h e r   t h a n   t h e  
normal COD e f f l u e n t  load from t h e  selected p l a n t s .   T h i s   v a l u e  was 
c o n s e r v a t i v e l y   s e l e c t e d   i n   o r d e r  to p r o d u c e   e f f l u e n t   l i m i t a t i o n s  t h a t  
r e f l e c t  minor p r o c e s s i n g   v a r i a t i o n s   a n d   c l i m a t i c   c o n d i t i o n s .   S i n c e   i n  
p r a c t i c e   t h e   e f f l u e n t  COD from a b i o l o g i c a l   t r e a t m e n t   f a c i l i t y  is 
e s s e n t i a l l y   i n d e p e n d e n t  of t h e  t r ea tmen t   des ign   and   ope ra t ion ,  it i s  n o t  
f e a s i b l e   t o   d e v e l o p  COD l imi t a t ions  for a c o n t r o l   a n d   t r e a t m e n t  
t e c h n o l o g y ,   n a m e l y   b i o l o g i c a l   t r e a t m e n t ,   t h a t   d o e s   n o t   e f f e c t i v e l y  

! 
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remove COD. The impor t an t   pa rame te r s   a s soc ia t ed   w i th   t he  BPCTCA a r e  
t h e r e f o r e  BOD, suspended   so l id s ,  o i l  and  grease.  

" S o l u t i o n  """"" Crumb SubcategoryL b 

I n d u s t r y   r a w   w a s t e   l o a d   a n d   t h e   c o n t r o l   a n d   t r e a t m e n t   d a t a   i n d i c a t e   t h a t  
p roposed   con t ro l   and   t r ea tmen t   t echno log ie s   fo r   so lu t ion  crumb rubber  
waste water  are  c o m p a t i b l e   w i t h   t h e   f o l l o w i n g   e f f l u e n t   q u a l i t y :  

COD 245 mg/L 
BOD 25 mg/L 
Suspended  Sol ids  40 mg/L 
O i l  and Grease 10 mg/L 
PH 6.0 t o  9.0 

E f f l u e n t   q u a l i t y   c a n   a l s o   b e   e x p r e s s e d   i n  terms o f   e f f l u e n t   w a s t e   l o a d s ,  
which a re   i ndependen t  of was te   water   f low.   These   e f f luent  waste l o a d s ,  
r e s u l t i n g   f r o m   t h e   a p p l i c a t i o n   o f   t r e a t m e n t   t e c h n o l o g i e s   e q u i v a l e n t  t o  
p r i m a r y   c l a r i f i c a t i o n   a n d   b i o l o g i c a l   t r e a t m e n t ,   c o n s t i t u t e  the b e s t  
p r a c t i c a b l e   c o n t r o l   a n d   t r e a t m e n t   t e c h n o l o g y   s t a n d a r d s   c u r r e n t l y   a v a i l -  
a b l e   f o r   t h e   s o l u t i o n  crumb sutcategory,   Recommendat ions  for   proposed 
l i m i t a t i o n s  are: 

COD 3.92 kg/kkg(lb/1000 l b )  of product  
BOD 0.40 kg/kkg(lb/1000  lb)  cf   product 
Suspended  Sol ids  0.65 kg/kkg(lb/1000 lk) of product  
O i l  and  Grease 0.16 kg/kkg(lb/1000  lb)  of product  
P H  6.0 t o  9.0 

The' raw waste and f i n a l   e f f l u e n t   l o a d s   f o r   s e l e c t e d   s o l u t i o n  crumb 
r u b b e r   p l a n t s   a r e   g i v e n   i n   T a b l e  42. F i v e   p l a n t s  were v i s i t e d   a n d   e i g h t  
t y p e s   o f   s o l u t i o n  crumb  product were sampled. 

S ince  most s o l u t i o n  crumb i s  Froduced a t  t h e  same l o c a t i o n   a s   e m u l s i o n  
crumb rubber ,  it was necessa ry  t o  c a l c u l a t e   t h e  r a w  waste l o a d  
c o n t r i b u t i o n   o f   s o l u t i o n   c r u m b   p r o c e s s   i n   t h e   t r e a t m e n t   s y s t e m   f i n a l  
e f f l u e n t .  The va lues   o f   t he   p roposed   l imi t a t ions   fo r ; .  BOD, suspended 
s o l i d s ,   a n d  o i l  a n d   g r e a s e ,   t h e r e f o r e ,  are based   on   t yp ica l  waste water  
f l o w   r a t e s ,   c a l c u l a t e d  raw  was te   loads ,   and   es tab l i shed   per formance  
c h a r a c t e r i s t i c s   ( c o n c e n t r a t i o n s )   o f   c o n v e n t i o n a l   b i o l o g i c a l  t r  atment 
sys t ems .   The   l imi t a t ions   p roposed   fo r   suspended   so l id s   and  011 and 
q r e a s e ,   a r e   i n   g e n e r a l   a g r e e m e n t   w i t h   t h e   e f f l u e n t   l o a c i s   a c h i e v e L  by t h e  
s e l e c t e d   p l a n t s .  The BOD l imi ta t ion ,   however ,  i s  margina l ly   h ign  r t h a n  
t h e  e f f luent   loads   p roduced   by  some o f   t h e   c i t e d   p l a n t s .   S i n c e  the best 
BOD e f f l u e n t   l o a d   a c h i e v a b l e  by a s o l u t i o n  crumb rubbe r   p l an t  i s  
dependent  on the was te   wa te r   f l ow  and   t he   i nhe ren t   p rocess   l imi t a t ions  
of b i o l o g i c a l   t r e a t m e n t ,   a n   e f f l u e n t   l i m i t a t i o n   h a s   b e e n  recommended for  
BOD cor responding  t o  t h e  e f f l u e n t   q u a l i t y  of a well designed  and 
o p e r a t e d   b i o l o g i c a l   t r e a t m e n t   f a c i l i t y ,  
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The proposed COD e f f l u e n t   l i m i t a t i o n   f o r  BPCTCA is h i g h e r   t h a n  the COD 
e f f luen t   f rom many of t h e  s e l e c t e d   p l a n t s .   T h i s   v a l u e  was selected a s  
c o n s e r v a t i v e   i n   o r d e r  t o  p r o d u c e   e f f l u e n t   l i m i t a t i o n s  tha t  ref lect  minor 
p r o c e s s i n g   v a r i a t i o n s   a n d   c l i m a t i c   c o n d i t i o n s   t h r o u g h o u t  tne country.  
The s a l i e n t   p a r a m e t e r s   f o r   t h e  BPCTCA are BOD, suspended   so l ids ,  - o i l  and' 
grease,   and pH. 

"" Latex  Subcateqory 

Raw waste load   and   t he   con t ro l   and   t r ea tmen t   da t a   do   no t   demons t r a t e  
adequa te   t r ea tmen t   o f  the waste wa te r   f rom  the   s e l ec tkd   p l an t s .   the^ 
below l i s t e d  p e r f o r m a n c e   c h a r a c t e r i s t i c s  are imposed upon t h i s  
subca tegory  as j u s t i f i e d   b y . . e s t a b i i s h e d   p e r f o r m a n c e   c h a r a c t e r i s t i c s  of 
convent iona l   b io logica l   and .   chemica l -   coagula t ion   sys tems.  

COD 500 mg/L 
BOD 25 mg/L 
suspended   so l id s  40 mg/L 
O i l  and Grease 10 mg/L 
PH 6.0 t o  9.0 

E f f l u e n t   q u a l i t y   c a n  a lso be e x p r e s s e d   i n  terms o f   e f f l u e n t  waste  loads, 
which are  independent  of was te -wa te r   f l ow.   These   e f f luen t  waste loads ,  
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 r e a t m e n t   t e c h n o l o g i e s   e q u i v a l e n t   t o  
p r i m a r y   c l a r i f i c a t i o n  w i t h  chemica l   coagula t ion   fo l lowed by b i o l o g i c a l  
t r e a t m e n t ,   c o n s t i t u t e   t h e   b e s t   p r a c t i c a b l e   c o n t r o l   a n d   t r e a t m e n t  
t e c h n o l o g y   s t a n d a r d s   c u r r e n t l y   a v a i l a b l e   f o r  the l a t e x   r u b b e r  
subcategory.  Recommendations for p r o p o s e d   l i m i t a t i o n s  are: 

COD 6.85 kg/kkg(lb/1000 l b )  of product  
BOD 0.34 kg/kkg(lb/1000 lb) of p roduc t  
Suspended  Sol ids  0.55 kg/kkg(lb/1000  lb)  of produc t  
O i l  and Grease 0.14 kg/kkg  (lb/1000  lb) of product  
PH 6 . 0  t o  9.0 

The raw waste and f i n a l   e f f l u e n t   l o a d s  for t w o  s e l e c t e d ,  la tex rubbe r  
p l a n t s   a r e   g i v e n   i n   T a b l e  43. 
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SECTION X 

BEST AVAILABLE TECHNOLCGY ECONOMICALLY 
ACHIEVABLE -- EFFLUENT LIMITATIONS 

b 

Tire and  Inner   Tube  Industry 

-I E f f l u e n t   l i m i t a t i o n s   c o m m e n s u r a t e   w i t h   b e s t   a v a i l a b l e   t e c h n o l o g y  econom- 
i c a l l y   a c h i e v a b l e   a n d  best p r a c t i c a b l e   t e c h n o l o g y   c u r r e n t l y   a v a i l a b l e  
a r e   i d e n t i c a l  for  bo th   subca tegor i e s   o f  t h e  t i r e  a n d   i n n e r   t u b e  
i n d u s t r y .  

Complete water r e u s e   ( z e r o   d i s c h a r g e )   f o r  t h i s  i n d u s t r y  does no t   appea r  
f eas ib l e .   T rea tmen t  of t h e  waste water  t o  a p p r o a c h   i n f l u e n t  water : 
q u a l i t y   i n  a r e c y c l e   s y s t e m   r e q u i r e s  removal of o i l s ,  suspended   so l id s ,  !, 
t o t a l  d i s s o l v e d   s o l i d s   a n d  t race contaminants  t h a t  cannot be j u s t i f i e d  
on a t e c h n i c a l ,  cost or b e n e f i t   b a s i s .  

"""""""""- I d e n t i f i c a t i o n  of B e s t  Available  Technoloqy  Economically 
Achievable 

Af te r   rev iew of t h e  d a t a   a n d   c o n t r o l   a n d   t r e a t m e n t   t e c h n o l o g i e s ,  it i s  
c l e a r  t h e  p r i n c i p a l   p o l l u t a n t   l o a d   a f t e r   b i o l o g i c a l   t r e a t m e n t ,  f o r  a l l  
s u b c a t e g o r i e s   i n  t h e  s y n t h e t i c   r u b b e r   i n d u s t r y ,  i s  due t o  COD. The 
o the r   pa rame te r s  (BOD, suspended   so l id s ,   and  o i l  and   g rease )   a r e   r educed  
t o  compara t ive ly  l o w  l eve l s .   The re fo re ,   advanced   t r ea tmen t   snou ld  be 
addressed t o  COD removal   and  reduct ion.  

None of the end-of-pipe  systems observed i n   u s e  by t h i s  i n d u s t r y  was 
c o n s i d e r e d   c o m p l e t e l y   a d e q u a t e   f o r   e s t a b l i s h i n g   e f f l u e n t   l i m i t a t i o n s  
commensurate w i t h  t h e  best ava i lab le   t echnology  economica l ly   ach ievable .  

"""""" Emulsion Crumb Subcateqory 

A f t e r   b i o l o g i c a l   t r e a t m e n t ,   e m u l s i o n  crumb waste waters   have  low BOD, 
suspended sol ids ,  and o i l  and g r e a s e   c o n c e n t r a t i o n s ,   a n d   h i g h  COD 
c o n c e n t r a t i o n s   ( u p   t o  500 mg/L) . The most f e a s i b l e   t e c h n i q u e  t o  reduce 
r e s i d u a l  COD c o n t e n t   a f t e r   b i o l o g i c a l   t r e a t m e n t  i s  by  using an a c t i v a t e d  

s c a l e   a p p a r a t u s   u s i n g   a s   f e e d  stock emulsion crumb waste waters which 
had been   sub jec t ed   t o   s econda ry   t r ea tmen t .   Af t e r   t r ea tmen t   w ich   ca rbon ,  ' 1  

t h e  r e s u l t a n t  COD l e v e l  was reduced t o  about  130 mg/L. F u r t h e r  s t u d i e s  
by EPA, NERC, C i n c i n n a t i  showed t h a t   r e d u c t i o n s  of COD l e v e l s   u p  t o  7 0  
p e r c e n t  are t e c h n i c a l l y ' a n d   ( p o t e n t i a l l y )   e c o n o m i c a l l y   a c h i e v a b l e .  Th i s  
degree  of removal has been used t o  es tabl ish COD e f f l u e n t   l i m i t a t i o n s  
and s t a n d a r d s  of pe r fo rmance   fo r   t he   emul s ion  crumb subcategory.  

c carbon  adsorp t ion   technique .  T h i s  technology has b e e n   s t u d i e d   i n  pilot 
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Figure  12 shows a hypothe t ica l   advanced  waste water t r e a t m e n t   f a c i l i t y  
u s i n g   a c t i v a t e d   c a r b o n   t r e a t m e n t  t o  achieve  COD removals   adequate   for  
best ava i lab le   t echnology  economica l ly   ach ievable .  

The s e c o n d a r y   e f f l u e n t   d i s c h a r g e s   i n t o  a ho ld ing   t ank   wh ich  i s  normally 
m a i n t a i n e d   f u l l  by a l e v e l - c o n t r o l   s i g n a l  t o  t h e   f e e d  pumps. The feed 
pumps p r o d u c e   s u f f i c i e n t   l i n e   F r e s s u r e  t o  pump t h e  waste water through 
t h e   d u a l   m u l t i - m e d i a   f i l t e r s   a n d  t h e  carbon  columns, 

b 

The waste water i s  f i r s t   f i l t e r e d  t o  remove t h e  res idua l   suspended  
so l id s   f rom t h e  s e c o n d a r y   t r e a t m e n t .   F i l t r a t i o n   b e f o r e  the carbon  bed 
w i l l  p r e v e n t   f i n e  particles f rom  p lugging   the   carbon,  The f i l t r a t i o n  
media u s e d   g e n e r a l l y  are an th rac i t e   and   f i ne   g raded   s ands .  The f i l t e r s  
are d u a l  o r  m u l t i p l e   u n i t s   d e p e n d i n g   o n   t h e  waste water f low rate  and 
s t a n d a r d   e q u i p m e n t   s i z e s   a v a i l a b l e .   P e r i o d i c a l l y ,   t h e s e   f i l t e r s   r e q u i r e  
backwashing  indicated by a p re s su re   bu i ldup   ups t r eam o r  a p r e s s u r e   d r o p  
across t h e  f i l t e r  bed, When f i l t e r  backwashing is n e c e s s a r y ,   t h e   f e e d  
i s  switched t o  t h e  d u a l   u n i t ,   t h e  backwash pumps are  a c t i v a t e d ,   a n d  t h e  
u n i t   u n d e r g o e s   t h e   c o m p l e t e  backwash  cycle. Backwash water c o n t a i n i n g  
t rapped  so l id s  is piped t o  t h e  a e r a t i o n   b a s i n s  of the secondary 
t r e a t m e n t '   f a c i l i t y .  The backwash c y c l e   u s u a l l y   i n c l u d e s   a n  a i r  scour  
and a f i n a l  service f l o w   p e r i o d   f o r   r e s e t t l e m e n t  of the f i l t e r  media. 
The flow r a t e   d u r i n g  the backwash c y c l e  is cons ide rab ly   h ighe r   t han  
du r ing  t h e  normal service cyc le   and  therefore r e q u i r e s  a hold ing   rank  of 
s u f f i c i e n t   c a p a c i t y  t o  f u r n i s h   t h e   n e c e s s a r y  water for  the  backwash 
ope ra t ion .  

The f i l t e r e d   w a s t e  water f lows  down th rough   t he  activated carbon 
columns.  Depending  on t h e  waste w a t e r   f l o w   r a t e ,  t w o  o r  more p a r a l l e l  
carbon bed columns may be r equ i r ed .  Due t o  s o l i d s   b u i l d u p   i n  t h e  carbon 
columns,  periodic  backwashing i s  a l s o   r e q u i r e d .  Each column i s  
backwashed when t h e   p r e s s u r e   d r o p  across t h e  column  exceeds a p re - se t  
va lue ,  The  backwashing  water i s  d ischarged  t o  t h e  a e r a t i o n   b a s i n s   o f  
the s e c o n d a r y   t r e a t m e n t   f a c i l i t y ,  

The carbon i n  t h e  columns i s  r e p l a c e d   w i t h   f r e s h  or r egene ra t ed   ca rbon  
when i t s  a c t i v i t y  is dep le t ed .   Th i s  is i n d i c a t e d  b y  break th rough   o r  
leakage  as d e t e c t e d   i n   a n   a u t o m a t i c   t o t a l   c a r b o n   a n a l y z e r .  The s p e n t  i 
carbon is d i s c h a r g e d  t o  a s p e n t   c a r b o n   s t o r a g e   b i n , - a n d  a r e g e n e r a t e d   o r  
f r e s h   c h a r g e  of carbon is provided t o  t h e  columns  from a charge  hopper .  

The e f f luent   f rom  the   carbon  bed   co lumns   has  low COD, BOD, suspended 
so l id s ,   and  o i l  and  grease.  The f l o w  o f   t h i s   e f f l u e n t  is monitored 
through a m o n i t o r i n g   s t a t i o n  where a 2 4  hour  composite  sample i s  col- 
l e c t e d ,  

t 

'. 

I n  most emulsion  crumb  plants ,  t h e  carbon  usage is s u f f i c i e n t l y   h i g h  t o  
j u s t i f y   o n - s i t e   r e g e n e r a t i o n .   R e g e n e r a t i o n  may be carried o u t   i n   a n  
o i l f i r e d ,   m u l t i p l e - h e a r t h   f u r n a c e .  The spent   carbon i s  con t inuous ly  fed 
from the s p e n t   c a r b o n   s t o r a g e   b i n  t o  the  furnace .  The regenera ted   and  

168 



I 

. 

cooled  carbon i s  t h e n   r e t u r n e d   t o  a carbon  charge  hopper   and i s  ready 
fo r   r echa rg ing .   ove r f low  ca rbon   quench   and   s lu r ry  waters from t h e  
r e g e n e r a t i o n   p r o c e s s  are carbon ( to  r e p l a c e   c a r b o n  lost dur ing  
un load ing ,   t r ans fe r ,   l oad ing ,   and   r egene ra t ion )  i s  added a t  t h e  charge  
hopper,  Losses normal ly  amount t o  approximate ly  5 t o  8 pe rcen t  of t h e  
regenera ted   carbon  weight .  b 

I n   s m a l l e r   e m u l s i o n  crumb p r o d u c t i o n   f a c i l i t i e s ,   c a r b o n   u s a g e  i s  low  and 
o n - s i t e   r e g e n e r a t i o n  may n o t  be f e a s i b l e .  The ca rbon   can   t hen   e i the r  be 
r e t u r n e d  t o  t h e   s u p p l i e r   f o r   r e g e n e r a t i o n  or can  be d i sposed  of as  s o l i d  
waste. i n  a l a n d f i l l  s i t e ,  

""""L" S o l u t i o n  Crumb Subcatesory-  

The hypo the t i ca l   advanced  waste water t r e a t m e n t   f a c i l i t y   i l l u s t r a t e d  i n  
F igu re  12 is a l so  a p p l i c a b l e  t o  a s e c o n d a r y   e f f l u e n t   f r o m   s o l u t i o n  crumb ! 

waste water, The i l l u s t r a t e d   f a c i l i t y  w i l l  produce an e f f l u e n t  i, 
s a t i s f a c t o r y   f o r  best ava i l ab le   t echno logy   economica l ly   ach ievab le .  

A l though   t h i s   t echno logy  has  not   been  used by p l a n t s   i n  t h e  s o l u t i o n  
crumb subca tegory ,  it has  k e n  s t u d i e d  for emulsion crumb secondary 
e f f l b e n t .   B e c a u s e   o f   t h e  many similarities be tween  so lu t ion  crumb and 
emulsion  crumb  waste  water  (e.g, ,  USE o f   t h e  same monomers a n d   s i m i l a r  
p rocess ing   t echn iques  by t h e  two sukca tegor i e s )  , it i s  reasonab le  t o  
p ropose   t h i s   advanced  t r e a t m e n t  t echnc logy  for secondary   so lu t ion  cr%b 
was te   water .  The l e v e l  of t r e a t m e n t   r e p r e s e n t a t i v e  of t h i s   t e c h n o l o g y  
has been  confirmed by t h e  EFA Nat iona l   Envi ronmenta l   Research  C e n t e r ,  
Cinc inna t i ,   Ohio ,  

The a d v a n c e d   t r e a t m e n t   f a c i l i t y  for  s o l u t i o n  crumb is s i m i l a r  t o  t h a t  
for   emulsion  crumb,   except  t h a t  i n  most cases the carbon will be 
d i sposed  of or r e g e n e r a t e d   o f f - s i t e ,   i n s t e a d  of be ing   r egene ra t ed  on- 
site. T h i s  i s  due   p r imar i ly  t o  t h e   f a c t  t h a t  s o l u t i o n  crumb p l a n t s   a r e  
gene ra l ly   sma l l e r   t han   emul s ion   c rumb  p l an t s ,   and  on-site carbon 
r e g e n e r a t i o n  i s  not   judged  t o  be e c o n o m i c a l l y   f e a s i b l e  a t  t h i s  l e v e l   o f  
cost a n a l y s i s .  

""" 
Latex   Subca teqory  

Again, t h e  hypo teh t i ca l   advanced  waste water t r e a t m e n t   f a c i l i t y  
i l l u s t r a t e d   i n   F i g u r e  12 i s  recommended f o r   t r e a t m e n t  of secondary 
e f f l u e n t   l a t e x   r u b b e r   w a s t e  waters, This  f a c i l i t y ,   c o r r e s p o n d s  t o  t h e  
proposed   bes t   ava i lab le   t echnology  Ecnomica l ly   ach ievable  for  l a t e x  
r u b b e r   p l a n t s ,  

T h i s  t echnology  has   no t   been   used  by l a t e x   r u b b e r   p l a n t s ,   b u t  it has 
been   s tud ied ,   fo r   t he   advanced   t r ea tmen t  of secondary   e f f luen t   emul s ion  
crumb rubbe r   was t e   wa te r s ,  There are many similarities i n   m a t e r i a l s  
used   and   process ing   opera t ions   be tween  la tex   and   emuls ion  crumb 
p r o d u c t i o n ,   a n d   h e n c e   s i m i l a r i t i e s   i n   t h e i r  waste wa te r s .   D i f f e rences  

'1 
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t e n d  t o  revolve   a round t h e  l e v e l  of l o a d i n g s   r a t h e r   t h a n  t h e  
characterist ics a n d   c o n s t i t u e n t s .  It  is, t h e r e f o r e ,   r e a s o n a b l e  t o  
recommend t h i s  advanced   t rea tment   t echnology for s e c o n d a r y   e f f l u e n t  
l a t ex   rubbe r   was t e   wa te r s .  The level of t r e a t m e n t   a t t a i n a b l e  by t h i s  P 
technology has been  confirmed by t h e  EPA Nat iona l   Envi ronmenta l  Research 
Cen te r ,   C inc inna t i ,  Ohio. The h y p o t h e t i c a l   f a c i l i t y  w i l l  be similar t o  
t h a t  proposed for emulsion crumb waste waters .  

""""_ Eff luent   Loading  """"_ Atta inable   wi th   Proposed   Technoloqies  

""""" m u l s i o n  Crumb Subca te so ry  

Based  on  secondary  treatment data and pi lot  s t u d i e s  of activated carbon 
adso rp t ion ,   t he   p roposed   con t ro l   and   t r ea tmen t   t echno log ie s  w i l l  r e s u l t  
in e f f l u e n t   q u a l i t y  better t h a n  o r  e q u a l  t o  t h e   f o l l o w i n g   v a l u e s :  

COD 130 mg/L 
BOD 5 mg/L 
Suspended Solids IO mg/L 
O i l  and Grease 5 mg/L 
PH 6 . 0  t o  9 .0  

The p roposed   t r ea tmen t  w i l l  p robab ly   p roduce   an   e f f luen t  of h i g h e r  
q u a l i t y   f o r  BOD, Suspended  Sol ids ,   and O i l  and Grease t h a n  the above 
values .  However, the r e s u l t a n t   l i m i t a t i o n s   o n   t h e s e   p a r a m e t e r s  are 
governed by t h e  accuracy  of t h e  a n a l y t i c a l  methods. 

E f f l u e n t   q u a l i t y   c a n  a l so  be d e f i n e d   i n  terms of e f f l u e n t  waste  loads, 
The e f f l u e n t   w a s t e   l o a d s ,   r e s u l t i n g   f r o m   t h e   a p p l i c a t i o n  of t r e a t m e n t  
t e c h n o l o g i e s   e q u i v a l e n t  t o  m u l t i - m e d i a   f i l t r a t i o n  and a c t i v a t e d   c a r b o n  
a d s o r p t i o n ,   c o n s t i t u t e   t h e  k e s t  ava i l ab le   t r ea tmen t   economica l ly  
a c h i e v a b l e   f o r   t h e   e m u l s i o n  crumb  subcategory. The p r o p o s e d   l i m i t a t i o n s  
are as   fo l lows :  

COD 2.08 kg/kkg (lb/ 1000 lb)  of produc t  
BOD 0.08 kg/kkg (lbI1000 lb) of p roduc t  
Suspended Solids 0.16 kg/kkg(~b/lOOO;/Ib) of p roduc t  
O i l  and Grease 0.08 kg/kkg  (lb/.l000 lb)  of product  
PH 6.0 t o  9.0 

"""_ S o l u t i o n  Crumb Subcateqory 

Indus t ry   s econda ry   t r ea tmen t   da t a   and  data ex t r apo la t ed   f rom t h e  p i l o t -  
s c a l e   a c t i v a t e d   c a r b o n   a d s o r p t i o n   s t u d i e s  on   secondary   e f f luent   emuls ion  
crumb waste waters were used  t o  q u a n t i f y  t h e  e f f l u e n t   q u a l i t y   o f  
s o l u t i o n  crumb was te  waters fol lowing  advanced  t reatment .  The e f f l u e n t  
q u a l i t y  i s  given a s  fol lows:  

+. 
I 

COD 
BOD 

130 mg/L 
5 mg/L 
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Suspended  Sol ids  10 mg/L 
O i l  and Grease 5 mg/L 
PH 6.0 t o  9.0 

The e f f l u e n t   v a l u e s   f o r  BOD, Suspended  Solids,   and O i l  and Grease are 
d i c t a t e d   b y   t h e  lower limit of  accuracy for t h e   c u r r e n t l y   a c c e 8 t e d  
ana ly t i ca l   me thods .  

The e f f l u e n t  waste loads   fo l lowing   mu l t i -med ia   f i l t r a t i cn   and   ac t i ’va t ed  
c a r b o n   a d s o r p t i o n   c o n s t i t u t e   t h e  b e s t  available t rea tment   economica l ly  
a c h i e v a b l e   f o r   t h e   s o l u t i o n  crumb  subcategory. The p r o p o s e d   l i m i t a t i o n s  
are a s  fo l lows:  

COD 2-08 kg/kkg ( lb / l000  lb) of product  
BOD 0.08 kg/kkg(lb/1000 lb)  of k roduc t  
suspended   Sol ids  0.16 kg/kkg(lb/1000 lb) of product  
O i l  and Grease 0.08 kg/kkg(lb/1000 lb )  of product  
PH 6.0 t o  9.0 

Latex  Subcateqory 

La tex   i ndus t ry   s econda ry   t r ea tmen t   da t a   and   da t a   ex t r apo la t ed .   f rom 
s t u d i 9 s  on t h e   a c t i v a t e d   c a r b o n   a d s o r p t i o n   t r e a t m e n t  of emulsion  crumb 
s e c o n d a r y   e f f l u e n t  were used t o  f o r m u l a t e   t h e   f o l l o w i n g   e t f l u e n t  
q u a l i t i e s :  

COD 
BOD 
Suspended   Sol ids  
Oil and Grease 
PH 

130 mg/L 
5 mg/L 

10 mg/L 
5 mg/L 
6.0 t o  9 . 0  

The e f f l u e n t   l e v e l s   f o r  BOD, Suspended  Sol ids ,   and Oil and Grease a r e  
dependen t   on   t he   accu racy  of t h e  best accep ted   ana ly t i ca l   me thods .  

E f f l u e n t   q u a l i t y   c a n  a lso be e x p r e s s e d   i n  terms of e f f l u e n t  waste loads 
which are  independent   of  waste water flow, The e f f l u e n t  waste l o a d s  re- 
s u l t i n g   f r o m   t h e   a p p l i c a t i o n   o f   t r e a t m e n t   t e c h n o l o g i e s   e q u i v a l e n t  t o  
m u l t i m e d i a   f i l t r a t i o n   a n d   a c t i v a t e d   c a r b o n   a d s o r p t i o n  form t h e   b a s i s   f o r  
t h e  best  a v a i l a b l e   t r e a t m e n t   e c o n o m i c a l l y   . a v a i l a b l e  f o r  t h e   l a t e x  
subca tegory .   The   proposed   l imi ta t ions  are: 

COD 1.78  kg/kkg(lb/1000 l b )  of product  
BOD 0.07  kg/kkg  (lb/1000 l b )  of  product 
Suspended   Sol ids  0.14  kg/kkg(lb/1000 lb) of product  , 

O i l  and Grease 0.07  kg/kkg  (lb/1000 lb) of product  
PH 6.0 t o  9.0 
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SECTION X I  

NEW SOURCE PERFORMANCE STANDARDS 

"""""""""- Tire and   Inner  Tube P roduc t ion  Faci l i t ies  

Recommended e f f l u e n t   l i m i t a t i o n s  for  new s o u r c e s  are  i d e n t i c a l   a n d  com- 
mensurate   with best p r a c t i c a b l e   t e c h n o l o g y   c u r r e n t l y   a v a i l a b l e .  .These 
e f f l u e n t   l i m i t a t i o n s   a r e   p r e s e n t e d   i n   S e c t i o n  IX of t h i s  report. 

Syn the t i c   Rubber   Indus t ry  

P 

- 

W Because all s t a t e d   s u b c a t e g o r i e s  of t h e  s y n t h e t i c   r u b b e r   i n d u s t r y   a r e  
h i g h l y   t e c h n i c a l   a n d   i n v o l v e   p r o p r i e t a r y   p r o c e s s e s ,   i n - p l a n t   c o n t r o l  
t echno log ie s   canno t  be f u l l y   d e f i n e d  or enumera ted ;   such   in -p lan t  
measures   might   impact   on   manufac tur ing   prac t ices   and   product   qua l i ty .  ! I 

S i n c e  advanced waste water t r e a t m e n t   t e c h n o l o g i e s  have been  proposed f o r  
t h e  best a v a i l a b l e   t r e a t m e n t   e c o n o m i c a l l y   a c h i e v a b l e  (BATEA) by e x i s t i n g  
p l a n t s  by 1983, t h e  recommended e f f l u e n t   l i m i t a t i o n s  for  new s o u r c e s  
p r i o r  t o  1983 a r e   i d e n t i c a l  t o  those recommeded a s  Dest practzicable  
c o n t r o l   t e c h n o l o g y   c u r r e n t l y   a v a i l a b l e  for  each   of  t h e  s y n t h e t i c   r u b b e r  
s u b c a t e g o r i e s .  

pretreatment  Recommendations 

A minimum l e v e l   o f   p r e t r e a t m e n t   m u s t  be g iven  t o  new p rcduc t ion  
f a c i l i t i e s   w h i c h  w i l l  d i s c h a r g e   w a s t e  water t o  a p u b l i c l y  owned 
t r e a t m e n t  works. I n   a d d i t i o n ,   p o t e n t i a l   p o l l u t a n t s   w h i c h  w i l l  i n h i b i t  
o r   u p s e t  t h e  pe r fo rmance   o f   pub l i c ly  owned t r e a t m e n t  works m u s t  be 
e l imina ted   f rom  such   d i scha rges .  

"""""""" 
Tire and   Inner   Tube   Indus t ry  

Pretreatment   recommendat ions for process  waste waters  from the t l r e  and 
i n n e r   t u b e   i n d u s t r y   i n c l u d e  t h e  s e p a r a t i o n   o f  o i ls  and solids i n  an  API 
g r a v i t y   s e p a r a t o r   a n d  t h e  u s e  of a n   e q u a l i z a t i o n  bas in  to preven t  shock 
loads   o f  o i l ,  suspended s o l i d s  or ba tch  dumps o f   d i p p i n g   s o l u t i o n s  from 
e n t e r i n g   a n d   u p s e t t i n g  t h e  performance of a pub lLca l ly  owned t r e a t m e n t  
works. O i l y   w a s t e s ,   a f t e r   d i l u t i o n   i n  a p u b l i c  sewer system, w i l l  
r ema in   un t r ea t ed   and  therefore must be c o n t r o l l e d .   b e f o r e   d i s c h a r g e  from 
t h e  p l a n t   b o u n d a r i e s .  

Pre t rea tment   o f   o ther   nonprocess  waste waters from t h e  t i r e  a n d   i n n e r  
t u b e   i n d u s t r y  w i l l  pose  more d i f f i c u l t   p r o b l e m s .  These i n c l u d e  " 

a l k a l i n i t y   i n  bo i l e r  blowdowns  and both a c i d i t y  and a l k a l i n i t y   i n  water 
t r e a t m e n t  wastes. Both boiler blowdowns  and  water  treatment wastes w i l l  
c o n t a i n   h i g h   c o n c e n t r a t i o n s  of suspended   and   d i sso lved   so l ids .   Cool ing  
tower w a t e r   t r e a t m e n t  wastes may conta in   heavy   meta ls   such  as  chromium 
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and z inc   u sed  f o r  c o r r o s i o n   i n h i b i t i o n .   P o t e n t i a l  problems such a s  
a c i d i t y ,   a l k a l i n i t y ,  sol ids ,  o i l s ,   and   heavy metals may r e q u i r e   c o n t r o l  
a t  the p l a n t  t o  conform t o  local  o rd inances  for  d i s c h a r g e  t o  a p u b l i c l y  
owned t reatment   works.  The c o n t r o l   t e c h n i q u e s   a n d   t r e a t m e n t  methods a r e  , d e s c r i b e d   i n  e a r l i e r  s e c t i o n s  of t h i s  report. EQual iza t ion  of t h e  wasteb 
load and waste water flow i s  t h e  key step i n   t h e   c o n t r o l  of batch dumps 
of product ion  chemicals and   so lu t ions .  

Synthet ic   Rubber   Lndustry 

Emulsion  crumb  and s o l u t i o n  crumb s l u r r y   o v e r f l o w  waste waters should be 
passed   th rough  c rumb  p i t s  t o  remove f l o a t a b l e   r u b b e r  crumb. Few pub- 
l i c l y  owned t r e a t m e n t  works have   p r imary   c l a r i f i ca t ion   equ ipmen t  ade- 
qua te  t o  h a n d l e   l a r g e   q u a n t i t i e s  of a g g l o m e r a t e d   r u b b e r   c r u d  solids.  

Wastewaters f rom  emuls ion   c rumb  and   la tex   Froduct ion   fac i l i t i es  a r e  i n -  
v a r i a b l y   l a d e n  w i t h  u n c o a g u l a t e d   l a t e x   s o l i d s .   S i n c e   p u b l i c l y  owned 
t r ea tmen t  works d o   n o t   g e n e r a l l y  have c o a g u l a t i o n   c a p a b i l i t i e s ,  these 
waste waters should ,  a t  l e a s t ,  he chemica l ly   coagu la t ea  with a s i n k i n g  
agent  and c lar i f ied.  

U t i l i t y  wastes o f t e n   e x h i b i t   e x t r e m e  pH peaks which should  be 
n e u t r a l i z e d  or, a t  l eas t  e q u a l i z e d ,   p r i c r  t o  d i s c h a r g e  t o  che   pub l i c ly  
owned t r e a t m e n t  works.  Th i s -  problem i s  n o t  so s e v e r e  with emulsion . 

crumb a n d   l a t e x   p l a n t s ,  where pH adjus tment  i s  r e q u i r e d  prior t o  
chemica l   coagula t ion ,  as  it i s  w i t h  s o l u t i o n  crumb produccion f ac i l i t i e s  
where ad jus tmen t  of t h e  waste water pH is normal ly   no t   necessary .  Heavy 
metals, p r e s e n t   i n   c o o l i n g  tower blowdowns for  example,  should be 
e l i m i n a t e d  by s u b s t i t u t i o n  of inh ib i tor  o r  e q u a l i z e d   p r i o r  t o  d i scha rge  
t o  a p u b l i c l y  owned t r ea tmen t  works. 

N o  compounds or species p r e s e n t   i n   s y n t h e t i c   r u b b e r   p r o c e s s  waste water 
can  be c o n s i d e r e d   t o x i c  or i n h i b i t o r y  t o  t h e  performance of p u b l i c l y  
owned t r e a t m e n t  works. 

I n  summary, t h e  fo l lowing   p re t r ea tmen t   r equ i r emen t s   app ly  t o  waste water 
d i s c h a r g e s  t o  p u b l i c l y  owned t r ea tmen t   works   f rom  syn the t i c   rubbe r  
p l an t s :  

"""" Emulsion Crumb Subcateqory - G r a v i t y  separation of crumb f i n e s   i n  
crumb p i t s ,  chemical c c a g u l a t i o n   a n d   c l a r i f i c a t i o n  of l a t ex - l aden  
waste waters, a n d   n e u t r a l i z a t i o n  or  e q u a l i z a t i . o n  of u t i l i t y  wastes. 

"""""I" S o l u t i o n  Crumb Subcateqory - G r a v i t y   s e p a r a t i o n   o f  crumb f i n e s   i n  
crumb p i t s ,  a n d   n e u t r a l i z a t i o n  o r  e q u a l i z a t i o n   o f   u t i l i t y  wastes. 

Latex  Subcateqory - Chemical c o a g u l a t i o n  of l a t ex - l aden  waste 
waters, a n d   n e u t r a l i z a t i o n   o r   e q u a l i z a t i o n  of u t i l i t y  wastes. 
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SECTION XIV 

GLOSSARY 

8ct 
The F e d e r a l  

A c t i v a t o r  

A metallic 

. 
I"" 

Water P o l l u t i o n  C o n t r o l  A c t  Amendments of  1972. 

o x i d e   t h a t  makes p o s s i b l e  the c r o s s l i n k i n g  of s u l f u r   i n  
f rubber v u l c a n i z a t i o n .  

An t iox idan t  

~n o r g a n i c  compound added t o  rubbe r  t o  r e t a r d   o x i d a t i o n  o r  " 

d e t e r i o r a t i o n ,  

Accelerator Aszt_s 
A compound w h i c h   g r e a t l y   r e d u c e s   t h e  time r e q u i r e d  for v u l c a n i z a t i o n  of 
s y n t h e t i c  or  n a t u r a l   r u b b e r .  

Banbury  Mixer 

Trade name f o r  a common in te rna l   mixer   manufac tured  ~y F a r r e l  
C o r p o r a t i o n   u s e d   i n  t h e  compounding  and  mixing of t i r e  rubber stock. 

! 
, 

_"""""""" B e s t  Available  Technology  Economically  Achievable (BATEAL 

Trea tmen t   r equ i r ed   by   Ju ly  1, 1983 f o r   i n d u s t r i a l   d i s c h a r g e s  t o  s u r f a c e  
w a t e r s  a s  d e f i n e d  by S e c t i o n  301 (b) (2) (A) o f   t h e  A c t .  

Best Practicable Control   Technology  Current ly   Avai lable  (BPCTCAL 

Trea tmen t   r equ i r ed  by J u l y  1, 1977 f o r   i n d u s t r i a l   d i s c h a r g e s  t o  s u r f a c e  
waters as d e f i n e d  by S e c t i o n  301 (b) (1) (A) of the A c t .  

~"""""""-""""""" B e s t  Avai lable   Demonstrated  Control   Technolo& (BADCT) 

T r e a t m e n t   r e q u i r e d   f o r  new s o u r c e s  as d e f i n e d  by S e c t i o n  306 of t h e  A c t .  

BOD 5 

Biochemical Oxygen Demand ( 5  day) - 
B a s  House 

"""-"""""I"- 

"- 1 
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An a i r  emission c o n t r o l   d e v i c e   u s e d   t o  collect in t e rmed ia t e   and   l a rge  
p a r t i c l e s   ( g r e a t e r   t h a n  29 microns) i n  a bag f i l t e r .  A bag f i l t e r  
c o n s t r u c t e d  of f a b r i c .  Common u s a g e   i n   t h e  t i r e  i n d u s t r y  i s  t o  c o n t r o l  
and r ecove r   ca rbon   b l ack   i n  a d r y  state f rom  vapors   l eav ing  t h e  
compounding a r e a .  b 

- Butyl  -"" Rubber 

A s y n t h e t i c   r u b b e r  made by t h e   s o l u t i o n   p o l y m e r i z a t i o n  of i s o b u t y l e n e  
and  isoprene. 

camelback 

Tire tread u s e d   i n  t h e  r e t r e a d i n g   o f  t i r e  carcasses. 

C a p i t a l  Costs 

F i n a n c i a l   c h a r g e s   i n  August 1971 dol lars  which are computed as  the cost 
of c a p i t a l  times t h e   c a p i t a l   e x p e n d i t u r e s   f o r   p o l l u t i o n   c o n t r o l .  Cost 
of c a p i t a l  is assumed t o  be 10 pe rcen t .  

Carbon Black 
""" 

A r e i n f o r c i n g   a g e n t   u s e d   i n   l a r g e   q u a n t i t i e s   i n  t i re  rubber  compounds. 

C a t a l y s t  

A s u b s t a n c e   t h a t   i n i t i a t e s  a chemica l   r eac t ion   and   enab le s  it t o  proceed 
a t  a g r e a t l y   a c c e l e r a t e d   r a t e .  

Cateqory  and  Subcatesory 

D i v i s i o n s   o f  a p a r t i c u l a r   i n d u s t r y   w h i c h   p o s s e s s   d i f f e r e n t  t raits  which 
a f f e c t  water q u a l i t y   a n d   t r e a t a b i l i t y .  

""_ Cement 

A process  'stream c o n s i s t i n g  of p o l y m e r i c   r u b b e r   s o l i d s   d i s s o l v e d   i n  
so lvent .  

"" Cement (Tire   and  Tubes)  

An a d h e s i v e   u s e d   i n  t i r e  and   inner   tube   manufac tur ing .  

Coasu la t ion  

The comkination o r  a g g r e g a t i o n  of p r e v i o u s l y   e m u l s i f i e d   p a r t i c l e s  i n t o  a 
c l o t  or mass. 
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Chemical Oxygen Demand. 

Small c o a g u l a t e d   p a r t i c l e s  of syn the t i c   rubbe r .  

Curinq  Aqent 
0 

Curing or  v u l c a n i z a t i o n   a g e n t s  are subs tances   which   br ing   about  the  
rubber  c r o s s l i n k i n g   p r o c e s s ,  The most i m p o r t a n t   a g e n t  i s  s u l f u r .  See 

4 v u l c a n i z a t i o n .  

- D e E E c i a t i o p  
T A c c o u n t i n g   c h a r g e s   r e f l e c t i n g   t h e   d e t e r i o r a t i o n  of a c a p i t a l  asset over 

i t s  u s e f u l   l i f e .   R e p o r t e d  a s  s t r a i g h t   l i n e   o v e r   f i v e   y e a r s  w i t h  z e r o  
sa lvage   va lue .  f 

5 

- Dry """"" A i r  P o l l u t i o n   C o n t r o l  

The t echn ique  of a i r  po l lu t ion   aba temen t   w i thou t  t h e  u s e  of water. 

"" Emul'sion 

A stable mix tu re  of t w o  or  more i m m e r s i b l e   l i q u i d s  held i n   s u s p e n s i o n   b y  
small p e r c e n t a g e  of s u b s t a n c e s  called e m u l s i f i e r s .  

" Endqqenous "" R e s p i r a t i o n  

Auto-oxidation  of t h e  microorganisms  producing a r educ t ion   and  
s t a b i l i z a t i o n  of b i o l o g i c a l  sol ids ,  

"" 
EPDM 

A syn the t i c   rubbe r   based   on   e thy lene -p ropy lene   and  a c o n t r o l l e d  amount 
of non-conjugated  diene.   Polymerizat ion is c a r r i e d  ou t  i n   s o l u t i o n .  

Extender 

A low s p e c i f i c   g r a v i t y   s u b s t a n c e   u s e d   i n   r u b b e r   f o r m u l a t i o n s   c h i e f l y  t o  
reduce costs. 

""" 

"- Extrude 
b 

To shape   by   forc ing  a m a t e r i a l   t h r o u g h  a d ie .  The o p e r a t i o n  i s  c a r r i e d  
o u t   i n  a device known as  an e x t r u d e r .   I n  t i r e  a n d   i n n e r   t u b e  '' 
manufac tu re   t r eads   and   i nne r   t ubes  a re  formed  by  extrusion.  
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A h i g h   s p e c i f i c   g r a v i t y  (2.00-4.50) compound used i n  rubber mixtures  t o  
provide  a c e r t a i n   d e g r e e  of s t i f fness   and   hardness   and   used  t o  decrease 
costs. F i l le rs  h a v e   n e i t h e r   r e i n f o r c i n g  o r  c o l o r i n g   p r o p e r t i e s   a n d  a r e  
similar t o  e x t e n d e r s  i n  their  cos t - r educ ing   func t ion .  b 

Gallons  per   minute .  

- I R  

Poly isoprene   rubber ,  t h e  major component of n a t u r a l   r u b b e r ,  amde syn- 
t h e t i c a l l y  by t h e   s o l u t i o n   p o l y m e r i z a t i o n  of i sop rene .  

Investment Costs 

The c a p i t a l   e x p e n d i s t u r e s   r e p o r t e d   i n   A u g u s t  1971 d o l l a r s   r e q u i r e d  t o  
b r i n g  t h e  t r e a t m e n t  or c o n t r o l   t e c h n o l o g y   i n t o   o p e r a t i o n .   I n c l u d e d   a r e  
e x p e n d i t u r e s   f o r   d e s i g n ,  s i t e  p repa ra t ion ,   pu rchase  of materials, con- 
s t r u c t i o n   a n d   i n s t a l l a t i o n .  Not inc luded  is  t h e  purchase  of land  on 
which t h e  system i s  t o  be b u i l t .  

"""_ 

Liter 

Latex 

A suspens ion  of r u b b e r   p a r t i c l e s   i n  a water so lu t ion .   Coagu la t ion  of 
t h e  rubber i s  prevented  by p r o t e c t i v e   c o l l o i d s .  A c o l l o i d  i s  a s u r f a c e  
a c t i v e   s u b s t a n c e   t h a t   p r e v e n t s  a dispersed  phase  of  a suspens ion  from 
c o a l e s c i n g  by forming a t h i n   l a y e r   o n  t h e  s u r f a c e  of each p a r t i c l e ,  

"""_ Masterbatch 

A compounded r u b b e r  s tock a p p l i c a b l e  t o  a w i d e   v a r i e t y  of uses.  Main 
i n g r e d i e n t s   a r e   r u b b e r ,   c a r b o n  black and   ex tender  o i l .  

msLL 
Mil l igrams  per  l i t e r ,  Nea r ly   equ iva len t  t o  parts per mil l ion  concen-  
t r a t i o n .  

"" Modif ier  

An a d d i t i v e  which a d j u s t s  t h e  cha in   l ength   and   molecular   weight  d i s -  
t r i b u t i o n  of t h e  rubber   dur ing   po lymer iza t ion .  

Monomer 
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A compound of a r e l a t i v e l y  low molecular   weight  which i s  capable of 
conve r s ion  t o  polymers o r  othe/ compounds. 

NB R 

N i t r i l e  rubbe r ,  a s y n t h e t i c   r u t h e r  made  by emulsion  polymerizat ion’  Of 
a c r y l o n i t r i l e  w i t h  butad iene .  

”- 

New Source 

Any b u i l d i n g ,   s t r u c t u r e ,   f a c i l i t y ,  o r  i n s t a l l a t i o n   f r o m  which there i s  
o r  may be a d i s c h a r g e  of p o l l u t a n t s   a n d  whose c o n s t r u c t i o n  i s  commenced 
a f t e r  t h e   p u b l i c a t i o n  of t h e  proposed   regula t ions .  

“”- 

dl 

c 

Non-Productive  Rubber Stock 
I ! 

Rubber  stock  which  has  been compounded b u t w h i c h   c o n t a i n s   n o   c u r i n g  
agents .  Synonym for non- reac t ive   rubbe r  stock. 

NS-React ive  Rubber  Stock 
I 

I 

! 
i Rub&r s tock  which  has   been compounded but   which   conta ins   no   kur ing  

1 Operat ions  and  .Maintenance 

! agen t s .  Synonym for non-product ive   rubber  stock. 

! 
i Costs r e q u i r e d  t o  opera te   and   main ta in   po l lu t ion   aba tement   equipment .  

They i n c l u d e   l a b o r ,  material, i n s u r a n c e ,   t a x e s ,   s o l i d  waste d i s p o s a l ,  
etc. 

I 

i 

”- 
PBR 

Po lybu tad iene   rubbe r ,  a s y n t h e t i c   r u b b e r  made by   so lu t ion   po lymer i za t ion  
of   bu tad iene .  

A measure of t h e  r e l a t i v e   a c i d i t y  or a l k a l i n i t y  of water.  A pH of 7.0 
i n d i c a t e s  a n e u t r a l   c o n d i t i o n .  A g r e a t e r  pH i n d i c t i t e s   a l k a l i n i t y  and a 
lower pH i n d i c a t e s   a c i d i t y .  A o n e   u n i t   c h a n g e   i n  pH i n d i c a t e s  a 10  f o l d  
c h a n g e   i n   a c i d i t y  and a l k a l i n i t y .  

Pisment 

Any subs t ance  t h a t  i m p a r t s   c o l o r  t o  the rubber .   Pigment   substances  such ‘I 

a s  z inc   ox ide  o r   c a r b o n   b l a c k  also a c t  as r e i n f o r c i n g   a g e n t s .  

””_ 
P l a s t i c  

185 

t 



Capable of be ing   shaped   or  molded w i t h  o r  wi thou t  the a p p l i c a t i o n  of 
hea t .  

Process Water 
"""" 0 

A l l  w a t e r s   t h a t  come i n t o  direct c o n t a c t   w i t h  the raw materials, i n t e r -  
mediate   products .  

Productive  Rubber  Stock """"_ b 

Compounded rubber   which   conta ins   cur ing   agents   and   which  can be vulcan- 
ized .  Synonym f o r  reactive rukker  stock. 

"""""- Reactive Rubber Stock 

Compounded rubber   which   conta ins   cur ing   agents   and  which can  be vulcan- 
ized .  Synonym for  p roduc t ive   rubbe r  stock. 

Re in fo rce r s  or Reinforcinq  Aqent  

Fine  powders  used t o  i n c r e a s e   t h e   s t r e n g t h ,   h a r d n e s s   a n d   a b r a s i b n  
r e s i s t a n c e  of rubbe r .   Re in fo rc ing   agen t s   u sed   i n   t he   rubbe r   p rocess ing  
inc lude   ca rbon   ba l c ,   z inc   ox ide   and   hydra t ed  silicas. 

"""""7 

"- SBR 

Styrene  Butadiene  Rubber,  a s y n t h e t i c   r u b b e r  made e i ther  by emulsion o r  
so lu t ion   po lymer i za t ion  of s ty rene   and   bu tad iene ,  

- Soaps  tone 

A substance  used t o  p reven t  t ire a n d   i n n e r   t u b e   r u b b e r   s t o c k s  from 
s t i c k i n g   t o g e t h e r   d u r i n g   p e r i o d s  of storage, Used i n  both a dry  and 
s o l u t i o n  form. The m a j o r   i n g r e d i e n t  is u s u a l l y   c l a y ,  

"-" S o l u t i o n  

A un i fo rmly   d i spe r sed   mix tu re  of t h e   m o l e c u l a r  level  of one or more 
subs t ances   i n   one  or more other subs tances .  

A d e v i c e   i n   w h i c h   r e l a t i v e l y   v o l a t i l e   c o m p o n e n t s   a r e  removed from a 
m i x t u r e   b y   d i s t i l l a t i o n  or  by  passage of s team  through t h e  mixture ,  

Sur face   Waters  
""" 

Navigable  waters.  The waters of t h e  U n i t e d   S t a t e s   i n c l u d i n g   t h e  
t e r r i t o r i a l  seas. 
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"""_ Tire Bead 

Tire beads   a r e   coa ted  wires i n s e r t e d   i n  t h e  pneumatic x i r e  a t  the point 
where t h e  t i r e  meets t h e  s tee l  r i m  on which it is  mounted.  They i n s u r e  
an  a i r   t i g h t   s e a l  between t h e  t i r e  and rim. 

Tire Cord 
b 

Woven s y n t h e t i c   o r   n a t u r a l   f a k r i c s   i m p r e g n a t e d  w i t h  rubber, They form 
J t h e  body of t h e  t i r e  and  supply it w i t h  most of i t s  s t r e n g t h .  

""-" Tire Tread 

9 Tire t r e a d  is r i d i n g   s u r f a c e  of t h e  t ire.  T h e i r  design  and  composi t ion 
' are   dependent   on t h e  end u s e  of t h e  t i re .  

Tread Book 

A set  of movab le   she lves   des igned   fo r   t he   t empora ry   s to rage  of ext ruded  
t r e a d   s e c t i o n s  between t h e  ex t rus ion   and  t i r e  b u i l d i n g   o p e r a t i o n s .  Each 
s h e l f   p i v o t s  l i k e  t h e  page of a book, t h u s  t h e  name t r e a d  book. 

Vu lcan iza t ion  

Vulcaniza t ion  i s  the  process  by which p l a s t i c   r u b b e r  is c o n v e r t e d   i n t o  
t h e  e l a s t i c   r u b b e r  o r  h a r d   r u b b e r   s t a t e ,  The p rocess  i s  brought   about  
by l i n k i n g  of macro-molecules a t  t h e i r  r e a c t i v e  sites. 

I 

Wet A i r  P o l l u t i o n  ." Control  

The t echn ique  of a i r   p o l l u t i o n   a b a t e m e n t   u t i l i z i n g   w a t e r  as  an 
absorpt ive  media .  
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